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PREFACE

T he 5th edition of  Pediatric Physical Therapy—
“whooda thunk it” 27 years ago, in 1987, when the 
1st edition was conceived. That this text is so well 

received and regularly adopted by many entry-level physi-
cal therapy programs in the United States and abroad is a 
testament primarily to the contributors. Two contributors, 
Dolores Bertoti and Elena Tappit-Emas, have been with the 
text through each of  its five editions, and have always met 
deadlines and written and updated chapters in a very timely 
manner. The continuing goal that has guided the editor 
and many contributors through each edition is to provide 
a current description of  major areas of  practice in pediatric 
physical therapy for entry-level students and novice practi-
tioners. Each edition has attempted to prepare entry-level 
students and new practitioners to begin pediatric care with 
a content that is supported by evidence, provides knowledge 
and insight within the diagnostic areas, and offers the tools 
by which to initiate and continue sound practice for the 
 children with whom we work.

 Organization

The book is organized into several sections based on the 
more common groups of  disorders seen in infants and 
children. Chapter 1 stands alone and presents the issues of  
cultural sensitivity and family-centered care, to enhance un-
derstanding of  these issues because the family is virtually al-
ways involved and we depend so often on a family’s support 
and adherence with interventions. Chapter 2 focuses on the 
basics of  chronologic motor development with a strong em-
phasis on the biomechanical aspects of  that development. 
An entirely updated chapter on tests and measures of  devel-
opment, written by Kirsten Malerba, follows.

Neurologic and neuromuscular diseases and injuries are 
the focus for the next section of  the text. The eight chapters 
in this section include one addition and one new group of  
authors. Jason Beaman and his associates have performed 
the daunting task of  developing a completely new chap-
ter about Cerebral Palsy with a strong section on gait. The 
new chapter, written by Anjana Bhat and colleagues, offers 
current information and discussion about autism spectrum 
 disorders and is an important and current addition.

Chapters 13 through 15 discuss common musculoskeletal 
disorders and include two major revisions. Michael DiIenno 

revised the chapter on major orthopedic disorders in chil-
dren for Chapter 13. Elliot and Eric Greenberg (no rela-
tion) have updated and increased the evidence provided in 
Chapter 14 on sports injuries.

The final six chapters include several important and di-
verse groups of  disorders. This section of  the book includes 
one new chapter and a new author. Chapter 18 discusses a 
very contemporary topic—Obesity in Children—and was 
written by Kathy Coultes. Chapter 19, on Cardiac Disorders, 
was written by Heather Hansen, who is new to the book. 
The other chapters in this last section include updates to the 
previous edition.

 Features

We have included extensive Chapter Outlines to help 
the student and the instructor focus on specific areas of  
 information in the chapter. Displays have been included 
in an effort to provide greater depth of  information, allow-
ing information to be more inclusive without necessarily 
lengthening the text of  the chapters. Chapter Summaries 
encapsulate and recapitulate the major points of  informa-
tion presented in each chapter. Case Studies help students 
hone their  clinical decision-making skills with real-world 
situations.

 Ancillaries

An interactive website is also included with this edition of  
Pediatric Physical Therapy. Instructors will have access to an 
Image Bank and PowerPoint lecture outlines. All of  these 
resources are available at thePoint.lww.com/Tecklin5e.

The 5th edition of  Pediatric Physical Therapy is much 
more than a timely update. It includes two chapters new to 
the book on autism and obesity, four entirely new chapters, 
and major updates for virtually all other chapters. In addi-
tion to the updates, the new authors in this edition have ex-
tensive experience in clinical care and regularly teach at the 
full-time faculty level or as an associated faculty member, 
and most have participated in clinical research. The authors 
represent the best in pediatric practice.

Jan Tecklin

http://www.lww.com/Tecklin5e
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Providing Family-Centered Care 
in Pediatric Physical Therapy

Elena M. Spearing

1

 Family-centered care

The notion of  family-centered care was first presented 
in the 1980s. It began in children’s hospitals and pe-
diatric units. This philosophy of  care then spread 

to cancer units, maternity wards, mental health units, and 
various adult health care practices, where it is referred to 
as patient-centered care. Family-centered care is a philoso-
phy recognizing that the family plays a vital role in ensuring 
the health and well- being of  its members. Family-centered 
care also empowers the family to participate fully in the 
planning, delivery, and evaluation of  health care services. It 
supports families in this role by building on the family mem-
bers’ individual strengths.1,2

Family-centered care is the foundation of  pediatric physi-
cal therapy. Because a child is dependent on a caretaker, we 
must address both the child and the caretaker when we in-
teract with a child receiving physical therapy.

The definition of  family, in today’s society, respects the 
notion that each family has unique characteristics and vari-
ables. Today, the family unit consists of  “those significant 
others who profoundly influence the personal life and health 
of  the individual over an extended period of  time.”2 Families 
today come in all configurations and sizes and are not all 
traditional, married, two-biologic parent families. The 2010 
U.S. Census reports that the number of  husband–wife–own 

children family households has decreased over the past 
20  years despite increases in the total number of  family 
households. The number of  single-parent families, dual- 
income families, adoptive families, same-sex-parent families, 
and intergenerational families has steadily increased.3

Additionally, there is a “melting pot” of  various cultural 
identities represented in the United States. The U.S. Census 
Bureau reported that the minority population continues to 
grow to an all-time high in 2012, with more people speaking 
languages other than English outside the home. The three fast-
est growing racial categories continue to be Asian and Pacific 
Islander, Hispanic, and “other.”3 This cultural factor presents 
additional challenges to health care providers who care for 
people with varying cultural and ethnic backgrounds.4,5

Historically, there has been a change in the developmen-
tal theory behind how pediatric physical therapy is provided 
(Display 1.1). This change has resulted in a shift from a re-
flex hierarchy model where a child develops on the basis of  
a set of  primitive reflexes to one where a child develops as a 
result of  the dynamic interaction of  different systems that 
affect one another in the development of  the child. In this 
dynamic system’s model, all systems’ components interact 
to produce meaningful, functional behavior.6 The child’s 
family is one of  those systems. Similarly, pediatric care has 
shifted from being child focused, as in the 1980s, to currently 
being family focused.1,7 Also, many center-based physical 
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 3. Recognizing and facilitating the choices for the child and 
family even in difficult and challenging situations

 4. Facilitating and supporting the choices of  the child and 
family about approaches to their care

 5. Ensuring flexibility in organizational policies, procedures, 
and provider practices so services can be tailored to the 
needs, beliefs, and cultural values of  each child and family

 6. Sharing honest and unbiased information with families on 
an ongoing basis and in ways they find useful and affirming

 7. Providing and ensuring formal and informal support for 
the child and parent and/or guardian during pregnancy, 
childbirth, infancy, childhood, adolescence, and young 
adulthood

 8. Collaborating with families in the care of  their individual 
child at all levels of  health care, including professional 
education, policy making, and program development

 9. Empowering each child and family to discover their own 
strengths, build confidence, and make choices and deci-
sions about their health care

Barriers to providing Family-Centered Care

Role conflict between families and health care profession-
als can impede the implementation of  family-centered care. 
Often, this is very evident in the acute care setting. In the 
past, parents were expected to hand over the care of  their 
children to the professionals and remain separate from 
them. Today, parents are expected to stay with their child 
and participate in their care. This example is also seen in the 
home care environment where parents are not afforded the 
respite care that they once were.

Role conflict contributes to role stress. Role stress is de-
fined as “a subjective experience that is associated with lack 
of  role clarity, role overload, role conflict, or temporary 
role pressures.”12 This stress can affect the communication 
process between health care provider and parent by causing 
one or the other to focus on the source of  the stress as op-
posed to the underlying issues. Parents can be subjected to 
role stress owing to their child being ill, with exacerbation 
of  that stress being associated with the child being hospi-
talized (Display 1.2).12 The hospitalization of  a child can be 

therapy service delivery models have been replaced by 
physical therapy service in the natural environment of  the 
home and school. These initiatives help to promote family-
centered care practice by the physical therapist.

Physical therapists who practice in the early intervention 
setting are mandated by law to provide care that respects a 
family’s individualism. Those therapists have been charged 
with providing family-centered care since the initiation of  
Public Law 99-142 in 1975, Public Law 99-457 in 1986, and 
Public Law 102-119 in 1991.1 Public Law 107-110 of  2001—
No Child Left Behind (NCLB) and PL 108-446 of  2004, The 
Individuals with Disabilities Improvement Act—have similar 
mandates.7,8 These laws placed the focus on revising and en-
hancing parents’ involvement in the habilitation and educa-
tion of  the child.1,9 Early studies showed that it was difficult 
to achieve this role on the basis of  white middle-class families, 
and little attention was paid to social or ethnic differences. 
Additionally, enhancing parents’ involvement is based on the 
assumption that the parents can participate in formal processes 
and, when necessary, draw on the availability of  due process of  
the law. Family-centered care processes are also central to the 
development of  the individualized family service plan (IFSP) 
and individualized education program (IEP), the required doc-
umentation for early intervention and educational services.

Physical therapists who practice in other pediatric set-
tings, including the medically based inpatient and outpatient 
arenas, may be bound by health care accreditation stan-
dards, which recognize the importance of  family-centered 
care. The Joint Commission on the Accreditation of  Health 
Care Organizations has standards of  care initiatives in place 
to address the needs of  the family.10 The Joint Commission 
has also developed publications to assist hospitals with meet-
ing these standards.11

Collectively, the vision for family-centered care has in-
cluded increasing support for the emotional and devel-
opmental needs of  the child. Strategies for this include 
prehospitalization visits, presurgical education and prepara-
tion, 24-hour parental visitation and sibling visitation guide-
lines, and home care services. These initiatives have shifted 
from placing the family central not only to the child, but 
also to the child’s plan of  care.12,13 Ultimately, this type of  
care results in a respect and a value for the parents as the 
ultimate experts in caring for their child.

Family-centered care involves the following themes14,15:

 1. Respecting each child and his or her family
 2. Honoring racial, ethnic, cultural, and socioeconomic di-

versity and its effect on the family’s experience and per-
ception of  care

the Change in Structure of pediatric Service 
Delivery Motor Learning and Function

DISPLAY

1.1

Reflex Hierarchy Model → Systems Model
Child-Centered Services → Family-Centered Service
Center-Based Delivery → Natural Environment

Stress-Limiting Strategies

DISPLAY

1.2

Newton defines strategies that health care providers can do to 
limit stress for a family by using the acronym LEARN12:

Listen sympathetically and with understanding of the family’s 
perception of the situation.

Explain your perception of the situation.

Acknowledge and discuss the similarities and differences be-
tween the two perceptions.

Recommend interventions.

Negotiate an agreement on the interventions.
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A child with a disability may experience different effects 
as a result of  his or her disability. By school age, most chil-
dren are aware of  their disability and may need help dealing 
with their feelings as they transition to school. The transi-
tion to school can be eased with education to the classmates 
prior to the disabled child entering school. Parents and pro-
fessionals can assist with this planning. During adolescence, 
there may be particular new issues that emerge for a child 
with a disability. Feelings of  comparing themselves and 
being part of  a peer group are important for all adolescents 
and can present new challenges for those with chronic or 
new disabilities. Adolescents should also be acknowledged 
as having sexual interests. They should be educated on these 
feelings as well as trained in social skills. They should also be 
exposed to age-appropriate recreational skills, such as danc-
ing, listening to music, and sports activities. Programs of  
inclusion help children to develop socialization skills and a 
good self-image.

Children with disability or illness may also have varying 
levels of  understanding about their disease process or dis-
ability.13 More recent data in the medical literature dem-
onstrate that children with sickle cell disease provide their 
parents with information about their pain and assist with 
decision making. This should be kept in mind with children 
even as young as 5 years old.

The transition to adulthood is both important and diffi-
cult for patients and parents. Those individuals who remain 
dependent through adolescence tend to remain dependent 
through adulthood.18 Adolescents who have the potential 
for independence but are having difficulties with separation 
may need assistance. Likewise, the family members may 
need assistance in supporting their child during this difficult 
time. Professionals should be partners with the family mem-
bers and empower them to make decisions.

Disability as defined by the Americans with Disabilities Act 
is “physical or mental impairment that substantially limits one 
or more of  the life activities of  an individual, a record of  such 
an impairment, or being regarded as having such an impair-
ment.”19 Advances in medical technology, diagnosis, and treat-
ment have resulted in decreased mortality rates for children 
with life-threatening conditions to survive well into adult-
hood.18 The diagnosis of  chronic illness or disability clearly 
impacts a family. How families respond to the diagnosis is a 
function of  their adaptive capabilities.16 What makes some 
families reorganize and become stronger, while others decline 
in function, become symptomatic, and sometimes disinte-
grate depends on family resilience according to Ferguson.16 
He describes eight aspects of  resilient family processes as:

 1. Balancing the illness with other family needs
 2. Developing communication competence
 3. Attributing positive meaning to the situations
 4. Maintaining clear family boundaries
 5. Maintaining family flexibility
 6. Engaging in active coping efforts
 7. Maintaining social integration
 8. Developing collaborative relationships with professionals

extremely stressful for even the most well-organized family. 
Many studies show that a professional can ease this stress by 
helping the parents understand the illness, help provide fa-
miliarity and comfort with the hospital setting, and encour-
age negotiating care of  the child with health professionals.12 
Building a relationship with families and adapting styles to 
the individual learning styles, emotional stresses, and cul-
ture can lead to more effective intervention.6 This has also 
been reported to improve developmental outcome and lead 
to enhanced cognitive and socioeconomic development in 
premature babies in the neonatal intensive care unit.6

The purpose of  this chapter is to provide a framework 
for understanding the principles of  family-centered care in 
order to enable the physical therapist to incorporate prin-
ciples of  family-centered care into their examination, as-
sessment, and intervention techniques regardless of  the 
pediatric practice setting. Themes of  family-centered care 
cross not only practice settings, but also age and diagnosis. 
As these themes are threads across the pediatric spectrum of  
care, they are also threaded throughout the chapters of  this 
textbook.

 Families’ response to medical illness 
and disability

When parents are faced with the fact that their child has 
an illness or disability, their lives must change immediately. 
Some changes include readjusting the family’s expectations 
and dealing with financial difficulties and health care systems 
and professionals. The most common initial responses in-
clude shock, disbelief, guilt, a sense of  loss, and denial. After 
the period of  denial, some parents may experience anger be-
cause of  the stress of  the medical issues as well as spousal 
disagreement or individual feelings of  fault and guilt.16

As a result of  these responses and concerns, there are 
many stresses for families with a child with a disability. 
Families raising a child with a disability will have different 
responses and means of  adaptation. Factors that affect how 
a family responds include past life experiences, familial reac-
tions to the child and the disability, and knowledge about 
health care and support systems. Supports can also vary. 
Sometimes there is a lack of  understanding of  the medical 
implications from those outside the family. There can also 
be feelings of  embarrassment for the family. Professionals 
can use a cognitive approach to problem solving to help 
families examine their feelings and develop solutions for 
their own needs.

The effects of  having a child with a disease or disability 
can not only affect the parents’ relationship, but it can also 
have varied effects on siblings who also have individual-
ized needs based on gender, birth order, and temperament. 
Siblings can also have mixed feelings toward their disabled 
sibling.17 Some siblings may feel or be expected to have in-
creased responsibility for the care of  their siblings. Some sib-
lings may have feelings of  jealousy toward the sibling who 
has special needs.
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benefits. Also, the response to stressors is cyclic and cumula-
tive. Each stressor response affects others’ responses.16

The evolving family concept also accepts that families 
evolve over time and tries to identify where they are in their 
developmental process. Similarly, families need to be con-
sidered across the continuum of  care. This is especially true 
as their younger children age and approach adulthood. This 
line of  thinking has allowed researchers to look at how and 
why some families are more resilient than others and also 
how extended coping with chronic disabilities affects fami-
lies over time.

The supported family members look at internal and 
external resources that are available to them. How family 
members respond to difficulties depends on their supports. 
This also has root in societal and cultural assumptions. 
Recent research on family adaptation shows the following 
key themes16:

•	 There is a dominant body of  literature that shows pat-
terns of  adjustment and well-being to be similar across 
groups of  families of  children with and without disabili-
ties. This does show, however, that there are some devel-
opmental differences over the family life course.

•	 Additionally, there is an increasing recognition and grow-
ing research that a significant number of  parents actually 
report numerous benefits and positive outcomes for their 
family associated with raising a child with a disability. 
These include coping skills (adaptability), family harmony 
(cohesiveness), spiritual growth or shared values, shared 
parenting roles, and communication.

•	 There are, obviously, stressors associated with having a 
child with a disability. The research continues to refine 
our understanding of  why some families are more resil-
ient than others in adapting to stress. Some research has 
suggested that the level of  disability or family structure 
may not be as crucial as other factors (income, self-inju-
rious behaviors, etc.). There are also differing patterns of  
adaptations along ethnic and cultural lines.16

 Culture

Culture affects how others view disability, how people with 
disabilities view themselves, and how people with disabili-
ties are treated. The cultural context within which a disabil-
ity is perceived is important to understanding the meaning 
of  disability for a person or his or her family. It is also impor-
tant to know the kinds of  services to be provided to families 
and people with disabilities.

Culture can be defined in many ways. O’Connor defines 
culture as “the acquired knowledge people use to interpret 
experience and generate social behavior.”21 Other definitions 
include “the ever changing values, traditions, social and 
political relationships and a world view shared by a group 
of  people bound together by a number of  factors that can 
include a common history, geographic location, language, 

A family’s ability to be resilient or the extent of  its resil-
iency is largely defined by society, time, place, and culture.16

Additionally, in studies dealing with disability, when look-
ing at reaction to disability, there are three issues considered 
to be universal. They are as follows20:

 1. The culturally perceived cause of  a chronic illness or dis-
ability will play a significant role in determining family 
and community attitudes toward the individual. (This 
will be discussed later in this chapter.)

 2. The expectations for physical survival for the infant or 
the child with a chronic disability will affect both the im-
mediate care the child receives and the amount of  effort 
expended in planning for future care and education.

 3. The social role(s) deemed appropriate for disabled or 
chronically ill children and adults will help determine 
the amount of  resources a family and community in-
vests in an individual. This includes issues of  education 
and training, participation in family and social life, and 
the long-range planning done by, or undertaken for, 
the individual over the course of  a lifetime. In the his-
tory of  literature on family reactions to having a child 
with a disability, there has been a shift in thinking. In 
the 19th   century, with the flourish of  specialization, 
the moral blame for disabilities was often placed on the 
parents. This set of  beliefs most often placed the blame 
on poor mothers who made bad judgments. Reform 
schools, asylums, and residential schools all became 
 apparent in the 19th  century. This movement also led 
to special education schools after the turn of  the cen-
tury. The only way to deal with children that weren’t 
“normal” was to turn the parenting over to professionals 
within the walls of  these facilities.12

There was a major shift in thinking throughout the 20th 
century that included a reversal of  the above assumptions. 
Professionals shifted to focusing on the damage that chil-
dren with disabilities caused their families. The medical 
model began to analyze the family unit with terms such as 
guilt, denial, and grief and role disruption, marital cohesiveness, 
and social withdrawal.

Over the past few decades, a new approach has developed 
regarding the impact of  a child’s disability on the family. The 
recent approach includes models of  stress and coping (adap-
tation) and models of  family life course development. The 
adaptive family describes X—the potential family crisis—as 
an interaction of  three factors: (1) an initial stressful event, 
combined with (2) a family’s resource for dealing with the 
crisis and (3) the family’s definition of  the stressor.16 This ap-
proach has allowed researchers to focus on the resiliency of  
the family and its ability to cope with a potentially stressful 
situation. There is a level of  consensus today that identifies 
the varying ways that families with children with disabilities 
deal with stressful situations. There is great similarity to the 
way that families with children without disabilities deal with 
similar issues. There are also varying responses to how some 
deal with stressors. Sometimes, others can view stressors as 
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“medical culture,” one that values a “cure” and the expertise 
of  those in the medical profession.9

This traditional model, however, is not as appropriate or 
relevant for those who are not of  that “medical” cultural 
identity.9 When this cultural disconnect occurs, the conse-
quence is often disparities in the quality of  care received 
by racial and ethnic minority populations. One example of  
this is the Tuskegee Syphilis Research Experiment, which 
occurred between 1932 and 1972. Three hundred and 
ninety-nine poor African American sharecroppers who were 
identified as having syphilis were told that they were being 
treated for the disease when they were unaware that they 
were control subjects.24 This legacy has continued to affect 
the credibility and reputation of  the medical industry for 
many African Americans who believe there are continuing 
racial and ethnic disparities in the health care system and 
mistrust the medical community.24 Fortunately, these dis-
parities are evolving with time but they still exist. Guerrero 
et al. found that black children have similar experiences as 
white children on overall family-centered care in models 
that adjust for socioeconomic factors. In contrast, there 
were still differences found on dimensions of  overall family-
centered care between white children and Latino children, 
irrespective of  interview language and even with multivari-
ate adjustment.25

Cultural and parental expectations

Many studies reveal that culture and acculturation are 
strong predictors of  parental expectations of  cognitive and 
social development. Most studies point to ethnic origin as 
the differentiating factor. More contemporary literature has 
determined that Western education and socioeconomic sta-
tus were more predictive of  differential beliefs than ethnic 
origin. This demonstrates that acculturation has a powerful 
effect on parenting styles and on parental beliefs about child 
development. What is even more profound is the difference 
between the description of  mildly retarded, behaviorally dis-
ordered, and learning disabled between the parents and the 
professionals. Ethnographic studies have shown that there 
are sometimes differences related to culture, which empha-
sized that for some parents, a child’s cognitive and social 
functioning has to be more limited for the concept of  handi-
cap or disabled to be applied. These statements are then in-
terpreted by the professional as families being in “denial.”23 
The following themes occur in a review of  the literature 
on culturally appropriate services in the special education 
literature9:

 1. There are cultural differences in definitions and interpre-
tations of  disability.

 2. There are cultural differences in family coping styles and 
responses to disability-related stress.

 3. There are cultural differences in parental interaction 
styles, as well as expectations of  participation and 
advocacy.

social class and/or religion.”22 An analysis of  the various 
studies of  culture yields the emergence of  various similar 
themes21:

 1. Culture is not innate or biologically inherited but, in 
fact, learned patterns of  behavior.

 2. Culture is transmitted from the older people to the 
young, from generation to generation.

 3. Culture serves as a group identity and is shared by other 
members of  the group.

 4. Culture provides the individual or the members of  a 
group with an effective mechanism for interacting with 
each other and their environment.

Diversity versus Sensitivity

There are many terms that are used today to refer to the im-
pact of  culture on health care. It is necessary to describe the 
two most common terms and their fundamental differences. 
Cultural diversity refers to having a range of  cultures repre-
sented in an organization. This leads to a workforce that 
is more representative of  the general population. In health 
care, diversity in the workplace leads to the increased poten-
tial of  having similar cultures represented. By comparison, 
cultural sensitivity and effectiveness is a process of  becoming 
“culturally competent” and striving toward the ability and 
availability to work effectively within the cultural context of  
a client, individual, family, or community regardless of  the 
cultural background.22

Cultural sensitivity refers to the understanding that cul-
tural differences exist. These differences are not necessarily 
better or worse, right or wrong, or more or less intelligent, 
but rather simply differences.23 It is necessary to examine, 
in detail, attitude, behavior, and communication, which di-
rectly affect health care. It is important to realize that each 
person within a culture is an individual and should not be 
characterized or stereotyped on the basis of  his or her cul-
tural association. It is only through generalizations that one 
can gain a frame of  reference and become more culturally 
aware.

Influences on Cultural Identity

There are various things that influence who we are and how 
we view illness and disability. These include our nationality, 
our race, and our ethnicity. Similarly, our socioeconomic 
status and education also play a role. Our society’s view of  
illness and disability also influences our perception of  the 
same. Other things like age, religion, and past experience 
shape our beliefs.

In addition to these, health care providers who were 
brought up in the U.S. culture are finding that their medical 
views are in conflict with the views of  their patients from 
differing cultural backgrounds. Care provided in the past 
was monocultural and suited for the Euro-American cul-
ture. Traditionally, in medicine we have functioned under a 
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treatments” may be potentially hazardous. Finally, folk ill-
ness may be cultural interpretations of  states of  patho-
physiology that may require medical attention. For many 
chronic problems, patients have reported greater improve-
ment with marginal folk healers than with medical physi-
cians. Kleinman attributes this improvement to folk healers’ 
increased emphasis on “explanation” and a greater concor-
dance of  explanatory systems between healer and patient.27

For more serious illness, values and beliefs become even 
more crucial to understanding. Although the biologic mani-
festations of  diseases are the same among cultural groups, 
individuals differ in the way they experience, interpret, and 
respond to illness. Explanatory models as well as coping 
styles have been shown to influence perceptions of  illness.27 
Some have suggested that meanings are assigned using char-
acteristic themes resulting from individual coping styles, 
knowledge, beliefs, and cultural background.27 Viewing ill-
ness as a challenge regards the illness as something to be ap-
proached internally and mastered. The proper authorities 
are consulted, advice is followed, and life goes on. Illness 
as “God’s will” is often perceived as beyond human con-
trol and may result in passive acceptance and resignation 
of  what cannot be changed. This set of  beliefs may result 
in less interest in aggressive procedures and may produce 
depression. Illness as a “strategy” describes using illness to 
secure attention or nurturing from parents, family, or health 
care professionals. Illness as a “value” may be the “highest 
form” of  coping, where illness is viewed as an opportunity 
that can result in important insight into the meaning of  life. 
Although meanings may be influenced by culture, they are 
not culture specific.27

Our expectations and perceptions of  symptoms, as well 
as the labels we attach to sickness behaviors, are influenced 
by environment, family, and explanatory models. In addi-
tion, the way in which problems are communicated, how 
symptoms are presented, when and who is visited for care, 
how long one remains in care, and how care is evaluated 
are all affected by cultural beliefs.30 Likewise, culture dra-
matically influences the reaction to and expression of  pain, 
which has been learned throughout childhood.30

the Cultural response to Disability

Research gives strong support to the argument that defini-
tions of  disability are socially constructed.9,23 When disabil-
ity is severe, studies show that although all groups recognize 
gross developmental, behavioral, or sensory impairments, 
their attributions differ widely as does the extent of  stigma 
or value associated with that condition.9,31 Responses to im-
pairments vary through time, place, and culture. Over the 
course of  history, societies have defined what did and did 
not constitute a disability or handicap. The past decade has 
seen changes in the conceptualization of  the meaning of  
disability and the interplay between the possibility that an 
impairment becomes a physical handicap. Even more than 
physical limitations placed on the individual with a disability, 

 4. There are differences in cultural groups’ access to infor-
mation and services.

 5. There are negative professional attitudes to, and percep-
tions of, families’ roles in the special education processes.

 6. There is dissonance in the cultural fit of  educational 
programs.

There are traditional cultural patterns associated with 
particular cultural groups. One example is that Asian 
groups attribute disability to spiritual retribution or reward. 
Similarly, there is an emphasis on the wholeness of  the spirit 
within a disabled body. This is powerfully described in the 
novel When the Spirit Catches You, and You Fall Down by Anne 
Fatiman. It is demonstrated throughout the novel that this 
Hmong family attributed epilepsy to spiritual phenomena 
within the individual.26

the Cultural response to Illness

How one views and responds to health, illness, and death is 
largely defined by his or her cultural values. Before detailing 
this, a distinction between disease and illness must be made.

Physicians diagnose and treat diseases, which can be de-
fined as abnormalities in the structure and function of  body 
organs and systems. Illnesses, on the other hand, are experi-
ences of  disvalued changes in states of  being and cultural 
reactions to disease or discomfort.27

How a person understands and responds to illness is de-
termined by what Kleinman calls “explanatory models.” 
These are defined as “notions about an episode of  sickness 
and its treatment that are employed by all those engaged 
in the clinical process.”27 Explanatory models address five 
major issues:

 1. Etiology of  the problem
 2. Time and mode of  onset
 3. Pathophysiology of  illness
 4. Course of  illness and degree and severity
 5. Type of  treatment that should be sought28

“Illness is culturally shaped in how we perceive, experi-
ence, and cope with disease based on our explanations of  
sickness, explanations specific to the social positions we oc-
cupy and systems of  meanings we employ.”27 The role of  
traditional medicine and folk healing is based on cultural 
values. An estimated 70% to 90% of  self-recognized epi-
sodes of  sickness are managed outside of  the formal health 
care system.27 As Kleinman states, “folk healers deal with 
the human experience of  illness.” They seek to provide 
meaningful explanations for illness and respond to personal, 
family, and community issues surrounding illness.27 Illness 
referred to as “folk illness” (i.e., illnesses that are recognized 
within a cultural group) may sometimes conflict with the 
biomedical paradigm.29

It is important to understand folk illness because peo-
ple who experience “folk illness” may present to a medical 
practitioner and a “folk healer.” Additionally, some “folk 
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family resources on disabled female children than disabled 
male children.20

Failure to fully understand cultural beliefs and values to-
ward disability may influence a family’s care toward its dis-
abled child. Consider the family members whose cultural 
beliefs lead them to feel that it is their responsibility to pro-
vide complete and total care for their disabled child. They 
may prefer to keep their child at home, unseen by even 
neighbors. They may hesitate to come forward for aid or ad-
vice, for various reasons, which may include poverty, fear, 
language barriers, or faith in traditional medical practices. 
When not viewed in a cultural context, this may be con-
strued as neglect—the failure of  parents to nurture and pro-
vide adequate ongoing education and emotional support.23

the Cultural response to Death and Dying

The number of  children with severe and complex neuro-
developmental disabilities and complex medical conditions 
who are surviving is increasing owing to advances in medi-
cal care and technology.32 There can be conflict between pal-
liative care at the end of  life and cure-oriented treatment. 
Death and the customs surrounding it need to be addressed 
as they are highly influenced by cultural values. Expressions 
of  grief  and coping mechanisms vary from person to person 
but are related to cultural background.33 The meaning of  
death, family patterns, including family roles during periods 
of  grief, and the family’s expectations for professional health 
care need to be understood. Professional attitudes regarding 
quality of  life and appropriateness of  care, the uncertainty 
of  prognosis and the unique role of  the child with a chronic 
disability, and the codependence between caregiver and 
child may all contribute to barriers to end-of-life care in this 
patient population.

The loss of  a child with a chronic disability signifies not 
only loss of  the child but loss of  a lifestyle. Again, respecting 
the family’s expertise when it comes to their child will assist 
with effective advanced care planning and implementation.32

 Providing family-centered intervention

The nursing literature has explored the process of  cultural 
competence in the delivery of  health care service, including 
a model for providing culturally competent interventions. 
This model for cultural competence includes cultural desire, 
 cultural awareness, cultural knowledge, and cultural skill.34

Cultural Desire

The first requirement for cultural competence is “cultural 
desire.” This is the motivation to “want to” engage in the 
process of  becoming culturally aware, becoming cultur-
ally knowledgeable, becoming culturally skillful, and seek-
ing cultural encounters.34 Rather than doing it because it 
is required, cultural desire involves doing it because it is 

attitudinal concepts and images affect treatment of  an in-
dividual with a disability. The sources of  concepts and im-
ages they produce are found in literature and art, television 
and movies, religious texts, and school books. Since these 
sources are all artifacts of  culture, it is impossible to sepa-
rate culture from attitudes toward disability.

For children with disabilities, the culturally perceived 
cause of  a chronic illness or disability affects aspects of  a 
family and community’s attitudes toward that child.20 In 
some cultures, disability is viewed as a form of  punishment. 
Depending on the belief  system, the individual with a dis-
ability, the family, or an ancestor has been targeted by God, 
or a god, for having sinned or violating a taboo. Witchcraft 
may also be strongly linked to disability as well as associated 
with that person who has been bewitched.20

Similarly, inherited disorders are frequently attributed 
to “running in the blood” or caused by a curse.20,27 Closely 
related to this is the traditional belief  that a disabled child 
may be the product of  an incestuous relationship. In societ-
ies where there is a belief  in reincarnation, disability may 
be seen as the result of  a transgression in a previous life by 
parents of  a child with a disability or the child itself. Some 
belief  systems may emphasize the imbalance of  humoral 
 elements in the body as the cause of  disability.20

All of  these perceived causes identify the individual with 
the disability as responsible for that disability and suggests 
likely consequences on the person’s place in the family. 
Additionally, where disability is seen as a punishment, the 
presence of  a child with a disability may be a source of  em-
barrassment to the family. Various types of  neglect may be 
apparent, including isolation. In many cultures, the idea 
of  early intervention is not in the mindset for medical and 
educational professionals.20 There may also be strong social 
pressures placed on the family in these instances. Families 
may be reluctant to participate in therapeutic programs, 
fearing that these will call attention to their family mem-
ber’s physical and intellectual limitations.20

An understanding of  traditional expectations for survival 
is also important. For some cultures, the belief  that severely 
disabled children will simply not survive makes the alloca-
tion of  medical and parental attention to healthy children 
more practical. Either neglecting a disabled child or overpro-
tecting him or her because he or she is alive for only a short 
period of  time can have serious implications for both health 
care services and psychological development. Moreover, 
how one is believed to be restored to health can have impli-
cations on long-term planning or arranging for special care, 
with members of  some cultures feeling that “maybe God 
will make your baby all better on its own.”20

Societies that limit occupational roles and social roles 
for individuals with disabilities can affect the time, energy, 
and expense invested in educating a child with a disabil-
ity. Additionally, a gender bias, common in some cultures, 
may affect the degree to which a family is willing to spend 
money in order to obtain medical care. In these cultures, it 
may be perceived less justifiable to expend vast amounts of  
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with the health care professional and employees in the 
health care institution. These issues are more likely to ex-
acerbate medical problems that require timely treatment 
or follow-up.35

In 1999, the U.S. Department of  Health and Human 
Services (HHS) office of  Minority Health developed stan-
dards of  care within these areas. These standards were re-
vised in 2007 (Display 1.3). In addition, the Office of  Civil 
Rights and HHS enforce federal laws that prohibit discrimi-
nation by health care providers who receive funding from 
the HHS. Antidiscrimination laws are established by Section 
504 of  the Rehabilitation Act of  1973, title VI of  the Civil 
Rights Act of  1964, title II of  the Americans with Disabilities 
Act of  1990, Community Service Assurance provisions of  
the Hill–Burton Act, and the Age Discrimination Act of  
1975. The laws mandate that providers who accept federal 
money must “ensure meaningful access to and benefits from 
health services for individuals who have limited English pro-
ficiency.”36 Using an interpreter and translating materials 
into languages and levels that can be read by those who have 
literacy deficiencies are important mandated tools.

Adults who have literacy deficiencies face many problems 
in understanding written and verbal materials that are pro-
vided to them. It is important to remember that while some 
readily admit their limitations regarding understanding ver-
bal and written information, others may feel shameful and 
use strategies to hide their limitations. In these situations, 
one can use oral explanation and demonstration. Pictures, 
photographs, and visual cues also help to reinforce the infor-
mation. Some people will also use family members to assist 
them with reading, and these family members may be im-
portant in the education process.

One can identify people with low literacy skills by look-
ing for clues. An example is someone who gives excuses for 
not being able to read something or who cannot read back 
information that is provided. Some other strategies to pro-
viding information to those with low literacy skills include37:

•	 Remaining nonjudgmental
•	 Involving the patient/family
•	 Asking the patient simple questions
•	 Simplifying instructions
•	 Repeating the information many times
•	 Finding various ways to give the same message
•	 Organizing information so that the most important infor-

mation is provided first
•	 Using audio-visual information
•	 Involving family and friends in the learning and reinforc-

ing of  information
•	 Asking the patient to recall the message in his or her own 

words or demonstrate the skill that is being taught
•	 Empowering individuals and families and fostering inde-

pendence in their programs

Health care professionals and physical therapists should 
promote the sharing of  information and collaboration 

personally desired. It includes a genuine passion to be open 
and flexible with others, to accept differences and build on 
similarities, and to be willing to learn from others as cultural 
informants.

Cultural awareness

Cultural awareness is the next step in achieving cultural 
competence and has been described as the self-examina-
tion and in-depth exploration of  one’s own cultural back-
ground.34 This awareness involves recognizing one’s biases, 
prejudices, and assumptions about individuals who are dif-
ferent. Without this self-awareness, there is a risk of  impos-
ing one’s own beliefs, values, and patterns of  behavior on 
one from another culture.

Cultural Knowledge

Cultural knowledge is the process of  seeking and obtain-
ing a sound educational foundation about diverse cultural 
and ethnic groups.34 Obtaining this information does not 
refer to learning generalizations but to learning individual 
differences. Learning generalizations about specific cul-
tural subgroups leads to the development of  stereotypes. 
Understanding that there is as much intracultural differ-
ence and intercultural difference due to life experiences, ac-
culturation to other cultures, and diversity within cultures 
will prevent us from imposing stereotypic patterns on our 
patients and families.

Cultural Skill

Cultural skill is the ability to collect cultural data regarding 
the patient’s problem as well as performing a culturally based 
physical assessment.34 There are many tools available to help 
collect this information via questions. One must also remem-
ber that it is a developmental skill to ask questions in a way 
that does not offend the patient or family. Listening and re-
maining nonjudgmental are effective and sensitive ways to 
obtain information. Additionally, having multiple cultural 
encounters is the way to refine or modify one’s own belief  
about a cultural group and prevent stereotyping. Linguistic 
assessment is necessary to facilitate accurate communica-
tion. The use of  specifically medically trained interpreters is 
important to the assessment process. Untrained interpreters, 
family members, and specifically children and siblings may 
pose a problem owing to lack of  medical knowledge.

We must provide care that is not only culturally com-
petent, but that also provides for low literacy skills. It is 
documented that people who have limited English profi-
ciency experience obstacles when accessing health care.35 
They may experience delays in making appointments, and 
are also more likely to have misunderstandings regarding 
time, place, date, and location of  appointment. People 
with low literacy skills may have difficulty communicating 
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provide a network for families. Additionally, one must sup-
port family caregiving and decision making and help give 
them the tools to do so, even if  one does not agree with the 
decision that is made. Institutions must involve patients and 
families in the planning, delivery, and evaluation of  health 
care services. They should take feedback from families and 
incorporate that into program planning. They should also 
consider the family needs as well as the child’s needs.

among patients, families, and health care staff. Offering 
places such as a family resource center will give families op-
portunities to educate themselves around their child’s needs. 
Also, developing programs that provide support to families 
in the community is an important related activity.

Some institutions have instituted family faculty.38 These 
families have often been in similar situations and can act to 
encourage and facilitate parent-to-parent support. They also 

The CLAS standards are primarily directed at health care organiza-
tions40; however, individual providers are also encouraged to use 
the standards to make their practices more culturally and linguisti-
cally accessible. The principles and activities of CLAS should be in-
tegrated throughout an organization and undertaken in partnership 
with the communities being served.

Standard 1
Health care organizations should ensure that patients/consumers 
receive from all staff members effective, understandable, and 
respectful care that is provided in a manner compatible with their 
cultural health beliefs and practices and in preferred language.

Standard 2
Health care organizations should implement strategies to recruit, 
retain, and promote at all levels of the organization a diverse staff 
and leadership that are representative of the demographic charac-
teristics of the service area.

Standard 3
Health care organizations should ensure that staff at all levels and 
across all disciplines receive ongoing education and training in 
CLAS delivery.

Standard 4
Health care organizations must offer and provide language assis-
tance services, including bilingual staff and interpreter services, at no 
cost to each patient/consumer with limited English proficiency at all 
points of contact, in a timely manner during all hours of operation.

Standard 5
Health care organizations must provide to patients/consumers in 
their preferred language both verbal offers and written notices in-
forming them of their right to receive language assistance services.

Standard 6
Health care organizations must assure the competence of language 
assistance provided to limited-English-proficient patients/consum-
ers by interpreters and bilingual staff. Family and friends should not 
be used to provide interpretation services (except on request by the 
patient/consumer).

Standard 7
Health care organizations must make available easily understood 
patient-related materials and post signage in the languages of the 
commonly encountered groups and/or groups represented in the 
service area.

Standard 8
Health care organizations should develop, implement, and promote 
a written strategic plan that outlines clear goals, policies, opera-
tional plans, and management accountability/oversight mecha-
nisms to provide CLAS.

Standard 9
Health care organizations should conduct initial and ongoing or-
ganizational self-assessments of CLAS-related activities and are 
encouraged to integrate cultural and linguistic competence-related 
measures into their internal audits, performance improvement 
programs, patient satisfaction assessments, and outcomes-based 
evaluations.

Standard 10
Health care organizations should ensure that data on the indi-
vidual patient’s/consumer’s race, ethnicity, and spoken and writ-
ten language are collected in health records, integrated into the 
organization’s management information systems, and periodically 
updated.

Standard 11
Health care organizations should maintain a current demographic, 
cultural, and epidemiological profile of the community as well as a 
needs assessment to accurately plan for and implement services 
that respond to the cultural and linguistic characteristics of the 
service area.

Standard 12
Health care organizations should develop participatory, collab-
orative partnerships with communities and utilize a variety of 
formal and informal mechanisms to facilitate community and 
patient/ consumer involvement in designing and implementing 
 CLAS-related activities.

Standard 13
Health care organizations should ensure that conflict- and 
 grievance-resolution processes are culturally and linguistically 
 sensitive and capable of identifying, preventing, and resolving 
cross-cultural conflicts or complaints by patients/consumers.

Standard 14
Health care organizations are encouraged to regularly make avail-
able to the public information about their progress and successful 
innovations in implementing the CLAS standards and to provide 
public notice in their communities about the availability of this 
information.

National Standards on Culturally and Linguistically appropriate Services (CLaS)

DISPLAY

1.3
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•	 When family-centered care is the cornerstone of  culture 
in a pediatric emergency department, staff  members have 
more positive feelings about their work than do staff  
members in an emergency department that does not em-
phasize family-centered care.

•	 Coordination for prenatal care in a manner consistent 
with family-centered principles for pregnant women 
at risk of  poor birth outcomes at a medical center in 
Wisconsin resulted in more prenatal visits, decreased 
rate of  tobacco and alcohol use during pregnancy, 
higher infant birth rates and gestational ages, and fewer 
neonatal intensive care unit days. All these factors de-
crease health care costs and the need for additional 
services.

•	 After redesigning their transitional care center in a way 
that is supportive of  families, creating 24-hour open 
visiting for families, and making a commitment to in-
formation sharing, a children’s hospital in Ohio expe-
rienced a 30% to 50% decrease in their infants’ length 
of stay.

•	 In Connecticut, a family support service for children with 
HIV hired family support workers whose backgrounds 
and life experiences were similar to those of  the fami-
lies served by the program. This approach resulted in 
decreases in HIV-related hospital stays, missed clinic ap-
pointments, and foster care placement.

•	 King County, Washington, has a children’s managed care 
program based on a family participation service model. 
Families decide for themselves how dollars are spent for 
their children with special mental health needs as long as 
the services are developed by a collaborative team created 
by the family. In the 5 years since the program’s incep-
tion, the proportion of  children living in communication 
homes instead of  institutions has increased from 24% 
to 91%. The number of  children attending community 
schools has grown from 48% to 95%, and the average cost 
of  care per child or family per month has decreased from 
approximately $6,000 to $4,100.

Benefits to the health care professional include38:

•	 A stronger alliance with the family in promoting each 
child’s health and development

•	 Improved clinical decision making on the basis of  better 
information and collaborative processes

•	 Improved follow-through when the plan of  care is devel-
oped by a collaborative process

•	 Greater understanding of  the family’s strengths and care-
giving capacities

•	 More efficient and effective use of  professional time and 
health care resources

•	 Improved communication among members of  the health 
care team

•	 A more competitive position in the health care 
marketplace

•	 An enhanced learning environment for future pediatri-
cians and other professionals in training

In summary, one provides culturally competent interven-
tion by asking the right questions.22

 Benefits to providing  
family-centered care

Health care practitioners who practice family-centered care 
are aware that it can enhance parents’ confidence in their 
roles and, over time, increase the competence of  children 
and young adults to take responsibility for their own health 
care, particularly in the anticipation of  the transition to 
adult services.38 Family-centered care can improve patient 
and family outcomes, increase patient and family satisfac-
tion, build on the child and family strengths, increase pro-
fessional satisfaction, decrease health care costs, and lead to 
more effective use of  health care resources, as shown in the 
following examples from the literature38:

•	 Family presence during health care procedures decreases 
anxiety for the child and the parents. Research indicates 
that when parents are prepared, they do not prolong the 
procedure or make the provider more anxious.

•	 Children whose mothers were involved in their postton-
sillectomy care recovered faster and were discharged ear-
lier than were children whose mothers did not participate 
in their care.

•	 A series of  quality improvement studies found that  children 
who had undergone surgery cried less, were less restless, 
and required less medication when their parents were pres-
ent and assisted in pain assessment and management.

•	 Children and parents who received care from child life 
specialists did significantly better than did control chil-
dren and parents on measures of  emotional distress, 
coping during the procedure and adjustment during the 
hospitalization, the posthospital period, and recovery, in-
cluding recovery from surgery.

•	 A multisite evaluation of  the efficacy of  parent-to-parent 
support found that one-on-one support increased parents’ 
confidence and problem-solving abilities.

•	 Family-to-family support can have beneficial effects on 
the mental health status of  mothers of  children with 
chronic illness.

•	 Family-centered care has been a strategic priority at chil-
dren’s hospitals all over the country. Families participated 
in design planning for the new hospital, and they have 
been involved in program planning, staff  education, and 
other key hospital committees and task forces.

Staff  satisfaction also improves with family-centered care 
initiatives. The following points have been found:

•	 Staff  report valuable learning experiences.
•	 A Vermont program has shown that a family faculty 

program, combined with home visits, produces positive 
changes in medical student perceptions of  children and 
adolescents with cognitive disabilities.
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Support families with information, education, understand-
ing, and resources. Some examples of  this are family 
resource centers, family advocacy groups, and family fac-
ulty.

Measure the effectiveness of  programs. This can be done 
with outcome measures, qualitatively and quantitatively.

Ask the right questions. Determine the individual needs of  
the patient and family. This will decrease the tendency to 
make generalizations based on culture.

Respect that individual differences do occur and that they 
may be different from our own.

Train early on in the health care profession. Recognize that 
training is lifelong and ongoing.

Training programs should be in place to educate health 
care workers both pre- and postprofessionally about their 
role in fostering family-centered care. There is an urgent 
need for preservice training in multicultural practices.14 
Coursework for special educators and health professionals 
should be part of  the preprofessional curriculum. There 
has been much published about specific cultural groups. 
This type of  approach is promising for professionals who 
are being trained to work with specific groups of  people. 
There is danger, however, in this method of  training. It 
risks the development of  stereotypes and assumptions 
that are not true. No individual training program can pos-
sibly address all the differences that are possible within 
groups. More effective methods of  teaching cultural effec-
tiveness include processes for a much broader conceptual 
approach. Many programs have developed their own meth-
ods. All have common themes: self-assessment, culturally 
effective knowledge of  language, and the ability to apply 
the knowledge at both interpersonal and systems levels. 
Harry recommends an approach that is a habit of  reflec-
tive practice that will lead to effective parent–professional 
collaboration without having a great deal of  culturally 
specific information.14 The approach includes developing 
culturally appropriate observation and interviewing skills, 
including asking questions that are open-ended. The fed-
eral government will continue to look at funding systems 
for programs and enact legislation to ensure that principles 
are being respected. If  these principles are in place with 
our delivery of  Physical Therapy Examination, Assessment 
and Intervention, it will serve to improve all aspects of  the 
 patient experience.

CASe STuDIeS

CASe STuDY 1 Roselyn Roselyn is an 8-year-old  girl 
with cerebral palsy. She lives with her mother, father, two 
brothers, one sister, grandmother, aunt, and four cousins in a 
small home in an urban environment. Roselyn’s parents moved 
to the United States when they were teenagers. They have learned 

•	 A practice environment that enhances professional 
satisfaction

•	 Greater child and family satisfaction with their health care
•	 Involving patients and families in change efforts in health 

care institutions helps deliver improvements in care pro-
cesses, gains in health literacy, and more effective priority 
setting as well as more cost-effective use of  health care 
and better outcomes.39

S u M M a r y

I t is important for us to examine our own belief  systems 
to provide family-centered culturally competent care. 
First, we need to recognize the vital role families play in 

ensuring the health and well-being of  its family members. It 
has been proposed that family members are equal members 
of  the team.

Next, we need to acknowledge that emotional, social, 
and developmental supports are integral components of  
health care. Third, we need to respect the patient’s and the 
family’s choices and their values, beliefs, and cultural back-
grounds. This can be accomplished by asking questions.

Finally, we can assume that families, even those liv-
ing in difficult circumstances, bring important and unique 
strengths to their health care experiences.

“Family-centered care is a service delivery model that in-
cludes the manner in which the services match the needs 
identified by the family.”1 Although many people practice 
family-centered care, it is not widespread. Heath care profes-
sionals must adopt new practices and policies, and families 
and patients must learn new skills.

Today there are many government agencies that have 
been instituted around family-centered care initiatives. 
The Agency for Healthcare Research and Quality (AHRQ) 
(www.hhs.gov) and the Institute for Patient and Family 
Centered Care (www.ipfcc.org) are two examples. These 
organizations provide recommendations that include train-
ing programs to educate professionals both pre- and post-
professionally about their role in fostering family- centered 
care. Historically, these agencies began in an attempt to 
educate professionals around principles of  family- centered 
care. In 1998, then Vice President Al Gore held a conference 
in Nashville regarding families and health. This  confer-
ence set the stage for initiatives nationwide for recogniz-
ing the value of  family-centered care in our health system. 
A Family Bill of  Rights was originally developed by Presi-
dent Clinton. This Bill of  Rights is posted in public areas in 
health care practices in multiple languages and made avail-
able to families as necessary.14 At the family reunion confer-
ence, Vice President Gore also outlined a five-step action 
plan for bringing the powers of  families into our health 
care system. This action plan can be used as a summary 
for this chapter. The plan is SMART. Its principles are as 
follows14:

http://www.hhs.gov
http://www.ipfcc.org
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gave them suggestions for how she could play a more active role 
in the family and the community.

Clinic visits were not frustrating anymore as the team took a 
new approach to making recommendations to the family.

Points to Ponder
Was the team being family centered when they first worked with 

Roselyn and her family?
How did the therapist’s visit change the perception of the team?
Why was the family so resistant to the recommendations that 

they made as a team?
How should the team proceed with their recommendations as 

Roselyn gets older?

CASe STuDY 2 Daniel Daniel is a 4-year-old boy who 
was admitted to the hospital for “a bad cough.” His parents were 
not born in this country and spoke little English. There was no 
other family member with Daniel who spoke English, so the 
nurses and doctors attempted to get information to complete 
their assessment using gestures, pictures, and simple English. It 
appeared from the examination that Daniel had been ill for quite 
some time, without medical care. He was malnourished and had a 
severe productive cough with bloody sputum. He also had marks 
on his chest that appeared to be caused by a small object being 
rubbed on it. The professionals who examined Daniel felt that he 
had been neglected and discussed whether the authorities should 
be notified. The attending physicians decided to admit Daniel to 
the hospital for a workup. He called Social Services because of 
his concerns about the family and refused to allow the parents 
to accompany Daniel to his room. The family was left in the 
emergency room while Daniel was wheeled away, and security 
was called to restrain them there until Social Services arrived.

The social worker arrived to the situation and first went to 
speak to the doctor. The doctor said that he felt the parents ne-
glected Daniel’s needs and he was very concerned for Daniel’s wel-
fare. He added that Daniel had signs of abuse on his chest and was 
malnourished. It was his duty to call child protective services. In 
the meantime, Daniel was undergoing tests to determine what was 
wrong with him. The physician left to attend to Daniel as the social 
worker returned to the emergency room to speak with the parents.

The social worker met the parents and found out by simple 
cards with different languages what language they spoke. She 
was then able to get an interpreter through a language service. 
She collected basic facts about the boy and his current medical 
situation. She was also able to get a phone number to a neighbor 
of the family who was bilingual. She was able to convey to the 
parents that their son was going to have some medical tests to 
determine why he is sick and how to make him better.

The family’s neighbor was able to come to the hospital to help 
to communicate with the family. It turned out that the boy had 
been sick for a few weeks and the family members were using 
traditional means to care for their son. “Coining,” where a coin 
is rubbed on the ailing part of the body, was performed by the 
mother to “drive out the cough.” The family also believed that a 

to speak English, but it is not their primary language spoken at 
home. Roselyn is unable to walk and does not attend school. Her 
family takes care of her every need. She rarely leaves the house 
except to go to church, where she is carried and doesn’t have 
many friends her own age. She has a close family and enjoys 
many visits from friends and neighbors. Her family takes her 
regularly to the major medical center for all her medical care.

The professionals have recommended a special educational 
setting for Roselyn, where she would receive all her educational 
needs and therapies. The family has declined such a placement 
and prefers to homeschool her. She is not receiving any therapy 
at this time.

Many professionals who have seen Roselyn have tried to 
get the family to agree to outside help for Roselyn. They have 
stressed the importance of teaching her how to function inde-
pendently. The family members insist that she does not need to 
do anything, because they will take care of her. They do not even 
want to get any type of special equipment to help them to take 
care of her. Roselyn has not had any acute medical issues; how-
ever, the team feels that Roselyn could do more for herself.

After many years of team recommendations not being followed 
by Roselyn’s family, a new physical therapist offered to make a visit 
to the family’s home to assess the situation. When she arrived, 
she found a very crowded living arrangement within a very small 
home. As she stayed to “visit,” she observed a typical day in the life 
of Roselyn. She was amazed to see the whole family involved. One 
family member bathed and dressed her. Another family member 
fed her along with the rest of the family. When the other children 
went off to school, Roselyn’s mother spent a few hours teaching 
her math and reading and doing “exercises” to make her strong. 
After lunch, Roselyn was carried outside and taken for a walk 
around the neighborhood and accompanied her father to the store 
for some groceries in a homemade wagon. After the children re-
turned from school, Roselyn sat outside on the porch and watched 
the children as they played. They all included her in their games.

The physical therapist realized that Roselyn’s family and 
neighbors had embraced her care as a team. They had developed 
strategies to care for her and included her in the family’s activi-
ties. When speaking to Roselyn’s mother, she sensed an enor-
mous amount of sense of responsibility for Roselyn’s disability, 
even referred to “punishment for sins that had been committed 
by her parents.” It was obvious that Roselyn’s family took great 
pride in her caretaking.

When the physical therapist returned from her visit, she 
shared the information that she received with the team. She took 
photos and video of the house and the equipment that the family 
used. All agreed that Roselyn was being cared for, but that per-
haps they were going about helping her in the wrong way. They 
decided to have a social worker, who was of the same ethnic 
group, to work with the family on changing its understanding of 
the disability. Instead of focusing on changing what the family 
was doing, the team worked to support the family members in 
what they were doing. Very soon, the family accepted some help 
from the team. The team was able to give the family members 
suggestions to make it easier for them to care for Roselyn and 
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special diet of herbs and natural foods would cleanse his body 
and bring him back to health. It was very apparent to the social 
worker that they loved their son very much and were doing ev-
erything in their means to make him well.

She determined that they were not neglectful, but did not un-
derstand Western medicine and the importance that we as Ameri-
cans place on our medical system. She spoke with the doctor and 
relayed, through the family interpreter, that the boy needed spe-
cial treatment with medication. The family was scared as they did 
not trust the medical system. With the help of the interpreter, the 
nurses spent some time teaching the family some techniques, 
using pictures. The parents were allowed to be with their son. 
The nurses allowed the family to set up the child’s room to allow 
“spiritual healing” to occur. They also took the time to explain 
everything that they were doing to the family.

A member of the family’s church came to visit the boy and 
spoke with the nurses and doctor about some of the family’s tra-
ditions, and they all decided on a few that the family would be 
able to carry out in the hospital room. For example, instead of 
prayer with the use of candles, the nurses obtained a battery-
operated candle that used a light bulb for the flames. The family 
was also shown manual airway clearance techniques to perform 
in place of coining to assist Daniel with coughing.

The team held family meetings with Daniel’s family frequently 
during his admission, with the use of medical interpreters. A mutual 
trust developed between the team and the family. Daniel began to 
get well and was discharged home with his family. He was followed 
as an outpatient and continued to enjoy a healthy and happy life.

Points to Ponder
How could the emergency room situation have been handled 

differently?
How did the social worker’s behavior change the situation?
Do you think that the family of Daniel was negligent? Why or 

why not?
Did the doctor provide family-centered care? Why or why not?
What would you do if you were responsible for the care of this child?
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N ormal or typical development of  abilities and skills 
in humans begins at the moment of  conception. 
In normal conception and pregnancy, the embryo 

(conception through the 8th week of  gestation) and the 
fetus (the 9th week of  gestation until birth) develop accord-
ing to a sequence and timing common to all humans.1 Birth 
typically occurs at 40 weeks of  gestation or 10 lunar months 
after conception, plus or minus 2 weeks.2,3 Infants consid-
ered to be term or full term have a gestational age of  38 to 
42 weeks.2,3 Postpartum development of  human behaviors 
is the continuation of  that which began at conception. A 
person’s development occurs over his or her life span as the 
body undergoes change. It has been said that human devel-
opment is an ongoing process from the womb to the tomb.

After a child is born, change occurs at a relatively rapid 
rate compared with many changes in adulthood. Particularly 
notable during the first 24 months of  life are the acquisition 
of  and changes in gross and fine motor skills.

New gross and fine motor skills are definitely learned 
and refined after age 2, but many of  these new and refined 
motor behaviors occur as the child or adult learns new skills 
needed for play, sports, and/or work. Also, new motor skills 
are acquired and refined as needed when the individual 
has particular age-appropriate functional requirements. 
Dr. Milani-Comparetti has referred to these as appointments 
with function.4 Some of  these appointments with function 
occur at relatively typical times in life, such as learning to 

independently don and doff  one’s jacket in time to begin 
kindergarten, learning to drive at age 16, or learning to tie 
one’s own necktie when moving away from home to attend 
college. The chronologic ages of  achievement of  motor be-
haviors and skills are influenced by these appointments with 
function and numerous intrinsic and extrinsic factors, both 
prenatally and postnatally.5

Gestational and postgestational motor development 
usually occurs according to a typical sequence, pattern, 
and timing. However, after birth, extrinsic factors such as 
opportunity to learn and practice a skill, exposure to envi-
ronmental pollutants, inadequate nurture and bonding, and 
parental and cultural childrearing practices may modify age 
of  skill acquisition and possibly the sequence and pattern 
of  the motor behaviors. As the child ages, more latitude 
must be allowed for the expression of  differences in devel-
opment as a result of  the many and varied extrinsic factors 
(see Table 2.1).

Behaviors that develop in the human include gross 
motor, fine motor, cognitive, language, and personal– 
social behaviors. Although the emphasis of  this chapter is 
on chronologic motor development, a thorough apprecia-
tion for and understanding of  a child’s development stems 
from knowledge regarding all developmental domains, as 
well as growth parameters such as strength and range of  
motion. Additionally, one must consider the development 
of  and changes in the various systems of  the body. All of  



18 PART I    Development

age, the more likely that the child is exhibiting a possible de-
velopmental problem.

In the habilitation of  a developing child, established 
norms for the sequence, timing, and patterns of  motor be-
haviors can be used not only to evaluate and assess the child, 
but also to set treatment goals and develop a treatment 
plan. This is not to say that the sequence must be followed 
in some strict manner when habilitating or rehabilitating 
a child or an adult. Rather, the sequence can be used as a 
guide, and it informs our understanding of  the need for 
particular movement components in order to develop and 
 refine particular functional motor skills.

Care must be taken when using the terms normal and 
typical when speaking about the motor development of  
a child, especially regarding age of  milestone acquisition. 
Normal is defined as conformity with the established stan-
dards for humans.10 Typical is defined as having the qualities 
of  a particular group, in this case, human infants and chil-
dren, so completely as to be representative of  that group.10 
The reader should keep in mind that what is normal or typi-
cal motor behavior of  humans at various ages is generally 
described in ranges. Such ranges exist because both motor 
development and individual motor skills are affected by nu-
merous factors, in addition to the intrinsic biologic nature 
of  the human. Even the intrinsic anatomy and physiology 
of  a human are, in many ways, uniquely his or her own. For 
the purposes of  this chapter, the terms normal and typical 
will be used synonymously.

Normative values for age of  skill acquisition, based on a 
defined subject pool, are set forth in numerous norm-refer-
enced developmental instruments.6–9,11–14 Because the norms 
are based on a limited, albeit large, group of  subjects and 
therefore established with certain cultural bias, extrinsic fac-
tors such as cultural customs, parental practices, and oppor-
tunity to learn skills may detract from or improve a child’s 
score.15–24 Therefore, this text emphasizes a rather broad 
range of  achievement ages, based on several norm-refer-
enced evaluation and assessment tools. Also, it is important 
to note that typical ages of  achievement are usually based 
on full-term gestation in humans, which is 40 weeks.2,3 
Table 2.2 shows approximate expected ages of  acquiring 
specific motor milestones for full-term infants.

 The variability of human growth  
and development

Although human birth, growth, and development have 
long histories, our understanding of  these processes has 
increased and been refined over time. As we continue to 
study all aspects of  human development, one characteris-
tic of  human development clearly stands the test of  time. 
Human development is characterized by variability. In fact, 
lack of  variability, either within one individual or when 
comparing an individual with textbook standards, is often a 
red flag. The less variable and more stereotypical a child’s 

these areas interact together as the child matures, grows, 
and develops.

The focus of  this chapter is on normal or typical gross 
and fine motor development in the infant and toddler. The 
motor developmental sequence offers physical therapists a 
foundation for studying and understanding not only typi-
cal development, but also aberrant or atypical development 
of  the child. This developmental sequence may be used as 
a basis for evaluating, assessing, and treating motor delays 
and deficiencies in both children and adults. The sequence, 
in particular, can play an important role in evaluating and 
treating people of  all ages because identifiable components 
of  motor behavior begin to evolve in specific aspects of  the 
sequence. For example, in the prone-on-elbows or -forearms 
position typical of  a 4-month-old infant, once able to assume 
the posture, the child begins to shift weight while maintain-
ing the posture. This shifting of  weight contributes the be-
ginnings of  movement components such as elongation of  
the trunk on the side bearing more weight (i.e., to the side 
the weight is shifted), unilateral weight bearing in the upper 
extremities to allow for visually directed reaching, and early 
accidental rolling from prone to supine. If  the prone-on-
elbows posture is not achieved or is delayed, the evolution 
of  some of  the mentioned movement components may be 
delayed, or the components may not develop.

Each stage of  the motor developmental sequence has 
purpose and contributes to the overall development of  the 
child. Therefore, various aspects of  the sequence can be 
used in therapy, for adults and children, to facilitate the evo-
lution of  different movement components. In the evaluation 
and assessment of  children, the typical timing of  the acquisi-
tion of  specific motor skills is linked to the determination 
of  a motor age. Ideally, as an infant or toddler develops, 
the assessed motor age will be congruent with the child’s 
chronologic age. A gap between the child’s chronologic age 
and motor age, assessed according to established standards 
for age of  skill or milestone development, is undesirable.6–9 
The greater the gap between chronologic age and motor 

Factor Example
Opportunity Stair climbing develops earlier in a child who 

must contend with stairs in the home, compared 
with children who are not permitted on stairs.

Environmental 
pollutants

Children raised in an environment of smoke from 
cigarette smoking may be delayed in developing 
motor skills and may have stunted growth.

Inadequate nurture 
and bonding

Infants who are not held to be fed may experience 
motor delay as well as failure to thrive.

Parental 
and cultural 
childrearing 
practices

Children placed supine to sleep may be slower 
to develop head control in prone and upright, 
prone-on-elbows posture, and rolling prone to 
supine.

Examples of Extrinsic Factors That Affect Motor 
Development

TABLE

2.1
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fetal and infant development. For example, it is now known 
that fetal exposure to alcohol of  unknown quantities can 
result in a child who has fetal alcohol syndrome (FAS), 
 alcohol-related neurodevelopmental disorder (ARND), or 
alcohol-related birth defects (ARBD).28–33 Children who have 
been exposed to alcohol or illicit drugs in utero have been 
found to exhibit delayed mental, motor, and/or behavioral 
development when compared with standardized norms 
at 1, 4, 12, and 18 months and 2, 3, and 5 years of  age.34–41 
Furthermore, prenatal alcohol effects on fetal, infant, and 
child development are not totally known, and the effects can 
be compounded by other pre-, peri-, and postnatal risk fac-
tors.35,40,42–45 Fetal alcohol exposure is something that can be 
controlled (i.e., eliminated) during pregnancy, thereby effec-
tively eliminating the potential adverse effects of  alcohol on 
growth and development. To the contrary, if  a woman un-
expectedly develops a disease process during pregnancy, the 
disease may impact the fetus and child negatively. However, 
this insult to the developing embryo or fetus may not have 
been preventable.

The variability of  human motor development has been 
the subject of  much study. Scientists and therapists have at-
tempted to explain the differences in motor development 
between one person and another, and have tried to discover 
ways to optimize those factors that produce healthy motor 
behaviors and minimize those that have a negative impact.

A number of  theories about how humans develop motor 
and other behaviors have been proposed. Brief  descriptions of  
some of  these theories follow. The reader should keep in mind 
that just as no two humans develop exactly alike, it is most 
likely that no single theory can explain developmental fact.

 Developmental theories

Developmental theories have been applied to all aspects 
of  infant and child development, including physical, psy-
chosocial, and cognitive. To effectively work with children, 
physical therapists need to have a broad understanding of  
all areas of  infant and child development. However, physi-
cal therapists most definitely need a broad and deep under-
standing of  the physical aspects of  growth and development. 
Therefore, those developmental theories that adequately ad-
dress a child’s physical development are easiest to apply in 
physical therapy. Those theories will be emphasized in this 
brief  discussion.

Maturational Theories

Maturational theories, also referred to as hierarchical theo-
ries, have been developed and advanced by people with fa-
miliar names such as Piaget, Gesell, Bayley, and McGraw, 
beginning in the early 1900s. The works of  these devel-
opmental theorists continue to contribute heavily to our 
understanding of  child development today.6,29,46–50 Their 
legacies are seen in the clinics worldwide. For example, 

Milestone Typical Age Age Range

Physiologic flexion Birth N/A
Turns head to side in prone Birth NA
Attempts to lift head in midline 1 mo 1–2 mo
Automatic stepping Birth N/A
Fencer’s posture 2 mo 1–4 mo
Astasia 2 mo N/A
Abasia 2 mo N/A
Rolling supine to side-lying 
nonsegmentally

3 mo 2–4 mo

Beginning midline head control 3 mo 2–3 mo
Prone-on-elbows, head to 90 degrees, 
chin tuck

4 mo 3–5 mo

Hands to midline 4 mo 3–5 mo
Unilateral reaching prone-on-elbows 5 mo 4–6 mo
Prone-on-extended-arms 5 mo 4–6 mo
Pivot prone posture 5 mo 4–6 mo
Beginning intra-axial rotation 5 mo 4–5 mo
Rolling prone to supine, segmentally 5 mo 4–6 mo
Head lifting in supine 5 mo 4–6 mo
Supine, hands to knees and feet 5 mo 4–6 mo
Supine, hands to feet 5 mo 4–6 mo
Supine, feet to mouth 5 mo 4–6 mo
Propped sitting 5 mo 5–6 mo
Supine bridging 5 mo 5–7 mo
Rolling supine to prone, segmentally 6 mo 5–7 mo
Ring sitting, unsupported with full trunk 
extension and high guard

6 mo 5–7 mo

Transferring objects hand to hand 6 mo 5–7 mo
Independent sitting with secondary 
curves

8 mo 7–9 mo

Beginning quadruped 8 mo 7–9 mo
Beginning pull-to-standing 8 mo 7–9 mo
Creeping 10 mo 9–11 mo
Plantigrade posture 10 mo 10–12 mo
Plantigrade creeping 10 mo 10–12 mo
Pulls to standing and lowers self 10 mo 9–12 mo
Cruising 10 mo 9–11 mo
Pulls to standing through half-kneeling 12 mo 10–13 mo
Walking independently 12 mo 10–15 mo
Creeps up stairs* 15 mo 14–18 mo
Walks up stairs with help or handrail* 18 mo 16–20 mo

*age of achievement of ascending and descending stairs depends greatly on 
motivation, opportunity, and experience.

Ages of Motor Milestone Acquisition in Typical   
Full-term Infants

TABLE

2.2

movements are, the more likely that his or her development 
and movement are atypical.25–27

Motor development and motor behaviors vary because 
of  the influence of  numerous intrinsic (endogenous) and 
extrinsic (exogenous) factors, many of  which we cannot 
influence or control. However, many intrinsic and extrin-
sic factors can be controlled and manipulated to optimize 
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Dynamic Systems Theories

The third and final developmental theory to be addressed 
here is the dynamic systems theory. This theory is based 
on the original work of  Bernstein in 1967 and has been 
modified by numerous others more recently, including 
Thelen et al., Horak, Heriza, and Shumway-Cook and 
Wollacott.5,50,51,53,54,62 Unlike the longitudinal and hierarchi-
cal maturation theories, which consider the CNS to be the 
predominate factor and manager, organizer, and regulator 
of  development, dynamic systems theories see infant and 
child development as nonlinear and the result of  many fac-
tors, both intrinsic and extrinsic, that impact the developing 
fetus and child. According to the dynamic systems theory, 
no one system (such as the CNS in the maturational theo-
ries) is the preeminent director of  development. Instead, 
each fetus and child develops certain characteristics and 
skills based on the confluence of  many factors.5,50,51,53–55,62–64 
While motor behaviors do seem to develop in the fetus, in-
fant, and toddler according to a basic scheme, the sequence, 
timing, and quality of  developmental milestones may be 
modified by numerous factors in any one fetus or child.

Factors that influence motor development in the human 
include genetic inheritance, errors and mutations in genetic 
transmission, maternal/fetal and child nutrition, fetal and 
infant exposure to toxins and other chemical substances, 
race, ethnicity, presence or absence of  quality prenatal care, 
childrearing practices, socioeconomic level (which may have 
immense bearing on several of  the other factors mentioned 
here), disease processes, and trauma. In addition, oppor-
tunity, cognitive abilities, level of  stimulation, and motiva-
tion affect the learning of  new motor skills in children and 
adults, as do the motor task at hand, the functional out-
come desired, and the context for using a particular motor 
skill.5,15,19–21,28,29,34,42,46,49–51,65–77

In a dynamic systems view of  growth and development, 
the CNS is merely one, albeit very important, influential sys-
tem. Unlike a purely hierarchical or maturational viewpoint, 
a dynamic systems approach to development considers the 
profound influences of  other body systems on the anatomic, 
physiologic, and behavioral qualities of  the fetus and child 
(the organism). These other systems include the peripheral 
nervous, musculoskeletal, cardiopulmonary, and integu-
mentary systems.

Central Pattern Generators

“Today the existence of  networks of  nerve cells produc-
ing specific, rhythmic movements, without conscious ef-
fort and without the aid of  peripheral afferent feedback, is 
 indisputable for a large number of  vertebrates. These spe-
cialized neural circuits are referred to as ‘neural oscillators’ 
or  ‘central pattern generators’ (CPGs).”78 It is known that 
the brain stem has CPGs for rhythmic functions such as 
chewing, breathing, and swallowing.50,78–80 The spinal cord 
has CPGs for functional locomotion.78,81

Nancy Bayley’s early work from the 1930s produced stan-
dardized scales for mental and motor development.51–53 Her 
work continues to be a powerful clinical tool for assessing a 
child’s mental and/or motor development, with a third edi-
tion of  the Bayley Scales of  Infant Development having been 
published.6

Maturational theories of  development emphasize a nor-
mal developmental sequence that is common to all fetal, infant, 
and child mental and motor development. According to mat-
urationists, the normal sequence of  development evolves as 
the central nervous system (CNS) matures, and the CNS is 
the major driving force of  development.50,53–56 Hierarchical 
theory has been interpreted by some to suggest a strict, in-
variant sequence of  development in all normal children.50,51 
However, others have interpreted hierarchical development 
in a less stringent manner, including many physical thera-
pists that have practiced since the 1970s who understand the 
hierarchy of  motor skills to be merely, but consistently, a 
roadmap. Nonetheless, many of  these same therapists be-
lieve in the primacy of  the CNS in dictating developmental 
sequence and timing.

Behavioral Theories

A behavioral theory of  development is rooted in the works 
of  Pavlov, Skinner, and Bandura, with emphasis on condi-
tioning behavior through the use of  a stimulus-response ap-
proach.51,54 Behavior theory advocates modifying behavior 
through manipulating stimuli in the environment to create 
a response that positively or negatively reinforces a particu-
lar behavior.51,57,58 This type of  theory is used by physical 
therapists when they control the environment to elicit  a 
predictable behavior. For example, a therapist may move 
a very distractible child from the physical therapy gym to 
a quiet room, in order to control or improve the child’s abil-
ity to stay on task. Therapists also use a stimulus-response 
approach when they manipulate parameters such as inten-
sity, rate, and frequency of  application of  a given treatment 
modality.59 Regarding motor development, some of  a child’s 
motor behaviors (responses) are conditioned by positive or 
negative feedback to particular behaviors.60,61 For example, 
one typically developing child evaluated by this author spent 
very little time creeping on hands and knees, showing a pref-
erence for plantigrade creeping on hands and feet. Engaging 
in the plantigrade creeping as a major form of  locomotion 
seemed to be the result of  conditioning. During this pre-
walking stage of  development, which happened to occur 
during the summer, the child spent considerable time play-
ing outdoors on the family’s concrete patio and sidewalk. It 
did not take him long to learn that the trio of  rough surfaces, 
shorts, and creeping on hands and knees could cause great 
discomfort and even injury. The stimulus of  the rough sur-
face, with givens of  hot weather and summertime apparel, 
conditioned a movement response that kept his bare knees 
off  the rough surface, yet still allowed him to locomote and 
explore his environment.
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age is determined by subtracting the gestational age of  
the child, the number of  weeks and days in utero, from 
40 weeks. This remainder is then subtracted from the child’s 
actual chronologic age, which is calculated from the date 
of  the child’s birth.82,83 A sample adjusted age calculation is 
shown in Display 2.1.

 Developmental direction

Studying the typical sequence of  motor development reveals 
a developmental direction that applies to most of  develop-
ment, although there are exceptions. Pertinent exceptions 
will be noted in the following discussion. Ten sequences of  
developmental direction are listed in Table 2.3, with exam-
ples of  how these sequences are revealed in normal develop-
ment. A few of  these principles deserve additional attention 
to develop an understanding of  the typical emergence of  
motor skills in humans.

Motor behavior in humans is at first reflexive in nature. 
As the organism matures, motor behaviors become more 
complex and eventually come under cortical or volitional 
control. This is an example of  reflex to cortical develop-
mental direction. Additionally, primitive reflex responses 
tend to be more generalized rather than localized responses. 
This generalized or total movement before the develop-
ment of  localized movement in a given area of  the body 
is another example of  developmental direction. A good ex-
ample of  a generalized response is the response seen in the 
flexor withdrawal reflex. This reflex is a primitive reflex 

In the absence of  afferent input, the CPGs can still pro-
duce stereotypic, rhythmic movements such as locomotion. 
This is not to say that sensory feedback is not an impor-
tant factor in normal locomotion.78 However, the idea that 
motor output can occur without first having sensory input is 
contrary to early thinking in this field of  study.59

Which Developmental Theory Is Correct?

Motor development in humans and motor behaviors have 
been shown to be under the influence of  supraspinal struc-
tures, spinal structures, peripheral sensory input, CPGs, 
dynamic environmental features, and neuromodulatory 
influences. Supraspinal centers that control human loco-
motion include the sensorimotor cortex, cerebellum, and 
basal ganglia.78 Sensory afferents, from the periphery, are 
important regulators of  movement, helping modify the pat-
terns generated centrally so that movements can be con-
stantly adapted to the environment, task, and task context.78 
Neuromodulators such as serotonin and dopamine are also 
thought to influence centrally generated locomotion in some 
vertebrates, but their role is not yet completely understood.78

Among the many theories of  development, including 
those affecting motor development, probably no single the-
ory can ever be considered the one and only correct theory. 
Rather, many different theories can be called upon to explain 
and predict fetal and child motor development. Principles 
from different theories can be combined to analyze, inter-
pret, and even predict motor development. Many aspects of  
the dynamic systems approach probably come the closest to 
being the dominant theory of  motor development used by 
physical therapists in the 21st century, because this approach, 
in itself, considers the impact of  many variables on the cre-
ation, growth, and development of  a human biologic system. 
Having said that, it is this author’s opinion that many contem-
porary physical therapists, in an effort to de-emphasize the hi-
erarchical aspect of  development, risk under consideration of  
the basic motor development sequence that has characterized 
fetal and child development for thousands of  years. Given the 
multitude of  environments in which children have grown and 
developed over time, the similarities in the normal developmen-
tal sequence and motor milestone acquisition among infants 
and toddlers are simply too great to be ignored.

 Preterm infants

Because of  the prematurity, a preterm or premature infant, 
defined as one with a gestational age of  less than 38 weeks, 
may not exhibit motor skills consistent with his chronologic 
age.3 The child born too early may demonstrate motor de-
lays equivalent to the number of  weeks premature.82,83 In 
order to distinguish between delays that are the natural re-
sult of  not having enough in utero time and delays caused 
by abnormal pathophysiology, the premature infant is evalu-
ated and assessed according to an adjusted age. Adjusted 

Date of Birth (DOB): April 21, 2006
Gestational age (GA): 31 weeks 6 days
Date of Assessment (Date): December 28, 2006

Child’s chronologic or postnatal age 5 8 mo 1 wk 5 33 wk
Gestational age in weeks 5 32 wk
40-32 wk 5 8 wk adjustment for prematurity
33 wk-8 wk 5 25 wk gestation-adjusted age  
(6 mo 1 wk)*

Disagreement exists regarding the chronologic or postnatal 
age, from 12–18 months, a child should be before the clinician 
stops adjusting for prematurity, for the purpose of assessing 
motor development. A standard should probably be set in a 
particular clinic, with variations made on a case-by-case basis 
as necessary.

Calculating Adjusted Age for Preterm Infants

DISPLAY

2.1

*For the purpose of clinical assessment of an infant’s motor development, 
this child would have a corrected or adjusted age of 6 months. For research 
purposes, adjusted age should be calculated accurately to the months, 
weeks, and days. A computerized formula is often used. When administering 
a standardized test, adjusted age should be calculated accurately as well, 
using the formula given for a particular standardized instrument, as the 
formulas differ from one standardized test to another.
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life as a protective mechanism for the hands and feet. 
The flexor withdrawal reflex is controlled at the level of  the 
spinal cord in the CNS.46 Most early or primitive reflexes are 
spinal cord reflexes, whereas the mature postural and bal-
ance responses are mediated in the midbrain and the cor-
tex of  the brain. The stimulus for a spinal cord reflex is an 
exteroceptive stimulus.5 The receptors for exteroceptive 
stimuli are “peripheral end organs of  the afferent nerves in 
the skin or mucous membrane, which respond to stimula-
tion by external agents.”1,5,84,85 Another example of  a total 
response developing before localized response is neona-
tal kicking. When the infant is first born, he or she moves 
in very random total patterns. In fact, full-term neonates, 
when compared with preterm neonates, exhibit a variety of  
neonatal kicking patterns, with differences in frequency, re-
ciprocal movements, and intralimb coupling.86–88 Coupling is 
defined by Heathcock et al. as similar timing of  movement 
between joints within the same limb.86 Heathcock et al. also 
found that full-term neonates were able to exhibit task-spe-
cific and purposeful lower extremity control compared with 
their preterm cohorts.86 When some neonates kick, both 
lower limbs often move together, the infant being unable to 
consistently dissociate one lower extremity from the other. 
Also, when kicking, the pelvis frequently moves with the 
lower extremities, another example of  lacking dissociation. 
In this case, the lack of  dissociation is between the hips and 
pelvis. As the infant matures, he or she is consistently able to 
move the lower extremities while keeping the pelvis stable, 
and the right and left limbs can move independently of  each 
other as well as reciprocally, all examples of  dissociation. 
The ability to move the limbs independent of  each other 

that is present at birth and produces a total flexion response 
in the limb, either upper or lower, when the hand or foot, 
respectively, is exposed to a noxious or  nociceptive stimu-
lus (Fig. 2.1). The response to the stimulus in this reflex, 
because it is primitive and generalized, does not permit se-
lective or isolated movements at the various joints of  the 
limb when elicited. The flexor withdrawal reflex is present 
at birth and becomes partially integrated by 2 months of  
age.46 However, vestiges of  this reflex remain throughout 

FIGURE 2.1 Flexor withdrawal reflex. A: Nociceptive stimulus 
to the sole of the foot. B: Flexor withdrawal response, total lower 
extremity flexion.

A

B

Principle Earliest Control/Response Control/Response with Maturation

Reflex control before cortical control Asymmetrical tonic neck reflex causes limbs to 
move in response to the head position.

Child volitionally moves limbs independent of 
head position.

Total response before localized response Neonate moves upper extremities in wide 
sweeps and at random.

Child gains control of individual joints to 
stabilize the shoulder for precise, visually 
directed reach and grasp.

Proximal control before distal control Child develops shoulder and hip stability. Elbow, then wrist, and knee, then ankle, 
stability develop.

Cephalic control before caudal control Shoulders develop control and stability. Hips develop control and stability.
Medial control before lateral control Three ulnar fingers dominate first grasp. Thumb and index finger dominate pincer grasp. 

Forefinger dominance develops.
Cervical control before rostral control Child has motor control of mouth at birth. Child develops ability to fix eyes and focus.
Gross motor control before fine motor control Child stabilizes the shoulders and holds a baby 

bottle with both hands.
Child picks up tiny pellets and puts them in a 
small bottle.

Flexor muscle tone develops before extensor 
muscle tone

Neonate is dominated by physiologic flexion. Flexor tone loses dominance, and extensor tone 
is more manifest to balance tone.

Extensor antigravity control develops before 
flexor antigravity control

Child lifts head in prone at 4 months of age. Child lifts head in supine at 5 months of age.

Weight bearing occurs on flexed extremities 
before on extended extremities

Child bears weight on upper extremities flexed 
at elbows in prone-on-elbows.

Child bears weight on extended elbows in 
prone-on-extended-arms and quadruped.

Examples Reflecting Principles of Developmental Direction

TABLE

2.3
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allows for reciprocal kicking, alternating kicks of  the lower 
extremities. At this point, the infant is also able to move one 
lower extremity without moving the other and to move a 
joint within an extremity independent of  the other joints in 
that extremity.

A third principle of  developmental direction is cepha-
locaudal development. Generally, this principle is dem-
onstrated in the development of  motor control in that the 
head, upper trunk, and upper extremities develop motor 
control before the lower trunk and lower extremities. An 
example of  cephalocaudal development of  motor control is 
the development of  stability of  the scapulae and shoulders 
to maintain the prone-on-elbows posture, before the devel-
opment of  stability of  the pelvis and hips as needed for the 
quadruped position (Fig. 2.2). An exception to cephalocaudal 
development is the development of  muscle tone in the fetus. 
Studies of  premature infants have shown that muscle tone 
develops in the lower extremities and lower body before 
tone in the upper extremities and upper body develops.89

Motor control also develops from medial to lateral; that 
is, control develops close to the median or midline of  the 
body before developing more laterally. Midline stability of  
the neck and trunk develop before the more lateral shoulder 
and hip stability. During the first few weeks of  life, the infant 

FIGURE 2.2 Cephalocaudal development in prone. A: Prone-
on-elbows posture with prestance positioning of lower extremities; 
the more cephalic shoulder girdle exhibits stability. B: Quadruped 
posture; the more caudal hip exhibits stability as well.

A

B

FIGURE 2.3 Asymmetric tonic neck reflex (fencer’s posture) 
with head turned to right; note the extension of the face-side limbs 
and flexion of the skull or occiput-side limbs. A: Fencer’s posture 
seen here in an infant 2 months of age. B: Fencer’s posture waning.

A

B

is relatively symmetric, with the exception of  the head, 
which is turned to one side or the other in prone and supine. 
The second through fourth months of  life are characterized 
in the term infant by asymmetry, as a result of  the influence 
of  reflex activity, most notably the asymmetric tonic neck 
reflex (ATNR)90 (Fig. 2.3). The ATNR influence diminishes 
over those first months, thereby reducing reflex dominance 
and allowing the development of  volitional control, as noted 
previously. Volitional control and developing stability begin 
medially in what is termed midline activity. As the ATNR 
wanes, the child is able to bring his head into midline and 
maintain it there, instead of  being in the asymmetric cer-
vical extension pattern of  the ATNR, by 4 months of  age. 
In addition, the child begins bringing his hands to midline, 
relying on the newly developed shoulder stability to use his 
hands together in midline (Fig. 2.4). Thus, by 6 months of  
age, the child demonstrates great symmetry.

Another example of  this medial-to-lateral development 
is the development of  grasp. To understand this, one must 
visualize the body in anatomic position. The ability to 
grasp and manipulate objects with the hands begins with 
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elbows) and on flexed lower extremities (knees and hips) (see 
Fig. 2.2). The plantigrade creeping posture calls for weight 
bearing on the open hands and soles of  the feet (Fig. 2.5). This 
posture is an example of  weight bearing on extended upper 
extremities (elbows) and extended lower extremities (knees). 
In addition to exemplifying the rule of  weight bearing, this 
progression from prone-on-elbows to the plantigrade creep-
ing posture is also an example of  cephalocaudal development.

Gross motor skills develop before fine motor skills, the 
infant being able to stabilize the shoulder with the large 
muscles of  the shoulder before gaining control of  the small 
muscles of  the fingers and hand for fine motor skills. This 
exemplifies not only the gross-to-fine principle of  develop-
mental direction, but also the proximal-to-distal principle. 
Proximal refers to the part of  an extremity, upper or lower, 
that is closest to the midline of  the body. Distal means the 
part of  the extremity farthest from the midline.

The neck and trunk muscles and all major joints of  the 
extremities (i.e., shoulders, elbows, wrists, hips, knees, and 
ankles) develop according to certain stages of  motor con-
trol. They develop mobility, stability, controlled mobility, and 
skill, as described by Sullivan et al.85 This sequence was first 
described with different terminology, in the early 1960s by 
Margaret Rood.59 In the upper extremity, the sequence un-
folds in the following manner. The shoulder first develops 
mobility, the ability to move the upper extremity in space 
with the distal end, the hand, free. This is referred to as an 
open-chain movement.93 The early movement of  the infant 
is random and poorly controlled initially, but evolves over 
the first few weeks of  life. Success with this ability to move 
the upper extremity at the shoulder in an open-chain activ-
ity paves the way for the shoulder to stabilize in the closed-
chain activity of  prone-on-elbows and -forearms.93 Now, the 
distal segments of  the extremity (i.e., the forearm, hand, and 
fingers) are not free in space. Rather, the extremity is per-
forming a weight-bearing function, described by Rood as the 
stability aspect of  motor behavior. Next, the infant demon-
strates the ability to move the proximal joint, the shoulder in 

predominant use of  the ulnar fingers, which are more me-
dial, before using the more lateral index finger (radial finger) 
and thumb.91

Control of  the two major muscle groups, the flexors and 
extensors, also develops in a particular developmental direc-
tion and occurs in a general sequence. However, development 
of  flexors and extensors differs depending on whether the in-
fant is developing muscle tone, antigravity control, or weight-
bearing function. Dominant muscle tone throughout the 
body develops in flexor muscles before extensor muscles, as 
readily seen in the full-term neonate who is born with physi-
ologic flexion.47,48,92 This physiologic flexion is a dominant 
flexor tone in all postures when at rest and with passive or ac-
tive movement. Even in the absence of  physiologic flexion, as 
seen in infants born preterm, extensor tone is relatively low.

In each posture, the development of  antigravity move-
ments and control occurs first in extensor muscles at a par-
ticular joint, prior to the development of  the antagonist 
flexor muscles at that joint. For example, the infant learns 
to use his cervical extensors in the controlled antigravity 
movement of  lifting his head in prone before he is able to lift 
his head against gravity in supine, which requires antigrav-
ity flexor control. However, to develop full and balanced 
control at a joint, both antigravity extensors and antigravity 
flexors are needed. Cephalocaudally developing trunk exten-
sors for antigravity work develop before the flexors of  the 
trunk. Therefore, the child is able to get into a prone-on-el-
bows posture by 4 months of  age, using midline antigravity 
extensors, before he is able to bring his feet to his mouth in 
supine at 5 months of  age. The foot-to-mouth activity re-
quires antigravity flexor control of  the trunk.

The weight-bearing function of  the extremities occurs on 
flexed extremities before weight bearing occurs on extended 
limbs. In prone-on-elbows, the infant bears weight on flexed 
upper extremities, with relatively passive lower extremi-
ties. This developmental posture occurs before quadruped, 
wherein weight bearing is on extended upper extremities (the 

FIGURE 2.5 Plantigrade position with weight bearing on palms 
of hands and soles of feet; this is a transition posture between 
being on the floor and erect standing and may also be used as a 
locomotive form called plantigrade creeping.FIGURE 2.4 Notable symmetry of infant; head and hands are 

stable in midline.
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prone-on-extended-arms, sitting, quadruped, and erect 
standing. In sitting without support and erect standing, the 
upper extremities play a vital role in providing stability of  the 
upper body, even though they are not performing a weight-
bearing function. This will be described later in this chapter 
when the sitting and erect standing sequences are explained.

 The neonate

The neonatal period in the infant is the first 28 days of  post-
partum life.3 Full-term infants are born with physiologic 
flexion as described earlier, a prime example of  muscle tone 
developing in flexor muscles before extensor muscles. This 
results in generalized moderate flexion in all positions of  the 
neonate, prone, supine, held in sitting, vertical or horizon-
tal suspension, and held in standing.47,48,91,92 This flexor tone 
gradually diminishes over the first month of  life in these 
full-term babies.

Babies who are preterm exhibit less physiologic flexion 
or the flexion is absent, depending on the child’s gestational 
age.94,95 The more weeks the child is preterm, the less likely 
he is to have the physiologic flexion. Instead, preterm in-
fants are born with limbs and trunk relatively extended. 
This extension is not a dominance of  extensor tone, but 
rather a lack of  or diminished flexor tone. The reasons for 
this lack of  flexor tone in the preterm infant are unknown. 
Several theories have been suggested, including intrauterine 
 positioning and maternal hormonal influences.

In addition to lack of  physiologic flexion in preterm neo-
nates, other differences between full and preterm infants are 
noted at birth. These differences have been well described 
by Dubowicz and others, and a few of  the major differences 
are shown in Table 2.4.2

this example, over the distal extremity while the extremity is 
in a closed chain. This movement is seen as the development 
of  weight shifting in the various weight-bearing postures of  
the upper extremities. Rood and others have described this 
phase as mobility superimposed on stability.59,85 Eventually, 
the child is able to shift his weight entirely onto one or the 
other upper extremities for unilateral weight bearing. Then 
he begins to stabilize the non–weight-bearing shoulder with 
the hand free (open-chain activity), as the fingers move to 
grasp and manipulate an object, as seen in Figure 2.6. This 
represents the skill level denoted by Rood.59,85

The lower extremities follow the same sequence for 
developing mobility, stability, controlled mobility, and 
functional distal control. This sequence plays out again 
and again, for both the upper and lower extremities, in 
each of  the developmental postures of  prone-on-elbows, 

FIGURE 2.6 Unilateral weight bearing in prone-on-elbows 
posture with weight shift to the skull side and one upper extremity 
freed for reaching.

Tone and Movement Patterns Preterm Neonate (<32 wk) Full-term Neonate (>36 wk)

Posture Full extension Physiologic flexion (full flexion)
Scarf sign: arm passively moved across chest of child in 
supine with head midline

No resistance to passive movement Resistance to passive movement before 
reaching midline

Popliteal angle: passively move knee to chest; extend 
knee

Angle of extension between lower leg 
and thigh is 135 to 180 degrees

Angle of extension between lower leg and thigh 
is 60 to 90 degrees

Ankle dorsiflexion: infant supine, passively flex foot 
against shin

Angle between lower leg and foot is 60 
to 90 degrees

Angle between lower leg and foot <30 degrees

Slip-through: infant in vertical suspension, holding under 
axillae

Completely slips through hands, does 
not set shoulders

Sets shoulders and does not slip through

Pull-to-sit: child supine, pull-to-sitting by pulling gently 
on both upper extremities

Complete head lag Head held in alignment with body

Rooting reflex: child supine in midline, stroke corner of 
mouth

Absent Head turns toward stimulus and mouth opens

Sucking reflex: put nipple or clean finger in child’s mouth Weak or absent sucking response Strong rhythmic sucking
Grasp reflex: place finger horizontally in child’s palm Absent Sustained flexion and traction
ATNR: child supine with head in midline, passively turn 
head to one side

Absent Upper and lower extremities on face side 
extend, extremities on skull-side flex

Differences Between Full-term and Preterm Neonates

TABLE

2.4
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One of  the earliest developmentalists, Myrtle McGraw, de-
fined these progressions.47 Prone, supine, rolling, sitting, and 
erect standing progressions will be presented, as well as vari-
ous forms of  locomotion in each progression.

Stabilizing in various postures is termed static posture 
and is in contrast to dynamic posture, the translation of  
those static postures into movement for locomotion, tran-
sitions between postures, and prehension.48 These static 
and dynamic postures are often referred to as motor mile-
stones. Particularly significant ages of  performing certain 
milestones will be discussed. More detail of  the age ranges 
for the achievement of  these motor milestones can be found 
in Table 2.2. An important point to note is that the ages of  
acquisition of  certain skills fall within ranges rather than at 
exact points in the developing child. Each developing child is 
unique, both in the intrinsic factors, biologic structure and 
function, and in the extrinsic factors that affect his or her 
development. This uniqueness must be remembered and 
considered, even though basic commonalities of  anatomy, 
physiology, sequential development, and pathology exist.

Prone Progression

Prone Lying
At birth, the healthy, full-term neonate has physiologic flex-
ion, which dominates the prone position.96 In prone, the 
head is turned to one side (Fig. 2.7). This turning of  the 
head to one side is the result of  two primary influences. The 
first influence is a survival instinct, which allows the infant 
to turn his head to the side to clear his mouth and nose so 
he can breathe in prone, and the second is the influence of  
the ATNR.46,97 Although the normal infant can be moved 
out of  this pattern easily, the ATNR continues to influence 
head position in all postures, including prone, until the in-
fluence has completely subsided by approximately 4 months 
of  age. Encountering considerable resistance to moving the 
child out of  this ATNR-dominated fencer’s posture may be 
an indication of  atypical neuromotor development.98,99

 Motor development goals

One goal of  normal motor development is control of  the 
body against gravity.4 These antigravity movements gener-
ally develop first in the head, followed by development in 
the trunk (cervical to thoracic to lumbosacral), then in the 
lower extremities. Antigravity control in the lower extremi-
ties includes control at the three major joints of  the hip, 
knee, and ankle. While the overall development of  antigrav-
ity control is cephalocaudal, as revealed by the development 
of  head control, then midline trunk control, and then lower 
extremity control, control at the various joints of  the lower 
extremities may be occurring simultaneously, very close to-
gether in timing, or with the ankle being the lead joint.

Antigravity movements must develop in both extension 
movements and flexion movements. However, in mature, erect 
standing, the major body extensor groups are the antigravity 
muscles, as compared with their flexor antagonists. That is, the 
midline neck and trunk extensors, hip extensors, and knee ex-
tensors are the primary muscle groups that keep humans from 
surrendering to the force of  gravity when upright.

A second goal of  development is the ability to maintain 
the body’s center of  mass within the base of  support.4 The 
center of  mass when standing is gradually and progressively 
rising as humans grow in height. Learning to maintain the 
body’s center of  mass within the base of  support is accom-
plished as the infant and toddler develop righting, equilib-
rium, and tilting reactions. While these reactions develop 
and continue to be activated automatically, the typically de-
veloping individual can eventually control these automatic 
responses volitionally, as long as there are no intrinsic or ex-
trinsic barriers to such control.

A third goal of  motor development is the performance 
of  intrasegmental and intersegmental isolated movements.4 
For example, even though various joints of  the upper ex-
tremity move in a coordinated manner to produce an upper 
extremity functional skill, the individual joints, such as the 
elbow joint, must learn to move independently while the 
other upper extremity joints do not move. This is intraseg-
mental dissociation. Intersegmental dissociation, such as 
moving the head without moving the extremities or moving 
one lower extremity into flexion while moving the contra-
lateral lower extremity into extension, must develop as well.

 The developmental progressions

Rather than discussing motor development as a timeline of  
chronologically occurring events, this text will present the 
sequence of  occurrences that leads to the development of  
various components of  movement. This sequence includes 
various motor milestones and postures and movement 
within these postures. Because these events in the normal 
infant and toddler develop in an orderly sequence in each 
posture, these sequences will be referred to as progressions. 

FIGURE 2.7 Neonate in prone; note the extreme shoulder 
 adduction of the upper extremity with the elbow caudal to the 
shoulder in this infant only 2 hours after birth.
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FIGURE 2.8 Physiologic flexion in a 3-week-old neonate; note 
that the shoulder adduction has decreased, and the hips and knees 
are still flexed with the buttocks up in the air.

FIGURE 2.9 Neonate in prone. A: Note the anterior pelvic tilt 
and hip flexion, with buttocks up in the air; position prevents infant 
from lifting his head from the surface. B: As physiologic flexion 
diminishes, pelvis comes down toward the mat with decreasing  
hip flexion and anterior pelvic tilt; pelvis is flatter on the surface 
as caudal weight shifting evolves, making it easier for the child 
to begin to lift his head in prone. C: As anterior tilt continues to 
decrease, weight continues to shift caudally from head and upper 
chest to pelvis and lower extremities, improving attempts to lift 
head and attain prone-on-elbows, but pelvis is still in a relative  
anterior tilt, and upper extremities are held close to the sides with 
the elbows too caudal for weight bearing.

A

B

C

FIGURE 2.10 Physiologic flexion is gone; infant is flat in prone 
with elongated hip flexors and a relatively neutral pelvis.

The hip flexion aspect of  physiologic flexion is particu-
larly strong in prone lying and is accompanied by a relative 
anterior tilt of  the pelvis. The infant’s knees are drawn un-
derneath him with buttocks up in the air, and the exagger-
ated hip flexion and anterior tilt are preventing the pelvis 
from lying flat on the surface (Fig. 2.8). His weight is shifted 
forward onto his upper chest and face. When his head is 
turned to one side, the weight shifted onto the head is borne 
by the child’s cheek on that side. The upper extremities are 
adducted into the side of  the body with the elbows caudal to 
the shoulders. Hands are generally fisted, due to the strong 
influence of  the hand grasp reflex. However, the hands fre-
quently and spontaneously will open and can be opened pas-
sively in the normally developing infant. Persistently fisted 
hands that never open may indicate abnormal sensorimo-
tor development.98 Persistently fisted hands with the thumb 
flexed into the palm and held by the fingers is often a sign of  
pathology.100–102

As physiologic flexion diminishes over the first month, 
the infant begins falling more and more into gravity in 
both prone and supine. In prone, hip flexion decreases, al-
lowing the buttocks to come down and the anterior pel-
vis to lie flat against the surface. Weight shifts away from 
the face, caudally toward the trunk and lower extremities. 
However, a relative anterior pelvic tilt is still present, albeit 
decreased (Fig. 2.9A-C). The diminished nature of  the an-
terior pelvic tilt is not due to an active posterior tilt at this 
point but results simply from the loss of  the physiologic 
flexion that kept the hips and knees flexed underneath the 
child’s body.

As physiologic flexion disappears completely, the child 
lies flat on the surface in prone (Fig. 2.10). The hips are now 
passively extended and prepared for the beginning of  active 
posterior pelvic tilt, which is an indication of  the activa-
tion and development of  the abdominal muscles (the trunk 
flexors) and the hip extensors. Without the buttocks in the 
air, the child’s weight is no longer shifted forward onto the 
chest and cheek but instead is borne over all the body seg-
ments that are in contact with the surface. The infant at this 
point has no active antigravity control, with the exception 
of   cervical extension, which is beginning to emerge.

In the ensuing prone posture, the lower extremities are 
positioned in hip abduction, partial extension, and exter-
nal rotation (Fig. 2.11). Knees are semiflexed and feet are 
dorsiflexed. This position of  the lower extremities is the 
precursor to the position of  the lower extremities in initial 
standing. Beginning at approximately 5 months of  age, the 
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shifted caudally, and the pelvis must stabilize for head and 
midline upper trunk lifting. If  one thinks of  the child’s head 
and upper trunk as being a lever arm, the fulcrum around 
which the lever arm turns for this movement is the pelvis, 
so the pelvis must be stabilized. This stabilization of  the pel-
vis is achieved by recruiting abdominal muscles to tilt the 
pelvis posteriorly and hold it stable in a posterior tilt. With 
the help of  the abdominal muscles to stabilize the pelvis 
in a relative posterior tilt, the infant begins actively lifting 
the head at approximately 2 months of  age. By 3 months, 
cervical extension is adequate to lift the head such that the 
baby’s face is at a 45-degree or greater angle with the sur-
face, and head control is mostly due to antigravity extensor 
muscles (Fig. 2.12B and 2.13). As development of  the spinal 
extensors progresses cephalocaudally, the upper thoracic 
extensors begin to strengthen and gain antigravity control. 
By 4 months, the baby is able to lift the head to 90 degrees. 
However, the chin of  the infant who is able to lift his head 
to 90 degrees tends to jut forward slightly, with the neck hy-
perextended, during early successes in the prone-on-elbows 
and prone-on-extended-arms postures (Fig. 2.14). Although 
the infant has control of  his cervical and upper thoracic an-
tigravity extensors to lift the head to this face vertical posi-
tion, one element of  head control is still missing. Control 
at any joint in the body depends on a balance of  muscles 

child will stand, with hands held or holding onto something 
such as the crib rails, with this same wide base of  support, 
hips, knees, and feet mimicking the early lower extremity 
position seen in prone.

Prone-On-Elbows
To achieve the prone-on-elbows or prone-on-forearms pos-
ture, the next step in the prone progression, three things 
must happen: (1) stabilization of  the pelvis, (2) head lifting 
with cephalocaudally progressing antigravity extensor con-
trol, and (3) movement of  the upper extremities out of  the 
neonatal position.

Head control in prone is the earliest antigravity control 
to develop. In order for the infant to begin experimenting 
with head control, he must move the head away from the 
support of  the surface. To lift his head, he must actively con-
tract his cervical extensors. At birth he was able to lift his 
head only briefly in prone to turn his head to the side for 
breathing. The first truly active attempts at lifting his head 
in prone are tenuous, at best (see Fig. 2.9). Body propor-
tions of  infants are different than those in older children 
and adults. In the infant, the head makes up approximately 
one-quarter of  the body in length, causing the head to be 
proportionately large and heavy.103 This compares with the 
body proportions of  an adult, in whom the head is only one-
eighth of  height.103 Maturation and practice of  the skill of  
head lifting strengthen the cervical extensor muscles so that 
the infant can eventually lift his heavy head (Fig. 2.12). This 
ability depends on the cervical flexors, the anterior muscles, 
to lengthen through reciprocal inhibition.

Even with cervical extensors increasing in strength, the 
child is not able to lift his head without stabilizing in another 
part of  his body. When the buttocks were up and the head 
was down, weight was shifted toward the head. If  the head 
is to be up, the buttocks must be down, the weight must be 

FIGURE 2.12 Infant has a relative posterior pelvic tilt, which 
promotes the use of the antigravity cervical extensors for head lift-
ing in prone. A: Note the more abducted and forward position of 
the upper extremities and the prestance position of the lower  
extremities. B: Improved head lifting so that the face is at a  
45-degree angle.

A
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FIGURE 2.11 Once physiologic flexion has disappeared, lower 
extremities exhibit a prestance position in prone, which includes 
hip external rotation with slight flexion and abduction, slight flexion 
of the knee, and dorsiflexion of the ankle.
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The infant who is 4 months of  age and has stable control 
of  the head at 90 degrees, with the chin tucked, displays bal-
anced cervical extensors and flexors. By comparison, head 
control of  the 3-month-old child during head lifting is domi-
nated by extensors that are not balanced by antigravity flex-
ors, helping produce a chin that is not tucked.

Chin tuck appears, therefore, as a result of  three devel-
opmental occurrences: (1) activation and strengthening of  
the cervical flexors, (2) reduction of  the ATNR, and (3) ac-
tivation and strengthening of  the serratus anterior muscles. 
The infant uses the serratus anterior muscles to protract 
the shoulder girdle and work the elbows into the surface. 
Without the protraction provided by these muscles, the 
child may exhibit what Bly and others have termed TV shoul-
ders.104 In TV shoulders, the child’s upper extremities are not 
worked into the surface. Rather, the shoulders elevate and 
the neck hyperextends, with the infant’s occiput resting on 
his posterior cervical soft tissue, chin jutting forward. The 
face, in this position, is not at 90 degrees or vertical, and the 
child does not have active head control. With the shoulders 
elevated at the sides of  the head, close to the ears, the head 
is passively supported. Consequently, persistence of  the TV 
shoulders interferes with the development of  active, anti-
gravity head control and lateral head righting. TV shoulders 
also make it difficult to swallow, talk, and breathe, because 
of  the cervical hyperextension.

If  at 4 months of  age the child exhibits cervical hyperex-
tension with the occiput of  the skull resting on the upper 
back, the cervical flexors and/or serratus anterior muscles 
are not activated or have insufficient strength. This is an ex-
ample of  how the developmental sequence and the move-
ment components might be used to determine a plan of  
treatment. If  a child exhibits TV shoulders while prone-on-
elbows, the strength of  the serratus anterior muscles as well 
as the strength of  the cervical flexor and extensor muscles 
should be tested. Weakness of  any of  these muscles may 
account for the cervical hyperextension, at least in part. If  
the cervical extensors are weak, it is likely that they are too 
weak to maintain the head upright, and once the head is 
lifted, the child compensates for the inability to actively sta-
bilize the neck. His head falls backward into hyperextension 
as a response to gravity. This is a pattern frequently seen in 
children who have delayed or abnormal sensorimotor devel-
opment, such as children with cerebral palsy or other brain 
disorders. In such a case, one part of  the physical therapy 
treatment plan would include strengthening the muscles 
that are weak and practicing control over those muscles.

The third element necessary for the child to achieve the 
prone-on-elbows milestone is a forward position of  the el-
bows. The upper extremities, in the full-term neonate, are 
adducted closely into the body, or even slightly under the 
body, and extended at the shoulders, causing them to have 
a mechanical disadvantage in trying to lift the upper trunk 
and head (see Fig. 2.8). During the second month, at the 
time when the infant is first attempting to lift his head, 
upper  extremity control at the shoulder begins to develop. 

surrounding that joint. Therefore, head control is not com-
plete until the antigravity cervical flexors have been acti-
vated and strengthened to balance the antigravity cervical 
extensors.

The child’s ability to use his midline cervical extensors to 
lift his head is a sign of  the diminishing ATNR and the devel-
opment of  active cervical flexors. Although the strength of  
the ATNR diminishes during the first 4 months, the waning 
influence continues to provide slight cervical asymmetric 
extension. Once the child begins to develop active cervical 
flexors to balance those extensors, the head is more easily 
brought to midline for lifting in prone. Continued strength-
ening of  the cervical flexors, along with the activation of  
the serratus anterior muscles in the prone-on-elbows pos-
ture, contributes to what Bly refers to as a chin tuck when 
the head is lifted to 90 degrees so that the face is vertical 
(Fig. 2.2A).104

FIGURE 2.13 At 3 months of age, the child attains prone-on-
elbows with the face at an angle greater than 45 degrees, not yet 
90 degrees; note the forward position of elbows.

FIGURE 2.14 Infant in prone-on-extended-arms with face 
vertical (at 90 degrees) but with mild cervical hyperextension and 
without chin tuck.
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the child shifts his weight while in quadruped such that he 
unilaterally weight-bears on an upper extremity, the lateral 
trunk on the side bearing the weight is elongated (relaxed 
and stretched) while the lateral trunk on the side of  the free 
upper extremity shortens (contracts), with lateral bending 
or flexion to that side (Fig. 2.15). Figures 2.16  through 2.21 
show this elongation on the weight-bearing side in different 
postures and at different ages.

Weight shift also introduces the infant to vestibular 
stimulation, which is under his control, as opposed to the 
vestibular stimulation of  being moved by another person or 
an object (rocking chair) or watching another person or ob-
ject move (the crib mobile). Finally, when in full unilateral 
weight bearing, weight shift increases the weight borne, and 
therefore joint compression, on a particular side or limb up 
to twice the normal customary weight and compression. 
This increased weight on one limb or one side of  the trunk 
facilitates the recruitment of  motor units in the working 
muscles.59,105

Weight shifting in prone-on-elbows has another subtle, 
yet significant, effect on the baby’s development. Babies 
are born with their forearms in relative pronation and are 
unable to supinate the forearms actively, even though the 
forearms can be moved passively into supination. As the 
baby shifts from side to side in prone-on-elbows, the weight 
shifting causes the forearm on the side to which he shifts 

The infant gradually abducts and flexes the shoulders, bring-
ing the elbows from underneath his body forward, more to 
a position underneath or just anterior to the shoulders. This 
enables the baby to bear weight on his elbows and forearms 
when he lifts his head. Figures 2.7  through 2.9, 2.12, and 
2.13 show this progression. One important component of  
movement that begins to develop in this process is scapu-
lohumeral elongation. Scapulohumeral elongation refers 
to the elongation of  the axillary region as the humerus is 
flexed and/or abducted away from the body and therefore 
away from the scapulae. Without the ability to elongate 
this region, the child will not be able to get the  elbows into 
position underneath the shoulders for the prone-on-elbows 
posture. Failure to elongate the axillary region will also in-
terfere with reaching out in space, such as when an older 
child reaches out to grasp an object while sitting at his desk.

While the upper extremities are typically envisioned as 
limbs with important mobility functions, such as reach and 
grasp, and the lower extremities are visualized in terms of  
their weight-bearing functions, such as standing, all four 
extremities have both weight-bearing and mobility func-
tions to perform. Prior to assuming the prone-on-elbows 
posture, the upper extremities have exhibited only mobility 
functions. The prone-on-elbows posture is the first call for 
the upper extremities to be weight bearing. This ability to 
weight-bear through the forearms, elbows, and shoulders 
foreshadows the weight bearing that will follow in the quad-
ruped position.

Once the infant has achieved a stable prone-on-elbows 
position, in order to be functional he must be able to trans-
late the position into movement while maintaining stabil-
ity at the proximal joint, the shoulder. He begins to shift 
his weight from side to side, increasing the amount of  
weight bearing on each upper extremity as the weight is 
shifted to that side. Shifting weight side to side soon be-
comes shifting of  weight in all directions, including for-
ward, back, and diagonally. This weight shifting is a feature 
of  all the milestone postures once the stability of  each 
posture has been established. It is critical for the develop-
ment of  equilibrium and tilting responses for maintaining 
balance, as well as for functional use of  the upper extrem-
ity. In the prone-on-elbows posture, if  the baby does not 
learn to shift his weight, his upper extremities will not be 
able to develop controlled mobility functions. Essentially, 
he will be stuck. Without the appropriate development of  
weight shifting, the controlled mobility functions of  reach-
ing (open chain) and the closed-chain propulsion function 
of  the upper extremities, needed for crawling and creep-
ing, will not develop.

Weight shift is necessary for reasons other than just to 
free a limb for controlled mobility. Weight shift encour-
ages elongation of  muscles on one side of  a joint or joints 
while the antagonist muscles shorten. In typical sensorimo-
tor development, this elongation during weight shift oc-
curs in the lateral trunk muscles on the side that is weight 
bearing or bearing most of  the weight. For example, when 

FIGURE 2.15 Unilateral weight bearing in the upper extremi-
ties from quadruped with elongation of the child’s trunk on the side 
bearing the most weight, in this case his right side.
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FIGURE 2.16 Weight shift to side-lying with elongation on the 
right (weight-bearing side).

FIGURE 2.17 Prone-on-elbows with weight shift to skull side for 
unilateral weight bearing with elongation on the weight-bearing side.

FIGURE 2.18 Sitting with weight shifted to child’s left side with 
elongation of the weight-bearing side; note the crossing of midline 
with the lower extremity.

FIGURE 2.19 Sitting, shortening of the right side with weight 
shift to the left side; note the high degree of intra-axial rotation.

FIGURE 2.20 Prone-on-elbows, elongation on child’s right side 
with reaching with the left hand.

FIGURE 2.21 Prone-on-extended-arms with muscles of 
the weight-bearing anterior trunk, pelvis, and lower extremities 
 elongated; also note the slight weight shift to child’s right side with 
shortening of left lateral trunk musculature.



32 PART I    Development

A

FIGURE 2.23 A: Lack of forearm supination when bringing 
the spoon to the mouth causes spillage. B: With the development 
of forearm supination, a child is able to use a spoon with very little 
 spillage.

B

his weight to supinate, and the forearm on the side away 
from which he shifts pronates. The proprioceptive feedback 
from this reciprocal pronation and supination lays the foun-
dation for emerging, active forearm supination. Without 
the ability to supinate the forearms, the infant would not 
develop the ability to reach for, grasp, and visually engage 
an object. With the forearm in pronation, the first two steps 
can be accomplished, but the dorsum of  the hand blocks the 
child’s view of  the object grasped (Fig. 2.22). Lack of  supi-
nation of  the forearm is also responsible for spillage when 
children first attempt to feed themselves with a spoon. 
The child holds the spoon and captures the food with the 
forearm in pronation. As he brings the spoon toward his 
mouth, he needs to supinate in order to keep the bowl of  
the spoon level. Until he develops full active supination, 
spillage will continue to occur (Fig. 2.23). Many other func-
tional  activities across the life span depend on the ability to 

FIGURE 2.22 A: With forearm in pronation, visual examina-
tion of toy grasped in hand is blocked by the dorsum of the hand. 
B: The development of forearm supination allows visual examina-
tion of object and putting the object in the mouth with ease.

A

B

supinate the forearms, such as donning a shirt, buttoning 
and unbuttoning a shirt, turning a door knob, turning a 
steering wheel, and tying a bow.

As the child practices weight shift in prone-on-elbows, 
he begins to take an interest in reaching for toys from this 
position. First attempts at reaching while prone-on-elbows 
often fail because the child shifts his weight onto the side to 
which he is looking (Fig. 2.24). Eventually, the child learns 
from the error of  his ways that his weight is shifted onto 
the very limb he needs to unweight in order to reach for the 
toy he sees. With practice of  weight shifting in this posture 
and through trial and error, the child is eventually able to 
shift his weight to one elbow and forearm while looking in 
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the opposite direction, thereby establishing visually directed 
reaching (Fig. 2.25).

Prone-On-Extended-Arms
Having secured the prone-on-elbows posture and having 
learned to shift his weight in different directions, the baby 
begins to lift himself  farther from the surface. He pushes 
himself  up into prone-on-extended-arms, working his open 
hands into the surface, using his triceps to extend his el-
bows, and actively using the serratus anterior muscles to 
protract and stabilize the shoulder girdle (Fig. 2.26A). The 
trunk extensors, continuing to activate and strengthen in a 
cephalocaudal direction, assist in this antigravity movement. 
The anterior thoracic muscles must elongate. The elbows, 
in the prone-on-extended-arms posture, illustrate the prin-
ciple of  weight bearing on extended limbs after first weight 
bearing on flexed limbs. In addition to the extended elbows, 
this posture is noted for increased antigravity extension 
using midline thoracic extensors, increased scapulohumeral 

FIGURE 2.24 First attempts at visually directed reaching in 
prone-on-elbow or -extended-arms are often unsuccessful because 
the child shifts his weight in the direction that he is looking, and the 
arm nearest the object is not freed.

FIGURE 2.25 Eventually, the child learns to shift his weight 
to the skull-side limb, freeing the appropriate arm for reaching the 
object as he looks at it.

FIGURE 2.26 Transition from prone-on-extended-arms to 
quadruped. A: Prone-on-extended-arms. B: Push-up transition 
position. C: Quadruped.

A

B

C

elongation, a pelvis still in a relative posterior tilt in order to 
stabilize the lifted head and upper trunk, and comparatively 
passive lower extremities.

Although the lower extremities are decidedly passive in 
prone-on-elbows and prone-on-extended-arms, the posi-
tion assumed by the lower extremities in these postures is 
predictive of  later development and active use of  the lower 
extremities. It is the same lower extremity position seen in 
the infant after the loss of  physiologic flexion (Figs. 2.2A 
and 2.26A).

Once the child has begun to push into prone-on-arms 
with extended elbows, he begins to weight-shift in that pos-
ture, just as he did in the prone-on-elbows position. Weight 
shifting produces increased stability at the shoulder joints 
as more weight is accepted onto one or the other shoulder 
during weight shifting. Weight shifting to the side eventu-
ally produces unilateral weight bearing with the ability to 
reach and grasp, with the accompanying elongation of  the 
trunk on the weight-bearing side. Posterior weight shift 
may actually cause him to move himself  backward in this 
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(Fig. 2.28). But with practice, the child soon masters an-
other new skill. Refer again to Figure 2.2B. His open hands 
are aligned under flexed shoulders, and his knees are aligned 
under flexed hips. The active participation of  the lower ex-
tremities in quadruped, also called four-point, requires sta-
bility around the hip joints caused by cocontraction of  the 
hip musculature. The principles of  developmental direction 
are illustrated well in quadruped. Weight bearing on flexed 
elbows has given way to weight bearing on extended elbows. 

position, increasing scapulohumeral elongation. While 
pushing backward, the child may lift his buttocks from 
the surface, continuing to push his weight backward over 
the knees and into the quadruped posture, with weight on 
open hands. If  he pushes with enough force, he may shift 
his weight backward onto his toes, rather than his flexed 
knees, in a “push-up” position (Fig. 2.26B). Eventually, the 
child succeeds in getting his weight shifted posteriorly onto 
his knees for hands-and-knees weight bearing (quadruped 
or four-point). He is definitely pleased with his accomplish-
ment (Fig. 2.26C).

Pivot Prone
At approximately 5 months of  age, the child develops an 
interesting skill that contributes to his pelvic and scapu-
lar mobility. The pivot prone posture or pattern, as seen 
in Figure 2.27, uses cephalocaudally progressing extension 
to extend the child’s neck, midline trunk, and lower ex-
tremities. The pelvis is in an anterior tilt, with hips hyper-
extended. The upper extremities assume the high guard 
position with the scapulae adducted by the rhomboid 
muscles. The upper limbs are horizontally abducted at the 
shoulders and flexed at the elbows. This retraction of  the 
shoulder girdle with the posturing of  the upper extremities 
enhances the trunk extension. To assume the pivot prone 
pattern, the anterior musculature must elongate.

Once the child develops stability in the pivot prone po-
sition, he playfully moves alternately between pivot prone 
and prone-on-elbows. In this manner, he practices scapular 
and pelvic mobility. The shoulder girdle alternates between 
protraction in prone-on-elbows and retraction in pivot 
prone. The pelvic girdle moves between the posterior tilt of  
prone-on-elbows and the anterior tilt of  pivot prone. Often, 
in his exuberance, the child actually pivots his body in a cir-
cle as he kicks his legs or quickly alternates between these 
two postures.

Quadruped
As in other postures, early attempts at the hands-and-knees 
posture are generally not refined, often because the lower 
extremities are not positioned optimally to accept weight 

FIGURE 2.27 Pivot prone posture with elongation of anterior 
trunk and lower extremity musculature and retraction of shoulder 
girdle; only mid- and lower trunk are in contact with the supporting 
surface.

FIGURE 2.28 Immature quadruped position with hip abduc-
tion and external rotation, lower extremities in poor weight-bearing 
alignment; reciprocal and contralateral movement of extremities. 
A: Note the lumbar lordosis, an indication in quadruped that the 
abdominals are weak or not being activated. B: Improved quad-
ruped position, but base of support is still wide, interfering with 
lateral weight shift for creeping.

A

B
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FIGURE 2.29 Crawling with reciprocal use of upper extremities.

True to cephalocaudal development, the lower extremities 
now participate actively, unlike when in prone-on-elbows. 
Stability in quadruped increases, as it does in prone-on- 
elbows and prone-on-extended-arms, as the child moves into 
the weight-shifting phase of  the quadruped posture. When 
weight is shifted posteriorly, with the upper extremities fixed 
in a closed-chain, scapulohumeral elongation is facilitated. 
The base of  support in quadruped may be wide in initial at-
tempts, particularly because of  excessive abduction of  the 
lower extremities (Fig. 2.28B). This wider base of  support 
helps the child to be more stable. However, it interferes with 
adequate lateral weight shift, which is needed to achieve uni-
lateral weight bearing. Unilateral weight bearing is neces-
sary in both the upper and lower body to free one upper and 
one lower limb for the forward movement of  creeping.

A stable quadruped position requires not only stable hips 
and shoulders, but also a stable trunk. Trunk flexors and ex-
tensors must balance each other to produce a flat back in 
the four-point position. When the child first achieves the 
quadruped posture, he generally displays the lumbar lor-
dosis of  the young infant whose abdominal musculature 
is not yet developed and strong. This is due to underdevel-
oped abdominal muscles as well as strong contraction of  
his hip flexors in order to stabilize. Overly active hip flexion 
is progravity fixing to increase muscle tone around the hip 
joints, and therefore stability. Increased hip flexion postur-
ing leads to increased lumbar lordosis or anterior pelvic tilt. 
Development of  the abdominals begins when the child first 
acquires the posterior tilt, which was essential for lifting of  
the head in prone. Concurrent with the achievement of  a 
stable prone-on-elbows posture, with its posterior pelvic tilt 
resulting from activation of  abdominal muscles, changes 
are taking place in the supine position to further recruit and 
strengthen abdominal muscles. Abdominal musculature 
continues to develop to balance the extensors of  the trunk. 
With the balance of  lumbar flexors and extensors, the quad-
ruped position with a flat back is achieved (see Fig. 2.2B).

Locomotion in Prone
Locomotion is defined as movement from one place to 
another.1 Six modes of  locomotion develop in the prone 
position typically. In the order of  development, they are 
scooting, crawling, pivoting in prone, rolling, creeping, and 
plantigrade creeping. Some locomotive forms may develop 
and be used nearly simultaneously, such as crawling and piv-
oting in prone, at approximately 5 months of  age. Also, it is 
not unusual for one or more modes of  locomotion not to 
develop in a given child. No long-term negative effects result 
from such failure. However, it is important for the child to 
develop, in other ways, any components of  movement that 
typically develop or improve in the different forms of  prone 
locomotion.

As early as a few days of  age, the infant is able to move 
in the crib by wiggling and scooting. This is his first form 
of  locomotion. Inevitably, an infant placed in the middle of  

a crib for a nap will find his way to a corner of  the crib. It is 
thought that the closeness and security offered by a corner 
is comforting to the child, especially after 40 weeks in the 
close spaces of  the womb. Because infants are able to wiggle 
and scoot, not even the youngest of  babies should be left un-
attended on a raised surface such as a sofa, adult bed, chang-
ing table, or mat table, unless sufficient barriers of  pillows 
and rolls have the infant contained.

During the first 2 months, when the infant is in prone or 
supine, he will wiggle and scoot as his chief  form of  loco-
motion. Once he attains and is stable in the prone-on-elbows 
position, he may locomote by crawling, moving his body 
forward by digging his elbows and forearms into the surface 
and extending his shoulders. Crawling is a locomotive form 
that infants may use from 3 months to 8 or 9 months of  age. 
Crawling is defined as moving “slowly by dragging the body 
along the ground.”10,47,48,106 First attempts at crawling often 
produce a backward motion as the infant flexes his shoul-
ders, instead of  extending them. Once he achieves a forward 
progression, he may crawl by moving both forearms for-
ward at the same time, or he may crawl by using reciprocal 
motions of  the upper extremities (Fig. 2.29). This recipro-
cal motion is a precursor to reciprocal creeping, plantigrade 
creeping, and walking with reciprocal arm swing.

The defining component of  crawling is that the child’s 
belly is in contact with the floor. This compares with creep-
ing, which means to move across the floor on hands and 
knees without the trunk being in direct contact with the 
surface.10,46–49,106 While this distinguishing component may 
seem inconsequential, especially when the lay public often 
uses the terms synonymously, differentiating between crawl-
ing and creeping is important in the health care professions 
so that terminology is used consistently, leaving no room for 
misunderstanding.

In crawling, the lower extremities are basically passive 
while the upper extremities move either together or recipro-
cally. Crawling with nonreciprocal use of  the upper extremi-
ties requires no trunk rotation, while reciprocal crawling 
does require rotation within the body axis. In rotation of  the 
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trunk, either the upper or the lower trunk moves while the 
rest of  the trunk remains stable. Rotation of  the upper trunk 
means the upper trunk moves on a stable, nonmoving lower 
trunk. The converse is true as well. Reciprocal, contralat-
eral creeping requires counterrotation, a progressively more 
complex movement. This contralateral movement requires 
counterrotation within the trunk. Counterrotation is de-
fined as rotating the upper trunk to one side, while rotating 
the lower trunk in the opposite direction. Counterrotation 
of  the trunk is a different movement from simple rotation 
of  the trunk.

Pivoting in prone, as described previously, is a form of  lo-
comotion that some infants use in conjunction with crawling 
or rolling to move intentionally in a particular direction. For 
example, if  the child wants to reach a toy that is out of  his 
immediate space, he will often use a combination of  these 
movements to direct himself  appropriately to reach his goal.

Rolling from prone to supine and supine to prone, an-
other means of  locomotion, develops in the infant by 5 to 
6 months of  age. Still lacking an efficient locomotive form, 
once he achieves rolling from prone to supine and supine to 
prone, he may use a combination of  rolling and crawling to 
move in a specific direction across the floor. The evolution 
of  rolling will be discussed in a later section of  this chapter.

At 6 to 7 months of  age, while prone-on-extended-arms, 
he begins pushing his body backward, raising his buttocks 
into the air in attempts to get into quadruped (hands-and-
knees posture). This position, also called four-point, is the 
position from which his next locomotive form, creeping, 
will develop. Both the upper and lower extremities partici-
pate equally in creeping (Fig. 2.30).

Once he is stable on hands and knees, the usual process of  
weight shifting in various directions occurs. With controlled 
weight shift he is able to lift one limb at a time, eventually 
lifting one upper extremity and the opposite lower extrem-
ity at once. This movement leads to creeping on hands and 
knees at approximately 9 to 11 months of  age. Typical and 
refined creeping is both reciprocal and contralateral. In 

other words, the child advances one arm and the opposite 
leg at the same time (contralateral), reciprocating with the 
other arm and leg, which also move together. This contra-
lateral movement requires not only rotation of  the trunk, 
but also counterrotation. The reciprocal activity of  creeping 
helps to refine intra-axial rotation and reciprocal use of  the 
limbs, strengthening counterrotation for use in the higher 
levels of  locomotion.

Plantigrade creeping, sometimes referred to as bear 
walking, is more of  a transitional posture than a form of  
locomotion. However, some children do use the planti-
grade position, open hands and plantar surfaces of  the feet 
in closed-chain contact with the ground, to locomote. In 
many cases, this type of  creeping may be the result of  an 
environmental factor. For example, the child may choose 
plantigrade creeping over creeping in quadruped if  he has 
bare knees and is on a concrete or other rough surface 
(see Fig. 2.31). This illustrates the dynamic nature of  devel-
opment. Many factors, in addition to maturation, influence 
the development of  motor skills.

As a transitional posture, the plantigrade position is used 
by the child as one means of  getting to standing from the 
prone position. In early attempts, the child may rely on 
being near furniture or a wall for assistance as he rises to 
standing, going through the plantigrade position to the up-
right standing posture.

Supine Progression

Supine Lying and Pull to Sitting
Like the prone progression, development in the supine 
 position proceeds in a known sequence. The full-term neo-
nate in supine has physiologic flexion, expressed in slight 
cervical flexion, with the head held toward midline, elbow 
flexion, posterior pelvic tilt, hip adduction, and hip and 
knee flexion. The feet are typically in the air and not touch-
ing the table surface. His hands are loosely fisted but are 
seen to open frequently, both at rest and with the infant’s 

FIGURE 2.30 Creeping with reciprocal use of upper and lower 
extremities; note the loss of lumbar lordosis, an indication that 
lumbar flexors and extensors are cocontracting (compare with 
Fig. 2.28). FIGURE 2.31 Plantigrade creeping, also called bear walking.
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flexors, and hip flexors. Figure 2.34 shows the pull-to-sitting 
sequence.

In supine, after the first month, the infant usually has 
his head turned to one side or the other, influenced by the 
ATNR. The ATNR is manifested in infants during wake-
fulness and sleep and diminishes over time, as seen in 
Figure 2.3. This reflex begins prenatally and is manifested by 
asymmetric extension of  the neck, with accompanying pre-
dictable limb movements. Under the influence of  the ATNR, 
when the head is turned to one side in slight hyperextension, 
cervical proprioceptors are stimulated. This causes the face 
limbs, the ipsilateral upper and lower extremities on the 
side to which the head is turned, to extend. The contralat-
eral limbs, the skull limbs or occiput limbs, flex. The upper 
extremity manifestations of  the ATNR are usually stronger 
than the lower extremity manifestations. The ATNR is seen 
in normal infants during the first 4 months of  life, more 
as an attitude or assumed posture than a strong obligatory 
position. This posture is frequently termed the fencer’s pos-
ture (see Fig. 2.3). Although this fencer’s posture is evident 
in nearly all infants during this time period and is seen re-
peatedly in supine and supported sitting, the ATNR is not 
so strong in typical infants that it limits voluntary or passive 
movement of  the extremities or head. If  the ATNR presents 
stereotypically, is obligatory during those first months, or 
produces strong flexor or extensor tone in the extremities, 
this may be an indication of  atypical neuromotor develop-
ment. In the typical infant, the strength of  the ATNR reflex 
is noted to diminish over time such that by 4 months it is 
evident inconsistently and finally disappears.96,98,99,107

A

FIGURE 2.32 Physiologic flexion in supine in the full-term neo-
nate; note that the feet are held above the supporting surface, and 
the hands and fingers are inconsistently in a fist. A: Physiologic 
flexion seen in infant only minutes old. B: Physiologic flexion in 
 supine in infant 24 hours after birth. Note the inconsistently fisted 
hands of the neonate in both A and B.

B

FIGURE 2.33 As physiologic flexion diminishes, (A) the hip 
and knee flexion gradually decrease, (B) allowing the feet to rest 
on the supporting surface.

A

B

random movements (Fig. 2.32). When the infant is pulled 
to sitting, the examiner gently pulling the infant’s upper 
extremities at the wrists, the head is held in plane with the 
body and exhibits no head lag, mimicking active head con-
trol. Over the first month, as the physiologic flexion gradu-
ally disappears, the head falls away from midline to the 
side, elbows relax, and the hip and knee flexion dissipate, 
bringing the infant’s feet down to the surface (Fig. 2.33). 
As the feet come down to the surface, the pelvis is pulled 
into a relative anterior tilt by gravity, now unopposed by 
physiologic flexion. Increasing hip abduction and external 
rotation begin to evolve. When pulled to sitting, head lag is 
present. This means that the infant’s head, no longer being 
supported by the physiologic flexion, lags behind the rest 
of  the body as the child is pulled toward the sitting posture. 
Antigravity flexors have yet to develop. Without active head 
control, the child’s head falls backward into gravity when 
he is pulled toward the sitting posture. Over time, as the an-
tigravity cervical flexors become stronger and active head 
control develops, the infant exhibits less and less head lag 
when pulled to sitting. After the initial period of  head lag, 
which follows the loss of  physiologic flexion, he will begin 
to hold his head in alignment with the body, in the same 
plane as the body. Then he learns to lead with his head as 
soon as the stimulus of  being pulled to sitting  occurs. Next 
in the sequence, the lower extremities begin to flex actively 
at the hips during the pull-to-sitting maneuver. Finally, 
the pull-to-sitting stimulus recruits cervical flexors, trunk 
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FIGURE 2.34 Pull-to-sitting sequence. A: Head lag when pulled to sitting, denoting lack of antigravity control of 
cervical flexor muscles. B: No head lag when pulled to sitting; as the child matures and control of antigravity cervical 
flexors develops, the child holds head in the same plane as his body. C: Cervical, trunk, and hip flexors exhibit active anti-
gravity control when the child is pulled to sitting.

A

B

C

The ATNR is evidence of  the infant’s lack of  dissociation. 
Dissociation is the ability of  the human to move limbs in-
dependently from the head, move limbs independently from 
each other, move joints within the same limb independently, 
and move the body independently from the head. Head and 
limbs lack dissociation in a child manifesting an ATNR. The 
proprioceptors of  the neck influence the position of  the 
limbs, resulting in the posture as described. As the child ma-
tures and the ATNR loses its influence, the limbs no longer 
assume specific postures based on the position of  the head, 
thereby demonstrating dissociation.

Another reflex that affects the supine and prone postures 
is the tonic labyrinthine reflex. The role of  the tonic laby-
rinthine reflex in typical neuromotor development is not 
well understood, although it seems to provide an underly-
ing predisposition for flexion tone in prone and extension 
tone in supine.96,98,99,107 The receptors for this reflex are in 
the labyrinths of  the ears and are responsive to the continu-
ous forces of  gravity. The basic functional skills of  lifting 
the head in prone and supine and performing total body 
antigravity extension in prone (the pivot prone pattern) 
and antigravity flexion in supine (the feet-to-mouth pat-
tern) are accommodated in the typical infant because resting 
tone and tone with initiation of  movement are not exces-
sive. However, the child with atypical development may 

be influenced negatively by the tonic labyrinthine reflex, 
exhibiting extensor or flexor hypertonus that may prevent 
the development of  antigravity contraction of  the antago-
nist muscles in either or both postures. If  tone is excessive 
in extensors in supine, for example, the flexor antagonists 
are not able to contract because the extensor muscles are 
not able to relax. This loss of  reciprocal inhibition, the abil-
ity of  antagonist muscles to relax or lengthen while agonist 
muscles contract or shorten, may be strong enough to cause 
sensorimotor impairment.

As the ATNR diminishes, the infant begins to appear 
more symmetric in supine (Fig. 2.35). The ability to bring his 
head to midline and hold it there is a significant milestone. 
Two processes interact to allow head-to-midline move-
ment. Because the ATNR is an asymmetric influence on the 
posture of  the head, as the ATNR diminishes the cervical 
extensors no longer contract as a reflex response. Rather, 
they relax, no longer keeping the head to one side. At the 
same time, this passive factor occurs in supine, the cervi-
cal flexors begin to work as antigravity muscles, helping to 
actively bring the head to midline. Eventually, the cervical 
flexors are strong enough to bring the head to midline and 
to lift the infant’s head from the surface in supine (Fig. 2.36). 
These developmental achievements in supine are occurring 
during the second to fourth months, at the same time that 
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with first attempts to stabilize the body, relative to gravity, 
in all postures. These first attempts, this fixing, are not true 
antigravity stability. Instead, they are a temporary means of  
stabilizing by fixing into gravity (progravity), until the ap-
propriate muscles in a particular posture learn to stabilize or 
fix against gravity (antigravity).

Without the eventual emergence of  muscle groups 
strong enough to work as antigravity muscles, development 
will be delayed. Fundamentally, antigravity muscle work is 
what keeps a person upright against gravity, whether in sit-
ting, kneeling (tall kneeling or knee standing), quadruped, or 
standing erect. In normal mature bipedal movement, extensor 
muscles are the main antigravity muscles that keep humans 
upright. Consider the erector spinae, gluteus maximus, proxi-
mal hamstrings, and quadriceps muscles. In the supine posi-
tion, however, the flexors act as antigravity muscles. Consider 
the cervical flexors, abdominal muscles, and hip flexors.

Once the infant develops shoulder stability using cocon-
traction of  all of  the muscles around the shoulder joint, 
he is able to reach out to grasp a toy (Fig. 2.37A), and thus 
begin the skills of  grasp and manipulation. This process of  
fine motor development will take approximately 18 months 
to refine and will not be complete until approximately 30 
months of  age. Development of  grasp and prehension will 
be discussed elsewhere in this chapter.

FIGURE 2.36 Lifting head in supine, an indication of well-
developed antigravity cervical flexion.

FIGURE 2.35 Postural symmetry exhibited by 6 to 7 months 
of age.

the cervical extensors are emerging as antigravity muscles 
in prone. Complete development of  lifting of  the head in 
prone (4 months) develops shortly before full lifting of  the 
head in supine (5 months). When the cervical flexors con-
tract to lift the head into flexion while in supine, the cervical 
extensors must elongate. This is another example of  recip-
rocal inhibition. Children with neuromotor pathologies may 
lack the ability to lengthen or relax the cervical extensors.

As cephalocaudal development continues in supine, 
controlled movement of  the upper extremities begins with 
volitional movement and subsequent stabilization of  the 
shoulder joints. Whereas the achievement of  prone-on-
elbows develops the stability of  the shoulder girdle in a 
weight-bearing function (closed chain), the supine position 
permits the development of  shoulder stability for  non–
weight-bearing function (open chain).

During the first 3 months of  life, the infant has little con-
trol over the placement and holding of  the upper extremi-
ties in space. Attempts at grasping an object are made with 
the hands close to the body, because the child lacks the 
shoulder girdle stability and the strength to use his hands 
in space away from his body (see Fig. 2.4). With shoulder 
adduction, the upper extremities are held against the sides 
of  the infant’s body, providing stability in the only way the 
infant knows at this point. This process is referred to as fix-
ing. Fixing is a normal process of  development that occurs 

FIGURE 2.37 Reaching with upper extremities. A: Once 
stability is achieved in the shoulder girdle, the child can reach 
into space to grasp a toy; note the midline head and hands. 
B: Reaching well into space using antigravity control of the serra-
tus anterior muscles; note the supine symmetry and concurrent but 
separate use of hands.

A

B
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feed-forward anticipation of  putting his toes in his mouth 
(Fig. 2.40B). Putting his feet in his mouth, seen in Figure 
2.40C, further develops body image. This activity also 
 facilitates cognitive development. Infants learn about ob-
jects through touch, including the touch that accompanies 

FIGURE 2.38 Supine at 5 months, foot-to-foot contact.

Hands to Knees and Feet, Feet to Mouth
Another developmental landmark occurs when the child 
reaches upward against gravity while in supine. As the pec-
toral muscles are being activated, so are the abdominals. The 
pectoral muscles are partially responsible for reaching the 
upper extremity toward the ceiling in supine (Fig. 2.37B). In 
order for this movement to occur, the serratus anterior mus-
cles act in synergy, and the rhomboid muscles must elon-
gate. These muscles, acting in concert, cause the shoulder 
girdle to protract. It is now that one sees the child’s ability 
to reach for his mother or father’s face while being diapered 
or dressed. Active use of  the pectorals with reciprocal inhi-
bition of  the rhomboids, along with the recent inhibition 
of  the ATNR, allows the child to reach upward and also to 
bring his hands to midline.

In supine at 5 months of  age, as the child continues to 
gain ever-increasing control of  his antigravity flexors, with 
reciprocal lengthening of  antagonist extensor muscles, he 
begins to actively lift his lower extremities from the surface. 
Some foot-to-foot contact usually occurs (Fig. 2.38). Next he 
begins to reach for his knees and then his feet. At first he 
reaches his hand to the ipsilateral knee and foot, as seen in 
Figure 2.35. Eventually, he is able to cross midline with his 
upper extremities, placing a hand on the contralateral knee 
and/or foot (Fig. 2.39). This contact of  the infant with his 
own body is important to the process of  developing body 
image or body scheme.97

As the child flexes his hips to bring his feet toward his 
hands and head, his abdominals and hip flexors are gain-
ing strength. Active contraction of  the abdominal muscles 
causes the pelvis to tip posteriorly and the gluteus maxi-
mus and proximal hamstrings to elongate. The hips are 
in moderate flexion, abduction, and external rotation. 
His knees are flexed, and his feet are dorsiflexed and supi-
nated (Fig. 2.40A).

The natural progression of  hands to knees and hands 
to feet leads to the infant bringing his feet to his mouth. 
At 5 months of  age, a child is very interested in oral stim-
ulation. No longer under the influence of  the rooting and 
sucking reflexes, he begins to use his mouth for more than 
eating. As he brings a foot toward his mouth, he exhibits 

FIGURE 2.39 Supine, hand to contralateral foot.

FIGURE 2.40 Foot-to-mouth sequence at 5 months of age.  
A: Note the elongation of posterior musculature and visually dir-
ected reaching to foot. B: Movement of foot toward mouth, child 
opening his mouth with feed-forward anticipation. C: Child puts 
foot into his mouth, one way of learning about his body.
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the child’s head is turned actively or passively to one side 
causes the body to follow in one complete unit, without 
rotation within the vertebral column.46,107 The neck-right-
ing reaction gradually diminishes over time as another re-
action, the body-righting reaction acting on the body, 
evolves.46,107

Segmental Rolling
The body-righting reaction acting on the body is a predom-
inant factor in movement by 6 months of  age. When the 
head is rotated to one side, the body reacts to the proprio-
ceptive stimulus to the neck by following in the direction 
of  the head turning, thus rolling toward that side. Now the 
movement within the vertebral column is segmental. That 
is, the different segments, the trunk, shoulder girdle, and 
pelvic girdle, as well as the upper and lower extremity on 
one side, are seen to respond sequentially, rather than mov-
ing as one unit (Fig. 2.43A). The sequence of  movement of  
the various body segments is not identical in all people, nor 
is it always the same sequence in an individual. The baby 
may lead with the head, a lower extremity, an upper extrem-
ity, the pelvic girdle, or the shoulder girdle, and the other 
segments follow the lead segment (Fig. 2.43B, C, and D). 
Segmental rolling requires rotation within the body axis, the 
vertebral column. This rotation is referred to as intra-axial 
rotation and is facilitated by the body-righting reaction act-
ing on the body, permitting the infant to roll from prone to 
supine and supine to prone.

placing objects in the mouth, a process referred to as 
mouthing (Fig. 2.41).

Pelvic stability, in a posterior pelvic tilt, is needed in 
prone for the infant to begin lifting his head in prone. In 
supine, at 5 months of  age, the child puts his feet in his 
mouth, further enhancing the active posterior pelvic tilt. 
Once the posterior pelvic tilt is achieved and strengthened, 
the child begins to develop pelvic mobility. That is, he 
moves back and forth in supine between a posterior pelvic 
tilt and an anterior pelvic tilt. This is often observed during 
spontaneous play in supine, as the child brings his feet to 
his mouth with a posterior pelvic tilt. Then he lowers his 
feet to the surface, with a relative anterior tilt. Sometimes 
when he lowers his feet to the surface, he continues with 
active lumbar extension into the bridging posture, which 
requires more of  the relative anterior tilt. In doing this, 
he works his feet into the surface (Fig. 2.42A and 2.42B). 
Developing pelvic mobility in supine allows the child to 
move back and forth between these two postures, in tan-
dem with activities occurring in prone. At about the same 
time in development, approximately 5 months of  age, 
the child practices pelvic mobility in prone. This requires 
 alternating between the posterior tilt of  prone on forearms 
and the anterior tilt of  the pivot prone posture, as discussed 
previously.

Rolling Progression

Nonsegmental Rolling
Rolling develops in a two-stage progression. From birth 
to 6 months of  age, the child performs nonsegmental 
rolling. Segmental rolling develops at approximately 
6  months of  age. Nonsegmental rolling, also referred 
to as log rolling, allows the child to roll from supine to 
side-lying. This movement is based on one of  the infant 
reflexes, the neck-righting reaction. In the neck-righting 
reaction, the stimulation of  proprioceptors in the neck as 

FIGURE 2.41 The activity of mouthing helps the infant develop 
form and shape perception as well as body image.

FIGURE 2.42 Development of pelvic mobility in supine.  
A: Feet toward head with posterior pelvic tilt. B: Bridging with 
 anterior pelvic tilt.
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Rolling Prone to Supine and Supine to Prone
Before the infant attempts to roll volitionally, rolling from 
prone to supine and supine to prone often occurs acciden-
tally. Early on, the infant may roll accidentally from prone 
to supine because he pulls his knees underneath him and his 
buttocks are elevated. If  the center of  mass gets high enough, 
as a result of  the elevated buttocks, the child may roll acci-
dentally (Fig. 2.44). Accidental rolling, from prone to supine, 
may also occur as spinal extension progresses caudally, and 
the child achieves prone-on-elbows and prone-on-extended-
arms. In this case, his center of  mass becomes higher through 
the lifting of  the head and upper trunk. Experimenting with 
the prone-on-elbows and prone-on-extended-arms postures, 
he becomes rather top-heavy and therefore may roll to su-
pine accidentally. When this happens, the child may attempt 
to replicate the movement. Once able to replicate the move-
ment, the child will practice this movement. Through trial 
and error and the increasingly strong body-righting reaction 
acting on the body, the child learns to roll segmentally from 
prone to supine, usually by 5 months of  age (Fig. 2.45).

Rolling supine to prone also may occur as an involuntary 
movement initially. When the child is in supine around the 
age of  4 or 5 months, he may lift his pelvis from the surface 

FIGURE 2.43 A: Intra-axial rotation develops, in part, as the result of the body righting acting on the body response. 
(B) Segmental rolling, supine to prone, leading with lower extrtemity; (C) prone to supine, leading with upper extremity; 
(D) prone to supine, leading with head.
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FIGURE 2.44 Accidental rolling prone to supine. A: In prone, 
the child lifts buttocks from the surface. B: As he lifts buttocks 
higher off the surface and pushes into the supporting surface with 
his foot, the child may accidentally roll prone to supine.

B

A
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Once a child is able to roll volitionally, it is important 
that he learn to roll toward both left and right sides when 
in prone or supine. This will occur naturally in most cases, 
unless the infant encounters an obstacle to rolling to either 
left or right. Furniture, the side of  the crib, or other environ-
mental barriers may cause the child to always roll toward 
the same side. However, if  such is the case, attentive par-
ents and other caregivers can make sure the child is placed 
away from environmental obstacles and encouraged to roll 
toward both left and right sides during play. A child unable 
to roll toward one or the other side in the absence of  envi-
ronmental barriers or lack of  opportunity may be exhibit-
ing signs of  neuromotor or musculoskeletal pathology. In 
such cases, the inability to roll in both directions should be 
viewed as a red flag, but is not in itself  diagnostic.

The functional activity of  rolling helps develop and se-
cure several components of  movement, as well as being a 
functional motor milestone in its own right. As the child 
learns to roll segmentally from prone to supine, the asym-
metric cervical extension that he uses to initiate rolling dur-
ing early attempts gives way to extension of  the neck with 
lateral flexion and rotation. As the child gets to supine, he 
completes the roll using slight cervical flexion.

If  the infant leads with the upper extremity when rolling 
supine to prone, he typically will bring one upper extremity 
across his chest, reaching toward the side to which he is roll-
ing. This movement requires and encourages scapulohumeral 
elongation at the shoulder of  the extremity with which he 
leads (Fig. 2.46A). Rolling supine to prone using intra-axial 
rotation also requires the lead upper or lower extremity, 
along with the other ipsilateral extremity, to cross midline 
(Fig. 2.46A and B). The ability to roll demonstrates dissocia-
tion of  the right and left extremities as well as dissociation 
of  the extremities and the head. If  the upper or lower ex-
tremities are dependent on movements of  the head in order 
to function, segmental rolling likely will not occur. In such 
a case, the ATNR may be influencing the limb movements. 
That is, turning of  the head to one side in order to roll supine 
to prone causes the face-side extremities, upper more than 
lower, to extend in a pathologic pattern that blocks the ability 
to roll toward that side. Persistence of  a primitive or obliga-
tory ATNR may contribute to a child’s inability to roll supine 
to prone. However, such reflex activity may actually be used 
by the child to roll prone to supine, using the abnormal asym-
metric extensor tone of  the ATNR and an elevated center of  
mass. This is also an atypical and pathologic pattern and is an-
other red flag, particularly if  the child does not have dissocia-
tion of  the head and extremities and/or intra-axial rotation.

Sitting Progression

Supported Sitting
Preparation for sitting begins in the prone and supine 
 positions as the child develops early components such as 
cephalocaudally progressing antigravity extension of  the 

on which he rests by plantar flexing his feet, working his feet 
into the surface. This bridging type of  maneuver raises the 
center of  mass, through the lower trunk, and may cause the 
infant to roll to one side or the other as he pushes a little 
harder into the surface with one foot, the foot contralateral 
to the direction to which he accidentally rolls. Trial-and-error 
practice, along with the strong body-righting reaction acting 
on the body, combines with other factors such as motiva-
tion, allowing the child to volitionally roll supine to prone 
by 6 months of  age, using intra-axial rotation (Fig. 2.46). 
Although the age of  acquisition of  rolling skills may vary 
slightly, volitional rolling usually occurs from prone to su-
pine before supine to prone, at 5 and 6 months, respectively.

FIGURE 2.45 Segmental rolling prone to supine, leading with 
upper extremity.

FIGURE 2.46 Segmental rolling supine to prone using intra-
axial rotation. A: Rolling leading with upper extremity; note the 
scapulohumeral elongation. B: Segmental rolling leading with 
lower extremity; note the crossing of midline.
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spine, pelvic mobility, intra-axial rotation, scapular mobil-
ity, and weight bearing on the upper extremities. During the 
neonatal period when the child is held in sitting, his posture 
is remarkable for extreme flexion of  the spine, caused by 
the lack of  antigravity extensor muscle control. In this pos-
ture, seen in Figure 2.47A, the infant’s trunk exhibits what is 
termed a complete C-curve. The head is forward, with chin 
resting on the chest. Even though the child is at the mercy 
of  gravity at this time and must be supported in sitting, the 

FIGURE 2.47 A: Supported sitting posture of neonate; note 
the lack of antigravity spinal extension and that the pelvis is perpen-
dicular to the supporting surface. B: Sitting with full back exten-
sion, visible gluteal cleft indicates pelvis is perpendicular to surface.
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pelvis of  the typical child is perpendicular to the surface 
on which he sits (Fig. 2.47A). That is, he should be bearing 
weight on his ischial tuberosities. If  the pelvis is perpendicu-
lar to the surface, the very top portion of  the gluteal cleft is 
visible (Fig. 2.47B). If  the child is bearing his weight, instead, 
on the sacrum, the pelvis is not perpendicular and the glu-
teal cleft is hidden from view. This weight bearing on the 
sacrum, referred to as sacral sitting, is a red flag and may 
be indicative of  pathology. Regardless of  a child’s age and 
stage of  development, it is atypical to sit with the extreme 
posterior pelvic tilt exhibited in sacral sitting, even when the 
spine is in the immature C-curve characteristic of  the neo-
nate. Note the position of  the pelvis in all of  the figures of  
children sitting in this chapter.

As the neonate develops, antigravity extension of  the 
neck and trunk in sitting begins to appear. First, the cervical 
spine develops antigravity control, counteracting the infant’s 
forward head position and lifting the head so that the face is 
vertical and the mouth is horizontal. As head control devel-
ops in supported sitting over the first 3 to 4 months, the child 
is also gaining increased antigravity extension in the prone 
position. At the same time, in the supine position, he is de-
veloping antigravity flexion control. Thus, head control, 
as provided by a balance of  cervical flexors and extensors, 
evolves to keep the head upright against gravity when sit-
ting. Additionally, the development of  the chin tuck in the 
prone and supine positions secures the stable head in sitting 
by 4 months of  age, even though the child still depends on 
external support to remain in a sitting position (Fig. 2.48).

Propped Sitting
At approximately 5 months of  age, the child begins to 
 exhibit his first abilities for sitting without the external sup-
port of  either being held or sitting with a backrest. When 
put in the sitting position, the child attempts to prop with 
his upper extremities. With his weight shifted forward, the 

FIGURE 2.48 Supported sitting with full spinal extension; note 
the position of pelvis and stable head and neck.
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child’s hands are able to make contact with the surface. 
The hand grasp reflex has diminished and generally disap-
peared by 4 months of  age, allowing the child’s open hands 
to be placed on the floor in front of  him. Thus, he begins 
the adventure of  sitting, with his lower extremities out in 
front of  him and his upper extremities once again perform-
ing in a major weight-bearing role. The two hands and the 
buttocks create a tripod base, which gives the infant a larger 
and more stable base of  support than if  he were to attempt 
to sit without the propping support of  his upper extremi-
ties. This propped sitting posture is typical of  an infant 
who is 5 months of  age. As the infant feels increasingly se-
cure in this posture, he will begin to rotate his neck to look 
around at his surroundings (Fig. 2.49). During propped sit-
ting, the child fixes progravity, strongly contracting his hip 
flexors to increase his stability. He has not learned yet that 
his antigravity extensors will serve him better for remaining 
upright.

Mature stability against the forces of  gravity in up-
right postures such as sitting and erect standing is attained 
through activation and strengthening of  extensor muscles 
primarily. This antigravity extension of  the trunk, hips, and 
knees develops over time in various postures. However, ini-
tial attempts at stability in upright postures are through the 
use of  progravity contractions of  trunk, hip, and knee flex-
ors. Using progravity-stabilizing motor behaviors is referred 
to as fixing into gravity rather than fixing against gravity.

Ring Sitting
One major disadvantage of  propping with the upper ex-
tremities while sitting is that the child cannot use his upper 
extremities for reaching and grasping objects. As his trunk 

FIGURE 2.49 Propped sitting using the upper extremities to 
create a large base of support; note that pelvis is perpendicular to 
the supporting surface.

extension becomes stronger, the child is eventually able to 
rely less on the upper extremity support and the wide base, 
until he finally lifts his hands from the surface on which he 
sits. This new sitting posture is termed ring sitting because 
of  the position of  the lower extremities (Fig. 2.50).

Now the child is sitting more erect, pelvis still perpen-
dicular to the surface, utilizing his ever-increasing trunk ex-
tension to remain upright against gravity. Although by this 
time, approximately 6 months of  age, the child has adequate 
spinal extension to resist the pull of  gravity while in sitting, 
he probably feels less stable in that posture than he is in actu-
ality. In order to secure his trunk extension even more when 
sitting without propping or other external support, the child 
holds his upper extremities in the high guard position (see 
Fig. 2.50). The retraction of  the shoulders in this position is 
analogous to the positioning of  the upper extremities in the 
pivot prone posture and serves as an adjunct to the spinal ex-
tension. Contraction of  the rhomboids increases the overall 
muscular activity in the child’s posterior trunk, better secur-
ing him against gravity. This high guard position, using the 
rhomboid muscles to increase midline trunk stability against 
the pull of  gravity, is seen again in the initial performance 
of  tall kneeling and erect standing, as the child’s center of  
mass moves higher in space relative to the supporting sur-
face. However, the upper extremities, in the high guard posi-
tion, are rendered virtually useless in terms of  reaching for, 
grasping, and manipulating objects.

The lower extremities in ring sitting are flexed and exter-
nally rotated at the hips and flexed at the knees. The plan-
tar surfaces of  the feet are nearly touching or touching each 
other. The ankles may be pushed into moderate passive su-
pination by contact with the surface. Ring sitting provides a 
relatively wide base of  support as the externally rotated hips 
allow the lower extremities to rest on the floor. With the 
wider base of  support and the high guard position, the child 
is able to sit independent of  external support at this point, 
but he lacks the ability to independently achieve the sitting 
posture from the prone or supine positions. Rather, when 

FIGURE 2.50 Independent ring sitting; note the high guard 
 position of the upper extremities, used by the child to enhance 
trunk stability.
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placed in sitting, he is able to remain stable without falling 
as long as he does not attempt much movement while in this 
posture, lest he disturb his balance.

Other Independent Sitting Postures
As the child experiences increasing stability in independent 
sitting, he begins to move his lower extremities out of  the 
ring position, into either a half-ring position or long sitting 
(Figs. 2.51 and 2.52). His ability to have one lower extrem-
ity in front of  him with relatively neutral hip rotation and 
an extended knee, while the other hip is still in flexion and 
external rotation with a flexed knee, is a sign of  developing 
dissociation between the two lower limbs. The child moves 
in and out of  this position, varying which leg is extended, 
and is often seen to be in simple long sitting. In mature long 
sitting, the base of  support is narrowed mediolaterally, al-
lowing lateral weight shifting with ease.

The child develops a series of  increasingly advanced sit-
ting postures that do not require external support, including 
ring sitting, half–ring sitting, long sitting, and side sitting. He 
also develops short sitting (sitting with knees and hips flexed 
to approximately 90 degrees) on a child-size chair, climb-
ing onto higher surfaces such as a child’s high chair to sit, 
and getting into and sitting on an adult-size chair (Fig. 2.53). 
Depending on the environment and the individual child’s 
motivation and opportunity, once the child achieves propped 
sitting followed by ring sitting, these various, more mature 
sitting postures may develop at different times for each child, 

FIGURE 2.51 Half–ring sitting.

FIGURE 2.52 Long sitting with narrowed mediolateral base of 
support.

sometimes nearly concurrently. In each new sitting posture, 
the child repeats a series of  motor behaviors that take him 
from a stable posture when placed, through being able to 
move in and out of  the posture (the transition), to using 
his hands for prehension and object manipulation in each 
posture. These motor behaviors include antigravity perfor-
mance, antigravity stabilization, weight shifting, intra-axial 
rotation, and transition between postures. Weight shifting in 
each posture is accompanied by elongation on the weight-
bearing side.

As the child becomes more secure in ring sitting, he grad-
ually relaxes the rhomboid muscles and lowers his upper 
extremities. No longer dependent on the upper extremities 
for stability in sitting, he is able to volitionally protract and 
retract the shoulder girdle in order to reach for and grasp 
objects (Fig. 2.54). At about the same time, he feels confi-
dent enough in his sitting that he is able to rotate his head 
and neck to look around and begin performing visually 
directed reaching. The stability that results from the wide 
base of  support in ring sitting, however, is gained at the ex-
pense of  lateral weight shifting. The wider the base of  sup-
port in any posture, the more difficult it is to shift weight. 
Consequently, the child must move beyond ring-sitting to 
sitting postures with narrower bases of  support.

At 6 months of  age, the child’s forearms are pronated 
such that, as he looks toward and reaches for an object, he 
grasps the object with his forearm pronated. Being unable to 
supinate volitionally, he is unable to inspect the object visu-
ally once it is in his hand (Fig. 2.50). It is also difficult or im-
possible to inspect the object with his mouth. By 8 months 
of  age, he develops volitional supination and reciprocal pro-
nation and supination of  the forearms and is able to look 
at the object he has secured and put it in his mouth. The 
ability to reach, grasp, and supinate with either upper ex-
tremity makes it possible for him to take an object presented 
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the ring-sitting posture, he is no longer influenced by the 
ATNR, so keeping his head in midline, using two hands in 
midline, and crossing midline with the head, eyes, and hands 
are easily achieved.

In propped sitting and ring sitting, the feet and ankles 
are notable for their passive positioning in supination (see 
Figs. 2.49 and 2.50). Therefore, at 5 and 6 months of  age, 
these sitting positions reflect the supinated feet, hip flexion 
and external rotation, and knee flexion seen in the supine 
position when the child is bringing his feet to his mouth at 
5 months of  age. Also notable in the propped and ring-sit-
ting postures is the child’s tendency for progravity stabiliza-
tion, using the hip flexors and abdominal muscles.

Once the child is stable in ring sitting and is able to move 
the head and limbs, he begins to use intra-axial rotation in 
sitting. This intra-axial rotation develops and strengthens by 
5 to 7 months of  age in prone and supine, allowing for seg-
mental rolling. The intra-axial rotation also allows him to 
make transitions between postures, thus broadening his rep-
ertoire of  sitting positions and increasing his independence 
as he learns to move from supine and prone to sitting and 
vice versa, using intra-axial rotation. See Figure 2.55 for one 
example of  this transition from sitting to prone. Intra-axial 
rotation also serves to increase the accessibility of  the space 
around the child, making more of  his environment available 
for interaction as he uses the rotation to transition to quad-
ruped and perhaps to creep (Fig. 2.56).

FIGURE 2.53 Sitting on surfaces of various heights. A: Short 
sitting on child-size chair. B: Climbing onto a high chair.
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to him, inspect it, manipulate it by transferring the object 
from one hand to the other, and put it in his mouth. This 
bilateral hand activity also requires working in midline and 
crossing the midline of  his body with his upper extremities, 
head, and eyes. By the time the typical child has achieved 

FIGURE 2.54 Ring sitting with no guard; note the bilateral use 
of hands in midline.
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FIGURE 2.55 A–C: Sequence of transition from sitting to prone-on-elbows using intra-axial rotation. D: Reciprocal 
and contralateral crawling.

A B

C D

FIGURE 2.56 Intra-axial rotation is also used to increase 
the accessibility of the child’s environment and for the transition 
 between sitting and quadruped.

By 8 months of  age, the child is able to sit indepen-
dently. He has developed not only full antigravity exten-
sion of  the back, but by the eighth month, sitting posture 
is characterized by the completion of  the secondary curves 
of  the spine (Fig. 2.57). These anterior–posterior curves, 
developing cephalocaudally, are the cervical lordosis and 
the lumbar lordosis. Now the child is able to move from 
prone or supine to sitting and return to prone or supine. 
He is also able to move in and out of  the various sitting 
postures using the intra-axial rotation and can pull himself  
to standing.

Side sitting is a mature sitting posture that requires 
a number of  motor components and abilities, includ-
ing intra-axial rotation, dissociation, weight shifting, and 
elongation of  the trunk on the weight-bearing side (Fig. 
2.58). In side sitting, dissociation of  the lower extremities 
is present, as evidenced by the hip external rotation and 
abduction of  one lower extremity with internal rotation 
and adduction of  the other hip. Sitting on a child-size chair 



  CHAPTER 2    motor Development in the normal ChilD 49

requires the child to use another component of  move-
ment, eccentric contractions. Eccentric or lengthening 
contractions of  the quadriceps, proximal hamstrings, and 
gluteus maximus muscles allow the child to lower himself  
slowly to the chair. As he lowers himself  to sit, he shifts 
his weight posteriorly from the forefoot to the heel of  the 
foot. Rising to standing from a small chair requires an an-
terior weight shift and concentric contractions of  these 
same muscles.

Sitting on an adult-size chair, such as a sofa, is accom-
plished through a combination of  several movements. This 
activity is often the first function that reveals a child’s de-
veloping climbing skills. When a child begins to climb onto 
an adult-size chair, he usually uses considerable lateral trunk 
flexion to one side while he abducts and flexes the opposite 
hip. After months of  practice, he begins to use more weight 
shifting to one side with accompanying elongation of  the 
lateral trunk on that weight-bearing side, intra-axial coun-
terrotation, and hip flexion of  the opposite lower extremity. 
Figure 2.59 shows a series of  movements used by a child to 
get into an adult-sized chair.

Locomotion in Sitting
Once children exhibit dissociation of  the two lower extremi-
ties and are stable in half-ring sitting, some children actually 
develop a locomotive form in this posture called hitching. 
Hitching is when a child, while sitting on the floor, uses ei-
ther foot to dig into the surface in order to scoot forward 
on his buttocks. Many children use hitching as a means of  
moving around in their environments before they learn to 
creep efficiently and can become quite adept at this form of  
locomotion.

Erect Standing Progression

Supported Standing
When held in standing during the neonatal period, the child 
bears partial weight on his lower extremities. His legs may 
be stiff  with cocontraction, and the base of  support is very 
narrow, with the feet supinated. Head control is absent, 
and his neck is flexed with the chin resting on the chest 
(Fig. 2.60). While in supported standing, tilting the child for-
ward slightly will produce reflex stepping (automatic step-
ping) (Fig. 2.61).

By the end of  2 months of  age, most infants lose the re-
flex stepping ability. Early developmentalists believed that 
the cessation of  automatic stepping was simply a function 
of  maturation of  the child’s CNS.107 However, the ground-
breaking studies of  Esther Thelen in the early 1980s found 
that reflex stepping in infants whose lower extremities were 
weighted artificially was diminished. Babies who were held 
in standing in water increased their stepping rather than 
ceasing to step, presumably due to the effect of  buoyancy on 
the lower extremities, and the stepping persisted beyond the 

FIGURE 2.57 Sitting independently with secondary curves, the 
cervical and lumbar lordoses.

FIGURE 2.58 Side sitting; note the dissociation of the lower 
extremities.
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usual age of  dissolution of  the stepping reflex. The conclu-
sion drawn from these studies was that reflex stepping typi-
cally ceased at approximately 2 months of  age, not because 
of  programming and maturation of  the CNS, but because 
the mass of  the infant’s lower extremities became such 

that it was too difficult for the infant to lift the heavy lower 
extremities.108

Regardless of  the theory that one accepts for the ces-
sation of  automatic stepping, by the end of  2 months the 
typical child no longer produces this reflex stepping and 

B

C

D

FIGURE 2.59 Climbing onto an adult-sized chair, early 
 sequence A-D; note the lateral flexion of the trunk to the right  
(instead of shifting of weight to the right, which would cause lateral 
trunk flexion to the left) and the extreme abduction of the left hip.

A



  CHAPTER 2    motor Development in the normal ChilD 51

will often cease to take weight on the lower extremities 
when held in standing. This absence of  automatic step-
ping is  referred to as abasia, derived from the Greek words 
that mean without step.1 The next stepping abilities will be 

volitional. The lack of  weight bearing through the lower ex-
tremities, which occurs typically during the third and fourth 
months, is the stage of  astasia, literally meaning without 
standing.1 This stage is temporary during normal develop-
ment and may not be seen in all children.

During the f irst 4 months, head control has been 
 developing in all postures, as control and balance of  the 
antigravity cervical extensors and flexors progressed. 
By 5 months of  age, his head secure in space, the infant 
 volitionally begins to accept partial weight on the lower 
extremities during supported standing (Fig. 2.62). This 
milestone is characterized by moderate abduction, flex-
ion, and  external rotation of  the hips, with knee flexion 
and pronation of  the feet. This 5-month posture becomes 
even more exaggerated by 7 months of  age, at which time 
the child is volitionally bearing full weight on his lower 
 extremities (Fig. 2.63).

At 7 months, the child’s poor anterior–posterior weight-
bearing alignment and underdeveloped balance responses 
prevent him from standing alone without external support. 
He can stand and walk with his hands held (Fig. 2.63). His 
gait is characterized by hip external rotation and moder-
ate abduction, giving him a wide base of  support, and 
extremely pronated feet. The greater the abduction and 
external rotation of  the hips, the more pronated the feet 
are. Typically, a fat pad masks the longitudinal arch of  each 
foot, in  babies and toddlers, increasing the pronated ap-
pearance of  the feet. Hips and knees are flexed, creating 
continued poor anterior–posterior alignment for standing 

FIGURE 2.60 Supported standing in the neonate.

FIGURE 2.61 Automatic stepping of the neonate.
FIGURE 2.62 Supported standing at 5 months of age; note the 
flexed hips and knees.
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FIGURE 2.63 Supported standing at 7 months of age; note the 
wide base of support, hip and knee flexion, and pronation of feet.

FIGURE 2.64 Ear-to-heel postural alignment for standing. A: Mature alignment; (B) inadequate and immature 
weight-bearing alignment for independent standing; note that the ear-to-heel weight line falls anterior to the hips and pos-
terior to the knees, and also note the narrow base of support with supination of the feet. C: Improved postural alignment, 
but alignment is still inadequate for standing independently.

A B

without support. In correct mature weight-bearing align-
ment for standing, an imaginary straight line can be drawn 
in a parasagittal plane through the ear, shoulder, hip, knee, 
and lateral malleolus (Fig. 2.64A). In the immature standing 
posture, the imaginary line falls through the ear and shoul-
der but anterior to the hip joint and often slightly posterior 
to the knee joint, due to the flexion of  the hips and knees 
(Fig. 2.64B and C).

The child begins pulling himself  to standing in his crib 
at about this time (7 to 8 months). At first, this is accom-
plished by using the newly developed strength of  the upper 
extremities, while the lower extremities remain essentially 
passive. Once standing, the child will frequently hold onto 
the crib rails for support while he bounces and experiments 
with this newly discovered standing ability. During his earli-
est attempts at supported standing in the crib, he finds that 
he is unable to get down. Lowering himself  slowly to the 
mattress requires strong eccentric control of  his hips and 
knees, something that he has not developed. Frustrated and 
tired of  standing, he may simply let go of  the crib rails and 
drop to sitting, thanks to gravity, or he may begin to cry, 
signaling to his parent his need for help. A parent will come 
and either take the child from the crib or put him down in 
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C

FIGURE 2.64 (continued)

prone or supine. Once this has happened, the child may re-
alize that his actions were attention getting, so he will pull 
to standing once again, and the sequence of  events repeats. 
This is great fun for the child to repeat these behaviors, as 
he discovers that his actions cause effects, oftentimes pre-
dictable effects.

Independent Standing
By 10 months of  age, the child pulls himself  to standing 
at furniture such as a sofa or low table. As seen in the se-
quence in Figure 2.65, now he gets to standing by going 
through the knee-standing (tall-kneeling) and half-kneeling 
postures and is adept at getting down with control. In the 
tall-kneeling posture, the base of  support is kept relatively 
wide as the child’s center of  mass moves farther away from 
the floor. In order to achieve the half-kneeling posture, he 
must shift his weight to one side, elongating the trunk on 
that side, so that he is able to bring the unweighted limb 
forward and put his foot flat on the floor. This action, the 

transition  between the tall-kneeling and standing postures, 
requires intra-axial rotation, just as all transitional pos-
tures do. Once in half-kneeling, he uses his lower extremity 
muscles, particularly the hip extensors and knee extensors, 
to raise himself  against gravity. He relies very little on the 
strength of  the upper extremities as in past pull-to-standing 
attempts. Instead, the lower extremities do most of  the 
work and the upper extremities help with balance. The 
same half-kneeling and tall-kneeling positions are used to 
get down to the floor from standing. With practice, these 
movements become very controlled and fast. Occasionally, 
he may simply let go of  his support and drop quickly 
to the floor.

Cruising
Once standing at furniture, the child will play for long pe-
riods, going back and forth between the floor and the fur-
niture, squatting and rising to stand repeatedly. He moves 
in and out of  the various postures. Soon he begins stepping 
sideways while holding onto the furniture. This supported 
walking at 10 months of  age is called cruising (Fig. 2.65C). 
He is able to work his way back and forth along the sofa 
or table and eventually begins to reach to other pieces of  
furniture to make his way around the room. Meanwhile, 
his anterior–posterior alignment is improving, with decreas-
ing hip and knee flexion.97 While standing at furniture, he 
can be seen to lift one or the other hand from the support, 
sometimes rotating his trunk to one side or the other while 
still maintaining his balance. Often, as he cruises around 
the furniture and reaches for the next piece of  furniture, he 
briefly stands and maybe even takes one or two steps with-
out support from either upper extremity. At times he stands 
briefly without touching the supporting surfaces. However, 
when walking forward without furniture for support, he still 
needs someone to hold his hand(s), but he is fast approach-
ing the day when he will walk forward without holding the 
furniture or someone’s hand. During the cruising phase 
of  development, in addition to practicing his walking, the 
child’s cruising movements contribute to the development 
and strengthening of  hip abduction/adduction and ever-
sion/inversion of  the ankles as he sidesteps (Fig. 2.66). Even 
though the child walks, supported by holding onto furni-
ture or someone’s hand, the plantar grasp reflex may still 
be positive at 10 months of  age, although considerably di-
minished and present inconsistently. The plantar grasp re-
flex is manifested by curling of  the toes when the examiner 
places a finger horizontally at the base of  the toes (Fig. 2.67). 
A positive plantar grasp causes the toes to flex or curl.46,107 
This reflex can also be observed spontaneously as curling of  
the toes when the child is in supported standing. Usually the 
complete dissolution of  this reflex must occur before inde-
pendent walking without support will develop. Gradually, 
over the next several weeks, he lets go of  the adult’s hand 
or the furniture, often standing independently for brief  
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FIGURE 2.65 Pull-to-standing at furniture sequence. A: Tall 
kneeling. B: Half-kneeling; note the intra-axial rotation and the dis-
sociation of the lower extremities. C: Erect standing at low table 
with cruising.

A

B

C

FIGURE 2.66 Cruising helps develop hip abduction for both 
mobility and stability (weight-bearing) functions. FIGURE 2.67 Plantar grasp, positive response.
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FIGURE 2.68 Squatting. The child frequently performs active 
squat to stand and back to squat and uses squat position as a play 
position.

FIGURE 2.69 First independent walking with high guard 
 positioning of upper extremities.

periods. When this happens, his upper extremities usually 
assume the high guard position for increased trunk stability.

During the development of  standing, cruising, and walk-
ing, the child develops the ability to squat to play as well as 
squatting to pick up an object (Fig. 2.68). Often while stand-
ing at furniture, such as a sofa, the child can be seen to squat 
to pick up a toy, stand and place the toy on the sofa, and re-
peat this process many times. Also, he is able to spend great 
lengths of  time in the squat position while playing. Squatting, 
therefore, is both a movement used to transition between 
postures and a posture in itself. Some have theorized that the 
active squat-to-stance-to-squat sequence facilitates cocontrac-
tion, and therefore stability, of  the muscles surrounding the 
ankle joint. The theory is that the prolonged and maximal 
stretch to the muscle spindles of  the ankle musculature fires 
both primary and secondary afferent endings.59

Independent Bipedal Locomotion
First independent forward walking generally occurs be-
tween 10 and 15 months of  age, with the typical child walk-
ing at 12 months of  age, plus or minus a month. At first, 
the child holds his upper extremities in the high guard po-
sition, the same position in which he held his arms during 
first independent sitting, in an attempt to increase stability 
against gravity by adducting the scapulae (Fig. 2.69). Posture 

is characterized by improving but continuing poor, vertical 
alignment, with hips and knees flexed. Abduction and exter-
nal rotation of  the hips continue to provide a wide base of  
support. The child does not have heel strike initially, and the 
feet are still in considerable pronation.

As forward independent gait progresses over the next 
months, the shoulders lose much of  the flexion of  the high 
guard position, assuming a low guard position with elbows 
still flexed and hands just above the waist; fingers may be 
pointed upward or shoulders are adducted, and the hands 
are stabilized against the body, as shown in Figure 2.70. 
Then the upper extremities relax into full shoulder exten-
sion and hang at the child’s sides. Over the next few weeks, 
reciprocal arm swing during gait is attained (Fig. 2.71).

With practice, the anterior–posterior postural alignment 
continues to improve with increasing hip and knee exten-
sion, decreasing hip abduction with narrowing of  the base 
of  support, and lessening of  external rotation of  the hips. 
Eventually, the child walks with good postural alignment, 
a narrow base of  support, neutral pronation/supination of  
the feet, heel strike, push off, and reciprocal arm swing. The 
plantar fat pad does not completely disappear until approxi-
mately 2 years of  age, at which time the longitudinal arches 
become visible.

Bipedal locomotion will continue to improve and prog-
ress over the next 2 to 4 years. Gait parameters for the 
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FIGURE 2.71 Mature independent walking with heel strike and 
reciprocal arm swing.

FIGURE 2.70 Independent walking. A: Note that the high guard position is decreasing, with the right upper extrem-
ity still in high guard, the left upper extremity being lowered with shoulder girdle protraction. B: Walking independently 
with low guard to enhance upright trunk stability.

A B

3-year-old child differ from early gait parameters at age 
1 year.109 These parameters include alignment of  the lower 
extremities as well as various aspects of  the gait cycle. As 
the child’s gait matures, mediolateral alignment at the hip 
progresses from hip abduction to adduction, until the feet 
are approximately shoulders’ width apart. At the knees, 
mediolateral alignment moves from genu varus at birth to 
approximately 12 degrees of  genu valgus at 3 years of  age. 
Then between 4 and 7 years of  age, the valgus resolves to 
only 7 to 10 degrees. This change in alignment of  the knees 
affects the mediolateral alignment of  the hips, ankles, and 
feet as well.109 Other gait parameters that change with 
growth and maturation are cadence, step and stride length, 
and velocity.109 Cadence, the number of  steps per minute, 
starts out very high in first independent walking. The 1-year-
old child spends a decreased amount of  time in single limb 
stance, compared with the 3-year-old and the adult. This is 
because the 1-year-old child has less strength and stability 
in his hips. Consequently, he takes more steps per minute, 
 resulting in less time in single limb support.109

Gait velocity, the distance one covers in a specified 
amount of  time, starts low and increases as the child ages.109 
Velocity is related to the length of  one’s step or stride. 
A step is measured from heel strike of  one lower extrem-
ity to heel strike of  the opposite lower extremity. Stride 
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is much the same from one child to the next. A child who 
lives in a home without stairs, or at least without stairs that 
the child is permitted to climb, often develops stair-climbing 
skills at a later age than the child who has frequent daily en-
counters with stairs to get to and from his bedroom and/
or toys.

The first ability to ascend and descend stairs is usually 
in the quadruped position (Fig. 2.73). The child learns to 
go up the stairs on his hands and knees, followed soon by 
coming down the stairs backward on his hands and knees. 
Sometimes children, in their first attempts at descending 
stairs, will try to do so in quadruped, but head first, with 
disastrous results if  a caregiver is not nearby. With a bit of  
coaching, the child quickly learns through trial and error to 
descend the stairs backward on his hands and knees.

Ascending stairs generally develops to a more skillful 
level before descending stairs develops to the same level of  
skill. This sequence generally repeats itself  in bipedal loco-
motion after the child has developed the ability to go up and 
down stairs using quadrupedal locomotion. Another feature 
of  stair climbing that develops in a rather typical pattern is 
apparent once the child is climbing stairs while standing. 
Initially, bipedal stair climbing is performed by placing both 
feet on each step, in a manner that is called marking time.48 
Generally, the child will not begin doing steps one over one 

length, measured from heel strike of  one foot to heel strike 
of  the same foot, is approximately twice the step length.109 
However, in a case where the step length of  the two extrem-
ities differs considerably because of  pathology affecting only 
one limb, in order to be accurate both step and stride length 
must be measured, instead of  calculating stride length by 
multiplying the step length by two.

From 1 to 3 years of  age, a child’s step length and stride 
length increase, as do velocity and single limb stance time.109 
Single limb stance increases with increasing strength and 
balance abilities. Length of  step and/or stride, and therefore 
gait velocity, increases as the child’s lower extremities con-
tinue to grow in length, even well after age 3. Otherwise, 
gait at age 3 is considered to have parameters similar to 
those of  an adult.109 Various gait parameters at ages 1 year 
and 3 years are shown in Table 2.5.

Even though a toddler is able to walk fast, and his par-
ents will often insist he is running, true running does not 
develop until 3 to 4 years of  age. A true run is characterized 
by having both feet off  the ground at the same time, unlike 
walking, where one foot does not leave the ground until the 
other foot makes initial contact.

Stair Climbing

Stairs present a considerable challenge to toddlers, as one 
might imagine. The typical rise of  a step in a flight of  stairs 
is 7 to 8 inches. For a 15-month-old child to negotiate stairs 
in erect standing would be the equivalent of  an adult at-
tempting to climb stairs with a knee-high rise (Fig. 2.72).

The ability to ascend and descend stairs is affected 
by a number of  factors, most particularly, opportunity. 
Therefore, the age of  achieving this milestone has consid-
erable variability, although the sequence of  achievement 

FIGURE 2.72 Descending stairs with hand held; note the rise of 
the step in relationship to the length of the child’s lower extremity.

Gait Parameter 1 Year of Age
3 Years 
of Age

Direction 
of Change

Base of support (pelvic 
span to ankle spread)

<1 ≥1 ↓

Step length 20 cm 33 cm ↑
Stride length (double 
the step length)

40 cm 66 cm ↑

Single limb stance 32% of gait 
cycle

35% 
of gait 
cycle

↑

Cadence (step frequency) 180 steps per 
minute

154 
steps per 
minute

↓

Velocity (speed) 60 cm/sec 105 cm/
sec

↑

aFrom long tm, toscano K. Handbook of  Pediatric Physical Therapy. 
philadelphia, pa: lippincott Williams & Wilkins; 2001.

Gait Parameters in 1- and 3-Year-Old Childrena

TABLE

2.5
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(i.e., only one foot to each step) until he is close to 3 years of  
age, depending of  course on how much trial and error and 
practice on stairs he has been afforded. This pattern of  the 
feet is also dependent on the type of  upper extremity sup-
port that is available. Stair climbing progresses as the upper 
extremity support decreases from using one handrail and/
or an adult hand for support, to needing a handrail but no 
adult, and finally to needing no upper extremity support 
(Fig. 2.74). Of  course, the speed with which the child devel-
ops increasingly more skillful stair-climbing abilities varies 
greatly, and like other skills, the ability to locomote on stairs 
may temporarily digress as unique and/or challenging cir-
cumstances, such as unusually steep stairs or the absence of  
a handrail, present themselves.

 Balance

Maintaining one’s balance, that is, keeping one’s center of  
mass within the base of  support and effectively compen-
sating when balance is disturbed, is a challenge to the de-
veloping child as he attempts and learns new motor skills. 
Following the achievement of  a particular milestone or pos-
ture, a child must develop the ability to maintain his bal-
ance in that posture. Usually, as the child is bravely moving 
toward the next posture in the hierarchy, he continues to 
practice the newest learned posture, thereby developing 
new balancing skills in each successive posture. Balance 
skills make up the normal postural reflex mechanism. 
These balance skills are divided into four subgroups: right-
ing reactions, tilting reactions, equilibrium reactions, and 
protective reactions. Each subgroup has a defined aspect 

FIGURE 2.73 Ascending a step in quadruped.

FIGURE 2.74 Descending stairs without upper extremity support.

of  balance for which it is responsible. These subgroups 
operate on a continuum such that when one’s balance 
is challenged, the reactions occur in a predictable order 
(see Display 2.2).

Righting reactions are responsible for securing the head 
in space and must develop in all planes.46,107 When there is 
a disturbance in one’s center of  mass in any posture, head-
righting reactions, also termed labyrinthine righting reac-
tions, come into play first. If  the disturbance is only slight 
and does not come close to moving the child’s center of  
mass outside the base of  support, the head-righting reac-
tions suffice in bringing the body back into balance. When 
an individual’s body is tilted in any direction, the head au-
tomatically rights itself; that is, no matter what the position 
of  the body, the head moves to an upright position wherein 
the mouth is horizontal and the face is vertical, referenced 
to the floor or ground46,107 (Fig. 2.75). If  the disturbance is 
large enough to move the center of  mass very near the edge 
of  the child’s base of  support, then head righting occurs au-
tomatically, but it is not enough to maintain balance. Help is 
needed from the tilting or equilibrium reactions.

Tilting and equilibrium reactions, responsible for secur-
ing the position of  the body in space when balance is chal-
lenged, are identical responses but are elicited by slightly 
different stimuli. A tilting reaction is the correct term to 
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Slight Perturbation Moderate Perturbation Extreme Perturbation
Beyond

base of support
Close to edge of
base of support

Well within base
of support

Righting Reactions Equilibrium/Tilting
Reactions

Protective Reactions

Continuum of Balance Responses

DISPLAY

2.2

FIGURE 2.75 Positive labyrinthine righting reflex (head right-
ing); face is maintained vertical with mouth horizontal in response 
to (A) ventral suspension and (B) a lateral tilt to the child’s right.

A

B

use when the surface on which the child is seated, standing, 
or otherwise positioned is moved, thus causing the child’s 
center of  mass to shift. When this happens, head righting 
occurs immediately. If  the body senses that head right-
ing is insufficient in itself, the tilting reactions are elicited. 

The  response looks like this. When on a balance board, 
ball, or other moveable surface, if  the child is tilted to his 
left far enough to elicit the tilting reactions, lateral bending 
toward the right side occurs. If  viewing the spine from a 
posterior vantage point, the vertebral column curves to the 
right, away from the direction toward which the child was 
tilted (Fig. 2.76). This returns the body’s mass toward the 
center of  the base of  support. If  the stimulus and the re-
sponse are strong enough, the limbs enter into the response. 
In this case, the right shoulder and hip abduct, in an effort 
to help bring the body mass into the center of  the base of  
support once again. An equilibrium reaction is identical to 
the tilting reaction, but the stimulus differs in that the indi-
vidual is on a stationary surface instead of  a mobile surface, 
and the force of  the perturbation is directed at the child’s 
body rather than the surface.46,107 Tilting and equilibrium 
reactions develop in each successive posture shortly after 
the child develops stability in that posture and while he is 
beginning to experiment with and work on the next higher 
posture.

The final type of  balance response is the protective re-
sponse. In normal development, the protective response is 
responsible for regaining balance when the center of  mass 
has been pushed beyond the borders of  the base of  support. 
When this happens, head-righting and tilting/equilibrium 
responses are elicited but are insufficient to regain control. 
Automatically, the child protects himself  from the inevitable 
fall by sticking out his hand or foot (Fig. 2.77). This motion 
effectively moves the borders of  the base of  support out-
ward, enlarging the base. In this manner, the body’s mass 
is once again within the base of  support, not because the 
body returned to being inside the base of  support, as in the 
tilting/equilibrium reactions, but because the base of  sup-
port has enlarged to once again capture the center of  mass 
within its borders. The following example shows how pro-
tective responses are used in one of  two ways to maintain 
balance and sometimes prevent injury. When one is standing 
in the aisle on a moving bus, and the driver suddenly slams 
on the brakes, if  head-righting and tilting responses, both of  
which are elicited first, do not suffice in regaining balance, 
a person probably will do one of  two things. Either he will 
take a step with one foot in order to increase the size of  his 
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FIGURE 2.77 Protective extension of the upper extremity to 
the side.

FIGURE 2.76 Test for tilting reaction in sitting. A: Response to a tilt to the left is negative but age appropriate be-
cause the child does not right his trunk. B: Response to same tilt is positive in older child, who laterally flexes his trunk 
away from the direction of the tilt.

A B

base of  support enough to regain balance within the base 
of  support or he will fall forward. If  he falls, as he nears the 
floor of  the bus, one or both arms will reach out to help 
break the fall, creating a new and larger base of  support and 
hopefully protecting the head and face from the potential 
impact. This second response is the reason people often frac-
ture the distal end of  the radius, the well-known Colles frac-
ture, in a fall.1

 Fine motor development

Grasp

A discussion about motor development cannot be complete 
without attention to the development of  grasp. Earlier in 
this chapter, the importance of  proximal stability to the 
development of  grasp and prehension was discussed. Like 
gross motor development, fine motor development occurs, 
in most typical cases, in a predictable order.

At birth, the full-term neonate has a hand grasp reflex. 
This reflex, which began in utero, is a reflex closing of  the 
hand when stimulated by touch to the palmar surface with 
stretch of  the intrinsic muscles of  the hand. The response to 
this two-part stimulus is reflex grasping of  the stimulating 
object. As long as the stimulus is in contact with the infant’s 
hand, the fist remains closed. The grasp reflex is usually 
tested by the examiner placing his index finger into the in-
fant’s palm46,107 (Fig. 2.78).

During the early months of  life, the grasp reflex is in-
tact, although it gradually weakens until disappearing at 
approximately 4 months of  age. This means that until the 
reflex becomes naturally inhibited with time, anything that 
stimulates the palm of  the infant’s hand will elicit a reflex 
behavior. Such reflex grasp preempts voluntary grasping 
of  objects. Therefore, attempts by the infant at voluntary 
grasp will not be successful until the hand grasp reflex has 
diminished and then disappeared. Even though this may 
mean that the child’s early attempts at voluntary grasp are 
essentially thwarted, little is lost during those 4 months of  
active reflex behavior. This is because until approximately 
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FIGURE 2.78 Hand grasp reflex is positive in response to 
 tactile and proprioceptive stimuli from examiner’s finger being 
placed in the infant’s palm.

3 to 4 months of  age, the child still lacks the stability in the 
shoulder joint needed for skillful reaching for and grasping 
of  objects at will.

During the first 4 months, while the infant’s grasp reflex 
diminishes, the child is gradually developing the ability to 
volitionally grasp an object, as seen in Figure 2.79 with the 
infant beginning to hold his bottle. He also develops the 
ability to stabilize his shoulders in order to reach for objects 
with some degree of  accuracy and hold the upper extrem-
ity stable while grasping an object (Fig. 2.80A and B). The 
development of  this shoulder stability is followed by the 
development of  the child’s ability to control the extremity 
enough to bring the object toward him for a closer look, 
to put it in his mouth, or to examine it with two hands 
(Fig. 2.81). Shoulder stability and the ability to perform a 
controlled reach arise from the infant’s increasingly skillful 
weight bearing and weight shifting in the prone-on-elbows 
posture. It is complemented by such activities in supine as 
bringing the hands to midline (inhibition of  the ATNR), 

FIGURE 2.79 Volitional grasp to hold bottle.

FIGURE 2.80 Sufficient shoulder stability to (A) reach away 
from body to grasp object; (B) note the pronated forearm with 
 immature grasp.

A

B

FIGURE 2.81 Bilateral use of hands in midline with mouthing; 
note beginning supination of forearms.
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occurs long before the active participation of  the thumb 
(radial activity), and it is a good example of  the medial-to-
lateral principle of  developmental direction. In anatomic po-
sition, the ulnar fingers are medial and the thumb is lateral.

As grasp develops and becomes more refined, the child 
continues to use the fingers to palm the object, ulnar fin-
gers still predominating, but radial fingers also participating. 
The thumb is still inactive. This type of  grasp progresses to 
increasing dominance by the first two fingers. By 10 months 
of  age, the child begins using a very active forefinger (index 
finger or first finger), and loves to poke and prod with that 
index finger.17,51 This is the time when babies poke their 

reaching hands to knees and eventually hands to feet, and 
reaching up to touch the caregiver’s face during dressing and 
feeding activities. Accomplishing these motor behaviors in 
prone and supine requires activation of  the pectoralis major 
and serratus anterior muscles, with concurrent lengthen-
ing of  the rhomboid muscles, allowing protraction of  the 
shoulders. Prior to the development of  these particular 
components of  motor behavior, the infant is unable to reach 
into space and stabilize the shoulder for grasp and prehen-
sion. Consequently, at 3 months of  age, the child will take 
a toy such as a rattle only if  it is presented close to his body, 
within 2 or 3 inches. This is because he cannot stabilize the 
shoulders when reaching into space, but he can stabilize 
them by adducting and fixing his upper arms into his body.

At 4 to 5 months of  age, the child actively and success-
fully reaches for objects in space and can grasp them, at will, 
using the whole hand in a palmar grasp. The thumb is inac-
tive initially. Once he grasps the object, he can bring it close 
to his face but is not able to put it into his mouth or visually 
inspect it with one hand. This is because he has not devel-
oped the ability to actively supinate his forearm (Fig. 2.82). 
Consequently, the dorsum of  his hand is between his mouth 
and/or eyes and the object, and the object is essentially hid-
den from view. At 4 months of  age, with a stable prone-on-
elbows position, the child is beginning to shift weight. As 
mentioned earlier in this chapter, weight shifting in prone-on-
elbows is the beginning of  supination, as well as the ability to 
pronate and supinate the forearm reciprocally. As active, con-
trolled supination develops and improves, the child begins to 
engage an object with his eyes, reach for the object, and grasp 
it. He then supinates his forearm as he brings the object close 
to his face. Now he can put it into his mouth, visually inspect 
it, touch it with both hands at once, and/or transfer the ob-
ject from one hand to the other. Victory! (Fig. 2.83)

Although voluntary grasp at first is crude and palmar, the 
development of  refined grasp progresses rather quickly in 
the large scheme of  things. Sitting in a high chair with an 
object on the chair tray, a child at first will pick up the object 
by crudely raking it into his palm, using just his fingers, with 
the ulnar two fingers predominating.48,110 This ulnar activity 

FIGURE 2.82 Reach and grasp with pronation of the forearm.

FIGURE 2.83 Forearm supination had developed, allowing  
(A) visual inspection of object and (B) putting objects in mouth 
with ease.

A

B
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fingers in noses, eyes, and ears. They begin pointing at and 
poking nearly everything in sight. This poking with the fore-
finger continues to dominate fine motor activities for many 
months, as seen in this 15-month-old child in Figure 2.84. 
This obsession with the forefinger occurs at about the same 
time the thumb is becoming very active. At 10 months of  age 
the child has a pincer grasp, using the thumb and first finger 
pad to pad.48,110 Finger foods are very important to the child 
at this time as he develops the ability to pick up dry cereal 
pieces and put them in his mouth with considerable accu-
racy (Fig. 2.85). Also around 10 months of  age, the child be-
gins to use a three-jaw chuck type of  grasp for larger objects, 
using the thumb, index, and second fingers48,110 (Fig. 2.86).

Release

The development of  release lags somewhat behind the de-
velopment of  grasp. Volitional release begins at approxi-
mately 11 months of  age. Until that time, a child lets go of  
an object simply by relaxing the finger flexion. Not until 
11 months of  age does the child begin to intentionally re-
lease by actively extending his fingers.48 The inability to 
actively and accurately release an object during those first 
10 to 12 months of  life is the root cause of  the tendency to 
knock down the tower when trying to stack blocks. Until the 
child begins to gain some control over the release, he is able 

FIGURE 2.84 Forefinger (index finger) dominance, poking and 
prodding. FIGURE 2.85 Pincer grasp to (A) pick up dry cereal and 

(B) put it in his mouth.

A

B

FIGURE 2.86 Three-jaw chuck grasp, using thumb, index 
 finger, and second finger in a triangular pattern.
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to place one block on top of  another but causes the tower to 
fall when he tries to withdraw his hand.48

By 18 months of  age, a child can grasp a pencil in the 
center using the pads of  his fingers, put tiny pellets in a 
small bottle, stack a tower of  three blocks, and mark with 
a crayon while holding the paper with the other hand6,48,110 
(Fig. 2.87). See Table 2.6 for approximate times of  develop-
ment of  various fine motor skills.

 The 2-to-7-year-old child

During the first 2 years of  life, the typical child develops the 
motor skills required for ordinary mobility and prehension. 
Further gross and fine motor development occur after the 
first 2 years, but these later-attained skills are more specific 
to an individual’s play and work. These more advanced 
motor skills are developed and perfected more intentionally 
by each individual. Table 2.7 lists some of  these more ad-
vanced skills and the approximate ages of  acquisition.

S u M M A R Y

N ormal motor development in humans usually 
 occurs according to a particular sequence and tim-
ing. The sequence and timing are important to the 

clinician and can be used as guides in the physical therapy 
evaluation and treatment of  children and adults. A thorough 

FIGURE 2.87 Using a crayon with opposite hand holding the 
paper.

Skill Age of Achievement

Hand grasp reflex Birth to 4–5 mo
Visual regard Birth to 2 mo
Swipes with whole hand 2–3 mo
Visually directed reaching 3–5 mo
Midline clasping of hands 3–5 mo
Reaches out to grasp object 4–5 mo
Plays with feet; bangs objects together 5 mo
Crude palming, ulnar fingers 
predominating

5–7 mo

Transfers object from one hand to the 
other

6 mo

Lateral scissors grasp 8–9 mo
Pincer grasp, forefinger and thumb in 
opposition

10–11 mo

Forefinger dominance: poking and 
prodding with index finger

10–11 mo

Holds crayon 11 mo
Beginning voluntary release 11 mo
Uses graded pressure; varies pressure 
depending on object; uses finger tip with 
thumb opposition in fine pincer grasp

12 mo

Precision grasp with fine pincer and 
controlled release

15 mo

Scribbles on paper 15–18 mo
Holds paper with other hand when 
scribbling

18 mo

Puts object in container and dumps 
contents

18 mo

Builds tower of three cubes 18 mo
Turns pages of book, perhaps two or 
three at a time

21 mo

Turns pages of a book one at a time 24 mo
Unscrew jar lid 24 mo
Builds tower with eight cubes 30 mo

Development of Fine Motor Skills

TABLE

2.6

Motor Skill Age of Acquisition

Stands on low balance beam 2 yr
Walks straight line 3 yr
Walks circular line 4 yr
Balances on one foot for 3–5 sec 5 yr
Walks backward 18 mo
Jumps from bottom step 2 yr
Jumps off floor with both feet 28 mo
Hops 3 times 3 yr
Hops 8–10 times on same foot 5 yr
Hops distance of 50 feet 5 yr
Gallops 4 yr
Skips 6 yr
Catches ball using body and hands 3 yr
Catches ball using hands only 5 yr
Attempts to kick ball 18 mo
Kicks ball 2–3 yr
Hurls ball 3 feet 18 mo
Throws ball 2–3 yr
Fast walk 18 mo
True run with nonsupport phase 2–3 yr

Advanced Motor Skills and Approximate Ages  
of Acquisition

TABLE

2.7
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understanding of  normal motor development is particularly 
germane to the study of  abnormal neuromotor develop-
ment in children. Although all humans share a common 
anatomy, physiology, and developmental sequence, one 
must keep in mind that many intrinsic and extrinsic factors, 
including pathology and culture, affect the sequence and 
timing of  motor development in an individual.
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P ediatric physical therapists are important members 
of  the professional team involved in infant and child 
development. Pediatric physical therapists work to 

help children reach their maximum potential for functional 
independence through examination, evaluation, promo-
tion of  health and wellness, and implementation of  a wide 
variety of  interventions and supports.1 Pediatric physi-
cal therapists collaborate with families and other medical, 
educational, developmental, and rehabilitation specialists 
to ensure a whole-child, comprehensive approach toward 
assessment of  infant and child development.

Knowledge of  motor development is central to the prac-
tice of  pediatric physical therapy. Understanding the nor-
mal, orderly sequence of  developmental achievement and 
patterns of  integration is the basis upon which significant 
deviation in maturation is gauged.2 From the knowledge of  
typical development, therapists can determine if  a child is 
functioning at the expected norm for a given age through 
clinical observations and objective measurements, including 
developmental testing.

 Purposes of developmental testing

The purposes of  developmental testing include identify-
ing risk of  developmental delay, determining eligibility for 
services, intervention planning, documenting change over 

time, determining efficacy of  treatment over time, or for 
research purposes.

Developmental tests can be used as screening tools 
 promoting early intervention for children at risk for delays 
in motor development.3 The Committee on Children 
with Disabilities of  the American Academy of  Pediatrics 
 recommends “all infants and children should be screened for 
developmental delays.”4 Developmental tests that are dis-
criminative measures are used for determining eligibility for 
therapy services in early intervention or in school settings. 
Developmental tests also include evaluative measures, which 
are designed to measure change over time or response to an 
intervention.3 Developmental tests can be used to plan interven-
tions and measure progress over time as with  curriculum-based 
assessments such as the Battelle Developmental Inventory 
2 (BDI-2).5 Finally, developmental tests are used as a clinical 
research tool when assessing reliability and validity of  other 
developmental tests or for program evaluation.

 Basic methods of assessment

The Guide to Physical Therapist Practice6 offers a model of  
patient/client management, designed to maximize patient 
outcomes through a systematic, comprehensive approach to 
clinical decision making. The five elements of  Examination, 
Evaluation, Diagnosis, Prognosis, and Intervention serve as 
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 Tools for assessment

Guidelines for Selection of Tests

Careful and knowledgeable selection of  tests is an important 
component of  the physical therapy examination. If  evalua-
tors are unaware of  the strengths, weaknesses, limitations, 
and restrictions of  the tests being used, there is a high proba-
bility that an inappropriate test could be used, thus resulting 
in inaccurate or misinterpreted information.9 Most pub-
lished tests have some limitations or restrictions to their use, 
particularly regarding the ages and populations for whom 
they were developed and on whom they were standardized. 
These varied restrictions and limitations must be carefully 
examined and considered by the physical therapist in order 
to avoid choosing an inappropriate test, which could result 
in unintended misinterpretation of  testing results.

In order to choose an appropriate test, some guidelines 
by which to evaluate a test are needed. Stangler and associ-
ates have proposed six criteria for evaluating a screening test 
that can be applied to any assessment test: (1) acceptability, 
(2) simplicity, (3) cost, (4) appropriateness, (5) reliability, and 
(6) validity. Every test may not fulfill each criterion; how-
ever, the test may be used knowledgeably if  a therapist is 
aware of  the limitations.10

Acceptability is defined as acceptance to all who will be 
affected by the test, including the children and families 
screened, the professionals who receive resulting referrals, 
and the community. Simplicity is the ease by which a test 
can be taught, learned, and administered. Appropriateness of  
screening tests is based on the prevalence of  the problem to 
be screened and on the applicability of  the test to the particu-
lar population. Cost includes the actual cost of  equipment, 
preparation and payment of  personnel, the cost of  inaccurate 
results, personal costs to the person being screened, and the 
total cost of  the test in relation to the benefits of  early detec-
tion. In addition, tests must show both reliability and consis-
tency between measurements, as well as validity, or the extent 
to which a test measures what it purports to measure.10

Using Questions as Guidelines

The choice of  which developmental assessment is most 
appropriate for the examination depends on the response to 
the following questions11:

 1. For what purpose will the test be used?
•	 For identifying developmental delay
•	 For determining eligibility for services
•	 For research
•	 For measuring the effect of  therapy intervention

 2. What are the characteristics of  the child?
•	 Age
•	 Functional capability
•	 Cognitive and language ability

a guide for therapists working with children who have been 
referred for physical therapy assessment.

Physical therapy examination is the f irst element 
in patient/client management consisting of  obtain-
ing patient/client history, performing a systems review, 
and selecting and administering tests and measures. The 
interview process for obtaining pertinent history includes 
identifying the family’s concerns and needs related to the 
child’s development, understanding the family’s perception 
of  the problem, and inquiring whether the developmental 
concerns impact daily family routines. The family’s expec-
tations, goals, and desired outcomes for physical therapy 
are important factors to identify during the interview 
process.

The review of  the child’s developmental and medical 
history provides valuable information and can be obtained 
through a questionnaire such as a case history form or 
through parent/client interview. The possible lack of  reli-
ability and bias of  the parent should be considered in assess-
ing the information gained in the history. When available, 
the medical records of  a child may provide objective infor-
mation regarding precautions, patient health status, previous 
medical history, suspected diagnosis, prognosis, medica-
tions, and other factors impacting the child’s health. Other 
pertinent history, including information about the family 
and its genetic history, the pregnancy, labor, and delivery of  
the child, and the perinatal and neonatal events, should be 
obtained.

Therapists can gather a plethora of  information about 
the child through clinical observations, often during the 
interview process. Is the child motivated to explore and 
move about in the environment, or is he or she more of  an 
observer and active listener preferring to remain close to 
his or her family? If  the child is mobile, what is the qual-
ity and symmetry of  movement? How does the child’s body 
respond to the effects of  gravity? How does the child com-
municate with the parents and the therapist?

Developing a rapport with the family and child, assur-
ing comfort in the environment, and being flexible and 
accommodating to the child’s temperament, behavior, or 
special needs is a necessary skill for the pediatric physical 
therapist.

Selection of  appropriate tests and measures for the 
examination depends on the purpose of  the assessment. 
Kirshner and Guyatt describe three purposes of  assessment: 
(1) Evaluative measures are used to determine change over 
time or change as the result of  intervention, (2) Predictive 
measures are used to help identify children who will have 
delays in the future or to predict the outcome of  the delay, 
and (3) Discriminative measures are used to distinguish 
between children who have a delay, impairment, functional 
limitation, or atypical development and those who do not.7,8 
Determining the most appropriate developmental test for 
the physical therapy examination is a key component of  a 
valid developmental assessment.
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on a defined population. Examples of  norm- referenced 
tests include the Bayley Scales of  Infant and Toddler 
Development III (Bayley-III), the Peabody Developmental 
Motor Scales 2, and the Bruininks-Oserestsky Test of  Motor 
Proficiency 2.

The percentile score indicates the number of  children of  
the same age or grade level (or whatever is used for a source 
of  comparison) who would be expected to score lower than 
the child tested. For example, a child who scores in the 75th 
percentile on a norm-referenced test has done better than 
75% of  the children in the norm group.

A raw score is the total of  individual items that are passed 
or correct on a particular test. On many tests, this will 
require establishing a basal and ceiling level of  performance. 
The number of  items required to achieve a basal or ceiling 
level varies from one test to another.

Reliability refers to consistency or repeatability between 
measurements in a series. Types of  reliability include 
interobserver and test–retest. Interobserver reliability 
describes the relationship between items passed and failed, 
or the percentage of  agreement, between two indepen-
dent observers. Simply stated, interobserver reliability is 
an index of  whether two different testers obtain the same 
score on a test. Test–retest reliability is the relationship of  
a person’s score on the first administration of  the test to 
the score on the second administration. Simply stated, this 
type of  reliability determines whether the same or similar 
scores are achieved when the test is repeated under identical 
conditions.

Standard error of  measurement (SEM) is a measure of  reli-
ability that indicates the precision of  an individual test score. 
The SEM gives an estimate of  the margin of  error associ-
ated with a particular test score and is related to the prob-
ability of  observing a score at a given interval. The SEM can 
be used to develop confidence intervals for interpreting the 
accuracy of  a test score.

Standard scores are expressed as deviations or varia-
tions from the mean score for a group. Standard scores are 
expressed in units of  standard deviation (SD). When using 
standard scores, information is needed concerning the mean 
and SD of  the standard score.

Validity is an indication of  the extent to which a test mea-
sures what it purports to measure. Construct validity is an 
examination of  the theory or hypothetical constructs under-
lying the test. Content validity assesses the appropriateness 
of  the test or how well the content of  the test samples the 
subject matter or behaviors about which conclusions must 
be drawn. The sample situations measured in the test must 
be representative of  the set from which the sample is drawn. 
There are two types of  criterion-related validity. Concurrent 
validity relates the performance on the test to performance 
on another well-known and accepted test that measures the 
same knowledge or behavior. Predictive validity means that 
the child’s performance on the test predicts some actual 
behavior.

 3. What content areas need to be assessed?
•	 Gross motor
•	 Fine motor
•	 Speech
•	 Comprehensive assessment of  functional capabilities

 4. What setting will the examination take place in?
•	 The child’s natural environment (home, daycare, 

school)
•	 Out-patient rehabilitation setting
•	 In-patient hospital setting
•	 Follow-up or specialty clinic

 5. What are the external constraints for the examiner?
•	 Time
•	 Examiner experience and training
•	 Space and equipment
•	 Purchasing costs
•	 Payor requirements or limitations

 Definitions

Terms for Understanding Standardized 
Assessments

An age-equivalent score is the mean chronologic age (CA) 
represented by a certain test score. For example, a raw 
score of  165 on the Locomotion subtest of  the Peabody 
Developmental Motor Scales 2 (PDMS-2) represents an 
age equivalent to 53 months. Age-equivalent scores may be 
especially useful with developmentally delayed children for 
whom it may be impossible to derive a meaningful develop-
mental index. Age-equivalent scores are easy for parents to 
understand, but they must be interpreted carefully because 
they can be misleading.

The criterion-referenced test is one in which scores are 
interpreted on the basis of  absolute criteria (e.g., the num-
ber of  items answered correctly) rather than on relative 
criteria, such as how the rest of  the normal group per-
formed. Such tests are usually developed by the teacher or 
researcher and can be used for research involving a com-
parison of  groups, just as norm-referenced tests are used. 
Criterion-referenced tests are used to measure a person’s 
mastery of  a set of  behavioral objectives. The tests repre-
sent an attempt to maximize the validity or appropriate-
ness of  the content based on that set of  objectives. The 
developmental quotient is the ratio between the child’s actual 
score (developmental age) on a test and the child’s CA. An 
example is motor age/chronologic age equal to the motor 
quotient (MQ).

Norm-referenced or standardized tests use normative values 
as standards for interpreting individual test scores. The pur-
pose of  standardized tests is to make a comparison between 
a particular child and the “norm” or “average” of  a group 
of  children. Norms describe a person’s test score relative 
to a large body of  scores that have already been collected 
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infant’s development. The target population for the HINT is 
infants from 2.5 to 12.5 months of  age and is intended for use 
by a wide variety of  health care professionals, such as com-
munity health nurses, physical therapists, occupational ther-
apists, physicians, and early childhood special educators.16

TesT ConsTruCTIon AnD sTAnDArDIzATIon The HINT 
was developed based on published research on early iden-
tif ication of  neurodevelopmental diff iculties, research 
involving the Movement Assessment of  Infants (MAI), and 
the lead author’s clinical experiences over 15 years.17 The 
items assessing locomotion, posture, movement, stereo-
typical behaviors, behavioral state, and head circumference 
measurements were selected from previously published 
predictive validity studies. The parent/caregiver question-
naire was included in the HINT to ensure that parents’ con-
cerns are addressed. Normative data have been collected on 
412 Canadian infants from 5 provinces and stratified by gen-
der, maternal education, and ethnicity.14

TesT FormAT
Type The test is a norm-referenced neuromotor, cognitive, 
behavioral screening tool.

Content The test comprises four sections: Section 1— infant’s 
background information; Section 2—five  questions assess-
ing caregiver’s perception of  the infant’s movement and play; 
Section 3—twenty-one items assessing the infant’s motor skills 
in five positions (supine, prone, supine-to-prone transition, sit-
ting, and standing), muscle tone, movement against gravity, 
cooperation, stereotypical behaviors, and head circumference; 
and Section 4—the tester’s clinical impression of  the infant’s 
development14 shows the HINT test items (Table 3.1).

Administration The test can be administered in approxi-
mately 15 to 30 minutes, depending on the infant’s behavior 
and the skill of  the administrator. Infant handling is minimal, 
and the test is meant to be primarily observational.

Scoring Throughout the testing session, the motor behav-
iors and movements observed are checked off  in boxes on 
the score sheet to the right for each item. The corresponding 
score is to the right of  the description of  the behavior. Total 
scores are derived from a sum of  all scores for each of  the 
21 motor behavior items.

Interpretation Lower HINT total scores indicate a more 
mature or more optimal infant development. For the HINT 
assessment, a total score falling within one SD of  the mean 
for a particular age group is considered within normal limits. 
A score that is greater than one SD but less than two SD above 
the mean is considered suspect. Scores that are greater than 
two SD above the mean are considered atypical or  abnormal.14

relIAbIlITy AnD VAlIDITy Reliability and validity of  
the HINT was reported in a study of  two high-risk infant 
 follow-up programs in Vancouver, British Colombia.16 The 

Sensitivity can be defined as the ability of  a test to identify 
correctly those who actually have a disorder. High sensitiv-
ity results in few false-negative scores.

Specificity refers to the ability of  the test to identify 
 correctly those who do not have the disorder. High specific-
ity results in few false-positive scores.

The positive predictive value of  a test is defined as the 
 proportion of  true positives among all those who have  positive 
results. The negative predictive value is the proportion of  true 
negatives among all those who have negative screening results.

 Overview of tests

Developmental assessments may be considered in several 
broad categories. Screening tests are used to identify deficits 
in a child’s performance that indicate the need for further 
services. Assessments of  component functions address spe-
cific areas of  functioning (e.g., gross motor ability or reflex 
status). Comprehensive developmental scales evaluate all 
areas of  development. Functional assessments evaluate the 
essential skills that are required in the child’s natural envi-
ronments of  home and school. Outcome and health-related 
quality-of-life (HRQOL) measures are used to assess patient 
functioning in multiple life domains.

The rest of  the chapter reviews selected tests that are 
available for physical therapy evaluation. Some of  the more 
widely known standardized evaluative procedures are pre-
sented, as are some tests that are not standardized but that 
have proven useful in clinical practice. The categories just 
mentioned are used for organization.

Screening Tests

Developmental screening is the process of  proactively 
testing whole populations of  children to identify those 
who are at high risk for clinically significant deviations or 
delay in development.12 Screening tests are designed to be 
a brief  assessment to identify children who would benefit 
from more intensive diagnosis or assessment. Screening 
tests may be parent-completed tools such as the Ages and 
Stages Questionnaire (ASQ) or the Parents’ Evaluation of  
Developmental Status (PEDS) or directly administered tools 
by health care practitioners.13

Harris Infant Neuromotor Test
The Harris Infant Neuromotor Test (HINT) was developed 
to be used in clinical and research settings as an early screen-
ing for potential developmental disorders in both high- and 
low-risk infants.14,15 Infants shown to be at a higher risk for 
developmental delay based on screening using the HINT 
would then be referred for more extensive assessment of  
motor delay.14

TesT meAsures AnD TArgeT PoPulATIon The HINT 
measures infant motor behavior, behavioral state, head cir-
cumference, and parent/caregiver’s concerns about the 
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differentiates itself  from the AIMS or the Test of  Infant 
Motor Performance (TIMP) screening items as it is aimed at 
not only identifying motor deficits, but also identifying early 
cognitive delays or behavioral difficulties.

The HINT normative sample is small (412 Canadian 
infants), relative to other infant motor assessments, and covers 
a narrow age range (2.5 to 12.5 months), which may limit its 
utility in pediatric settings with a broad age span of  patients.

Bayley Infant Neurodevelopmental Screener
The Bayley Infant Neurodevelopmental Screener (BINS) is 
a screening tool designed to identify infants and young chil-
dren who are at risk for developmental and neurodevelop-
mental delay.20 It is mainly used in settings where high-risk 
infants are followed up, such as a developmental follow-up 
clinics or large-volume clinical and research programs.

TesT meAsures AnD TArgeT PoPulATIon The BINS 
assesses four conceptual areas of  ability: basic  neurological 
function/intactness (posture, muscle tone, movement sym-
metry), expressive functions (gross, fine, and oral motor/
verbal), receptive functions (visual, auditory, verbal), and 
cognitive processes (object permanence, goal-directedness, 
problem solving).21 This screening test is appropriate for 
infants and young children from 3 to 24 months.

TesT ConsTruCTIon AnD sTAnDArDIzATIon The BINS 
was constructed from a subset of  items from the BSID-II as 
well as items measuring neurological status. The BINS was 
standardized on more than 600 infants, stratified according 
to age, sex, ethnicity, region, and parent education.

interrater, test–retest, and intrarater reliabilities of  the total 
HINT score were all ≥0.98, well above the “benchmark” of  
0.80. Concurrent validity with the Bayley Scales of  Infant 
Development II (BSID-II) was assessed by comparing HINT 
total scores to raw scores for BSID-II Mental and Motor 
Scales. Moderately strong and significant relationships 
between scores on the HINT and BSID-II Mental Scales were 
identified, suggesting the HINT may be tapping early cog-
nitive behaviors assessed in the first year of  life. Using the 
Pearson product–moment correlation, the HINT and BSID-II 
Motor Scales correlated strongly at r = −0.89, p < 0.01.16

Concurrent validity between the HINT and the Alberta 
Infant Motor Scales (AIMS) was reported in a longitudinal 
study of  121 typical and at-risk infants.18 Both the AIMS 
and the HINT were administered concurrently at two time 
points, 4 to 6.5 months and 10 to 12.5 months. The HINT 
total scores were strongly related to the AIMS total scores 
in at-risk infants at both time periods during the first year of  
life and in typical infants at ages 4 to 6.5 months. Correlation 
coefficients for the entire sample exceeded 0.80 at both 
assessment time points. Concurrent validity was also studied 
between the HINT and the Ages and Stages Questionnaire. 
Pearson product–moment correlations between the two test 
scores for 52 infants tested ranged from r = −0.82 to −0.84 
(p < 0.05).19

ADVAnTAges/DIsADVAnTAges The HINT was designed as 
a screening test that may appeal to community providers 
who are frequently involved in screening healthy infants.18 
The inclusion of  caregiver comments regarding their level 
of  concern for the infant’s movement and play is a strength 
as it makes the HINT more family-centered. The HINT 

Test Method
Cognitive or Behavioral  
Development Items Motor Development Items

Observation (infant is observed in supine,  
prone, sitting, and standing positions)

• Behavior and cooperation
• Presence of stereotypical behaviors

• Mobility, supine
• Neck retraction, supine
• Eye muscle control
• Head position, prone
• Upper extremity position, prone
• Head position, sitting
• Trunk position, sitting
• Locomotion and transition skills
• Posture of hands
• Posture of feet
• Frequency and variety of movements

Testing (infant is provided stimulation  
or is handled by the examiner to determine 
scores)

• Head circumference • Visual following
• Asymmetrical tonic neck reflex
• Reaching from supine position
• Passive range of motion in supine position
• Head righting in transition from supine to 

prone to supine positions
• Trunk mobility in transitions from supine to 

prone to supine positions
• Passive range of motion in prone position

items to be tested in harris infant neuromotor test. With permission from American physical therapy Association.

HInT Items

TAble

3.1
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to assess posture and movement of  infants from 34 weeks 
postmenstrual age through 4 months corrected age.23,24

TesT meAsures AnD TArgeT PoPulATIon The TIMP 
quantitatively assesses motor development and is used 
to identify infants who might benefit from early interven-
tion services. It assesses the postural control and alignment 
needed for age-appropriate functional activities involving 
movement in early infancy, including changing positions and 
moving against the force of  gravity, adjusting to handling, 
self- comforting, and orienting the head and body for look-
ing, listening, and interacting with caregivers. The TIMP 
is intended for use with infants in intensive care nurseries, 
developmental follow-up clinics, and early intervention 
 programs.25 The items in the test were designed to reflect 
the full range of  motor maturity from 34 weeks’ postcon-
ceptual age to 4 months postterm.

TesT ConsTruCTIon AnD sTAnDArDIzATIon Version 1 
of  the TIMP was initially developed by Girolami for use in 
assessing the efficacy of  neurodevelopmental treatment on 
 posture and movement in prematurely born high-risk infants 
from 34 to 35 weeks’ postconceptual age.26 Several revisions 
to the original TIMP have occurred, including  revision/
elimination of  test items and reduction in length of  the 
assessment through Rasch analysis resulting in the 42-item 
TIMP.27 Age standards developed from 990 U.S. infants 
reflecting distribution of  race/ethnicity in the U.S. popula-
tion are available.

TesT FormAT
Type The test is norm-referenced with elicited and observed 
item components.

Content Version 5.1 of  the TIMP contains an observed 
scale of  13 dichotomously scored items used to examine an 
infant’s spontaneous movements such as head in midline and 
individual finger and ankle movements. An elicited scale of  
29 items tests the infant’s movement responses to various 
positions, sights, and sounds.

According to the test authors, the processes tested by the 
items include the following:

 1. The ability to orient and stabilize the head in space and 
in response to auditory and visual stimulation in supine, 
prone, side-lying, and upright positions and during tran-
sitions from one position to another

 2. Body alignment when the head is manipulated
 3. Distal selective control of  the fingers, wrists, hands, and 

ankles
 4. Antigravity control of  arm and leg movements

Administration/Scoring The test can be administered in 
25 to 40 minutes, depending on the child’s abilities, behav-
ioral state, physiologic stability, and level of  cooperation. 
Observations of  spontaneous emitted behaviors/ movements 
are rated present (1) or absent (0) throughout the course of  
the examination. Elicited items are administered according 

TesT FormAT
Type The test is a norm-referenced, standardized screening 
tool.

Content The BINS consists of  six item sets assessing basic 
 neurologic functions, receptive, expressive, and cognitive 
functions. Each set contains 11 to 13 items, depending on the 
child’s age.

Administration/Scoring Each item in the BINS is scored 
“optimal” (1) or “nonoptimal” (0), and the total number of  
“optimal” items in each set is added yielding a summary 
score. The BINS can be administered in 15 to 20 minutes.

Interpretation For each of  the item sets, three established 
summary cut scores identify an infant’s level of  risk for devel-
opmental delay, yielding three risk groupings: low risk, mod-
erate risk, or high risk. The three-tiered framework is used to 
determine which infants need to be monitored (infants in the 
moderate risk status) and which infants should be enrolled in 
intervention programs (high risk).

relIAbIlITy AnD VAlIDITy Depending on the age of  the 
child, test–retest reliability for the BINS ranges from 0.71 to 
0.84. Interrater reliability was established and ranges from 
0.79 to 0.96, with moderate to strong internal consistency.20 
During test standardization, the BINS demonstrated accept-
able concurrent validity with the BSID-II.20

ADVAnTAges/DIsADVAnTAges The BINS is one of  the few 
psychometrically sound screening tests for infants and young 
children at risk for developmental delay. It is brief  and easily 
administered by a number of  health care  providers with a 
variety of  backgrounds. The BINS has a high degree of  sen-
sitivity and specificity (75% to 86%), which is an important 
aspect of  any screening test.22 Limitations include difficulty 
clarifying the need for comprehensive developmental assess-
ment for children whose BIN scores fall in the middle of  the 
three-tiered classification system (those at moderate-risk 
group) and a need for clarification of  criteria for many test 
items, including muscle tone.

Tests of Motor Function

Physical therapists use motor development assessment 
tools as part of  the physical therapy examination to mea-
sure motor development and function. A large number of  
assessment tools are available that examine gross and fine 
motor function. The Test of  Infant Motor Performance, the 
Alberta Infant Motor Scale, Gross Motor Function Measure 
and Gross Motor Function Classification System, Peabody 
Developmental Motor Scales 2, and Bruininks-Oseretsky 
Test of  Motor Proficiency 2 (BOT-2) are described.

Test of  Infant Motor Performance
Campbell and colleagues developed the Test of  Infant Motor 
Performance (TIMP) for physical and occupational therapists 
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currently developing, and those not in the infant’s reper-
toire; (3) measure motor performance over time or before 
and after intervention; (4) measure changes in motor perfor-
mance that are quite small and thus not likely to be detected 
using more traditional motor measures; and (5) act as an 
appropriate research tool to assess the efficacy of  rehabilita-
tion programs for infants with motor disorders.

TesT meAsures AnD TArgeT PoPulATIon The test is an 
assessment of  gross motor performance designed for the 
identification and evaluation of  motor development of  
infants from term (40 weeks after conception) through the 
age of  independent walking (0 to 18 months of  age). The 
AIMS not only focuses on achievement of  motor milestones, 
but also assesses the motor aspects and mechanisms neces-
sary to attain such milestones (e.g., weight-bearing, posture, 
and antigravity movement).35 Sequential development of  
postural control relative to four postural positions: supine, 
prone, sitting, and standing is assessed through observation.

TesT ConsTruCTIon AnD sTAnDArDIzATIon The AIMS 
was constructed to fulfill three clinical purposes: the identi-
fication of  different levels of  motor performance, the evalu-
ation of  change in motor performance over time (through 
maturation or intervention), and the provision of  useful 
information for the planning of  motor-intervention strat-
egies.34 Test items were obtained through an exhaustive 
review of  existing instruments and descriptive narratives of  
early motor development. Content validation of  the instru-
ment was accomplished through meetings with and a mail 
survey of  Canadian pediatric physical therapists and con-
sultation with an international panel of  experts. A total of  
58 items were included in the provisional test for reliability 
and validity testing. The establishment of  norms for the 
AIMS involved data collection on 2,200 Albertan infants 
stratified by age and sex.36

TesT FormAT
Type The test is norm-referenced, providing percentile 
ranks to determine an individual’s motor performance rela-
tive to the reference group.

Content The test includes 58 items organized into four 
 positions: prone, supine, sitting, and standing. The dis-
tribution of  these items is as follows: 21 prone, 9 supine, 
12   sitting, and 16 standing. For each item, certain key des-
criptors are identified that must be observed for the infant to 
pass the items. Each item describes three aspects of  motor 
 performance—weight-bearing, posture, and antigravity 
 move ments (Fig 3.1).

Administration/Scoring The administration of  the test 
involves observational assessment, with minimal handling 
required. The surface of  the body bearing weight, posture, 
and movement are assessed for each item. The scoring is re-
corded as “observed”/“not observed.” For each of  the four 
positions, the least mature and most mature item observed 

to standardized instructions and involve direct handling of  
the infant. Responses to these items are scored on a 3-, 4-, 
5-, or 6-point rating scales that describe specific behaviors to 
be noted, ranging from less mature or minimal response to 
mature or full response, as defined individually for each test 
item. Total raw scores range from 0 to 142.

Interpretation Raw scores are transformed into standard 
scores and interpreted relative to the mean for the corre-
sponding age group. Score sheets for plotting the infants’ 
scores against percentile ranks provide age-equivalent scores. 
On the basis of  previous research on predictive validity of  
the TIMP, the authors suggest a −0.5 SD below the mean for 
identifying infants who may require close monitoring and/
or referral for intervention.25

relIAbIlITy AnD VAlIDITy Test–retest reliability over 
a 3-day period is reported at r = 0.89 for infants from 
34 weeks PCA to 4 months of  age.28 Intrarater reliability 
(ICC = 0.98 to 0.99) and interrater reliability (ICC = 0.95) 
are excellent.29 Construct validity was assessed by determin-
ing the test’s sensitivity for assessing age-related changes 
in motor skills and correlation with risk for developmen-
tal abnormality. The correlation between postconceptual 
age and TIMP performance measures was 0.83. Risk and 
age together explained 72% of  the variance in TIMP per-
formance (r = 0.85; p < 0.00001).30 Concurrent validity 
between TIMP and AIMS raw scores at 3 months of  age are 
reported at 0.64 (p < 0.0001) and 0.60 (p < 0.0001) between 
TIMP raw scores and AIMS percentiles.31

ADVAnTAges/DIsADVAnTAges The TIMP has excellent 
test–retest and rater reliabilities and is designed specifically 
to assess infants born preterm and those at risk for poor 
motor outcome based on perinatal medical conditions. The 
predictive validity of  TIMP scores at 3- to 12-month AIMS 
percentiles demonstrates a high sensitivity at 0.92 and a 
specificity of  0.76.32 The TIMP scores at 3 months also 
demonstrate predictive validity for preschool motor per-
formance using the Peabody Developmental Motor Scales, 
with a sensitivity of  0.72 and specificity of  0.91.33 Due to the 
age specifications of  this test, its clinical utility is limited to 
settings such as special care nurseries, developmental follow-
up clinics, or early intervention services.

Alberta Infant Motor Scale
The Alberta Infant Motor Scale (AIMS) is an observational 
assessment scale constructed by Piper and Darrah to mea-
sure gross motor maturation in infants from birth through 
independent walking.34 It was developed to incorporate 
components of  motor development, which are deemed 
essential to the evaluation and treatment of  at-risk infants. 
The AIMS is designed to (1) identify infants whose motor 
performance is delayed or aberrant relative to a normative 
group; (2) provide information to the clinician and parent(s) 
about the motor activities the infant has mastered, those 
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relIAbIlITy AnD VAlIDITy The original sample consisted 
of  506 (285 male, 221 female) normal infants, age stratified 
from birth through 18 months. One hundred twenty infants 
were scored on the AIMS, Peabody, and Bayley Scales for an 
assessment of  concurrent validity, and 253 infants were each 
scored two or three times on the AIMS to assess the inter-
rater and test–retest reliability of  the AIMS.36 The authors 
found an interrater reliability of  0.99 and a test–retest reli-
ability of  0.99. Correlation coefficients reflecting concurrent 
validity with the Bayley and Peabody Scales were deter-
mined to be r = 0.98 and r = 0.97, respectively.36 Pin et al. 
studied the intra- and interrater reliability in infants born 
at or before 29 weeks gestational age from 4 to 18 months 
chronologic age.37 All of  the ICC values were greater than 
0.75 and the SEM less than 1.2. Although the AIMS is a reli-
able measurement tool to be used in this infant population, 

in the assessment is recorded as “observed” and serves as the 
“window” of  the infants’ possible motor repertoire. Scores 
in each area (prone, supine, sitting, standing) are summed to 
yield a total score of  items passed.

Interpretation The infant’s total AIMS score is plot-
ted on a graph to determine the percentile ranking of  the 
 infant’s motor performance compared with the normative 
 age-matched sample. The higher the percentile ranking, the 
less likely the infant is demonstrating a delay in motor devel-
opment. As the AIMS is not a diagnostic test, implications 
of  lower percentile rankings (10%) are not definitive, and 
the examiner’s clinical judgment is required for decisions 
related to ongoing monitoring, referral for further diagnos-
tic workup, and/or recommendations for intervention for 
motor delay.

FIGURE 3.1 Sample score sheet for the AIMS. (Permission for use of this sample score sheet of the Alberta Infant Motor Scales  
[figure 4-1 in AIMS Manual] from Elsevier Publishers.)
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O
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TesT ConsTruCTIon AnD sTAnDArDIzATIon The GMFM 
was developed and tested according to contemporary prin-
ciples of  measurement design through a process of  item 
selection, reliability testing, and validation procedures. The 
selection of  items was based on a literature review and 
the judgment of  pediatric clinicians. Items judged to be 
clinically important and measureable with the potential of  
showing change in the function of  children were included. 
The original GMFM contains 88 items (GMFM-88). In an 
effort to improve the interpretability and clinical usefulness 
of  the GMFM, Rasch analysis was applied to the GMFM-
88, resulting in the GMFM-66.43 The authors report that the 
GMFM-66 provides hierarchical structure and interval scor-
ing that provides a better understanding of  motor develop-
ment in children with CP than the older GMFM-88.44

TesT FormAT
Type The GMFM is a criterion-based observational measure.

Content The test includes 88 items that assess motor func-
tion in five dimensions: (1) lying and rolling; (2) sitting; 
(3)  crawling and kneeling; (4) standing; and (5) walking, 
running, and jumping. With emphasis on maximizing a 
child’s potential for independent function, the test measures 
whether a child can complete the task independently (with or 
without the use of  aids), without any active assistance from 
another person.

Administration/Scoring For ease of  administration, the 
items are grouped on the rating form by test position and ar-
ranged in a developmental sequence. For scoring purposes, 
items are aggregated to represent five separate areas of  
motor function. Each GMFM item is scored on a four-point 
ordinal scale. Values of  0, 1, 2, and 3 are assigned to each 
of  the four categories; 0 = does not initiate; 1 = initiates 
(<10% of  the task); 2 = partially completes (10 to <100% of  
the task); and 3 = task completion. A one-page score sheet 
is used to record results. Specific descriptions for how to 
score each item are found in the administration and scoring 
guidelines contained within the test manual. The 66 items 
that form the GMFM-66 are indicated on the scoresheet by 
shading and an asterisk. The time required to complete the 
GMFM-88 is approximately 45 to 60 minutes. As the GMFM-
66 has 22 fewer items to be administered, it should require 
less time to administer the test.

Interpretation Each of  the five dimensions contributes 
equal weight to the total score; therefore, a percent score 
is calculated for each dimension (child’s score/maximum 
score × 100%). A total score is obtained by adding the per-
cent scores for each dimension and dividing by five. A “goal 
total score” can also be calculated in order to increase the 
responsiveness of  the measure by narrowing the focus to in-
clude selected GMFM dimensions most relevant to the child’s 
goals. In order to interpret scores for the GMFM-66, a com-
puter program, the Gross Motor Ability Estimator (GMAE) 

the ICC values of  subscores were low at 4 and 18 months 
CA due to the limited number of  test items at these two 
extreme ages. The authors caution about using the AIMS 
for infants younger than 4 months or after the infant has 
achieved independent walking, because of  the limited test 
items at these time points.

ADVAnTAges AnD DIsADVAnTAges The AIMS provides the 
ability to detect, as early as possible, any deviations from the 
norm, thereby permitting early intervention to remediate or 
minimize the effects of  dysfunction. Use of  percentile rank-
ing should be done with caution because a small change in 
raw score can result in a large change in percentile ranking.38

reCenT reseArCH In a systematic review of  nine neuro-
motor assessment tools that can be administered to infants 
during the first year of  life, Spittle et al. concluded that the 
AIMS was one of  the three tests demonstrating the high-
est overall reliability and one of  the two with the strongest 
predictive validity for infants aged 8 to 12 months.39 The 
AIMS was described as having the best psychometric prop-
erties and clinical utility of  the five norm-referenced tests 
reviewed.

The ability of  AIMS and the HINT to predict scores 
on the Bayley Scales of  Infant Development (BSID) at 
age 2 and 3 years was studied to compare predictive valid-
ity between the two tests given during the infant’s first year 
of  life.40 Infants with typical and at-risk development were 
assessed with the HINT and AIMS at 4 to 6.5 months and 
10 to 12.5 months and with the BSID at 2 and 3 years. The 
early (4 to 6.5 months) HINT had higher predictive correla-
tions than the AIMS for 2-year BSID-II motor outcomes and 
3-year BSID-III gross motor outcomes. Correlations were 
identical for the 10- to 12.5-month HINT and AIMS scores 
and 3-year BSID-III gross motor (r = 0.58 and 0.58) and fine 
motor (r = 0.35 and 0.35) subscale.

Gross Motor Function Measure
The Gross Motor Function Measure (GMFM) is a clinical 
measure designed to evaluate change in gross motor func-
tion in children with cerebral palsy.41

TesT meAsures AnD TArgeT PoPulATIon The test is 
designed to assess motor function or how much of  an activ-
ity a child can accomplish. It is an evaluative index of  gross 
motor function and changes in function over time, or after 
therapy, specifically for children with cerebral palsy. The 
original validation sample included children 5 months to 
16 years old. The GMFM is appropriate for children whose 
motor skills are at or below those of  a 5-year-old child with-
out any motor disability. The Gross Motor Performance 
Measure (GMPM), an observational instrument assessing 
quality of  gross motor movement, can be used in conjunc-
tion with the GMFM to evaluate change over time in spe-
cific qualitative features of  motor behavior.42
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was needed to enhance communication among families 
and professionals and to provide a sound basis for stratifica-
tion of  children for research.49 The Gross Motor Function 
Classification System for Cerebral Palsy (GMFCS), devel-
oped by Palisano and colleagues in 1997, was created to 
classify motor function in children with CP into one of  five 
clinically meaningful levels (Table 3.2).50

From Level I (most able) to Level V (most limited), the 
GMFCS describes motor function within four age bands, 
from before a child’s second birthday to between the 6th and 
12th birthday. Motor function is described in “word pictures,” 
focusing on function under ordinary circumstances, rather 
than on capacity as observed with formal tools such as the 
GMFM or PEDI. The GMFCS–E&R is the expanded and 
revised version of  the GMFCS, with a revised 6- to 12-year age 
band, addition of  a 12- to 18-year age band, with an expanded 
conceptual framework to coincide with the International 
Classification of  Functioning, Disability, and Health.50

ADVAnTAges/DIsADVAnTAges Debuse et al. completed a 
systematic review of  outcome measures of  activity for chil-
dren with cerebral palsy.51 The GMFM-88, GMFM-66, and 
the Pediatric Evaluation of  Disability Inventory (PEDI) were 
the three outcome measures selected as most appropriate 
for testing function in children with cerebral palsy. Both 
the GMFM-88 and the PEDI exhibit high completion rates, 
confirming the relevance of  these outcome measures to 
the functional ability of  children with cerebral palsy. Long 
completion time and relative unidimensionality (testing only 
gross motor capacity in a controlled testing environment) 

is required. The GMFM-66 score differs from the GMFM-88 
score in that it has interval (as opposed to ordinal) properties.

relIAbIlITy AnD VAlIDITy The test authors found intra-
rater reliability for each dimension and the total score to 
range from 0.92 to 0.99 and interrater reliability to range 
from 0.87 to 0.99 (ICC).3 The GMFM-66 is also highly reli-
able (ICCs = 0.97 to 0.99) and sensitive to change.44, 45

Construct validity of  the GMFM-88 was demonstrated 
with significant linear relationships between gait speed and 
dimensions D (standing) (r = 0.91) and E (walking, running, 
and jumping) (r = 0.93).46 More recently, the longitudinal 
construct validity of  three scoring options (GMFM-88, 
GMFM-88 goal total, and GMFM-66) was evaluated in a 
5-year follow-up study.47 Forty-one children with cerebral 
palsy who were undergoing selective dorsal rhizotomy 
were monitored with the GMFM for 5 years. All three scor-
ing options showed large longitudinal construct validity in 
the 5-year study. The GMFM-88 total and goal total scores 
revealed large changes in gross motor function earlier post-
operatively than the GMFM-66 scores. Validity and reliabil-
ity of  two abbreviated versions of  the GMFM-66 have also 
been reported.48 Both the GMFM-66-IS (item set) and the 
GMFM-66-B&C (basal and ceiling approach) demonstrate 
high levels of  validity (ICCs of  0.99) and reliability (ICCs 
greater than 0.98) and can be used in clinical practice or for 
research purposes.

During the course of  validation of  the original version 
of  the GMFM, it became evident that a meaningful, valid, 
and reliable classification of  children’s functional mobility 

General Heading for Each Level

LEVEL I—Walks without Limitations

LEVEL II—Walks with Limitations

LEVEL III—Walks Using a Hand-Held Mobility Device

LEVEL IV—Self-Mobility with Limitations; May Use Powered Mobility

LEVEL V—Transported in a Manual Wheelchair

Distinctions Between Levels I and II—Compared with children and youth in Level I, children and youth in Level II have limitations walking long 
distances and balancing; may need a hand-held mobility device when first learning to walk; may use wheeled mobility when traveling long distances 
outdoors and in the community; require the use of a railing to walk up and down stairs; and are not as capable of running and jumping.

Distinctions Between Levels II and III—Children and youth in Level II are capable of walking without a hand-held mobility device after age 4 
(although they may choose to use one at times). Children and youth in Level III need a hand-held mobility device to walk indoors and use wheeled 
mobility outdoors and in the community.

Distinctions Between Levels III and IV—Children and youth in Level III sit on their own or require at most limited external support to sit, 
are more independent in standing transfers, and walk with a hand-held mobility device .Children and youth in Level IV function in sitting (usually 
supported) but self-mobility is limited. Children and youth in Level IV are more likely to be transported in a manual wheelchair or use powered 
mobility.

Distinctions Between Levels IV and V—Children and youth in Level V have severe limitations in head and trunk control and require  extensive 
assisted technology and physical assistance. Self-mobility is achieved only if the child/youth can learn how to operate a powered wheelchair.

permission from CanChild Website. http://peds-Qltm.canchild.ca/en/measures/gmfcs_expanded_revised.asp

general Headings for each level of gmFCs-e&r

TAble

3.2

http://Peds-QLTM.canchild.ca/en/measures/gmfcs_expanded_revised.asp


  CHAPTER 3    Assessment AnD testing of infAnt AnD ChilD Development  79

The Fine Motor Scale contains 98 items divided into two 
subtests: Grasping (all ages) and Visual-Motor Integration 
(all ages). Norms are provided for each skill category at each 
age level, as well as for total scores.

The results of  the subtests may be used to generate three 
global indexes of  motor performance called composites—
the Gross Motor Quotient (GMQ), the Fine Motor Quotient 
(FMQ), and the Total Motor Quotient (TMQ).

Administration Both scales can be given to a child in 
 approximately 45 to 60 minutes. To shorten testing time, 
entry points and basal and ceiling levels are used on all but 
one of  the subtests (Reflexes). Examiners who give and 
 interpret the PDMS-2 should have a thorough understand-
ing of  test statistics; general procedures governing scoring 
and interpretation; specific information about gross and fine 
motor ability testing; and development in children who are 
not progressing typically.53 In order to achieve valid inter-
pretation of  a child’s PDMS-2 performance, the scales must 
be administered exactly as specified in the Guide to Item 
Administration.

When the purpose of  the test is eligibility or place-
ment, instructional, or treatment programming for a child 
with disabilities, the examiner should administer an item 
as directed or adapt to fit the child’s individual needs while 
retaining the intent of  the item.

Scoring Each item on the PDMS-2 is scored as 0, 1, or 2. 
Specific criteria are given for each item, as are the gen-
eral  criteria for the numeric scores. Scores are assigned as 
 follows:

0—The child cannot or will not attempt the item, or the 
attempt does not show that the skill is emerging.

1—The child’s performance shows a clear resemblance to 
the item mastery criteria but does not fully meet the crite-
ria. (This value allows for emerging skills.)

2—The child performs the item according to the criteria 
specified for mastery.

Scoring may be completed on a written summary sheet or 
by using the PDMS-2 Online Scoring and Report System.

Interpretation The PDMS-2 yields five types of  scores: raw 
scores, age equivalents, percentiles, standard scores for the 
subtests, and quotients for the composites. From the raw 
scores calculated from each subtest, the age-equivalent and 
standard scores are obtained from the norms tables pro-
vided in the manual. The quotients for the fine motor, gross 
motor, and total motor composites are derived from sum-
ming the subtest standard scores and converting them to a 
quotient. After the standard scores and quotients have been 
determined, they may be plotted on the Motor Development 
Profile. This profile provides a means of  visually comparing 
performance on the Gross Motor Scale and Fine Motor Scale 
and on the skill categories in each scale. Figure 3.2 presents 
an example of  scoring the PDMS-2.

were reported as weaknesses or disadvantages of  the test. 
While the GMFM-66 has 22 fewer items to test, allowing a 
faster completion time, it has floor effects in children with 
low motor ability and ceiling effects in children older than 
5 years.44 Careful consideration is required when determin-
ing whether to use the GMFM-88 or the GMFM-66 based on 
the child’s motor abilities, ability to complete all test items 
required, and/or the clinician’s knowledge and ability to use 
the Gross Motor Ability Estimator appropriately.

Peabody Developmental Motor Scales—
Second Edition
The Peabody Developmental Motor Scales—Second Edition 
(PDMS-2) is the culmination of  over a decade of  research by 
the authors in response to reviewer’s suggestions and feed-
back from examiners for improving the original Peabody 
Developmental Motor Scales (PDMS).52,53

TesT meAsures AnD TArgeT PoPulATIon The PDMS-2 
comprises six subtests that measure the interrelated gross 
and fine motor abilities that develop early in life. The 
PDMS-2 can be used by physical and occupational thera-
pists, early intervention specialists, adapted physical edu-
cation teachers, psychologists, diagnosticians, and others 
interested in examining the motor abilities of  young chil-
dren. It was designed to assess motor skills in children from 
birth through 6 years of  age.

TesT ConsTruCTIon AnD sTAnDArDIzATIon The 
original PDMS was developed to improve on the existing 
instruments used for motor evaluation. Test items were 
obtained from validated motor scales, and new items were 
created based on studies of  children’s growth and devel-
opment. Characteristics of  the PDMS-2 include a larger 
normative sample of  2,003 children stratified by age resid-
ing in 46 states and one Canadian province, the addition 
of  studies showing the absence of  gender and racial bias, 
reliability coefficients for subgroups of  the normative 
sample (e.g., individuals with motor disabilities, African 
Americans, Hispanic Americans, females, and males) as 
well as for the entire normative sample, and validity stud-
ies with special attention devoted to showing that the test 
is valid for a wide variety of  subgroups as well as for the 
general population.53

TesT FormAT
Type The PDMS-2 is a discriminative measure and is norm-
referenced.

Content The PDMS-2 is divided into two components: 
the Gross Motor Scale and the Fine Motor Scale. The 
Gross Motor Scale contains 151 items divided into four sub-
tests: Reflexes (birth to 11 months), Stationary (all ages), 
Locomotion (all ages), and Object Manipulation (12 months 
and older).
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tests assessing motor development. The construct valid-
ity of  the PDMS-2 was established by confirmatory fac-
tor analyses, with results demonstrating that the f ine 
motor and the gross motor composites are two separate 
constructs within general movement. Connolly et al. 
explored the concurrent validity of  BSID-II Motor Scales 
and the PDMS-2 in 15 typically developing 12-month-old 
infants.54 A lack of  concurrent validity between PDMS-2 
and BSID-II Motor Scales standard scores was reported. 
Additionally, lack of  agreement between age equivalents 
between the two tests was reported, except for locomo-
tion. The investigators conclude that administration of  
the BSID-II and PDMS-2 may yield dissimilar findings in 

relIAbIlITy AnD VAlIDITy The overall reliability of  the 
PDMS-2 was studied by the test developers for three types 
of  error variance-internal consistency, test–retest reliabil-
ity, and interscorer reliability. The reliability coefficients for 
three composites and six subtests (Cronbach’s α = 0.89 to 
0.97, test–retest r = 0.82 to 0.93, and interscorer r = 0.96 to 
0.99) suggests a high degree of  reliability. The magnitude of  
these coefficients strongly suggests that the PDMS-2 pos-
sesses little test error and that users can have confidence in 
its results.53

According to the authors, the content validity of  
PDMS-2 is based on established research on normal 
children’s motor development and on other validated 

FIGURE 3.2 PDMS-2 item administration sample.

Item
#

Ages in
Months

Item name, Position, and Description Score Criteria Score

16 7 ROLLING (Lying on back)

Shake Rattle at midline 12 in. above child. Lower rattle to 
surface on child’s left, out of child’s reach. Repeat procedure 
on opposite side

Rolls from back to stomach
(both sides)

Rolls from back to stomach
(on side only)

Remains on back

2

1

0

ROLLING (Lying on back)

Attract child’s attention to toy by shaking it to side of child.
Repeat procedure on opposite side.

Rolls from back to stomach, leading
with hips and thighs, folllowed by
stomach and then shoulders
(both sides)

Rolls from back to stomach
(one side)

Remains on back

MOVING FORWARD (Lying on stomach)

Place toy 5 ft. in front of child. Say, “Get the toy.”

Moves forward using arms

Moves forward at least 2 ft. but less
than 3 ftp. using arms

Moves less than 2 ft.

RAISING SHOULDERS & BUTTOCKS (Lying on stomach)

Sit 3 ftp. in front of child. Hold your hands out to child and
say, “Come here.”

Raises and bears weight on hands
and knees for 5 seconds and rocks
back and forth for 2 cycles

Raises and bears weight on hands
and knees for 1–5 seconds

Remains on stomach

CREEPING (Hand and knees)

Place toy on floor 6 ft. in front of child. Say, “Get the toy.” 
Move toy back as child approaches.

Creeps forward on hands and knees,
using a cross-lateral pattern for 5 ft.

Creeps forward on hands and knees
using cross-lateral pattern for 4 ft. or
creeps without using cross-lateral
pattern for 5 ft.

Remains stationary or moves on
stomach

CREEPING (Sitting)

Sit beside child on floor. Say, “Watch me.” Demonstrate
scooting by using your hands to propel your body forward on
your buttocks to retrieve toy. Place toy 5 ft. in front of child.
Say, “Scoot like I did and get the toy.”

Maintains sitting posture and uses
hands and legs to scoot forward
3 ft.

Maintains sitting posture and scoots
forward 1–2 ft.

Moves less than 1 ft. forward

17 7

18 8

19 9

20 9

21 9

2

1

0

2

1

0

2

1

0

2

1

0

2

1

0
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TesT ConsTruCTIon AnD sTAnDArDIzATIon The revi-
sion of  the Bruininks-Oseretsky Test of  Motor Proficiency 
began in 2002 with a development team consisting of  the 
authors, test directors, and researchers. The revision pro-
vided contemporary norms, improved test organization 
and content, and addressed current user needs. The BOT-2 
has been standardized on a sample of  1,520 children from 
38 states. Over 11% of  the normative sample included chil-
dren with disabilities. The sample selection was random and 
stratified across sex, race/ethnicity, socioeconomic status, 
and disability status within each of  the 12 age groups.

TesT FormAT
Type The BOT-2 is norm-referenced, and it involves indi-
vidually administered tasks with direct observation and as-
sessment of  a child in a structured environment.

Content The BOT-2 assesses proficiency in four motor-area 
composites: Fine Manual Control, Manual Coordination, 
Body Coordination, and Strength and Agility. These four 
 motor-area composites each comprise two of  the eight BOT-2 
subtests. The fifth composite, the Total Motor Composite, is 
devised from all eight subtests.

The relationship of  the eight subtests to the composites 
is shown in Figure 3.3.

Administration The Complete Form can be administered 
in 40 to 60 minutes, with an extra 10 minutes needed to 
prepare the testing area. The Short Form (used for screen-
ing purposes) can be administered in 15 to 20 minutes, with 
an additional 5 minutes needed for area set up. The Short 
Form consists of  14 BOT-2 items carefully selected from 
all eight subtests and yields a single score of  overall motor 
 proficiency. Two short testing sessions are recommended for 
young children. Procedures for administration and scoring 

FIGURE 3.3 Relationship of the eight subtests of the Bruininks-Oseretsky Test of Motor Proficiency to the BOT-2 composites. (Adapted 
figures from the Bruininks-Oseretsky Test of Motor Proficiency, Second Edition [BOT-2]. Copyright 2005 NCS Pearson, Inc. Reproduced with 
permission. All rights reserved. “BOT” is a trademark, in the U.S. and/or other countries, of Pearson Education Inc. or its affiliates.)
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gross motor development for 12-month-old infants and 
may affect a child’s eligibility for services. This informa-
tion is valuable, however, to reinforce the importance of  
the physical therapists’ overall assessment of  the child 
(beyond reported objective assessment results) when 
determining the need for intervention.

ADVAnTAges/DIsADVAnTAges The PDMS-2 is a standard-
ized, reliable, and valid assessment tool with a broad age 
range for assessing infants and young children. Subtest com-
posites can be scored separately, easing administration, and 
the 3-point scoring system enables examiners to identify 
emerging skills and to measure progress in children who are 
slow in acquiring new skills. Disadvantages of  the PDMS-2 
include absence of  normative data on European children, 
long administration time for younger children, and the 
absence of  a short form.55

Bruininks-Oseretsky Test of  Motor Proficiency—
Second Edition
The Bruininks-Oseretsky Test of  Motor Proficiency—
Second Edition (BOT-2) is the newest revision of  the 
Bruininks-Oseretsky Test of  Motor Proficiency (BOTMP) 
developed by Dr. Robert H. Bruininks.56 The BOT-2 pro-
vides a comprehensive assessment of  motor skills, includ-
ing differentiated measures of  f ine and gross motor 
proficiency.57

TesT meAsures AnD TArgeT PoPulATIon The BOT-2 
is designed to assess gross and fine motor functioning in 
children and is used to support diagnosis of  motor impair-
ments, screen for motor deficits, assist in educational place-
ment decisions, and can be used as a means for planning and 
evaluating various motor development curricula. The test is 
appropriate for children aged 4 through 21.57
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of  the test are well written and are shown in the manual. 
Materials needed to administer the BOT-2 are provided in 
the standardized test kit with the exception of  stopwatch and 
tape measure.

Scoring Scoring may be completed using the BOT-2 
ASSISTTM software or through hand scoring. The child’s 
raw scores are recorded during the administration of  the 
test and are converted first to point scores, then to standard 
scores, approximate age equivalents, and percentile rank 
(see Fig 3.4 for a sample record form for BOT-2). Five descrip-
tive categories are also included on the scoring sheet to as-
sist in communicating test results to examinees, parents, and 
teachers. The Total Motor Composite is derived from the 
sum of  the four motor-area composite standard scores and 
is the most reliable and preferred measure of  overall motor 
proficiency. 

Interpretation Tables of  norms are provided, and by com-
paring derived scores with the scores of  subjects tested in the 
standardization program, users can interpret a child’s perfor-
mance in relation to a national reference group.

relIAbIlITy AnD VAlIDITy Test–retest reliability coef-
ficients for the subtests is in the upper 0.70s for examinees 
aged 4 through 7 and 8 through 12, and 0.69 for examinees 
aged 13 through 21. The mean of  the composite correlation 
coefficients is in the low 0.80s for examinees aged 4 through 
12, and is 0.77 for examinees aged 13 through 21.57 Internal 
consistency reliability is high, with the mean subtest reliabil-
ity in three age groups ranging from the high 0.70s to the 
low 0.80s.

Interrater reliability coefficients are extremely high at 
0.98 and 0.99 for Manual Coordination, Body Coordination, 
and Strength and Agility composites. The Fine Motor 
Control composite coefficient is also high at 0.92.

Evidence supporting the use of  the BOT-2 to assess gross 
and fine motor proficiency of  individuals aged 4 through 21 
is provided through test content, internal structure, clini-
cal group differences, and relationships with other tests of  
motor skills. Content and construct validity studies compar-
ing BOT-2 scores with scores on the Bruininks-Oseretsky 
Test of  Motor Proficiency, PDMS-2, and the Test of  Visual-
Motor Skills, Revised (TVMS-R) are reported in the manual.

ADVAnTAges AnD DIsADVAnTAges A review of  the BOT-2 
by Dietz et al. summarizes the following strengths and 
limitations of  the test. The strengths include the follow-
ing: (1)  the Administration Easel, which provides photos 
for test items, allowing efficient and standard test admin-
istration; (2) test items reflecting typical childhood activi-
ties (face validity); (3) the construct validation of  the test; 
(4) current norms reflecting the demographics of  the United 
States; and (5) moderate to strong interrater and test–retest 
reliabilities of  the Complete Form Total Motor Composite 
and Short Form.58 The reported limitations include (1) weak 

test–retest reliability coefficients for some subtests and 
motor-area composites for some age groups; (2) the scoring 
process can be time intensive and tedious; and (3) the diffi-
culty of  the items for 4-year-old children who are developing 
typically or 5-year-old children with delays.

reCenT reseArCH Motor proficiency in children with neu-
rofibromatosis type 1 (NF1) was assessed using the BOT-2.59 
Twenty-six children with NF1, aged 4 to 15 years, partici-
pated in the study. Participant scores relative to age- and sex-
matched test norms demonstrated significantly lower scores 
(p < 0.05) for the Total Motor Composite (z = −1.62) and 7 
of  the 8 subtests. The results indicate the BOT-2 is useful in 
identifying and characterizing delays in motor proficiency in 
children with NF1.

Comprehensive Developmental Scales

Comprehensive developmental scales assess all areas of  
infant and child development and are well suited for mul-
tidisciplinary and area assessment teams. Developmental 
areas assessed include physical, cognitive, communication, 
social-emotional, and adaptive language, complying with 
Part C of  Individuals with Disabilities Education Act (IDEA) 
regulations for service eligibility for early intervention and 
special education services.60

Bayley Scales of  Infant and Toddler Development—
Third Edition
The Bayley Scales of  Infant and Toddler Development—
Third Edition (Bayley-III)  is  a revision of  the 
BSID-II.61,62 The revision was conducted to improve the 
quality and to enhance the utility of  the Bayley Scales and 
had several major goals: (1) update the normative data, 
(2)  develop 5 distinct scales, (3) strengthen the psycho-
metric quality of  the instrument, (4) improve the clinical 
utility of  the instrument, (5) simplify administration proce-
dures, (6) update item administration, (7) update the stim-
ulus materials, and (8) maintain the basic qualities of  the 
Bayley Scales, as envisioned by its author, Nancy Bayley. 
The primary purpose of  the Bayley-III is to identify chil-
dren with developmental delay and provide information 
for  intervention planning.

TesT meAsures AnD TArgeT PoPulATIon The  Bayley-III 
assesses infant and toddler development across f ive 
domains: Cognitive, Language, Motor, Social-Emotional, 
and Adaptive. The Cognitive, Language, and Motor 
domains are assessed directly through item administration 
to the child, whereas the Social-Emotional and Adaptive 
domains are assessed through caregiver questionnaire. 
Additionally, at the conclusion of  testing, the clinician and 
caregiver complete the Behavior Observation Inventory 
to assess whether the child’s testing performance is typi-
cal of  his or her ability. The Bayley-III is individually 



  CHAPTER 3    Assessment AnD testing of infAnt AnD ChilD Development  83

FIGURE 3.4 Recording form for the eight subtests of the Bruininks-Oseretsky Test of Motor Proficiency. (Adapted figures from 
the Bruininks-Oseretsky Test of Motor Proficiency, Second Edition [BOT-2]. Copyright 2005 NCS Pearson, Inc. Reproduced with 
 permission. All rights reserved. “BOT” is a trademark, in the U.S. and/or other countries, of Pearson Education Inc. or its affiliates.)
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Scoring and Interpretation The Bayley-III Record Form 
is used to record the scores for each item in the Cognitive 
Scale and the Receptive and Expressive Communication, 
Fine Motor, and Gross Motor subtests. If  the child meets 
the scoring criteria for the particular item, the examiner cir-
cles “1,” and if  the child does not meet the criteria, a “0” is 
circled. The raw scores for each subtest are summed (Total 
Raw Score) and then converted to Scaled Scores, Composite 
Scores, Percentile Rank, and Confidence Intervals using 
tables provided in the manual. Discrepancy comparisons 
may be completed to determine whether the differences 
between subtests are statistically significant (critical values) 
and how frequently the discrepancy occurred in the stan-
dardization sample (base rates). The Adaptive Behavior and 
Social-Emotional Scales are completed by the caregiver, and 
behavior frequencies are summed for a Total Raw Score. The 
Behavior Observation Inventory is completed after testing is 
concluded.

To facilitate interpretation, the Scaled Scores and 
Composite Scores can be plotted on the Scaled Score 
Profile or Composite Score Profile graphs. Scaled Scores 
range from 1 to 19, with a mean of  10 and an SD of  3. The 
Composite Scores range from 40 to 160, with a mean of  100 
and an SD of  15.

relIAbIlITy AnD VAlIDITy The overall reliability coef-
f icients of  the Bayley-III subtests range include 0.86 
(Fine Motor), 0.87 (Receptive Communication), and 0.91 
(Cognitive, Expressive Communication, and Gross Motor).61 
According to the authors, the reliability coefficients for 
the Cognitive Scale are comparable to those of  the Mental 
Developmental Index of  the BSID-II. The reliability coeffi-
cients for the composite scales are higher at 0.93 (Language 
Composite) and 0.92 (Motor Composite).

Content validity of  the Bayley-III was established by 
comprehensive literature and expert reviews resulting new 
items and subtests to improve content and relevance. The 
Bayley-III assesses a broad spectrum of  tasks for the entire 
age range with relevance to the constructs being mea-
sured.61 Correlation studies were conducted between the 
Bayley-III and the PDMS-2 on a sample of  81 children aged 
2 to 42 months. The authors report very little difference 
between the means of  the Bayley-III composites and the 
PDMS-2 quotients. The highest correlations were between 
the Fine Motor subtest and the Fine Motor Quotient (r = 
0.59) and between the Gross Motor subtest and the Gross 
Motor Quotient (r = 0.57). More recently, Connolly et al. 
reported concurrent validity between the Bayley-III and 
the PDMS-2 with moderate to very high correlation for all 
groups between the Bayley-III Composite Scores and the 
PDMS-2 Total Motor Quotient Scores.66 Evidence of  valid-
ity through clinical utility studies among special group stud-
ies is also reported.

ADVAnTAges The Bayley-III is the product of  decades of  
research in infant and child development. The five distinct 

administered to infants and children between 1 month and 
42 months of  age.

TesT ConsTruCTIon AnD sTAnDArDIzATIon The original 
BSID was derived from several infant and child developmental 
scales and a broad cross-section of  infant and child research.63 
The creation of  items for the Bayley-III was based on devel-
opmental research and theory that identifies behaviors typical 
for normal development in young children. Item adminis-
tration for all three of  the Bayley Scales (BSID, BSID-II, and 
Bayley-III) occurs in a modified power sequence; that is, 
items are typically ordered according to their degree of  diffi-
culty. The BSID-II contained three scales: Mental, Motor, and 
Behavior rating. The creation of  a separate Language Scale 
for the Bayley-III reduced the number of  items within the 
BSID-II Mental Scale, allowing expansion of  cognitive con-
cepts and constructs to be assessed in the Bayley-III Cognitive 
Scale. The normative information in the Bayley-III is based 
on a national standardization sample representative of  the 
U.S. population for infants 1 month through 42 months of  
age. The sample included 1,700 children divided into 17 age 
groups composed of  100 participants. Stratification along 
parent education level, race/ethnicity, and geographic region 
was completed for the normative sample.

TesT FormAT
Type The test is norm-referenced. Information is obtained 
by direct observation and interaction with the child.

Content The Bayley-III contains the following scales: 
(1)  Cognitive-items assess sensorimotor development, ex-
ploration and manipulation, object relatedness, concept 
formation, memory, and other aspects of  cognitive func-
tioning; (2)  Language-items assess receptive and expressive 
communication; (3) Motor-items assess fine motor and gross 
motor skills; (4) Social-Emotional-items assess social and 
emotional milestones in children based on the Greenspan 
Social-Emotional Growth Chart: A Screening Questionnaire 
for Infants and Young Children; and (5) Adaptive Behavior-
items assess adaptive skill functioning in daily life based 
on Adaptive Behavior Assessment System, Second Edition 
(Display 3.1).64,65

Administration The time required for administration of  
the Bayley-III varies with test familiarity, specific strengths 
and limitations of  the child, and test session behavior. For 
children aged 12 months and younger, administration time 
is approximately 50 minutes for the entire battery. For chil-
dren 13 months and older, the total administration time is 
90   minutes. Based on an age-specific start point, the child 
must receive a score of  1 on the first three consecutive items 
to move forward (basal level). If  the child scores a 0 on the 
first age-specific item, the examiner goes to previous age- 
specific item and applies the same rule. The test is discontin-
ued for the particular scale when the child receives scores of  
0 for five consecutive items (ceiling level).
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DIsADVAnTAges The time to administer the assessment 
is lengthy, and can be difficult to complete in many health 
care settings. Concerns of  underestimation of  developmen-
tal delay by the Bayley-III was reported in a cohort study of  
2-year-old children born extremely preterm/extremely low 

scales are designed to meet federal and state guidelines for 
early childhood assessment. The psychometric qualities 
and clinical utility have improved with the newest revision, 
while maintaining the basic qualities of  the earlier Bayley 
Scales.

Adaptive Behavior
•	 Communication
•	 Community	use
•	 Functional	preacademics
•	 Home	living
•	 Health	and	safety
•	 Leisure
•	 Self-care
•	 Self-direction
•	 Social
•	 Motor

Cognitive
•	 Sensorimotor	development
•	 Exploration	and	manipulation
•	 Object	relatedness
•	 Concept	formation
•	 Memory
•	 Habituation
•	 Visual	acuity
•	 Visual	preference
•	 Object	permanence
•	 Plus	other	aspects	of	cognitive	processing

Items measure age-appropriate skills including:

•	 Counting	(with	one-to-one	correspondence	and	cardinality)
•	 Visual	and	tactile	exploration
•	 Object	assembly
•	 Puzzle	board	completion
•	 Matching	colors
•	 Comparing	masses
•	 Representational	and	pretend	play
•	 Discriminating	patterns

Language
Expressive communication
Assesses preverbal communications such as:

•	 Babbling
•	 Gesturing
•	 Joint	referencing
•	 Turn	taking
•	 Vocabulary	development	such	as	naming	objects,	pictures,	 

and actions
•	 Morpho-syntactic	development	such	as	use	of	two-word	

 utterances and use of plurals and verb tense

Receptive communication
Assesses preverbal behaviors and vocabulary development such as:

•	 The	ability	to	identify	objects	and	pictures	that	are	referenced
•	 Vocabulary	related	to	morphological	development	such	as	

 pronouns and prepositions
•	 Understanding	of	morphological	markers	such	as	plurals	and	

tense markings

Motor
Fine motor
Fine motor skills associated with:

•	 Prehension
•	 Perceptual–motor	integration
•	 Motor	planning
•	 Motor	speed

Items measure age-appropriate skills including:

•	 Visual	tracking
•	 Reaching
•	 Object	manipulation
•	 Grasping
•	 Children’s	quality	of	movement
•	 Functional	hand	skills
•	 Responses	to	tactile	information	 

(sensory integration)

Gross motor
Items assess:

•	 Static	positioning	(e.g.,	head	control,	sitting,	standing)
•	 Dynamic	movement	including	locomotion	(crawling,	 

walking, running, jumping, walking up and down stairs)
•	 Quality	of	movement	(coordination	when	standing	up,	 

walking, kicking)
•	 Balance
•	 Motor	planning
•	 Perceptual–motor	integration	 

(e.g., imitating postures)

Social-Emotional
•	 Determines	the	mastery	of	early	capacities	of	 

social-emotional growth
•	 Monitors	healthy	social	and	emotional	functioning
•	 Monitors	progress	in	early	intervention	programs
•	 Detects	deficits	or	problems	with	developmental	social-	

emotional capacities

BAYLEY-III Items to be Tested

DIsPlAy

3.1

List of assessment area domains and sub-domains from the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III). Copyright © 2006 NCS 
Pearson, Inc. Reproduced with permission. All rights reserved. “Bayley Scales of Infant and Toddler Development” is a trademark, in the US and/or other  countries, of 
Pearson Education, Inc. or its affiliates(s).
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Administration The BDI-2 contains three administration 
procedures: structured test, observation, and parent in-
terview. Instructions are provided for determining which 
procedure is best for each item. This administration flex-
ibility is useful when an item may be difficult to assess dur-
ing the testing procedure or if  a child refuses to participate. 
Additional descriptions of  test-accommodation procedures 
for children with various impairments and disabilities are 
provided in the manual. The complete BDI-2 can be admin-
istered in 60 to 90 minutes, and 10 to 30 minutes for the 
Screening Test.

Scoring/Interpretation The BDI-2 can be hand scored 
or scored with optional scoring software, BDI-2 Data 
ManagerTM. The child’s performance is scored based on 
standardized  criteria using a simple three-point scoring sys-
tem (2 = milestone achieved, 1 = milestone emerging, 0 = 
 milestone not achieved). At the subdomain level, norm-refer-
enced scores are provided (scaled scores with a mean of  10; 
SD = 3; score range, 1 to 19). The subdomain scores combine 
to form the five BDI-2 domain scores and the overall BDI-2 
Developmental Quotient (standard scores with a mean of  
100, SD = 15, score range from 40 to 160). Percentiles and 
Confidence Intervals are provided for the domain scores 
and Developmental Quotient. Additionally, age-equivalent 
tables are provided. The BDI-2 Data Manager Software pro-
vides consistency in determining raw score totals and norm- 
referenced scores. Narrative reports can be generated for 
parents and professionals, as well as score reports and aggre-
gate reports for program evaluation purposes.

relIAbIlITy AnD VAlIDITy Overall test score reliability is 
 reported in the manual at 0.99.69 Internal consistency using 
the split-half  method is reported as reliabilities across ages. 
Reliabilities on domains averaged 0.90 to 0.96, and 0.85 to 
0.95 on subdomains. Concurrent and criterion validity was 
obtained with the original BDI, BSID-II, WJIII, Denver II, 
PLS-4, Vineland SEEC, and WPPSI-III. The BDI-2 exceeds 
the recommended level of  accuracy for testing (0.75) with 
a sensitivity of  0.83 and a specificity of  0.85. Spies et al. 
 assessed the use of  the BDI-2 as an early screener for autism 
spectrum disorders and reported high sensitivity (0.94) with 
a determined cut-off  score of  96 (1.5 SD from the mean of  
the autism spectrum disorders group).70

ADVAnTAges/DIsADVAnTAges The BDI-2 has a flexible 
framework for gathering information and can be used by 
multiple providers. Specific guidelines for providers work-
ing with children with developmental disabilities assists in 
assessment administration, and the inclusion of  a screening 
test is beneficial in settings with time constraints. The three-
point scoring system of  0, 1, and 2 accounts for emerging 
and developing skills. The time required to administer the 
complete battery of  items is a limitation, and providers may 
have difficulty scoring the test when there is disagreement 
between observation and interview data.

birth weight and those carried to term.67 The authors urge 
caution in interpreting Bayley-III Scores for high-risk chil-
dren in the absence of  appropriate control groups.

Battelle Developmental Inventory—Second Edition
The Battelle Developmental Inventory—Second Edition 
(BDI-2) (published in 2005) is a comprehensive developmen-
tal assessment for children used to measure development in 
children with and without disabilities, to screen for children 
at risk for developmental delay, and to assist in development 
of  individualized family service plans and individualized 
education plans.5 It may be administered by a team of  health 
care professionals or by an individual provider.

TesT meAsures AnD TArgeT PoPulATIon The BDI-2 
measures development in five domains: Adaptive, Personal-
Social, Communication, Motor, and Cognitive. Each 
domain contains subdomains whose entry points in the 
test are determined by age or estimated ability of  the child. 
The BDI-2 is appropriate for children from birth to 7 years, 
11 months. The BDI-2 Screening Test is also available, con-
sisting of  a subset of  items from the BDI-2 item pool.

TesT ConsTruCTIon AnD sTAnDArDIzATIon The origi-
nal BDI, developed in 1984, has been used for determin-
ing children’s eligibility for services as well as measuring 
change longitudinally in program-based studies, particu-
larly for its assessment in the five domains of  development 
listed in Part C of  Individuals with Disabilities Education 
Act.68 The BDI-2 is the result of  a 5-year development pro-
cess including updating of  test items, refining the scoring 
criteria, revising the domain/subdomain structure, and 
new normative sampling. The new edition features color-
ful items and child-friendly manipulatives for all ages, new 
comprehensive norms, clear, scripted interview items with 
follow-up probes, computed or hand-scored processing, 
flexible administration, and an expanded range of  items 
for all ages. The skills comprising the 450 test items were 
chosen based on their relationship to functional life skills 
and ability to be impacted by educational intervention. 
Normative data were collected on 2,500 children from 
birth to 7 years, 11 months, closely matching the 2000 U.S. 
Census.

TesT FormAT
Type The BDI-2 is a norm-referenced and criterion- referenced 
comprehensive developmental assessment.

Content The five domains with subdomains include 
(1)  Adaptive: Personal Responsibility and Self-care; 
(2)  Personal-Social: Adult Interaction, Self-Concept and 
Social Growth, and Peer Interaction; (3) Motor: Fine Motor, 
Gross Motor, and Perceptual Motor; (4) Communication: 
Expressive and Receptive; and (5) Cognitive: Perceptual 
Discrimination/Conceptual Development, Reasoning and 
Academic Skills, and Attention and Memory.
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adaptive equipment; and they incorporate developmental 
stages of  functional skill attainment.74 Functional assess-
ments give pediatric physical therapists information on 
how a child’s disability or movement disorder impacts task 
requirements of  daily-life routines.

Pediatric Evaluation of  Disability Inventory
The Pediatric Evaluation of  Disability Inventory (PEDI) is 
a comprehensive clinical assessment of  functional capabili-
ties as well as performance in children between the ages of  
6 months and 7.5 years.75 The PEDI is intended to be used 
as an instrument to detect functional deficits or delays, as 
an evaluative instrument to monitor progress in pediatric 
rehabilitation programs, and/or as an outcome measure for 
program evaluation, either in pediatric rehabilitation setting 
or in an educational setting.

TesT meAsures AnD TArgeT PoPulATIon The PEDI 
measures both the capability and performance of  functional 
activities in three content domains: (1) self-care, (2) mobility, 
and (3) social function. Capability is measured by the iden-
tification of  functional skills for which the child has demon-
strated mastery and competence (Display 3.2).

Functional performance is measured by the level of  care-
giver assistance and environmental modifications needed to 
accomplish major functional activities.

The PEDI is designed to assess children ranging in age 
from 6 months to 7.5 years. Although the PEDI was created 

Assessment of Functional Capabilities

Functional assessments examine what the child does in 
the context of  daily life across multiple domains. What a 
child actually does in the community may be entirely dif-
ferent from their physical capability to perform the activity. 
It is important, therefore, to assess functional performance 
as well as functional capacity. Functional assessments are 
often grounded in a similar conceptual framework as the 
World Health Organization’s International Classification of  
Functioning, Disability and Health (ICF).71,72 The approach 
is to assess the child’s participation in daily routines, the 
activities performed, and the environmental and personal 
factors that contribute to the child’s daily function.

According to Haley, the concept of  disability and func-
tional assessment incorporates the following key concepts:

 1. A child may have serious motor impairments that are 
not always reflected by the level of  functional limitation 
or disability.

 2. Functional deficits may or may not lead to a restriction 
in social activities and important childhood roles.

 3. Environmental factors, family expectations, and con-
textual elements of  functional task requirements play 
an important role in the eventual level of  disability and 
handicap of  the child.73

Comprehensive functional assessment instruments con-
tain mobility, transfer, self-care, and social function items; 
they include measurement dimensions of  assistance and 

Self-care Domain Mobility Domain Social Function Domain

Types of food textures Toilet transfers Comprehension of word meaning

Use of utensils Chair/wheelchair transfers Comprehension of sentence complexity

Use of drinking containers Car transfers Functional use of expressive communication

Toothbrushing Bed mobility/transfers Complexity of expressive communication

Hairbrushing Tub transfers Problem resolution

Nose care Method of indoor locomotion Social interactive play

Handwashing Distance/speed indoors Peer interactions

Washing body and face Pulls/carries objects Self-information

Pullover/front-opening garments Method of outdoor locomotion Time orientation

Fasteners Distance/speed outdoors Household chores

Pants Outdoor surfaces Self-protection

Shoes/socks Upstairs Community function

Toileting tasks Downstairs

Management of bladder
Management of bowel

Used	with	permission	from	Haley	SM,	Coster	WJ,	Ludlow	LH,	et	al.	Pediatric Evaluation of Disability Inventory (PEDI): Development,  Standardization and 
Administration Manual.	Boston,	MA:	New	England	Medical	Center	Hospital	and	PEDI	Research	Group;	1992:13.

Functional Skills Content of the PEDI
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the type and extent of  environmental modifications the child 
depends on to support functional performance.

Administration The PEDI can be administered by clinicians 
and educators who are familiar with the child or by structured 
interview of  the parent. The PEDI’s focus on typical perfor-
mance requires the respondent to have had the opportunity 
to observe the child on several different occasions in order to 
gain an accurate picture of  the child’s typical performance. 
Administration through parent report will require 45 to 
60 minutes. Administration guidelines, criteria for scoring each 
item, and examples are provided in the accompanying manual. 
Examiners should have knowledge about the item criteria used 
in the instrument and the methods employed in determining 
the child’s level of  assistance though specific training.

Scoring Items within the Functional Skills Scale are scored 
either a 1 (has capability) or a 0 (unable or has not demon-
strated capability) for each of  the content areas. Items within 
the Caregiver Assistance Scale are scored on a six-point rat-
ing scale from 0 (Total Assistance) to 5 (Independent), and 
the Modifications Scale is rated using a four-category scale 
from No Modifications to Extensive Modifications.

Scores are recorded in a booklet that also contains a sum-
mary score sheet that is used to construct a profile of  the 
child’s performance across the different domains and scales. 
A summary of  rating criteria for the three sets of  measure-
ment scales is provided in Display 3.3.

Interpretation Raw scores are summed and transformed 
into two types of  summary scores: normative standard scores 
and scaled scores. Separate summary scores are  calculated for 
Functional Skills and for Caregiver Assistance in each of  the 
three domains, thus yielding six normative standard scores 
and six-scaled scores. Normative standard scores  provide a 
measure of  the child’s overall functional performance relative 
to age-related peers. Scores are interpreted relative to a mean 
of  50, with an SD of  10. Scaled scores, distributed along a scale 
from 0 to 100, describe where the child’s performance falls 
relative to the maximum possible score on the PEDI. Scaled 
scores are not adjusted for age and, therefore, can be used to 

and standardized for the evaluation of  young children, it can 
be used to evaluate older children whose functional abilities 
fall below those expected of  7.5-year-old children with no 
disabilities.

TesT ConsTruCTIon AnD sTAnDArDIzATIon Content 
and measurement scales for the PEDI underwent numerous 
revisions prior to the publication of  the final version. Initial 
content was based on the available literature, previous func-
tional and adaptive tests, and the clinical experience of  the 
authors and consultant involved. A Development Edition 
was field-tested on more than 60 handicapped children and 
their families. The scales’ comprehensiveness and repre-
sentativeness of  content was evaluated by external content 
experts. Revisions based on the field testing and the content 
validity study were then incorporated into the final PEDI 
items to establish the Standardization Version.

Normative data for the PEDI were gathered from May 
1990 to June 1991 from 412 children and families distributed 
throughout Massachusetts, Connecticut, and New York. 
This sample from the Northeast region closely approxi-
mated most of  the demographic characteristics of  the 
U.S. population as defined by the 1980 U.S. Census data. 
Additionally, three groups of  children, totalling 102, with 
disabilities, made up clinical samples for validation purposes.

TesT FormAT
Type The PEDI can be used for both discriminative pur-
poses such as determination of  eligibility for intervention 
services (with norm-referenced standard scores) as well as 
evaluative purposes such as determining change following 
intervention (with criterion-referenced scores).72

Content The content areas of  self-care, mobility, and  social 
function are assessed through three sets of  measurement scales: 
Functional Skills, Caregiver Assistance, and Modifications. 
The Functional Skills Scales were designed to reflect mean-
ingful functional units within a given activity. The Caregiver 
Assistance Scales measure disability of   children with respect 
to the amount of  help they need to carry out functional activi-
ties. The Modifications section provides a frequency count of  

Part I: Functional Skills Part II: Caregiver Assistance Part III: Modification

(197	discrete	items	of	functional	skills)
Self-care, Mobility, Social function
0 = unable, or limited in capability to perform item  
in most situations
1 = capable of performing item in most situations,  
or item has been previously mastered and functional 
skills have progressed beyond this level

(20 complex functional activities)  
Self-care, Mobility, Social function
5 = Independent
4 = Supervise/Prompt/Monitor
3	= Minimal Assistance
2 = Moderate Assistance
1 = Maximal Assistance
0 = Total Assistance

(20 complex functional activities)
Self-care, Mobility, Social function
N = No Modifications
C =	Child	oriented	(nonspecialized)
R = Rehabilitation Equipment
E = Extensive Modifications

Used	with	permission	from	Haley	SM,	Coster	WJ,	Ludlow	LH,	et	al.	Pediatric Evaluation of Disability Inventory (PEDI): Development,  Standardization and 
Administration Manual.	Boston,	MA:	New	England	Medical	Center	Hospital	and	PEDI	Research	Group;	1992:16.

Rating Criteria for the Three Types of Measurement Scales
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from an item bank of  276 activities, measuring function in 
four domains: (1) Daily Activities, (2) Mobility, (3) Social/
Cognitive, and (4) Responsibility. The revisions to the original 
PEDI include (1) new items extending the functional content 
assessed in self-care, mobility, and social functioning domains; 
(2) new 4-point difficulty scale replacing the dichotomous 
capable/unable scale; (3) addition of  illustrations for self-care 
and mobility items; (4) replacement of  Caregiver Assistance 
section with a new “Responsibility” section; and (5) cre-
ation of  a CAT platform for content administration in each 
domain.72 The CAT platform allows items to be administered 
based on previous responses, thus avoiding irrelevant items 
or items too easy or difficult for the child. Item administra-
tion begins in the middle range of  difficulty or responsibility, 
and the response to that item dictates which item will appear 
next (easier or harder item).With the administration of  sub-
sequent items, the score is reestimated and either the assess-
ment ends if  a “stopping” rule has been satisfied or continues 
on with new items until the “stopping” rule has been met. 
The PEDI-CAT software then calculates and displays results, 
including an item map, age percentiles, and standard scores.81

Each of  the PEDI-CAT domains is self-contained and can 
be administered individually or in a combination appropriate 
for assessment of  the child. The level of  difficulty for each 
domain is measured using a 4-point response scale: easy, a 
little hard, hard, and unable. The newest PEDI-CAT domain, 
Responsibility, measures the extent to which the individual or 
caregiver takes responsibility for performing complex, multi-
step tasks or life skills. The current PEDI – CAT website pro-
vides very helpful descriptions of  the various domains, scoring, 
and recent publications regarding this computer-assisted test. 
www.pedicat.com/category/home - accessed 12/16/13.

Currently, two versions of  the PEDI-CAT exist: the 
“Speedy-CAT,” which requires only 15 or fewer items per 
domain to be administered, and the “Content-Balanced 
CAT,” which includes approximately 30 items per domain 
with a balance of  item content within each domain.82 
Concurrent validity and reliability of  the PEDI-CAT mobil-
ity domain with the original PEDI Functional Skills Mobility 
Scale was investigated by Dumas et al.82 Strong correlations 
between scaled scores (r = 0.82; p < 0.001) indicated strong 
agreement between the PEDI-CAT and the original PEDI, 
supporting concurrent validity. Intraclass correlation coeffi-
cients ranged from 0.3390 to 1.000, and agreement results 
ranged from 60% to 100% for eight items measured. Both 
assessment tools identified children with limitations with 
functional mobility, with the PEDI-CAT identifying a larger 
percentage of  older children with functional limitations.

Functional Independence Measure for Children
The Functional Independence Measure for Children 
(WeeFIM) is the pediatric adaptation of  the Functional 
Independence Measur (FIM) for adults of  the Uniform Data 
System for Medical Rehabilitation (UDS).83 The WeeFIM 
measures function in a developmental context and is 
intended to help monitor children with disabilities as they 

describe the functional status of  children of  all ages. In addi-
tion, frequency totals of  the four levels of  modifications can 
be calculated. These totals provide descriptive information on 
the frequency and the degree of  modifications a child uses.

relIAbIlITy AnD VAlIDITy The internal consistency reliabil-
ity coefficients obtained from the normative sample range 
between 0.95 and 0.99. Interinterviewer reliability in the nor-
mative sample was very high (ICCs = 0.96 to 0.99) for the 
Caregiver Assistance Scales. Agreement on Modifications was 
also quite high, except for Social Function, where it was still 
adequate (ICC = 0.79).75 Berg et al. investigated reliability of  
the Norwegian translation of  the PEDI when administered 
to parents by an occupational therapist, physical therapists, 
or kindergarten teacher in typically developing children. 
Inter- and intrarater reliability was excellent with ICCs from 
0.95 to 0.99.76 Discrepancy between the different interviews 
was highest between parents and kindergarten teachers, with 
interrespondent reliability (ICC) from 0.64 to 0.74.

Content validity was examined using a panel of  
31 experts to validate and confirm the functional content 
of  the PEDI.77 Data related to construct validity and con-
current validity indicate that the PEDI is a valid measure of  
pediatric function.78 Preliminary data also support the dis-
criminant and evaluative validity of  the PEDI.75 Concurrent 
validity between the WeeFim and the PEDI was investigated 
in children with developmental disabilities or acquired brain 
injuries.79 The two tests were determined to measure similar 
constructs, with Spearman correlation coefficients greater 
than 0.88 for self-care, transportation/locomotion, and com-
munication/social function.

ADVAnTAges AnD DIsADVAnTAges The PEDI represents 
a standardized clinical instrument for pediatric functional 
assessment. Rigorous methodology during its development 
has resulted in an instrument that is both valid and reliable. 
As the PEDI examines motor and self-care function, as well 
as participation (in the social function domain), it reflects 
the International Classification of  Functioning, Disability, 
and Health domains of  activity and participation.51 In addi-
tion, the PEDI is an outcome measure that assesses the 
effect of  a condition on a child in terms of  his or her func-
tion across different domains, thus relating to how it affects 
his or her everyday life. Critiques from PEDI users include 
long administration time, small age range for normative 
values, translation issues, cultural differences in valued and 
important functional activities, and differing parental expec-
tations for a child’s developmental progression.72 As the 
PEDI items are concentrated at the easier end of  the func-
tional continuum, it may not be ideal for older children or 
those with less severe disabilities.80

reCenT reseArCH The Pediatric Evaluation of  Disability 
Inventory—Computer Adaptive Test (PEDI-CAT) is a full 
revision of  the PEDI based on years of  experience, feedback, 
and formal research with the original PEDI.81,82 The PEDI-
CAT utilizes preinstalled software to estimate a child’s abilities 

http://www.pedicat.com/category/home
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Interpretation The WeeFIM measures functional abilities 
and the “need for assistance” associated with varying levels 
of  disability in children. The scores obtained are utilized as 
baseline descriptive clinical assessments of  severity, assist in 
selection of  treatment goals and evaluation of  treatment, 
and aid in identifying the child and family’s need for support. 
It is designed to track functional status and outcomes over 
time both in preschool years and in the early elementary 
school years.

grow into adults who function at a maximum level of  inde-
pendence. The WeeFIM-II system includes the WeeFIM 
instrument, the WeeFIM instrument 0–3 Module, and an 
Internet-based software application with a report generator 
and quarterly aggregate reports.84

TesT meAsures AnD TArgeT PoPulATIon The latest 
revision of  the WeeFIM consists of  18 items within three  
domains—Self-care, Mobility, and Cognition—and is 
designed for use with children between the ages of  6 months 
and 7 years, but may be used with older children with devel-
opmental disabilities and mental ages less than 7 years.82 
The WeeFIM is a measure of  disability, not impairment, and 
is intended to measure what a child with a disability actually 
does, not what they ought to be able to do or might be able 
to do if  circumstances were different. The WeeFIM contains 
a minimum number of  items and is designed to be useful 
across disciplines by trained clinicians.

TesT ConsTruCTIon AnD sTAnDArDIzATIon The 
WeeFIM was built on the organizational format of  the FIM 
for adults and developed as a collaboration among an inter-
disciplinary team who reviewed gross motor, fine motor, 
receptive and expressive language, adaptive, cognitive, and 
educational instruments.85 A normative sample of  417 chil-
dren, aged 6 months to 8 years, without developmental delays 
was studied by Msall et al. A significant correlation was found 
between the age of  the child in months and the total WeeFIM 
scores for children aged 2 to 5 years (n = 222, r = 0.80, 
p < 0.01).85 Normative values for the WeeFIM are presented 
in the manual in 3-month intervals, with the first group-
ing from 5 to 7 months and the last grouping for children 
83 months and older. Because the WeeFIM total ratings tend 
to flatten beyond 83 months at a total rating of  120, there is 
no additional breakdown provided beyond this age range.84

TesT FormAT
Type The test is criterion based and is a descriptive measure 
of  the caregiver and special resources that are required be-
cause of  functional limitations.

Content The test consists of  three domains: Self-care (eight 
items), Mobility (five items), and Cognition (five items) 
(Display 3.4).

Administration/Scoring Assessment using the WeeFIM 
should be based on direct observation of  the child. If  direct 
observation is not possible, assessments may be completed 
by interviewing parents or caregivers who are familiar with 
the child’s everyday activities. Each of  the 18 items to assess 
the child’s function is rated on a seven-level ordinal scale, 
from (1) total dependence to (7) complete independence 
(Display 3.5).

The manual describes each of  these levels as a general 
overview of  the ratings and also provides specific guidelines 
for applying the levels scale for each of  the 18 items.

Self-care
 1. Eating
	 2.	 Grooming
	 3.	 Bathing
 4. Dressing—upper body
 5. Dressing—lower body
 6. Toileting
	 7.	 Bladder	management
 8. Bowel management

Mobility
	 9.	 Transfer	chair,	wheelchair
 10. Transfer toilet
 11. Transfer tub/shower
 12. Crawl/walk/wheelchair
	13.	 Stairs

Cognition
 14. Comprehension
 15. Expression
 16. Social interaction
	17.	 Problem	solving
 18. Memory

WeeFIM Domains

DIsPlAy
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No Helper
7	= Complete independence (timely, safely)

6 = Modified independence (device needed)

Helper

Modified Dependence
5 = Supervision

4 = Minimal assist (child =	75%–99%)

3	= Moderate assist (child =	50%–74%)

Complete Dependence
2 = Maximal assistance (child =	25%–49%)

1 = Total assistance (child =	0%–24%)

Levels of Function for the WeeFIM

DIsPlAy
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Content The SFA consists of  three sections: Participation, 
Task Supports, and Activity Performance.89,92 Participation 
is measured in six school activity settings: general or spe-
cial education classrooms, playground, transportation to/
from school, bathroom, transitions to/from class, and 
mealtimes. The Task Support section measures adaptations 
made and assistance given to the individual during school-
related  functions. The four scales in this section include 
Physical Task Support–Assistance, Physical Task Support–
Adaptations, Cognitive/Behavioral Task Support–Assistance, 
and Cognitive/Behavioral Task Support–Adaptations. The 
Activity Performance section contains two major catego-
ries: Physical Tasks and Cognitive/Behavioral Tasks, mea-
suring performance in school-related functional activities 
such as following school rules, using school materials, and 
 communicating needs.

Administration/Scoring In the Participation section, a six-
point rating system (1 = participation is extremely limited to 
6 = full participation) is used for each of  the six school ac-
tivity settings to indicate whether the student’s participation 
is similar to that of  an age-related/grade peer. In the Task 
Supports section, a 4-point rating system (1 = extensive assis-
tance/adaptation to 4 = no assistance/adaptation) is used to 
examine the extent of  assistance and adaptations provided to 
the student. In the Activity Performance Section, the activities 
are rated on a four-point scale (1 = does not perform to 4 = 
consistent performance) with specific criteria defining per-
formance. The raw scores for each section are converted to 
criterion scores on a 1 to 100 continuum using scoring tables 
provided in the SFA manual.89 Criterion scores are then com-
pared with criterion cut-off scores. Detailed guidelines for 
completion of  the assessment are provided in the SFA Rating 
Scale Guide and the Record Form (Fig 3.5).

Interpretation Criterion scores are interpreted as a mea-
sure of  the student’s current functional performance relative 
to the overall participation, need for services, or functional 
performance represented in each particular scale. A score of  
100 represents a criterion of  full grade-appropriate function-
ing in a particular area. To identify when a student’s perfor-
mance is below what is expected of  his or her same-grade 
peers, the criterion scores are compared with the criterion 
cut-off  scores. The criterion cut-off  scores were derived from 
the sample of  students in regular education programs. Five 
percent or fewer from this population would be expected to 
have scores below these cut-off  points.91

relIAbIlITy AnD VAlIDITy Test–retest reliability esti-
mates reported in the SFA manual ranges from r = 0.90 to 
r = 0.98 and internal consistency measure estimates 
(Cronbach’s α) range from α = 0.95 to 0.98.89 Validity stud-
ies evaluating content were conducted during the devel-
opment of  the SFA. The SFA was determined to contain 
items that were both relevant and distinct among different 
levels of  function and is both a comprehensive and relevant 

relIAbIlITy AnD VAlIDITy Test–retest and interrater reliabil-
ity for the total WeeFIM are 0.99 and 0.95, respectively.86,87 Data 
related to construct and discriminative validity indicate that the 
WeeFIM is a valid measure of  disability related to functional 
independence.88 Concurrent validity between WeeFIM and 
PEDI was reported by Ziviani et al., with Spearman correla-
tion coefficients greater than 0.88 for self-care, transportation/
locomotion, and communication/social function, indicating 
that the two tests measure similar constructs.79

ADVAnTAges AnD DIsADVAnTAges The WeeFIM has a 
short administration time from 10 to 15 minutes, and is use-
ful for communicating a child’s ability to cope with daily 
living tasks in a common language among health care pro-
viders. Use of  the WeeFIM does require a subscription fee, 
and if  institutions subscribe to a test database, accreditation 
of  users is required. Information necessary for guiding clini-
cal decision making may be difficult to extract from docu-
mentation of  caregiver assistance alone.

School Function Assessment
The School Function Assessment (SFA) was developed by 
Coster, Deeney, Haltiwanger, and Haley in response to the 
need for an effective functional performance measure for 
children attending elementary school.89 A reliable and valid 
assessment tool specific to the student’s needs and abilities 
and performance within the school environment is neces-
sary for effective evaluation and service planning.

TesT meAsures AnD TArgeT PoPulATIon The SFA 
measures a student’s performance of  functional tasks 
which support participation in academic and social 
school-related activities for students in kindergarten 
through Grade 6. The SFA permits students with disabili-
ties to use alternative methods to accomplish functional 
tasks, recognizing that function is defined primarily by 
what an individual is able to do.

TesT ConsTruCTIon AnD sTAnDArDIzATIon In 2002, 
Burtner et al. reported that the most frequently used assess-
ment tools used in southwest states’ school systems were 
assessments designed to measure only fine and gross motor 
skills.90 In fact, many of  the assessment tools utilized pro-
vide little information about the school-related abilities 
of  the children being evaluated. Thus, the SFA was devel-
oped to fulfill the need for an effective functional assess-
ment of  student’s performance in the context of  the school 
environment. The SFA was standardized on a sample of  
678  students comprising two groups: 363 students with spe-
cial needs and 315 students in regular education programs at 
112 sites in 40 states and Puerto Rico.91

TesT FormAT
Type The SFA is a standardized, criterion-referenced assess-
ment tool.
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FIGURE 3.5 Case	study	form	from	the	School	Function	Assessment	(SFA).	(Copyright	1998	NCS	Pearson,	Inc.	
Reproduced with permission. All rights reserved.)
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TesT meAsures AnD TArgeT PoPulATIon The Peds-QL 
Generic Core Scales is a multidimensional questionnaire, 
measuring health-related quality of  life pertaining to physical, 
emotional, social, and school functioning. Developmentally 
appropriate forms are available for children 2 to 4, 5 to 7, 8 to 
12, and 13 to 18 years of  age. The Peds-QL contains a pedi-
atric self-report for  children 5 to 18 years and a parent proxy 
report for  children 2 to 18 years.

TesT ConsTruCTIon AnD sTAnDArDIzATIon The original 
Peds-QL 1.0 was designed from a pediatric cancer database 
as a generic quality-of-life inventory to be used across multi-
ple pediatric populations. Further advancements in the mea-
surement model, including additional constructs and items 
and a broader age range for child and parent proxy reports, 
led to additional revisions, with the most recent being 
Peds-QL 4.0. The initial field trial for the Peds-QL Generic 
Core scales was administered to 1,677 families (963 child 
self-report; 1,629 parent proxy report) recruited from pediat-
ric health care settings.98

TesT FormAT
Type The Peds-QL is a norm-referenced HRQOL outcome-
measures questionnaire.

Content The Peds-QL contains four multidimensional 
scales: (1) Physical Functioning (8 items), (2) Emotional 
Functioning (5 items), (3) Social Functioning (5 items), and 
(4) School Functioning (5 items) and provides three sum-
mary scores: (1) Total Scale Score (23 items), (2) Physical 
Health Summary Score (8 items), and (3) Psychosocial 
Health Summary Score (15 items) (Fig 3.6).

Administration The Peds-QL Generic Core Scale is pre-
sented to the patient (self-report) or the caregiver (parent 
proxy) to complete, with approximate completion time of  
5 minutes or less. The instructions for the Standard Version 
ask how much of  a problem each item has been in the past 
1 month. An Acute Version is available for the time interval 
of  the past 7 days.

Scoring Response choices for the questions in each scale 
 include (0) never a problem, (1) almost never a problem, 
(2) sometimes a problem, (3) often a problem, and (4) always 
a problem. Items are reverse scored and transformed to a 0- to 
100-point scale (0 = 100, 1 = 75, 2 = 50, 3 = 75, 4 = 0), 
indicating a better health-related quality of  life with higher 
scale scores. To create Scale Scores, the mean is computed 
as the sum of  the items over the number of  items answered. 
The Psychosocial Health Summary Score is the mean com-
puted as the sum of  the items over the number of  items 
answered in the Emotional, Social, and School Scales. The 
Physical Health Summary Score is the same as the Physical 
Functioning Scale Score. The Total Scale Score is the mean 

assessment for students with disabilities in elementary 
school.89 Hwang et al. examined the known-group validity 
of  the SFA comparing scores of  three different groups of  
children (general education students without disabilities, 
students with learning disabilities, and students with cere-
bral palsy).93 Significant differences were found across all 
parts of  the SFA among the three groups of  students sup-
porting validity of  the SFA. Interrater reliability between 
occupational therapists and teachers administering the 
SFA was assessed on 16 students’ ratings. Intraclass corre-
lations demonstrated moderate relationships (ICCs from 
0.68 to 0.73) between teachers and occupational therapists 
ratings.92

ADVAnTAges/DIsADVAnTAges The SFA is based on cur-
rent models of  function and special education legislation, 
with content reflecting the functional requirements of  
elementary school environments utilizing transdisciplinary 
focus and language. The criterion-referenced scales measure 
meaningful functional change, and the separate scales delin-
eate the students’ function in specific performance areas. 
The SFA is useful for prioritizing needs in program planning, 
IEP development, and documenting progress and effects of  
intervention. To complete the entire SFA requires a lengthy 
time commitment up to 1.5 hours, although individual 
scales are reported to be completed in 5 to 10 minutes.

Outcome Measures

Pediatric outcome measures and HRQOL measures are 
used in clinical practice to improve patient–provider com-
munication, improve patient/parent satisfaction, identify 
hidden morbidities, and assist in clinical decision making.94 
The development and utilization of  HRQOL measures has 
increased over the last decade in an effort to improve patient 
health and determine the value of  health care services.95 
The incorporation of  HRQOL measures in clinical practice 
serves as a comprehensive evaluation of  patient functioning 
across multiple life domains and can assist in targeting inter-
ventions based on patient-perceived needs.

Pediatric Quality-of-Life Inventory
The Pediatric Quality-of-Life InventoryTM (Peds-QL) is a 
modular instrument designed to measure health-related 
quality of  life in healthy children and adolescents and those 
with acute and chronic illnesses.96 The 23-item Peds-Q 
Generic Core Scales measure core dimensions of  health as 
delineated by the World Health Organization, as well as 
school functioning. Peds-Q Condition-Specific and Disease-
Specific Modules for asthma, arthritis, cancer, cardiac dis-
ease, cerebral palsy, rheumatology, and diabetes are also 
available for designated clinical populations. New disease-
specific modules continue to be published through MAPI 
Research Trust.97
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FIGURE 3.6 PedsQL	Version	4.0	example	of	Child	Report	(Ages	8-12).	(http://PedsQLTM.pedsql.org/about_pedsql.html)

are composed of 23 items comprimising 4 dimensions.

-   Young Children (ages 5–7)
-   Children (ages 8–12)
-   And Teens (ages 13–18)

The Child and Parent Reports of the PedsQL™ 4.0 Generic Core Scales for:

DESCRIPTION OF THE QUESTIONNAIRE:

SCORING OF DIMENSIONS:

Dimensions
Number of

Items
Cluster of

Items
Reversed
scoring

Direction of Dimensions

Item Scaling

Weighting of
Items
Extension of the
Scoring Scale

Scoring
Procedure

Interpretation
and Analysis
of Missing Data

Higher scores indicate
better HRQOL.

Physical
Functioning
Emotional

Functioning
Social

Functioning
School

Functioning

8

5

5

5

1–8

1–5

1–5

1–5

1–8

1–5

1–5

1–5

5-point Likert scale from 0 (Never) to 4 (Almost always)
3-point scale: 0 (Not at all), 2 (Sometimes) and 4 (A lot) for the Young Child
(ages 5–7) child report

No

Scores are transformed on a scale from 0 to 100.

Step 1: Transform Score

Items are reserved scored and linearly transformed to a 0–100 scale as follows:
0=100, 1=75, 2=50, 3=25, 4=0

Step 2: Calculate Scores
  Score by Dimensions:
  •  If more than 50% of the items in the scale are missing, the scale scores
     should not be computed,
  •  Mean score = Sum of the items over the number of items answered.

Psychosocial Health Summary Score = Sum of the items over the number of
items answered in the Emotional, Social, and School Functioning Scales.

Physical Health Summary Score = Physical Functioning Scale Score

Total Score: Sum of the items over the numbers of items answered on all the
Scales.

If more than 50% of the items in the scale are missing, the Scales Scores should
not be computed.
if 50% or more items are completed: Impute the mean of the completed items in
a scale.

of  the sum of  all items over the number of  items answered 
in all scales.

Interpretation In general, the higher the scores, the better 
the health-related quality of  life. In published studies by the 
Peds-QL author, children in good health have scores around 
83, whereas children in poor health have scores in the mid-
60s to low 70s.99

relIAbIlITy AnD VAlIDITy Internal consistency reli-
ability for the Total Scale Score (α = 0.88 child, 0.90 par-
ent report), Physical Health Summary (α = 0.80 child, 
0.88 parent report), and the Psychosocial Health Summary 
Score (α = 0.83 child, 0.86 parent report) were reported as 
acceptable for group comparisons.100 Construct validity was 
demonstrated using the known-group methods, between 
the Peds-QL 4.0 Generic Core Scales and the Peds-QL 3.0 

http://PedsQLTM.pedsql.org/about_pedsql.html
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testing determined important concepts and domains perti-
nent to pediatric functional health for the patient and parent 
study group. The Child Health Questionnaire (CHQ), a vali-
dated and reliable scale with national norms, was used as a 
benchmark for validity tests and comparisons for sensitivity 
to change. In 2000, the American Academy of  Orthopedic 
Surgeons completed a normative data study for all of  the 
outcome instruments to provide general, healthy popula-
tion scale scores for comparison to patient scores.104 A total 
of  20,631 valid responses were included in the study, provid-
ing an overall confidence interval of  ±3% at a 95% confi-
dence level.

TesT FormAT
Type The PODCI is a norm-referenced functional HRQOL 
outcome-measures questionnaire.

Content The Pediatric Outcomes Questionnaire consists of  
8 scales: (1) Upper Extremity and Physical Function Scale, 
(2) Transfer and Basic Mobility Scale, (3) Sports/Physical 
Functioning Scale, (4) Pain/Comfort Scale, (5) Treatment 
Expectations Scale, (6) Happiness Scale, (7) Satisfaction with 
Symptoms Scale, and (8) Global Functioning Scale. The 
questionnaire contains 86 questions.

Administration The Pediatric Outcomes Questionnaire is 
completed by a parent/guardian who has knowledge of  the 
child’s condition with approximate completion time of  10 to 
20 minutes. Responses to questions are rated on  various 
scales (ranging from 1 to 4, 5, or 6).

Scoring Standardized and normative scores can be calcu-
lated for each patient. The standard score is based on the 
mean of  items in each scale. Although scales may have differ-
ing item values, for scoring purposes, all items are rescaled 
to range from 0 to 5 (i.e., 0 = lowest score possible and 5 = 
maximum score possible). Items comprising a given scale 
are then averaged over the total number of  items answered 
and multiplied by 20 to have a range from 0 to 100. The final 
number is then subtracted from 100 to yield the patient’s 
standardized score. Computation through Excel worksheets 
includes formulae for item recoding, computation of  miss-
ing items, and known general population means and SDs. 
Using the actual mean and SD of  the 0-to-100 scale from the 
general, healthy population, a formula is applied to derive 
the normative score.

Interpretation Standardized scores range from 0 to 100, 
with 0 representing the most disability, and 100 representing 
the least disability. The normative score as a measure based 
on the healthy populations mean provides a numeric mea-
sure of  disability relative to this population.

relIAbIlITy AnD VAlIDITy Internal reliability ranges from 
0.82 to 0.95 in the adult scales and 0.75 to 0.92 in the adoles-
cent scales, and test–retest reliability is 0.71 to 0.97.103 The 

Cancer Module.99 The Peds-QL 4.0 Generic Core Scales 
are able to distinguish between healthy children and those 
with acute or chronic conditions and are related to indica-
tors of  morbidity and illness burden. Reliability, validity, 
and responsiveness to clinical change were also reported for 
the Peds-QL 4.0 Generic Scales and the Peds-QL Asthma 
Module Asthma Symptom Scale.101

ADVAnTAges/DIsADVAnTAges The Peds-QL is a brief, 
easy-to-administer outcome measures tool that is used inter-
nationally across multiple health-related fields. It assessed 
multiple dimensions of  health from both the parent’s 
and the child’s perspective and is applicable to several age 
groups. The Peds-QL measurement instruments (generic 
and disease-specific) may be utilized as an outcome mea-
sure in clinical trials, research, and in clinical practice as a 
measure of  HRQOL. Disadvantages for generic quality-of-
life measures such as Peds-QL include inability to assess rel-
evant domains of  functioning specific to disease processes 
and decreased sensitivity to measure small but meaningful 
changes that occur as a result of  clinical intervention.102

Pediatric Outcomes Data-collection Instrument
The Pediatric Outcomes Data-Collection Instrument 
(PODCI), also known as the POSNA instrument, was cre-
ated by the American Academy of  Orthopedic Surgeons 
(AAOS) and the Pediatric Orthopedic Society of  North 
America (POSNA) in 1997 as a comprehensive measure 
of  musculo-skeletal outcomes associated with pediatric 
orthopedic problems.103 It was created to measure out-
comes that orthopedic treatment could affect: upper and 
lower extremity motor skills, relief  of  pain, and restoration 
of  activity.

TesT meAsures AnD TArgeT PoPulATIon  The 
PODCI consists of  an Adolescent Self-Report Outcomes 
Questionnaire, an Adolescent Parent-Report Outcomes 
Questionnaire, and a Pediatric Outcomes Questionnaire, 
which measure overall health, pain, and ability to participate 
in normal daily activities as well as vigorous physical activi-
ties. The Pediatric Outcomes Questionnaire is intended to 
be used for children 2 to 10 years through parent report; 
the Adolescent Parent-Report Questionnaire is intended for 
use in children between 11 and 18 years; and the Adolescent 
Self-Report Questionnaire is intended for youth and children 
11 to 18 years who can complete the form independently. 
For the purposes of  this chapter, the Pediatric Outcomes 
Questionnaire will be reviewed.

TesT ConsTruCTIon AnD sTAnDArDIzATIon The origi-
nal POSNA instrument was constructed by the Pediatric 
Outcomes Instrument Development Group in 1994 as an 
outcomes questionnaire based on existing instruments, 
input from expert panellists, and pilot testing with patients/
parents.103 The instrument was revised after additional pilot 
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Re-examination, the process of  using tests and measures 
to evaluate progress and to modify intervention,6 may be 
performed periodically to review the appropriateness of  
the treatment program and to monitor the progress of  the 
child.

Reports of  physical therapy assessments are usually 
presented in narrative form. The purposes of  a report are 
to clarify what has been heard and observed, to give the 
data on which recommendations for treatment are based, 
and to transmit this information in a clear and understand-
able way to others. Certain information is included for all 
patients, but each child’s report should provide a specific 
description of  the distinctive abilities and disabilities of  
that child.106 An outline of  a narrative report is given in 
Display 3.6.

S U M M A R Y

Several clinically useful and commonly used tools for 
assessment have been described, among which are 
screening tests, tests of  motor function, comprehen-

sive developmental assessments, functional assessments, 
and HRQOL outcome measures. The information gained 
from these assessments, when combined with the informa-
tion obtained from an interview, medical and developmental 
history, and clinical observation, completes the compre-
hensive evaluation of  a child. The guidelines presented for 
the selection of  specific tests will aid the therapist in choos-
ing the test most appropriate for the population to be 
 assessed. The therapist should remember that a questioning 

scales were correlated with physicians’ assessments and the 
Child Health Questionnaire by patterns of  results indicating 
construct validity. Construct validity between the Activity 
Scales for Kids (ASK) and the PODCI shows high correla-
tion at r ≥ 0.78.105 Concurrent validity is reported between 
the Child Health Questionnaire (0.60 to 0.81), the GMFM 
(0.56 to 0.94), and the PEDI (0.50 to 0.81).82

ADVAnTAges/DIsADVAnTAges As an outcome measure, 
the PODCI is highly correlated with parents and clinician’s 
global physical function ratings and is able to distinguish 
between different diseases or different levels of  disease 
severity. It addresses critical components of  outcomes in 
disabled children: pain, physical function, and impact on the 
child’s psyche. The PODCI is used extensively in orthopedic 
outcomes research in multiple diagnostic categories. Due 
to its length and complex scoring algorithms, it may not be 
 feasible in some clinical settings.

 Integration of information

The administration of  developmental assessments is 
just one component of  a physical therapy assessment, as 
described by The Guide to Physical Therapist Practice’s6 model 
for patient/client management. Examination includes his-
tory, systems review, and selection of  tests and measures. 
Evaluation is the dynamic process of  the physical therapists’ 
clinical judgment through analysis and synthesis of  infor-
mation obtained through the examination. Diagnosis, or 
physical therapy diagnosis, differs from a medical diagnosis. 
A physical therapy diagnosis is a term or label encompass-
ing a cluster of  signs related to impairments in one of  the 
four systems of  the body (musculoskeletal, neuromuscular, 
cardiopulmonary, or integumentary). For example, a child 
may have a medical diagnosis of  cerebral palsy but a physi-
cal therapy diagnosis of  muscle weakness. Formulating 
a physical therapy diagnosis helps determine the most 
appropriate intervention strategies. Prognosis pertains to 
the predicted optimal level of  functional improvement 
and includes the frequency and duration of  intervention, 
plan of  care, and discharge criteria. Long-term and short-
term goals are the objective measurements with time 
frames for achievement, whereas the expected outcomes 
included in prognosis are the changes anticipated as the 
result of  implementing the physical therapy plan of  care. 
Outcomes described by Guide for Physical Therapist Practice 
may include minimization of  functional limitations and 
disability, optimization of  health status, prevention of  dis-
ability, and optimization of  patient/client satisfaction.6 The 
final component of  the model includes Intervention, the 
purposeful and skilled interaction of  the physical therapist 
with the patient/client. Coordination, communication, and 
documentation of  care as well as patient/client instruction 
and procedural interventions (therapeutic exercise, func-
tional training, etc.) are all components of  Intervention.

	 1.	 Identification	information:	child’s	name,	date	of	birth,	
current age, date of evaluation

 2. Reason for evaluation and source of referral
	 3.	 History

a. Perinatal history
b. Significant medical history
c. Developmental history as presented by parents or 

other historian
 4. Clinical observations

d. Neurologic development: reflex development, muscle 
tone, equilibrium, and protective responses

e. Musculoskeletal status: range of motion, manual 
muscle test, anthropometric measurements

f. Sensory status: results of sensory testing, pain 
assessment, visual ability, and auditory ability

g. Functional abilities: daily activities (e.g., feeding, 
toileting, dressing), assistive devices

 5. Results of developmental assessments: include 
developmental age

 6. Summary of findings
	 7.	 Recommendations

Suggested Outline for a Narrative Report 
on the Results of Development Testing

DIsPlAy

3.6
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4

 History and evolution of the philosophy 
of care in the neonatal intensive care 
unit

Introduction

Mary Ellen Avery writes that all neonatologists, by defini-
tion, are pioneers, as they care for infants who would not 
have survived before.1 The pioneering field of  American 
neonatology has evolved over the past 150 years, its evolu-
tion affected by the changing cultural attitudes regarding 
babies, the technology explosion of  the 20th century, and 
the erroneous assumptions of  the first generation of  health 
professionals caring for sick newborns.2,3 Litanies of  sys-
temically implemented untested practices assumed to be 
beneficial for newborn infants later resulted in disastrous 
outcomes. The routine use of  high amounts of  supplemen-
tal oxygen resulting in blindness, or retrolental fibroplasia 
as it was known in the 1950s, is only one example.4 Owing 

to these humbling discoveries, evidence-based practice has 
moved to the forefront of  current neonatology practice.2

American neonatology was born into a cultural ambiva-
lence toward the newborn baby and the almost ubiquitous 
practice of  home birthing. Newborn infant mortality was con-
sidered “expected reproductive loss,” and there was a “silent 
understanding” that newborn infants had only “tentative 
claims to family membership.”4 Medical practices geared to sav-
ing sick newborns, or “weaklings” as they were termed, were 
considered futile, and were accompanied with the fear that sur-
viving weaklings would go on to reproduce more weaklings, 
thus jeopardizing the entire community.5 In addition, newborn 
babies were considered to be helpless, “mewling” and “puking” 
organisms who regarded the world as “blooming, buzzing, 
confusion” and were not considered capable of  anything.6

Despite these misgivings, several American hospitals cre-
ated units for the care of  newborn infants. The concept of  
the newborn as a patient was novel, as the care of  newborns 
was previously considered the territory of  mothers.7 The 
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question of  ownership of  this newly identified patient led 
to a turf  war between pediatricians and obstetricians.5,7 In 
1958, Virginia Apgar, the creator of  the APGAR score for 
neonatal assessment, proposed that the newborn required 
his own medical caregiver, someone other than the deliver-
ing midwife or physician, who would be devoted to assess-
ing and intervening for him.7 The newborn became a patient 
in his own right, preparing the way for the emergence of  the 
specialty practice of  neonatology!

From the early 1900s till 1950, the prevailing philosophy of  
care in these first neonatal care units was a dogmatic “hands-
off ” policy to protect the babies from unnecessary handling 
and to provide them with favorable conditions for survival, 
such as warmth, cleanliness, and nutrition.4 Even in this age of  
minimal treatment, untested standard practices like a thermal 
environment designed to reduce fluctuations in babies’ body 
temperature, while maintaining a lower-than-typical body 
temperature, later proved inadequate for infant survival.2,4 
Mortality rates were very high for these fragile infants.8,9

As the knowledge and understanding of  the unique 
needs of  the newborn increased, and with the undeniable 
success of  medical interventions like exchange transfusions 
and antibiotics in the late 1940s and 50s, the initial “hands-
off ” philosophy of  neonatology gave way to an attitude 
of  “therapeutic exuberance.” Neonatology began to take 
on the challenge of  supporting the survival of  all infants 
through passionate interventions.3,4,10 The technologic 
advances of  the mid-20th century supplied these passionate 
interventions in the form of  radiant warmers, ventilators, 
total parental nutrition, and central line access. The need 
for clinicians with expert skills and knowledge in order to 
provide the most appropriate care for newborns led to the 
regionalization and specialization of  neonatal care.3

In 1970, the American Academy of  Pediatrics (AAP) added 
neonatology as a subspecialty with board certification, and 
in 1975 the Committee on Perinatal Health published guide-
lines for regional perinatal centers. Brazelton’s11 Neonatal 
Behavioral Assessment Scale, published in 1973, authoritatively 
replaced the concept of  the newborn as a mewling and puk-
ing organism with a new understanding of  the newborn 
infant as a competent partner in social interaction.

Neonatal medicine was succeeding in that very low birth 
weight (VLBW) (i.e., less than or equal to 1500 g or 3 lb, 
5 oz) infants were now surviving, however, with increased 
incidences of  cerebral palsy (CP), respiratory disorders, 
blindness, cognitive delays, and hearing impairments.8,9 
Early intervention programs emerged in the mid-1970s to 
address the developmental needs of  the survivors of  neo-
natal intensive care. The womb was thought to provide a 
rich sensory environment of  which the preterm infant 
(infant born at less than 37 weeks gestational age [GA]) was 
deprived. The initial philosophy of  “minimal handling” for 
sick newborns was changing to embrace the belief  that the 
varied tactile, vestibular, proprioceptive, and auditory con-
ditions of  the womb should be simulated in the neonatal 
intensive care unit (NICU) for these babies.8,9

Medical and technologic advances of  the 1980s and 1990s 
brought more sophisticated respiratory monitors and thera-
pies, such as nitric oxide, extracorporeal membrane oxygen-
ation (ECMO), pulse oximetry, and surfactant replacement 
therapy, further reinforcing the need for specialization of  
NICU caregivers and regionalization of  newborn intensive 
care. In the 1980s, as NICU graduates demonstrated devel-
opmental outcomes that were frequently atypical, infant 
follow-up programs were formalized and infant stimulation 
programs proliferated. The Education for All Handicapped 
Children Amendments passed in 1986 required states to pro-
vide early intervention services for families and infants with 
developmental delays or at risk for delays.

Research in the late 1970s demonstrating the aversive 
impact of  the NICU environment on the infant’s behavior, 
growth, and development led to the questioning and the 
reconceptualization of  the sensory stimulation appropriate 
for a preterm and/or critically ill infant. Modifications of  the 
constant harsh lighting, excessive noise, and intrusive pro-
cedures (“environmental neonatology”) became important 
in the philosophy of  caring for high-risk infants.12,13 In addi-
tion, the cost of  providing this highly specialized care for 
sick newborns continued to emphasize the need for region-
alization of  newborn intensive care.8,9 The synactive theory 
of  development, the creation of  Heidelise Als published in 
the early 1980s, expanded the work of  Brazelton and pro-
vided a framework for understanding and interpreting the 
infant’s behaviors (physiologic, movement and muscle tone, 
waking/sleeping, and social interaction) as a window into 
the baby’s overall regulation.14 In addition, the importance 
of  the family as a constant in the infant’s life launched a new 
focus of  family-centered care, which continues to this day. 
The philosophy of  care for infants shifted to individualizing 
care to support each infant’s unique capabilities while part-
nering with each family to care for the infant.7,15

A decade into the 21st century, optimal NICU care 
is defined as one that is developmentally supportive,16 
 family-focused, culturally sensitive,17 and evidence-based. 
Neonatology is characterized by a very guarded attitude 
toward new approaches and changing established protocols. 
There is a commitment to ensuring that new treatments are 
tested and proven to be efficacious. Systematic reviews have 
proliferated and are helpful in appraising and interpreting 
available research on a topic. Participation in institutional 
databases to promote benchmarking, the comparison of  
practices among different institutions, in order to identify 
the best clinical practice is now the standard in neonatology.2

 Levels of newborn intensive care and 
the role of the physical therapist

In 2004, the AAP Committee on the Fetus and Newborn 
expressed the need for nationally applicable uniform defi-
nitions of  the levels of  newborn intensive care. Besides 
reinforcing the importance of  an organized regional plan 
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of  neonatal care, these definitions assist in comprehensive 
benchmarking among NICUs (which facilitates the compari-
sons of  health outcomes, cost, and utilization of  resources), 
assist the public in seeking appropriate care, minimize the 
need for development of  definitions by payers, and promote 
consistent standards of  service for each level of  intensive 
care. The three levels of  newborn intensive care first pro-
posed in 1976, as part of  the efforts of  the March of  Dimes 
to improve maternal and neonatal outcomes, were refined 
and expanded on the basis of  a survey of  880 NICUs by the 
committee in 2001. The Committee proposed three catego-
ries of  care18 (Table 4.1):

•	 Basic Neonatal Care (Level I)
•	 Specialty Neonatal Care (Level II)
•	 Subspecialty Neonatal Care (Level III)

A level I nursery is a well-baby nursery where healthy 
newborns are evaluated and cared for. This basic level of  
neonatal care is the minimum requirement for any hospital 

providing inpatient maternity care. Level I nurseries have 
the capacity to stabilize and care for stable late preterm 
infants (35 to 37 weeks GA), perform neonatal resuscitation 
at every delivery, and stabilize preterm and ill newborns for 
transfer to a facility providing specialty care.18 Small com-
munity hospitals where babies are routinely delivered have 
this level of  newborn nursery.

A level II nursery (specialty) is capable of  providing the 
basic care that a level I nursery provides as well as caring 
for moderately ill infants who have medical problems that 
are anticipated to resolve rapidly, and infants recovering 
from serious illness treated in a level III nursery. A level II 
nursery is considered to be an intermediate or step-down 
from a level III nursery and provides continuing care, intra-
venous medications or alimentation, tube feedings, and oxy-
gen support. Neonatologists and neonatal nurses staff  these 
intermediate-level nurseries, which are usually contained in 
regional or community hospitals. Level II care is differenti-
ated into two categories (IIA and II B) on the basis of  the 
capacity to provide assisted ventilation for an interim period 
until a baby can be transferred or up to 24 hours. Level IIB 
nurseries must have the equipment and personnel continu-
ously available to provide the latter as well as to address 
emergencies.18

A level III (subspecialty) nursery is a NICU that provides 
highly specialized services for the sickest and most fragile 
infants. Level III units must have personnel, for example, 
neonatologists, neonatal nurses, respiratory therapists, 
and equipment available 24 hours 7 days/week to provide 
life support for as long as needed.18 Level III units are usu-
ally part of  teaching hospitals and affiliated with a medi-
cal school. Neonatologists, neonatology fellows, clinical 
nurse specialists, neonatal nurse practitioners, and specially 
trained nurses staff  level III nurseries and provide complex 
medical interventions, advanced diagnostic testing, surgery, 
and respiratory support for technologically dependent and 
medically fragile infants.9 Level III nurseries are further sub-
divided into three categories on the basis of  the means to 
provide minor versus major surgery, including cardiac sur-
gery, and conventional versus a range of  advanced respira-
tory supports such as high-frequency ventilation (HFV) and 
ECMO.18

Physical therapists are rarely consulted to see babies in 
level I nurseries, but may be consulted for a specific muscu-
loskeletal issue. In level II nurseries, physical therapy inter-
vention may involve handling for specific developmental 
needs. When working with fragile infants and their families 
in a level III nursery, the therapist needs to use skilled ongo-
ing observation to discern the needs of  the baby and provide 
recommendations regarding positioning, energy conserva-
tion, pain management, environmental design, caregiving, 
and medical management. These observational skills are 
essential so that the baby is not further stressed by unneces-
sary handling.

In order to implement care in this way, therapists work-
ing in the NICU must have a good knowledge base, a strong 

Level I Basic Neonatal Care
Level I • Neonatal resuscitation at delivery

• Postnatal care and evaluation for healthy newborns
• Stabilization and care for physiologically stable late 

preterm infants aged 35–37 wk gestational age
• Stabilization for ill infants and infants <35 wk 

gestation prior to transfer
Level II Specialty Neonatal Care
Level II A • Level I capabilities

• Resuscitate and stabilize ill or preterm infants prior to 
transfer

• Care for infants ≥32 wk gestation and ≥1500 g
• Provide care for infants convalescing after  

intensive care
Level II B • Level II A capabilities

• Provide mechanical ventilation or CPAP for <24 hr
Level III Subspecialty Neonatal Care
Level III A • Level II B capabilities

• Comprehensive care for infants <1000 g and born 
<28 wk gestational age

• Provide CMV
• Provide minor surgery (central venous catheter 

placement or inguinal hernia repair)
Level III B • Level III A capabilities

• Provide advanced respiratory support
• On-site and timely access to range of pediatric 

medical subspecialists
• Provide urgent and routine imaging and interpretation 

of results
• Provide major surgery (repair of abdominal wall 

defects, necrotizing enterocolitis, myelomeningocele)
Level III C • Level III B capabilities

• Provide extracorporeal membrane oxygenation 
(ECMO)

• Provide surgery for complex cardiac malformations 
requiring cardiopulmonary bypass

 Levels of Neonatal Care

TabLe

4.1
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understanding of  the theoretical and developmental frame-
works that guide therapy, and the medical framework that 
drives care (Table 4.2). These areas will be addressed in this 
chapter; however, developmental intervention in an NICU 
is a complex subject, and the reader is referred to the list of  
additional reading materials in the references section at the 
end of  this chapter.

 Roles and competencies 
of the therapist in the NICU

The role of  the therapist working in the NICU is very 
different from other areas of  physical therapy practice. 
The neonatal therapist provides consultation, diagno-
sis, intervention, and family support to extremely fragile 
infants and families within a very stressful and fast-paced 
intensive care environment. In addition to understanding 
a wide range of  neonatal conditions, medical interven-
tions, and their potential to impact future development, 
the neonatal therapist must be a careful observer, good 
collaborator, and effective communicator.2,9,19,20 Physical 
therapists have a special role to play as part of  the NICU 
team owing to their expertise in movement, postural 
control, and neurodevelopment. However, the neonatal 
therapist must also have specialized knowledge and skills 
to work with very vulnerable infants and their families 
(see Table 4.2). The ability to make decisions quickly in 
terms of  an infant’s stability and need for external sup-
ports is necessary, as an infant’s status can change rapidly. 

In this environment, interventions that might otherwise 
be considered benign may have serious immediate and 
far- reaching consequences.9,19,20

Therapy in the NICU is considered to be an advanced 
level of  pediatric physical therapy practice9,19–22 that needs 
to be achieved through education and mentored clinical 
practice. The American Association of  Physical Therapy 
has established guidelines for therapists practicing in the 
NICU,20,23 which include specif ic roles, competencies, 
knowledge areas, and precepted clinical training. The clini-
cal practice guidelines were originally published in 198924 
and updated in 199925 and again in 2009.20 The most recent 
version of  the guidelines is divided into two sections: Part 
I presents clinical training modules, clinical training com-
petencies, and decision-making algorithms, whereas Part 
II discusses frameworks and evidence from the literature 
that support practice of  therapists in the NICU. Physical 
therapy neonatal fellowship programs have been developed 
to provide the advanced knowledge and mentored practice 
required to develop highly skilled individuals who provide 
evidence-based family-centered developmental interventions 
and to foster research in the setting of  the NICU.

An evidence-based clinical pathway developed for neona-
tal Physical therapists has also been recently published. The 
Infant Care Path for Physical Therapy in the NICU addresses 
observation and assessment, intervention, family support 
and education, and teamwork among the various disciplines 
that provide care to high-risk infants and their families in 
the NICU.26–31 The written pathway provides a framework 
and knowledge that neonatal Physical therapists can use to 
further develop a research-based practice. While the path-
way is a useful tool, neonatal therapists should individualize 
assessment and interventions specific to the infant, family, 
and NICU environment.

 Theoretical frameworks  
to guide therapy

Dynamic Systems Theory

Dynamic systems theory describes a model of  human devel-
opment in which behaviors emerge because of  the inter-
action of  many subsystems.32–36 There is no hierarchy; all 
subsystems are on an equal level, each complex, composed 
of  many elements and unique to the individual. Both inter-
nal and external elements affect development; the envi-
ronment is as equally important as the individual. In this 
model, the infant is not a passive recipient of  information or 
change, but rather an active participant in which a develop-
mental behavior assembles from the interaction of  the many 
subsystems within the context of  the environment and spe-
cific to the task. The progression of  development is nonlin-
ear; instead, there are series of  states of  stability, instability, 
and reorganization.32–34,36–38 The individual is always trying 
to move toward homeostasis and reorganizes around the 

• Typical and atypical development
• Fetal and newborn development
• Development and interaction of sensory systems in preterm and 

full-term neonates
• Medical conditions of preterm and full-term neonates and 

interventions
• General function and safety regarding lines and medical equipment
• Neonatal preterm and full-term behaviors and social development
• Family dynamics, grief/loss process, attachment, parenting  

in the NICU
• Ecology and culture of the NICU
• The physical environment of the NICU and the effects on high-risk 

neonates
• Theoretical frameworks supporting care in the NICU
• Neonatal Practice guidelines
• Description, administration, psychometric properties, and 

interpretation of results of neonatal assessments
• Risk factors associated with developmental outcome
• Evidence-based practices for positioning and intervention with high-

risk infants
• Teaching strategies for families and caregivers
• Safety regarding car seats and infant positioning equipment
• Early intervention, community resources, neonatal developmental 

follow-up programs

areas of Knowledge for Neonatal Therapists

TabLe

4.2
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shift from stability to instability. These periods of  instability 
or transition are important as the system has sufficient flex-
ibility to explore and select new solutions or develop new 
behaviors. Therapeutic interventions are considered to be 
most effective at this time as the system can more easily be 
influenced or shifted.32,34,36

The dynamic systems framework can be used to evalu-
ate and establish care for the high-risk infant in the NICU 
(Fig.  4.1).25 The interaction of  the multiple subsystems 
within the infant as well as the interaction of  the infant and 
the environment influence the health and development of  
the individual infant. The infant subsystems include body 
structure, physiology, and behavior. The environment 
includes the physical environment of  the nursery, multiple 
caregivers and support personnel, and family. Changes to 

the intrinsic systems or the environment can have either 
positive or negative effects. These changes can produce sta-
bility to support function or interfere to cause disorganiza-
tion and potentially maladaptive behaviors. A small change 
in one system component can have a large effect on another 
system and ultimately affect function.25,32,37,38

The therapist must understand the history, current sta-
tus of  the infant’s system, and the environment, taking 
into consideration the effect caregiving/therapy will have 
on that particular infant.25,34 The therapist must support 
the interactions that allow functional behaviors to develop, 
decrease infant stress, and understand the implications of  
the environment. At the same time, the therapist must assist 
the family and other caregivers in recognizing how they too 
can be supportive to the infant’s health and development. 

FIGURE 4.1 Dynamic systems theory in the NICU. (Reprinted with permission from Sweeney JK, Heriza CB, Reilly 
MA, et al. Practice guidelines for the physical therapist in the NICU. Pediatr Phys Ther. 1999;11(3):120.)
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The therapist needs to be aware of  transition periods when 
developmental interventions can be safely implemented and 
guide families to utilize these same strategies.

Neuronal Group Selection Theory

A theoretical concept of  how the nervous system becomes 
organized, stores information, and creates new behavioral 
patterns was developed by Gerald Edelman.39,40 According 
to this theory, called Neuronal Group Selection Theory 
(NGST), the brain is dynamically organized into popula-
tions of  cells containing individually variable networks. The 
structures and the function of  these networks are selected 
by evolution, the environment, and behavior. The units 
of  selection are composed of  hundreds to thousands of  
strongly interconnected neurons that work as functional 
units and are referred to as neuronal groups.41

NGST like dynamic systems theory is grounded in the 
idea that motor development is nonlinear, has phases of  
transition, and is affected by both internal and external fac-
tors.42 However, in NGST, genetic factors play as prominent 
a role in shaping the nervous system as experience. The 
interaction of  genetic and epigenetic factors in the context 
of  specific environment and activity result in individual dif-
ferences between brains within a species. This interplay also 
allows for the brain to change over time on the basis of  the 
afferent signals it receives.39

There are three basic tenets of  NGST that describe how 
the anatomy of  the brain is formed and is shaped during 
development, how experience selects and strengthens pat-
terns of  responses, and how resulting brain maps give rise to 
uniquely individual behavior.43

Developmental selection, in which the characteristic neu-
roanatomy of  brain formation occurs, is the first tenet of  
Edelman’s theory.43 The genetic code and cellular behavior 
(division, migration, death) establish the areas of  the brain 
but not specific wiring. Neurons branch in different direc-
tions, creating immense, diverse, and variable neural cir-
cuits. The neurons compete to form synapses, and these 
synaptic connections are strengthened or weakened on the 
basis of  afferent information from self-generated variable 
movements during fetal and early postnatal life.44 General 
movements of  the fetus and newborn as described by 
Pretchl45 illustrate the innate movements of  this first phase 
of  variability. The connections that are strengthened by 
these movements result in a primary neuronal repertoire 
of  behaviors specific to the species and at the same time 
unique. Kicking and stepping, hand to mouth, sucking, 
visual orientation and following, and projection of  the arms 
toward objects are examples of  primary motor repertoires.45 
Overproduction of  early synaptic connections formed by 
self-generated activity and pruning of  unexercised connec-
tions lead to the individual variability within species-specific 
behaviors.

Edelman’s43 second tenet involves the development 
of  a secondary repertoire of  functional circuits through 

experiential selection. As the infant interacts with new envi-
ronmental situations after birth, connections are formed 
and strengthened. Secondary repertoires of  functional con-
nections that meet environmental constraints and support 
successful, goal-directed movements arise from the neuro-
nal groups of  the primary repertoires through experience, 
repetition, and exploration.41 The secondary repertoires 
contain the motor synergies necessary for skilled functional 
movement as well as memory and other functions. During 
this phase of  secondary variability, the individual explores 
a variety of  movements, and sensory feedback from this 
exploration shapes the selection of  effective strategies. This 
process continues throughout life, with changing environ-
mental constraints and functional needs.46–49

The third tenet of  NGST describes how the first two pro-
cesses interact to form neural maps that connect neuronal 
groups throughout the nervous system. Massive parallel 
and reciprocal connections between neuronal maps produce 
movements that are precisely adapted to the contextual 
demands and the individual’s nervous system’s capacity to 
receive sensory inputs and to select responses. In order for 
the individual to be able to adapt or respond to environmen-
tal demands and internal changes such as change in body 
structure with growth, there need to be repertoires of  vari-
able actions. The final motor strategy is based on demands 
of  the task, the environment, and past experience with simi-
lar tasks that has strengthened or weakened the tendencies 
to select particular neuronal groups from particular neuro-
nal maps.43 Higher-order dynamic structures called global 
maps result from these selections and link sensory and 
motor maps. These global maps are important for develop-
ment and learning as they allow connections between local 
maps and motor behavior, new sensory inputs, and greater 
neural processing. Global maps continue to be modified 
over the individual’s lifetime.49

Events such as premature birth can alter the process 
of  brain development. Preterm infants not only have less 
mature nervous systems but are faced with different envi-
ronmental constraints. Instead of  the protective envi-
ronment of  the uterus, the NICU environment involves 
equipment for medical support and monitoring, effects of  
gravity and loss of  the fluid support for posture and move-
ment, stressful and painful stimuli, decreased nurturing 
touch, loud noise, bright lights, and irregular patterns of  
handling.23 According to Edelman’s theory,39 the processes 
of  brain development are modified when placed under 
unusual sensory circumstances. Under these conditions, 
there may be preservation of  cells that would otherwise 
be eliminated, elimination of  cells that would otherwise be 
preserved, modification of  neuronal pruning, and changes 
in connectivity. Neuronal changes in preterm infants have 
been reported by Als et al. in their study50 comparing infants 
receiving Newborn Individualized Developmental Care 
and Assessment Program (NIDCAP) intervention with 
infants receiving standard NICU care. The infant’s health 
status, growth, neurobehavior, brain structure by magnetic 
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resonance imaging (MRI), and neurophysiology by elec-
troencephalography (EEG) were assessed at 2 weeks and 
9 months. The authors reported that the infant receiving 
the NIDCAP care had better neurobehavioral function and 
more mature fiber structure in the cortex of  the brain.50

Neonatal physical therapists need to consider the impact 
of  the NICU environment and caregiving practices on the 
immature and developing brain. The formation of  brain 
structure and function may be affected by these early and 
atypical sensory and motor experiences. Each infant has 
different genetic, maturational, and intra- and extrauter-
ine environmental experiences, and the effect of  the NICU 
environment and practices may have a different influence 
on brain development and function. Therefore, the effect of  
physical therapy assessment and intervention on brain archi-
tecture and maturation must be considered and adapted to 
meet the needs of  the individual infant.

International Classification of Functioning, 
Disability, and Health

Models of  enablement fit well with systems theories as 
they relate to human development and function. These 
models present interrelated frameworks for describing the 
many factors that influence not only an individual’s health, 
but also how the environment influences health and func-
tion or participation. The model developed by the World 
Health Organization (WHO), the International Classification 
of  Functioning, Disability, and Health (ICF), emphasizes health 
and functioning rather than disability and looks at develop-
ment and function as a multilevel, multifactorial, dynamic 
process and emphasizes the need to consider the effects of  
the environment on the process.51–53

The components of  the ICF framework include body 
function and structures, activities and tasks, and partici-
pation. Instead of  starting with the pathophysiology, this 
model looks at what the individual wants or needs to do and 
then considers the individual factors that support or inter-
fere with participation. The contextual factors of  the indi-
vidual and the environment are taken into consideration as 
well as the role of  environment in supporting or limiting 
function/participation.

Although the NICU is a unique setting for physical ther-
apy practice, the ICF model can be applied to guide assess-
ment and intervention.23 The physical therapist working 
with high-risk infants in this environment can use the frame-
work to guide him or her in addressing functional and struc-
tural integrity of  body parts and systems, promoting the 
development of  postural and motor activities, and promot-
ing appropriate interaction between the infant, the physical 
environment, and the family, NICU staff, and consultants. As 
with a child of  any age, the contextual factors of  the indi-
vidual infant, family, and environment must be addressed 
in order to provide effective intervention. For example, 
the functional goal for an infant may be to socially interact 
with his or her family while being held. After a thorough 

assessment, the therapist needs to consider what compo-
nents are required for this activity to be successful for the 
infant and family as well as those components that may 
interfere. The therapist may assist the family in position-
ing the infant in optimal alignment to support physiologic 
functions such as respiration and in swaddling to maintain 
the posture, and may assist the infant in bringing his or her 
hands to his or her face for calming and behavioral organiza-
tion; the therapist may also dim the lights, reduce the sound 
in the area to decrease stress and promote arousal, and sup-
port the family in recognizing the infant’s cues for interac-
tion. In addition, the therapist, family, and NICU staff  can 
work together to find the most optimal times for the infant 
to be successful in these interactions. Throughout an infant’s 
NICU course, the physical therapist can address goals to 
promote activity and participation by supporting body 
structures and functions, family and caregiver education, 
and addressing environmental and other contextual factors. 
Atkinson and Nixon-Cave54 have published a clinical reflec-
tion tool to assist in translating the ICF model into practice 
that can be applied to infants and families in the NICU.

Synactive Theory

The synactive theory of  infant development, proposed by 
psychologist Heidelise Als,14 is a model to understand and 
interpret the behavior of  preterm infants and is similar to 
the dynamic systems approach in that multiple influences 
contribute and mutually influence the baby’s functioning. 
The fetus from conception onward is thought to be orga-
nizing five distinct but interrelated subsystems: autonomic 
(governing basic physiologic functioning, e.g., heart rate, 
respiratory rate, visceral functions); motor (governing 
postures and movements); state (governing ranges of  con-
sciousness from sleep to wakefulness); attention/interaction 
(governing the ability to attend to and interact with caregiv-
ers); and self-regulatory (governing the ability to maintain 
balanced, relaxed, and integrated functioning of  all four 
subsystems). These subsystems continually react and influ-
ence each other, thus the term synactive.55–57 Babies born at 
term have completed the maturation of  these subsystems 
to the degree that, in general, they are able to demonstrate 
brief  periods of  social interaction with a caregiver while 
maintaining stability in the physiologic, motoric, and state 
subsystems (Fig. 4.2). They can also utilize strategies to reg-
ulate the various subsystems when the environment poses a 
threat to their stability; for example, when eye contact with 
a parent becomes too intense, a term infant may yawn, look 
away briefly, stretch, tuck his or her head to his or her trunk, 
and bring the hands together (strategies represented by the 
attention/interaction and motor subsystems) before return-
ing to gaze again at a parent’s face.

In babies born before term, the maturation of  the five 
subsystems is interrupted. In addition, babies born before 
term have lost the uterine supports for these subsystems 
(autonomic supports like temperature regulation, placental 
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nutrition delivery, waste removal, oxygen delivery, and car-
bon dioxide removal; motoric supports like the containment 
of  the uterine wall and the buoyancy of  the amniotic fluid; 
state supports like the diurnal cycles of  the mother’s sleep–
wake cycle; and attention/interaction supports like dimin-
ished visual and auditory input). Babies born before term 
are required to complete the maturation of  each subsystem 
while also negotiating more independent functioning, such 
as breathing, feeding, eliminating wastes, maintaining pos-
tures, and moving against gravity, and while also enduring 
bright lighting, harsh noises, frequent handling, and multi-
modal stimulation. The preterm baby is adapted for func-
tioning in the womb, but is required to function outside the 
womb at a crucial time in development and, therefore, faces 
a very challenging existence.14,55–58

Developmental Care

Applying this synactive theory of  infant development 
through systematic serial observations of  the baby is 

a very helpful way to identify the baby’s areas of  suc-
cess at coping and areas of  vulnerability. It is important 
to communicate these strengths and vulnerabilities to 
the parents and caregivers and to identify strategies 
to support the baby as he or she receives this necessary 
intensive care.14,55,56,58–60 The process of  systematic serial 
observations has led to a broad array of  interventions 
to minimize the stress of  the NICU for the infant and 
to individualize the caregiving to the infant’s tolerance. 
These interventions include strategies to decrease noise 
and light levels, minimize handling of  the infant, pro-
tect infant sleep states, promote understanding of  infant 
behavioral cues, and promote relationship-based caregiv-
ing.61 This approach to newborn intensive care is called 
the NIDCAP.59 Ideally, NIDCAP observations are sched-
uled every 7 to 10 days and include viewing the baby at a 
baseline for 10 to 20 minutes before nursing care or pro-
cedure, throughout the care session or procedure, and 
after the session or procedure until the baby returns to 
baseline functioning59,62 (Fig. 4.3). During this time, the 

FIGURE 4.2 Model of the synactive organization of behavioral development. (Reprinted with permission from  
Als H. Toward a synactive theory of development: promise for the assessment and support of infant individuality.  
Infant Ment Health J. 1982;3(4):234.)
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training through the NIDCAP regional training centers 
is required for reliability and certif ication in NIDCAP. 
However, using the principles and applying the synactive 
model to understand a baby’s behavior is a helpful way to 
guide caregivers in developmentally supportive interven-
tions through observations of  nursing care.

The synactive model of  preterm behavior identifies the 
autonomic subsystem and the motoric subsystem as the 

observer is watching for signs of  stability and stress from 
each subsystem (Table 4.3) while recording environmental 
events and caretaking tasks. The infant’s strategies for self- 
regulation, whether successful or unsuccessful, are then 
noted, and recommendations to support the infant in his 
or her attempts at organizing and self-soothing are made 
as well as recommendations for environmental modifica-
tion, caregiving, and parental involvement.14,55,57–60 Formal 

FIGURE 4.3 NIDCAP observation sheet. (Reprinted with permission from Als H. Reading the premature infant. 
In: Goldson E, ed. Nurturing the Premature Infant: Developmental Intervention in the Neonatal Intensive Care nursery. 
New York, NY: Oxford University Press; 1999:37.)
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two core subsystems on which the rest of  the infant’s func-
tioning is based (Fig. 4.4). Together, these two subsystems 
are the basis for the baby to achieve higher functioning like 
awaking (state subsystem) and gazing at a parent’s face 
(attention/interaction subsystem). A therapist can recom-
mend and intervene to support the motor system through 
positioning and containment, and in so doing can support 
the autonomic subsystem as well as the state and interac-
tional subsystems as each system continually interacts and 
influences the others.15,55,56,58 The systematic individualiza-
tion of  caring for an infant is the root of  developmentally 
supportive care.61,63 The knowledge and understanding of  
how one baby differs from another can only be gleaned by 
intense observation of  the infant in interaction with his or 
her environment. Using this individualized knowledge of  
the baby’s strengths and vulnerabilities to guide the provi-
sion of  care has been shown to result in short-term bene-
fits to the baby such as shorter hospitalization resulting in 
less costly care, decreased use of  ventilator, earlier attain-
ment of  oral feeds, and improved growth. Long-term ben-
efits include improved neurobehavioral functioning and 

enhanced brain structure in later infancy, advantages in 
expressive language and neurologic organization and func-
tion at 3 years, and improved attention and visual/spatial 
perception at 8 years.50,57,58,60–62,64–68 Critics of  the research 
on developmental care point out that studies have shown 
conflicting results, have utilized small sample sizes, and have 
demonstrated outcomes that may not be clinically signifi-
cant. Some studies also have serious methodologic flaws in 
the designs, such as neglecting to blind the outcome asses-
sors and allowing the control and experimental groups to 
receive the same interventions. The critics of  developmental 
care have not found harmful effects to result from the appli-
cation of  the developmental care philosophy in the NICU, 
but question whether the benefits are real.69,70 It is not pru-
dent to implement a philosophy because it does no harm if  
there are no substantial benefits, as this may detract from 
other approaches that may prove truly beneficial. Given the 
abstract nature of  the developmental care philosophy and 
relationship-based caregiving, it is no surprise that it is dif-
ficult to study, let alone to teach and implement. During 
NIDCAP observations, the authors have observed infants 
becoming progressively exhausted, limp, and passive during 
routine care, as their attempts to organize are continually 
thwarted by the noncontingent responses of  the caregivers. 
In contrast, infants have been observed to maintain behav-
ioral and physiologic stability when their caregivers are 
attentive and responsive to their cues. In addition, research 
on some specific techniques of  supporting a baby dur-
ing care (e.g., facilitated tucking and nonnutritive sucking 
[NNS]) have shown significant positive results.71–79 It is not 
surprising that preterm infants would also need extra and 
special supports to cope with intensive care, given the emo-
tional dependency that characterizes the infant and  toddler 
periods.

FIGURE 4.4 Pyramid of the synactive theory of infant behav-
ioral organization with physiologic stability at the foundation. 
(Used with permission from Sweeney JK, Swanson MW. Low 
birth weight infants: neonatal care and follow-up. In: Umphred 
DA, ed. Neurological Rehabilitation. 4th ed. St. Louis, MO: Mosby; 
2001:205.)
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Family-Centered Care

Family-centered care is a philosophy of  patient care delivery 
for the maternal–child health division based on respect, col-
laboration, and support between health care professionals 
and patients’ families. It is a philosophy that recognizes the 
family (defined as parents, children, and significant others) 
as the constant in the child’s life and strives to include the 
family as partners in choosing and implementing the plan of  
care for the patient. Family-centered care also acknowledges 
that hospitalization is stressful for families and can poten-
tially alter the integration of  the child into the family and 
the development of  the parental role.80,81 In order to provide 
family-centered care in an NICU, a clinician must be knowl-
edgeable about and sensitive to both the psychological tasks 
of  pregnancy and the grief  process.

Psychological Tasks of  Pregnancy
In American culture, pregnancy is typically and naively 
regarded as a happy time of  anticipation, and although 
that may be partially true, pregnancy is also a time of  psy-
chological turmoil. The 40 weeks of  pregnancy provide a 
physical as well as a psychological preparatory period for the 
expectant parents. When this period is shortened, the baby 
and the parents may suffer from the incompletion of  the 
pregnancy.82–85 Bibring86,87 has identified three psychological 
tasks of  pregnancy, correlating with the three trimesters.83,85 
In the first trimester, parents accept the overwhelming news 
that their lives have begun a new phase of  responsibility 
for a child (first task). Euphoria; inventorying one’s child-
hood to evaluate his or her own parents’ job at childrearing; 
maternal ambivalence, paternal ambivalence, and exclusion; 
feelings of  helplessness and inadequacy; and fantasizing 
about the perfect baby and the perfect parent characterize 
this period.83,88–90

During the second trimester, the mother-to-be is con-
fronted with the separateness of  the baby as she begins to 
feel the fetal movements (second task). Although she feels a 
personal closeness to the baby, the mother’s bodily changes 
and the baby’s burgeoning movements make the individual-
ity of  the baby more real and apparent. She may enjoy the 
attention she receives from her changing shape. During this 
time, the mother continues to question herself  about her 
adequacy as a parent. Concerns regarding the health and 
the potential to inflict harm on the fetus are prominent. 
Ambivalence toward the baby is still very much present for 
both parents, with fathers struggling with feelings of  resent-
ment and rivalry. Attachment to a baby requires time to 
 develop.83,85,88–90

In the third trimester, the baby begins to be personi-
fied as names are chosen and rooms painted. In addition, 
the expectant mother recognizes patterns in fetal move-
ment and is able to assign the baby a temperament and/or 
a gender on the basis of  these patterns, further personify-
ing the baby. The baby’s individuality, revealed in his or her 
differing responses to the mother’s music, food, or other 

environmental conditions, confirms his or her competence 
and capabilities, as well as demonstrates to the parents his 
or her ability to handle the rigors of  labor and delivery.83 
Simultaneously, the mother-to-be is physically becom-
ing increasingly uncomfortable and has difficulty sleeping, 
breathing, eating, and moving. She cannot get a break from 
being pregnant and this physical state leads to the third psy-
chological task: being ready to give up the fetus.84–86

A full-term birth prepares the mother to cope with the 
shock of  the separation of  the baby from her body, and both 
parents to interact and bond with a particular baby. Parents 
who give birth prematurely are ill-prepared for these psycho-
logical tasks,83 just as their babies are ill-prepared for indepen-
dent living.84 In addition, when a pregnancy or birth deviates 
from the expected, parents often feel guilty about failing 
to complete the pregnancy or about any complications the 
baby may experience.84,91 The precariousness and unpredict-
ability of  an NICU have been shown to detract from com-
pleting the psychological tasks necessary for taking on the 
role of  a parent. Instead, the psychological focus becomes 
the uncertainty and unpredictability of  the situation, which 
distracts from the psychological task of  preparing for a new 
family member and assuming the  parental role.90

When babies are hospitalized at the critical time when 
parents should be establishing their relationships with their 
newborns and learning their parental roles, it is especially 
stressful.92 The effects of  this stress can continue for months 
after the NICU experience has ended and can pose severe 
threats to the parents individually and as a couple.93 Indeed, 
the experience of  having a baby who requires intensive care 
is a stressor significant enough to cause symptoms of  post-
traumatic stress disorder.94–98 The development of  post-
traumatic stress disorder after life-threatening illnesses and 
medical procedures has been reported in the literature.93 
Research has shown that the families who endure the hos-
pitalization and develop a positive outlook about the expe-
rience have children who develop better in the years after 
birth. Likewise, poor coping can have lasting detrimen-
tal effects on the child’s development.99,100 Therefore, it is 
important that clinicians working in the NICU recognize the 
stress families experience and establish supportive relation-
ships with the families in an effort to support their individ-
ual coping styles. To do this, a clinician must understand the 
coping and grieving processes.

Coping and Grieving
Both coping and grieving have been described as a linear 
progression through distinct stages (e.g., shock, denial, 
anger, guilt, adjustment, and acceptance). However, this 
linear progression has not been validated empirically.98,100 
Instead, it is more helpful to understand grief  and coping 
as ongoing processes involving circular progressions where 
previous issues and losses are resurrected and revisited.99,101 
The beneficial effects of  plain old social support cannot be 
underestimated in the NICU setting. Approaching families 
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with stereotyped expectations of  a rigid time frame regard-
ing their coping and grieving will result in the family feeling 
judged and will prevent the development of  supportive rela-
tionships between families and staff, to the ultimate detri-
ment of  the baby.99

Providing Family-Centered Care in the NICU
The shock of  a pregnancy, labor, and/or delivery gone awry, 
whether resulting in a fragile preterm baby or a full-term 
baby who requires intensive medical/surgical care, can lin-
ger with parents indeterminately. Parents of  babies in an 
NICU are in crisis and should be cared for sensitively. It is 
important to understand the families’ backgrounds (previ-
ous losses due to deaths, infertility, miscarriages, assistive 
reproductive technology, financial situation, current work 
and/or school responsibilities, current relational situations, 
and other life stressors). This can be accomplished by read-
ing the social work consults and speaking directly with the 
social workers, nurses, psychologists, and families. The 
NICU therapist should not ignore this social history because 
it “does not change what I do with the baby.” Rather, this 
background knowledge should guide how the therapist 
interacts with the family.

Every family in the NICU is grieving something, maybe 
the loss of  the expected labor/delivery plan or perhaps 
the loss of  the perfect child. This grief  will resurrect past 
losses and can limit the parents’ availability to establish an 
emotional bond with their infant. In addition, the inter-
actional deprivation imposed by the intensive care the 
baby requires can prevent the families from knowing and 
connecting with their infant. The high-tech, crisis-prone 
NICU environment shocks and intimidates families. The 
families must ask permission to enter the unit as well as 
to touch or hold their infant, which creates a sense of  lost 
ownership of  their infant. Families may not want to risk 
emotional involvement with their fragile newborn who 
may later die.

Developmental care of  an infant grows out of  establish-
ing a supportive and nurturing relationship with the infant. 
Likewise, family-centered care grows out of  establishing 
a supportive and empowering relationship with the fam-
ily. One of  the goals of  family-centered care is to facilitate 
the bonding process between the infant and the family 
and to assist the family in establishing emotional ties with 
their infant.85,102 To be effective in this goal, therapists must 
be mindful of  their own attitudes and nonverbal behav-
iors and must congruently communicate nonjudgmental 
acceptance of  the family’s emotions, coping methods, and 
pace. Therapists are responsible for crafting the relation-
ship with the family and supporting and empathizing with 
their emotions while reflecting the strengths they observe in 
the family and the infant. Some suggestions to accomplish 
this include using the baby’s name when talking about him 
or her; commenting on the baby’s accomplishments; stat-
ing the baby’s strengths; stating that the baby is attractive; 

commenting on the positive interactions between the baby 
and the family; emphasizing the parents’ importance to the 
infant; pointing out the baby’s preference for the parents; 
and emphasizing the parents’ competence with tasks related 
to the infant’s care.54,102

A family’s human tendency to maintain hope for the 
future, that the professionals may be wrong, and that mir-
acles can occur should be preserved. Hope is a motivating 
emotion, providing the energy to cope, work, strive, and 
stay involved with the infant. It sustains the impetus to 
maintain the emotional bond to the baby through visiting 
and interacting. Hope should not be destroyed, but neither 
should it be falsely fed with unrealistic expectations. Families 
in crisis with babies in an NICU deserve to hear congruent 
information from the medical team and the therapy team. 
This requires sensitivity, diplomacy, and good communica-
tion skills.85

 Developmental foundations  
to guide therapy

Embryogenesis and Neonatal Development

In this section, embryogenesis and the current understand-
ing of  muscle tone and sensory responses in the second 
half  of  gestation are discussed. The evolution of  primitive 
reflexes is left out as it would not be prudent for a thera-
pist today to try to elicit these reactions in a preterm infant 
for any reason, as it may cause unnecessary stress for the 
preterm infant. In addition, there is no benefit to a preterm 
infant to assess his or her muscle tone or sensory reactions 
solely to determine whether development is occurring 
appropriately. Rather, this information is included here to 
provide the neonatal therapist with an understanding of  the 
preterm infant’s development and struggle with the intru-
siveness of  the extrauterine environment at a critical time in 
his or her development.

Embryogenesis is a remarkable series of  events. In 266 
days, a 0.1-mm single large cell at fertilization increases in 
length by a factor of  5000, in surface area by a factor of  
61 million, and in weight by a factor of  6 billion. During the 
pre-embryonic period, the first 2 weeks after fertilization of  
the oocyte by the sperm, cell division in the zygote forms 
three primary germ layers whose segmentation and axis 
formation are essential to the development of  the human 
baby.103 The ectoderm evolves into the skin, spinal cord, and 
teeth; the mesoderm into the blood vessels, muscles, and 
bone; and the endoderm into the digestive system, lungs, 
and urinary tract.104 During the embryonic period (weeks 3 
through 8), the mass of  cells divides and differentiates into 
the more than 200 different cell types comprising the vari-
ous organs of  the body.103 This is a result of  amazing and 
complex processes that are precisely timed and interwo-
ven. In the embryonic period, the cells initially are homo-
geneous, but increasing differentiation determines an exact 
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biologic function for each cell. By the end of  this period, 
the embryo has a heterogeneous structure. Any misstep in 
this process can result in demise or a major morphologic 
malformation in the embryo.104 The nervous system, the 
first organ to initiate development and the last to complete 
development continuing well after birth, is very susceptible 
to insult. Other systems have shorter critical periods where 
an interruption or insult can cause a congenital anomaly103 
(see Fig. 4.5 for timing of  major/minor anomalies).

In the first week after fertilization, the fertilized egg trav-
els from the fallopian tube and reaches the uterus. In the 
second week, the fertilized egg, having undergone several 
mitotic cell divisions to reach the blastocyst stage, implants 
into the rich vascular wall of  the uterus and by the end of  
the second week forms a primitive placenta. By the end 
of  the third week, the embryo’s blood is circulating in a 
U-shaped tube that later fuses to a single tube and under-
goes partitioning into four chambers during weeks 4 to 7. 
In the fourth week, the embryo is now less than half  a cen-
timeter long. In 35 days, a single cell has grown and been 
transformed into more than 10,000 different cells. The 
changes are swift and the process so precise and predictable 
that the timing of  a congenital defect can be pinpointed.104 
In addition, an ultrasound during the embryonic period can 
be used to date the pregnancy within 7 days.105

During the fetal period, weeks 9 through 36, the estab-
lished organs and body parts of  the embryo become refined 
and enlarged. The placenta serves as a barrier, removes 
wastes, and provides nutrition for the growing fetus, ful-
filling the function of  the fetal lungs, kidneys, intestines, 
and liver. In the third month, unbeknownst to the mother, 
the fetus is quite active, kicking and turning in its 8 oz of  
amniotic fluid.104,106 All movement patterns present in a 
term newborn have been initiated by 15 weeks’ gestation, 
including sucking, swallowing, breathing, and grasping the 
umbilical cord. Fetal responses to extrauterine stimuli (e.g., 
turning to auditory or visual stimulation, heart rate changes 
to environmental stimulation, and habituation to repeated 
stimuli) have been documented for decades.107–109 Fetal 
activity also demonstrates cyclic fluctuations and circadian 
rhythms.109

The Competence of  the Term Newborn
Before the 1900s, there were no formal structured exami-
nations for the newborn; the newborn was perceived as 
disorganized, unstructured, and lacking in sensory and 
motor capacities. In the early 1900s, under the prevailing 
Sherrington reflex model, newborn reflexes were inves-
tigated and a standard neurologic test for newborns was 

FIGURE 4.5 Embryogenesis and fetal development. (Modified from Rubin E, Gorstein F, Schwarting R, et al. 
Pathology. 4th ed. Baltimore, MD: Lippincott Williams & Wilkins; 2005.)
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published. In the mid-1900s, the reflex model was expanded 
to include generalized motor functioning. Researchers 
looked at infants’ active and passive muscle tone and con-
sidered infants able to modulate their behavior. Prechtl and 
Beintema110 introduced the concept of  infant state as dis-
tinct organizations of  the brain and associated physiology, 
affecting how an infant responded to a stimulus. The infant 
was seen as actively generating responses and modulating 
performances. In the latter half  of  the 20th century, more 
complex infant functioning was appreciated. Infants dem-
onstrated preferential gaze, sound discrimination, affective 
behaviors, coordination of  movements and speech, and dif-
fering cries, and were considered “social beings.”111 With this 
newfound appreciation, the infant was perceived as “compe-
tent,” no longer a passive recipient or blank slate on which 
the environment and the baby’s caregivers could write.6,111 
Comparetti107 wrote of  fetal competencies for induction 
and participation in labor/delivery (automatic walking and 
positive support to locate and engage the baby’s head in the 
birth canal and collaborate in the expulsion process from 
the womb) and for survival (rooting and sucking for feed-
ing). Brazelton saw the baby as an active participant in the 
social tasks of  eliciting caregiving and initiating the bond-
ing process, organizing his or her own autonomic and state 
responses in order to modify the stimulation from the envi-
ronment while maintaining his or her own stability.11

Likewise, Heidelise Als55–59 has written numerous arti-
cles portraying the preterm infant as striving to initiate and 
maintain his or her own stability while completing the mat-
uration of  his or her organ systems in the high-stress envi-
ronment of  intensive care. Dr. Als has passionately worked 
to teach caregivers to recognize the attempts of  the preterm 
infant to self-regulate, to support these efforts so that the 
baby not only succeeds at self-regulation but learns to trust 
his or her caregivers and him- or herself.

The neonatal competencies of  a term baby allowing 
survival can be grouped into four categories: physiologic, 
sensorimotor, affective/communication, and complex. 
Physiologic competencies include the functional matu-
rity and capability of  all organ systems to allow breathing, 
feeding, and growing. Sensorimotor competencies include 
rooting, sucking, grasping, clearing the airway in prone, 
and horizontal and vertical tracking.112 Affective/com-
munication competencies include crying, self-consoling, 
eye contact, facial animation, and eye aversion. Complex 
competencies include the newborn’s auditory preferences 
(mother’s voice), taste preferences (mother’s breast milk), 
visual preferences (faces), and imitative capacities (stick-
ing tongue out).113 Brazelton11,83 has characterized the 
newborn as being on a mission to get his or her parents 
to care for him or her. The healthy term newborn is a full 
partner in the work of  establishing a bond with the care-
giver. Contrast this with the preterm infant, who is a weak 
partner in this task. A preterm infant is perceived as small 
and unattractive and is less responsive and more difficult to 
calm, and his cry elicits negative emotions in the caregiver. 

Mothers of  preterm infants experience less synchronous 
interactions, play fewer games, work harder to engage, 
and derive less gratification from their infants.114 Thus, the 
bonding process is at risk between a preterm infant and his 
or her family.

A Competent Feeder
Feeding has been described as the infant’s “primary work,”9 
and the coordination of  sucking, swallowing, and breathing 
requires considerable skill as well as energy.115 Nevertheless, 
every day, term newborn infants feed successfully. It is a 
typical and basic competency of  a newborn term baby, who 
plays a very active role in the whole process, from wak-
ing and crying to communicate hunger, rooting to find 
the feeding source, pacing and coordinating sucking with 
swallowing and breathing, and digesting and eliminating a 
volume of  food, to gaining weight and growing. In a pre-
term or sick full-term baby, failure with feeding can occur 
in any one or more of  these areas. Sick or preterm babies 
may have learned an oral aversion as a result of  their NICU 
care. A sick or preterm infant may lack the balance of  flex-
ion/extension to attain the appropriate alignment of  neck 
extension and chin tuck to assist sucking and swallowing 
and breathing, or residual lung disease may cause the infant 
to breathe too fast to allow time for sucking and swallowing. 
A preterm baby may not self-regulate physiologic capacities 
so that the baby is calm and awake and can self-soothe when 
the environment produces a stressor. A preterm infant may 
experience periodic apnea, or bradycardia and be unable 
to manage the coordination of  sucking, swallowing, and 
breathing without becoming physiologically unstable. Other 
potential obstacles to feeding involve immaturity or prob-
lems of  the gastrointestinal (GI) tract including reflux and 
malabsorption.115 Feeding is one of  the primary functional 
tasks of  a newborn infant and generally a requirement for 
discharge to home. Feeding problems not only delay hospi-
tal discharge, but can also be a major source of  frustration 
and feelings of  failure for parents and caregivers. Feeding 
interventions for babies in the NICU are beyond the scope 
of  this chapter. 

Evolution of Tone, Reflexes, and Musculoskeletal 
Development

Owing to the increasing sophistication of  technology, 
younger preterm infants, just beyond the halfway mark of  
gestation, are surviving.116 The preterm age of  viability is 
now 23 to 24 weeks’ gestation. A therapist working in an 
NICU must be intimately acquainted with fetal development 
in the last half  of  gestation in order to understand the behav-
ior of  the preterm infant and to intervene with and assess 
him or her. Suzanne Saint-Anne Dargassies117 in 1955 stud-
ied 40 nonviable and previable fetuses from 20 to 27 weeks’ 
gestation to determine the neurologic characteristics of  
fetal maturation. (At that time, the viability threshold was 
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27 weeks’ gestation, and Dargassies studied these premature 
infants before they died.) She found that periods of  1 week 
were long enough to distinguish one stage from another, 
until 26 weeks, and then the rate of  change slowed down. 
Dargassies observed spontaneous facial activity (excluding 
tongue and lips) very early; distal responses were manifest 
before proximal; gallant reflex (trunk incurvation) was com-
pletely present at 20 weeks; and active movements, elicited 
movements, and primary reflexes improved slowly in qual-
ity, duration, and completeness. She saw a complete lack 
of  passive muscle tone in extremities and trunk, although 
this was hard to investigate because of  “edema, sclerema, 
and death agony,”117 and she observed babies from 21 weeks 
responding differently to tactile and painful stimuli.117

Dargassies117 also studied 100 viable preterm infants from 
28 weeks’ to 41 weeks’ gestation and observed maturational 
stages in 2-week segments during this time period. She cre-
ated “maturative” criteria for infants at 28, 30, 32, 35, and 
37 weeks and analyzed differences between term newborns 
and former preterms at 40 weeks’ gestation. According to 
Dipietro,108 the period between 28 and 32 weeks’ gestation 
is a transitional one for a fetus. Heart rate, activity, state 
organization, responses to vibroacoustic stimulation, and 
the coupling between fetal activity and heart rate are vari-
able with peaks and plateaus in presentation. By gestational 
weeks 31 to 32, the variability has stabilized and the rate of  
development has slowed so that a baby at 32 weeks’ gesta-
tion will demonstrate less startle responses, increasing peri-
ods of  quiescence, increasing state organization, mature 
levels of  vibroacoustic responsiveness, and increasing abili-
ties to habituate to stimuli. These patterns continue to 
mature through term age; however, a 32-week fetus behaves 
more like a term infant than a younger fetus. This transi-
tional period parallels the period of  rapid increases in neu-
ral development and myelination, including cortical vagal 
responses and sulcation.108

Allen and Capute116 studied 42 preterm infants, none 
whom developed CP, from 24 to 32 weeks’ gestation with 
weekly neurodevelopmental examinations, and found that 
flexor tone, recoil, and hyperreflexia appeared 2 to 3 weeks 
earlier in the lower extremities (33 to 35 weeks) than the 
upper extremities (35 to 37 weeks). Trunk tone (measured 
on ventral suspension) was manifest at 36 to 40 weeks. Neck 
tone was poor with greater than one-half  the babies at 
term-corrected age continuing with a head lag in pull-to-sit. 
Primitive reflexes and deep tendon reflexes (DTRs) appeared 
in lower extremities before upper extremities. (Presence of  
asymmetric tonic neck reflex [ATNR] was detected in lower 
extremities first at 31 weeks and in upper extremities at 34 
weeks.) They found that the evolution of  tone, DTRs, and 
primitive and pathologic reflexes proceeded in an orderly 
sequential pattern (i.e., lower extremities to upper extremi-
ties and distal to proximal).116

Preterm infants, in addition to the previously described 
hypotonia, also have a decreased ratio of  type I (slow twitch) 
muscle fibers to type II (fast twitch) compared with infants 

at term. This results in muscular fatigue (particularly respi-
ratory muscles) in preterm infants. Preterm infants also 
demonstrate incomplete ossification of  bones, ligamentous 
laxity, and connective tissue elasticity compared with term 
infants. The combination of  these unique characteristics of  
preterm infants places them at the mercy of  gravity and the 
surfaces on which they lie. Just as fetal movements or lack 
thereof  are thought to contribute to the shaping of  joints, 
skulls, and spinal curves of  babies in utero, preterm infants 
can fall victim to positionally induced deformities in the 
NICU. These include skull-shaping abnormalities like doli-
chocephaly (increased anterior–posterior diameter of  the 
head) and plagiocephaly (flattening of  posterior–lateral skull 
due to preferred head and neck rotation to one side), as well 
as extremity misalignment.118

Research comparing former preterm infants at term 
age (37 to 42 gestational weeks) and term newborns has 
demonstrated differences in tone and reactivity in the two 
groups. Unlike infants born at term, preterm infants miss 
the experience of  a crowded uterus to limit their range of  
active movement and to support the development of  flexor 
tone. In contrast to term infants who are tucked and con-
tained in utero, preterm infants experience gravity, as well 
as intravenous lines, support boards, and other restraints, 
during this period of  maturational-related hypotonia. For 
these reasons, at term age, a former preterm infant and a 
term newborn will demonstrate differences in muscle tone. 
Former preterm infants at term age demonstrate less flexor 
tone of  extremities and poorer flexor/extensor balance of  
head and neck, and in addition have greater range of  motion 
in French angles, as well as greater active range of  motion, 
than their term newborn counterparts.119,120 Former pre-
term infants at term age are more reactive, demonstrating 
more startles, tremors, brisk reflexes, and a shorter attention 
span than their term counterparts.117,120 Former preterms 
may also demonstrate toe walking during automatic walk-
ing, while their full-term counterparts demonstrate heel–
toe walking.117

In addition, brain development of  former preterm infants 
at term-corrected age differs from brain development of  
babies born at term. Newborn term infants show better 
behavioral functioning of  autonomic, motoric, state, and 
attention/interactional subsystems, as well as higher ampli-
tudes in EEG and photic-evoked responses and increased 
gray/white matter differentiation and myelination, than 
healthy former preterm infants at term age. Some of  these 
differences may be explained by the cumulative complica-
tions of  preterm birth; however, the developmentally inap-
propriate sensory stimulation of  an NICU may also affect 
preterm brain development.121–123

Evolution of Sensory Responses

Research demonstrates neurosensory development in ani-
mals to follow a sequential pattern, first touch, then move-
ment, smell and taste, hearing, and lastly sight. Stimulation 
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of  a particular system during development can be essential 
for the development of  that system. However, if  the stim-
ulus is too intense or is atypically timed, it can interfere 
with the development of  that and other sensory systems.124 
Preterm infants are forced to complete the development 
and maturation of  their sensory systems while in an inten-
sive care environment. The effects of  this environment on 
the developing brain are not fully understood and are only 
beginning to be studied.

Tactile System
Four different sensory abilities comprise the tactile system: 
touch, temperature, pain, and proprioception. The first 
three sensory receptors are housed in the skin, and the last 
is composed of  receptors from not only the skin, but also 
joints and muscles. The skin is the largest organ, and there-
fore touch is the largest sensory system as well as the first to 
develop.125,126

THe PRObLeM OF PaIN Pain comprises one of  the sensory 
modalities of  the tactile system. Pain assessment and man-
agement has been increasingly recognized as an integral 
component in the care of  high-risk infants in the NICU. 
At one time, it was standard practice for infants to have no 
anesthesia or analgesia for painful procedures like circum-
cision, central line placement, or patent ductus arteriosus 
(PDA) ligation75 as babies were believed to be incapable of  
feeling or remembering pain. However, over time, research 
has established that preterm infants not only experience and 
respond to painful stimuli, may be more sensitive to pain, 
and that there are both short-term and long-term conse-
quences to pain that continue into infancy and childhood.127 
Neonates exposed to repeated painful and noxious stimuli 
show different behavioral and physiologic responses to pain, 
may be less reactive to painful stimuli, and demonstrate 
more somatization as toddlers than infants not exposed to 
painful stimuli. At 8 to 10 years, children who were exposed 
to painful and noxious stimuli as infants rated medical pain 
significantly higher than psychosocial pain.128 Furthermore, 
research has found repeated skin-breaking procedures in 
very preterm infants to have a relationship with poorer cog-
nitive and motor function.129

Pain receptors appear initially around the mouth at 
7 weeks’ gestation and spread to the entire body. Ascending 
pain pathways in the peripheral nervous system and spinal 
cord are functional by 20 to 22 weeks’ gestation.125,130,131 The 
neuroanatomic, neurophysiologic, and neuroendocrine sys-
tems are developed enough to allow the perception of  pain 
in preterm and term infants, and their physiologic and hor-
monal pain responses are similar or exaggerated compared 
with adults or older children.125,126,128 Increased sensitivity 
to pain in preterm infants less than 36 weeks GA has been 
attributed to decreased levels of  expression of  dopamine, 
serotonin, and norepinephrine in the preterm spinal cord, 
which are important for pain modulation. Also, inhibitory 

fibers from the periaqueductal gray area do not release 
neurotransmitters until 46 to 48 weeks postconceptual age 
(PCA). Repeated invasive procedures can produce hyper-
algesia and allodynia (pain caused by a stimulus not typi-
cally associated with pain), leading to long-term changes in 
pain processing, postnatal growth, brain structure, and 
neurodevelopment.130,132–136

Hospitalized neonates experience frequent routine medi-
cal touch and handling by staff  members, as opposed to con-
tacts with family. Routine touch for the care of  hospitalized 
infants consists of  repositioning, temperature taking, diaper 
changes, palpation to reinforce taping or to check the sta-
tus of  intravenous lines and organ systems, etc. Infants in an 
NICU experience an average of  40 to 70 contacts, with some 
infants experiencing 100 contacts per 24-hour period.137–140 
While not all interventions are painful, these activities may 
be very stressful for preterm infants.141 Hellerud & Storm142 
observed that diaper changes produced increased physi-
ologic and behavioral changes. Over time, tactile events may 
become more stressful as preterm infants exhibit not only 
hperalgesia but also allodynia as a result of  central sensitiza-
tion. Environmental factors such as lighting and sound can 
also contribute to stress in the preterm infant.

Infants in the NICU are also subjected to repeated painful 
procedures and noxious stimuli, such as heel sticks, intrave-
nous line placement, and suctioning of  endotracheal tubes, 
which are performed on a routine basis in addition to fre-
quent handling.74,75,143 Cignacco144 reported that preterm 
infants experience 10 to 15 painful procedures per day, up to 
22 procedures per day in the first 2 weeks of  life. Cameron 
et al.145 found increased pain scores continued long after the 
painful procedure in preterm infants. The greater survival 
of  extremely low birth weight (ELBW) infants makes these 
high-risk infants more susceptible to the effects of  pain and 
stress due to longer periods of  exposure.146 Although the 
frequency of  and response to acute painful procedures is 
recognized, there is little understanding about the chronic 
pain experienced from medical conditions associated with 
prematurity or an NICU stay such as necrotizing enteroco-
litis, intraventricular hemorrhage, or prolonged mechanical 
ventilation.147 While painful and stressful interventions are 
part of  the life-sustaining care experiences of  babies in an 
NICU, they can have long-term effects on growth and devel-
opment.133,148,149 Strategies to minimize or prevent pain and 
stress should be an essential part of  the infant’s care plan.

THe PRObLeM OF PaIN aSSeSSMeNT Pain is described as 
“an unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage, or described in 
terms of  such damage.”131 The gold standard of  pain assess-
ment in older children and adults is patient report of  pain. 
Since babies are unable to verbalize their pain, comprehen-
sive, valid, and reliable pain assessment in an NICU is com-
plex and requires the identification of  multiple responses, 
both physiologic and behavioral.128,135,147,150 Vulnerability to 
pain is expressed by preterm infants through specific pain 
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behaviors, physiologic changes, changes in cerebral blood 
flow, and cellular and molecular changes in pain processing 
pathways.131 Physiologic responses to pain include increase 
or decrease in heart rate, increase or decrease in respiratory 
rate, increased blood pressure, increased intracranial pres-
sure, decreased oxygen saturation, decreased peripheral and 
cerebral blood flow, skin color pallor or flushing, diapho-
resis, and palmar sweating.135,151 Behavioral signs including 
facial responses (eye squeeze, brow buldge, nasolabial nar-
rowing), extension of  arms and legs, and finger splay have 
been associated with pain in preterm infants.146,152 Term 
and preterm babies respond differently to pain, a fact that 
adds to the difficulty with pain assessment in babies in an 
NICU. Preterm babies are less robust than full-term infants 
in expressing pain through crying or moving; therefore, GA 
is an important consideration when assessing pain in an in-
fant.135,150,153 Equipment and lines may further impede their 
ability to demonstrate movements associated with pain. 
Critically ill infants may mimic preterm infants in their in-
capacity to display vigorous pain responses; therefore, a lack 
of  behavioral pain responses should not be interpreted as a 
lack of  pain.128,134,150 The Joint Commission on Accreditation 
of  Healthcare Organizations ( JCAHO) has termed pain 
assessment the “fifth vital sign,” and the standard of  care 
now requires routine assessment of  neonatal pain utiliz-
ing a standardized assessment scale of  neonatal pain154 and 
appropriate interventions to reduce and alleviate pain (see 
Table 4.4 for commonly used methods of  pain assessment 
in newborns). There are a wide variety of  tools to assess 
pain in neonates; for example, Duhn and Medves155 identi-
fied over 40 assessments in their 2004 review. The authors 
recommend that infant population, setting, and type of  pain 
experienced should be taken into consideration along with 
the psychometric strength of  the instrument when choosing 
a pain scale.155

Despite recommendations for pain assessment and man-
agement in newborns from organizations such as the AAP 
and JCAHO,154 the understanding of  the infant’s capability to 
feel pain and strategies to manage pain are underemployed 

in NICUs.128,147,151,156,157 Carbajal et al.156 reported that 40% 
to 90% of  infants do not receive preventive or effective 
treatment for pain. Obstacles to implementation of  non-
pharmacologic and pharmacologic pain supports include 
health practitioners’ concerns regarding side effects, toxic-
ity, and physiologic dependence for pharmacologic agents, 
and lack of  understanding of  effectiveness of  nonpharmaco-
logic supports in pain reduction.128,147,158 Nonpharmacologic 
interventions are strategies to relieve pain while promoting 
the infant’s self-regulatory  capacities.157 Physical therapists 
working in the NICU need to be familiar with physiologic 
and behavioral assessment of  pain in young infants, as well 
as with a variety of  environmental and behavioral strategies 
to reduce pain. They also need to be vigilant in anticipating 
the potential for pain for babies in the NICU and to advocate 
for early and aggressive intervention to minimize pain for 
these  patients.26,106,146

eNVIRONMeNTaL aND beHaVIORaL STRaTeGIeS FOR PaIN 
ReDUCTION Nonpharmacologic interventions are the bases 
for pain management and should ideally be implemented 
consistently for any painful procedure or noxious touch 
in the NICU.128,156 However, they should not substitute for 
pharmacologic therapy, which should be utilized in addi-
tion to nonpharmacologic pain supports for prolonged or 
moderate to severe pain in the infant. However, studies have 
shown that opioids are ineffective for procedural pain such 
as heel sticks134,156 and nonpharmocologic strategies are rec-
ommended for these interventions.

Environmental strategies reduce pain indirectly by 
reducing the level of  noxious stimuli present to the infant. 
Environmental strategies include dimming the lights or 
shading the eyes of  the infant and reducing the noise around 
the infant’s bed space by keeping pagers on vibrate mode, 
silencing alarms, shutting drawers and porthole doors softly, 
and talking in soft voices away from the bedside. Other envi-
ronmental strategies include reducing the frequency of  han-
dling and painful procedures.71 However, clustering of  care 
activities has been shown to produce pain-like responses in 

CRIES
Premature Infant Pain 
Profile (PIPP)

Neonatal Facial Coding 
Scale (NFCS)

Neonatal Infant Pain  
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Heart rate
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State of arousal
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high-risk infants.159,160 Neonatal therapists can assess infants’ 
response to care activities and advocate for spacing out care-
giving activities if  determined to be more beneficial for the 
individual infant.146

Nonpharmacologic interventions include positioning via 
swaddling or facilitated tucking, (nonnutritive sucking) NNS, 
skin-to-skin holding (kangaroo care), and sucrose.128,143,161 
Facilitated tucking is a manual technique where a support 
person holds the baby’s flexed limbs close to the baby’s body 
during a noxious or painful procedure. Facilitated tucking has 
been demonstrated to minimize physiologic indices of  pain, 
shorten cry, maintain sleep state, and reduce scores on the pre-
mature infant pain profile (PIPP) during heel stick, endotra-
cheal suctioning, and routine caregiving.72–76,162,163 Swaddling 
an infant can also provide the bodily containment important 
for pain relief  in infants undergoing painful procedures.74

NNS will help reduce hospital stay and decrease fussing/
crying and physiologic arousal during heel stick.77–79,147,135,164 
The practice of  giving sucrose with or without NNS has 
been shown to decrease physiologic and behavioral pain 
indices as well as pain scores for babies undergoing heel stick 
or venipuncture and is considered safe and effective in reduc-
ing procedural pain.144,165,166,167 Oral sucrose has its greatest 
analgesic effect when given intraorally2 minutes prior to a 
procedure.166–168 Studies have also shown that breast- feeding 
and NNS with breast milk to be effective nonpharmoco-
logic pain management interventions for neonates.169,170 
Kangaroo care, or skin-to-skin, chest-to-chest holding, pro-
vides comforting multisensory stimulation (continual and 
full-body touch, warmth of  parent’s body, sound of  the 
heartbeat, chest and respiratory movements, body odor, and 
voice) and is thought to trigger endogenous mechanisms 
resulting in an analgesic effect on neonates.164 Studies of  
kangaroo care demonstrate marked reductions in crying, 
grimacing, and heart rate during heel sticks in newborn 
infants.171 Physical therapists and the nursing and medical 
teams in the NICU should carefully watch the expression 
of  stress and pain in the infant, as well as for opportunities 
to implement environmental and behavioral strategies to 
reduce neonatal pain and stress from noxious stimuli.

Vestibular System
The sensory end organs of  the vestibular system, the three 
semicircular canals, and the otolith are housed inside the 
skull cavity (vestibule), which also contains the hearing 
sense organ, the cochlea. Both the hearing and the vestib-
ular systems convert stimuli into electrical signals via the 
cilia. In the vestibular system, these signals are carried by the 
vestibular nerve to the brainstem and relayed to a variety 
of  areas so that information regarding the baby’s position 
in space can be interpreted, integrated, and used to guide 
movement and function.126

The vestibular system is one of  the first to develop in 
utero, and the vestibular nerve is the first fiber tract to begin 
myelination at the end of  the first trimester. By 20 weeks’ 

gestation, this nerve has reached its full-size shape, and 
the other vestibular tracts have begun to myelinate.126 The 
vestibular system is thought to be responsible for the fetus 
orienting to the head-down position prior to birth. The ves-
tibular system is mature in the full-term newborn,137 but 
modifications and growth in the synapses and dendrites of  
the vestibular pathways continue until puberty as the child 
learns to move and adapts to his or her changing body size 
and shape.126

The womb provides almost constant vestibular stimula-
tion to the developing fetus, some contingent (fetal move-
ment) and some noncontingent (maternal movements).126,172 
The preterm baby in an NICU experiences primarily immo-
bilization and therefore reduced vestibular stimulation. 
The consequences of  the constant vestibular stimulation a 
term baby experiences in utero and the lack of  such with 
a preterm baby are unclear and there is little information 
to guide interventions with the vestibular system. Research 
on vestibular stimulation on the preterm infant is often car-
ried out with other modes of  stimulation, making it diffi-
cult to understand the effects of  pure vestibular stimulation. 
Vestibular stimulation is known to enhance behavioral 
states; for example, slow rhythmic rocking is soothing and 
promotes quiet sleep, and fast arrhythmic vestibular stimula-
tion increases activity and agitation.9 Vestibular stimulation 
has not been demonstrated to affect feeding, weight gain, 
length of  stay, or neurodevelopmental outcomes in hospital-
ized infants.69 More research is needed in this area; however, 
gentle vestibular stimulation within the infant’s tolerance 
levels and for a developmentally appropriate reason may be 
implemented in the NICU.172

Olfactory and Gustatory Development
Taste and smell are both chemical senses, initiated in 
response to specific molecules in the immediate environ-
ment and transmitted into electrical signals by neurons. 
Olfactory development begins at 5 weeks’ gestation with 
the appearance of  the nasal pit. At 8 weeks, the neurons in 
the olfactory bulb begin to develop and are mature by 20 
weeks. By 11 weeks, the nostrils are replete with olfactory 
epithelia. The ability to smell begins at 28 weeks when the 
biochemical development of  olfactory epithelia and neurons 
is completed.

Taste buds begin to mature at approximately 13 weeks 
when the fetus begins to suck and swallow. At term age, 
approximately 7000 taste buds are present over the perim-
eter of  the tongue, soft palate, and upper throat.126 Sucking 
and swallowing amniotic fluid stimulates the taste buds and 
influences their synaptic connections. The amniotic fluid 
is constantly changing, reflecting the mix of  the maternal 
diet with the fetus’ urination. The fetus experiences a vari-
ety of  tastes and smells while in utero. Likewise, breast 
milk is flavored by maternal diet and the newborn is able 
to recognize his or her mother’s breast milk, as its smell and 
taste are familiar to the infant. From 24 weeks until term, 
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a fetus swallows approximately 1 L of  amniotic fluid per 
day. Contrast this with the experiences of  the preterm baby, 
who frequently has an orogastric tube and/or endotracheal 
tube in his or her mouth, tape on his or her face, and the 
taste of  a rubber glove, medications, or vitamins in his or 
her mouth. In addition, the preterm infant does not get this 
constant swallowing practice, making the necessary coordi-
nation of  sucking, swallowing, and breathing a challenge.126

Auditory System
By 24 weeks’ gestation, the development of  the cochlea 
and peripheral sensory end organs is complete, and the first 
blink/startle responses to vibroacoustic stimulation can be 
elicited. By 28 weeks, these responses are consistent; the 
hearing threshold is approximately 40 dB and decreases to 
13.5 dB (approximating the adult levels) by 42 weeks PCA, 
demonstrating the continuing maturation of  the auditory 
pathways. A preterm infant in the NICU is subjected to 
the noise of  an NICU during the normal development and 
maturation of  hearing. Exposure to this NICU noise may 
cause cochlear damage as well as cause sleep disturbances 
and disrupt the growth and development of  the baby.123,173 
The bubbling of  water inside a ventilator tubing or tapping 
on the outside of  the incubator can result in noise that is 
70 to 80 dB inside an incubator, whereas closing the port-
hole doors or the drawers under the incubator or dropping 
the head of  the mattress can result in 90 to 120 dB noise.173 
Incubator covers reduce only the noise of  objects striking 
the incubator. However, most noise in an incubator comes 
from the motor, drawer and door closures, and the infant’s 
own crying.174 Other common NICU sounds include alarms, 
overhead pages, beepers, telephones, traffic, and conversa-
tions. In one study, peak noise was in the 65- to 75-dB range, 
and most noise was due to human activity.175 Normal con-
versation is typically in the 60-dB range, and whispering is 
between 20 and 30 dB.173

Contrast this with the sounds of  pregnancy inside the 
womb (i.e., muffled maternal speech, maternal heart rate, 
and GI sounds), which are structured or patterned but not 
continuous or fixed. These sounds may also be contingent 
on maternal or fetal behavior and typically affect more 
than one sensory organ.112 Background noise in the human 
uterus allows low frequencies of  maternal speech to be dis-
criminated. In utero, the maternal tissues attenuate sound 
frequencies greater than 250 Hz and thus shield the develop-
ing fetus. The sound environment of  an NICU has levels of  
low- and high-frequency sound, and this may diminish the 
babies’ exposure to maternal speech. The NICU provides a 
very different auditory sensory experience for the develop-
ing baby than the womb.

The AAP173 recommends that noise levels in an NICU 
should not exceed 45 dB; in order to accomplish this, staff 
must be cooperative and NICU design and construction 
must support this. In addition to strategies to reduce noise 
from human or mechanical sources, new alternatives to the 

crowded and noisy state of  current NICU designs have been 
suggested by Evans, Philbin,176–178 and White.179

Visual System
Vision is the most complex human sense and the least 
mature at term birth. By 23 to 24 weeks’ gestation, the 
major eye structures and the visual pathways are in place; 
however, the eyelids are fused, the optic media is cloudy, and 
there are remnants of  embryonic tissue in the eye globe. 
A few immature photoreceptor cells occupy the retina, and 
retinal blood vessels in the posterior retina have begun to 
develop. From 24 weeks to term, the retina and visual cortex 
undergo extensive maturation and differentiation. At 24 to 
28 weeks, the eyelids separate. However, the pupillary reflex 
is absent; the lid will tighten to bright light, but this fatigues 
easily. By 34 weeks, the pupillary reflex is present, and bright 
light causes lid closure without fatigue. Brief  eye opening 
and fixation on a high-contrast form under low illumination 
may occur. Morante et al.180 found that most 32-week ges-
tation premature infants could perceive 1/2-inch stripes at 
12 inches, and by 35 to 36 weeks most could perceive 1/4-
inch stripes. At term, most infants could distinguish 1/8-inch 
stripes. Also, pattern preference matured from 34 weeks on 
as well. Unlike Saint-Anne Dargassies,117 Morante et al.180 
found that former premature infants at 40 weeks did less 
well with visual acuity and pattern preference than term 
newborns. By 36 weeks, the infant will orient toward a soft 
light and demonstrate saccadic visual following horizontally 
and vertically. At term, infants see with acuity estimates of  
20/400. They are farsighted with poor focusing for objects 
up close.112

Typically, visual maturation occurs in a dark womb, and 
does not require light exposure. However, the infants born 
prematurely are subjected to the harsh bright lighting of  
the NICU, which produces phototoxic effects in animals and 
can potentially impact brain development. Bilirubin lights 
to treat hyperbilirubinemia can produce light equivalent 
to greater than 10,000 foot-candles. Because of  their visual 
immaturity, preterm infants should be shielded from ambi-
ent and supplementary light sources. Five foot-candles is 
desirable to encourage spontaneous eye opening. Although 
preterm infants will attend to black-and-white patterns, this 
can be stressful for them. Prolonged attention to black-and-
white patterns has been associated with lower IQ in child-
hood. Visual stimulation may also interfere with typical 
auditory dominance, resulting in decreased attending to 
speech, and may disrupt the emergence of  hand regard and 
visually directed reaching.9,112,126

Evolution of State Differentiation

True behavioral states in terms of  a set of  characteristic 
variables linked together may not be present in infants less 
than 36 to 37 weeks GA,114,181 and preterm infants younger 
than 36 weeks do not possess a full capacity for control over 
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and become more numerous at 30 weeks.117 Preterm infant 
sleep states are disorganized with more motoric responses 
during sleep. Wakeful periods in preterm infants are brief  
and sporadic. The proportions of  sleep and wake periods 
change as babies mature. Quiet alert times appear in pre-
term infants who are close to term age and have a degree of  
physiologic and motoric stability. Because the state system 
is foundational for attending and interacting, it is important 

states of  arousal.9 Brazelton and Nugent182 define six states 
in their newborn assessment and pay close attention to the 
range, variety, and duration of  the states a baby exhibits dur-
ing an assessment (Table 4.5). Als183 modifies these states for 
preterm infants, describing them as less well organized and 
less clearly defined than states a healthy term baby demon-
strates. In preterm infants, sleep states predominate, and 
wakeful periods emerge for brief  periods around 28 weeks 

Sleep State Behaviors
State 1A Infant in deep sleep with obligatory regular breathing or breathing in synchrony with only the respirator; eyes closed; no eye 

movements under closed lids; quiet facial expression; no spontaneous activity; typically pale color.
State 1B Infant in deep sleep with predominately modulated regular breathing; eyes closed; no eye movement under closed lids; relaxed facial 

expression; no spontaneous activity except isolated startles.
State 2A Light sleep with eyes closed; rapid eye movements can be seen under closed lids; low-amplitude activity level with diffuse and 

disorganized movements; respirations are irregular and there are many sucking and mouthing movements, whimpers; facial, body, 
and extremity twitchings, much grimacing; the impression of a “noisy” state is given. Color is typically poor.

State 2B Light sleep with eyes closed; rapid eye movements can be seen under closed lids; low activity level with movements and dampened 
startles; movements are likely to be of lower amplitude and more monitored than in state 1; infant responds to various internal stimuli 
with dampened startle. Respirations are more regular; mild sucking and mouthing movements can occur off and on; one or two 
whimpers may be observed, as well as infrequent sighs or smiles.

Transitional (Drowsy) States
State 3A Drowsy or semidozing; eyes may be open or closed; eyelids fluttering or exaggerated blinking; if eyes are open, glassy veiled look; 

activity level variable with or without interspersed startles from time to time; diffuse movement; fussing and/or much discharge of 
vocalization, whimpers; facial grimace.

State 3B Drowsy, same as above but with less discharge of vocalization, whimpers, facial grimace, etc.
Awake States†

State 4AL Awake and quiet, minimal noisy activity, eyes half open or open but with glazed or dull look, giving the impression of little 
involvement and distance, or focused yet seeming to look through rather than at object or examiner, or the infant is clearly awake and 
reactive but has eyes closed intermittently.

State 4AH Awake and quiet; minimal motor activity; eyes wide open, “hyperalert” or giving the impression of panic or fear; may appear to be 
hooked by the stimulus; seems to have difficulty in modulating or breaking the intensity of the fixation to the object or moving away 
from it.

State 4B Alert with bright shiny animated facial expression; seems to focus attention on source of stimulation and appears to process 
information actively and with modulation; motor activity is at a minimum.

Active States
State 5A Eyes may or may not be open, but infant is clearly aroused as is dictated by motor arousal, tonus, and distressed facial expression, 

grimacing, or other signs of discomfort. Fussing, if present, is diffuse or strained.
State 5B Eyes may or may not be open but infant is clearly awake and aroused, with considerable, yet well-defined, motor activity. Infant may 

also be clearly fussing but not crying robustly.
Crying States
State 6A Intense crying, as indicated by intense grimace and cry face, yet cry sound may be very strained or weak or absent; intensity of upset 

is greater than fussing.
State 6B Rhythmic, intense, lusty crying that is robust, vigorous, and strong in sound.

*These are subgrouped into the states themselves and specific, typically attention-related behaviors. various configurations of behaviors encompassing eye 
movements, eye opening and facial expressions, gross body movements, respirations, and tonus aspects are used in specific temporal relationships to one another to 
determine at what level of consciousness an infant is at a particular time. it is possible to make meaningful, systematic distinctions between dynamic transformations 
of various behavioral configurations that appear to correspond to varying states of availability and conscious responsiveness. The following spectrum of observable 
states is suggested: states labeled as a are “noisy,” unclean, and diffuse; states labeled as B are clean, well-defined states.ref7. ref2.
†for 4a, two types of diffuse alertness are distinguished, 4 al and 4 ah. l or h is marked instead of a check mark.ref8. ref3.

aa: should the infant move into prolonged respiratory pause (e.g., beyond 8 seconds), aa should be marked. The infant has removed him- or herself from the state 
continuum.

more than one box per 2-minute time block can be marked, depending on the fluctuation and behavior the infant shows. operationally, typically a 2- to 3-second 
duration of a behavioral configuration is necessary to be registered as a distinct state; however, even briefer excursions, especially into states 4 and 6, can be recorded 
reliably. reprinted with permission from als h. reading the premature infant. in: goldson e, ed. Nurturing the Premature Infant: Developmental Intervention in the 
Neonatal Intensive Care nursery. New york, Ny: oxford university press; 1999:82–84.

State-Related behaviors*
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(Fig. 4.6). SGA infants can also be called IUGR, or intrauter-
ine growth restricted. The etiology for this may be a chromo-
somal abnormality in the baby, congenital malformation, or 
congenital infection.106 LGA may be due to large parents, 
maternal diabetes, or postmaturity (greater than 42 weeks’ 
gestation), or the baby may have other genetic syndromes. 
Babies born LGA are at risk for birth trauma, especially bra-
chial plexus injury or perinatal depression. They may also be 
more likely to have hyperinsulinism or polycythemia.185

Research correlating birth weight with outcome is com-
mon, and has led to additional acronyms.9,185

to be familiar with and to assess the range and robustness of  
states available to an infant, as well as the ease of  transition 
between states.183

 Medical foundations to guide therapy

Language of the NICU

The language of  the NICU also reflects the crisis-driven 
nature of  the intensive care required by these critically 
ill infants. Many complex procedures and diagnoses are 
referred to by acronyms, and the language can be intimidat-
ing for those who do not know what the terms mean. There 
is a list of  commonly used abbreviations in Addendum A at 
the end of  this chapter. In addition, a few key terms will be 
defined below.

GA refers to the length of  time the baby was in the 
womb and is counted in weeks from the mother’s last men-
strual period to the baby’s birth.184 Term gestation is 37 to 
41 and 6/7 weeks, and a baby born before 37 weeks is con-
sidered preterm. A baby born at 42 weeks or more is consid-
ered postterm.185

Correcting a baby’s age is an important skill to under-
stand and to teach to parents. The 40 weeks of  gestation are 
so critical to development that it is unfair to ignore the time 
lost in utero when a preterm birth occurs. It is important 
that both the therapist and the family develop expectations 
for a baby on the basis of  corrected age and not chronologic 
age. Chronologic age (CA) is defined as the age the baby is 
based upon his or her birthday. Corrected or adjusted age 
(AA) is defined as the age the baby is from his or her due 
date; a baby born at 28 weeks whose CA is 8 weeks would 
have an adjusted age of  36 weeks PCA (PCA = GA + CA or 
28 weeks + 8 weeks). That same baby 4 weeks later would 
be considered 40 weeks PCA, or term. Once the baby has 
reached his term age, the number of  weeks the baby missed 
in utero is subtracted from his CA, so that at 5 months CA, 
the baby’s adjusted age is 3 months (6 months – 3 months 
[12 weeks (missed in utero) is 3 months early]). This age 
adjustment is important for assessing a former preterm 
infant’s growth and development until 2 to 3 years as most 
catching up is completed by then.186

AGA, SGA, and LGA are acronyms for appropriate for ges-
tational age, small for gestational age, and large for gestational 
age, respectively. These terms refer to the weight of  the 
baby at birth. AGA refers to an infant whose weight at birth 
falls within the 10th and 90th percentiles for his or her age. 
A baby born 12 weeks early can be AGA, or a baby born at 
term can be AGA if  his or her weight is within two stan-
dard deviations of  the mean (10th to 90th percentiles) for 
babies born at that GA. A baby who is SGA has a weight 
that is below the 10th percentile (or below two standard devi-
ations from the mean) for his or her age, and a baby who 
is LGA weighs above the 90th percentile (or above two stan-
dard deviations from the mean) for his or her age at birth 

Acronyms Regarding Birth Weight

NBW Normal birth 
weight

2500 to 3999 g (5 lb 8 oz to 
8 lb 13 oz)

LBW Low birth weight less than 2500 g (5 lb 8 oz)
MLBW Moderately low 

birth weight
1500 to 2500 g (3 lb 5 oz to 

5 lb 8 oz)
VLBW Very low birth 

weight
less than 1500 g (3 lb 5 oz)

ELBW Extremely low 
birth weight

less than 1000 g (2 lb 3 oz)

Micropreemies less than 750 g (1 lb 10 oz)
Macrosomia more than 4000 g (8 lb 13 oz)

The medical chart may describe the mother as a 32-year-
old G5 P1223. G stands for gravida and P for para. These 
terms describe the number of  maternal pregnancies and 
pregnancy outcomes, respectively. The mnemonic “Florida 
Power And Light” can be used to remember what the num-
bers following P mean. The first number stands for number 
of  full-term births, the second for number of  preterm births, 
the third for number of  abortions (whether spontaneous or 
therapeutic), and the fourth for number of  living children. 
In the case of  G5 P1223, the mother had five pregnancies; 
one full-term infant, two preterm babies, two abortions, and 
a total of  three living children. When only a single number 
follows the P, it represents the number of  living children.

A scoring system to evaluate the physical condition of  
newborn infants after delivery was developed by Virginia 
Apgar187 in 1953, and the name APGAR has evolved into 
an acronym for this scale. A is for appearance, P is for pulse, 
G is for grimace, A is for activity, and R is for respiration 
(Table 4.6). These scores are generally assigned for the first 
and fifth minute of  life if  the baby does not require exten-
sive resuscitation. Should the score reflect apnea or brady-
cardia with an Apgar score of  less than 6, resuscitation is 
begun. A score in the range of  3 to 4 indicates the need for 
bag and mask ventilation; a score of  5 to 7 requires blow-
by oxygen; and a score of  8 to 10 is considered typical for 
term newborns, and the infant does not require resuscita-
tion.188 An example of  an Apgar score as recorded in the 
medical history is 8195. The Apgar score after 1 minute indi-
cates the infant’s changing condition and whether resuscita-
tive efforts are adequate or need to be increased. For infants 
who require extensive resuscitation, Apgar scores may be 
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FIGURE 4.6 Premature infant growth chart. (Adapted with permission from Babson SG, Benda GI. Growth graphs 
for the clinical assessment of varying gestational age. J Pediatr. 1976;89:814–820. Used with permission from Ross 
Products.)
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cluttered, very cold, and metallic appearance. Equipment 
commonly found in the NICU to support a baby is listed in 
Table 4.7 (Figs. 4.7 and 4.8). 

The primary objective of  assisted ventilatory support 
in high-risk infants is to optimize the infant’s cardiopulmo-
nary status while minimizing trauma to the airways and 
lungs. This is done by working to improve gas exchange at 
the lowest amount of  inspired oxygen concentration (FiO2) 
and the lowest pressures and tidal volume. The individual 
infant’s condition will dictate how ventilatory support is 
provided.190

taken every 5 minutes until the score is greater than 6 (i.e., 
0105210515620).188,189

Environmental Aspects of Intensive Care: 
Equipment and Technologic Supports

The NICU is built around the highly technical supports that 
can sustain an infant’s life. This technology has exploded in 
the latter half  of  the 20th century, allowing more babies to 
survive. This technology also influences the climate, culture, 
and workspace of  the NICU, and can give the NICU a much 

Score

Sign 0 1 2
Heart rate Absent <100 bpm 100–140 bpm

Respiratory effort Absent Slow, shallow Good, crying irregular
Reflex irritability No response Grimace Cough or sneeze
Muscle tone Flaccid Some flexion Active motion of extremities
Color Blue Pink body, blue extremities All pink

from apgar v. a proposal for a new method of evaluation of the newborn infant. Anesth Analg. 1953;32(4):260–267.

apgar Score

TabLe
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Radiant warmer Open bed with low, adjustable, Plexiglas side rails on a height-and-angle adjustable table with overhead heat source, 
temperature monitor, and procedure lights.

Isolette Enclosed incubator. Clear plastic unit or box enclosing the mattress with heat and humidity control. Access to infant 
is through side port holes or side opening.

Open crib Small bassinet-style bed or small metal crib without a heat source.
Bag and mask Ventilating system consisting of self-inflating bag with reservoir, flow meter, pressure manometer connected to a 

mask that fits over the infant’s nose and mouth.
Oxy hood Plexiglas hood that fits over the infant’s head and provides controlled oxygen and humidification.
Nasal cannula Humidified gas delivered via flexible tubing with small prongs that fit into the nares.
HFNC Humidified gas (may be highly humidified) delivered at high flow rates via a nasal cannula.
CPAP Continuous or variable flow of warmed humidified gas at a set pressure generated by a CPAP unit or mechanical 

ventilator and delivered by mask.
Vapotherm Highly humidified, high-flow system of delivering gas via nasal prongs.
Mechanical ventilation
CMV Conventional mechanical ventilation. Positive pressure ventilators are more commonly used in the NICU and are 

constant-flow, time-cycled, pressure-limited devices.
HFJV High-frequency jet ventilation delivers short pulses of heated, pressurized gas directly into the upper airway through 

a jet injector.
HFOV High-frequency oscillating ventilator has a piston pump or vibrating diaphragm that produces a sinusoidal pressure 

wave that is transmitted through the airways to the alveoli.
iNO Nitric oxide is an inspired gas delivered in combination with mechanical ventilation that acts as a vasodilator and 

vascular smooth muscle relaxant.
ECMO Extracorporeal membrane oxygenation is a heart-and-lung bypass procedure that involves draining venous blood, 

supplementing it with O2, and removing CO2 by means of a membrane oxygenator and returning the blood to either 
venous or arterial circulations.

Vital signs monitor Unit that displays monitoring of HR, RR, BP, and SaO2.
Pulse oximeter Measures oxygen concentration in the peripheral circulation with a bandage-type light sensor attached to the infant’s 

arm or leg, which provides a pulse-by-pulse readout of percent oxygen saturation on the screen of the monitor.

Common Medical equipment in the NICU

TabLe
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Continuous positive airway pressure (CPAP) provides a 
continuous flow of  warmed, humidified gas at a set pressure 
to maintain an elevated end-expiratory lung volume while 
the infant breathes spontaneously.190–193 CPAP can be deliv-
ered by mask, nasal prongs, or less frequently through an 
endotracheal tube.

The gas mixture delivered via CPAP can be either con-
tinuous flow or variable flow. In continuous flow, the sys-
tem provides a noninterrupted supply of  gas to the infant. 

Bubble or water-seal CPAP is a type of  continuous flow. 
The blended gas is delivered to the infant after being heated 
and humidified. The distal end of  the tubing is immersed 
in sterile water or acetic acid to a specific level to provide 
the desired amount of  CPAP.192 Bubble CPAP can generate 
vibrations in the infant’s chest at frequencies similar to those 
used in HFV.194 Variable flow nasal CPAP (NCPAP) uses 
injector jets to deliver gas at a constant pressure through 
nasal prongs into each naris. The flow is able to change so 
that the infant does not have to exhale against the CPAP.192

CPAP is used to prevent alveolar and airway collapse and 
to reduce the barotrauma caused by mechanical ventilation. 
Indications for CPAP include the early treatment of  respira-
tory distress syndrome (RDS), moderately frequent apneic 
spells, recent extubation, weaning chronically ventilator-
dependent infants, and early treatment to prevent atelectasis 
in premature infants with minimal respiratory distress and 

FIGURE 4.7 Radiant warmer bed set up for an admission to 
the NICU.

FIGURE 4.8 Crib with radiant warmer, infusion pumps, and 
monitor.

Transcutaneous oxygen and 
carbon dioxide monitor

Noninvasive method for monitoring concentrations of O2 and CO2 through the skin.

Infusion pumps Electric infusion pump that controls the flow and rate of fluids, intralipids, and transpyloric feedings.
Phototherapy Fiberoptic or overhead bank or spot lights or fiberoptic blanket used to reduce hyperbilirubinemia.
Gavage tube Oral or nasogastric tube used for feeding directly into the stomach. Transpyloric tubes are used for infants who can 

not tolerate oral or nasal tubes, have severe GER, or are at risk for aspiration.
PIV Peripheral intravenous line, which may be used for fluids, nutrition, or antibiotics.
CVL Central venous line used for prolonged parental feeding or antibiotics, or to draw blood.
PICC Percutaneous inserted central catheter. Long, flexible catheter inserted through a peripheral antecubital vein and 

threaded centrally to the superior vena cava. PICC lines are used for prolonged parental feeding or antibiotics or to 
draw blood.

UA Umbilical arterial line inserted through the umbilical artery into the abdominal aorta and is used for the first 
5–7 days of life for monitoring arterial blood gases, infusion of fluids, and continuous blood pressure monitoring.

UV Umbilical venous line inserted into umbilical vein and is used for the first 7–14 days of life and as the initial venous 
access, to infuse vasopressors, and for exchange transfusions, monitoring of central venous pressure, and infusion 
of fluids.

Common Medical equipment in the NICU (Continued )
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minimal need for supplemental oxygen. Negative aspects 
of  NCPAP include gastric distension with high flows and 
excoriation or breakdown of  the nasal septum when nasal 
prongs are used.191–193

The most common approach in the United States for 
treating respiratory failure in the NICU is with positive pres-
sure ventilation.195,196 The two types of  positive-pressure 
mechanical ventilators are volume controlled or pressure 
limited. Volume-controlled ventilators deliver the same tidal 
volume of  gas with each breath regardless of  how much 
pressure is needed. While rarely used with newborn infants, 
volume ventilators designed specifically for neonates can be 
used in the presence of  rapidly changing lung compliance.190 
Pressure-limited ventilators deliver gas until a preset limit-
ing pressure is reached. The peak pressure delivered to the 
airway is constant, but the tidal volume with each breath is 
variable. Synchronized intermittent mandatory ventilation 
(SIMV), assist/control, and pressure support are adaptations 
of  conventional pressure-limited ventilators and are also 
used in the NICU.

HFV utilizes extremely rapid ventilatory rates to deliver 
tidal volumes equal to or smaller than anatomic dead space. 
Continuous pressures are applied to maintain an elevated 
lung volume with superimposed tidal volumes provided 
at a rapid rate. The advantages of  HFV over conventional 
ventilation are to provide adequate gas exchange at lower 
proximal airway pressures in lungs already damaged by 
barotrauma and volutrauma, and to preserve normal lung 
structure in the relatively uninjured lung.197–200

The three types of  HFV used in the NICU are high-
frequency positive pressure ventilation (HFPPV), high-
frequency jet ventilation (HFJV), and high-frequency 
oscillating ventilation (HFOV).197,200 HFPPV is produced 
by conventional ventilators or modified conventional ven-
tilators set at a high rate.199 HFJV delivers short pulses of  
heated, pressurized gas directly into the upper airway 
through a narrow cannula or jet injector.199–201 The HFJV 
can maintain oxygenation and ventilation to wide ranges of  
lung compliance and patient size. HFOV has a piston pump 
or vibrating diaphragm that produces a sinusoidal pressure 
wave that is transmitted through the airways to the alve-
oli.199,200 Small tidal volumes are superimposed over a con-
stant airway pressure at a high respiratory rate.202

HFV is used primarily for infants who are failing conven-
tional ventilation.189,197 While outcome studies have been 
unable to demonstrate clear benefits of  HFV over conven-
tional mechanical ventilation (CMV), clinically HFV has 
been helpful in air leak syndromes, pulmonary interstitial 
emphysema (PIE), pre-/postcongenital diaphragmatic her-
nia (CDH) repair, meconium aspiration syndrome (MAS), 
and some forms of  pulmonary hypoplasia.199,200,202 HFV can 
also be used as a bridge to ECMO for infants with severe 
respiratory failure and may eliminate the need for ECMO in 
some infants.199 Neonatal RDS is the most common lung dis-
ease treated with HFV in the NICU. HFJV has been shown 
to be most successful in the treatment of  air leak syndromes, 

while HFOV has shown better outcomes for infants with 
CDH, RDS, and persistent pulmonary hypertension of  the 
newborn (PPHN).199 The most serious side effect of  HFV 
is an increase in long-term neurologic injury due to early 
periventricular leukomalacia (PVL) or severe intraventricu-
lar hemorrhage (IVH).200 Some studies have found increased 
severe IVH in very premature infants treated with HFV ver-
sus CMV.200,203 Other studies found no difference when other 
confounding variables were taken into consideration such as 
GA, type of  delivery, early large PDA, and decreased supe-
rior vena cava blood flow (Fig. 4.9).190,204

Another form of  ventilatory support that is beginning 
to be used with greater frequency in the NICU is high-flow 
nasal cannula. Studies have shown the high-flow nasal can-
nula to be as effective as NCPAP in providing positive end-
distending pressure to the lungs of  some infants with mild 
respiratory disease.

The advantage of  nasal cannula over NCPAP is less irrita-
taion to the nasal spectrum.205–207 The nasal cannula allows 
for greater comfort on the part of  the infant and greater 
ease for the family or nurses to hold and care for the infant 
than mask or nasal prongs. Highly humidified high-flow 
nasal cannula is also used to provide higher flows of  gas 
without the usual negative side effects of  nasal cannula (i.e., 
drying, bleeding, or nasal septal breakdown due to the addi-
tion of  high humidity).208–212 Limited research is currently 
available regarding use of  Vapotherm/highly humidified 
high-flow nasal cannula.

In December 1999, the U.S. Food and Drug 
Administration approved the use of  inhaled nitric oxide 
(iNO) for the treatment of  near-term and term infants 
with hypoxic respiratory failure. PPHN, RDS, aspiration 
syndromes, pneumonia, sepsis, and CDH are conditions 
that can cause hypoxic respiratory failure. The primary 
actions of  nitric oxide are vasodilation and the relaxation 
of  vascular smooth muscle, which increases blood flow to 
alveoli, improving oxygen and carbon dioxide exchange. 
Nitric oxide is a short-lived molecule, so that it affects the 

FIGURE 4.9 High-flow oscillating ventilator.
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pulmonary vascular smooth muscle without affecting sys-
temic vasculature. Airway smooth muscle is also affected by 
nitric oxide, and the combined action of  airway and vascu-
lar smooth muscle relaxation has been effective in the treat-
ment of  infants with ventilation–perfusion abnormalities 
(Fig. 4.10).213,214

Infants in the first week of  life, who are 34 weeks’ or 
greater GA with progressive hypoxic respiratory failure, 
meet the criteria for use of  iNO as an adjunct to therapeu-
tic interventions. The degree of  illness and/or the modali-
ties tried prior to the initiation of  nitric oxide have not 
been clearly delineated. Nitric oxide is contraindicated for 
infants with congenital heart disease whose cardiopulmo-
nary function depends on a right-to-left shunt or who have 
severe left heart failure.215 While iNO has not been effective 
in treating infants with CDH, multicenter clinical trials have 
shown that iNO improves oxygenation and the outcome of  
near-term and term infants with hypoxic respiratory fail-
ure due to other conditions such as PPHN. Studies have 
also shown that iNO reduces the need for ECMO without 
increasing neurodevelopmental, behavioral, or medical 
abnormalities.216–219

The use of  iNO in preterm infants is controversial, and 
there is no consensus on the timing for initiation, dosage, 
and length of  time for iNO therapy with infants less than 
34 weeks. In two studies of  infants less than 32 weeks GA 
and body weight less than 1250 g requiring mechanical ven-
tilation, those who received iNO demonstrated decreased 
incidence of  bronchopulmonary dysplasia (BPD), less severe 
lung disease, decreased length of  time requiring supplemen-
tal oxygen, decreased incidence of  death, and no increased 
risk of  brain injury. The benefits of  iNO may be due to 
decreased airway resistance, which results in decreased need 
for supplemental oxygen, mechanical ventilation, and oxida-
tive stress.220,221

ECMO is similar to a heart–lung bypass machine and 
provides rest and support for the baby’s heart and lungs. 
ECMO is utilized with patients with cardiac and pulmonary 

dysfunction whose hypoxia is refractory to conventional 
therapies such as CMV and HFV. In the last decade, the 
use of  surfactant, iNO, and HFV has replaced ECMO for 
patients with RDS, MAS, or pulmonary hypertension. 
ECMO continues to be implemented with patients with 
CDH, PPHN, and sepsis (Fig. 4.11).222–226

To initiate ECMO, catheters are inserted into the right 
side of  the baby’s neck and threaded to the heart in a pro-
cess called “cannulation.” The baby’s unoxygenated blood 
drains via gravity (therefore, the baby’s bed is elevated) 
through the catheters to the ECMO pump. The ECMO 
pump pushes the baby’s blood through the ECMO circuit, 
where a membrane oxygenator acts as an artificial lung, 
removing carbon dioxide and providing oxygen to the 
blood. The oxygenated blood is then returned through the 
catheter into the baby. Babies receiving ECMO are sedated, 
paralyzed, and given pain medication. They are generally 
positioned in supine with their heads rotated to the left to 
allow access to the right neck vessels. These infants alsoare 
on large amounts of  heparin, in order to prevent the blood 
from clotting when it contacts the catheters and the ECMO 
circuit.227 The heparin, used to prevent clot formation, may 
cause the baby to bleed, the most significant complication 
of  ECMO. Babies receive daily head ultrasounds to assess 
whether an intracranial hemorrhage (ICH) has occurred. 

FIGURE 4.11 Infant on extracorporeal membrane oxygenation 
(ECMO).

FIGURE 4.10 Conventional ventilator with nitric oxide tank.
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If  present, ICH may be the reason to discontinue ECMO.228 
Babies who have received ECMO are at risk for develop-
ing atypical postures, tone, and movement patterns and 
require close developmental follow-up.222–226 Babies post-
ECMO, frequently demonstrate difficulties with oral feed-
ing. Other neurodevelopmental morbidity includes seizures, 
hearing loss, hyperactivity, behavioral problems, CP, school 
failure, and developmental delay.228 Although patients pres-
ent with a variety of  primary diagnoses requiring ECMO, 
after ECMO these patients demonstrate similar functional 
and neurodevelopmental outcomes, with the exception of  
babies with CDH. Patients with CDH have lower survival 
rates and higher morbidity, particularly in respiratory and 
digestive function, than other patients after ECMO.224,229

Medical Issues of Prematurity

Infants born prematurely are some of  the most fragile in the 
NICU. They are at risk for multiple medical complications 
due to the immaturity of  their body structures and organs, 
possible exposure to infections and teratogens, and the 
effects of  the medical strategies and the technology required 
for minimizing illness and sustaining life. In this section, sev-
eral of  the more common medical conditions encountered 
in the NICU and the medical interventions used to treat 
them are discussed. The information provided is only a brief  
overview, and the reader is advised to consult neonatal med-
ical texts, care manuals, and the original references cited at 
the end of  this chapter for more in-depth detail.

Respiratory Distress Syndrome
RDS occurs as a result of  pulmonary immaturity and 
inadequate pulmonary surfactant. Premature infants are 
predisposed to developing RDS owing to structural and 
physiologic immaturities, including poor alveolar capillary 
development, lack of  type II alveolar cells, and insufficient 
production of  surfactant. Surfactant is a substance produced 
by type II alveolar cells and lines the alveoli and small bron-
chioles. Decreased surfactant leads to respiratory failure 
due to increased alveolar surface tension, alveolar collapse, 
diffuse atelectasis, and decreased lung compliance. The pre-
term infant is further compromised by increased compli-
ance of  the chest wall due to the cartilaginous composition 
of  the ribs, decreased type I fatigue-resistant muscle fibers 
in the diaphragm and intercostal muscles, and instability of  
neural control of  breathing.230–232

Identification of  RDS is made by prenatal risk factors, 
assessment of  fetal lung immaturity, and postnatal clini-
cal signs. Factors that affect lung maturity and increase 
predisposition for RDS include prematurity (GA less than 
34 weeks), maternal diabetes (insulin appears to interfere 
with surfactant production), genetic factors (Caucasian race, 
siblings with history of  RDS, and male gender), and tho-
racic malformations with lung hypoplasia.233 Antenatal ste-
roids are often used to accelerate lung maturity in the fetus 

and stimulate the production of  surfactant. The National 
Institutes of  Health (NIH)234 in 2000 recommended that 
antenatal steroids be given to all pregnant women at 24 to 
34 weeks’ gestation who are at risk for preterm delivery 
within 7 days; however, there is a lack of  consensus for the 
type of  steroid used and the method of  dosing. While a 
number of  studies of  antenatal steroid therapy have demon-
strated increased surfactant production, decreased length of  
time on mechanical ventilation, and decreased incidence of  
IVH,235 others have shown decreased fetal growth, increased 
mortality, and poor neurobehavioral outcomes.236–240

The diagnosis of  RDS is based on history, clinical pre-
sentation, blood gas studies, and chest radiography. RDS 
can develop immediately after birth or within the first 
hours of  life, depending on lung immaturity and perinatal 
events. Clinical signs of  RDS include increased respiratory 
rate, expiratory grunting, sternal and intercostal retractions, 
nasal flaring, cyanosis, decreased air entry on auscultation, 
hypoxia, and hypercarbia. The lungs on chest radiography 
have a reticulogranular or “ground glass” appearance.233

Interventions for the premature infant with RDS depend 
on the severity of  the disorder and include oxygen supple-
mentation, assisted ventilation, and surfactant administra-
tion. Administration of  prophylactic surfactant to intubated 
infants less than 30 weeks GA has been associated with 
initial improvement in respiratory status and a decrease in 
the incidence of  RDS, pneumothorax, BPD, and IVH.241 
Current practice is moving away from prophylactic sur-
factant administration for infants who otherwise do not 
need to be intubated.242–244 The Texas Neonatal Research 
Group245 recommends that infants greater than or equal to 
1250 g with mild to moderate RDS should not be electively 
intubated solely for the administration of  surfactant.

Assisted mechanical ventilation has typically been the 
intervention of  choice for infants with RDS. However, 
mechanical ventilation can cause airway damage in the 
form of  barotrauma and volutrauma. HFV has been sug-
gested as an alternative to conventional ventilation in order 
to decrease lung injury.197–200 Positive pressure ventilation 
via nasal or nasal–pharyngeal prongs to address respiratory 
needs while limiting barotrauma from intubation has also 
been advocated.194 Studies have shown the combination of  
early surfactant administration and NCPAP to improve the 
clinical course of  RDS and decrease the need for mechani-
cal ventilation.246 According to Honrubia and Stark,233 the 
use of  CPAP with infants with RDS appears to prevent atel-
ectasis, minimize lung injury, and preserve the functional 
properties of  surfactant. The decision of  which form of  
respiratory intervention to use is on the basis of  the indi-
vidual infant’s clinical signs and chest radiography.

The prognosis of  infants with RDS varies with the 
severity of  the original lung involvement. Infants who do 
not require mechanical ventilation are more likely to have 
resolution of  RDS with little or no long-term sequelae. 
However, the very immature ELBW infants may progress 
to chronic lung disease (CLD) or BPD owing to prolonged 
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mechanical ventilation and the associated damage to the 
lungs. Infants with severe RDS are also at increased risk for 
ICH, retinopathy of  prematurity (ROP), and necrotizing 
enterocolitis.233

In the acute stage of  RDS, the infant is considered to 
be medically unstable and at risk for complications such 
as apnea, bradycardia, blood pressure variability, and IVH. 
Minimal environmental stimulation in the form of  sound, 
light, and handling is often recommended to decrease infant 
stress. The physical therapist may perform observational 
evaluation of  the infant using the NIDCAP to provide infor-
mation to guide the delivery of  care. Using this information, 
the therapist collaborates with the medical team and parents 
to develop a care plan to support overall growth and devel-
opment. Suggestions for caregiving may include position-
ing, comfort, and protective measures.

Patent Ductus Arteriosus
The ductus arteriosus is a structure in the developing fetal 
heart that allows blood to bypass circulation to the lungs 
(Fig. 4.12). Since the fetus does not require the lungs to oxy-
genate blood, the flow from the right ventricle is shunted 
from the left pulmonary artery to the aorta. The ductus 
arteriosus typically closes within 10 to 15 hours after birth 
by constriction of  medial smooth muscle. Anatomic clo-
sure is complete by 2 to 3 weeks of  age, and factors that 
precipitate closure include oxygen, prostaglandin E2 levels, 
and maturity.247

Oxygen appears to be the strongest stimulus for closure 
of  the ductus.248 The responsiveness of  the smooth muscle 
to oxygen is related to GA. The premature infant has less of  
a response to oxygen in the environment due to decreased 

sensitivity to oxygen-induced muscle contractions and high 
levels of  prostaglandin E2.

249 When the ductus fails to close, 
it is termed patent ductus arteriosus. In premature infants, 
the pulmonary vascular smooth muscle is not well devel-
oped, and there is a more rapid fall in pulmonary vascular 
resistance (PVR) than in full-term infants. The blood from 
the left side of  the heart is shunted through the ductus to 
the right side, resulting in hypotension and poor perfusion, 
and can cause congestive heart failure from cardiovascular 
overload. Low mean blood pressure, metabolic acidosis, 
decreased urine output, and worsening jaundice due to poor 
organ perfusion are systemic consequences of  left-to-right 
shunting.

The clinical signs of  PDA include murmur, increased 
heart rate, and respiratory distress. Other symptoms asso-
ciated with PDA are failure to gain weight, sepsis, conges-
tive heart failure, and pulmonary edema. Diagnosis is made 
by chest radiography and echocardiography. Treatment is 
determined by the size of  the PDA and clinical presenta-
tion. Initially, the PDA is treated with increased ventilatory 
support, fluid restriction, and diuretic therapy.249 In symp-
tomatic infants, indomethacin is used for nonsurgical PDA 
closure and is effective in approximately 80% of  cases.250,251 
The use of  indomethacin for prophylaxis in nonsymptom-
atic infants is controversial as side effects from the medica-
tion can occur. Symptomatic infants with a PDA that does 
not close after the second indomethacin treatment or infants 
for whom indomethacin is contraindicated undergo surgical 
ligation after echocardiographic documentation of  the PDA.

Hyperbilirubinemia
Physiologic jaundice or hyperbilirubinemia is the accumula-
tion of  excessive amounts of  bilirubin in the blood. Bilirubin 
is one of  the breakdown products of  hemoglobin from red 
blood cells. Hyperbilirubinemia commonly occurs in prema-
ture infants owing to immature hepatic function, increased 
hemolysis of  red blood cells from birth injuries, and possible 
polycythemia (Fig. 4.13).

The primary concern in the treatment of  hyperbilirubi-
nemia is the prevention of  kernicterus or the deposition of  
unconjugated bilirubin in the brain causing neuronal injury. 
The areas of  the brain most commonly affected are the 
basal ganglia, cranial nerve nuclei, other brainstem nuclei, 
cerebellar nuclei, hippocampus, and anterior horn cells of  
the spinal cord.252,253 Infants with chronic bilirubin enceph-
alopathy can present with athetosis, partial or complete 
sensorineural hearing loss, limitation of  upward gaze, den-
tal dysplasia, and mild mental retardation. Kernicterus has 
become rare in preterm infants, but does still occur. Recent 
studies have shown an association between neurodevelop-
mental impairment and modest elevations in total serum 
bilirubin in ELBW infants.254

Premature infants are more susceptible to anoxia, hyper-
carbia, and sepsis, which open the blood–brain barrier, 
leading to deposition of  bilirubin in neural tissue. Bilirubin 

Patent ductus
arteriosus

FIGURE 4.12 Illustration of PDA. (From the Anatomical Chart 
Company.)
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toxicity in LBW infants may be more a reflection of  their 
overall clinical status than a function of  actual bilirubin 
levels.252,255

Hyperbilirubinemia is diagnosed by serum blood levels 
of  bilirubin and treated with phototherapy or exchange 
transfusion. There are no consensus guidelines for treat-
ment of  infants less than 35 weeks GA with phototherapy 
or exchange transfusion. Generally, if  phototherapy is not 
effective in reducing serum bilirubin levels or if  there is a 
rapidly increasing bilirubin level, exchange transfusion is 
done.256 Phototherapy is used to reduce serum bilirubin 
levels and is administered by fiberoptic blankets and bank 
or spot lights. Infants under phototherapy lights are naked 
except for a diaper and eye patches to protect their eyes in 
order to provide light exposure to the greatest surface area 
of  skin. Exchange transfusion removes partially hemolyzed 
and antibody-coated red blood cells and replaces them 
with donor red blood cells lacking the sensitizing antigen. 
Bilirubin is removed from the plasma, and extravascular 
bilirubin binds to the albumin in the exchanged blood. The 
infant continues under phototherapy after the exchange 
transfusion.252,257 Complications of  exchange transfusion 
include hypocalcemia (which can cause cardiac arrhyth-
mias), hypoglycemia, acid–base imbalance, hyperkalemia, 

cardiovascular problems including perforation of  vessels, 
embolization, vasospasm, thrombosis, infarction, volume 
overload and cardiac arrest, thrombocytopenia, infection, 
hemolysis, graft-versus-host disease, hypothermia, hyper-
thermia, and necrotizing enterocolitis.252,253,257 There has 
been a dramatic decrease in the number of  exchange trans-
fusions performed on preterm infants due to more effective 
phototherapy and prevention of  Rh hemolytic disease with 
Rh (D) immunoglobulin.256

Hyperbilirubinemia tends to decrease levels of  arousal 
and activity. The infant may present with lethargy, hypo-
tonia, and poor sucking ability.256 Paludetto257 and Mansi 
et al.258 found that infants with moderate levels of  hyperbili-
rubinemia demonstrate transient alterations in visual, audi-
tory, social–interactive, and neuromotor capabilities. These 
findings are important considerations when performing a 
developmental assessment on an infant with increased levels 
of  bilirubin.9 Other issues to consider when assessing and 
planning treatment are the limitations imposed by photo-
therapy. When receiving phototherapy, the infant is gener-
ally positioned so that there is maximal exposure of  body 
surfaces to the lights, limiting how some of  the positioning 
devices and strategies are used for nesting and containment. 
The therapist will need to assist caregivers in creative ways 
to promote developmentally supportive postures and com-
fort without compromising the effectiveness of  the photo-
therapy. Infants under the phototherapy lights need to have 
their eyes shielded to protect them from damage and to 
avoid any stress the bright lights may cause. Care must be 
taken to position eye shields so they are not too tight or too 
loose as either case can be extremely noxious to the sensi-
tive, high-risk infant.

Gastroesophageal Reflux
Gastroesophageal Reflux (GER) has been defined as the 
involuntary movement of  gastric contents in a retrograde 
fashion into the esophagus and above. The stomach con-
tents that reflux can include acidic or alkaline gastric fluids, 
semisolids, feedings, enzymes, bile salts, or even air from 
crying or distended stomach that can move up to any por-
tion of  the esophagus, nasopharynx, oropharynx, or into the 
airway.259–264

All infants have some degree of  reflux that is considered 
to be physiologic or asymptomatic if  the infant is thriving 
well and the reflux resolves with maturation. Infants with 
asymptomatic GER may demonstrate small episodes of  
emesis; other infants may reswallow the refluxate without 
emesis. Infants with physiologic GER tend to grow and 
gain weight appropriately.263 More frequent episodes of  
GER (pathologic GER) are referred to as GER disease or 
GERD and can burn the lining of  the esophagus, resulting 
in inflammation, dysmotility, and pain.265 These symptoms 
can lead to poor oral feeding patterns, oral aversion, and 
excessive crying due to pain. Blood loss in the emesis can 
lead to iron deficiency anemia. The result of  severe reflux 
can be poor oral intake, poor weight gain, and malnutrition 

FIGURE 4.13 Phototherapy for hyperbilirubinemia. Note the 
motor stress signs demonstrated by the infant because of lack of 
boundaries.
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leading to failure to thrive.266 Additional symptoms of  
GERD include apnea, aspiration, recurrent pneumonia, 
CLD, or larger airway inflammation.267

The most common mechanism of  GER is relaxation of  
the lower esophageal sphincter (LES).260 In addition, pre-
mature infants have shorter esophageal length and intra-
abdominal LES as well as smaller stomach capacity.268,269 
Risk factors that have been identified for neonatal GER 
include prematurity, birth asphyxia, perinatal stress, neo-
natal stress, delayed gastric emptying, congenital anoma-
lies of  the upper GI tract, acquired problems of  the upper 
intestinal tract, diaphragmatic defects, respiratory disease, 
neurodevelopmental delays, ECMO, abdominal surgery, 
and medications. Acidic fluids can cause esophageal inflam-
mation and further aggravate reflux. Higher risk for GER is 
associated with premature, stressed infants as well as those 
with CLD and congenital anomalies. Tone of  the abdominal 
wall muscles, diaphragmatic activity, esophageal dysmotil-
ity, LES tone, and the physiologic immaturity of  digestive 
function may be related to the increased incidence in these 
neonates.264 Studies have demonstrated increased episodes 
of  reflux with the presence of  a nasogastric tube as it is an 
irritant and maintains the patency of  the LES.270–272

The relationship between apnea, bradycardia and GER 
is controversial. Apnea and bradycardia occur frequently in 
preterm infants during and after feeding when GER is also 
frequently observed.270 These apnea and bradycardia events 
may be related to GER owing to refluxate moving up into 
the esophagus, blocking the airway and causing obstructive 
apnea and subsequent bradycardia. Another proposed mech-
anism of  apnea and bradycardia is due to the laryngeal reflex 
mechanism and laryngospasm.273 However, research studies 
have not demonstrated a temporal relationship between 
GER events and apnea or bradycardia.270,274,275 DiFiore274 et 
al. suggested that apnea and GER may be observed to occur 
together owing to common risk factors.

Diagnosis of  GER in neonates is by history, clinical 
evaluation, and studies including esophageal pH probe, 
esophogram, fluoroscopy or upper GI series, gastric scintog-
raphy or milk scan, esophageal manometry, and endoscopy. 
History and clinical evaluation are important to rule out 
other conditions.276 It is important to also identify whether 
the reflux is physiologic or pathologic, factors that make 
reflux worse, the mechanism of  reflux, and the presence of  
complications caused by the reflux.

Nonpharmocologic management of  GER in infancy 
often includes altering the type and delivery of  feedings, 
positioning, and elevation of  the head of  the bed. Changes 
in the timing, volume, composition, and viscosity of  feed-
ings may assist in decreasing GER. The method of  feeding, 
continuous versus bolus and feeding below the stomach, 
can also reduce the frequency of  regurgitation. Continuous 
jejunal or duodenal feeding also reduces the risk of  aspi-
ration. However, there is also the risk of  increased GER 
events due to use of  chronic nasogastric or nasojejunal 
 feeding tubes.270

Positioning the infant in supine, right side-lying, and 
infant seats has been associated with exacerbation of  reflux. 
Prone, elevation of  the head of  the bed to 30 degrees, and 
left side-lying have been shown to decrease episodes of  
reflux.276–279 Omari et al.280 found that in healthy preterm 
infants, right side-lying is associated with increased transient 
LES relaxation and increased GER while at the same time 
increasing gastric emptying. Decreased gastric residuals have 
been reported in prone and right side-lying as compared 
with supine and left side-lying.281,282 Chen281 et al. suggested 
that preterm infants be positioned prone for the first 30 min-
utes postprandial and then change position to supine on the 
basis of  behavioral cues. Van Wikk283 et al. recommended 
repositioning from prone to left lateral position after first 
postprandial hour to decrease reflux. As both prone and 
lateral positioning have been associated with sudden infant 
death syndrome (SIDS), these positions are utilized with 
infants who receive cardiorespiratory monitoring.

Pharmacologic therapy is often initiated in the treatment 
of  infants with GERD. The medications most often pre-
scribed are antacids, histamine-2 receptor agonists, proton 
pump inhibitors, and prokinetics. These agents are used to 
neutralize or suppress acid and to promote gastric and/or 
esophageal motility.284,285

Surgery for pathologic GER may be considered for 
infants who have failed other management of  GER and 
those with pulmonary symptoms from aspiration.285 The 
most common antireflux surgical procedure is a fundoplica-
tion.286 Partial or complete wrapping of  the upper stomach 
or fundus around the esophagus is done to create a valve 
mechanism decreasing retrograde movement of  stomach 
contents and promoting gastric emptying. Fundoplication 
is often performed in conjunction with feeding gastrostomy 
for infants requiring long-term tube feedings.287

Infants with GER and associated esophagitis may dem-
onstrate pain behaviors that impact behavioral state orga-
nization and their ability to participate in activities with 
family and caregivers. Motor patterns observed may be 
of  increased extension or arching of  the head and trunk. 
Increased muscle tone may be noted in the extremities. 
Although the medical issues of  GER need to be addressed 
primarily, the therapist in the NICU may be called upon to 
assist with positioning to minimize reflux and promote com-
fort. Ongoing neurodevelopmental assessments are required 
to determine the effect of  reflux on behavior and how to 
adapt interventions to promote appropriate developmental 
competencies.

Necrotizing Enterocolitis
With an incidence of  1 to 3 per 1000 live births, necrotizing 
enterocolitis or NEC is one of  the most common GI emer-
gencies in the newborn infant.288,289 Almost all NEC cases 
develop in preterm infants who have received enteral feed-
ings,290–292 and approximately 1% to 7.7% of  NICU admis-
sions are due to NEC.288,289 NEC results from ischemic 
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necrosis of  the intestinal mucosa, resulting in intestinal 
infarction. While a portion of  the terminal ilium and colon 
are affected in the majority of  cases, NEC can affect the 
entire GI tract in severe cases.288,290,293,294 Preterm infants 
are at the highest risk for NEC, and the incidence of  NEC is 
inversely related to GA and birth weight.288,295–297 Only 13% 
of  NEC cases are reported in term infants and these babies 
typically have an underlying condition predisposing them to 
the disease, such as congenital heart disease, respiratory dis-
ease, sepsis, seizures, perinatal asphyxia, hypoglycemia, or 
intrauterine growth retardation.288–301

The etiology and pathogenesis of  NEC remain unclear; 
it seems to be the result of  multiple factors in a vulnerable 
baby. Prematurity and milk feeding are established risk fac-
tors in epidemiologic studies of  NEC, although microbial 
bowel overgrowth, circulatory instability of  the GI tract, 
and medications increasing intestinal mucosal injury or bac-
terial overgrowth are additional risk factors.290,302–305

NEC causes acute illness in the short term and is asso-
ciated with long-term neurodevelopmental impairments 
in survivors, including CP, visual deficits, and intellectual 
challenges.290,306 Male and female newborns are equally 
affected.288,307 Although early detection and aggressive 
management has improved outcomes of  survivors, overall 
mortality rates of  15% to 30% have been reported in the 
literature.288,303,308 Mortality rates for babies with NEC are 
inversely related to birth weight and are higher for babies 
who require surgery.288,308–313

A baby developing NEC will present with both sys-
temic signs and abdominal signs. Systemic signs include 
apnea, respiratory failure, lethargy, poor feeding, tempera-
ture instability, and hypotension. Abdominal signs include 
changes in feeding tolerance such as abdominal distension, 
tenderness, gastric residuals, vomiting of  bile and/or blood, 
and/or bloody stools.288,314–319 As NEC progresses, the infant 
may develop intestinal hemorrhage, gangrene, submucosal 
gas, and in some cases perforation of  the intestines, sepsis, 
and shock.

The most important factor in determining outcome 
appears to be early diagnosis and treatment. Diagnosis is 
made by physical examination, and can be confirmed by 
abdominal X-ray with the presence of  pneumotosis intesti-
nalis (bubbles of  gas observed in the intestinal wall); how-
ever, there is evidence to suggest that radiologic findings can 
vary by GA and may not be helpful in preterm infants.288 
Medical treatment is typically initiated in the absence of  
radiologic confirmation if  clinical suspicion is high. The 
most commonly used uniform criteria for defining NEC 
is Bell’s staging criteria originally published in 1978, and 
is based on systemic, intestinal, and radiographic findings; 
Bell’s staging criteria has been modified to describe mildly 
and moderately ill babies in each of  the three categories out-
lined below309:

•	 Stage I: Suspected NEC; infant demonstrates nonspe-
cific systemic signs (temperature instability, apnea, and 

lethargy); abdominal signs such as abdominal distension, 
gastric residuals, emesis, and heme-positive stools; radio-
graphic findings are normal or show mild bowel dilation.

•	 Stage II: Proven NEC; infant demonstrates symptoms 
of  stage I plus absent bowel sounds and pneumotosis on 
abdominal radiography.

•	 Stage III: Advanced NEC; critically ill infant displaying, 
in addition to symptoms of  stages I and II, hypoten-
sion, bradycardia, severe apnea, abdominal tenderness, 
acidosis, neutropenia, and disseminated intravascular 
coagulation. The infant may or may not show find-
ings consistent with bowel perforation on abdominal 
radiography.288,293,318,320–322

Medical management is begun immediately when NEC is 
suspected and includes supportive care, such as bowel rest, 
discontinuation of  enteral feeds, gastric suction to decom-
press the bowel, total parental nutrition, fluid replacement, 
antibiotics, close monitoring of  laboratory values and GI 
tract (the latter by abdominal X-ray or ultrasound), and 
mechanical ventilation, if  needed, to support the infant. 
Typically, abdominal radiographs are taken every 6 to 
8 hours to detect progression of  intestinal obstruction or 
possible perforation.

When NEC has been proven by changes on radiography, 
a pediatric surgeon is consulted to provide recommenda-
tions regarding the necessity for and timing of  surgery. The 
goal of  surgery is to conserve bowel length while not jeop-
ardizing the baby. Surgical procedures include exploratory 
laparotomy and resection of  necrotic bowel or primary peri-
toneal drainage (PPD). There is no hard evidence to recom-
mend one procedure over the other, although PPD can be 
performed at the bedside under local anesthesia, will not 
require a reanastomosis surgery, and therefore may be pre-
ferred. Laparotomy typically entails resecting the involved 
portion of  bowel, placing an ostomy and mucous fistula; 
less typically, if  the affected bowel is short enough, the 
affected portion of  the bowel can be resected and a primary 
anastomosis performed304,320,290,323–329 (Fig. 4.14).

Complications of  NEC include sepsis, meningitis, 
abscess, hypotension, shock, respiratory failure, and dis-
seminated intravascular coagulation acutely and in the long 
term intestinal narrowing (stricture formation) and short 
bowel syndrome. Strictures requiring surgical resection are 
reported to occur in 9% to 36% of  babies with NEC, while 
short bowel syndrome is reported to occur in 9% of  infants 
who have received surgery for NEC. Short bowel syndrome 
results in chronic intestinal malabsorption and dependence 
on total parental nutrition. Babies with short bowel syn-
drome are at risk for sepsis, cholestasis, and liver failure, and 
may require eventual intestinal and hepatic organ transplan-
tation.304,321,330–332 Babies with NEC can endure long hospi-
talizations to manage these complications.

A spontaneous and isolated intestinal perforation in the 
newborn can also occur and needs to be differentiated from 
NEC. Spontaneous isolated intestinal perforations usually 
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occur in preterm infants weighing less than 1500 g at birth. 
The perforation typically happens at the terminal ileum but 
can also occur in the jejunum or colon in the first 10 days of  
life. Risk factors for this include chorioamnionitis, maternal 
exposure to antibiotics before or at delivery,333,334 and early 
administration of  glucocorticoids.333,334–337 Unlike NEC, 
a spontaneous intestinal perforation has an area of  focal 
hemorrhagic necrosis with normal appearing bowel proxi-
mal and distal to the perforation and can be differentiated 
from NEC by presentation (hypotension and abdominal dis-
tension in the first 10 days of  life with bluish discoloration 
of  abdominal wall, radiographs showing pneumoperito-
neum in the absence of  pneumatosis intestinalis, and portal 
venous air). Initial management is similar to supportive care 
for NEC. Surgery is required, and like NEC can be either an 
exploratory laparotomy with bowel resection or PPD. There 
are no randomized controlled trials (RCTs) to recommend 
one procedure over another; however, babies receiving PPD 
are less likely to need an exploratory laparotomy. The drain 
is left in till drainage ceases; patency of  the GI tract can be 
confirmed via a contrast study, or feeding can be started 
after bowel function has returned.333,338–342

The incidence of  problems with growth and neurodevel-
opmental outcome of  infants with NEC has been reported 
in comparison studies with other VLBW infants.306,320,321,330,343 
No growth or neurodevelopmental differences have been 
found in infants treated medically for NEC; however, in the 
population of  infants treated surgically for NEC, significant 
differences in growth and neurodevelopmental functioning 
have been reported.288,344,345 Infants with stages II and III NEC 
are reported to have lower head circumference and body 
length at 12 months and lower weight at 12 to 20 months than 
age-matched peers without NEC.343 Neurodevelopmental 
outcome assessments performed on VLBW infants with 
stages II and III NEC and age-matched infants without NEC 
at 12 and 20 months corrected age demonstrate significantly 
lower general developmental quotients in infants with NEC 
at both 12 and 20 months. There is a higher incidence of  

severe psychomotor retardation in infants with stage III NEC 
and multiple organ involvement.343,309 Neurodevelopmental 
outcome may be better for babies with isolated perforation 
compared with NEC; however, the former babies appear to 
have a greater risk of  developing ROP and PVL than infants 
without spontaneous perforation.333,346–348

Infants in the acute stages of  NEC are critically ill and 
require constant monitoring by physicians and nurses. 
Therapists, more than any other professional on the NICU, 
are continually thinking how the present moment will affect 
the baby’s current and future development. Therapists can 
advocate for the protection of  the infant during the acute 
illness by minimizing environmental stimulation and han-
dling, as well as careful attention to positioning with extra 
support for limbs with arterial or venous lines. The thera-
pist should work in coordination with the medical team and 
family to assess the infant for signs of  stress and comfort. 
Using this information, recommendations for individualized 
care can be made. As these infants are at risk for significant 
developmental delays, it is important that developmental 
intervention and developmental follow-up continue as their 
medical status improves and after discharge.

Germinal Matrix-Intraventricular Hemorrhage
GM-IVH is the most common type of  brain lesion found 
in premature infants, occurring most frequently in infants 
less than 1500 g and at less than 32 weeks’ gestation. The 
incidence of  GM-IVH is inversely related to GA with the 
extremely premature being at greatest risk.349–358 The hemor-
rhage typically originates in the subependymal layer of  the 
germinal matrix and extends into the intraventricular space 
between the lateral ventricles (Fig. 4.15). During fetal develop-
ment, this is the site of  neuronal proliferation as neuroblasts 
divide and migrate to the cerebral parenchyma. The neuronal 
proliferation is complete by 20 weeks, while glial cell prolif-
eration continues until approximately 32 weeks’ gestation. 
The matrix decreases in size from 33 to 34 weeks and nearly 
complete involution occurs by 36 weeks’ gestation.349–351,358,359 
These developmental changes in the brain influence the area 
and extent of  the hemorrhage in the neonate.

A fragile and primitive capillary network supplies blood 
to this very metabolically active area. It is within this capil-
lary network that periventricular hemorrhage–intraventric-
ular hemorrhage (PVH-IVH) occurs. IVH is thought to be 
due to hypoxia and/or capillary bleeding resulting from the 
loss of  cerebral autoregulation and an abrupt alteration in 
blood flow.349,350,358,360,361 The alteration of  cerebral circula-
tion from autoregulation to pressure-passive circulation has 
been shown to be an important factor in the development 
of  PVH-IVH. Hemorrhage can occur when the pressure-
passive circulating pattern is compromised by fluctuations 
in cerebral blood flow and pressure. Factors associated with 
the loss of  autoregulation are younger GA, ELBW, birth 
events, asynchrony of  spontaneous and mechanical breaths, 
pneumothorax, rapid volume expansion, seizures, changes 

FIGURE 4.14 Infant with necrotizing enterocolitis with ostomy.
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in pH, PaCO2, PaO2, metabolic imbalances, tracheal suction-
ing, and noxious procedures of  caregiving.349,350,358,362–368

IVHs are diagnosed by cranial ultrasound and classified 
according to severity.351,358,369 A four-level grading system 
was developed by Papile et al.357 and is still used by many 
neonatologists, neurologists, and radiologists. Volpe devel-
oped a different grading system in 1995 on the basis of  
neuropathologic and imaging studies. This scale uses three 
levels to grade IVHs. Grade I is a germinal matrix hemor-
rhage with no or minimal IVH. Grade II is an IVH occu-
pying 10% to 15% of  the intraventricular area without 
distension of  the ventricles. Grade III is an IVH occupying 
greater than 50% of  ventricular area and usually distends 
the lateral ventricle (Table 4.8).349,350

The neuropathologic complications of  IVH include 
germinal matrix destruction, periventricular hemorrhagic 
infarction (PHI), and posthemorrhagic ventricular dilation 
(PVD).349,350,355,361 PVL is frequently seen in infants with 
IVH, but is not caused by the hemorrhage itself.349,355,358,370 
Germinal matrix destruction and destruction of  glial pre-
cursor cells is the result of  germinal matrix hemorrhage. 
Destruction of  glial precursor cells may negatively influence 
future development. Neurodevelopmental outcomes for 
infants with IVH are related to the severity of  the hemor-
rhage. Vohr et al.361 found that the LBW infants with IVH 
were more likely to develop CP. Spastic diplegic CP is most 
commonly associated with IVH due to the anatomic loca-
tion of  the corticospinal tracts.350,359,361

PHI was previously considered to be an extension of  a 
large parenchymal hemorrhage or what Papile described 
as grade IV IVH. Neuropathologic and ultrasound studies 
have shown that the lesion represents a hemorrhagic venous 
infarction.350,361,371 PHIs are generally large unilateral or 
asymmetric lesions dorsolateral to the lateral ventricle. This 
lesion is thought to be caused by obstruction of  the terminal 
vein by a large IVH.349,350,372 PHI generally occurs on the side 
of  the larger IVH, and there is generally markedly decreased 
or absent flow in the terminal vein on that side. Studies have 
also described the lesion in the distribution of  the medul-
lary veins that drain into the terminal vein. Necrosis in this 
area can develop over time into a single large porencephalic 
cyst.349 In the neonatal period, PHI is highly associated with 
an increased mortality rate as compared with IVH alone. 
Developmental outcomes associated with PHI are spastic 
hemiparesis, asymmetric quadriparesis, and cognitive defi-
cits. The lower and upper extremities are equally affected in 
children with a history of  PHI. Lesions due to extensive PHI 
cause more severe cognitive as well as motor deficits.350,361

PVD may occur days to weeks after the original IVH. 
The progressive ventricular dilation is due to a process 
that prevents the resorption of  cerebrospinal fluid (CSF) 
and/or obstruction of  CSF drainage due to a particulate 
clot. The injury to the brain from PVD is most likely due 
to hypoxia–ischemia and distension of  the ventricle into 
the surrounding white matter, which may be more sus-
ceptible to additional injury after the effects of  the initial 
hemorrhage.350 The result of  PVD is typically a bilateral 
cerebral white matter injury.373 As there is a high incidence 
of  arrest in the progression of  ventriculomegaly without 
intervention, PVD is initially managed with close surveil-
lance of  ventricular size, head circumference, and clinical 
condition. Persistent slow ventricular dilation is treated with 
serial lumbar punctures to remove large volumes of  CSF. 
Medications such as acetazolamide and furosemide can be 
used to decrease CSF production.350,361 Rapidly progressive 
ventricular dilation with moderate to severe dilation, pro-
gressive head growth, and increasing intracranial pressure 
is managed initially with serial lumbar punctures followed 
by ventricular drainage of  CSF with an external ventricular 
catheter or tunneled ventricular catheter that is connected 

Grade Characteristic
I GMH with absent or minimal IVH
II IVH occupying 10%–15% of the 

intraventricular area
III IVH occupying >50% of ventricular 

area with ventricular distension
Periventricular hemorrhagic 
infarction

Intraparenchymal venous hemorrhage

adapted with permission from volpe JJ. Neurology of  the Newborn. 4th ed. 
philadelphia, pa: saunders; 2001.

Grading of Germinal Matrix–Intraventricular 
Hemorrhage (GM-IVH)

TabLe

4.8

FIGURE 4.15 Diagram of the germinal matrix and the venous 
drainage of cerebral white matter. LV, lateral ventricular. (Reprinted 
with permission from Volpe JJ. Neurology of the Newborn. 4th ed. 
Philadelphia, PA: Saunders; 2001:432.)
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to a subcutaneous reservoir.350,361 Ventricular drainage is 
generally a temporary measure until a ventriculoperitoneal 
shunt can be placed. This type of  shunt diverts CSF from the 
lateral ventricles into the peritoneal cavity.350

PVD occurs at a higher incidence in the extremely pre-
mature infant with ELBW as this is the population that is 
at greater risk for more severe IVH. With each additional 
week of  gestation, the occurrence of  PVD decreases. There 
is an increase in the incidence of  PVD with each increase 
in the grade of  IVH.374 Murphy et al. found that the grade 
of  IVH and need for inotropic support, such as dopamine 
or dobutamine, were significantly related to PVD requir-
ing surgical intervention. PVD has been associated with 
neuromotor impairments and pronounced disability.375–378 
Krishnamoorthy et al.369 demonstrated in their study that 
ventriculomegaly is an important antecedent of  neuromo-
tor sequelae and children with ventriculomegaly had a five 
times greater risk of  developing CP independent of  the 
grade of  IVH.

While the incidence of  IVH and PHI has decreased in 
recent years due to improvements in prenatal and postnatal 
preventative care, these lesions are still major factors for neu-
rodevelopmental disability in ELBW infants.350,355,374,379–382 
The primary goal of  prenatal management is to prevent or 
delay premature birth. Other strategies focus on providing 
support during labor and delivery, resuscitation, and plan for 
neonatal care. Since RDS is highly associated with IVH and 
PHI, treatments to decrease RDS such as the administration 
of  prenatal steroids are utilized. Postnatal treatment focuses 
on preventing hypoxia or fluctuations in systemic and blood 
cerebral pressure. In addition to providing optimal respira-
tory and medical support, the principles of  individualized 
developmentally supportive care are instituted to minimize 
stress during caregiving, decrease the potential for loss of  
physiologic stability, and decrease the risk of  IVH.56,360,383,384

Periventricular Leukomalacia
PVL refers to specific areas of  white matter necrosis adja-
cent to the external angles of  the lateral ventricles. These 
areas involve the frontal horn and body, and optic and 
acoustic radiations. The incidence of  PVL occurs most 
prominently in infants of  less than 32 weeks’ gestation who 
have survived more than a few days of  postnatal life and 
have cardiorespiratory compromise.349,350,385,386 Premature 
infants of  younger GAs are at the greatest risk for white 
matter injury since these areas are poorly vascularized in 
the immature brain and contain precursors for oligoden-
drocytes, which are extremely sensitive to ischemia and 
infection.349,350,359,385–387

Focal periventricular necrosis and more diffuse white 
matter cerebral injury are the pathologic features of  PVL. 
Focal necrosis is related to severe ischemia and occurs 
most often in infants at greater than 26 weeks’ gesta-
tion.349,350,372,386 The two main sites of  focal injury are 
near the trigone of  the lateral ventricles and the border 

zones between the terminal arbors of  the middle cerebral 
artery and the posterior cerebral artery or the anterior 
cerebral artery. Diffuse white matter injury is most appar-
ent in infants at less than 26 weeks’ gestation who develop 
atrophy, ventriculomegaly, and cortical underdevelop-
ment with loss of  oligodendrocytes and impairment in 
myelination.349,350,372,386

Areas of  increased echodensity detected by cranial ultra-
sound are generally the first evidence of  PVL. These echoden-
sities represent areas of  focal cellular necrosis due to axonal 
degeneration. Although echodensities may be transient or 
radiographic “flares” in some infants, other infants will dem-
onstrate the characteristic evolution of  focal PVL with the 
formation of  cavitations that evolve into multiple cysts. This 
process occurs over the course of  1 to 3 weeks,349,350,360,386 
and the diagnosis of  PVL will be dependent on the timing 
and number of  cranial ultrasounds performed on the infant. 
More diffuse lesions less commonly undergo cystic changes 
and may go undetected by cranial ultrasound. MRI allows 
for better definition of  brain structures and has been used to 
document diffuse white matter injury.372

The pathogenesis of  the white matter destruction seen 
in PVL has been attributed to the interrelated factors associ-
ated with immature circulation and vascular structures of  
the preterm infant, impaired cerebral autoregulation, and 
the intrinsic vulnerability of  the immature cerebral white 
matter neuroglia to ischemia–reperfusion.349,350,370,372,386,388,389 
Perinatal infection and the inflammatory response, includ-
ing the release of  proinflammatory cytokines, have also 
been shown to play an important role in the pathogenesis of  
PVL.359,372,386,389–393 The effect of  medications and other ther-
apies used to treat complications of  prematurity has been 
implicated in the pathogenesis of  white matter injury.394

There is a strong association with mortality and long-
term morbidity in infants with PVL. Death in infants with 
PVL in the neonatal period is usually attributed to the 
original insult, whether hypoxic, hemorrhagic, or infec-
tious, rather than from PVL. Infants with PVL who survive 
the neonatal period are at high risk for neurodevelopment 
problems that affect motor, cognitive, and visual func-
tion.268,378,382,386,391,392,395 Spastic diplegia, with or without 
hydrocephalus, is the most prominent long-term sequela 
of  PVL. Han et al.382 found that the presence of  PVL was 
the “strongest and most independent risk factor” for the 
development of  CP. The clinical presentation is one of  
motor disturbance in the lower extremities greater than the 
upper extremities owing to the anatomic location of  the 
descending motor tracts (Fig. 4.16). In larger lesions extend-
ing further into the periventricular white matter, the upper 
extremities and cognitive functions will be more affected. 
Motor tracts associated with visual, auditory, and somes-
thetic functions can also be involved.386,391,392 Extremely 
premature infants have been found to be at greatest risk for 
global motor and cognitive impairments.352,353,370,396

As with other injuries to the neonatal brain, the primary 
focus is prevention of  prematurity, infection, hypotension, 
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and other associated factors. The initial management after 
the diagnosis of  PVL is treating the primary cause and 
complications of  the insult along with preventing further 
hypoxic–ischemic damage. Management strategies to pre-
vent or minimize hypoxia, hypotension, acidosis, apnea, 
bradycardia, and infection are implemented. Developmental 
care strategies can be implemented to decrease stress and 
promote development. Serial cranial ultrasounds are done 
to monitor PVL, possible progression, and hydrocephalus.

Retinopathy of  Prematurity
ROP is a vasoproliferative disorder of  the developing retina 
of  premature infants that can potentially result in visual 
impairment and blindness. The severity of  ROP has been 
found to be predictive of  poor neurodevelopmental out-
come.397 Premature infants are at higher risk for developing 
ROP due to the vasculogenesis and angiogenesis that typi-
cally occur in fetal life between 16 weeks and term. ROP is 
rarely diagnosed in full-term infants as vascularization of  
the retina is typically complete by 40 weeks.398

The incidence and severity of  ROP is closely correlated 
with lower weight and GA at birth, twin gestation, and over-
all severity of  illness.399,400 Infants with extreme prematurity 
and VLBW have not only increased frequency of  ROP but 
also more severe ROP.401

Other risk factors include poor postnatal weight gain, 
blood transfusions, and maternal factors such as hypergly-
cemia, smoking, and preeclampsia. The development of  

ROP has been linked to exposure to large concentrations 
of  oxygen since the 1940s402; however, the cause of  ROP 
is presently thought of  as multifactorial. Oxygen and non–
oxygen-regulated growth factors have been associated with 
the development of  ROP.403 Genetic factors have also been 
implicated in the development of  ROP.

The onset of  ROP is marked by an alteration in the nor-
mal development of  the blood vessels in the eye and has 
been described as a two-stage process. In the first phase, the 
premature infant is exposed to an environment that is more 
hyperoxic than the intrauterine environment. Hyperoxia 
suppresses growth factors, resulting in the cessation of  nor-
mal vascular development, vasoconstriction of  the imma-
ture retinal vessels, and capillary death.404 The nonvascular 
area of  the retina becomes hypoxic, which leads to the next 
phase of  ROP. The second stage of  ROP occurs around 32 
to 34 weeks’ postmenstrual age (PMA) and is character-
ized by a proliferation of  new vessel growth at the junc-
tion between the avascular and vascularized retina due to 
the upregulation of  growth and other factors in response to 
hypoxia.404,405 If  circulation and increased oxygenation to the 
avascular retina can be reestablished, ROP will regress and 
the excess vessels are resorbed. However, if  there continues 
to be insufficient circulation and hypoxia, neovascularization 
into the vitreous occurs with uncontrolled vessel growth. 
These vessels are atypical in structure and prone to hemor-
rhage and edema. The pathologic growth of  the vessels over 
time produces a fibrous scar, which places traction on the 
retina leading to detachment.403

The disease process usually peaks at 34 to 40 weeks and 
then regresses. In the majority of  cases, the disease pro-
cess regresses with resolution of  the retinopathy. In severe 
cases, there may be visual impairment or blindness. Owing 
to the sequential progression of  ROP and benefits of  early 
diagnosis and treatment, ophthalmologists perform regu-
larly timed retinal assessments on schedules on the basis 
of  GA, comorbidities, and disease severity. The AAP406 has 
developed guidelines for ROP screening examinations for 
preterm infants. According to these guidelines, infants with 
birth weight less than 1500 g or GA less than 30 weeks, as 
well as infants with birth weights between 1500 and 2000 
g or GA greater than 30 weeks with complicated clinical 
course, including mechanical ventilation and supplemental 
oxygen, should be screened for ROP. The acute phase of  
screening is initiated on the basis of  PMA as research has 
shown that there is better correlation of  the onset of  severe 
ROP with PMA. However, extremely preterm infants at less 
than 25 weeks’ GA should be considered for earlier screen-
ing owing to the high risk factors. Ongoing examinations are 
performed according to a suggested schedule on the basis of  
retinal findings.406 The acute phase of  ROP screening ends 
when the risk of  severe ROP is no longer present.407

ROP is classified by the location, stage, and extent 
of  the pathophysiologic process using the International 
Classification of  Retinopathy of  Prematurity (ICROP).406,407 
The location indicates the distance that the atypically 

FIGURE 4.16 Illustrations of the periventricular area and motor 
tracts. (Reprinted with permission from Volpe JJ. Neurology of the 
Newborn. 4th ed. Philadelphia, PA: Saunders; 2001:432.)
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developing retinal blood vessels have traveled and is identi-
fied by how many clock hours of  the eye’s circumference are 
affected. The retina is divided into three concentric circles, 
which are known as zones (Fig. 4.17). The zones reflect the 
central to peripheral development of  blood vessels.398 Zone 1 
is surrounding the optic nerve extending out to the macula. 
Zone 2 extends toward the nasal and temporal sides, and 
zone 3 extends further to the temporal side. The severity of  
the disease is classified in stages (Fig. 4.17). In stage 1, there is 
a thin line of  demarcation separating the normal retina from 
underdeveloped, avascular areas. Stage 2 is when the demar-
cation becomes a thick, high ridge that protrudes into the 
vitreous humor. There is extraretinal fibrovascular prolifera-
tion along the edge of  the ridge extending into the vitreous 
humor in stage 3. In stage 4, fibrosis and scarring develop, 
placing traction on the retina and leading to partial detach-
ment. Stage 4 is further subdivided: in 4A, the partial detach-
ment does not involve the macula, and in 4B the macula is 
involved. Stage 5 is complete detachment of  the retina.407

Plus disease, occurring at any stage, is a severe form of  
ROP involving iris vascular engorgement, pupillary rigidity, 
and vitreous haze. In this form of  ROP, the posterior retinal 
blood vessels become characteristically dilated and tortuous 
in appearance. Plus disease tends to progress very rapidly 
and requires intervention owing to increased risk of  poor 
visual outcome.398,407

The category of  pre-plus disease was added to the ICROP 
classification system in 2005 to describe the presence of  vascu-
lar dilation and tortuosity but not severe enough to meet the 
criteria for plus disease. Pre-plus disease can progress to plus 
disease, and infants classified with pre-plus disease are followed 
very closely.398,406,407 The severity for determination of  surgery 
is described in terms of  threshold and prethreshold. Threshold 

refers to conditions of  five or more contiguous or eight cumu-
lative clock hours of  stage 3 with plus disease in zone 1 or 2. 
The risk of  blindness is approximately 50% in threshold ROP, 
and surgical intervention is recommended.398,407

Prethreshold disease can be any of  the following condi-
tions: zone 1 ROP of  any stage less than threshold, zone 2 
ROP with stage 2 and plus disease, zone 2 ROP with stage 3 
without plus disease, and zone 2 stage 3 with plus disease 
with four sections of  stage less than threshold. Surgical 
intervention may be required for high-risk prethresh-
old ROP. The AAP408 recommends treatment, if  possible, 
within 72 hours of  the detection of  treatable threshold ROP. 
Follow-up is recommended 3 to 7 days after treatment to 
assess whether further treatment is required.

Ablative therapy is used in the treatment of  ROP. Diode 
laser photocoagulation is now used over cryotherapy on 
the basis of  the results of  clinical studies demonstrating the 
superiority of  laser treatment.409,410 Timing of  treatment has 
also moved to earlier stages of  the disease on the basis of  the 
Early Treatment for Retinopathy of  Prematurity or ETROP 
study. In this study, laser decreased the progression and inci-
dence of  ROP; however, patients in the ETROP study still 
had poor visual outcomes.411 This may be due to angiogenic 
factors that are not reduced by laser.

While retinal ablation is an effective management for 
the majority of  cases of  threshold ROP, there are cases that 
progress to retinal detachment. In these cases, surgical man-
agement with scleral buckling or vitrectomy is performed. 
Vitrectomy is a procedure that removes the scar tissue, pull-
ing the retina forward. These procedures have had limited 
success in terms of  functional visual outcomes.412–415

At this time, laser treatment is the only evidence-based 
therapy for ROP. Researchers are looking at pharmacologic 

FIGURE 4.17 Schematic of the left and right eye showing the clock hours and the stages and zones of ROP. 
(Reprinted with permission from Committee for Classification of ROP. An International Classification of Retinopathy 
of Prematurity. Arch Ophthalmol. 1989;102(8):1131.)
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treatments on the basis of  ongoing studies of  the pathogenesis 
of  ROP. These interventions include anti-VEGF (vascular endo-
thelial growth factor) agents, systemic beta-adrenergic receptor 
blockers, gene therapy, supplementation with omega-3 fatty 
acids, and IGF-1 (insulin-like growth factor-1).410

Presently there are no proven treatments to prevent ROP. 
Low oxygen saturation levels appear to reduce the incidence of  
ROP, but the optimum level of  saturation has not been deter-
mined.403,405 Methods that are used clinically for the prevention 
of  ROP include preventing preterm birth, regulation of  supple-
mental oxygen, nutrition to promote growth and weight gain, 
and minimizing other comorbidities of  premature infants.

In order to prevent severe ROP and related visual impair-
ment, screening examinations are necessary for preterm 
infants. However, pain and stress in infants undergoing 
ROP eye examinations have been documented in the lit-
erature.416,417 Increased heart rate and blood pressure, and 
decreased oxygen saturation have been noted in infants 
undergoing eye exams. In addition, increased oxygen require-
ment, feeding intolerance, and apnea can occur for several 
hours after the eye exam.418 The AAP406 recommends that 
“all efforts be made to minimize discomfort and systemic 
effects of  eye examinations.”419 Pretreatment with anesthetic 
eye drops has been studied with mixed results.420,421 NNS on 
a pacifier, oral sucrose, and breast milk have been shown to 
decrease pain responses in preterm infants.422–426 Other strat-
egies used to comfort infants during eye exams include nest-
ing, containment, and developmental care practices such as 
NIDCAP.309,427,428 Physical therapists, as part of  the develop-
mental care team in the NICU, can play a role in educating 
family and caregivers to recognize an individual infant’s cues 
of  stress and comfort, identifying strategies to decrease pain 
and stress, and developing a plan for support during and fol-
lowing painful procedures such as ROP exams.

Chorioamnionitis
Cervicovaginal bacteria that invade the amniotic cavity and 
cause an inflammatory response in the membranes of  the 
developing fetus cause chorioamnionitis. Chorioamnionitis 
is the most common cause of  preterm labor. Most infants 
are not septic at birth as the placenta provides an efficient 
barrier. However, in cases where there is a fetal inflamma-
tory response in addition to the maternal inflammatory 
response, babies may be more at risk for BPD, NEC, abnor-
malities on cranial ultrasound, and long-term neurologic 
impairment.429 In addition, there has been evidence of  an 
association between maternal intrauterine infection and the 
occurrence of  fetal brain damage with subsequent neuro-
logic deficits, with the strongest association between chorio-
amnionitis and PVL.393,430

Metabolic Bone Disease of  Prematurity
The third trimester of  fetal development is very important 
for bone formation. The essential nutrients for this process 
are provided most efficiently by the placenta when a baby is 

in utero. Approximately 80% of  bone is produced between 
24 and 40 weeks’ gestation as the fetus accretes large 
amounts of  calcium, phosphorus, and magnesium.431–437 
There is also mechanical stimulation to the bones as the 
fetus actively moves within the fluid-filled environment 
and pushes against the uterine wall. In addition, further 
mechanical loading of  the skeletal system occurs during 
the third trimester as the infant is gaining muscle mass 
and being compressed by the cramped uterine space.433–435 
Prematurely born infants miss out on a portion or all of  this 
period of  bone formation and mineral accretion.

Metabolic bone disease of  prematurity is defined as 
“postnatal bone mineralization that is less than intrauterine 
bone density at a comparable gestational age.”438 Preterm 
babies in the NICU are at risk for metabolic bone disease 
of  prematurity, which has implications for their future 
growth439 as well as putting them in danger of  fractures 
in the present.440 Risk factors that contribute to metabolic 
bone disease of  prematurity include:

•	 Nutritional practices such as feeding restrictions, pro-
longed use of  hyperalimentation, or the use of  unfortified 
breast milk.

•	 Drugs such as corticosteroids and diuretics that cause 
increased mineral excretion.433–437

•	 Vitamin D deficiency, which is exacerbated by diseases 
that contribute to malabsorption such as cholestasis and 
NEC.

•	 A lack of  mechanical stimulation, which can be intensi-
fied by sedatives, paralytics,439 and supports for intrave-
nous lines that immobilize tiny limbs.

Infants with metabolic bone disease of  prematurity have 
fragile bones at high risk for fractures and positional defor-
mities such as dolichocephaly and respiratory morbidities.439

Metabolic bone disease of  prematurity can be challenging 
to diagnose as it may be asymptomatic until fractures occur or 
signs of  rickets appear. Biochemical markers can be difficult 
to interpret, markers of  bone formation lack sensitivity and 
specificity, and X-rays do not demonstrate osteopenia until sig-
nificant demineralization has occurred.439 Osteopenia can go 
unrecognized until a fracture occurs; there have been reports 
in the literature of  fractures in preterm infants temporally 
associated with intravenous line placement.441 Babies in the 
authors’ NICU have also developed fractures that have been 
temporally associated with immunizations, intravenous line 
placement, heel sticks, and restraints used during a medical 
procedure. These developments have compelled the authors 
to advocate safe handling for all infants, especially replacing 
twisting and pulling limbs during line placement with reposi-
tioning the baby in order to allow the baby’s limbs to maintain 
as neutral an alignment as possible. Other safe handling tech-
niques include lifting an infant by placing one hand under the 
head and the other under the buttocks rather than picking up 
under the axilla or around the rib cage, and sliding your hand 
under the buttocks to lift for a diaper change, rather than 
grasping around the infant’s ankles and lifting.442
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The incidence of  metabolic bone disease of  prematurity 
is inversely related to GA and birth weight. ELBW infants 
(less than 1000 g) have an incidence of  osteopenia of  50% 
to 60%; VLBW infants (less than 1500 g) have an incidence 
of  osteopenia of  23%.440 Fractures are reported in approxi-
mately 10% of  VLBW infants at 36 to 40 weeks’ PMA.440 In 
the NICU, the prevention and treatment of  bone disease in 
premature infants is aggressively managed through nutri-
tional management. The medical staff  carefully monitors 
the vitamins and minerals the infant receives through par-
enteral nutrition, human milk fortifiers, and/or preterm 
formula.434–437 Even with carefully managed nutritional pro-
grams, cases of  metabolic bone disease of  prematurity still 
occur. Studies on the use of  passive range of  motion to pro-
mote bone formation in preterm infants have been reported 
in the literature344,443–445; however, these studies have small 
numbers of  subjects and do not address the physiologic 
stress that handling can induce in this very fragile popula-
tion. A Cochrane review446 of  eight trials to determine the 
effect of  physical activity programs on bone mineraliza-
tion, fractures, and growth in preterm infants. did not rec-
ommend it on the basis of  the current evidence and cited 
the need for further studies with infants at high risk for 
metabolic bone disease of  prematurity that address adverse 
events, long-term outcomes, as well as the contributions of  
nutrition.446 Care must be taken when handling premature, 
VLBW infants in terms of  their physiologic vulnerabilities 
as well as the increased risk of  fracturing bone. In addition, 
attention should be paid to cranial molding with the use of  
positioning devices, varying postures, and including supine 
positions with head midline. The neonatal therapist should 
be advocating positioning and supports for infants that do 
not restrict movement and facilitate active movement. 
Intravenous lines for medications and endotracheal tubes 
providing respiratory support do need to be protected; how-
ever, babies should be allowed to initiate movement, which 
will allow opportunities for muscle strengthening and may 
contribute to bone strength.

Physical Therapy Assessment and Intervention: 
Issues of Prematurity

A complete history should include information from the 
medical chart, nursing and physician staff, and the family. 
Pertinent information from the medical chart includes pre-
natal history, birth history, history of  the present illness, and 
family social history. Prenatal history consists of  maternal 
age, circumstances regarding conception (the use of  assis-
tive reproductive technology), prenatal care and test results, 
complications during pregnancy, infections, illnesses, medi-
cations taken by the mother (licit and illicit,) interventions 
such as fetal/maternal surgery, maternal past medical his-
tory, and presence/treatment of  preterm labor. Birth his-
tory includes GA at delivery, mode of  delivery (spontaneous 
or induced vaginal delivery, with or without vacuum or 
forceps assist, or Cesarean section), weight, length, head 

circumference, Apgar scores (Table 4.6), infant’s clinical 
presentation at delivery, necessary resuscitative efforts, and 
infant’s need for ongoing interventions in the delivery room.

History of  present illness includes an in-depth review of  
medical status by systems. A baby requires newborn inten-
sive care because of  the immaturity of  his or her organs and 
the fragility of  his or her physiologic function. In review-
ing the chart, the therapist should attend to the baby’s level 
of  respiratory support, his or her requirements since birth, 
and his or her current needs, including modifications to sus-
tain the baby through nursing care or feeding sessions. The 
therapist should note the frequency and severity of  episodes 
of  apnea, bradycardia, and oxygen desaturation, as well as 
interventions needed. Cardiovascular status is important to 
understand the health of  the baby’s other organ systems, 
in particular the central nervous system (CNS), respiratory 
system, and GI system. The baby’s initial means of  get-
ting nutrition and how this has been tolerated, modified, 
regressed, and/or progressed should be understood as it 
provides a window into the baby’s overall health, function-
ing, and ability to grow. Likewise, the baby’s medications 
can impact his or her functioning and ability to stay alert 
and sustain a wakeful state. Infants who have required seda-
tives or narcotics for medical management may display signs 
and symptoms of  withdrawal as the medications are being 
weaned.

Other medical problems that relate to the infant’s current 
level of  functioning and future risk include infections, meta-
bolic issues, hyperbilirubinemia, genetic syndromes, con-
genital malformations, seizures, ICHs, and surgical issues. 
After a thorough review of  the chart, the therapist should 
approach the nursing staff  with questions to initiate a dia-
logue about the overall status of  the infant. This should be 
followed by pertinent questions addressing the following: 
changes in status leading to changes in medical care, toler-
ance to nursing care, care procedures that lead to distress, 
and preferred comfort measures. If  the family members 
are present, the therapist can seek to establish a relation-
ship with them by initiating a dialogue about their baby. 
Through this process, the therapist can gain insight into the 
family’s overall understanding of  the infant’s medical prob-
lems, their interpretation of  the infant’s behaviors, and their 
comfort in interacting with their baby. During this initial 
visit to the infant’s bedside, the therapist is observing envi-
ronmental information such as bed space location, levels of  
light and sound, and how the baby responds to the stresses 
in his or her immediate environment.

The therapist needs to observe the infant both at rest 
and during care activities with nursing or other health 
care professionals. During an observation of  nursing or 
medical care, a baby may demonstrate sensitivity to envi-
ronmental sounds. The therapist would then recommend 
strategies to minimize sounds such as encouraging staff  to 
refrain from writing upon or placing objects on top of  the 
isolette, quietly closing porthole and bedside cart drawers, 
keeping pagers on vibrate mode, and keeping voices low 
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and conversations to a minimum. Large signs (Fig. 4.18) to 
keep noise down can be posted, indicating that the baby is 
stressed by sound so that all staff  and visitors are aware of  
the need to keep noise to a minimum. If  these measures 
are not sufficient, the baby’s bed may need to be moved to 
a quieter space away from a sink, a trash can, or a heav-
ily traveled corridor. Similarly, if  a baby is sensitive to light, 
recommendations would be made to shield his or her eyes 
from bright light. Methods of  modifying light include dim-
ming the lights, covering the isolette, tenting the infant’s 
face (by propping a blanket to shade the infant’s eyes or 
draping a sheet over a crib), and cupping a hand over the 
infant’s eyes during care. The physical environment of  the 
NICU should be adapted with individual lighting for each 
bed space.447

A baby may also demonstrate frequent physiologic 
and motoric stress signs at rest as well as during interven-
tion (Table 4.3). In order to assist the autonomic subsys-
tem and the motor subsystem, the baby may benefit from 
firm containment through the use of  positioning aides. 
Commercially made products or blanket rolls can be used to 
provide a nest that simulates the enclosed environment of  
the womb (Fig. 4.19).

During an observation, a baby may demonstrate unsuc-
cessful attempts to self-calm. If  the baby is unsuccessful at 
calming, he or she may become exhausted, limp, and physi-
ologically compromised by the end of  the caregiving epi-
sode. Suggestions for providing assistance for the baby’s 
self-calming strategies include offering a pacifier, contain-
ing hands near face/mouth, and positioning legs in a tucked 
position near the baby’s trunk. The caregiving may need to 
be paced to the infant’s tolerance, and the infant allowed 
to rest after particularly disorganizing aspects of  care 
(e.g., diaper change or suctioning). During the rest break, 
the baby should be contained from head to toe by spread-
ing both hands to cover the infant and thus facilitating a 
tucked position. A blanket wrap can also be used to swaddle 
the infant and prevent the infant from exhausting him- or 
herself.74,448–450

Parent Education
Parent education should be a main focus of  any neonatal 
physical therapy plan of  care. Scale et al.451 found that par-
ents receiving early intervention services reported parent 
education on ways to support infant motor development 
to be more effective than direct physical therapy services. 
Dusing452 found a combination of  educational approaches 
to parent education to be most effective, including dem-
onstrations, observations of  assessment, written materials, 
and opportunities to ask questions. In order to be effec-
tive, parent education should be started early during the 
admission, ongoing throughout the hospitalization (not 
immediately before discharge), and have interdisciplinary 
collaboration.453

In order for parents to perform the challenging role of  
parenting, they need to understand the behaviors of  a pre-
term baby, as well as the course of  typical development and 
what to expect in the future. They need to be able to “read” 
their infants and respond supportively to them. When a 
therapist observes a baby interacting with his or her care-
giver during nursing care, the therapist will discover the 
baby’s areas of  competence, strength, and vulnerability. 
Likewise, an NICU therapist, as a developmental specialist, 
will know the course of  development and, therefore, is in 
a unique role to assist parents as they parent their infants. 
Parents have benefited in the short term and also in the 
long term from gaining awareness of  their baby’s interac-
tive and developmental capabilities and responding appro-
priately to them.454–457 The therapist can start the dialogue 

FIGURE 4.19 Infant positioned in a nest made from a 
Children’s Medical Ventures Snuggle Up.

FIGURE 4.18 Signs such as this are used to alert staff and 
 visitors that the infant is sensitive to sound.
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with the parents by asking, “How do you think your baby 
is doing?” and then listen to hear their concerns and their 
interpretations of  the baby’s behavior. This interaction will 
give the therapist a window into the parents’ understanding 
of  their baby. The therapist can invite the parents to watch 
the baby together, and the therapist can use that opportu-
nity to point out the baby’s unique capabilities, strategies 
of  self- regulation, and sensitivities and vulnerabilities to the 
environment and medical care. The therapist can provide 
a synopsis of  general components and patterns of  infant 
development and guide the parent with recommendations 
to focus on the present. For an excellent review of  parent 
teaching strategies, see the Lowman et al.456 article on using 
developmental assessments in the NICU to empower fami-
lies. Parenting is a challenging job at any stage of  a child’s 
development, but especially in infancy when children are 
not capable of  articulating their needs and desires.

Kangaroo Care
Skin-to-skin holding, also known as kangaroo care, is an 
intervention that supports infant physiologic and behavioral 
stability and maturation as well as parent–infant interaction 
and attachment. This practice involves the parent holding 
the diaper-clad infant underneath his or her clothing, skin 
to skin, chest to chest,458 and was initially used with preterm 
infants in Bogota, Columbia, during a time when there was 
limited availability of  incubators.459 Skin-to-skin holding has 
gained wider acceptance in the United States for use in the 
NICU over the past decade.

The benefits of  skin-to-skin holding for the premature 
infant have been documented in several studies and include 
improved thermoregulation, improved respiratory patterns 
and oxygen saturations, decreased apnea and bradycardia, 
improved behavioral state organization, increased rates of  
weight gain, as an analgesic during painful procedures, and 
decreased length of  hospitalization.171,460–466 For parents, the 
benefits are increased maternal milk production, improved 
breast-feeding, opportunities for more positive interactions 
with their infant, and an overall more positive view of  their 
infant.466–468 Feldman and associates468 found the parents of  
premature infants who used skin-to-skin holding to be more 
sensitive to their infant’s cues, and to provide a better home 
environment after discharge. The infants in this study also 
had improved neurodevelopmental assessments at 6 months 
as compared with peers who received no skin-to-skin holding.

The initiation of  skin-to-skin holding will vary between-
institutions on the basis of  GA, weight, and the acuity of  the 
infant. Early in the infant’s admission, the physical therapist 
can help to educate the family as to the benefits of  skin-to-
skin holding and then encourage the family to engage in the 
intervention as soon as the medical team approves the prac-
tice. The physical therapist can also assist the parents with 
positioning the infant for comfort and to ensure the most 
optimal position to promote physiologic stability and behav-
ioral organization.

Positioning for Comfort
Preterm infants are more likely to experience muscular 
fatigue, particularly in the respiratory muscles.118 Because of  
the combination of  hypotonia, gravitational forces, and loss 
of  uterine constraints, the infant develops postures of  exten-
sion, leading to discomfort and an imbalance of  flexion and 
extension. In order to support the respiratory and muscu-
loskeletal systems and promote infant comfort, positioning 
should promote the following components of  optimal align-
ment: neutral head and neck position and, if  possible, slight 
chin tuck, scapular protraction to promote upper extremity 
flexion and hands midline (Fig. 4.20), flexion of  the trunk 
with posterior pelvic tilt, and flexion of  lower extremities 
with neutral abduction/adduction and rotation of  the hips. 
Supports to assist the infant in maintaining optimal posi-
tion can be fabricated using blanket rolls or commercially 
available devices. Children’s Medical Ventures and Small 
Beginnings are two companies that manufacture and sell a 
variety of  positioning products for use in the NICU.

The preterm infant needs to have regular positional 
changes in order to promote comfort, prevent skin break-
down, promote the development of  the musculoskeletal 
system, promote gaseous exchange in all lung fields, and 
maintain head shape.118,469–472 When medically tolerated, 
preterm infants benefit from prone positioning. Studies 
have shown that the prone position improves oxygenation 
and ventilation, improves cerebral venous return and lowers 
intracranial pressure, promotes self-calming and sleep states, 
and improves behavioral organization/self-regulation.473–478 
Grenier et al.478 have found that infants placed in prone, 
whether nested or unnested, have the fewest stress behav-
iors compared with infants placed in either side-lying or 
supine. However, some nurseries have policies discouraging 
prone for babies who have umbilical lines or are intubated. 
It is best to know the nursery policy on prone positioning 
before recommending prone placement for an infant.

The unsupported prone position promotes shoulder 
retraction, neck hyperextension, truncal flattening, and hip 

FIGURE 4.20 Infant positioned in prone position using ante-
rior, midline roll under chest. The nest helps to promote flexion of 
the trunk, arms, and legs.
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The very medically fragile infant may be limited in posi-
tioning options owing to technologic supports (i.e., chest 
tubes, umbilical vein [UV]/umbilical artery [UA] lines, and 
ventilatory support) and medical conditions (i.e., gastroschi-
sis [GS], omphalocele, prior abdominal surgery, and arthro-
gryposis). Under these circumstances, positioning supports 
to attain the most optimal alignment available are imple-
mented. The goal is to promote physiologic stability and 
infant comfort rather than perfect biomechanical alignment. 
As the infant’s condition improves, he or she is assessed 
for tolerance to positioning in better alignment and other 
positions.

The musculoskeletal consequences of  poor alignment 
over time in a preterm baby include tightness of  neck exten-
sors, shoulder/scapular retractors, low back extensors, 
and hip abductors. Tight muscles predispose the infant to 
reinforce certain motor patterns while inhibiting others. 
The repetitive use of  these motor patterns can cause the 
formation of  dominant cerebral motor pathways and the 
regression of  the less frequently used patterns. The effects 
of  these muscle imbalances, malalignment, and dominant 
motor pathways can prevent the acquisition of  developmen-
tal skills such as chin tuck and midline head postures, eye–
hand regard and reaching, weight shifts, and rolling.473,485,486 
Delays in fine and gross motor development that interfere 
with play and exploration can delay cognitive develop-
ment.485 Research has demonstrated the persistence of  an 
out-toeing gait in children as old as 4 to 6 years and the per-
sistence of  toe walking up to 18 months in former preterm 
infants.118,487,488

Positioning can also affect cranial molding and head 
shape. Preterm infants are more at risk for cranial defor-
mations as their skulls are softer and thinner than full-term 
infants.489–491 Head shaping can affect parental perceptions 
of  infant attractiveness and can interfere with the attach-
ment process.492,493 Owing to the forces of  gravity and the 
pressure of  the mattress when lying with hi sor her head to 
the side, the preterm infant can develop an elongated ante-
rior–posterior diameter of  his or her skull. This is known 

abduction/external rotation, which is uncomfortable and 
if  left uncorrected can interfere with future motor develop-
ment.118,472 Infants placed in prone should have a thin roll 
under their chests to raise their chests from the surface and 
allow shoulder protraction and a more neutral neck align-
ment. A roll should be placed under the infant’s hips to pro-
mote lower extremity flexion and a larger roll around the 
infant’s sides and feet to promote boundaries.

Infants supported in side-lying also demonstrate 
decreased stress behaviors compared with supine. Other 
optimal effects of  side-lying are symmetry and midline ori-
entation of  trunk and extremities, which promotes hands to 
mouth. In addition, in side-lying the respiratory diaphragm 
is placed in a gravity-eliminated plane, which lessens the 
work of  breathing. GER is decreased in left side-lying, and 
gastric emptying is increased in right side-lying.280,473,479 
Blanket rolls are necessary to support infants placed in side-
lying in order for side-lying to be beneficial to the infant. 
Unsupported side-lying has the potential to be stressful for 
the baby as it provides the least amount of  postural support, 
making the preterm infant maintain body postures and self-
organization on his or her own.473,478,479 In his or her efforts 
to seek boundaries for postural control, a preterm baby 
is more likely to extend his or her neck and trunk to end 
ranges. These hyperextended postures are counterproduc-
tive, as tucking, flexion, and hands to face are the postures 
that promote comfort, calming, and self-regulation.478

Supine allows for maximal observation and access to the 
infant by caregivers. However, when compared with prone 
or side-lying, supine poses the most challenges for the 
infant biomechanically, organizationally, and physiologi-
cally. In supine, the forces of  gravity pull the baby into neck 
extension, trunk extension, scapular retraction, anterior 
pelvic tilt, external hip rotation, and abduction. In addition, 
supine assists the baby as he or she actively extends. These 
postures do not promote calming and self- regulation. 
Studies of  preterm infant positioning have found that 
infants move more and in a less-organized fashion in 
supine; have shorter and more interrupted sleep periods; 
have more labored, less-coordinated breathing; and have 
more episodes of  GER.480–482 Since supine is the most chal-
lenging position for the preterm infant, infants should be 
supported with rolls to promote midline symmetric flexion 
with head and trunk in midline, hands near mouth or face, 
and legs tucked close to the body with neutral hip posi-
tion (Fig. 4.21). Benefits of  supported supine include the 
unique potential for weight bearing on the posterior skull. 
For the older baby, supine allows increased visual explora-
tion of  the environment and face-to-face interaction. For 
the micropreemie during the first few days of  life, supine 
prevents obstruction of  cerebral venous drainage and 
increased cerebral blood flow.483 In 1992, the AAP484 initi-
ated the “Back-to-Sleep” program, which advocates supine 
sleeping to prevent SIDS. Preterm infants are more at risk 
for SIDS and should be transitioned to supine sleeping prior 
to discharge from the hospital.484

FIGURE 4.21 An infant positioned in the supine position using 
a nest made from a Children’s Medical Ventures Snuggle Up around 
the legs and trunk, and a Frederick T. frog positioning aid around 
the head and neck to promote midline flexion.
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understand the baby’s current medical status, tolerance to 
handling, and previous events of  the day before undertak-
ing any direct interaction with the baby. The infant should 
also be evaluated before, during, and after any assessment or 
intervention for signs of  pain using the neonatal pain assess-
ment approved by the medical facility.

If  the results of  this preliminary gathering of  informa-
tion show that the baby is easily stressed by the routines of  
the day, an observational assessment to identify the baby’s 
attempts to regulate and difficulties tolerating care is war-
ranted. The therapist would follow the steps for observa-
tional assessment and care as discussed previously in the 
“Developmental Care” section. As the infant demonstrates 
improving stability, the therapist should continue to weigh 
the inherent potential costs to the infant with an assessment 
that involves handling. When the baby can tolerate addi-
tional stimulation and is in a sleep state, serial responses to 
repeated light (flashlight across the eyes) and sound (a soft 
rattle) are used to assess the baby’s ability to filter repetitive 
stimuli. This provides information regarding the stability 
of  the sleep state and also gives the therapist a chance to 
determine the readiness for handling. If  the baby becomes 
overly stressed and loses physiologic stability, the therapist 
should end the evaluation session and provide supports for 
regulation. However, if  the baby is able to transition to an 
alert state and maintain physiologic stability, the therapist 
can proceed slowly with assessment that requires gentle 
handling. The authors do not recommend one standard-
ized assessment tool. See Table 4.9 for a variety of  standard-
ized neonatal assessments. Throughout the assessment, the 

as dolichocephaly and can interfere with the development 
of  midline position of  the head in supine. In addition, pla-
giocephaly or unilateral posterolateral head flattening 
can occur from prolonged supine positioning with a head 
preference and lack of  head turning to the opposite side. 
Torticollis, unilateral shortening of  the sternocleidomas-
toid muscle (SCM), can develop as a result of  plagiocephaly 
and is characterized by ipsilateral head tilt and contralateral 
head rotation. Torticollis may influence the posture of  not 
only the infant’s head, but also his or her trunk, and may 
delay motor skill acquisition as well as prevent the devel-
opment of  binocular vision and visual convergence. To 
prevent cranial deformities and torticollis, commercially 
available gel pillows to disperse pressure across the skull can 
be used.471,494–497 In addition, regular changes in the head 
position throughout the day and midline alignment of  the 
head in supine can help to minimize cranial deformities and 
torticollis.

Neonatal Neurologic Assessment
As physical therapists, we strive to practice under the princi-
ple of  beneficence—“above all, do no harm” to our patients. 
When working with the population of  high-risk infants, the 
potential is always present to harm a baby when intervening 
with him or her. Using careful and skilled observations of  
the baby’s physiologic status allows the therapist to decide 
on the competence of  the infant to withstand an assessment 
and when to terminate or proceed with handling an infant. 
A skilled therapist will also collaborate with nursing staff  to 

Name/Author Purpose Description Training
Neurologic Assessment 
of Preterm and Full-Term 
Infants (NAPFI)
Authors:
Dubowitz V
Dubowitz L498,499

To record the functional state 
of the nervous system and to 
document preterm infant neurologic 
maturation and recovery from 
perinatal insult
Age: Preterm and full-term infants

Assessment of behavioral state, neurobehavior, 
posture, movement, muscle tone, and reflexes 
with passive manipulation.
Emphasis on patterns of responses. Test cannot 
be quantified or compared with normative 
expectations for age over time.
Time to administer: 15 min

Requires minimal training 
or experience.
Items within the area of 
expertise of developmental 
therapists.

Neurobehavioral 
Assessment of the 
Preterm Infant (NAPI)
Authors:
Korner AF
Thom VA500

To assess infant maturity, monitor 
progress, and detect lags in 
development and neurologically 
suspect performance.
Age: 32–42 wk PCA

Assessment of state, behavior, reflexes, motor 
patterns, and tone.
Most items overlap with other assessments and 
must be administered from rousing to soothing to 
alerting.
Time to administer: 45 min

Training video available with 
manual.501

To be used by any 
professional caring for or 
studying preterm infants in 
the intensive or intermediate 
care nursery.

Neonatal Behavioral 
Assessment Scale 
(NBAS)
Author:
Brazelton TB
Nugent J182

To assess the infant’s contributions 
to the interactional process.
Age: 36–44 wk gestation

Consists of 28 behavioral items and 18 reflex 
items.
Sequence of administration is flexible, and 
examiner seeks to elicit the infant’s best 
performance.
Time to administer: 30–45 min and scored in 
15–20 min

Requires training for 
reliability in administration 
and scoring.502

Trainees complete a four-
phase process consisting 
of self-study, skill test, 
and practice (on 25 
babies) before completing 
certification session.

Standardized Neonatal assessment Tools

TabLe

4.9
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scarf  sign angles)512,513(Figure 4.23) If  the baby is tolerating 
these procedures, the therapist can move on to more inten-
sive handling items, including pull-to-sit, slip through, ven-
tral suspension, and prone, side-lying, and sitting placement. 
During this assessment, the therapist should be watching 
for an optimal time to elicit visual and auditory responses 
from the infant. This portion of  the assessment should 
also be administered from least stressful to most stressful 
and unimodal to multimodal stimulation (i.e., inanimate 
object, blank face, animated face, face coupled with speech). 
During this time, the therapist needs to attend to the baby’s 
responses to touch and movement through space and the 
baby’s strategies to maintain organization in autonomic, 
state, and motor subsystems and calming strategies. The 
assessment allows the therapist a window into the baby’s 
functioning at a single point in time; however, the baby’s 
responses are based on his or her own level of  maturity 

Name/Author Purpose Description Training
Assessment of Preterm 
Infant Behavior (APIB)
Authors:
Als H
Lester BM
Tronick EZ
Brazelton TB503,504

To assess the individual behavioral 
organizational repertoire of the 
preterm infant.
Age: Preterm infants

Based on the BNBAS but focusing on the preterm 
infant.
Looks at the preterm infant’s physiologic, motor, 
state, attentional–interactive, and regulatory 
systems.
Time to administer: 30–45 min  
Scoring is labor-intensive.

Requires extensive training 
in the assessment as well as 
human development.

NICU Network 
Neurobehavioral Scale 
(NNNS)
Authors:
Lester BM
Tronick EZ111,505

To assess neurologic integrity and 
behavioral functioning of infants at 
high risk.
Stress scale to document signs of 
withdrawal.
Age: 34–46 wk PCA
Can be used in term, healthy 
infants, and high-risk infants 
(substance exposures and preterm 
infants).
Infants <33 wk use just 
observational items.

Draws on NBAS, NAPI, APIB, Neurologic 
Examination of the Full-term
Newborn Infant, and the Neurologic Examination 
of the Maturity of Newborn Infants.
Items are grouped in packages, which are 
presented depending on infant state in a 
prescribed sequence.
Can be modified for the very preterm, 
physiologically unstable infant.
Time to administer: 30 min

Requires certification 
through 2- or 5-day training 
programs with certified 
trainers along with practice 
administering the test to 
infants in own facility.
Amount of practice depends 
on experience, comfort 
handling infants, and clinical 
acumen.

Assessment of General 
Movements (GMA)
Author:
Einspieler C
Pretchl HF
Bos AF
Ferrari F
Cioni G506,507

To assess for early signs of brain 
dysfunction using qualitative 
measure.
Age: 36 wk PCA to 4 mo
Can be used with both preterm and 
full-term infants.

Infants are videotaped, and observational analysis 
of movements in terms of variety, fluidity, 
elegance, and complexity is performed.
Video recording and analysis should be done 
longitudinally.
Time: 1 hr initial videotape and 15-min follow-up 
tapes plus time for analysis

Two-day training required 
for basic principles.
Practice of 100 recordings 
required to become a skilled 
observer.
Training videotape available, 
which demonstrates 
qualitative aspects of 
movement.508

Test of Infant Motor 
Performance (TIMP)
Authors:
Campbell SK
Girolami G
Oston E
Lenke M509

To identify motor delay in infants 
before 4 mo corrected age.
Age: 34 wk gestation to 4 mo 
postterm

Consists of 13 observed items focusing on 
midline alignment, selective control, and quality 
of movement; 29 elicited items focusing on 
antigravity postural control elicited by handling 
typically experienced by an infant.

Workshops or self-study 
instructional CD.510

Alberta Infant Motor 
Scale (AIMS)
Authors:
Piper M
Darrah J511

To identify motor delays, monitor 
individual development, and 
evaluate intervention.
Age: 0–18 mo

Observational assessment of 58 transitional gross 
motor patterns and postures in supine, prone, 
sitting, and standing.

No training requirements 
specified.
To be used by any 
professional with a 
background in infant motor 
development.

therapist needs to assess the baby’s state control (i.e., the 
ability to maintain organized sleep states and demonstrate 
a range of  states; see Table 4.5 for state-related behaviors).

Neuromotor examination, to be accurate, requires a 
baby to be in a calm, awake state as other states (sleep, cry-
ing) can affect muscle tone, range of  motion, and active 
movement. It is generally safe to initiate a neuromotor 
examination on an infant who is medically stable, on room 
air, and in an open crib. However, this portion of  the assess-
ment can be most stressful to the infant; therefore, the 
therapist should proceed with caution while maintaining 
vigilance for signs of  tolerance or fatigue. Components of  
a baseline assessment for a medically stable infant include 
observation of  posture at rest, quality and quantity of  active 
movements, palmar and plantar grasp reflexes, flexor recoil, 
traction responses, passive range of  motion, and French 
angles (adductor, popliteal, heel to ear, dorsiflexion, and 
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as well as contextual factors. Therefore, it is wise to serially 
examine an infant over time to gain an accurate picture of  
his or her function.

The therapist uses the information from the history, 
observation, and hands-on examination to determine the 
baby’s strengths and needs and the family’s strengths, 
needs, and expectations. The identified needs are priori-
tized and a plan of  care is developed using interventions 
that challenge the baby within his or her range of  toler-
ance. Recommendations are made so that the baby is appro-
priately challenged and supported by his or her family and 
caregivers throughout the week. For instance, a baby may 
have shown excessive extensor posturing and tight scapu-
lohumeral and neck extensor musculature. The therapist 
would then recommend ways to incorporate flexion activi-
ties into daily routines and interactions with family and to 
avoid activities that promote excessive extension. As the 
baby develops and changes, these recommendations need to 
be updated.

Bronchopulmonary Dysplasia

BPD is the most common chronic lung disease of  infancy 
(CLDI) associated with prematurity, and the incidence is 
closely and inversely related to birth weight and GA. The 
rates of  BPD vary by definition applied, GA distribution, 
characteristics of  the population, and medical center.514 
Despite advances in neonatal care, the incidence has not 
changed owing to the increased survival rate of  extremely 
premature infants.515–517

Northway and colleagues518 first described BPD in 1967 
as a disease affecting both airway and lung parenchyma of  
preterm infants owing to injury caused by mechanical venti-
lation and oxygen therapy. The disease was characterized by 
airway injury and inflammatory response, lung parenchymal 
fibrosis and cellular hypoplasia, and areas of  hyperinflation 
and atelectasis resulting in thickened and hyperreactive air-
ways, decreased lung compliance due to fibrosis, increased 
airway resistance, impaired gas exchange with ventilation–
perfusion mismatch, and air trapping.519–521 Diagnosis was 
made on the basis of  the need for supplemental oxygen at 36 
weeks PMA, and radiographic changes.522 Since that time, 
advances in management of  preterm infants such as prena-
tal corticosteroids, postnatal surfactant, gentle ventilation 
techniques, and improved nutrition have changed the patho-
physiologic characteristics of  the disease.516,523,524

Infants with the “new” BPD are smaller and more imma-
ture than those originally studied by Northway. These 
infants present with less fibrosis and more uniform pat-
terns of  inflation; however, decreased alveolar formation 
and lung vascularization are still major factors in the dis-
ease process.517,521,525,526 In the “new” BPD, there are fewer 
and larger simplified alveoli, fewer airway lesions, variable 
airway hypoplasia, variable interstitial fibroproliferation, 
dysmorphic vasculature, and atypical patterns of  lung cell 
proliferation.527,528 Owing to both changes in care practices 

and presentation of  BPD, the understanding of  the patho-
genesis and definition has continued to evolve.

In 2000, a consensus workgroup at the National Institutes 
of  Child Health and Human Development (NICHD)/
National Heart, Lung, and Blood Institute (NHLBI) work-
shop proposed a severity-based definition of  BPD.528 
According to this diagnosis, infants born at less than 32 
weeks GA requiring supplemental oxygen at 28 days of  life 
had a reassessment done at 36 weeks PMA. Those breath-
ing room air were diagnosed with mild BPD. Those  needing 
less than 30% FiO2 were diagnosed with moderate BPD, 
and infants requiring greater than 30% FiO2 and/or  positive 
pressure ventilation were diagnosed with severe BPD. Walsh 
et al.529 developed a physiologic definition for BPD on the 
basis of  a physiologic test that uses objective criteria to 
establish the need for supplemental oxygen at 36  weeks 
PMA.530 This physiologic definition compared with the 
NICHD/NHLBI definition resulted in a lower BPD rate 
and less variability in BPD rates in a multicenter study.530 
Recently, Massie et al.531 published the Proxy-reported 
Pulmonary Outcome Score (PRPOS), which is scored by 
nurses before, during, and after care and feeding activities in 
order to discriminate between infants with no, mild, moder-
ate, and severe pulmonary dysfunction.

Northway et al.518 originally proposed four major factors 
in pathogenesis lung immaturity, respiratory failure, oxygen 
supplementation, and positive pressure ventilation. Research 
has supported these findings, and additional factors have 
been identified including inflammation, aberrations in lung 
growth and signaling pathways, derangements in transcrip-
tion factors and growth factors, oxidative lung injury, and 
genetics.514,532–534

One of  the greatest contributing factors to the devel-
opment of  BPD is the immaturity of  the infant’s lungs. 
Extremely premature birth occurs in the saccular stage of  
parenchymal development when the underdeveloped lung is 
very vulnerable to injury due to postnatal interventions such 
as mechanical ventilation and oxygen as well as the effects of  
inflammation due to infection.535 Injury at this early stage 
of  lung development can interfere with the development of  
alveoli and pulmonary microvasculature.525,535–537

Prenatal as well as postnatal factors may play a role in the 
development of  BPD. Preeclampsia has been implicated as a 
risk factor for the development of  BPD owing to the factors 
related to the development of  the condition and the resultant 
effects on the infant such as oxidative stress, IUGR, and pre-
term birth.538 Bose et al.539 found fetal growth restriction to 
be highly predictive for BPD. In addition, intrauterine infec-
tion or colonization such as chorioamnionitis, one of  the 
leading causes of  preterm birth, may contribute to the devel-
opment of  BPD. The inflammatory process due to infection 
has been linked to the development of  BPD.537,540 Studies 
have shown that Chlamydia trachomatis and cytomegalovirus 
can cause slowly developing pneumonitis. Chorioamnionitis 
may increase the inflammatory response in premature lungs 
to injury caused by mechanical ventilation.525,540,541 Other 
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contributing factors for BPD include hyperoxia and hypoxia, 
early fluid overload and persistent left-to-right shunting 
through a PDA, undernutrition, familial airway hyperreac-
tivity, genetic influences, and decreased surfactant synthe-
sis.517,521,524,525,535 Gender has also been found to be associated 
with susceptibility of  preterm infants to BPD and severity of  
the disease.517 Surfactant is synthesized later in gestation in 
the male fetal lung compared with the females, increasing 
the risk for acute respiratory distress.522,542,543

The most optimal method for prenatal prevention of  
BPD is the prevention of  preterm birth. When premature 
delivery is inevitable, administration of  prenatal steroids and 
gentle resuscitation with low levels of  supplemental oxygen 
are medical interventions that improve lung maturity and 
protect lungs from damage respectively.518,521,535 Postnatal 
medical treatment strategies are aimed at preventing or 
limiting the factors that set off  the chain of  pathogenic 
sequelae. Respiratory support is used only when necessary 
and at the lowest peak airway pressure needed to maintain 
adequate ventilation and decrease barotrauma.516 NCPAP, 
iNO, and HFV have been utilized in an attempt to decrease 
trauma to the lungs.535 Volume-targeted ventilation has been 
shown to decrease the incidence of  BPD.544 Target oxygen 
levels to prevent BPD and poor neurodevelopmental out-
come in preterm infants continues to be investigated.524 
Careful fluid and nutrition management are used to pro-
vide hydration without overload and to promote growth.517 
Diuretic treatment is used to prevent cor pulmonale, con-
gestive heart failure, and pulmonary edema.535Other treat-
ments include infection control with careful monitoring and 
treatment of  bacterial and fungal infections, and broncho-
dilator therapy is also used to decrease bronchospasm.516 
Corticosteroid treatment has been found to decrease bron-
chospasm and the inflammatory response; however, early 
use of  inhaled corticosteroids has been associated with 
neurodevelopmental delay and CP.524,545 The AAP recom-
mends the use of  postnatal corticosteroids on a case-by-case 
basis.542 Strategies that may be used in the future to prevent 
the development of  BPD in preterm infants include antioxi-
dant and stem cell therapies.516,517,524

Complications associated with BPD are systemic hyper-
tension, metabolic imbalance, hearing loss, ROP, nephrocal-
cinosis, osteoporosis, GER, and early growth failure.387,394,396 
Pulmonary artery hypertension (PAH) can develop owing to 
long-term morbidity and is associated with BPD due to pul-
monary function abnormalities and reactive airways, neuro-
developmental delays, and growth failure.546–565 Mortality risk 
is increased for infants with BPD and PAH.546 The complica-
tions of  BPD related to lung growth and function may con-
tinue into adolescence and early adulthood.536,548 Balinotti et 
al.536 reported impairment of  alveolar development in infants 
and toddlers with BPD. Increased respiratory illness, respira-
tory symptoms (cough, wheeze, asthma), impaired pulmo-
nary function tests, and compromised exercise capacity have 
been documented in preschool- and school-age children, ado-
lescents, and young adults who had CLDI.548

Developmental outcomes vary in the literature; how-
ever, increased incidence of  attention deficits, cognitive 
deficits, developmental coordination disorder, and poor 
visual-motor functioning have been found in infants with 
BPD.350,352,353,551–559 Preterm infants diagnosed with BPD 
appear to be at greater risk for adverse neurodevelopmental 
outcome than preterm infants without BPD.544,545 Singer et 
al.554 found BPD to be a significant independent predictor 
of  poor developmental outcome at 3 years of  age. Severity 
of  BPD, based on the NIH consensus definition, has been 
shown to have an independent adverse relationship with 
poorer cognitive, motor, behavioral, and language outcomes 
and CP.551,558,559 Infants who require supplemental oxygen 
at 36 weeks PMA are at increased risk for global develop-
mental impairment.553,559 The incidence of  CP has been 
shown to increase with severity of  BPD.551,552,553 Severity of  
CP, defined as higher Gross Motor Function Classification 
System (GMFCS) score and greater distribution of  involve-
ment (diplegia and quadriplegia), was found to occur at 
higher rates with increasing severity of  BPD.560 Van Marter 
et al.561 reported that BPD with requirement for mechani-
cal ventilation and supplemental oxygen at 36 weeks PMA 
was a strong predictor for diplegia and quadriplegia; how-
ever, BPD without mechanical ventilation requirement at 
36 weeks PMA was not significantly associated with any 
form of  CP. In addition, behavioral and social emotional 
problems associated with BPD have been reported in the 
literature.561,562,563

Physical Therapy Assessment and Intervention: 
Bronchopulmonary Dysplasia

The examination of  the infant with BPD/CLD begins with 
a thorough review of  medical history by systems as delin-
eated in the“Medical Issues of  Prematurity” section. The 
therapist needs to gather information as to past and current 
levels of  functioning, with particular attention to respiratory 
status and level of  respiratory support. It is important for 
the therapist to know the individual infant’s baseline physi-
ologic parameters and recognize that these may differ from 
age norms. It is imperative to interview the infant’s nurse as 
to which activities the infant tolerates and which activities 
cause the baby to enter a cycle of  respiratory instability. It is 
also important for the therapist to know the infant’s scores 
on the pain assessment as recorded by nursing and to con-
tinue to assess for pain during the assessment. Babies with 
BPD are known for their ability to decompensate, have cya-
notic episodes or “spells,”564 and may require medical inter-
vention to recover physiologic stability. When initiating the 
observation phase of  the assessment, the therapist needs to 
assess heart rate, respiratory rate and pattern, and oxygen 
saturation at rest and during care activities. Any blood pres-
sure concerns, edema of  the trunk and extremities, and skin 
integrity issues should be noted. In terms of  respiratory sta-
tus, the infant with BPD/CLD may frequently demonstrate 
tachypnea, which is defined as a respiratory rate greater than 
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60 breaths per minute. These babies often exhibit paradoxic 
breathing and recruit accessory respiratory muscles rather 
than utilizing the typical pattern of  abdominal breathing. 
The baby should be carefully assessed throughout the evalu-
ation for signs of  respiratory distress, including retractions 
of  the chest wall, nasal flaring, grunting, and stridor.

A posture and musculoskeletal assessment of  the baby 
provides information relevant to the baby’s respiratory func-
tion as well as neuromotor development. When handling a 
baby with BPD, care should be taken owing to the high risk 
for fragile bones, as discussed in “Metabolic Bone Disease 
of  Prematurity” section. The baby with BPD may develop 
compensatory motor patterns to assist respiration by open-
ing up the airway and chest and to recruit accessory mus-
cles. Typical posture that may be seen in babies with CLDI/
BPD is hyperextension of  the head and neck, shoulder ele-
vation and retraction, trunk extension, and anterior pelvic 
tilt. These postures interfere not only with the development 
of  efficient respiratory function, but possibly also with the 
infant’s ability to develop self-calming, feeding, and fine 
and gross motor skills. Integumentary assessment should 
include the presence and integrity of  scars on the trunk, 
specifically from PDA ligation, chest tubes, and abdominal 
surgery. These scars can cause limitations in trunk range of  
motion and lead to asymmetric trunk postures. Skin color 
and temperature should be assessed as indicators of  perfu-
sion to the trunk and extremities.

The therapist should attempt a neuromotor assessment 
as described in the “Physical Therapy Assessment and 
Intervention: Issues of  Prematurity” section on the basis of  
the infant’s physiologic stability and ability to tolerate han-
dling during routine care activities. Prior to the initiation 
of  a neuromotor examination, the therapist should con-
sider which test items may be unduly stressful for the infant 
and modify the assessment accordingly. Modified hands-on 
assessment may include diaper change, repositioning, gen-
tle facilitation of  active movement, observation of  general 
movements, recoil responses in the extremities, scarf  sign, 
grasp reflex, and self-regulatory strategies.27 The therapist 
should pay close attention to the physiologic responses and 
tolerance to handling. Throughout the assessment, work 
of  breathing and oxygen saturation in the infant should 
be monitored. Infants with BPD have limited respiratory 
reserve, and a noxious test item may cause the infant to start 
a cycle of  respiratory distress and compromise that requires 
medical intervention. Another concern is the energy cost 
and potential fatigue due to assessment even without severe 
respiratory decompensation.

A neurodevelopmental assessment needs to be completed 
as the infant’s status allows. As with other areas of  assess-
ment, the infant with BPD may have decreased tolerance for 
developmental activities. Items and procedures of  standard-
ized assessment tools may need to be modified to accom-
modate the infant’s level of  tolerance. The therapist needs 
to respect the fact that breathing is always the baby’s first pri-
ority and developmental activities need to be accomplished 

secondarily. The therapist may need to start with modified 
hands-on assessment and then perform full hands-on assess-
ment when the baby is able to tolerate the handling and 
length of  time needed to complete a standardized test.19,23,27

Intervention for the infant with BPD is based on the 
information synthesized from the assessment. The first 
important consideration is the baby’s reserve capacity and 
tolerance for activity. Timing of  the intervention should be 
done with the knowledge of  sleep patterns and other activi-
ties in the infant’s schedule in order to avoid undue stress 
and fatigue. Infants with BPD may demonstrate episodes 
of  irritability and restlessness owing to discomfort and/or 
hypoxemia. They may have difficulty sleeping because of  
these factors or disturbance from the environment and care-
giving. The therapist can provide suggestions in terms of  
decreasing environmental stimulation, positioning to sup-
port the infant’s respiratory status, and assisting the infant 
in transitioning to deeper sleep states. These activities are 
not only developmentally appropriate, but they also help to 
decrease stress and energy expenditure and promote lung 
healing and growth. As babies with BPD may spend many 
months in the NICU, it is important to continually assess the 
baby and progress intervention within his or her tolerance.

While posture and alignment should be assessed, the 
therapist must consider the baby’s ability to tolerate a more 
optimal postural alignment while maintaining respiratory 
stability. Infants with BPD may use posture and postural 
muscles to assist respiration. Positioning to promote opti-
mal alignment should be focused on ameliorating effects 
of  atypical postures and promoting positions that allow for 
self-regulation, support respiration and future musculoskel-
etal and neuromotor development. One change should be 
made at a time followed by a period of  observation to allow 
the infant to adjust to the change. It may be necessary to 
provide scar massage to improve the flexibility of  scar tis-
sue and thereby improve the flexibility and alignment of  the 
trunk. Specific treatment strategies are discussed in detail in 
the care path developed by Byrne and Garber.28

The infant with BPD may have limited reserves for motor 
activities and social interaction owing to the high energy 
costs of  the lung disease. It is extremely important that the 
therapist in the NICU learn to read the infant’s cues of  dis-
tress and availability for interaction. The therapist can assist 
parents in recognizing their infant’s cues so they can provide 
comfort or social interactions appropriate to the infant’s 
needs and availability. The parents can assist the infant in 
developing self-calming skills. This in turn helps to foster 
parental roles and enhances their abilities to care for their 
infant. The infant benefits from the parental interaction as 
well as the support to develop behavioral organization skills. 
Parents benefit from these opportunities to bond with their 
infant over the course of  what can be a long hospitalization. 
The therapist must assess the best learning style for the par-
ent and provide parent education to support independence 
with developmental interventions during hospitalization 
and after transition to home.451,452



  CHAPTER 4    The iNfaNT aT high risk for DevelopmeNTal Delay 149

Activities to promote motor skills and postural control can 
be built into routines of  the day such as feeding, burping, dia-
per changes, and bathing.28 Opportunities to practice devel-
opmental skills should be built into the infant’s daily routines. 
Developmental activities should be appropriate to the infant’s 
ability to interact and play. Suggestions for play positions and 
activities along with precautions based on the baby’s cues 
should also be provided to the infant’s family and care provid-
ers. Physical therapists should collaborate with other members 
of  the care team to find creative ways to safely provide oppor-
tunities for supported upright and prone positions that can be 
integrated into daily routines and developmental play activities 
for infants who require long-term intubation. Shephard et al.565 
found improved neurodevelopmental outcomes and decreased 
readmission rates with a comprehensive interdisciplinary 
approach to the management of  infants with BPD. Discharge 
planning should be addressed throughout admission and final-
ized as discharge approaches. It is important that parents feel 
comfortable with developmental interventions in order for 
continued participation in these activities at home.451,453

The Baby Who Requires Surgery

This section includes some of  the more common fetal mal-
formations that require surgical intervention in infancy, 
including CDH, omphalocele, GS, and tracheal esophageal 
fistula (TEF). Lastly, a brief  review of  fetal surgical interven-
tions is included.

Congenital Diaphragmatic Hernia
CDH is a defect in the formation of  the respiratory dia-
phragm during embryogenesis, and is estimated to occur in 
1 per 2200 births.566 During the 3rd to 16th week of  gesta-
tion, when lung bronchi and pulmonary arteries are under-
going critical development,566 the pleuroperitoneal cavity 
fails to close, allowing the developing abdominal viscera 
(bowel, stomach, liver) to protrude through the opening 
in the diaphragm into the hemithorax. The viscera com-
presses the developing lung on the ipsilateral side, resulting 
in decreased bronchial branching and lung mass (pulmonary 
hypoplasia)568; the contralateral lung may be affected as 
well if  the herniated bowel causes a mediastinal shift, plac-
ing pressure on the contralateral lung.569 Compression of  
the lung promotes overmuscularization of  the pulmonary 
arterial tree, leading to pulmonary hypertension.568 These 
changes then generate a dysfunctional surfactant system and 
a secondary surfactant deficiency.570–572 The effects are most 
severe on the ipsilateral side of  the diaphragmatic defect.568

Because the left hemidiaphragm is larger and closes later 
than the right, the defect occurs more frequently on the left 
(80% to 85%); right-sided CDHs occur in 10% to 15%, and 
bilateral herniation is rare.571–573 Pulmonary hypoplasia and 
pulmonary hypertension caused by CDH can vary in sever-
ity and is responsible for the high neonatal mortality and 
long-term morbidity associated with CDH.566

The diagnosis of  CDH is made by prenatal ultrasound, 
demonstrating the presence of  abdominal contents in the 
pleuroperitoneal cavity and a mediastinal shift.566,574 Prenatal 
diagnosis is improved by advancing GA, the presence of  
associated abnormalities, and when an experienced ultraso-
nographer performs the test. Mean age at prenatal diagnosis 
is 24 weeks.575 Newborns with CDH, who are not diagnosed 
in utero, present with respiratory distress, barrel-shaped 
chest, scaphoid abdomen, absence of  breath sounds on the 
ipsilateral side, presence of  bowel sounds in the chest, dis-
placed heart sounds, and chest X-ray showing abdominal 
contents in the hemithorax.566

Fifty to sixty percent of  CDH cases are considered “iso-
lated” or without associated anomalies. Pulmonary hypo-
plasia, intestinal malrotation, and cardiac dextroposition are 
considered part of  the CDH sequence and are not associ-
ated anomalies. The other 40%to 50% of  babies with CDH 
can have structural malformations (such as esophageal atre-
sia [EA], omphalocele, and cleft palate), and chromosomal 
anomalies like trisomies 18,13, and 21.566 The majority of  
stillborn infants with CDH have associated anomalies like 
neural tube defects and cardiac anomalies.575–577

Prognosis for survival is worse for babies with an abnor-
mal karyotype, severe associated anomalies, right-sided 
defect, liver herniation, and lower lung volumes. The sever-
ity of  lung hypoplasia can be assessed by fetal MRI, or 3D 
sonography. Another useful prognostic measurement is the 
lung area–to–head circumference ratio. This is calculated by 
measuring the contralateral lung at the level of  the atria and 
dividing it by the fetal head circumference.574 The absence 
of  liver herniation is the most reliable prenatal prognostica-
tor of  postnatal survival.578

Mothers with a prenatal diagnosis of  CDH are counseled 
to deliver in a perinatal center with neonatal and pediatric 
surgical and ECMO capabilities.579 The baby is monitored 
closely during pregnancy, labor, and delivery as the risk 
of  fetal demise is 3% to 8%.574 There is some evidence to 
suggest that delivery at slightly early-term gestation (37 to 
38 weeks) helps to prevent the severity of  pulmonary hypo-
plasia and pulmonary hypertension.574

Once the baby is born, the surgical repair is delayed until 
after the baby’s pulmonary status and PAH have stabilized, 
which can take hours or days. Initial management involves 
intubation to prevent acidosis and hypoxia, which can increase 
the risk of  pulmonary hypertension, gentle ventilation to pre-
vent risk of  barotrauma to hypoplastic lungs, and stomach 
decompression to avoid further lung compression. Umbilical 
arterial and venous lines are placed to provide medication and 
fluids. Medication to support blood pressure is administered 
to prevent right-to-left shunting. If  the baby does not respond 
to the maximum conventional ventilatory therapy, he or she 
may be placed on ECMO. Children with CDH, whether they 
receive ECMO therapy or not, require close follow-up as 
there is a high incidence of  sensorineural hearing loss, GER, 
failure to thrive, feeding problems, seizures, developmental 
delay, pectus excavatum, and scoliosis in these patients.566,569
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Omphalocele
Defects in the anterior abdominal wall of  the fetus are reported 
to occur in 1 per 2000 live births.580 Less common defects 
include pentalogy of  Cantrell, cloacal exstrophy, and body 
stalk defect; the two most common abdominal wall defects, 
omphalocele and gastroschisis, are described next.580–582

At the beginning of  the sixth embryologic week, when 
the gut is developing faster than the embryonic body, a tem-
porary physiologic herniation of  the intestines into the base 
of  the umbilical stalk occurs. Four weeks later, the intes-
tines return into the embryologic abdominal cavity and 
the four ectomesodermal folds (caudal, cephalic, and two 
lateral) join to close the abdominal wall.583 If  the intestines 
fail to migrate back into the embryonic abdominal cavity, an 
omphalocele is formed, where the intestines are herniated 
into the base of  the umbilicus.584–586 If  the abdominal wall 
fails to close, the liver may also herniate into the base of  the 
umbilicus, resulting in a giant omphalocele.587–589 Associated 
abdominal muscles, fascia, and skin are absent; however, the 
protruding sac containing fetal intestines, and liver, if  pres-
ent, is covered by the amnion and peritoneum membranes.

The incidence of  omphalocele is approximately 1 per 
5000 live births and is more common in women of  young, 
less than 20 years, or advanced, greater than 40 years, mater-
nal age.590,591 Omphalocele occurs more frequently with fetal 
aneuploidy (35% to 60%) and structural anomalies (50% to 
70%).581,582,592,593 Reported associated syndromes include 
trisomy 13, 15, 16, 18, and 21, Beckwith–Wiedemann syn-
drome, pentalogy of  Cantrell, and OEIS syndrome (ompha-
locele, exstrophy of  the bladder, imperforate anus, spinal 
defects). Reported associated structural anomalies include 
congenital heart defects, diaphragmatic and upper midline 
defects, malrotation of  the intestines, intestinal atresia, and 
genitourinary anomalies.581,590,594 Babies with giant ompha-
locele (containing liver) are more likely to have a normal 
karyotype but a poorer neonatal outcome.590,594–596 Amniotic 
fluid abnormalities (oligohydramnios or polyhydramnios) in 
the presence of  omphalocele are associated with a poorer 
prognosis.590

Prenatal diagnosis is often made after positive mater-
nal serum alpha-feto protein screen and/or by ultrasound 
before the 12th week if  the omphalocele contains the liver 
or after the 12th week if  not.590 Because chromosomal 
abnormalities and structural anomalies are commonly pres-
ent in babies with omphalocele, the obstetric workup typi-
cally includes a fetal karyotype, echocardiogram, and MRI. 
After prenatal diagnosis, the family is usually referred to 
pediatric surgeons, neonatologists, genetic counselors, and 
maternal–fetal medicine specialists, social work and other 
specialists on the basis of  the presence of  structural anoma-
lies. Delivery at a tertiary care center is recommended; some 
physicians recommend Cesarean section581,582; however, 
the mode of  delivery, surgical versus vaginal, has not been 
studied systematically. Most perinatologists recommend 
Cesarean deliveries for babies with omphalocele with liver 

herniation.581,582,590,597 Fetal growth and well-being is moni-
tored closely via serial ultrasounds and weekly fetal non-
stress testing or biophysical profile monitoring. A quarter to 
more than a half  of  pregnancies deliver preterm,590,597 and 
males are affected more than females.595 The defect is associ-
ated with a small abdominal cavity.585,586

The postdelivery management of  a newborn with an 
omphalocele includes the placement of  an orogastric tube 
to decompress the stomach, intravenous access for antibiot-
ics and fluids, airway stabilization, and ventilatory assistance. 
The omphalocele sac requires sterile dressings to minimize 
heat and fluid loss.586,590,598 The amount of  displaced intestine 
can vary from a small amount hardly distinguishable from an 
umbilical hernia to a massive amount with the entire mid-
gut and liver present in the umbilical cord.584Depending on 
the size of  the defect, surgical repair may be a primary or 
staged closure, or more recently, the topical application of  
an eschar-inducing agent to promote epithelization and a 
planned surgical closure later.581,582 Babies with defects less 
than 2 cm have a primary direct closure. Babies with defects 
from 2 to 9 cm undergo a staged closure with a silo compres-
sion dressing. Babies with defects greater than 10 cm receive 
the topical dressing agent.590

In a staged closure, the baby is positioned in supine with 
the viscera suspended above the patient in a compression 
dressing called a silo.581,582,585 The omphalocele is reduced 
gradually over several days to a week to return the viscera 
into the abdominal cavity.585 While undergoing this process, 
the baby is paralyzed with a neuromuscular blockade while 
the fascial defect and abdominal wall are stretched with tis-
sue expanders to accommodate the contents of  the ompha-
locele sac. At closure, the surgeons usually perform an 
appendectomy to prevent an atypical presentation of  appen-
dicitis later in life and insert a gastrostomy tube for decom-
pression. These babies often require aggressive ventilatory 
support postoperatively,581,582,585,586,590,599 as the abdominal 
contents impede diaphragmatic movement and limit lung 
expansion. Owing to the large pressures required to expand 
the lungs against a large abdominal mass, BPD and CLD are 
frequent long-term consequences for these babies. Other 
long-term complications these babies can endure include 
feeding difficulties due to the prolonged period of  decreased 
oral stimulation and tachypnea resulting from shallow 
breathing, and impaired growth.581,582,586 Feeding intoler-
ance can result in prolonged use of  total parenteral nutrition 
and long hospitalizations.585 In addition, the other anoma-
lies associated with omphalocele have a major impact on the 
developmental outcome of  the baby.586

Gastroschisis (GS)
Unlike omphalocele, a GS (Greek for “belly cleft”) is a full-
thickness abdominal wall defect, adjacent and usually to the 
right of  the umbilicus. For reasons unclear, some evidence 
suggests a vascular compromise, in the tenth gestational 
week, when the four folds of  the embryo should meet at 
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the umbilicus and close the abdominal cavity, a defect in the 
abdominal wall occurs allowing the abdominal contents to 
leak out of  the abdominal cavity.580 Small bowel, stomach, 
colon, and ovaries can protrude and become thick, matted, 
and leathery as a result of  contact with the amniotic fluid 
(chemical peritonitis).583,584,600 GS is an isolated defect, often 
associated with prematurity and LBW but infrequently 
(10%) associated with congenital anomalies outside of  the 
GI tract.601,602 Other coexistent bowel abnormalities such as 
intestinal atresia and malrotation are present in 25% of  the 
cases.601,603 It has a higher incidence in younger (less than 
20 years) primigravid mothers and mothers with a history 
of  vasoconstrictive drug use and cigarette smoking.583,600 
The incidence of  GS is reported to be 1 to 5 per 10,000, 
with prevalence increasing worldwide in a variety of  geo-
graphic areas such as Hawaii, North Carolina, Georgia in 
the United States, and England, Ireland, and Canada.583,601 
Incidence is similar in males and females.601,604–606 There is an 
increased familial risk of  recurrence in families with a child 
with GS, which demonstrates that GS has a multifactorial 
etiology where environmental triggers as well as genetics 
contribute.601,607–610

GS is associated with elevated maternal serum alpha-
fetoprotein screen; diagnosis is made by prenatal ultrasound 
showing a small abdominal wall defect to right of  midline 
with visceral herniation of  an intestinal mass floating freely 
in the amniotic fluid. A pregnancy with a diagnosis of  GS is 
followed closely with serial ultrasounds every 2 to 4 weeks. 
Poor intrauterine growth is a poor prognostic feature.594,601 
Because there is an increased risk of  third-trimester fetal 
demise, nonstress tests, biophysical profiles, and amniotic 
fluid indices are followed closely after 30 weeks.601,611–615 
As with omphalocele, best practice includes coordinating 
the delivery at a tertiary care center, although there are no 
evidence-based recommendations for timing or mode of  
delivery. Initial postnatal and surgical management is similar 
to babies born with omphalocele, where decompressing the 
stomach, stabilizing the airway, and wrapping the bowel in 
sterile dressings to preserve heat and minimize fluid loss are 
postnatal priorities.

Tracheal Esophageal Fistula (TEF)
Between the third and the sixth weeks of  gestation, the 
primitive foregut is in the process of  separating into the 
respiratory and alimentary tracts.573 A defect in the lateral 
septation of  the foregut into the esophagus and trachea 
causes a TEF.616–618 TEF is the most common congenital 
anomaly of  the respiratory tract with an incidence of  1 per 
3500 live births.616–621 Ninety-five percent of  TEFs occur 
with EA; TEF is classified according to the anatomic config-
uration and is most commonly present (84%) as a proximal 
esophageal pouch and a distal TEF (type C).584,616,619,621

Many babies with TEF are not diagnosed prenatally. 
Babies with EA may present with polyhydramnios in 
utero616,622 or present immediately after birth with an 

accumulation of  oral secretions (due to ineffective swallow-
ing), respiratory difficulties, and coughing, choking, and cya-
nosis with feeds. The medical staff  is unable to pass a tube 
through the nose and into the stomach, and a radiograph 
may show the tube coiled in the upper esophageal pouch.

The rare TEF without EA (H type) is difficult to diag-
nose. Unlike babies with EA, babies with H type TEF may 
be asymptomatic at birth, or they may cough or choke with 
feeds. Diagnosis of  an isolated TEF can be made on upper 
GI series where the contrast dye is pulled superiorly during 
the study or by use of  3D computed tomography (CT) scan-
ning.616,623–627 About half  of  babies with TEF also have other 
associated anomalies, often as part of  the VACTERL asso-
ciation (vertebral anomalies, anal atresia, congenital heart 
defects, TEF, EA, renal abnormalities, limb deformities).617,628

Treatment of  TEF/EA requires surgical ligation of  the 
fistula and anastomosis of  the esophagus; however, if  the 
distance separating the two ends of  the esophagus is great, 
a staged repair, including elongation of  the esophagus, cir-
cular myotomies of  the existing esophagus, or replacing the 
missing esophagus with a portion of  the small or large intes-
tine is required.585,616,629–640 A gastrostomy tube is placed to 
allow feeding while the baby heals from surgery. Treatment 
of  isolated TEF is less difficult; the fistula can be ligated and 
prognosis is good.616,641–643

Prognosis of  TEF/EA is less assured and depends on 
the presence of  other associated anomalies as well as the 
distance between the two esophageal pouches. Both short- 
and long-term complications of  TEF/EA occur more com-
monly. Short-term complications include anastomotic 
leak, esophageal strictures, tracheomalacia, and disturbed 
peristalsis. Long-term complications include motility disor-
ders, respiratory function abnormalities, and in some cases 
esophageal squamous cell cancer (Fig. 4.22).420,585,616,644–650

Fetal Surgery
The widespread use of  prenatal imaging and diagnostic 
techniques beginning in the 1960s651 has stimulated the 
development of  a variety of  methods to intervene during 
pregnancy to ameliorate the development of  structural 
problems in the fetus. Fetal surgery has grown out of  the 
understanding of  the progression of  an untreated condi-
tion and the belief  that prenatal intervention could amelio-
rate damage to developing organs.567,579,423,652 In 1982, the 
International Fetal Medicine and Surgery Society (IFMSS) 
formed and later established rigorous criteria for fetal sur-
gery to protect both members of  the maternal–fetal dyad. 
These guidelines include653:

 1. Accurate diagnosis and prognosis must be possible.
 2. No available postnatal effective therapy.
 3. Experimental proof  of  safe effective prenatal interven-

tion exists.
 4. Interventions are done within a strict protocol by a 

trained multidisciplinary team.
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A commitment to evidence-based practice requires that 
all aspects of  the practice of  fetal surgery be tested for effi-
cacy or harm for women and their babies; this includes 
the effects and timing of  anesthesia, other pharmacologic 
agents, bed rest, and procedures on the mother and the 
fetus.654

In the 1990s, with the development of  the laparoscope, 
minimally invasive fetal surgery was born and the possibil-
ity of  vaginal delivery replaced the mandatory Cesarean 
section of  open fetal surgery.651,655 Minimally invasive fetal 
surgery includes needle techniques, where a sharp needle 
is introduced into the uterine cavity to sample blood or 
provide a transfusion, and endoscopic techniques, where a 
laser or other device is introduced to provide the interven-
tion. Both techniques rely on ultrasound guidance.655 These 
advances have improved outcomes over open fetal surgery 
techniques for both mother and baby such as decreased 
length of  hospital stay and decreased incidence of  placental 
abruption. However, there are two enduring complications 
of  fetal surgery: amniotic fluid leakage and preterm (less 
than 37 weeks’ gestation) prelabor rupture of  membranes 
or PPROM.651,655

There are some diseases that require open fetal surgery 
using a maternal laparotomy, and hysterotomy and direct 
access to the fetus, such as resection of  large congenital air-
way malformations, sacralcoccygeal teratomas, and repair 
of  fetal myelomeningocele.651

The MOM’s (Management of  Myelomeningocele) trial, 
a multicenter RCT to examine the efficacy of  prenatal ver-
sus postnatal repair of  spina bifida ended in December 2010. 
Ninety-one subjects received fetal repair and 92 postnatal 
repair. The New England Journal of  Medicine656 reported 
results of  158 patients at 12 months of  age. The prenatal sur-
gery group had a 40% rate of  shunt placement; the postnatal 
surgery had an 82% rate. At 30 months, the prenatal repair 
group demonstrated improved Bayley scores for mental 
development and motor function, decreased rates of  hind-
brain herniation at 12 months, and improved ambulation 
by 30 months. However, prenatal repair was associated with 
increased premature delivery as well as uterine dehiscence at 

delivery.656 On the basis of  this RCT, fetal repair of  MMC is 
now offered as standard of  care in eight centers around the 
country.657

An additional fetal surgery success story involves babies 
with twin-to-twin transfusion syndrome (TTTS). A multi-
center RCT showed a clear advantage in length of  gestation, 
survival, and incidence of  PVL associated with prenatal 
endoscopic laser ablation of  communicating placental ves-
sels over serial amnioreduction of  polyhydramnios. Prenatal 
TTTS has become the most common indication for fetal 
surgery today.651

Currently, there are two RCTs being conducted in 
Europe for prenatal tracheal occlusion to treat CDH.658 This 
is a different technique developed after a trial of  open hyster-
otomy to perform a more typical postnatal repair prenatally.

Fetal surgery will continue to evolve in response to 
refinements in technique and technologic advances, prog-
ress in postnatal therapies, and as new insights into fetal 
pathophysiology are gained.

Physical Therapy Assessment and Intervention  
for the Baby Who Requires Surgery

Although a baby in an NICU who requires surgery may 
not have been born prematurely, he or she may demon-
strate immaturity and instability in any of  the subsystems 
described in the synactive theory. Babies who require sur-
gery may experience more immobility and pain than other 
babies in the NICU. It is important that issues of  pain be 
addressed before the therapist proceeds with any direct 
intervention.

As with any other examination, the therapist starts with a 
thorough review of  the chart with particular attention to the 
indications for surgery, the surgical procedure, the outcome 
of  the surgery, and any precautions or contraindications. The 
nurse should be interviewed to find out how the baby’s pain 
is managed and whether the current pain management is 
adequate for the baby at rest and during nursing care. A baby 
who requires surgical intervention may also need techno-
logic supports such as mechanical ventilation, chest tubes 

FIGURE 4.22 Esophageal atresia and tracheoesophageal fistula. (From Pillitteri A. Maternal and Child Nursing.  
4th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2003.)
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with or without suction, drains, or gastric suctioning devices. 
These supports can also add to the baby’s discomfort as well 
as limit his or her ability to be positioned and moved. The 
therapist should assess the surgical incisions for how they 
are healing and for the presence of  scar tissue. The healing 
process can be delayed by the presence of  antibiotic-resistant 
bacteria and the risk of  iatrogenic infections, which can pro-
long the baby’s hospitalization. Prolonged illness, immo-
bilization, and hospitalization can interfere with the baby’s 
acquisition of  developmental milestones as well as with his 
or her socialization and ability to bond, placing him or her 
at greater risk for delays. Living in a crisis-prone environ-
ment disadvantages children who “grow old in the NICU” as 
they experience multiple caregivers, limited interactions with 
family, and limited opportunities to move, practice develop-
mental activities, and have typical sensory experiences. In 
addition, staff  may feel challenged to provide the appropriate 
stimulation in the newborn intensive care setting.659

The assessment should also include the impact of  the 
surgical intervention on the infant’s respiratory function. 
The rate and the pattern of  the baby’s breathing should be 
examined as it may be influenced by the presence of  scar-
ring, thoracic and abdominal pressure changes, anatomic 
changes, pain, edema, and lack of  musculoskeletal support. 
In addition, the above may also affect the baby’s passive and 
active range of  motion. For these patients, it is important to 
assess their developmental skills in an ongoing fashion.

Owing to the nature of  the illness and intensive care 
these babies require, they often demonstrate developmen-
tal delays and the NICU therapist’s role may change from 
primarily consultative to more traditional “hands-on” during 
the course of  the infant’s hospitalization.

Interventions for a baby who has had surgery can include 
positioning, mobilization of  soft tissue, facilitation of  sen-
sory responses, postural control, and gross and fine motor 
activities. It is frequent for the initial portions of  each ther-
apy session to focus on mobilization techniques for align-
ment and flexibility prior to handling activities to promote 
developmental skills. It is not uncommon for babies who 
have required surgical intervention to their thoracic or 
abdominal areas to develop asymmetric postures. This may 
be due to the underlying anatomic lesion or result from 
postsurgical scarring and limitations to positioning. In addi-
tion, positioning programs can be developed and caregivers 
can be shown techniques to incorporate mobilization into 
daily routines. The therapist should provide developmen-
tally appropriate activity suggestions to family and NICU 
staff. This can be in the form of  direct teaching as well as 
posting play ideas at the infant’s bedside.

The Baby with Neurologic Issues

The Baby with Asphyxia
Perinatal asphyxia is a result of  a lack of  oxygen (hypoxia) 
and/or a lack of  perfusion (ischemia) to various organs.660 
The incidence of  asphyxia is 2 to 6 per 1000 births.378 

It is more frequent in preterm infants (60% in VLBW 
births), where it is usually associated with PVH/IVH,430 
and accounts for 20% of  perinatal deaths. Asphyxia is 
more likely to occur in term infants of  diabetic or tox-
emic mothers and is also associated with IUGR and 
breech presentation. Ninety percent of  asphyxiated births 
are estimated to occur as a result of  placental insuffi-
ciency during the antepartum or intrapartum periods.660 
However, cardiopulmonary anomalies of  the fetus are 
also a risk factor for asphyxia.430 All babies experience 
hypoxia during normal labor but not to a degree that is 
damaging. An umbilical cord or fetal scalp pH less than 
7.0 may indicate substantial intrauterine asphyxia. Other 
supporting evidence includes the presence of  meconium 
staining, abnormalities in fetal heart rate and rhythm, and 
an Apgar score of  less than or equal to 3 for greater than 
5 minutes. The organs most susceptible to damage during 
asphyxia are the kidneys, brain, heart, and lungs, with the 
most important consequence of  perinatal asphyxia being 
hypoxic–ischemic encephalopathy (HIE).660 There must be 
evidence of  hypoxia and ischemia to make the diagnosis 
of  HIE, and there may also be an underlying neurologic 
disturbance predisposing the baby to a hypoxic–ischemic 
event.661

HIE can range from mild to severe. Ten percent to 20% 
of  term asphyxiated infants die, and the remainder who sur-
vive have a good chance of  developing normally even in the 
presence of  seizures in the neonatal period. However, there 
is a small group of  severely asphyxiated infants who, hav-
ing escaped death, will develop major neurologic sequelae, 
including CP, mental retardation, seizure disorder,660 cortical 
blindness, hearing impairment, and microcephaly.378 A baby 
who has been asphyxiated may develop any of  the following 
five neurologic lesions:

 1. Focal or multifocal cortical necrosis
 2. Watershed infarcts (occurring in the boundary zones 

between cerebral and cerebellar arteries where blood 
flow is reduced with hypotension or hypoperfusion)

 3. Selective neuronal necrosis (brainstem nuclei or Purkinje 
cells in the cerebellum)

 4. Status marmoratus (necrosis of  the thalamic nuclei and 
basal ganglia with myelination of  astrocytic processes 
versus neurons)

 5. PVL378,430,660

More extensive lesions occur with more severe asphyxia. 
Partial episodes of  asphyxia result in diffuse cerebral necro-
sis, whereas total asphyxia spares the cortex and affects the 
brainstem, thalamus, and basal ganglia. The Sarnat clini-
cal stages (Table 4.10) are used to estimate the severity of  
asphyxiation in infants greater than 36 weeks’ gestation and 
are based on clinical presentation and duration of  symp-
toms.660 Asphyxiation in a preterm infant is more difficult 
to recognize owing to the brain immaturity, hypotonia, 
and immature reflexes. Premature infants may be pro-
tected from HIE by their immaturity, as the more mature 
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the organism at the time of  the asphyxia, the shorter the 
duration needed to cause brain damage.430 The most effec-
tive intervention is prevention of  asphyxia by establishing 
ventilation and perfusion and minimizing hypotension and 
hypoxia. Babies should be handled with care with the inten-
tion to minimize stress and to avoid fluctuations in blood 
pressure and sensory overload and to teach parents to do the 
same (Table 4.10).378

The Baby with Seizures
Seizures in the neonatal period are difficult to recognize and 
diagnose because the perinatal brain is functionally and mor-
phologically immature. The electrical discharge underlying 
a seizure depends on synaptic connections, axonal/dendritic 
arborization, and myelination, making the well-organized 
motoric patterns of  a seizure in an older infant unlikely in a 
newborn.662 The expression of  a seizure in a newborn gener-
ally manifests as chewing, lip smacking, sucking, apnea, and 
gaze abnormalities, probably due to the relative maturity 

of  the limbic structures and their connections to the brain-
stem.663 There are five types of  seizure patterns:

 1. Subtle seizures are the most common in term and pre-
term infants, comprising about 50% of  all seizures in this 
population. They occur most commonly with other sei-
zures. They may not demonstrate EEG correlation and 
may be refractory to anticonvulsant treatment. They 
include tonic horizontal deviation of  the eyes, oral/
buccal/lingual movements, swimming/bicycling move-
ments, apnea, and other autonomic phenomena.662,663

 2. Focal clonic seizures are characterized by localized 
clonic jerking with a fast contraction phase and a slower 
relaxation phase not associated with loss of  conscious-
ness. They are usually due to metabolic disturbances, an 
underlying structural lesion in the contralateral cerebral 
hemisphere, or focal traumatic injury, and have a good 
prognostic outcome.662,663

 3. Multifocal clonic seizures consist of  random clonic 
movement of  a limb that migrates to other limbs. This 

Stage Stage 1 (Mild) Stage 2 (Moderate) Stage 3 (Severe)
Level of consciousness Hyperalert: irritable Lethargic or obtunded Stuporous, comatose
Neuromuscular control: Uninhibited, overreactive Diminished spontaneous movement Diminished or absent spontaneous movement
Muscle tone Normal Mild hypotonia Flaccid
Posture Mild distal flexion Strong distal flexion Intermittent decerebration
Stretch reflexes Overactive Overactive, disinhibited Decreased or absent
Segmental myoclonus Present or absent Present Absent
Complex reflexes: Normal Suppressed Absent
Suck Weak Weak or absent Absent
Moro Strong, low threshold Weak, incomplete high threshold Absent
Oculovestibular Normal Overactive Weak or absent
Tonic neck Slight Strong Absent
Autonomic function: Generalized sympathetic Generalized parasympathetic Both systems depressed
Pupils Mydriasis Miosis Midposition, often use poor light reflex
Respirations Spontaneous Spontaneous; occasional apnea Periodic; apnea
Heart rate Tachycardia Bradycardia Variable
Bronchial and salivary  
secretions

Sparse Profuse Variable

Gastrointestinal motility Normal or decreased Increased diarrhea Variable
Seizures None Common focal or multifocal 

(6–24 hr of age)
Uncommon (excluding decerebration)

Electroencephalographic 
findings

Normal (awake) Early: generalized low voltage, 
slowing (continuous delta and theta)
Later: periodic pattern (awake): 
seizures focal or multifocal;  
1.0–1.5 Hz spike and wave

Early: periodic pattern with isopotential pH
Later: totally isopotential

Duration of symptoms <24 hr 2–14 days Hours to weeks

Outcome About 100% normal 80% normal; abnormal if symptoms 
more than 5–7 days

About 50% die; remainder with severe 
sequelae

*The stages in this table are a continuum reflecting the spectrum of clinical states of infants over 36 weeks’ gestational age. 
from sarnat hB, sarnat ms. Neonatal encephalopathy following fetal distress: a clinical and electroencephalographic study. Arch Neurol. 1976;33:696. 
reprinted with permission from aurora s, snyder ey. perinatal asphyxia. in: cloherty Jp, eichenwald ec, stark ar, eds. Manual of  Neonatal Care. 5th ed. philadelphia, 
pa: lippincott Williams & Wilkins; 2004:542–543.

Sarnat and Sarnat Stages* of Hypoxic–Ischemic encephalopathy

TabLe

4.10
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is rare in a newborn because of  the immaturity of  the 
newborn brain to propagate the discharge throughout 
the brain.662,663

 4. Tonic seizures can be focal or generalized and resemble 
the decerebrate or decorticate posturing of  older chil-
dren involving tonic flexion or extension of  the neck, 
trunk, and upper extremities with tonic lower extremity 
extension. Prognosis can vary, but in general is poor.662,663

 5. Myoclonic seizures are characterized by twitching of  one 
or several body parts and can include the head and trunk 
as well. They are distinguished from clonic seizures by 
their speed and irregular pattern. They are associated with 
diffuse CNS pathology and carry a poor prognosis.662,663

The underlying etiologies of  a seizure in a newborn can 
include CNS trauma, metabolic abnormalities, infection, 
brain malformation, drugs, polycythemia, and focal infarct, 
and is unknown in 3% to 25% of  cases. Recurrent or con-
tinuous seizures can cause biochemical effects leading to 
brain damage. The goal of  medical intervention is to iden-
tify and treat the underlying cause of  the seizure in addition 
to controlling the seizure through the administration of  
anticonvulsants. Prognosis depends on the precipitating con-
dition as well as the duration of  the seizures and the pres-
ence of  tonic or myoclonic seizure patterns. Fifteen percent 
of  babies die, 30% have long-term neurologic sequelae, and 
55% have a normal outcome.662,663

Physical Therapy Assessment and Intervention  
for the Baby with Neurologic Issues

The therapist should begin the assessment with a thorough 
chart review as discussed previously. Particular attention 
should be paid to the neurology consultation, neuroradio-
graphic studies (cranial ultrasound, MRI, CT scan), and 
EEGs in terms of  the area of  lesion(s), size of  the lesion(s), 
and clinical findings. The therapist should be aware of  the 
prognosis made by the physician and whether that infor-
mation has been communicated to the family. The family 
members should also be interviewed to ascertain their level 
of  understanding of  their infant’s condition and prognosis. 
Attention should also be paid to the medical/surgical inter-
vention such as medications, CSF tapping, and shunting or 
ventriculostomy. During examination, the therapist should 
take into consideration the effects of  medications such as 
anticonvulsants that can decrease arousal and muscle tone.

Prior to beginning a hands-on assessment, the therapist 
should speak to the infant’s nurse and family about the 
events of  the infant’s day as this may affect the baby’s energy 
level, sleep and awake schedule, and tolerance for the evalu-
ation. The therapist needs to know whether the observed 
behaviors are typical for the infant. If  the infant has seizures, 
the therapist should inquire as to the typical presentation of  
seizure activity and whether there are triggers for seizures. 
Other questions for the infant’s nurse include timing of  
administration of  seizure medication, presence and quality 

of  aroused states, observed active movement, and atypical 
posturing.

A crucial part of  the assessment focuses on muscle tone; 
however, infant behavioral state impacts muscle tone and 
motor behaviors. Infants who have sustained a neurologic 
insult may present with atypical states that lack variety, lack 
smooth transitions, and limit interaction. For example, the 
infant may only display a sleep state or irritable wakeful 
state. Completing a neurologic assessment in either of  these 
two states would limit the accuracy; however, the therapist 
can still obtain useful information by observing active move-
ment of  trunk and extremities. Active movement should 
be observed for symmetry, smoothness, variety, complex-
ity, and isolation. The infant should be reassessed in a serial 
fashion for changes in behavioral state organization and neu-
romotor status. When appropriate, a neurologic assessment 
including reflexes, range of  motion, and muscle tone should 
be completed. There are some babies who present with 
symmetric active movement but may demonstrate asymme-
tries in elicited responses. Examples include a brisk gallant 
response, stronger palmar/plantar grasp reflex on one side, 
and/or asymmetric French angles (Fig. 4.23). These may be 
subtle signs and should be monitored as they have been pre-
dictive of  neuromotor outcomes.664

Intervention for infants with a neurologic insult should 
begin with adapting their environment to support their 
behavioral state. For the infant who is unable to achieve 
wakeful states, the therapist can suggest strategies to arouse 
the infant such as unswaddling, using a soothing voice, set-
ting low illumination, tactile stimulation, diaper change, 
or a sponge bath. An infant who only displays irritability 
when awake may benefit from modifying the environment 
to decrease stimulation. These modifications include swad-
dling, NNS, containment, proprioceptive input, and facilita-
tion of  slow transitions to and from awake states. Once state 
issues have improved, the therapist will want to address neu-
romotor and musculoskeletal concerns. Owing to muscle 
tone and limited active movement, the infant may demon-
strate tightness with range of  motion and require interven-
tions such as gentle stretching and splinting. A referral for 
occupational therapy services may be required to evaluate 
the need for hand splints. Strategies for positioning and 
handling to promote symmetric postures and movements 
should be provided to the family and caregiving staff.

Medical Issues of the Late Preterm Infant

The late preterm infant is born between 34 and 36 and 
6/7  weeks GA and is formerly known as the “near-
term” infant, a term that implies similar needs and care to 
the term infant. However, recently, it has been recognized 
that these infants are more vulnerable and have needs more 
similar to preterm infants. Late preterm births have risen in 
incidence over the past three decades in the United States, 
related both to an increase in medically indicated births and 
an increase in multiple deliveries as part of  the use of  assisted 
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the late preterm infant.664,670,673,679,680 In addition, late pre-
term infants have less adipose tissue, larger surface area–
to-weight ratio, and are less capable of  generating heat, 
leading to hypothermia. Apnea and bradycardia are more 
common in the late preterm infant as well.664,670,679–684 
There is some evidence that long-term neurodevelopmen-
tal outcome can be affected in this population as well, with 
some researchers reporting increased incidences of  both 
CP and intellectual disability,664,684–689 although others have 
not reported this.664,690

Medical Issues of the Term Infant

While prematurity and its associated complications repre-
sent the concerns of  a large number of  infants in the NICU, 
there are a number of  conditions that can cause full-term 
infants to require intensive care management. These infants 
are often very critically ill, have extended hospitalizations, 
and benefit from neonatal physical therapy services. A num-
ber of  these more common conditions and related interven-
tions are discussed in this section.

Meconium Aspiration Syndrome
In the presence of  acute or chronic hypoxia, the fetus may 
pass meconium into the amniotic fluid prior to delivery. The 
act of  gasping for the first breath may cause the infant to 

FIGURE 4.23 Symmetric active movement demonstrating asymmetries in 
elicited responses, as seen in these French angles. (Reprinted with permission from 
Ellison PH. Neurologic development of the high-risk infant. Clin Perinatol. 11(1):45 
and adapted from Amiel-Tison C. A method for neurological evaluation within the 
first year of life. Curr Probl Pediatr. 1976;7(1):45.)
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reproductive technology.664–669 Late preterm births account 
for over 250,000 births per year.664 The following section 
describes the medical issues of  the late preterm infant.

The late preterm infant has higher morbidity, higher 
rates of  hospital readmission through the first year, and 
may be at increased risk for long-term neurodevelopmental 
impairment compared with her term counterpart.664,670–674 
The multiple vulnerabilities are a result of  the late preterm 
infant’s overall immaturity. For example, terminal respi-
ratory sacs and lung alveoli continue to mature through 
the 36th gestational week. The surfactant surge, typically 
occurring at 34 weeks, responsible for assisting this pul-
monary maturation may be missed by the infant born in 
the late preterm period. The respiratory morbidities of  the 
late preterm infant include transient tachypnea, persistent 
pulmonary hypertension, RDS, pneumonia, and respira-
tory failure requiring mechanical ventilation.664,673,675–677 
For each advancing week of  gestation, an infant’s need for 
respiratory intervention and vulnerability for respiratory 
morbidities decreases.664,670,673,678 Another example of  the 
late preterm infant’s immaturity contributing to his vul-
nerability is the interplay of  the underdeveloped hepatic 
bilirubin conjugation pathways, poor feeding and swal-
lowing coordination, and not fully formed blood–brain 
barrier. These multiple immaturities increase the risk of  
prolonged jaundice and bilirubin-induced brain injury in 
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aspirate the meconium-stained amniotic fluid in the lungs 
where particles of  meconium can obstruct airways, inter-
fere with gas exchange, and result in respiratory distress 
with varying degrees of  severity from mild respiratory dis-
tress to life-threatening respiratory failure requiring resus-
citation.691–694 Meconium staining is reported to occur in 
approximately 9% of  births.691–693

MAS is presumed in newborn infants who, after being 
born through meconium-stained fluid, demonstrate respi-
ratory distress that cannot be explained by another mech-
anism.691,695 Approximately 2% to 10% of  infants born 
through meconium-stained amniotic fluid demonstrate 
MAS.691–693 The risk of  meconium aspiration is largest in 
postmature infants as well as SGA infants.691,696–699 Owing 
to changes in obstetric care in recent years in the United 
States, specifically a reduction in postmature births and 
monitoring of  fetal well-being during labor, the incidence 
of  MAS has declined.691,698–701 Conditions of  prolonged 
fetal compromise such as hypoxia, predating labor, and 
intrauterine infection have been associated with meco-
nium aspiration and may lead to acute asphyxia during 
labor. Twenty to 33% of  babies with MAS are depressed 
at birth and require resuscitation.691,698,702–706 The meco-
nium can have a direct toxic effect on the lung owing to 
chemical pneumonitis, infection, inflammation, and inacti-
vation of  surfactant, or it can occlude the airway trapping 
air distally in the lungs leading to lung distention, alveolar 
rupture, and pneumothorax.691,707–709 Vasoconstriction of  
the pulmonary vessels in response to hypoxemia can con-
tribute to the development of  PPHN, a secondary effect 
of MAS.694,703

In the neonatal period, respiratory effects of  meco-
nium aspiration include marked tachypnea, cyanosis, use 
of  accessory muscles for breathing, intercostal and subxy-
phoid retractions, barrel-chested appearance, and paradoxi-
cal breathing patterns with grunting and nasal flaring.691 
A subset of  affected infants can be asymptomatic at birth 
and develop worsening respiratory distress as the meconium 
moves distally into smaller airways. Initial management of  
infants in the delivery room includes direct laryngoscopy 
to suction the hypopharynx and to intubate and suction 
the trachea before providing positive pressure ventilation. 
Infants with MAS may require supplemental oxygen or, if  
disease is severe, mechanical ventilation. In cases where 
the respiratory compromise progresses, management may 
require high-frequency ventilation, surfactant therapy, and 
nitric oxide.691,698,710 Severely ill infants with meconium aspi-
ration, PPHN, and respiratory failure that is not respon-
sive to the above measures may require ECMO.694 Infants 
with associated PPHN will have right-to-left shunting and 
a difference in pre- and postductal oxygenation saturations. 
Long-term pulmonary morbidity is common in babies with 
MAS and has been reported to include symptomatic cough-
ing and wheezing consistent with reactive airway disease 
requiring bronchodilator therapy, and airway obstruction 
and persistent hyperinflation on pulmonary function tests 

up to 11 years of  age.694,698,711 Neurodevelopmental out-
come varies and depends on the injury to the CNS due to 
asphyxia.694,711,712

Persistent Pulmonary Hypertension of  the Newborn
PPHN of  the newborn is most commonly seen in term 
or postterm infants as the result of  disruption in the typi-
cal transition from fetal to neonatal circulation. If  PVR 
fails to drop after birth, the right-to-left shunting at the 
foramen ovale and ductus arteriosus that characterizes 
typical fetal circulation continues and results in severe 
hypoxemia. Hypoxia and alveolar atelectasis lead to pul-
monary vasoconstriction and maintenance of  pulmonary 
hypertension.713,714

The PVR can fail to drop owing to three types of  abnor-
malities of  the pulmonary vasculature. The pulmonary 
vasculature can be underdeveloped, with decreased cross-
sectional area and result in a fixed elevation of  PVR. This 
is the typical pathophysiology of  PPHN in a diagnosis asso-
ciated with lung hypoplasia, such as CDH. Secondly, pul-
monary vasculature can develop with an abnormally thick 
and extensive muscle layer. Remodeling of  the pulmonary 
vasculature typically occurs in 10 to 14 days after birth, at 
which time the PVR drops. This abnormality of  pulmonary 
vasculature may have a genetic predisposition, be triggered 
by the use of  nonsteroidal anti-inflammatory drugs during 
pregnancy, or associated with MAS. Lastly, a normally devel-
oped vascular bed may fail to dilate after birth because of  
adverse perinatal conditions such as a bacterial infection or 
perinatal depression.714–718 PPHN has also been associated 
with maternal factors, including diabetes, or urinary tract 
infection. Perinatal asphyxia is the diagnosis most com-
monly associated with PPHN.714,719

PPHN is suspected in any infant with severe hypoxemia 
that is not responsive to the administration of  100% oxy-
gen or positive pressure respiratory support such as CPAP 
or ventilation. PPHN is diagnosed by echocardiograph 
that shows normal heart structural anatomy with evi-
dence of  pulmonary hypertension, and right-to-left shunt-
ing through the ductus arteriosus and/or foramen ovale. 
PPHN is a medical emergency, and diagnosis and treatment 
need to be made promptly. Goals of  treatment are to ensure 
adequate tissue oxygenation while promoting a decline in 
PVR. Interventions include supplemental oxygen, vasodila-
tors, intubation and mechanical ventilation, iNO, ECMO, 
correction of  metabolic acidosis, hemodynamic support, 
and correction of  metabolic abnormalities and polycythe-
mia.713,714,719–721 Because agitation can cause a release of  cat-
echolamines that increases PVR, these babies may need to 
be sedated and pharmacologically paralyzed.714

The prognosis for infants with PPHN has improved sig-
nificantly with improved delivery of  mechanical ventilation, 
iNO, and ECMO. However, survivors are at risk for CLD, 
ICH, neurodevelopmental delays, and sensorineural hearing 
impairment.719 Significant impairments have been found in 



158 PART II    Neurological DisorDers

survivors of  moderately severe and severe PPHN in motor, 
cognitive, and hearing function.714,721–728

Therapists working with infants with PPHN need to be 
aware of  potential cardiopulmonary compromise and sup-
port development without increasing infant stress and agita-
tion. Family and other caregivers should be provided with 
suggestions to promote motor, social, and feeding skills 
while maintaining physiologic stability.9 Therapists also 
need to be aware of  associated sensory and neurodevelop-
mental risks and provide appropriate screening, family edu-
cation, and follow-up services.

Fetal Alcohol Spectrum Disorder
Alcohol is a known teratogen throughout gestation, and 
since no safe threshold level has been established for alcohol 
ingestion during pregnancy, abstinence is recommended.729 
Current research has found that exposure of  the fetus to 
alcohol can result in a variety of  adverse outcomes, includ-
ing growth abnormalities, CNS abnormalities, facial dys-
morphisms, and congenital organ malformations.350,730–732 
The term fetal alcohol spectrum disorder (FASD) has been advo-
cated for use as a result of  the range of  outcomes.350,733–735 
Reports of  alcohol use (10.8%), including binge drinking 
(3.7%) and heavy drinking (1%), have been made by preg-
nant women from 15 to 44 years of  age.732,736 The preva-
lence of  FASD is reported to be 0.3 to 1.5 cases per 1000 live 
births, with highest rates reported among blacks, American 
Indians, and Alaskan Natives.

The most severe form of  FASD is fetal alcohol syndrome 
(FAS). The criteria for FAS include poor growth, CNS abnor-
malities, and distinct facial dysmorphisms, with or without 
confirmed alcohol ingestion350,730–732,737–741 (Table 4.11). First 
described in detail by Jones and Smith in 1973,737 FAS is one 
of  the most common causes of  intellectual disability world-
wide. The effects of  alcohol exposure are related to the 
amount, timing, and pattern of  maternal alcohol consump-
tion, as well as the individual rate of  maternal metabolism 
of  alcohol.732,742–745

Newborns exposed in utero to alcohol can demonstrate 
acute withdrawal symptoms, characteristics of  FAS, or 
appear normal.732 Heavy alcohol consumption around the 
time of  conception and during the first trimester has been 
associated with alcohol-related birth defects, facial dysmor-
phology, and growth deficiencies,729,732,746,747 whereas moder-
ate consumption did not affect IQ at 8 years.732,748 Exposure 
to alcohol during the second trimester has been associated 
with growth disturbances and learning deficits; exposure 
during the third trimester has been associated with deficits 
in longitudinal growth.350,729,734 The hallmark of  fetal alcohol 
exposure is severe growth retardation (length more affected 
than weight). Growth deficiencies continue postnatally, but 
weight is more affected than length.350,738

The most serious feature of  FAS is disturbance of  CNS 
development. Disorders of  neuronal proliferation, migra-
tion, and midline prosencephalic formation occur as a 

result of  the teratogenic effects of  alcohol during the first 
two trimesters of  pregnancy.350 Microcephaly is present in 
almost all cases, with delayed neurologic development also 
present in a majority of  cases of  children with FAS. Kartin 
and associates748 found lower-than-average developmen-
tal performance in preschool children exposed to alcohol 
and drugs prenatally. In addition to decreased intellectual 
functioning, hyperactivity, distractibility, decreased atten-
tion span, impaired speech and language development, 
and impaired visual memory affect functioning in school. 
 Long-term effects on psychosocial function have also been 
reported.350,732,733,735,749,741,748–752

FAS may be difficult to recognize in the neonatal period 
and may be mistaken for other syndromes. Infants may 
have no signs of  withdrawal if  exposed to even moderate 
amounts of  alcohol. Withdrawal signs of  jitteriness, sleep 
disturbance, tremors, hypotonia, or GI symptoms may be 
seen in some infants exposed to very high levels of  alco-
hol.350,752,753 The infant may have been exposed to other 
substances in addition to alcohol and demonstrate more 
severe withdrawal symptoms because of  these substances. 
Since facial and physical features of  FAS may be subtle and 
the infant may not demonstrate signs of  withdrawal, the 
diagnosis of  FAS may not be made until later in the pre-
school or school-age years when inattention, hyperactivity, 
and learning problems are more apparent.735,753,754 Children 
with late diagnosis may miss out on early intervention and 
other services that can address growth and developmental 

Physical Features Neurodevelopmental Concerns
Prenatal growth deficiencies/IUGR Developmental delay
Postnatal growth deficiencies Impaired cognitive function
Microcephaly Speech impairments
Short palpebral fissures Conductive hearing loss
Epicanthal folds Sensorineural hearing loss
Midline facial hypoplasia Behavioral issues
Short upturned nose Mental retardation
Hypoplastic long or smooth 
philtrum
Thin vermilion of upper lip
Ear abnormalities
Optic nerve hypoplasia
Cardiac defects (ASD, VSD)
Hydronephrosis
External genitalia anomalies
Abnormal palmar creases
Joint abnormalities (hands, 
fingers, toes)
Cutaneous hemangioma

asD, atrial septal defect; iugr, intrauterine growth restriction; vsD, ventral 
septal defect.

Features of FaS

TabLe

4.11
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needs. Infants with known prenatal exposure to alcohol or 
suspected FAS should be referred for developmental follow-
up services upon discharge from the hospital.732,741

Neonatal Abstinence Syndrome
Prenatal maternal narcotic use is typically accompanied 
by lifestyle choices that can affect the health of  the fetus, 
including poor prenatal care, and high-risk behaviors that 
can lead to illnesses and infections. Prenatal maternal nar-
cotic use results in fetal dependence on these substances. 
The drugs associated with dependence and withdrawal 
most commonly used during pregnancy are heroin, metha-
done, and prescription pain medicines.755–758 Term infants 
demonstrate more severe withdrawal symptoms than pre-
term infants; there are several potential explanations for 
this including a lack of  recognition of  preterm withdrawal 
symptoms.757,758 There is also greater storage of  drugs in fat, 
leading to increased dependency on these substances with 
increasing GA. At birth, when the drugs are no longer being 
provided, the infant begins the process of  withdrawal.757,758

The onset of  symptoms for acute narcotic withdrawal 
can vary from the first hours of  life to more than 5 days 
of  age.758–762 Symptoms are usually noted within 24 to 
48 hours depending on type of  drug, length of  maternal 
use, GA of  the infant, and last maternal dose.350,755,759 It is 
not uncommon for infants to be exposed to multiple sub-
stances; withdrawal from multiple substances is more severe 
for infants than withdrawal from methadone or opiates 
alone.756,757,759,763,764 Symptoms of  withdrawal include irri-
tability, tremors, seizures, apnea, increased muscle tone, 
inability to sleep, hyperactive DTRs, incoordination, hyper-
active sucking, inefficient sucking and swallowing, and high-
pitched, shrill cry.755,757,759,764,765

Treatment for symptomatic infants includes tight swad-
dling, holding, rocking, decreasing external stimulation 
of  sound and light, and feeding with high-calorie formula 
as needed. Infants who are unable to respond to these sup-
portive interventions require the addition of  medication 
to their plan of  care.350,755–757,759,765,766 The decision to start 
pharmacologic intervention is based on objective measure-
ment of  symptoms recorded using a neonatal abstinence 
score as well as the presence of  seizures, sleeplessness, 
and growth failure or weight loss. The most commonly 
used neonatal abstinence score is the system developed by 
Finnegan.767,768 The NICU Network Neurobehavioral Scale 
(NNNS) incorporates features of  the Finnegan scale but also 
assesses maturity, behavioral control, and self-regulation.505 
Decisions in terms of  increasing or weaning of  medica-
tions are also based on abstinence scores.755–757,766 In several 
studies, opiates have been better at reducing withdrawal 
symptoms compared with phenobarbitol or supportive 
treatment alone, and the AAP recommends morphine or 
methodone.757–760,755,756,769–771,772

Infants with NAS may have lower birth weight, height, 
and head circumference. They often exhibit depressed 

or inconsistent interactive behaviors and have poor self- 
calming, which can impact development. In addition, 
treatment of  NAS may require weeks to months of  hospi-
talization, which can interfere with maternal bonding and 
overall development.350,756,759,765,766 Developmental follow-up 
studies of  infants with NAS have found a higher incidence 
of  hyperactivity, learning and behavior disorders, and poor 
social adjustment.766 The developmental performance of  
preschool children with prenatal alcohol and drug exposure 
has been reported as lower than expected for age.773–775 It is 
unclear to what extent confounding variables such as envi-
ronmental factors, maternal characteristics, tobacco use, 
polydrug use, poverty, and social factors associated with 
substance abuse are responsible for these outcomes versus 
prenatal substance exposure.350,766 While it is difficult to 
make a direct link between neonatal substance exposure and 
developmental outcomes, these children and their families 
are clearly at risk for social, behavioral, and developmental 
problems. Therefore, close follow-up and maternal–child 
services including early intervention are warranted.758,773,774

Physical Therapy Assessment and Intervention  
for the Late Preterm and Term Infants

Full-term and late preterm infants in the NICU can be very 
fragile with complex medical conditions. When working 
with any preterm infant, the therapist should recall that at 
35 weeks’ gestation the preterm brain weighs 65% of  a term 
infant’s brain, and has fewer sulci.665 This is a fact that high-
lights the rapid brain growth and development that an infant 
is experiencing during the late preterm period. Supporting 
the infant in growing and developing his or her brain as well 
as his or her other organs is a top priority for any neonatal 
therapist; all physical therapy interventions should be judi-
ciously timed and administered so as not to interrupt an 
infant’s sleep or cause additional stress to the burden of  care 
a hospitalized infant already encounters. In addition, the 
cost of  the intervention should be carefully weighed against 
proven benefits. Unfortunately, in neonatal physical therapy, 
there is little hard evidence for many interventions. It is also 
important that physical therapy interventions support the 
family in assuming parenting roles.

The physical therapist should start by completing a 
 thorough chart review, including maternal/prenatal history, 
birth history, review of  past and present problems by sys-
tems, medical test/study findings, medical/surgical interven-
tions,  medications, and the infant’s response to interventions 
and medications, including neonatal pain assessments. If  the 
infant is withdrawing from substance exposure, neonatal 
abstinence scores and any change in medical and/or phar-
macologic intervention should be noted. Information regard-
ing family psychosocial history and concerns should also be 
reviewed and discussed with the social worker if  appropriate. 
The therapist should interview the infant’s nurse for updated 
information regarding physiologic status, any changes in 
care, and the events of  the day. A discussion with the family 
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members as to their understanding of  the infant’s condition 
and their own concerns for their infant is a helpful starting 
point in developing a relationship with the family and plan-
ning therapy intervention, including family education.

The evaluation of  the infant should begin with an obser-
vation of  the type of  respiratory support, presence of  cen-
tral or peripheral lines, and presence of  feeding tubes, as 
these are not only indications of  the fragility of  the infant, 
but may also limit the infant’s positioning and active move-
ment. An observational assessment should include the vital 
signs, pattern of  respiration, behavior, state, presence of  
edema, preferred postures, and active movement. The integ-
umentary system should be assessed for the presence of  skin 
breakdown or scars, which may interfere with alignment, 
mobility, and function.

Infants recovering from medical conditions such as MAS 
or PPHN of  the newborn may not tolerate a hands-on 
assessment if  they are still critically ill and requiring large 
amounts of  medical support to promote physiologic func-
tion. Infants exposed to prenatal infections may also be 
very ill and unable to tolerate handling. While withdrawing 
from substance exposure, infants may not be able to toler-
ate the stimulation of  handling. At this stage in the infant’s 
hospital course, the therapist would be primarily consulting 
with the nursing staff  and the family to make suggestions 
for positional and environmental modifications to promote 
comfort, physiologic function, and, if  possible, positional 
alignment for future developmental tasks.

The assessment of  the stable infant who is able to toler-
ate handling would include respiratory status and pattern/
efficiency of  breathing in different positions, integumentary 
status, behavioral state organization, posture and align-
ment, passive and active range of  motion, muscle tone, 
presence and symmetry of  reflexes, quantity and quality 
of  active movement, postural control, response to sensory 
stimuli, pain assessment, visual tracking, auditory localiza-
tion, and social/interaction skills. If  appropriate, a stan-
dardized developmental assessment may be administered. 
Physical therapy intervention is then based on the individual 
infant’s strengths and concerns. The concerns may be pri-
oritized according to the infant’s medical status and imme-
diate needs in the NICU environment. It is important to be 
observant of  the infant’s cardiopulmonary status and behav-
ioral cues when handling the infant and to help the family 
to understand that the infant may not be able to tolerate as 
much activity as other infants his or her age.

Infants withdrawing from prenatal substance exposure 
often require long hospital stays and present with unique 
needs. Generally older and more physiologically stable, 
it is not uncommon for these infants to demonstrate poor 
behavioral organization, extended deep sleep, agitated 
sleep, vacillation between sleep and crying states, and pan-
icked awakening.775 The assessment should include all the 
elements previously discussed and assessment of  neonatal 
abstinence scores. Initially, recommendations for environ-
mental modifications in order to decrease environmental 

stress as well as caregiving recommendations to stream-
line and organize care to avoid overstimulation is essential. 
Assessing and promoting self-regulatory behaviors is also 
important. The infant may only tolerate comfort measures, 
particularly early in his or her withdrawal. Interventions 
should be graduated in order to allow the infant to become 
successful at self-soothing.776 Interventions may include pro-
viding containment through bundling and deep pressure and 
facilitating flexion through positioning with tucked postures 
that promote hands-to-midline and -mouth. When provid-
ing stimulation to infants withdrawing from drug exposure, 
it is important to offer stimulation that involves only one or 
two sensory systems so as not to overload the infant. It is 
also important to be vigilant for early signs of  distress (color 
changes, hiccups, frequent yawning, and/or decreasing eye 
contact) in order to prevent overstimulation.777 Infant mas-
sage using firm strokes may be helpful to some infants and is 
a good bonding activity for parents. Gentle vestibular input 
in the form of  gentle rocking or swinging can be effective 
for some infants. For infants who demonstrate hypertonia 
and extended postures, supine and standing positions should 
be minimized. For infants who demonstrate hypotonia, 
supportive positioning promoting symmetrical, flexed, and 
midline postures is important. When the baby is awake, 
gradual attempts at eye contact should be made to prevent 
overstimulation.776,778 It is important to remember that these 
infants are older and to provide appropriate developmental 
intervention when the infant is awake and able to tolerate 
these activities. The therapist should work with the family 
members to understand the needs of  the infant and help 
them learn calming and appropriate developmental interac-
tions. An intervention priority is to promote attachment and 
bonding over the course of  the hospitalization, which may 
be weeks to months.

Infants with prenatal alcohol exposure may not demon-
strate signs of  withdrawal or developmental concerns in the 
neonatal period. The therapist should perform a full assess-
ment and address any needs or concerns. Whether or not 
there are specific findings on inpatient assessment, the infant 
should be referred for developmental follow-up at the time 
of  discharge owing to the high risk of  long-term develop-
mental concerns.

 Transition to home

Normally, discharge planning begins on the first day of  hos-
pital admission; however, when caring for medically fragile 
high-risk infants whose survival is not certain, this may be 
premature. The exact date of  discharge may not be predict-
able, but when an infant begins to demonstrate more con-
sistent physiologic stability, steps can be initiated toward 
a discharge plan. Infants leaving the NICU often require 
unique long-term health care follow-up, and their families 
require time to learn their care. Current trends in health care 
for early discharge mean that families are required to care 



  CHAPTER 4    The iNfaNT aT high risk for DevelopmeNTal Delay 161

for younger, less stable infants, and therefore families should 
be included in the discharge process as soon as possible.

A good discharge plan is individually tailored to both 
the infant and his or her family with clearly identified goals. 
These goals should be communicated to the family and the 
medical team so as to eliminate duplication and fragmen-
tation of  family education and follow-up care, to prevent 
delays in access to health care, to establish links to resources 
for health and development in the community, and to pro-
mote success of  the infant and family at home.779–782 The 
medical team needs to assess the particular strengths and 
needs of  the infant’s family, including caretaking capabilities, 
resource requirements, social supports, and home physical 
facilities. The AAP779 recommends that at least two family 
caregivers are able, available, and committed to learning 
and providing for the infant(s). Increased risk of  attachment 
disturbances and abuse has been identified for children born 
prematurely and children with prenatal substance exposure. 
Family issues that put an infant at risk are lower education 
level, lack of  social support, marital instability, fewer prena-
tal care visits, substance use, and fewer family visits during 
hospitalization. Active parent involvement and preparation 
for posthospital care demonstrate a family’s readiness to 
care for the infant at home.779,781

Elements commonly identified as medical requirements 
for discharge from the NICU include sustained pattern of  
weight gain, maintenance of  normal body temperature in 
an open environment, a successful mode of  feeding (oral or 
tube feeding), and no episodes of  apnea and bradycardia for 
5 days.779,781 Some level II and level III nurseries may have 
discharge requirements based on GA and weight. Feedings 
and medications need to be streamlined for home routines. 
Discharge teaching needs to be initiated early to allow the 
family time to process information and demonstrate profi-
ciency. Families should be provided with blocks of  time to 
provide care for their infant, and “rooming in” (where the 
parents spend the night in the hospital acting as sole caretak-
ers for their infant) prior to discharge is recommended.779,781

The physical therapy regimen should also be modified 
for home implementation so that parents are able to carry 
out all of  the infant’s care without undue exhaustion. The 
therapist can assist the family in transition to the home 
environment in terms of  positioning and providing appro-
priate sensory experiences and developmental activities. 
Positioning supports are common in the NICU; however, the 
AAP374 has strongly recommended that the infants should 
be positioned on their backs for sleeping, and the sleep envi-
ronment should be free of  soft or loose bedding materials 
and stuffed toys or animals that could obstruct infant air-
ways. The therapist can develop a plan to wean the infant 
of  positioning supports and transition to back sleeping as 
necessary.783 Positioning supports can be utilized and may be 
very important for some infants for play and activities while 
awake. Blanket rolls may be positioned behind the infant’s 
shoulders and along the thighs while he or she is seated in 
an infant seat to promote symmetry and hands- to-midline. 

It is important that the therapist educate the family in safe 
prone positioning for play when the infant is awake as this 
may be forgotten in light of  the back-to-sleep recommenda-
tions. Supervised prone play while the infant is awake offers 
opportunities to strengthen shoulder, neck, and trunk mus-
culature in preparation for future gross motor skills.

Infants who have required intensive care may continue to 
have sensitivities to light and sound after discharge to home. 
In order to help the infant transition successfully to  the 
home environment, the therapist can help the parents to 
identify the infant’s vulnerabilities and make home modifi-
cations and recommendations for appropriate settings. The 
parents may need to dim or shade bright lights and mini-
mize sound around the infant in order to support regulation 
and to promote arousal and interaction. The therapist needs 
to role-model problem solving and ongoing adaptations to 
the infant’s changing cues.

Developmental activities will also change over time as 
the infant matures. Parents will need to continue to correct 
the infant’s age for prematurity in order to have an accu-
rate framework of  expectations, for instance, if  the infant’s 
Chronological age at discharge is 4 months, but the adjusted 
age is 1 month. Toys and play experiences should be tar-
geted at the adjusted age. Activity recommendations should 
be specific to each infant; however, there are common ele-
ments for most babies in early infancy. Many babies who 
have had high-tech respiratory support, increased work of  
breathing, and GER, babies who have required supine posi-
tioning owing to medical status; and preterm infants who 
missed out on the cramping and crowding of  the uterine 
experience may have difficulty initiating flexion of  head, 
trunk, and limbs. Families should be educated in position-
ing and techniques to facilitate flexion within the infant’s 
tolerance. For example, the parent places the infant on his 
or her lap, cradled by the thighs, to promote head midline, 
chin tuck, and shoulder protraction. The infant should be 
positioned so that his or her legs are flexed against the par-
ent’s abdomen. In this position, the infant can gaze at the 
parent’s face to promote downward convergent gaze and 
chin tuck (Fig. 4.24). Other activities that fit into families’ 

FIGURE 4.24 Interaction with an infant in the supine position 
on the parent’s lap.
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daily routines can also be provided. For infants whose age or 
adjusted age is at term or near term, activities should pro-
mote symmetry, flexion, and midline orientation.

In addition to providing families with home programs, 
referrals should be made to community resources such as 
early intervention. Early intervention services are programs 
throughout the United States and its territories funded by 
Federal and local governments that are mandated by the 
Individuals with Disabilities Education Act (IDEA). Early 
intervention services provide developmental services for 
children and their families. These programs can provide a 
variety of  therapy and educational services for infants at risk 
for developmental delays or documented delays and their 
families. However, the period between referral to the pro-
gram and initiation of  services can be 45 days or longer.784 
Therefore, it may be necessary to set up interim services 
provided by outpatient or private home-based therapists 
until early intervention services can start. Interim services 
are particularly necessary when a child may need frequent 
monitoring of  a splint or peripheral nerve injury such as 
brachial plexus injury.

 Neonatal follow-up services

Infants who have required neonatal intensive care are at high 
risk for both major and minor disabilities. Forty-eight per-
cent of  high-risk infants demonstrate transient neurologic 
abnormalities consisting of  hypotonia or hypertonia, and 
10% go on to demonstrate major neurologic sequelae such 
as CP, hydrocephalus, blindness, seizure disorder, and hear-
ing impairment.377,393,785–790 Minor neurodevelopmental and 
neurobehavioral impairments include IQ significantly lower 
than full-term siblings, “temperament problems, language 
delays, fine motor deficits, visual-motor deficits, sensory inte-
gration dysfunction, social incompetence, emotional imma-
turity, attention deficits, learning disorders, and ultimately 
diminished school performance.”791 These impairments are 
prevalent among survivors and become increasingly more 
apparent with age.72,352,368,396,790–796 In addition, LBW infants 
and critically ill term and near-term infants who required 
intensive care have long-term health issues such as frequent 
rehospitalization, shunt complications, orthopedic and eye 
surgeries, CLD, and failure to thrive.393,549,785,793,797,798 For 
these reasons, NICU graduates require specialized long-term 
follow-up services. The AAP recommends follow-up ser-
vices for these developmental concerns as well as for orga-
nized postdischarge tracking and to provide information 
regarding outcomes for this population.779,786 Most NICUs 
are associated with neonatal follow-up programs to monitor 
the outcomes for these high-risk neonates and to determine 
the effects of  NICU interventions on outcomes. In addi-
tion, these programs maintain outcome databases, conduct 
single-center studies, and participate in larger multicentered 
studies. Tracking information includes growth parameters 
over time (head circumference, height, and weight), feeding 

and nutrition, medication use, illnesses and hospitalizations, 
pain, home technology use (oxygen, apnea monitor, feed-
ing tube/pump), sleep position and sleep patterns, car seat 
use, follow-up with other specialists, home environment, 
caretaking plan, parental concerns, and medical and neuro-
logic examinations. Standardized developmental assessments 
are administered as part of  the follow-up program. There 
are many from which to choose; the Bayley Scales of  Infant 
& Toddler Development Edition III (BSID III) are the recog-
nized standards for measuring infant development between 
0 and 42 months. Many follow-up programs will adminis-
ter the BSID III in conjunction with other domain-specific 
assessments for social and emotional development, gross 
and fine motor development, language and behavior devel-
opment, and family function.785,786 Babies should be seen 
in the follow-up program (not to be confused with the first 
pediatrician visit, which should occur the first week from dis-
charge) at 4 months adjusted age unless the discharge team, 
physical therapist, community pediatrician, home-visiting 
nurse, or caregiver has concerns warranting earlier follow-
up. Generally, babies who are discharged with technologic 
supports such as tracheostomy, supplemental oxygen, apnea 
monitor, and feeding tube are seen within the first month 
after discharge. The babies return for neonatal follow-up 
every 3 months for the first year, every 6 months in the sec-
ond year, and yearly from 3 years adjusted age to school age. 
However, this schedule can change to more frequent follow-
up if  more specific concerns are being monitored. For infants 
who are followed as part of  a study, the frequency may be 
determined as per the protocol for that particular study.

The follow-up team is usually composed of  profession-
als from many disciplines and can include a developmental 
pediatrician, neonatologist, pediatric nurse practitioner, 
social worker, psychologist, nutritionist, and physical, occu-
pational, and speech therapists. Administrative support staff 
includes a clinic coordinator, data manager, and secretary. 
Owing to the multidisciplinary nature of  the follow-up 
clinic, the visits are highly coordinated for efficiency and to 
address the needs of  the high-risk infants and their families. 
Families often perceive the clinic staff  as “experts” in the care 
of  their babies, and will utilize them as a resource and to 
confirm recommendations made by outside health care pro-
viders. Some members of  the follow-up team may also have 
provided care for the infant and his or her family during hos-
pitalization in the NICU, which may provide the family with 
a level of  comfort and familiarity. In this way, the family’s 
needs identified during the hospitalization can be more effec-
tively followed, and the family may also feel more at ease to 
discuss new concerns. The social worker can identify and 
address financial issues and social risk factors such as poverty, 
housing, substance abuse, and lack of  education, which can 
pose additional risks for the health and development of  the 
infant. Studies have shown that environmental factors such 
as maternal years of  education and socioeconomic status 
can mitigate or exacerbate the biologic risk factors typically 
 associated with neonatal intensive care.72,368,799,800,801
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Physical therapists bring a unique strength to the follow-
up of  high-risk infants as their background in kinesiology 
and development allows them to examine the qualitative 
aspects of  infant movement. Understanding the fundamen-
tal components of  a movement pattern allows the therapist 
to determine whether the infant is developing a balanced 
repertoire of  movement patterns needed for the progres-
sion of  development or is reusing the same maladaptive 
patterns that prevent this progression. It is helpful for physi-
cal therapists to take part in a neonatal follow-up clinic for 
their own understanding of  development and long-term 
outcomes of  high-risk infants. It is important that thera-
pists observe the changes in infants over time as some of  the 
“red flags” seen in the NICU may be transient and may be 
replaced by more typical movement patterns as the infant 
develops. It is also a good learning experience, albeit sad, 
to see babies who have seemingly left the NICU unscathed 
only to return to a follow-up clinic with atypical neurode-
velopmental  assessments. Although this is sobering, it can 
serve to challenge the therapist to seek out other assessment 
tools and look more closely for subtleties in infant perfor-
mance. While participating in a follow-up clinic, therapists 
may also see the responsiveness or limitations of  commu-
nity resources and perhaps learn of  new resources that may 
prove to be effective. In addition, therapists participating in 
neonatal follow-up programs have the opportunity to see 
family resilience and the challenges a family may face on the 
journey that began in the NICU. The experiences of  neona-
tal follow-up care provide the therapist caring for infants in 
the NICU with a wealth of  information, which should be 
used when intervening with infants in the NICU, providing 
discharge recommendations, and communicating with fami-
lies regarding future outcomes.

S U M M A R y

T he last century has seen the evolution of  the sub-
specialty of  neonatology, and as this practice has 
changed over time, so too has the role of  the physi-

cal therapist in the NICU. The increasing understanding 
of  preterm infant development and the effects of  the en-
vironment, neonatal care, and family involvement on the 
evolving infant systems has led to a unique and specialized 
opportunity for physical therapists to act as developmental 
specialists within the setting of  the NICU. In order to effec-
tively and appropriately fulfill this need, therapists require 
in-depth understanding and knowledge of  medical condi-
tions and interventions; fetal and infant behavior and de-
velopment; family stresses related to pregnancy, childbirth, 
and transition to parenthood within the NICU; risk factors; 
and long-term outcomes. In addition, the therapist needs to 
have a mentored practice within the NICU setting and par-
ticipate in a neonatal follow-up program. It is also impor-
tant that the physical therapist be an integrated member of  
the team providing care for the high-risk baby and his or her 

family. The physical therapist must take the initiative to keep 
abreast of  the rapidly changing technology and manage-
ment, and their effects on infant health and development. 
This requires keeping current with both physical therapy 
and neonatal literature.

The therapist practicing in the NICU requires the 
advanced knowledge and skills as outlined previously and 
the time, training, and mentoring to achieve the highest level 
of  practice in order to provide the sensitive, knowledgeable, 
and supportive care the babies and their families deserve. 
To be a physical therapist in the NICU is a meaningful and 
rewarding role and is well worth the time and training.

CaSe STUDIeS

CaSe STUDy 1 Kayla Kayla was born at 23 3/7 weeks’ 
gestation with a birth weight of 570 g (1 lb 4 oz) (Fig. 4.25) 
to a married 30-year-old G2P2 mother who had good prenatal 
care. Maternal complications included Group B Streptococcus, 
bleeding at 22 weeks, and preterm labor at 23 3/7 weeks, at 
which time she was dilated and contracting. The infant was born 
via vaginal breech delivery with Apgar scores of 4 at 1 minute 
and 7 at 5 minutes. Resuscitative efforts in the delivery room 
included intubation, positive pressure ventilation, and surfactant. 
Kayla was transported to the NICU, where she was placed on 
conventional ventilator, and UA and UV lines were placed. 
Phototherapy was initiated because of bruising.

Because of worsening respiratory status, Kayla was placed 
on HFOV, which she received for 33 days before she was able to 
wean to CMV. She was able to be extubated and placed on CPAP 
after 2 months on the conventional ventilator. After 2 weeks on 
CPAP, Kayla was weaned to a nasal cannula, but had to be reintu-
bated and placed on mechanical ventilation 2 weeks later  because 
of sepsis. Kayla was extubated and placed on nasal cannula 
2 weeks later. She was finally weaned off all respiratory support 
at 143 days of life.

FIGURE 4.25 Kayla being stabilized after birth. Note the 
size of the infant versus the size of the glove wrapper.
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Kayla’s hospital course was complicated by severe BPD, 
pulmonary interstitial emphysema, large PDA requiring surgical 
ligation, hyperbilirubinemia, mild supravalvular pulmonic steno-
sis, and multiple bouts of sepsis, including meningitis, pseudo-
monas tracheitis, methicillin-resistant Staphylococcus aureus 
(MRSA), and pneumonia.

Pain Management
Pain management was initiated on Kayla’s first day of life with 
the administration of morphine. She continued to receive mor-
phine until day of life 34 when a tapered wean was completed. 
Morphine was restarted on day of life 120 when she required 
reintubation and mechanical ventilation. Kayla was weaned off 
morphine slowly beginning day of life 133 and ending on day 
of life 143. She tolerated this weaning process well, and neo-
natal abstinence scores were followed closely for any adverse 
response to withdrawal. Throughout her hospitalization, Kayla 
was assessed for pain by all staff. Pain assessments were also 
performed by the physical therapist and documented in the chart 
after each interaction with the therapist.

Physical Therapy Services
Kayla was referred for physical therapy services at 2 weeks 
of life (25 weeks’ postconceptional age). The physical thera-
pist reviewed Kayla’s history by thoroughly reading her medi-
cal chart and discussing Kayla’s status with her nurse. Kayla’s 
nurse reported that she was very restless and became irritable 
with hands-on care. The physical therapist observed Kayla in 
her isolette before, during, and after caregiving activities. At this 
time Kayla was intubated, requiring HFOV, and was under pho-
totherapy. She demonstrated increased extensor posturing of 
her head, trunk, and extremities and jerky restless movements 
prior to care. Sensitivity to sound and light were also noted. 
Kayla had very low tolerance to handling and position changes 
during care. Her stress signs included color changes, increased 
heart rate, oxygen desaturation, and motor stress signs of arch-
ing of head and trunk and extension of extremities. Kayla was 
unable to effectively utilize any self-calming behaviors and was 
difficult to calm with external supports. She did respond to fa-
cilitated tucking and firm touch when provided long enough for 
her to relax and settle into the position. After care she was pale 
and exhausted.

Physical Therapy Goals
Physical therapy goals at this time were as follows:

 1. To decrease environmental stress
 2. To promote calming behaviors
 3. To promote flexed postures for calming and optimal body 

alignment for musculoskeletal development
 4. To assist family and caregivers in identifying and responding 

to Kayla’s cues
 5. To provide education to the family regarding 

developmentally supportive care

Suggestions included:

 1. Minimizing environmental stimulation by covering her 
isolette and shading her eyes from bright lights, alerting 
people to keep noise levels down around her bedside with a 
sign, and education

 2. Pacing care activities, providing rest breaks with facilitated 
tucking, using slow movements and firm touch

 3. Positioning in flexion in a deep nest and varying positions 
between prone, side-lying, and supine as tolerated

 4. Allowing for hands to head and grasping, and offering the 
pacifier for self-calming

Kayla’s mother visited every day and the physical therapist 
was able to meet with her to discuss Kayla’s status and sug-
gestions to support her development. Together, they looked at 
Kayla’s cues and discussed strategies for calming and bonding. 
Kayla’s father visited in the evening, and her mother shared the 
suggestions for developmentally supportive care with him.

For the next 2 months Kayla continued to be an extremely 
fragile, critically ill infant with high respiratory requirements, sur-
gical ligation of her PDA, and episodes of sepsis. Physical thera-
pists continued to observe Kayla and adjust her developmental 
care plan as appropriate. At 10 weeks of age (33 weeks’ PCA), 
Kayla was able to wean from HFOV to the conventional ventila-
tor. She continued to have low tolerance for handling, but was 
easier to console with the pacifier and firm touch/containment 
in flexion. She also demonstrated attempts at self-calming with 
hand-to-head, grasping, and foot-bracing behaviors. The physi-
cal therapist continued to work with the nursing staff and Kayla’s 
family to develop care plans to promote self-calming, optimal 
positioning, and tolerance to caregiving activities. At this time 
Kayla’s parents were practicing kangaroo care and holding Kayla 
daily (Fig. 4.26). The physical therapist was able to provide sug-
gestions for positioning Kayla during kangaroo care.

Kayla made slow improvements medically, and at 36 weeks’ 
PCA she still required mechanical ventilation. Her tolerance to 
handling and position changes was improving. She was able to 

FIGURE 4.26 Kayla and her mother practicing kangaroo 
care, or skin-to-skin holding.
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maintain a quiet, alert state using her pacifier and containment 
for support. Even with external supports she had limited toler-
ance for visual or social stimulation. Kayla was very sensitive to 
light and sound in the environment. Physical therapy examina-
tion revealed increased flexor posturing in her lower extremities, 
with full passive range of motion. She held her upper extremities 
in scapular retraction, shoulder abduction, and external rotation. 
Kayla had antigravity movement of her extremities through lim-
ited range of motion with jerky, tremulous quality of movement. 
She still frequently moved into extension rather than flexion. De-
spite the use of a gel pillow, the time spent on HFOV had left Kayla 
with flattening of the lateral sides of her head, or dolichocephaly. 
She held her head in extension with shortening of her capital and 
neck extensors. Tightness in her thoracic, lumbar, and sacral ar-
eas was also noted. Goals for Kayla included

 1. Maintaining a quiet alert state for increasing duration of time
 2. Improved ability to self-calm
 3. Neutral head alignment with decreased tightness in cervical 

spine
 4. Increased flexibility in lumbosacral spine
 5. Decreased tightness in scapulae and shoulders
 6. Increased antigravity flexion movement
 7. An additional goal was for Kayla’s family and caregivers 

to be independent in positioning and developmentally 
supportive activities.

The therapist continued to work with Kayla’s family and nurses 
in reading her cues and progressing handling and social interac-
tions to her tolerance. The therapist also provided positioning 
suggestions to promote midline alignment, flexion, and shoulder 
protraction. Gentle mobilization to her spine was provided, start-
ing in the lumbosacral area and slowly moving proximally over 
the course of several weeks, based on Kayla’s response.

Over the next month, Kayla was weaned off the ventilator to 
CPAP and then to nasal cannula. She had one setback in her re-
spiratory stability because of sepsis, but was able to be weaned 
off all support by 43 weeks’ PCA. The therapist continued to work 
on the previously stated goals until time of discharge to home. 
Concerns at the time of discharge included:

 1. Sensitivity to light and sound
 2. Limited tolerance to handling
 3. Limited range of motion in cervical spine and shoulders
 4. Delayed postural responses

Her strengths were robust and defined behavioral states, im-
proved ability to self-calm, and greater availability for social in-
teractions. She was able to visually fix on an object and track it to 
the left and right. Her parents were able to read Kayla’s behavioral 
cues and respond appropriately. Suggestions for home were pro-
vided to her parents, who were able to demonstrate independence 
in performing these activities. Kayla was discharged to home at 
45 weeks’ PCA without any respiratory support and taking all 
feedings by bottle. Follow-up services included ophthalmology, 

special babies clinic (neonatal follow-up), cardiology, and early 
intervention services (Fig. 4.27).

CaSe STUDy 2 Baby J

History
Baby boy J was born at 37 2/7 weeks’ gestation via spontaneous 
vaginal delivery to a 24-year-old G4P3A1 AA mother with nor-
mal labs. He weighed 3.375 kg, had Apgar scores of 8185, and 
was taken to the well-baby nursery at the local hospital, where 
he developed respiratory distress without O2 requirement on 
day of life 1. Chest radiography was negative. After being fed 
for 12  hours, he developed abdominal distention and was ill 
appearing.  Abdominal radiography showed pneumatosis, and 
baby J was transferred to his local children’s hospital for sur-
gical evaluation. On day of life 3, he underwent laparoscopic 
surgery and had ileal cecectomy, with ileostomy and mucous 
fistula placement. Eleven centimeters of bowel was resected. 
Feeds were initiated on day of life 17, and baby J  developed 
abdominal distention and emesis. On day of life 23, the up-
per gastrointestinal series showed possible stoma stenosis. 
He had a history of fungal line sepsis, treated with amphoteri-
cin. Baby J’s parents were married and had two preschool-aged 
 siblings; the eldest sibling received speech therapy through 
early intervention.

FIGURE 4.27 Kayla at 7.5 months chronologic age, or 
3.25 months adjusted age.
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Physical Therapy Examination
Baby J was referred for physical therapy at 3.5 weeks of age. 
At that time his nutrition consisted of 5 mL of Pregestimil by 
mouth every 3 hours as well as hyperalimentation. His physical 
therapy examination was limited to the right side-lying position, 
in an effort to keep the stool from his stoma from draining into 
his abdominal wound, which had dehisced. He presented in a 
sleep state throughout the session with mildly distended abdo-
men, gauze pad over abdomen, colostomy with a small amount 
of yellow seedy stool, and a peripherally inserted central catheter 
(PICC) line in the left anterior calf. The CRIES pain score was 0 to 
1 throughout examination.

Baby J did not habituate to light over 10 trials and habitu-
ated to rattle on sixth stimulus in sleep state. Muscle tone was 
mildly decreased in sleep state. Initial examination was limited 
on account of positioning precautions and sleep state. Baby J’s 
physical therapy diagnosis was increased risk for developmental 
delays due to medical status and potential for prolonged hospi-
talization. He was to be followed by physical therapy two times 
per week for ongoing assessment, parent education, and devel-
opmental stimulation. Initial short-term goals (4 weeks) included 
alerting for 8 to 10 minutes per session, visually attending to face 
for 8 to 10 seconds, intact anterior and posterior head righting 
reactions in upright with support at upper chest, and parents to 
be independent with positioning baby for comfort. The long-term 
goal was age-appropriate developmental skills at 15 months. At 
baby J’s second physical therapy session, he demonstrated slow 
state transitions with defined drowsy state and bright-eyed alert 
periods with visual regard for the therapist, cleared his airway 
in prone, and demonstrated intact anterior–posterior head right-
ing reactions and symmetric flexor tone of his limbs. His active 
range of motion (AROM) was jittery with the presence of forearm 
rotation right to left. He did not demonstrate automatic walking.

Physical Therapy Course
Baby J’s parents were frequently at his bedside with his older 
siblings. His family decorated his bed space with poems, photo-
graphs, and pictures from his siblings and extended family. His 
parents were receptive to suggested play ideas for baby J, which 
were explained, demonstrated, and posted at his bedside by his 
physical therapist. At next re-examination at 1.5 months of age, 
baby J had missed one session due to fever. He had developed a 
left head preference and was an animated baby who used yawn-
ing or sneezing to regulate intensity of social interactions. He 
had met all of his short-term goals, and new short-term goals 
(4 weeks) included the following: AROM of head/neck to right 
45  to 60 degrees to follow visual cue two times per session, 
neutral head extension sustained in prone for 8 to 10 seconds, 
bat at toy in supine once per session, and sustain neutral head 
extension in upright for 10 to 18 seconds with support at upper 
trunk. Baby J continued to be seen twice weekly; however, on 
day of life 56 he underwent laparoscopic surgery for closure of 
his enterostomy and lysis of adhesions. Postoperatively, baby J 
developed a fever and was taken back to the operating room for 
exploratory laparoscopy on day of life 61, where an abscess was 

discovered; the surgeons drained this abscess and reinforced his 
reanastomosis. After this latter surgery, physical therapy goals 
changed as baby J was intubated, irritable, stiff, and colonized 
with MRSA. The physical therapist provided baby J’s parents 
with suggestions for comforting, handling, and positioning baby 
J as well as placement of visual stimulation in order to encourage 
neutral head alignment. New short-term goals (4 weeks) when 
baby J was 2.5 months old included tolerating prone placement 
without fussing for 90 to 180 seconds, extending head in prone 
for 3 to 5 seconds, approximating hands in midline in supine 
twice per session, and sustaining neutral head in upright for 8 to 
10 seconds with support at axilla, and baby J’s parents describ-
ing two developmentally appropriate activities for baby J. Baby J 
missed several physical therapy sessions after this latter surgery 
due to sleep state and critical medical status due to sepsis.

At the next re-examination at 3.5 months, baby J had trans-
ferred out of the NICU to an integrated care service to address 
his ongoing feeding issues. He demonstrated social smiles and 
could extend his head to 90 degrees in prone with elbows behind 
shoulders; he demonstrated head righting reaction in prone when 
the therapist imposed lateral weight shifts; he was able to sustain 
head in neutral in upright with bobbing. Occupational therapy be-
came involved with him at this time and followed him twice weekly 
as well. New 4-week short-term goals included taking weight 
through lower extremities for 8 to 10 seconds in supported stand-
ing, sustaining lateral head RR in prone with imposed weight shift 
for 25 to 40 seconds bilaterally, maintaining 90-degree head ex-
tension in prone prop for 40 to 60 seconds with elbows in line 
with shoulders, and grasping rattle in hand with eye–hand regard 
two times per session. Baby J was seen twice a week for sen-
sory and developmental stimulation. At 4.5 months of age, baby 
J completed the Test of Infant Motor Performance (TIMP) and 
performed within the normal limits for his age.

Baby J was discharged home shortly after that on oral feeds. 
His parents were trained in nasogastric tube placement and use 
in case baby J was unable to maintain oral feeds. He was to fol-
low up with his pediatrician for developmental and medical moni-
toring. His parents w ere given suggestions for developmental 
activities for the present and upcoming 3 months.
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HIE Hypoxic–ischemic encephalopathy
HMD Hyaline membrane disease
HR Heart rate
ICH Intracranial hemorrhage
ICN Intensive care nursery
IDVA Intravenous drug abuse
IMD Infant of  diabetic mother
IMV Intermittent mandatory ventilation
iNO Inspired nitric oxide
IVH Intraventricular hemorrhage
IUGR Intrauterine growth retardation
LBW Low birth weight
LGA Large for gestational age
MAS Meconium aspiration syndrome
MCA Multiple congenital anomalies
MV Mechanical ventilation
NAPI Neurobehavioral Assessment of  the  

Preterm Infant
NAS Neonatal abstinence syndrome/neonatal  

abstinence scale
NBAS Neonatal Neurobehavioral Assessment Scale
NC Nasal cannula
NEC Necrotizing enterocolitis
NICU Neonatal intensive care unit
NIDCAP Newborn Individualized Developmental Care 

and Assessment Program
NNNS Neonatal Intensive Care Network  

Neurobehavioral Scale
NJ Naso jejunal
NG Nasal gastric
NO Nitric oxide
NP Nasal prongs
OC Open crib
OD Right eye
OG Oral gastric
OS Left eye
P Para
PCA Postconceptual age
PDA Patent ductus arteriosus
PEEP Positive end-expiratory pressure
PHI Periventricular hemorrhage infarction

 Common Abbreviations

A Apnea
ABG Arterial blood gas
AGA Appropriate for gestational age
AOP Apnea of  prematurity
APIB Assessment of  Preterm Infant Behavior
AROM Artificial rupture of  membranes
B Bradycardia
BAER Brainstem auditory-evoked potentials
BPD Bronchopulmonary dysplasia
BPI Brachial plexus injury
BW Birth weight
CDH Congenital diaphragmatic hernia
CHD Congenital heart disease
CHD Congenital hip dysplasia
CLD Chronic lung disease
CMV Conventional mechanical ventilation
CMV Cytomegalovirus
CPAP Continuous positive airway pressure
CS Cesarean section
D Desaturation
DOL Day of  life
ECMO Extracorporeal membrane oxygenation
EGA Estimated gestational age
ELBW Extremely low birth weight
FAS Fetal alcohol syndrome
Fio2 Fraction of  inspired oxygen
FT Full term
G Gravida
GA Gestational age
GBS Group B streptococcus
GER Gastroesophageal reflux
GM Germinal matrix
GMA General Movement Assessment
HAL Hyperalimentation
HC Head circumference
HFFI High-frequency flow interruption
HFJV High-frequency jet ventilation
HFOV High-frequency oscillatory ventilation
HFV High-frequency ventilation
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Sao2 Oxygen saturation
SGA Small for gestational age
SIMV Synchronized intermittent mechanical 

ventilation
TORCH Congenital viral infections (toxoplasmosis, other 

infections, rubella, cytomegalovirus, herpes)
TPF Toxoplasmosis fetalis
TPN Total parenteral nutrition
TTN Transient tachypnea of  the newborn
UAC Umbilical arterial catheter
US Ultrasound
UVC Umbilical venous catheter
VLBW Very low birth weight

PIE Pulmonary interstitial emphysema
PO By mouth
PPHN Persistent pulmonary hypertension of  the newborn
PPV Positive pressure ventilation
PROM Premature rupture of  membranes
PT Preterm
PTL Preterm labor
PVD Posthemorrhagic ventricular dilation
PVL Periventricular leukomalacia
RDS Respiratory distress syndrome
ROM Rupture of  membranes
ROP Retinopathy of  prematurity
RR Respiratory rate
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www.childmed.com
Small Beginnings Inc.
17525 Alder Street
Suite #28
Hesperia, CA 92345
800-676-0462
www.small-beginnings.com

 Equipment Resources

Children’s Medical Ventures
275 Longwater Drive
Norwell, MA 02061
888-766-8443 (Parents)
800-345-6443 (Hospitals)
866-866-6750 (Education)
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http://www.childmed.com
http://www.small-beginnings.com
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C H A P T E R

Definition
Incidence
Etiology
Diagnosis and Prognosis
Classification

Spastic
Dyskinetic
Ataxic
Hypotonic

Assessment of the Infant and Child  
with CP
Assessment of Movement
Assessment of Postural Control
Assessment of Postural Tone
Musculoskeletal Assessment

Gait
Observational Gait Analysis
Common Gait Deviations
Hemiplegic Gait
Diplegic Gait
Quadriplegic Gait
Athetotic Gait
Ataxic Gait

Fine Motor, Adaptive, and Self-care Skills
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5

 Definition

The International Workshop on Definition and Classi-
fication of  Cerebral Palsy met in 2007 to refine the exist-
ing definition and classification of  cerebral palsy (CP). 
They agreed upon the following definition of  CP: “Cere-
bral palsy describes a group of  permanent disorders of  
the  development of  movement and posture, causing 

activity limitations that are attributed to nonprogressive 
disturbances that occurred in the developing fetal or infant 
brain. The motor disorders of  CP are often accompanied 
by disturbances of  sensation, perception, cognition, com-
munication and behavior as well as seizures and second-
ary musculoskeletal problems.”1,2 Beckung and Hagberg3 
found a variety of  comorbidities in children with CP from 
ages 5 through 8. Forty percent of  the children had mental 
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retardation, which, when combined with the slow learners 
and persons with learning disabilities, increased to 75%; 
epilepsy occurred in 35% of  the population; visual impair-
ment in 20%; and hydrocephalus in 9%. Thirteen percent 
of  the children had a combination of  two impairments, 
and 15% had a combination of  three impairments.3 Addi-
tional associated problems include difficulty with speech 
in 25% and hearing impairments in 25%.4 Stiller et al.4 
also found an increased frequency of  visual impairments, 
as high as 40% to 50% in children with CP. Historically, 
children were diagnosed with CP if  the insult occurred 
prenatally, perinatally, and postnatally. On the basis of  
the current definition, no upper age limit has been deter-
mined for postnatal onset.1 For this reason, children are 
being diagnosed with CP throughout infancy and early 
childhood.

 Incidence

The US Collaborative Perinatal Project conducted by the 
National Institute of  Neurological and Communicative 
Disorders and Stroke (NINCDS) is known as a landmark 
study for CP incidence and is still referred to in studies done 
today.5 It was a study of  54,000 pregnant women from 12 
urban teaching hospitals in the United States between 1959 
and 1966. Of  the women in the study, 46% were white, 46% 
were black, and most of  the rest were Puerto Rican. The 
socioeconomic status of  the sample was lower than that of  
the general population. The children born to these women 
had a regular schedule of  examinations, including a general 
physical examination and a neurologic examination at both 
1 and 7 years of  age. Among the 38,533 children whose out-
come was known at 7 years of  age, 202 met the criteria for 
CP. Of  the 202 children, 24 (12%) children had an acquired 
motor deficit secondary to a variety of  factors in the early 
developing years, rather than congenital motor deficits 
occurring as a result of  in utero factors or events at the time 
of  labor and delivery. Infectious meningitis and trauma were 
the most common causes of  acquired CP. In addition to the 
202 children with CP who were alive at 7 years of  age, 24 
children with CP, most commonly with spastic quadriplegia, 
had died before 7 years of  age. The following figures indi-
cate the prevalence of  CP based on the National Collabora-
tive Perinatal Project:

5.2:1000—diagnosed as having CP
4.6:1000—when acquired cases of  CP are excluded
2.6:1000—excluding mildly afflicted children (This figure 

more closely represents the prevalence of  handicapping 
congenital CP.)

Further study of  the population in the US Collaborative 
Perinatal Project indicated that there are “relatively low risks 
for cerebral palsy (1.3 to 2.9 per 1000) among children who 
had no abnormal signs, whether or not they had seizures in 
the nursery period.”6

More recent studies of  the incidence of  CP prove 
it to be 2 to 3 per 1000 live births in the United States, 
the United  Kingdom, Western Australia, Sweden, and 
Europe.4,7–9 The survival of  infants has improved over time 
but the prevalence of  CP has remained the same with lit-
tle change over the past 40 years. This may be due to the 
increase in CP within the population of  preterm and very 
preterm infants.7,8,10 The reported prevalence rate in twins 
is said to be 15 per 1000 live births, 80 per 1000 live births 
in triplets, and 43 per 1000 live births in quadruplets.10 The 
rate increases to 40 to 100 per 1000 live births among babies 
born “very early or with very low birth weight.”9 In a British 
survey, it was shown that 100% of  children noted to have CP 
in 1970 were still alive 10 years later, an increase in the num-
bers from the first survey done in 1958.8

 Etiology

There is no single specific cause of  the constellation of  
symptoms known as CP. Rather, the potential causes of  CP 
are known to occur in the prenatal stage of  development 
and are also grouped with congenital problems in the peri-
natal or neonatal time period, and in the postnatal or post-
neonatal time period.7,10 For a more complete list of  the 
prenatal causes of  CP, refer to Display 5.1; for the perina-
tal causes, refer to Display 5.2; and for the postneonatally 
acquired causes, refer to Display 5.3.

Prenatal events are thought to be responsible for about 
75% of  all CP. Perinatal asphyxia is thought to cause 
6% to 8% of  CP, with the underlying causes being unpre-
ventable, and 10% to 18% of  CP is thought to be caused 
postnatally.7 The cause of  CP in the majority of  infants born 
at term in developing countries is due to prenatal influences 
and is not associated with significant neonatal encephalopa-
thy.11 Typically, one may see risk factors present in the infant 
or fetus (via medical testing) that may indicate a potential 
problem. Risk factors can be present before or during preg-
nancy, during labor and birthing, and in the period shortly 
after the birth of  the infant.7 Refer to Displays 5.4 through 
5.8 for comprehensive lists of  these risk factors.

Miller lists several possible congenital problems that can 
result in the infant and child with CP. These include schizen-
cephaly, a segmental defect that causes a cleft in the brain; 
lissencephaly, a defect in the neuronal migration that nor-
mally goes toward the periphery of  the brain but that then 

Vascular events such as a middle cerebral artery infarct

Maternal infections during the first and second trimesters 
such as rubella, cytomegalovirus, and toxoplasmosis

Less common: metabolic disorders, maternal ingestion of 
 toxins, and rare genetic syndromes

Prenatal Causes of CP

DISPLAY 

5.1
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Problems During Labor and Delivery
Obstructed labor

Antepartum hemorrhage

Cord prolapse

Other Neonatal Causes
Hypoxic–ischemic encephalopathy

Neonatal stroke, usually of the middle cerebral artery

Severe hypoglycemia

Untreated jaundice

Severe neonatal infection

Perinatal Causes of CP

DISPLAY 
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Metabolic Encephalopathy
Storage disorders

Intermedullary metabolism disorders

Metabolic disorders

Miscellaneous disorders

Toxicity such as alcohol

Infections
Meningitis

Septicemia

Malaria (in developing countries)

Injuries
Cerebrovascular accident

Following surgery for congenital malformations

Near-drowning

Trauma

Motor vehicle accident

Child abuse such as shaken baby syndrome

Postneonatally Acquired CP

DISPLAY 

5.3

results in a smooth brain, also known as decreased cerebral 
gyri; microcephaly and megalocephaly; cortical dysgenesis, 
a disorder of  brain cortex formation; and defects in the 
normal formation and remodeling of  synapses.10 Accord-
ing to Hadders-Algra, approximately half  of  the created 
neurons die off  (apoptosis), in particular during midgesta-
tion. Axons and synapses are also eliminated during the first 
decade or more of  normal development. This shaping of  
the nervous system is guided by neurochemical processes 
and neural activity. The neural elements that best persist are 
those that fit the environment.12 Therefore, changes in the 
formation of  the developing nervous system can result in 
an infant with CP. However, the immature brain has much 
more plasticity or equipotentiality, terms used to define the 

Maternal Factors
Delayed onset of menstruation

Irregular menstruation

Long intermenstrual intervals

Unusually short or long interval between pregnancies

Low social class in children with normal birth weight

Parity of three or more in preterm infants

Relationship with previous fetal deaths

Medical Conditions
Intellectual disability

Seizures

Thyroid disease

Paternal and Sibling Factors
Advanced paternal age (seen more frequently in those with 

athetoid dystonic cerebral palsy)

Motor deficit in sibling

Risk Factors Present Before Pregnancy

DISPLAY 

5.4

Preeclampsia in term infants but not in preterm infants

Multiple pregnancies associated with:

Preterm delivery

Poor intrauterine growth

Birth defects

Intrapartum complications

Risk Factors During Pregnancy

DISPLAY 
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greater ability of  the uninjured part to assume the function 
of  the injured part of  the brain.10 Therefore, the response to 
injury is much different and makes diagnosis and prognosis 
difficult.

 Diagnosis and prognosis

The signs and symptoms of  CP may be apparent in early 
infancy. Infants presenting with abnormal muscle tone, 
atypical posture, and movement with persistence of  primi-
tive reflexes may be diagnosed earlier than 2 years of  age.10 
Milder cases of  CP may not be diagnosed until 4 to 5 years 
of  age.13 Evaluation of  the child’s motor skills, neuroimag-
ing, and evidence that symptoms are not progressing are key 
elements of  this diagnosis. A correlation between clinical 
findings and neuroanatomy is possible to a limited degree. 
Neuroimaging of  the brain, such as cranial ultrasound, 
computed tomography (CT), and magnetic resonance imag-
ing (MRI), can show the location and type of  brain damage. 
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bleeding into both areas. Periventricular cyst (PVC) may 
form in these same areas as the acute hemorrhage resolves.10 
There are known risk factors for hemorrhages including 
mechanical ventilation and injury during critical periods of  
brain development. Notably, periventricular white matter is 
most sensitive to insult and injury between 24 and 34 weeks 
of  gestation.13,14

Hemorrhages are graded in increasing severity from 
I through IV. The grade of  bleed alone cannot predict the 
development or severity of  CP.10 Palmer indicated that cra-
nial ultrasound should be used for low-birth-weight infants 
to detect grades III and IV hemorrhages, IVH, cystic peri-
ventricular leukomalacia (PVL), and ventricular enlarge-
ment.11 After term age, cranial ultrasound and MRI are 
used to identify cystic PVL and ventriculomegaly, which are 
associated with subsequent development of  CP.7,11 PVL is 
the major cause of  CP in infants born preterm.14 The extent 
and location of  white matter damage can lead to different 
subtypes of  CP. Localized damage to the cortical spinal 
tracts often results in spastic diplegia, and when the lesions 
extend laterally, quadriplegia is often the result. It is under-
stood that a neurologic examination alone is insufficiently 
sensitive enough or specific enough for early detection of  
CP.11 The quality of  an infant’s “general movements” (GMs) 
have been used by doctors and researchers to evaluate brain 
function.11,12 Ferrari et al.11 studied 84 preterm infants at 16 
to 20 weeks postterm age and found abnormalities in the 
GMs. A predominance of  cramped synchronous GMs and 
absence of  normal fidgety movements of  limbs, neck, and 
trunk were predictive of  CP at 2 to 3 years of  age with a sen-
sitivity of  100% and a specificity of  92.5% to 100%. Clearly, 
abnormal GMs at the fidgety age (2 to 4 months postterm) 
implies a total absence of  the elegant, dancing complexity 
of  fidgety movements and predicts CP with an accuracy of  
85% to 98%.12 GMs can be predictive of  later CP and are the 
best expression of  functional motor development. GMs are 
analogous to later functional motor milestones and may also 
predict severity, as the earlier the GMs are recognized, the 
more severe the later limitations in motor function.11 These 

Patent ductus arteriosus

Hypotension

Blood transfusion

Prolonged ventilation

Pneumothorax

Sepsis

Hyponatremia

Total parenteral nutrition

Seizures

Parenchymal damage with appreciable ventricular dilatation

Risk Factors for Preterm Infants
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Decreased birth weight

Decreased age at birth (length of gestation is the strongest 
determinant)

Poor intrauterine growth in moderately preterm but not in the 
very preterm infant

Low placental weight

Low Apgar scores (scores of 0 to 3 at 5 minutes have an 81-
fold increased risk of cerebral palsy)

Neonatal seizures

Sepsis

Respiratory disease

Risk Factors at Birth and Newborn Period

DISPLAY 
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Likely Causes of Perinatal Asphyxia
Prolapsed cord

Massive intrapartum hemorrhage

Prolonged or traumatic delivery due to cephalopelvic dispro-
portion or abnormal presentation

Large baby with shoulder dystocia

Maternal shock from a variety of causes

Events Associated with Causal Factors
Prolonged second-stage labor

Emergency Cesarean section

Premature separation of placenta

Abnormal fetal position

In Preterm, Can Include:
Meconium-stained fluid

Tight nuchal cord

Risk Factors During Labor

DISPLAY 
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Cranial ultrasound is often used for the high-risk preterm 
infant, as it is less invasive than other imaging techniques. 
MRI imaging is often preferred, as it provides greater detail 
of  brain tissue and structure.13 Seventy percent to 90% of  
children with CP have abnormalities on a brain MRI. The 
physician should be cautious when interpreting neuroim-
aging, as the extent of  damage to the brain tissue may not 
correlate directly with physical presentation or functional 
abilities.10 When neuroimaging of  the brain is unremark-
able, other diagnoses that mimic the signs and symptoms of  
CP may be considered, such as mitochondrial and metabolic 
disorders and transient dystonia.

Cerebral hemorrhages may be associated with CP. These 
hemorrhages are labeled as intraventricular hemorrhage 
(IVH), bleeding into the ventricles; germinal matrix hemor-
rhage (GMH), bleeding into the tissue around the ventricles; 
and periventricular intraventricular hemorrhage (PIVH), 
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System (BFMFCS), which is similar to the GMFCS and has 
a five-level scale. There is a strong correlation between the 
GMFCS and the BFMFCS, indicating that the degree of  
gross and fine motor involvement for a child with CP is 
often the same.3 Moreover, a 2006 validation study of  the 
Shriner’s Hospital for Children Upper Extremity Evaluation 
(SHUEE) revealed a fair correlation between the SHUEE 
and self-care section of  the Pediatric Evaluation of  Disability 
Inventory (PEDI).20

Spastic

Spasticity occurs in approximately 75% of  all children with 
CP. It is the most common neurologic abnormality seen in 
children with CP, including those with diplegia, hemiple-
gia, and quadriplegia.10,21 A French study in 1997 found the 
distribution of  spastic CP as 40% quadriplegia, 17% diple-
gia, and 21% hemiplegia.22 Slightly different distributions 
were identified for children in North Carolina—44% quad-
riplegia, 33% diplegia, and 23% hemiplegia.23 Spasticity is 
a complex motor abnormality, often difficult to describe, 
but a common definition is “hypertonia in which resistance 
to passive movement increases with increasing velocity of  
movement.”1 The most widely used scale for assessing spas-
ticity is the Modified Ashworth Scale (MAS) (Table 5.1). 
Spasticity, a hyperactive stretch reflex, is responsive to a 
variety of  treatments, including botulinum toxin, baclofen, 
selective dorsal rhizotomy, and orthopedic surgery. Detailed 
descriptions of  these treatments can be found later in the 
chapter. Spasticity causes significant histologic changes, 
including decreased longitudinal growth of  muscle fibers, 
decreased volume of  muscle, change in muscle unit size, 
and change in muscle fiber type.10 The muscle changes with 

observations and clinical testing warrant referral for thera-
peutic intervention to improve the infant’s later function.12

Others have found cognitive abilities to be linked with the 
severity of  CP and to be predictive of  many outcomes.8,15 
Blair et al.16 completed a study in 2001 that indicated that 
intellectual disability was the single strongest predictor of  
survival of  the child with CP (profoundly mentally retarded 
children with CP do not live into adulthood) and that the 
second most important factor impacting life expectancy was 
the severity of  the physical impairments. Katz8 researched 
the life expectancy of  children with CP and found, from 
multiple sources, that the causes of  mortality related most 
commonly to the respiratory and circulatory systems, cer-
tain cancers, and neurologic complications.

 Classification

CP may be classified by the type of  movement disorder, 
 anatomical location of  the child’s impaired motor function, 
and scope of  motor dysfunction. The type of  movement dis-
orders can be described as spastic, hypotonic, dyskinetic, or 
ataxic.1,17 Traditionally, physicians also classified CP by the 
anatomical location of  the limbs affected. The three most 
common patterns described are hemiplegia, which involves 
one arm and one leg on the same side of  the body; diplegia, 
which involves both lower extremities (LEs); and quadriple-
gia, which refers to involvement of  all four limbs as well 
as back and neck musculature. Once a child is classified by 
the type of  movement disorder and anatomical location of  
impaired motor function, further differentiation is made on 
the basis of  the severity of  motor dysfunction. For example, 
a child with mild spastic diplegia may walk without an assis-
tive device for community distances, but a child with severe 
spastic diplegia may require an assistive device to walk 
household distances. Although commonly classified by their 
most prominent movement disorder, many children present 
with a mixed type of  movement disorder (i.e., spastic and 
dyskinetic).

The Gross Motor Function Classif ication System 
(GMFCS), created by Palisano and colleagues18 in 1997, is a 
classification system based on gross motor function of  chil-
dren with CP (see Display 5.9). Classifying an infant or child 
according to the severity of  the CP can be helpful when 
looking at prognosis. The GMFCS was developed to fill the 
need to have a standardized system to measure the “sever-
ity of  movement disability” in children with CP.18,19 There 
are five levels in the test. Level I describes the child with the 
most independent function, where he or she can perform 
all the activities of  his or her age-matched peers, albeit 
with some difficulty with speed, coordination, and balance. 
Level V describes the child who has difficulty controlling 
his or her head and trunk posture in most positions and 
in achieving any voluntary control of  movement.18,19 The 
GMFCS is described in Chapter 3. Beckung and Hagberg3 
described a Bimanual Fine Motor Function Classification 

Level I
Walks without restrictions; limitation in more advanced gross 

motor skills

Level II
Walks without assistive devices; limitations in walking out-

doors and in the community

Level III
Walks with assistive mobility devices; limitations in walking 

outdoors and in the community

Level IV
Self-mobility with limitations; children are transported or use 

power mobility outdoors and in community

Level V
Self-mobility is severely limited even with use of assistive 

technology

GMFC System Levels for Children with CP 
between the Ages of 6 and 12 Years

DISPLAY 

5.9
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hemiplegic CP. Periventricular white matter abnormalities 
have been reported as the most common diagnostic find-
ing in children with hemiplegic CP.25 Cervical–subcortical 
lesions, brain malformations, and nonprogressive postnatal 
injuries have also been identified as the main causes of  hemi-
plegia.26 The UE is typically more affected than the LE, and 
both tend to have more distal involvement than proximal 
involvement. Muscle spasticity on the affected side decreases 
muscle and bone growth, resulting in decreased range of  
motion (ROM). Therefore, children with hemiplegia often 
present with contractures and limb-length discrepancies on 
the involved side. The affected side of  the child with hemi-
plegia often presents with shoulder protraction, elbow flex-
ion, wrist flexion and ulnar deviation, pelvic retraction, hip 
internal rotation and flexion, knee flexion, and forefoot con-
tact only due to plantarflexed foot.

Children with hemiplegia tend to achieve all gross and 
fine motor milestones but not within the typical time frame. 
For example, children with hemiplegia tend to walk between 
18 and 24 months but present with gait deficits. Addition-
ally, acquisition of  bimanual hand skills is delayed because 
of  the neurologic impairment of  the affected side. For 
example, children with hemiplegia are able to cut food using 
a fork and knife, but only after hours of  extensive guided 
practice during occupational therapy and at home. Two 
widely known standardized assessments are used to evalu-
ate the quality of  UE function in children with hemiplegia: 
the SHUEE20 and the Assisting Hand Assessment (AHA).27 

spasticity can cause secondary disorders such as hip dislo-
cation, scoliosis, knee contracture, and torsional malalign-
ments of  the femur and tibia, amongst others. These 
changes often have significant effects on function, including 
effortful gait patterns, difficulty assuming and sustaining 
seated positioning, and difficulty performing self-care activi-
ties such as toileting, bathing, dressing, and self-feeding.

Diplegia
Diplegia is the most common form of  spastic CP.24 A white 
matter infarct in the periventricular areas caused by hypoxia 
can lead to spastic diplegic CP.24 It primarily affects bilateral 
LEs, resulting in issues with gait, balance, and coordina-
tion. In standing, children with diplegia often present with 
an increased lumbar spine lordosis, anterior pelvic tilt, bilat-
eral hip internal rotation, bilateral knee flexion, intoeing, 
and equinovalgus foot position (Fig. 5.1). There tends to be 
a discrepancy between upper extremity (UE) and LE func-
tion in children with this form of  CP, with the LEs being 
more affected than the UEs and trunk. Overall, there is a 
large range in the level of  motor involvement for children 
with diplegia. Gait deficits such as equinus and crouched 
gait posture tend to be the area of  greatest concern for these 
children (refer to “Gait” section for further details). Owing 
to bilateral LE spasticity and weakness, energy expenditure 
is much greater during ambulation, resulting in poor endur-
ance and decreased functional mobility at home and within 
the community. Children with diplegia generally have nor-
mal cognition but may have some social and emotional diffi-
culties. Children with diplegia often require assistive devices 
such as a posterior walker, or lofstrand crutches. A scooter 
or wheelchair may be necessary for long-distance mobility.

Hemiplegia
Hemiplegia is a subtype of  spastic CP in which the child’s 
upper and lower extremity on the same side of  the body 
are affected. Four main types of  brain lesions result in 

FIGURE 5.1 Child with typical diplegic CP posture.

Score Description of Muscle Tone
00 Hypotonia
 0 Normal tone, no increase in tone
 1 Slight increase in tone manifested by a slight catch and 

release or minimal increased resistance to joint range of 
motion

11 Slight increase in tone manifested by a slight catch and 
minimal increased resistance to joint range of motion for 
more than half the joint range

 2 More marked increase of tone through most of the whole 
joint range, but the affected joint is easily moved

 3 Considerable increase in muscle tone; passive movement 
difficult but possible

 4 Affected joint is stiff and cannot be moved

Modified Ashworth Scale

TABLE

5.1
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a sensory and motor feed-forward and feedback circuit and 
when impaired results in athetosis. Older individuals with 
athetoid CP are at risk for acquiring devastating neurologic 
deficits owing to intervertebral disc degeneration and insta-
bility in their cervical spines. After a radiologic study of  180 
patients, Harada and associates found that disc degeneration 
occurred earlier and progressed more rapidly in subjects 
with athetoid CP than in those without CP. Advanced disc 
degeneration was found in 51% of  those studied, which is 
eight times the typical frequency.29 Individuals with atheto-
sis typically initiate and attempt control of  movement with 
the jaw and head. This eventually causes musculoskeletal 
changes such as cervical instability, potential high spinal cord 
injury, temporomandibular joint dysfunction, and or spinal 
stenosis. Of  note, when athetosis is the primary movement 
disorder, the cognitive ability of  these children tends to be 
underestimated owing to associated dysarthria. In fact, these 
children tend to have normal to above-normal intelligence. 
Rigidity is much less common and is felt as resistance to 
both active and passive movement and is not velocity depen-
dent.21 Tremor, a rhythmic movement of  small magnitude, 
usually of  the smaller joints, rarely occurs as an isolated 
disorder in CP but rather in combination with athetosis or 
ataxia.10 Dystonia is a slow motion with a torsional element 
that may involve one limb or the entire body and in which 
the pattern itself  may change over time.10 Ballismus is the 
most rare movement disorder and involves random motion 
in large, fast patterns usually of  a single limb.10 Choreoath-
etosis involves jerky movement, commonly of  the digits and 
varying in the ROM.10,15

Ataxic

Ataxic CP is primarily a disorder of  balance and control in 
the timing of  coordinated movements along with weakness, 
incoordination, a wide-based gait, and a noted tremor.8,21 
This type of  CP results from deficits in the cerebellum and 
often occurs in combination with spasticity and atheto-
sis.21 The cerebellum is a major sensory processing center, 
and when impaired, ataxia will result. In contrast to other 
types of  CP, a specific lesion is less common with neuroim-
aging, and one recent study found lesions in only 39% of  
children with ataxia.24 Children with ataxia have difficulty 
with transference of  skills, and may benefit from a specific 
task-oriented approach to treatment. For example, to master 
stepping onto and off  the school bus, it is most effective to 
practice the skill using bus steps.

Hypotonic

Hypotonia in a child with CP can be permanent but is more 
often transient in the evolution of  athetosis or spasticity and 
might not represent a specific type of  CP. For example, an 
infant who presents with generalized hypotonia through the 
trunk and extremities will often develop spasticity beginning 
distally and progressing proximally. Hypotonia is typically 

Cognitive function is typically normal in these children, and 
as adults they are able to work and participate in a variety of  
professional settings. It should be noted that children with 
spastic hemiplegia have been found to have social and emo-
tional deficits. These include emotional disorders in 25%, 
conduct disorders in 24%, pervasive hyperactivity in 10%, 
and situational hyperactivity in 13%.15 Overall, children with 
hemiplegia require minimal equipment or self-care/school 
accommodations. They may benefit from orthotics, assis-
tive devices such as a cane, adaptive self-care equipment, or 
accommodations due to visual impairments.

Quadriplegia
Quadriplegia is a subtype of  CP in which volitional muscle 
control of  all four extremities is severely impaired. This sub-
type is also often accompanied by neck and trunk involve-
ment. Like diplegic CP, periventricular white matter lesions 
are the most frequently observed neuroimaging finding in 
children with quadriplegic CP. Extensive lesions affecting 
the basal ganglia or occipital area often lead to visual impair-
ments and seizures, both commonly seen in children with 
this subtype of  CP.14 Cognition can vary from normal to 
severely impaired and is unique to each child with quadriple-
gia. It is important to note that children with quadriplegia 
who are unable to speak are often regarded as being cogni-
tively impaired. However, once provided a means of  effec-
tive communication, some are able to express their level of  
understanding and critical thinking.17 Gross and fine motor 
abilities vary widely for children with quadriplegia, from 
being ambulatory for household distances with an assistive 
device to being dependent for all care. The equipment needs 
for these children are considerable through the life span. 
Common equipment recommendations include mechani-
cal lift systems, wheelchairs, standers, gait trainers/walkers, 
feeding systems, bath systems, and toileting systems. Home 
modifications should be considered for children with severe 
disabilities to maximize the child’s independence with trans-
fers and mobility, to ease caregiver strain, and improve safety 
for the child and caregiver.

Dyskinetic

Dyskinesia and movement disorders result in generally 
uncontrolled and involuntary movement that includes ath-
etosis, rigidity, tremor, dystonia, ballismus, and choreoath-
etosis.8,10,15,21,28 Common abnormalities found in imaging 
include deep gray matter lesions and, to a lesser extent, 
periventricular white matter lesions.24 Athetosis always has 
involuntary movements that are slow and writhing; abnor-
mal in timing, direction, and spatial characteristics; and are 
usually large motions of  the more proximal joints.8,10,21 Ath-
etosis is rare as a primary movement disorder and is most 
often found in combination with chorea.1 Athetosis is most 
commonly a secondary movement disorder in conjunction 
with spasticity. The cortical–basal ganglia–thalamic loop is 
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In order to understand the atypical movement and motor 
control that occurs in children with CP, the therapist must 
understand the acquisition of  motor control against gravity, 
the development of  postural control, and the musculoskele-
tal development in typically developing children. This infor-
mation can be found in Chapter 2. Atypical development has 
been described by multiple authors, including sources cited 
in this chapter.35–38

The purpose of  the assessment is to discover the func-
tional abilities and strengths of  the child, determine the 
primary and secondary impairments (compensations used 
because of  the primary impairments), and discover the 
desired functional and participation outcomes of  the child 
and family. The therapist must use an organized approach 
to the observation of, interaction with, and handling of  
the child in order to get an accurate baseline of  the child’s 
functional abilities. Display 5.10 is a suggested organization 
for an assessment according to the Neuro-Developmental 
Treatment Association Instructors’ Group to document the 
assessment findings and plan of  care.21

Data Collection
Date of birth

Date of assessment

Chronologic age/adjusted age

Reason for referral

Relevant medical history

Overview of function (a few sentences)

Family and environmental characteristics

Contextual factors (conditions and restraints on function)

Assistive technology/adaptive equipment

Examination
Morphology

Functional skills and the capacity for change

Gross motor control

Communications

Fine motor control

Social skills/control of behavior

Objective test results

Observation of posture and movement

Individual system review related to function

Neuromuscular

Musculoskeletal

Sensory

Respiratory

Organization for an Assessment of the 
Infant and Child with CP (based on the 
Neurodevelopmental Treatment Approach 
Model of Assessment)

DISPLAY 

5.10

correlated with congenital abnormality, such as lissenceph-
aly.10 A common mixed tone pattern is seen in some chil-
dren with quadriplegia, with spasticity evident in the LEs 
and severe hypotonia in the trunk and neck.

 Assessment of the infant and child  
with CP

There is disagreement in the literature and in practice 
regarding how early an infant can be diagnosed with CP. 
Burns and colleagues30 believe that a diagnosis of  very mild 
CP should be possible at 8 months of  age. Identification 
depends on a combination of  suspicious and abnormal signs 
revealed during comprehensive assessment of  attainment of  
motor achievements, neurologic signs, primitive reflexes, 
and postural reactions.

Infants and children with persistent subtle or mild signs 
should be monitored closely until the possible outcome is 
clear.30 Harris,31 using the Movement Assessment in Infants 
(MAI), found certain items that can help distinguish the 
infant with CP from the uninvolved infant at 4 months of  
age. Items of  diagnostic value include neck hyperextension 
and shoulder retraction, ability to bear weight on the fore-
arms while prone, ability to maintain a stable head position 
in supported or independent sitting, and the infant’s ability 
to flex the hips actively against gravity.31,32 Seven of  the 17 
MAI items that Harris found highly significant predictors 
for CP are observational items. Both Harris and Milani-
Comparetti found that watching the infant move against 
gravity is of  greater diagnostic value than intrusive handling 
or attempts to stimulate a response.31,32 Harris31 compared 
the diagnostic value of  the MAI with the Bayley Scales in 
infants at 4 months of  age and found that the MAI was more 
sensitive than the Bayley Scales. However, the Bayley Motor 
Scale was extremely sensitive at 1 year of  age. Rose-Jacobs et 
al.33 evaluated whether the MAI predicted 2-year cognitive 
and motor development status measured by the Mental and 
Psychomotor Scales of  the Bayley Scales of  Infant Develop-
ment. They found that the MAI appears to be valid for use 
with infants born at term who are at risk of  developmental 
delay. This test may be a useful tool to help clinicians make 
decisions about the provision of  intervention services. Nel-
son and Ellenberg34 studied children who were diagnosed 
with CP at 1 year of  age who subsequently “outgrew the 
cerebral palsy.” They found that children with mild motor 
impairment at 1 year of  age and those thought to have CP 
were all free of  CP by the age of  7. However, all who were 
diagnosed with severe CP, and many with moderate CP, 
still carried the same diagnosis at the age of  7. Those who 
“outgrew” the CP were likely to have neurologic problems, 
such as mental retardation, nonfebrile seizures, or difficulty 
with speech articulation.34 These findings substantiate the 
fact that any infant or child who demonstrates neurologic 
or behavioral abnormalities should undergo follow-up until 
early school age.
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 6. Is there isolated movement at the toes or ankles, or are 
the ankles held in plantarflexion or dorsiflexion? Is the 
foot everted or inverted, and are the toes held loosely or 
tightly curled?

This type of  observational analysis is not limited to the 
child held in the parent’s arms. When the child arrives in 
a wheelchair, additional questions may add to the baseline 
information.

 1. Did the child propel the wheelchair independently, or 
was there some assistance?

 2. In addition to mobility, does the wheelchair provide total 
postural support for major segments of  the body? If  the 
segments are free of  support from the wheelchair, are 
those segments of  the body in good postural alignment 
and do they move freely?

 3. Does the child tend to thrust backward in the chair into 
trunk extension? Is the pelvis positioned in a posterior 
or an anterior tilt? If  the child assumes these postures, is 
there similar thrusting and tightness in the extremities?

 4. Is the child seated symmetrically, or are there significant 
asymmetries in the posture?

 5. Does the child seem comfortable in the chair?

Children with less severe movement disorders may 
ambulate into the department, and the following questions 
will be helpful in assessing the quality of  movement of  the 
ambulatory child.

 1. Did the child ambulate with or without an assistive de-
vice—a walker, cane, or crutches?

 2. Did the child need physical assistance from another per-
son while ambulating?

 3. Is the child’s gait pattern stable, and is the child safe?
 4. When assessing spatial and temporal parameters of  gait—

step length, stance time, swing time, or base of  support—is 
the gait pattern generally symmetric or asymmetric?

 5. Does the child’s trunk collapse into lateral flexion on 
weight bearing on one or both legs, or is the trunk main-
tained in proper antigravity extension?

 6. Does the child have a heel–toe gait pattern? Does the 
child stand on the balls of  the feet?

 7. Are the hips and knees locked or stuck in extension dur-
ing stance phase, or are they falling into gravity or pulled 
into flexion with the child in a crouched position?

In addition to the gross observational assessment of  the 
child as described, the therapist should examine individual 
aspects of  motor function during the evaluation. The thera-
pist should begin with the level of  function appropriate to 
the child’s age and functional ability. The following list of  
positions provides a guideline by which to assess functional 
antigravity control:

•	 Supine
•	 Prone
•	 Side-lying
•	 Sitting—short sit, long sit, side sit, ring sit

Assessment of Movement

Much information about an infant or child’s movement and 
posture can be observed when the child enters the treatment 
area. As noted above, the child can also be observed while 
the therapist takes a history and discusses with the parents 
the various concerns leading them to seek evaluation.

Observation of  the baby or young child being held in 
the arms or lap of  the parent can reveal important informa-
tion. The following questions may be answered through 
observation:

 1. How does the mother hold the baby? Does she support 
the head and trunk or does she hold the baby at the 
pelvis?

 2. Are the baby’s head and trunk rotated or collapsed con-
sistently to one side?

 3. Do the baby’s arms come forward to hold the mother or 
play with a toy in midline? Are the arms held behind the 
body with the scapulae adducted or are the arms flexed 
and adducted against the trunk?

 4. While being held, does the baby thrust backward into 
trunk extension or collapse forward into trunk flexion?

 5. How are the LEs held: Are they adducted tightly in 
extension, or are they floppy in flexion and abduction?

Cardiovascular

Integumentary

Gastrointestinal

Perceptual/cognitive

Regulatory

Evaluation
List client’s competencies

Areas of concern

System impairments

Ineffective posture and movement

Functional limitations

Barriers to participation

Analyze each level and how they interrelate, creating the 
 functional limitations of the client

Analyze the potential for change according to the findings

Plan of Care
Specify the anticipated goals and expected outcomes (long 

term and short term)

Specify frequency and duration of intervention

Strategies of intervention

Role of client, family, and other medical and educational 
professionals

Client-centered programs as appropriate

Measures to promote health, wellness, and fitness

Schedule for reexamination
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of  support, the infant may fall in attempting to reach the 
toy. On the next attempt, the infant makes adjustments to 
the base of  support and muscle activation to grasp the toy 
without falling over.

Feed-forward occurs as a result of  learning through 
experience in postural preparations for movement.39 Pos-
tural setting occurs as muscles become active around a 
joint or joints, without obvious movement, in anticipation 
of  the task. Current motor sciences endorse the impor-
tance of  anticipation (feed-forward) in movement and 
postural control.40 Feed-forward is learned through trial 
and error, as the example illustrates, and must be child 
generated and be goal or task oriented. Postural control is 
learned in a task-specific manner in a variety of  environ-
mental conditions.40 Motor learning occurs when the child 
is actively involved in the session and advances from using 
only the feedback responses to feed-forward control.39 For 
example, the child experiences the tactile and propriocep-
tive properties of  objects (feedback) when handling and 
playing with toys. This helps in preshaping the hand in 
preparation for more refined reach and grasp tasks in the 
future.

When assessing the child’s postural control, find answers 
to the following questions:

•	 Does the child have a variety of  ways to transition be-
tween postures or only stereotypical choices?

•	 Does the child actively push into the supporting surface 
with the pelvis or extremities?

•	 Can the child repeat movements or tasks and make small 
changes in motor performance?

Assessment of Postural Tone

The clinical term “tone” describes the impairments of  spas-
ticity and abnormal extensibility. Abnormally high tone may 
be caused by spasticity, a velocity-dependent overactivity that 
is proportional to the imposed velocity of  limb movement.10

Clinicians tend to use the word “tone” to describe how 
a muscle or group of  muscles feels under their hands 
when the joints of  a body part are moved through a par-
ticular range. The sense of  abnormally high tone can result 
from hypoextensibility of  the muscle because of  abnormal 
mechanical characteristics.10 These same muscles can have 
increased stiffness if  they require greater force to produce an 
expected change in length than is typically expected.

Signs of  increased tone include distal fixing (toe-curling 
or fisting), difficulty moving a body segment through a 
range, asymmetric posture, retracted lips and tongue, and 
so on. Signs of  decreased tone include excessive collapse 
of  body segments, loss of  postural alignment, and inability 
to sustain a posture against gravity. A child may also have 
fluctuating levels of  stiffness, which is noted as signs of  both 
increased and decreased levels of  stiffness. Two more com-
monly known types of  CP exhibiting fluctuating levels of  
stiffness are athetosis and ataxia.

•	 Quadruped
•	 Kneeling
•	 Half-kneeling
•	 Standing
•	 Walking

If  the child possesses higher-level skills, the evaluation 
should be extended to include the following:

•	 Climbing stairs
•	 Navigating ramps or curbs
•	 Unilateral stance
•	 Running
•	 Jumping
•	 Hopping
•	 Galloping
•	 Skipping

The child who functions from a wheelchair should be 
observed for the following parameters:

•	 Alignment and mobility of  body
•	 Shifting of  weight
•	 Propulsion of  wheelchair
•	 Management of  wheelchair and its parts
•	 Transfer to and from wheelchair

Assessment of Postural Control

Historically, posture was defined through reflex terminol-
ogy and facilitated through controlled sensory feedback.39 
Infants were evaluated for the presence, absence, and 
strength of  primitive reflexes. The reflexes were thought to 
“integrate” as the infant developed. Therapists used stimu-
lation of  and feedback from optical righting, labyrinthine 
righting, neck righting, body righting on the head, and body 
righting on the body to facilitate normal righting and equi-
librium responses in the clients.39 In treatment, lower-level 
reflexes were inhibited to decrease the abnormal sensory 
feedback and facilitate the emergence and integration of  the 
righting and equilibrium responses.

According to more recent motor science studies, the 
human system is no longer thought to function via a hier-
archical model. Various systems models are used currently 
to describe the organization and functions of  the nervous 
system.39

In assessing postural control of  the infant and child 
with CP, it is important to understand several concepts. 
Postural preparations are strategies the child uses before 
a functional movement and increase stability by changing 
the base of  support or increasing muscle activation around 
joints.40 These changes are in anticipation of  a specific 
task learned previously. The child received sensory input 
(feedback) from having completed the task previously and 
makes the necessary postural adjustments to complete 
the task in the most efficient, effective way. For example, 
the infant, sitting on the floor sees a toy to the side and 
tries reaching for it. If  the object is too far from the base 
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Thoracic Movement
An area of  special concern for the child with CP is the 
coordinated motion of  the thorax that occurs during the 
breathing cycle. In typically developing babies younger than 
6 months of  age, there is an approximate 90-degree angle 
between the ribs and the spine. As control of  the head and 
trunk develops typically, and as the baby begins to develop 
a more upright posture, there is a change in this 90-degree 
relationship. Owing to both gravity and the forces of  the 
axial musculature in resisting gravity, there is a posterior-to-
anterior downward slant to the ribs. As a result of  this slant, 
there is an increased ability to expand the diameter of  the 
thorax in both an anterior–posterior (pump-handle motion) 
and lateral direction (bucket-handle motion). In addition 
to this ability to change the inspired volume, the thoracic 
(external intercostal) and abdominal (obliques) muscles act 
to fix the ribcage. This fixation facilitates more complete 
contraction of  the diaphragm, thus increasing lung volume. 
Most children with CP tend to have low levels of  stiffness 
proximally. They also tend to have decreased active balance 
of  trunk flexors and extensors when in an upright posi-
tion with difficulty sustaining their postural muscles. As a 
result, there are differences in motion of  the chest wall dur-
ing inspiration. First, the downward slant of  the ribs never 
fully develops, thus minimizing the mechanical advantage 
of  the pump-handle and bucket-handle motions of  inspira-
tion. Second, without the muscle tone necessary to stabi-
lize the ribcage, the diaphragmatic fibers, particularly the 
sternal fibers, serve an almost paradoxic function; that is, 
they cause depression of  the xiphoid process and the ster-
num during inspiration. The lack of  thoracic expansion, 
in conjunction with the sternal depression, causes shallow 
respiratory efforts. Vocalizations will be of  short duration 
and will be low in intensity because of  poor breath support. 
Examination of  the respiratory excursion of  the thorax is a 
critical portion of  the motor assessment for the child with 
CP. Respiratory function should be assessed with the child 
in various functional positions. The therapist should develop 
interventions aimed at increasing postural control through-
out the trunk. The therapist must specifically facilitate the 
postural system muscles, both axial extensor and flexor mus-
cles, particularly the oblique abdominal muscles that aid in 
the forceful expiration needed for coughing and sneezing.

Evaluations of  the Shoulder Girdle  
and Upper Extremity
The child with CP with excessive axial extension and poor 
activation of  capital flexors and abdominal muscles will 
likely demonstrate tightness and limitation of  the shoul-
der girdle. Tightness of  the pectoralis major muscle per-
sists from infancy as the infant never attains adequate UE 
weight bearing in prone to lengthen the pectoralis from 
birth. Dynamic scapular stability fails to develop, and the 
scapulae become fixed in downward rotation and a forward-
tipped position. These fixed positions will restrict motion 

Musculoskeletal Assessment

Persistent shortening of  a muscle or group of  muscles with-
out adequate activation of  antagonists—resulting from spas-
ticity, increased or decreased stiffness, weakness, or static 
positioning—places the child at risk for soft tissue contrac-
tures and, over time, bony deformity. With an awareness of  
the sequence usually seen in atypical motor development 
and with knowledge of  the postural and movement conse-
quences, the therapist must be alert for areas at risk for con-
tracture and deformity.

Goniometric Measurements
ROM should be measured with a goniometer at joints with 
limited motion. The results should be documented clearly for 
later comparison. Muscles whose influence is exerted across 
two joints should be examined and elongated over both joints 
when measurements are taken. Move the child’s limb slowly 
through the range to avoid eliciting a stretch reflex. The first 
“catch” or tightening of  the muscle is the child’s functional 
range for tasks. It is the range that the child can access for 
function. Therapists can slowly and carefully stretch muscles 
beyond this point to the second “catch,” or what is called 
the absolute range. This is the actual length of  the muscle, 
but the child cannot actively access the muscle beyond the 
functional range. The therapist must work with the child and 
caregivers to bring the two values closer together, approxi-
mating the functional range to the absolute range.

Evaluation of  the Spine
Mobility of  the spine in all planes is necessary for cor-
rect alignment; for smooth, symmetric movements of  the 
spine; and for full ROM of  the extremities. Evaluation of  
the child’s passive and active movement of  the trunk is an 
essential part of  the evaluation. Passive spinal flexion can 
be evaluated with the child in supine by rounding the spine 
and putting the child’s knees up to his or her chest. Look for 
the spinous processes to be showing evenly down the child’s 
spine. This is smooth flexion of  the spinal column. If  an 
area is flattened—without the spinous processes showing or 
showing less—it is indicative of  a decrease in spinal flexion. 
Spinal extension, lateral flexion, and rotation are most easily 
assessed in sitting. The pelvis must be stabilized by the ther-
apist and the trunk taken through the various movements. 
Note the smoothness of  the movement, the end range and 
end feel, the symmetry in the trunk, and the amount of  
movement at each joint in the spinal column. Infants and 
children with CP often have tightness and limitation in 
length of  the capital extensor muscles and lumbar extensor 
muscles. Movement into thoracic extension can be limited 
by shortened rectus abdominus and intercostal muscles.

The therapist must document any deviation from nor-
mal in the spinal curves. Note scoliosis and excessive kypho-
sis and lordosis, and whether the curves are structural or 
functional.
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decrease the torsion on the femur. The result of  the vari-
ous forces is that the adult value of  15 degrees of  femoral 
anteversion is reached by 16 years of  age.43,44 Femoral ante-
version is determined by biplane roentgenograms. Antever-
sion may be suspected on the basis of  a simple clinical test. 
Internal and external rotation of  the hip are tested with the 
hip in a position of  extension (i.e., with the child in a prone 
position with knees flexed). Femoral anteversion may be 
suspected when external rotation at the hip is substantially 
less than internal rotation.

The infant or child with CP often has overactivity and 
shortening of  the flexors of  the hip and poor control of  
extensors and of  external rotators of  the hip. Beals,45 in 1969, 
studied 40 children with CP and found that the degree of  
femoral anteversion was normal at birth. However, this study 
also revealed that the amount of  anteversion did not decrease 
over the first few years of  life, as occurs with typically devel-
oping children. After 3 years of  age, there was no significant 
change in anteversion with either age or ambulation status. 
The sample of  children with CP had a mean of  14 degrees 
greater anteversion than the children without CP.45

Staheli and associates46 found greater angles of  antever-
sion of  the femur in the involved LE of  a group of  children 
with CP than was found in their uninvolved limb. This find-
ing can be easily explained by the consistently poor activa-
tion of  extensors and external rotators of  the hip, preventing 
the decline in anteversion seen in normal development.

Examination of  the Knee
The child with CP may have limited knee flexion or exten-
sion as a result of  inadequate length of  the quadriceps or 
hamstrings. The length of  the medial and lateral hamstrings 
and the rectus femoris, all of  which cross two joints, should 
be assessed elongating the muscle over the knee and the hip. 
Passive straight leg raising or measurement of  the popli-
teal angle will indicate the degree of  hamstring tightness. 
If  hamstring tightness is excessive, the child may be unable 
to sit on the ischium with 90-degree flexion of  the hip, and 
stride length may be limited during ambulation.

Tightness of  the quadriceps, which limits flexion of  the 
knee, can be identified by looking for a patella that is located 
more superiorly than typical and by assessing the degree of  
flexion of  the knee with the child in a prone position.

Tibial Torsion
Tibial torsion (tibial version) describes a twist of  the tibia 
along its long axis so that the leg is rotated internally or 
externally. The specific angle of  torsion can be determined 
in two ways: (1) by the intersection of  a line drawn vertically 
from the tibial tubercle and a line drawn through the mal-
leoli and (2) thigh–foot angle, which is the angle formed by 
the transmalleolar axis and thigh in prone (Fig. 5.2).

Like the femur, the tibia undergoes developmental tor-
sional changes. The malleoli are parallel in the frontal 
plane at birth. During infancy and early childhood, the 
tibia rotates externally, which places the lateral malleolus 

at the sternoclavicular and acromioclavicular joints.37 The 
child with CP is likely to be limited in passive flexion, abduc-
tion, and external rotation of  the shoulder. Elevation of  
the shoulder, which is used to stabilize the head, as well as 
excessive thoracic spine kyphosis, may produce limitations 
in scapulothoracic movement needed for depression of  the 
shoulder. Moving distally, the therapist often finds limita-
tions in extension of  the elbow, supination of  the forearm, 
and extension of  the wrist and fingers.

Examination of  the Hip and Pelvis
The child with CP, typically with spastic diplegia or quadri-
plegia, commonly has tightness in the hip flexors, adductors, 
and internal rotators with resultant limitation in hip exten-
sion, abduction, and external rotation. The Thomas test is 
used to identify a flexion contracture of  the hip. Abduction 
and adduction of  the hip should be assessed with the hip 
and knee extended. Internal and external rotation of  the hip 
should be measured while the infant or child is prone with 
the hips extended and the knees flexed.

Subluxed or dislocated hips can occur in children with 
very tight hip flexion, adduction, and internal rotation. 
Hip subluxation is difficult to assess via physical examina-
tion. Hip subluxation/dislocation should be suspected in hip 
abduction as ROM is limited in young children. The most 
important measurement for a physical therapist (PT) to 
consistently track is hip abduction with knee and hip exten-
sion. Any child less than 8 years of  age with hip abduction 
of  less than 45 degrees on either side should be referred to 
an orthopedic surgeon for further evaluation.10 An apparent 
leg length discrepancy (LLD) may also be noted in a child 
with suspected unilateral hip subluxation/dislocation. The 
subluxed or dislocated hip is typically shorter than the more 
“normal” hip owing to the great majority of  subluxations 
being superior and posterior.10,41

Femoral Anteversion
Femoral anteversion is a torsion or internal rotation of  the 
femoral shaft on the femoral neck. Other terms that may be 
synonymous with femoral anteversion include fetal femoral 
torsion and persistent fetal alignment of  the hip.

At birth, an infant has approximately 40 degrees of  fem-
oral anteversion, as measured by the angle between the 
transcondylar axis of  the femur and the femoral axis of  the 
neck. The neonate also has 25 degrees of  flexion contracture 
of  the hip due to intrauterine positioning and physiologic 
flexor tone. In the progression of  typical development, hip 
flexors lengthen as the result of  gravitational pull while the 
child is lying in either a prone or a supine position. Active 
extension and external rotation of  the hip tighten the ante-
rior capsule of  the hip joint, thus producing a torque or tor-
sional stress that decreases the anteversion that is present 
from birth.42 In addition to the effects of  the tightened hip 
capsule, the hip extensors and external rotators insert near 
the proximal femoral growth plate. When activated, the 
extensors and external rotators pull on the plate and help 
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Measurements are taken from the anterior superior iliac 
spine to the distal aspect of  the medial malleolus.

Staheli and associates46 studied the inequality in leg 
lengths in 50 children with spastic hemiparesis. Of  the 
16 children who were older than 11 years of  age, 70% had 
a significant discrepancy in leg length. Ten children had a 
discrepancy of  1 cm or more, and two children had discrep-
ancies of  greater than 2 cm between the involved and unin-
volved limbs.

Correction of  a discrepancy in the leg length by using a 
shoe lift is not advocated by some sources.42 However, chil-
dren with CP who have asymmetry in tone, muscle activa-
tion, posture, and movement are placed at even greater risk 
for muscle shortening and scoliosis when a discrepancy in 
leg length exists. Such a child will try to equalize the length 
by ambulating with the shortened limb in plantarflexion 
with the heel off  the floor, thus maintaining a continually 
shortened position of  the ankle plantarflexors. Leg length 
in vertical weight bearing should be equalized as early as 
possible to facilitate equal growth of  the child’s long bones. 
When a full-length shoe lift is used to correct the discrep-
ancy in length, the child should be assessed in a standing 
posture for symmetry of  the posterior iliac spines, anterior 
superior iliac spines, and the iliac crests. When the child 
wears an orthosis, the shoe lift thickness must take the thick-
ness of  the orthosis into account when determining the nec-
essary thickness of  the lift. Shoe lifts can be placed inside the 
shoe or applied to the shoe sole relatively inexpensively.

 Gait

One of  the questions most frequently asked by parents and 
caregivers upon being told their child has CP is “When will 
my child walk?”. Walking is one of  the most complex human 
functions, making this prediction very difficult in young 
children with CP. As per Beckung et al.’s49 review of  10,000 
children with CP in Europe, 54% of  children with CP walk 
without an assistive device, 16% walk with an assistive device, 
and 30% were nonambulatory. The GMFCS is also helpful 
to estimate future ambulation potential in children with CP. 
The GMFCS is a reliable and valid system that classifies chil-
dren with CP by their age-specific gross motor activity.50 The 
GMFCS describes the major functional characteristics of  chil-
dren less than 2 years old, 2 to 4 years old, 4 to 6 years old, 
and between 6 and 12 years old with CP within each level 
(see Display 5.9). Rosenbaum et al.50 used the GMFCS to 
assist clinicians and caregivers in looking at the infant/child 
and make predictions for functional mobility on the basis 
of  the findings of  the GMFCS. They plotted the patterns of  
motor development on the basis of  longitudinal observations 
of  657 children with CP and felt that the findings will help 
parents understand the outlook for their child’s gross motor 
function based on age and the GMFCS level.50 This may be 
a more accurate way of  predicting future ambulation skills 
than previously used means such as tracking motor skill 
acquisitions like sitting independently by 2 years of  age.51

in a posterior position relative to the medial malleolus. The 
“unwinding” of  the tibia, or the progression from relative 
internal to external tibial torsion, is attributable to changes 
in force on the tibia arising from the decrease in femoral 
anteversion that occurs as the child grows. As discussed 
above, femoral anteversion does not decrease normally with 
growth, often resulting in compensatory external tibial tor-
sion to maintain the foot facing forward.

Examination of  the Foot
Dorsiflexion of  the ankle is often limited in the child with CP 
and must be assessed with the subtalar joint maintained in a 
neutral position. Neutral alignment will prevent hypermobil-
ity of  the forefoot while ensuring excursion of  the hindfoot.47

Midtarsal movement can be assessed stabilizing the hind-
foot with one hand while passively supinating and pronat-
ing the forefoot with the other. Toes should be straight and 
mobile with approximately 90 degrees of  extension available 
at the first metatarsophalangeal joint.

With the child standing, the calcaneus should be verti-
cal or slightly inverted in relation to the lower one-third of  
the leg. Children should begin to show a longitudinal arch 
at 3.5 to 4 years of  age. Depression of  the medial longitu-
dinal arch is caused by adduction and plantarflexion of  the 
talus with relative eversion of  the calcaneus. This alignment 
is also associated with internal rotation of  the LE. Another 
mechanism for malalignment during standing occurs in chil-
dren who have stiffness into extension, including plantarflex-
ion. Their calcaneus is often maintained in some degree of  
plantarflexion and does not truly participate in weight bear-
ing. The talus stays plantarflexed with “apparent full weight 
bearing,” with pronation achieved through hypermobility 
into extension through the midtarsal joint.47,48 These two 
mechanisms must be examined carefully when considering 
an orthosis for standing or ambulating.

Discrepancy in Leg Length
Measurement of  leg length should be done in supine with 
the pelvis level in all planes, the hips in neutral rotation 
and abduction or adduction, and the knees fully extended. 

FIGURE 5.2 Thigh–Foot angle (looking down on thigh).
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position during swing and stance phases. Is the knee in val-
gum during swing and stance phases? Do the medial aspects 
of  the knees touch? Observe the hips from the side, note the 
amount of  hip flexion during late swing, and hip extension 
at push-off. Does the child achieve hip extension during late 
stance or stay in flexion? Does the child hyperflex or abduct 
at the hip during swing? When observing the pelvis and 
spine, focus on pelvic tilt, pelvic rotation, lordosis, and trunk 
alignment during all phases of  gait. Is there excessive ante-
rior pelvic tilt with increased lumbar lordosis throughout the 
gait cycle? Does the child have to excessively rotate his or her 
pelvis and trunk to assist swing of  the lower limb? Does the 
patient elevate the pelvis to prevent the toe from dragging? 
Lastly, observe the head, arms, and trunk (often referred to 
as the HAT segment). Does the head and trunk laterally flex 
to one side when swinging with the opposite side? Do the 
arms swing normally or remain in a fixed posture? Once 
completing the observation of  each region, watch the body 
move as a whole without focusing on a particular region to 
identify other important gait characteristics such as speed, 
fluidity of  movement, stride length, and stride width.

Common Gait Deviations

When discussing gait and gait deviations, it is helpful to 
understand the link between the primary gait problems and 
their underlying etiology. Table 5.2 lists the most common 
gait deviations seen in children with CP and the primary 
causes of  these deviations. Gait deviations in children with 
CP typically have four main causes: (1) those caused by weak-
ness, (2) those caused by abnormal bony alignment, (3) those 
caused by muscle contracture, and (4) those caused by mus-
cle spasticity.53,54 Owing to the overactive stretch response 
of  key walking muscles, spasticity in these muscles can 
inhibit motion by firing prematurely, resulting in prolonged 
and inappropriate muscle action.54 As ambulatory children 
with CP grow and mature, the abnormal tone and under-
lying muscle weakness causes skeletal changes that result in 
abnormal alignment as well as joint contracture. Because 
most children with CP have both spasticity and weakness 
in more than one muscle, they typically have multiple gait 
abnormalities. There are several classic gait patterns that are 
characteristic of  the different types of  CP. These classic gait 
patterns are described in the following section.

Hemiplegic Gait

Almost all children with hemiplegic-pattern CP will walk 
and the great majority of  them will be functional ambula-
tors. In fact, most are independent ambulators without an 
assistive device by 15 to 24 months.3 Severe cases of  hemiple-
gic-type CP with involved side abnormalities above the knee 
and mild increased tone and/or muscle weakness of  “nonin-
volved” side may not ambulate until almost 3 years of  age.10 
Beckung et al.49 found that only 3% of  children with hemi-
plegic CP are not walking by 5 years of  age. Severe intel-
lectual impairment was found to be the greatest predictor 

It is extremely helpful to understand typical gait and 
how the impairments in the child with CP influence his or 
her ability to ambulate. Reviewing normal gait is beyond 
the scope of  this chapter, and this author strongly recom-
mends the textbook Gait Analysis by Jacquelin Perry and 
Judith Burnfield.52 The prerequisites of  normal gait in the 
order of  priority are (1) stable lower limb in stance phase, (2) 
clearance of  ground by foot in swing phase, (3) proper posi-
tioning of  the foot in dorsiflexion in terminal swing, (4) ade-
quate step length, and (5) maximal energy conservation.52,53 
Damage to the central nervous system (CNS) causes loss of  
selective motor control, abnormal muscle tone, imbalance 
between muscle agonist and antagonist, and poor equilib-
rium reactions. As a consequence, many or all of  the above 
prerequisites of  normal gait are absent in children with CP.53

Observational Gait Analysis

When evaluating the gait mechanics of  a child with CP, instru-
mental gait analysis is the gold standard. The components 
of  a thorough gait analysis include kinematics, kinetics, elec-
tromyographic data, measurement of  videotape recordings, 
energy expenditure, and clinical observation.53 A gait analysis 
laboratory uses cameras linked to a computer to track reflec-
tive markers placed on specific parts of  a child’s body as the 
child ambulates down the walkway. The cameras send digi-
tized information to the computer regarding the trajectory of  
each marker in three dimensions. This data, when analyzed, 
provides kinematic information such as spatial movement of  
various joints of  the body.53 Force plates built into the floor 
of  the laboratory record kinetic information such as ground-
reaction forces, joint power, and joint moments as the patient 
walks over them. The information collected from all pieces of  
the gait analysis is presented as graphic and numerical data for 
the clinician to interpret and administer appropriate treatment.

Unfortunately, not every therapist has access to a state-
of-the-art gait analysis lab, where instrumental gait analysis 
is performed. Detailed observational gait analysis can be 
very effective in documenting many of  the gait abnormali-
ties described above. When first learning to evaluate gait in 
the child with CP, a video of  the child walking is extremely 
helpful. Observe gait from the front, back, and each side. 
The child should be barefoot with shorts to allow visualiza-
tion of  the thigh, knee, lower leg, ankle, and foot. It is best 
to observe one region of  the body at a time through sev-
eral gait cycles before moving up to the next region. First, 
observe the foot position at initial contact. Is there heel 
strike, flat foot, or forefoot contact? When the foot is in mid-
stance, are the toes pointing out or in (referred to as internal 
or external foot progression angle)? Identify foot alignment 
at push-off  (varus or valgus position) when observing from 
the front and laterally. Consider the knee/thigh region, and 
observe the child laterally for degree of  knee flexion and 
extension during swing phase and knee angle/stability dur-
ing stance phase. Does the knee flex excessively or hyperex-
tend during stance phase? Does the knee flex enough during 
swing to prevent toe drag? Observe from the front for knee 
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Hyperflexion of  hip during swing and increased lordosis 
are other compensations commonly seen in this group. 
Treatment for this group typically includes leaf  spring or 
articulating ankle–foot orthosis (AFO) and tibialis anterior 
strengthening on the involved side. Type 2, the most com-
mon subtype, is significant for plantarflexion throughout 
the gait cycle, full extension or recurvatum of  knee in stance 
phase, as well as hyperflexion of  hip and increased lordosis. 
Contracture of  triceps surae prevents the tibia from moving 
forward on the foot during stance phase, resulting in knee 
extension or hyperextension in middle and terminal stance 
phase. As a result, advancement of  the trunk is limited; 
therefore, in order to maintain the center of  gravity (COG) 
over the foot, the child must hyperflex the hip and extend 
the lumbar spine. Early treatment for these gait deviations 
includes gastrocnemius stretching, hinged AFOs with an 
appropriate plantarflexion stop to prevent recurvatum, and 
botulinum toxin type A (BTX-A) injections into the gas-
trocnemius.56 If  an achilles contracture develops preventing 
proper AFO fit, Achilles tendon lengthening in early grade 
school, with or without articulating AFO use afterward, is 
the typical treatment for this patient.10,56 Types 1 and 2 typi-
cally have slight LLDs of  1 to 2 cm. This asymmetry should 
not be corrected with a shoe lift as this will likely cause prob-
lems with toe clearance during involved side swing phase.10

Problem Primary Cause(s)
Pelvis
Anterior pelvic tilt Hip flexion contracture/hip extensor weakness
Increased rotation Decreased push-off from gastrocnemius (gastroc), hip stiffness, hip flexor weakness
Drop of pelvis on swing side Hip abductor weakness
Hip
Decreased flexion Hamstring (HS) or gluteus muscle contractors

Weak plantarflexors during push-off
Weak hip flexors

Decreased extension (stance) Hip flexor contracture; knee flexion contracture
Increased abduction Weak adductor muscle; abductor contracture
Increased adduction Adductor contracture/increased tone
Increased internal rotation Femoral anteversion; increased tone and/or contracture of internal rotators; compensation for external 

tibial rotation
Increased external rotation Retroversion of femur; increased tone or contracture of external rotators; compensation for internal 

tibial torsion
Knee
Increased flexion at initial contact Knee flexion contracture; hamstring tone; toe strike due to plantarflexor tone
Decreased flexion at initial contact Weak hamstrings; weak quadriceps
Genu recurvatum in midstance Increased gastroc tone; weak gastroc; weak hamstrings
Crouch (stance hip and knee flexion) Knee joint contracture; HS contracture; hip flexor contracture; poor balance; severe planovalgus feet; 

ankle equinus
Stiff knee gait Increased rectus femoris tone; knee stiffness quadriceps contracture; poor push-off from gastroc
Jump knee (knee flex in early stance) Overactivity of HS
Foot
Equinus at initial contact Gastroc/soleus contracture; gastroc overactivity; weak dorsiflexors
Decreased push-off power Weak gastroc/soleus; severe planovalgus feet
Intoeing (internal foot progression) Internal tibial torsion; varus feet
Out-toing (external foot progression) External tibial torsion; severe muscle weakness; poor balance

from Miller f. Cerebral Palsy. New york, Ny: springer-Verlag, inc; 2005:338.

Gait Deviations and Their Underlying Causes

TABLE

5.2

of  not being able to walk by age 5, increasing the risk by 
56-fold.49 Before the age of  2, the majority of  children with 
hemiplegic-pattern CP either toe-walk bilaterally or ambu-
late with a foot-flat, planovalgus gait pattern.10 Gastrocne-
mius spasticity is the primary neuromuscular impairment in 
both these children, and as contracture develops over time, 
almost all children with hemiplegic CP will walk on their 
toes without orthotic intervention.10 Over time, overactiv-
ity of  the tibialis anterior and posterior will also often cause 
the foot to turn inward into equinovarus position. When 
observing a child with hemiplegic CP walking, asymmetrical 
weight shift to the involved side is the most obvious feature 
typically noted. Throughout the gait cycle, the involved UE 
is often positioned in scapular retraction and the pelvis is 
rotated posteriorly, when compared with the shoulder and 
the pelvis on the contralateral side. Arm swing also typically 
occurs only on the uninvolved side, with the involved UE 
held in shoulder hyperextension and elbow flexion.

LE gait deviations can vary greatly between patients with 
spastic hemiplegia, but four distinct patterns of  gait in chil-
dren have been described by Winters et al.55 Type 1, the least 
involved patient group, presents with drop foot in swing 
phase of  gait, but has normal dorsiflexion PROM (passive 
range of  motion). This group also has increased knee flex-
ion at terminal swing, initial contact, and loading response. 
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Like hemiplegic CP, there are several common gait pat-
terns seen in the child with diplegic CP. The most common 
gait deviations include stiff  knee (88%), crouch (74%), exces-
sive hip flexion (66%), intoeing (66%), and equinus (58%).57 
A description of  several common gait deviations in this 
group are described in the next section.

Equinus
When the child with diplegic CP begins to walk, gastroc-
nemius spasticity commonly causes an equinus gait pat-
tern with the ankle in plantarflexion throughout stance 
phase with hips and knees extended. Sometimes the child 
may hyperextend his or her knees to get the heels on the 
ground, which hides the equinus. BTX-A is often used to 
decrease spasticity in these children to improve stability in 
stance. Solid or hinged AFOs are the orthotic management 
of  choice for this population.56

Planovalgus
Planovalgus is characterized as equinus of  the hindfoot 
and pronation of  the forefoot and midfoot.59 Planovalgus is 
primarily caused by plantarflexor muscle weakness, includ-
ing the tibialis posterior and exacerbated by the “lever arm 
disease” described earlier in the “Gait” section. Planoval-
gus malalignment maintains the midfoot and forefoot in an 
“unlocked” position, decreasing stability in midstance. This 
often results in excessive loading of  the plantar, medial por-
tion of  the foot. The force-generating capacity of  the already 
weak tibialis anterior and triceps surae is decreased further 
by the malalignment of  midfoot and forefoot segments. This 
muscular dysfunction causes the foot to drop into a greater 
planovalgus position during mid- and late stance and makes 
effective push-off  impossible. Hallux valgus, hindfoot val-
gus, and external tibial torsion are frequently associated with 
planovalgus deformity. Planovalgus is also often seen with a 
crouched gait, which is described below.

Crouch
A crouched gait pattern, with knees and hips flexed through-
out the gait pattern, is sometimes seen after growth spurts in 
child with diplegic CP.10 Because the muscles of  children with 
CP are weakest in the shortened range, maintaining normal 
dorsiflexion, hip extension, and knee extension in standing 
and with ambulation becomes increasingly difficult as chil-
dren gain weight. Generally, this crouched pattern is initially 
secondary to overactive hamstrings in stance phase, quad-
riceps weakness, and triceps surae weakness.54 In gait, the 
plantarflexors are of  critical importance in maintaining knee 
extension. During normal gait, the soleus is the only mus-
cle that is active in midstance to control knee extension.10,52 
Because the stance limb is in a closed-kinetic chain, the eccen-
tric activity of  the plantarflexors restricts ankle dorsiflexion, 
maintaining knee extension through a plantarflexion/knee 
extension couple.52 Plantarflexor weakness limits the effec-
tiveness of  this normal mechanism, allowing the limb to sink 

In addition to the above gait deviations, Type 3 has 
decreased knee motion, especially during swing phase, 
due to quadriceps/hamstring co-contraction. Treatment 
for Type 3 gait dysfunction is similar to Type 2 with the 
addition of  aggressive hamstring stretching, BTX, or 
muscle lengthening to overactive/contracted hamstring 
tendons. Type 4, the most involved group, has additional 
restricted motion of  the hip due to hyperactivity of  the 
iliopsoas and hip adductors. This prevents full hip exten-
sion at terminal stance phase.55 It is not uncommon for 
children in this group to undergo two to three gastrocne-
mius and hamstring muscle lengthening procedures owing 
to more significantly increased muscle tone and contrac-
tures. These children often develop significant femoral 
anteversion, requiring derotation osteotomy. It should 
also be noted that Type 4 children usually have significant 
LLDs that may require a shoe lift.10 In addition to Winter 
et al.’s55 findings, a more recent analysis of  CP gait deter-
mined that the most common gait abnormalities found in 
children with hemiplegic gait include equinus (64%), stiff 
knee (56%), intoeing (54%), excessive hip flexion (48%), 
and crouch (47%).57

Diplegic Gait

Like the children with hemiplegic-pattern CP, the gait pat-
tern of  a child with diplegia can vary greatly depending on 
the degree of  severity of  involvement. Generally, children 
with spastic diplegic-pattern CP ambulate at about half  the 
speed of  children without CP.58 Unlike hemiplegia, there are 
few children with diplegic CP with only ankle involvement. 
The great majority of  children with diplegic CP have some 
hip, knee, and ankle involvement. Despite this increased 
level of  involvement, most children with diplegic CP do 
walk independently, although more severely involved chil-
dren with diplegic CP require molded ankle–foot orthoses 
(MAFOs) and an assistive device such as lofstrand crutches 
or posterior walker to ambulate.

Bony deformities of  the long bones of  the lower leg and 
feet are common in children with diplegic CP.56 Because 
LE muscles work best when all the bones are in the line of  
gait progression, muscle effectiveness is reduced when bony 
malalignment occurs. This dysfunction is often referred to 
as “lever arm disease.”56

A common combination of  bone deformities in children 
with diplegic CP that results in lever arm disease is inter-
nal femoral rotation (anteversion), lateral tibial torsion, 
and midfoot collapse.56 As these bony deformities progress 
together, the already weak gluteus medius becomes even 
less effective in controlling hip internal rotation, and the 
plantarflexors have limited ability to control the progression 
of  the tibia over the foot in stance phase. This causes the 
hips to internally rotate further and the ankle to drop into 
excessive dorsiflexion in stance phase as well as increased 
knee and hip flexion. As a result, the foot drops into a more 
planovalgus position, which is the most common foot defor-
mity seen in children with diplegic CP.
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decreased knee flexion in swing include slow overall walking 
speed and lack of  swing limb momentum due to hip flexor 
weakness or poor push-off.

Recurvatum
Recurvatum gait is described as knee extension in early 
stance progressing to hyperextension in mid- and late 
stance phases of  gait. The most common cause of  equinus 
is overactivity and/or contracture of  the gastrocnemius. 
Increased spasticity of  the gastrocnemius causes the ankle to 
be in equinus at initial contact and remain in plantarflexion 
throughout stance phase. This creates an early knee exten-
sion movement, causing the knee to be forced into extension. 
Gastrocnemius weakness and iliopsoas tightness are also 
possible causes or contributing factors to knee recurvatum.10 
Repeated stress on the posterior structures of  the knee leads 
to stretching of  posterior musculature and eventually the 
posterior capsule of  the knee. This can cause chronic, debili-
tating knee pain in adolescence. Besides the potential for 
affecting posterior stability of  the knee, recurvatum disrupts 
forward momentum during ambulation, making gait less 
efficient.10 Switching to a solid MAFO in patients with weak 
gastrocnemius or increasing the dorsiflexion angle of  a solid 
or articulating MAFO to 3 to 5 degrees are common changes 
that often improve back-kneeing.10

Idiopathic Toe-Walking versus Mild Diplegic CP
There can be concern and confusion regarding the differen-
tiation between idiopathic toe-walking and spastic diplegic 
CP. Toe-walking as a toddler is considered a normal variant 
for new walkers, but is considered abnormal and is classified 
as idiopathic toe-walking if  it persists beyond the first few 
years of  ambulation. Idiopathic toe-walkers typically have 
normal strength, normal tone, and selective motor control, 
but still prefer to walk on their toes.61 Developmental history 
and physical examination are often helpful in differentiating 
between idiopathic toe-walking and CP but are not always suf-
ficient. On physical examination, idiopathic toe-walkers typi-
cally have only mild gastrocnemius tightness and no hamstring 
tightness.61,62 Hicks et al.62 found that idiopathic toe-walkers 
typically have increased knee extension in stance and increased 
external rotation of  the foot with increased plantarflexion. 
Conversely, they found that children with CP had sustained 
knee flexion at terminal stance and initial contact.62 Kelly et 
al. also showed a difference between the two groups with idio-
pathic toe-walkers having initial motion into dorsiflexion fol-
lowed by sudden plantarflexion midway through swing phase, 
causing the foot to land in equinus. It should also be noted 
that many idiopathic toe-walkers are able to walk with more 
“normal” gait mechanics when instructed to do so.63

Quadriplegic Gait

Most children with quadriplegic CP are not community 
ambulators, but many do have some ability to ambulate with 
an assistive device at home or in a therapeutic setting. Many 

into crouch. Plantarflexor control of  knee extension is further 
limited by lever arm disease and stance instability created by 
planovalgus foot deformity. Increased knee flexion through-
out stance phase results in excessive demand on an already 
weak quadriceps muscle. This causes slow progressive stretch-
ing of  the quadriceps tendon, resulting in patella alta and later 
patellofemoral syndrome. This progressive quadriceps dys-
function is a vicious cycle, leading to further crouch. Even-
tually, this will cause hamstring and hip flexors contracture. 
Decreased knee extension and decreased stride length results 
in decreased walking velocity.54 Aggressive hamstring stretch-
ing, quadriceps strengthening, and/or modification of  bracing 
(solid AFO or ground-reaction AFO [GRAFO] to assist plan-
tarflexors in controlling dorsiflexion) is indicated with this gait 
pattern, but often hamstring lengthening is indicated when 
contractures develop to improve knee extension at initial con-
tact. Midstance knee flexion of  less than 20 degrees is ideal 
with increased concern as the angle approaches 30 degrees. 
After 30 degrees of  crouch, a weak, overstretched soleus, 
tight hamstrings, and quickly fatiguing quadriceps make func-
tional ambulation very difficult. During adolescence, weight 
gain and rapid increase in height can further contribute to 
increased crouch. Consistent monitoring of  hamstring flex-
ibility, weight, strength, and passive knee extension during this 
period of  growth is necessary to prevent rapid worsening of  
crouch and subsequent impairments/functional limitations.

Jump Knee
The jump knee is another gait deviation commonly seen in 
children with spastic diplegia with more proximal involve-
ment causing spasticity in the hip flexors, hamstrings, and 
gastrocnemius.56 This child presents with anterior pelvic tilt, 
hip flexion, knee flexion, and ankle equinus.56 Overactivity 
of  the hamstring muscles produces increased knee flexion in 
late swing and early stance phases. This child then appears 
to “jump” due to a strong quadriceps contraction during late 
stance phase.60 The ankle does not progress into greater dor-
siflexion through stance phase as it does in “crouched” gait, 
also adding to the appearance of  a “jump” during stance 
phase. Children with this type of  gait pattern often require 
BTX injections to the calf  and hamstrings. Orthotic manage-
ment for children with this gait deviation varies from solid 
AFOs, hinged AFOs, or GRAFOs, depending on the severity 
of  spasticity/weakness in thigh and ankle muscles.56

Stiff  Knee
Stiff  knee gait is characterized by increased knee extension 
throughout swing phase, often owing to overactivity of  the 
rectus femoris.54 Knee flexion in swing is necessary in nor-
mal gait to shorten the swing leg and thus allow the foot to 
swing through without the toes hitting the floor. Decreased 
knee flexion thus causes a problem with clearing the swing 
leg foot. This forces the child to compensate with hip cir-
cumduction, vaulting (contralateral plantarflexion and/or 
abduction in swing phase), upward pelvic tilt, and/or pel-
vic external rotation to prevent toe drag.54 Other causes of  
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double-limb support duration, slow speed, and large body 
sways.64 All gait measurements are highly variable in cer-
ebellar ataxia. Improving gait with physical therapy is not 
well supported in the literature, but repeated motor train-
ing, taping, or light-weighting of  the limbs might have some 
benefit.64 Owing to profound instability, maintaining bal-
ance takes priority over propulsive locomotion, causing sev-
eral common gait deviations.

 Fine motor, adaptive,  
and self-care skills

Assessment of  the f ine motor, adaptive, and self-care 
skills of  the infant and child with CP is traditionally one 
of  the main areas of  concern for the occupational thera-
pist. If  a treatment center or a school does not have an 
occupational therapist available, the PT should have the 
basic knowledge to assess these skills and development. 
A 2011 study conducted by Chen et al. examined quality 
of  life in ambulatory children with CP. This study deter-
mined that fine motor functions, including dexterity and 
visual motor control, “were the most important motor 
factors associated with health-related quality-of-life” 
issues.65 It is valuable for the evaluating PT to be aware 
of  the basic development of  self-care, f ine motor, and 
play skills. Knowledge of  basic, developmental milestones 
in self-care and play skills can help the PT more readily 
identify the need for intervention in specific skill areas. 
A child following a more typical continuum of  self-care 
skill development will hold a bottle with one or both 
hands at 4½ to 6 months of  age, finger-feed many soft 
foods at 9 months, pull off  his or her socks while seated 
at approximately 12 months, will hold out arm and push 
arm through sleeve at 12 months, will bring filled spoon 
to mouth (messily) at 12 to 14 months, will attempt to put 
socks on at 24 to 28 months, and will remove unfastened 
garment at 24 months. It is not until 3½ to 4 years of  age 
that a child will begin to button large buttons on a coat, 
zip a coat, or attempt to tie shoes. Play skill development 
is important to understand, as this skill set provides the 
basis on which more refined fine motor and bimanual 
hand skills are developed. A child following a more typi-
cal continuum of  fine motor and play skill development 
will clap at approximately 7 to 9 months, place toy into 
open container without support of  container’s surface at 
7 to 8 months, poke an object with index finger at 9 to 10 
months, point to object at 11 to 12 months, and demon-
strate a fine pincer grasp (small object held between tip of  
thumb and tip of  index finger) at 11 to 12 months of  age.66 
The developmental continuum is not a rigid process and is 
influenced by many factors; therefore, children may mas-
ter certain skills earlier or later than stated.

Information obtained from parents, caregivers, or teach-
ers may alert the therapist to the needs for intervention 
related to the infant/child’s functional abilities during 
feeding, dressing, toileting, bathing, and prehensile and 

of  these children use a gait trainer in early childhood and then 
transition to a walker with forearm supports years later. The 
most common gait deviations seen in this type of  CP include 
stiff  knee (93%), crouch (88%), excessive hip flexion (78%), 
intoeing (70%), equinus (68%), and excessive hip adduction/
scissoring (63%).10 In adolescence, some of  these children 
lose their ability to ambulate secondary to weight gain/
growth spurt. Even though functional community ambula-
tion throughout life is not a realistic goal for children with 
this type of  CP, encouraging ambulation is very important. 
Discussion with the patient and family regarding the role 
of  walking is critical early in the therapy process so that the 
family has time to accept that power mobility will be the best 
long-term means of  mobility from the early school years 
through the rest of  the child’s life. Hip subluxation, hip weak-
ness, and osteopenia are all common impairments that can 
be reduced to some degree with ambulation. Some progress 
with ambulation can occur up to 12 or 13 years of  age in these 
children.10 If  the child with quadriplegic CP is still using a gait 
trainer for ambulation at this age, he or she will likely not 
progress to a posterior walker in adulthood. Discontinuing 
gait training prior to adolescence is not recommended, as this 
training will help the child maintain the ability to weightbear 
with transfers throughout their life. Severe equinovalgus feet, 
hamstring contractures, hip adductor contractures, hip flex-
ion contractures, and fixed knee flexion contractures are com-
mon impairments that limit ambulation in middle childhood 
and adolescence.10 Often, these impairments require surgical 
intervention to prevent the loss of  years of  ambulation gains. 
In adulthood, these children should be able to maintain the 
ambulatory ability they have gained throughout childhood.

Athetotic Gait

The “typical” gait in a child with athetosis is very difficult 
to describe and even more difficult to address. Athetotic 
movements are usually first noticed at 2 to 3 years of  age. 
By 3 to 5 years of  age, the athetotic pattern is consistent and 
changes little.10 Children with milder cases of  athetosis have 
underlying low postural tone that fluctuates to high levels 
of  stiffness. The gait pattern in the LEs is poorly graded and 
in total patterns of  movement. The LE is usually lifted high 
into flexion and placed down in stance into extension with 
adduction, internal rotation, and plantarflexion. The hips 
stay slightly flexed, the lumbar spine is hyperextended, and 
the thoracic spine is excessively rounded with capital hyper-
extension, flexion, and rotation of  the cervical spine with 
the jaw jutting forward and rotated to one side. Orthopedic 
and physical therapy treatments usually have little effect on 
athetotic movements. Weighted vests and ankle weights are 
sometimes helpful in improving balance in this group.

Ataxic Gait

The most common features of  ataxic gait include general 
unsteadiness, widened base, irregularity of  steps with inter-
joint incoordination, prolonged stance duration, increased 
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perform a more detailed assessment. As appropriate, the 
speech and language pathologist can institute a therapeu-
tic program that can be augmented during physical therapy 
sessions.

A comprehensive assessment of  the mobility and con-
trol of  the thorax is essential and will assist the speech and 
language pathologist in attaining the outcomes established 
for the child. The mobility of  the vertebral column and 
the ribcage has a great impact on the effectiveness of  res-
piration and breath support for vocalization. It also has an 
impact on pulmonary hygiene, as improved ribcage mobil-
ity and deeper respirations help air to flow in the lungs and 
can prevent or help cure pneumonia. Ribcage mobility and 
abdominal support provide a good basis for speech control 
and voice quality. Cotreatment with the speech and lan-
guage pathologist can be very beneficial to the child, often 
resulting in more rapid progress. Addressing the child’s mus-
culoskeletal problems will assist the speech and language 
pathologist in planning therapy for communication and res-
piration issues.

 Establishing functional outcomes

Physical therapy should be aimed at achieving functions 
identified by the child, the infant or child’s parents/care-
givers, or specific members of  the infant/child’s team. A 
functional outcome may be that the infant will reach for 
and grasp a toy suspended in front of  him or her. The toy 
must be interesting to the infant to encourage the act of  
reaching. A child interested in kicking a soccer ball will be 
more motivated in therapy if  the outcome may make the 
child a better soccer player. “Outcomes” must be func-
tional in nature and should be identified as short-term and 
long-term outcomes. Each session should be guided by an 
established outcome, which will usually be related to the 
identified short-term and long-term outcomes unless the 
infant or child has a more immediate or unexpected prob-
lem. These identified session outcomes will guide the ther-
apist in appropriate treatment strategies for the particular 
treatment session.

Goals are aimed at changing the child’s impairments and 
are not, in themselves, functional in nature. A few examples 
of  treatment strategy goals are lengthening of  the ham-
strings, strengthening of  a particular muscle or group of  
muscles, deeper respirations, improved circulation to a body 
part, symmetric smile, and so on. The therapist will have 
many treatment goals within a single treatment session that 
are all aimed toward the successful achievement of  the iden-
tified session functional outcome. They will address single 
systems, will merge systems, and should prepare the sys-
tems and the client for the accomplishment of  the outcome. 
Each outcome must be observable and measurable, with 
short-term outcomes often leading to a long-term outcome. 
Displays 5.11 through 5.13 list examples of  measurable and 
objective long-term and short-term goals for various infants 
and children.

manipulation skills for play and school function. Direct 
clinical observation of  a child’s performance of  basic 
self-care skills, including removing and replacing socks, 
shoes, and coat, can be very informative of  a child’s level 
of  independence in these areas. As the child moves to per-
form these tasks, the therapist can evaluate sitting balance, 
mobility and control of  head and trunk, weight shifting 
through pelvis, and use and mobility of  the arms. During 
the evaluation process, the therapist should ascertain the 
following:

 1. How the particular skills are accomplished.
 2. The degree of  assistance required.
 3. At what point assistance was necessary.
 4. Whether the child accomplishes the task using compen-

satory movement that will lead to structural changes and 
potential deformity.

 Speech and language considerations

A comprehensive assessment of  speech and language is not 
within the scope of  practice of  the PT. However, the PT 
can offer important information to the speech and language 
pathologist regarding the speech and language abilities and 
quality of  respiration of  the infant and child on the basis of  
observations made during physical therapy assessment and 
treatment. In obtaining this information, the PT should con-
sider the following questions:

•	 Did the infant/child hear your voice or other environ-
mental sounds as noted by becoming quiet or looking in 
the direction of  the stimulus?

•	 Did the child understand questions asked during the eval-
uation, and did he or she follow step-by-step directional 
commands?

•	 Did the infant/child vocalize or verbalize during the 
assessment? What types of  sounds were made? Did the 
infant/child repeat or stutter speech sounds?

•	 If  the child was verbal, were the words intelligible? Was 
breath support adequate for speech or was the child able 
to speak in only one- or two-word utterances owing to 
poor control of  respiration? Are the expressive language 
skills delayed for the infant/child’s chronologic age?

•	 If  the child was non-vocal, was there another means of  
communication used (i.e., gestures, sign language, man-
ual language board, electronic communication system)? 
Did the child use eye localization, pointing, or another 
means within this alternate system?

•	 Was the infant/child’s communication at a functional 
level?

The therapist should also ask whether the parents/care-
givers or teachers have noted any problems with the infant 
or child’s speech or related functional areas, such as diffi-
culty sucking, swallowing, chewing, feeding, or drinking.

These observations and questions can assist in making 
a referral to a speech and language pathologist who will 
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functional limitations, as well as the child and family’s goals 
all influence the design of  an effective treatment plan. This 
section will highlight therapeutic interventions.

Therapeutic interventions must be guided by the func-
tional or participation outcomes identified upon beginning 
physical therapy. With the outcome(s) identified, the PT 
must analyze the function or task that is desired and com-
pare the task analysis to the completed assessment of  the 
infant or child. Answers to the following questions should 
assist the therapist in selecting and sequencing the appropri-
ate treatment strategies to meet the needs of  the client and 
be successful in the function or task:

•	 What strengths/competencies does the client possess that 
will provide a foundation upon which to build toward the 
functional outcome?

•	 Which posture and movement behaviors interfere with 
the successful completion of  the functional outcome?

•	 Which identified impairments are critical to the success-
ful completion of  the functional outcome?

•	 How should these impairments be prioritized with regard 
to the functional outcome? Place the impairment that 
most greatly impacts the task first on a list of  five or six 
impairments and continue to place the other four or five 
impairments in order of  importance to the identified 
outcome.

•	 What treatment strategies can be utilized to address each 
of  the prioritized impairments?

•	 Do any of  the identified treatment strategies address 
more than a single impairment? Can they be combined?

 Therapeutic interventions

Several factors help determine the desired treatment 
approach or treatment technique when working with chil-
dren with CP. The severity of  the child’s impairments, their 

Long-term Outcome (6 months)
Mary will ascend ten of the thirteen 8-inch rise steps in the 

household staircase leading to the second floor using a step-
to pattern and leading with either leg while her right hand is 
on the railing and the left hand at her side; she will require 
standby supervision only and complete this task in four of 
five trials in a 1-week period.

Short-term Outcome (2 months)
 1. Mary will safely ascend and descend a 6-inch curb from 

her sidewalk to the street using forearm crutches and 
require standby assist only for five of five trials.

 2. Mary will walk independently without assistive device 
and carrying a plastic cup, while wearing her articulating 
molded ankle–foot orthoses, for 4 feet between the kitchen 
cupboard and the refrigerator, keeping her head and trunk 
erect over her vertical pelvis and her other arm free to 
assist in balance in three out of five trials.

Functional Outcomes: Mary, 8 Years Old 
with Spastic Diplegia

DISPLAY 

5.11

Long-term Outcome (6 months)
Emily will sit in a ring on the carpeted floor with her head in 

midline with a chin tuck and an erect spine over a vertical 
pelvis, her eyes looking downward to the toy held in her two 
hands, given full support at her pelvis for 30 to 45 seconds, 
in two of three trials in a single treatment session.

Short-term Outcomes (2 months)
 1. Emily will prop on her extended arms with hands open 

and wrists in at least 45-degree extension when placed in 
prone on the floor, keep her head in a vertical position in 
relationship to the floor to visually scan the environment, 
and hold the position for 15 to 30 seconds given minimal 
assistance for stability through her pelvis in two out of 
three trials.

 2. Emily will sit in an adapted chair with tray in place in 
the therapy room with her hips, knees, and ankles at 90 
degrees; her feet touching the surface; head erect over 
her shoulders; and both arms on the tray for swiping at a 
cause–effect toy placed in midline on the tray, and sustain 
postural control for 1 to 2 minutes, twice, by the end of the 
therapy session.

Functional Outcomes: Emily, 10 Months 
Old with a Diagnosis of Moderately Severe 
Spastic Quadriplegia

DISPLAY 
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Long-term Outcome (6 months)
Teddy will cruise to both sides along a support surface  

36 inches in height and 8 feet in length, using  
bilateral hand support on the surface, keeping his  
head in neutral extension/flexion position with active  
rotation to scan the environment, with abduction of the  
advancing leg in the coronal plane, in his classroom of peers 
given standby supervision at least two times per day, 5 out 
of 5 days.

Short-term Outcome (2 months)
Teddy will independently raise his left hand to 80 degrees 

of shoulder flexion, hand toward the ceiling in 90-degree 
external rotation, shifting his base of support through his 
pelvis, while sitting in his classroom chair with his legs in 
90-degree hip and knee flexion, both feet flat on the floor 
with his head, neck, and trunk held in balanced flexion and 
extension, in response to the teacher’s question, two out of 
three trials.

Functional Outcomes: Teddy, 6 Years Old 
with a Diagnosis of Athetoid CP of Minimal 
to Moderate Severity

DISPLAY

5.13
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spurts that impact the biomechanics of  the movement. An 
unpublished study by Facchin et al. supports an intense 
burst of  therapy and its positive effects on task performance. 
Long-term follow-up is currently underway to further sup-
port this treatment approach. The data to support inten-
sive therapy may influence and alter the current treatment 
frequency.72

There is no singular recommended intervention for 
any specific category of  CP as each infant and child pres-
ents a unique array of  functional competencies, desired 
outcomes, functional limitations, and impairments. It is 
common and necessary to use principles from a variety 
of  treatment approaches for an effective treatment. The 
therapist must determine the array of  methods useful for 
the patient. Displays 5.14 through 5.17 present the “typi-
cal” impairments in four major types of  CP. They should 
be used as references only and not as the “true picture” for 
that type of  CP. Frequently, infants and children will dem-
onstrate impairments from two or more types of  CP. For 
example, an infant or child may have spastic quadriplegia 
with an athetoid component that involves the UEs more 
than the LEs. The information included in these tables is 
derived from numerous  sources.21,36,73–75

•	 Which of  the impairments must be treated in preparation 
to address any of  the other identified impairments?

•	 In what order must the strategies be sequenced to be 
most successful?

•	 How many repetitions are necessary for the client to 
“own” the task at the end of  the treatment session?

•	 How much assistance is necessary to achieve the desired 
outcome? Can this be decreased within the treatment 
session?

Once the session is completed, the therapist should ana-
lyze the results of  the session and make notes about any nec-
essary changes in treatment strategies, sequencing, amount 
of  assistance or facilitation required, a change in a device 
used for assistance, or the number of  repetitions used within 
the session. Tieman et al.67 looked at the capability and per-
formance of  mobility in children with CP across the settings 
of  home, school, and outdoors/community that must be 
taken into account when writing and determining success-
ful completion of  the identified functional outcomes. They 
found that capability and performance of  mobility of  the 
children varied across settings. Children tended to perform 
less well in the higher-demand settings such as school or the 
community. Since much of  the testing in physical therapy 
occurs in the clinical setting, one must determine whether 
an outcome is generalizable across different settings.

Documenting and quantifying outcomes for the client is 
critical to physical therapy. Several authors have discussed 
the need for outcome research and efficacy studies.68–70 The 
Gross Motor Function Measure (GMFM) and the GMFCS 
have been identified as useful standardized tools to docu-
ment current status and functional change with intervention 
provided for children with CP.19,71 Chapter 3 in this book 
identifies a variety of  assessments and tests of  motor devel-
opment that can quantify change and functional outcomes 
in children with CP.

Children with CP face a lifetime of  functional chal-
lenges that can be ameliorated intermittently with physical 
therapy. The nervous system of  the infant and child with 
CP is impaired in some way, and it is not possible to make 
that child “normal.” Therapists should never allow par-
ents to misunderstand or misinterpret the intent of  physi-
cal therapy. In general, it is to allow the infant or child to 
become the most independent in performing functional 
tasks throughout his or her lifetime. The provision of  physi-
cal therapy should change in frequency and duration as the 
infant or child grows and develops, with periods of  time 
when the child does not receive formal physical therapy 
intervention. Therefore, it is paramount that we identify the 
most critical times for formal therapy, the times for adjunc-
tive therapies, and the times when an independent program 
will be adequate.

Anecdotally, bursts of  physical therapy have been found 
to be especially beneficial at our facility after orthopedic sur-
gery, neurosurgery, botulinum toxin injections, and growth 

Neuromotor System
Decreased stiffness in neck and trunk

Increased stiffness in extremities, distal . proximal; varies 
with type, extent, and location of the lesion

Difficulty grading between coactivation (CA) and reciprocal 
inhibition (RI), times with excessive amounts of either  
CA or RI

Difficulty initiating certain muscle groups (i.e., hip extensors 
and triceps)

Difficulty sustaining certain muscle groups (i.e., thoracic 
 extensors and abdominals)

Difficulty terminating certain muscle groups (i.e., hip flexors, 
adductors, and internal rotators)

Activation of muscles tends to be in small ranges

Difficulty with eccentric control (i.e., quadriceps)

Musculoskeletal System
Limited range of motion of certain muscles (soft tissue 

shortening)

Other muscles are overlengthened (the antagonists)

Decreased ability to generate force in certain muscles, also in 
spastic muscles

Strength of poor grade

High risk for scoliosis

At risk for hip subluxation and/or dislocation

“Typical” Impairments of the Infant and 
Child with Hypertonia

DISPLAY 

5.14

(continued )
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Sensory/Perceptual System
Decreased tactile and proprioceptive awareness

Difficulty discriminating different kinds of touch

Decreased kinesthesia throughout the body

Decreased vestibular registration

Decreased body awareness

Vision used more in an upward gaze, sometimes 
asymmetrically

Cardiovascular and Respiratory Systems
Poor cardiovascular fitness due to decreased mobility

Reduced breath support with flared ribs and tight rectus 
abdominus

Gross Motor Impairments
Limited independent mobility on the floor or in vertical

May use assistive device for mobility

Poor sitting balance with spastic quadriplegia

Poor higher-level balance skills

Fine Motor Impairments
Decreased use of hands due to use for stability and for assis-

tive device for mobility

Poor grasp and release and decreased in-hand manipulation 
with spastic quadriplegia

Oral Motor Impairments
Usually noted more with spastic quadriplegia

May have drooling, poor articulation

May have difficulty feeding

“Typical” Impairments of the Infant and 
Child with Hypertonia (continued )

DISPLAY
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Neuromotor System
Decreased stiffness throughout the trunk and extremities

Inability to grade the level of stiffness necessary for functional 
activities

Extension favored over flexion for function

Difficulty coactivating for stability in trunk and in the extremities 
in horizontal and vertical positions

Muscle activity is initiated in phasic bursts for functional activity

Great difficulty sustaining most muscle groups, especially 
 abdominals and gluteals for proximal stability

Muscles tend to terminate passively

Poor eccentric control of certain muscles (i.e., quadriceps)

Musculoskeletal System
Joints tend to be hypermobile, so the child relies on ligaments 

for stability

Stability gained through end-range positioning

Contractures develop secondary to positioning of the arms and 
legs (i.e., pectorals, tensor fascia latae, flexors of the hips and 
elbows)

Ribcage at risk for becoming flat/ovoid owing to gravity in supine 
and prone positions

Difficulty generating force throughout the body

Sensory/Perceptual System
Difficulty with tactile and proprioceptive awareness (requires 

greater input for the sensory information to register)

Decreased kinesthesia and body awareness

May seek increased sensory input, sometimes in unsafe 
situations

Decreased ability to use both sides together as a wide base is 
used for stability

“Typical” Impairments of the Infant and Child with Hypotonia

DISPLAY 
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Discussions and explanations presented in this sec-
tion include various methods of  therapeutic intervention, 
including therapeutic exercise and strengthening, neurode-
velopmental treatment (NDT), therapeutic handling, sen-
sory integration (SI) and sensory processing disorder (SPD), 
Modified Constraint-induced Movement Therapy (mCIMT), 
treadmill training and robotic-assisted ambulation, electrical 
stimulation (ES), aquatics, hippotherapy, and community 
programs.

Therapeutic Exercise, Strengthening,  
and Stretching

Therapeutic exercise and strengthening plays an important 
role in the treatment of  the infant or child with CP. Chil-
dren with CP often present with spasticity, decreased muscle 
strength, and poor selective muscle control.76 This muscle 
weakness may be due to deficits in motor unit activation, 
decreased muscle volume and alterations in muscle length 
resulting in loss of  muscle force, poor coactivation of  antag-
onist muscle groups, and altered muscle physiology.77–79 
Mobility for children with CP is greatly impacted by both 
muscle weakness and spasticity. Historically, strengthen-
ing was thought to increase spasticity, decrease ROM, and 
reduce overall function for a patient with CP.80,81 However, 
these notions have not held up to careful scrutiny.81–83 In 
recent systematic reviews of  the literature, the authors have 
found that strength training can increase muscle strength 
in CP, and may improve endurance, cardiovascular health, 
weight management, maintenance of  bone mass, self-per-
ception, and gait function.80–82 Strength training can also 
improve gait and muscle performance.84,85 Damiano presents 
multiple studies that show that strength training improves 
GMFM scores, gait, and self-perception for a patient with 
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Cardiovascular and Respiratory Systems
Decreased breath support and shallow breathing with weak 

 abdominals and diaphragm

Poor cough

Decreased cardiovascular fitness

Gross Motor Impairments
Developmental milestones achieved later

May skip creeping on hands and knees

Uses “W” sitting for stability

Lacks higher-level balance skills

Uses end-range stability without midrange control

Fine Motor Impairments
Lacks shoulder girdle stability and therefore distal strength

Hands without arches

Decreased bimanual skill and in-hand manipulation

Decreased success with independent activities of daily living

Oral Motor Impairments
Decreased strength of oral motor muscles

Breathy voice and short utterances

Decreased rotary chew ability with inability to handle variety of 
textures

Stuffs mouth due to decreased proprioception

Neuromotor System
Profound global decrease in stiffness, proximal . distal

Poor damping, see high-amplitude and low-frequency  
oscillations

Difficulty with coactivation, reciprocal inhibition noted much  
more frequently

Inability to grade initiation or sustaining of muscle activation

Muscle termination tends to be passive

Difficulty with eccentric control of muscles

Musculoskeletal System
Significant asymmetry of the spine and hips

Joints may be hypermobile owing to excessive reciprocal 
inhibition

Significant hypermobility at C1 and C6–C7 with increasing age, 
resulting in possible spinal subluxation

Frequent temporomandibular joint problems

Poor ability to generate force

Sensory/Perceptual System
Vision used in upward gaze

Decreased proprioception, tends to be worse in the upper 
 extremities than the lower extremities

Poor body awareness
Poor kinesthesia

Cardiovascular and Respiratory Systems
Respiration fluctuates in rate and rhythm
Poor breath support

Gross Motor Impairments
Developmental milestones achieved later
Limited floor mobility with great difficulty sitting on the floor
Delayed acquisition of ambulation skills
Use of “W” sitting for stability

Fine Motor Impairments
Difficulty using hands for tasks as they are used for stability in 

vertical and on the floor
Decreased bimanual skill and in-hand manipulation
Decreased success with independent activities of daily living

Oral Motor Impairments
Poor articulation
Breathy voice and short utterances
Prone to temporomandibular joint impairments because of 

 asymmetric use of the facial muscles
Frequent drooling with poor lip closure

“Typical” Impairments of the Infant and Child with Athetosis
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CP. Damiano states that strengthening can improve motor 
skill or function when the child has some voluntary control 
in a muscle group.10,86

There is little standardization among the studies just 
noted, many of  which were uncontrolled clinical trials. 
Therefore, some of  the reported gains in GMFM scores and 
functional improvements with strengthening may be overes-
timated.78,83 Nonetheless, strength training seems a valuable 
and effective intervention for patients with CP.83

Individuals with CP have poor recruitment of  muscle 
units, inconsistent maintenance of  maximal efforts, and 
considerable weakness, even under the muscles that are 
spastic. The question to be determined is, “What is the best 

exercise prescription to produce functional strength gains 
for CP?” The National Strength and Conditioning Associa-
tion (NSCA) established strength training guidelines for chil-
dren and adolescents (Table 5.3).83 Although not based upon 
children with CP, these guidelines are a good framework to 
use as a starting point in protocol development in CP.83

To have an effective response to strength training, the 
child must:

 1. comprehend the process;
 2. consistently produce a maximal or near-maximal effort;
 3. be motivated and be able to attend to the task; and
 4. have a family that can support the program and the child.10
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be increased with improvement. To date, there is inadequate 
evidence to support an optimal recommendation for the 
exercise prescription in CP, but the NSCA guidelines offer a 
good starting point.81–83

A strengthening program can be employed for many rea-
sons. For example, it is beneficial employee a strength training 
program following invasive procedures such as dorsal rhi-
zotomy, intrathecal baclofen pump insertion, soft tissue and 
bony surgeries, and Botox injections to maximize functional 
improvements.10 Strengthening can occur without weights 
by carefully selecting activities that require specified muscle 
groups and closely resemble the goal activity.76 For example, 
if  the goal is to transition out of  the kitchen chair, practic-
ing sit-to-stand transition from chairs of  various heights to 
strengthen the LE can be done in order to reach this goal.

When the infant or child is too weak or has too little pos-
tural control to use external weights or even body weight 
as resistance, the therapist can position the child to (1) 
eliminate gravity or (2) provide handling and assistance to 
complete the motion against gravity. An example of  pro-
gression against gravity is demonstrated for the infant with 
poor head control. Support the infant in a vertical position 
with its head aligned over the shoulders so that the infant 
must balance the head in vertical. The progression is per-
formed by moving the infant slightly off  vertical alignment, 

Strength training can be used with children as young as 
7 years of  age who meet the requirements above. To pro-
mote strengthening, one must use high loads with a small 
number of  repetitions (three to eight) arranged in multiple 
sets with a rest between each set. To improve muscle endur-
ance, the child should have reduced loads but more repeti-
tions (8 to 20) before resting. Loads and repetitions should 

Variables of 
Resistance Training NSCA Guidelines
Warm-up 5–10 min of dynamic activities
Type Single- and multijoint exercises utilizing 

concentric and eccentric contractions
Intensity/volume 1–3 sets of 6–15 repetitions of 50%–85% 

of 1 RM
Rest intervals 1–3 min
Frequency 2–4 times a week on nonconsecutive days
Duration 8–20 wk
Progression Increase resistance gradually (5%–10%) as 

strength improves
Age 7 yr and older

NSCA Guidelines for Strength Training Program

TABLE

5.3

Neuromotor System
Tends to have slight decrease in stiffness in trunk, sometimes in 

the limbs as well

Poor grading of stiffness

Poor damping, oscillations are of high frequency and low 
amplitude

Difficulty timing and sequencing initiating, sustaining, and 
 terminating muscle activation

Decreased ability to grade coactivation and reciprocal inhibition

Poor coactivation of trunk, hips, and shoulder girdles

Musculoskeletal System
Difficulty generating force

Tends to rest in end range and rely on ligaments for stability

Sensory/Perceptual System (very significant sensory deficits, 
which are as restricting as the motor deficits)

Relies on vision for balance and postural alignment; therefore, 
not free to scan the environment

Visual system with severe nystagmus

Decreased visual perception

Decreased proprioception throughout the body

Increased latency in processing sensory information

Severe postural insecurity; very fearful of movement

Poor vestibular system

Tends to be tactilely defensive with poor discrimination; never 
gets sustained input

Difficulty generalizing sensory and motor information to perform 
novel tasks

Cardiovascular and Respiratory Systems
Often fluctuating with poor proximal stability

Limited mobility impacts ribcage development, especially in 
 thoracic expansion

Poor cardiovascular fitness

Shallow and rapid breathing

Gross Motor Impairments
Uses a very wide base to move on the floor independently

Keeps legs flexed in vertical to lower the center of gravity

Pace of development tends to be slower owing to poor balance 
in upright

Fine Motor Impairments
Poor skills due to an inability to grade precise movements

Difficulty with activities requiring dissociation of the arms

Oral Motor Impairments
Wide range of movement

Difficulty with a variety of textures and tastes

“Typical” Impairments of the Infant and Child with Ataxia
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client to perform the task and will facilitate and guide the 
child’s movement as needed to decrease or prevent postures 
and movement behaviors that interfere with functional 
abilities. “Feed-forward” is developed as the child practices 
the skill or task with the therapist’s guidance. The thera-
pist provides less guidance and assistance as the infant or 
child anticipates postural and motor requirements.39 Refer 
to Display 5.18 for a brief  synopsis of  key theoretical state-
ments based on NDT.

The neuroscientific basis that reportedly explains NDT 
has changed over the many decades since Dr. and Mrs. 
Bobath developed the approach. Currently, the Neuronal 
Group Selection Theory (NGST) is used to explain how the 
nervous system changes as a result of  experience.21 This the-
ory emphasizes the concept that development is the result 
of  a complex relationship between genes and the environ-
ment. Brain development is fostered by the participation in 
functional activities within an appropriate environment.21 
Therefore, it is critical that the infant/child engage in activi-
ties as much as possible in functionally and developmentally 
appropriate contexts to generate movement to meet task 
requirements.21

which requires returning the head to vertical and maintain-
ing it there. As strength increases, the infant should improve 
its ability to return and maintain the head in vertical with 
eyes parallel to the horizon while the body is taken further 
toward horizontal. Depending on the severity of  the CP, this 
could happen within a few sessions or over several months 
or years.

A new area of  study uses virtual reality programs to help 
strengthening. A randomized control trial by Chia-Ling 
Chen et al.87 examined the possible benefits of  a home-
based virtual cycling program for strengthening in children 
with spastic CP. The results found increases in knee muscle 
strength but no change in functional outcome scores from 
gross motor function tests.

Current research and understanding of  motor control 
and motor learning support a strengthening program for 
all children with CP. Strength training has been found to 
increase strength and improve activity in children with CP, 
but the most effective strength training protocols have yet 
to be determined.83 Further research is needed to determine 
optimal strength-training protocols, including mode of  
activity, intensity, duration, rest between session, severity of  
CP, and age.

Regular stretching to maintain full ROM and prevent 
or minimize contractures is also extremely important 
throughout childhood. Stretching is especially important in 
children who are not able to move their joints through nor-
mal ranges of  motion with functional activities. Stretching 
has been found to reduce severity of  tone for several hours 
in children with CP.88,89 Also, periods of  rapid growth 
are times to emphasize stretching in therapy and home 
programs.

Neurodevelopmental Treatment

NDT, also known originally as the Bobath approach, was 
developed by the Bobaths in England in the early 1940s. 
The original focus was the treatment of  individuals with 
pathophysiology of  the CNS, specifically children with CP 
and adults with hemiplegia.90 Dr. and Mrs. Bobath described 
NDT as a “living concept,” and as such, it has continued to 
evolve over the years. “The Neuro-Developmental Treat-
ment approach is not a set of  techniques but more an under-
standing of  the developmental process of  motor control and 
the motor components which make up functional motor 
tasks.”75 The goal is to have effective carryover from the 
treatment session to daily life and subsequent treatment ses-
sions. Carryover is actually motor learning, “a relatively per-
manent change in the capability for responding.”39

The ultimate goal of  NDT is for the child to have the 
most independent function possible according to age and 
abilities. Treatment sessions are directed toward a func-
tional outcome and include as much client-initiated move-
ment as possible. The therapist plans for the necessary 
preparatory work (e.g., muscle elongation) to enable the 

•	 Neurodevelopmental	treatment	is	a	problem-solving	
 approach to treating infants, children, and adults with CNS 
deficits for the most independent functional outcomes that 
are age appropriate and appropriate for the cognitive level.

•	 Examination	and	evaluation	are	integral	to	the	process	in	
prioritizing the impairments and limitations and are continu-
ous throughout the treatment process.

•	 The functional limitations are changeable with intervention 
strategies targeting specific impairments within contexts 
that are meaningful to the client.

•	 Treatment is directed toward functional outcomes and is 
active, with the therapist providing the necessary “handling” 
to guide the movement and assist as necessary toward suc-
cessful achievement of the identified outcome.

•	 Handling is used carefully to establish or reestablish the 
postures and movements that the client needs to become 
functional in a meaningful way.

•	 Active carryover by the client and caregivers is essential to 
successful outcomes.

•	 Understanding how typical development occurs and how 
atypical development is a departure from that enables the 
therapist to anticipate and prevent undesirable postural 
changes and subsequent decrease in functional abilities.

•	 Movement and sensory processing are linked. Therapists 
must address both systems in treatment of the client with 
CNS dysfunction.

•	 Neurodevelopmental treatment provides therapists with 
flexible guidelines for selecting treatment strategies to man-
age the client according to their individual field of therapy.

Overview of Neurodevelopmental Treatment 
Theory

DISPLAY 

5.18
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experiences that will help to correctly interpret sensory 
information and then select a motor output that is func-
tional. When the sensory information or “diet” is supplied 
throughout the infant or child’s day, he or she will more 
quickly and accurately be able to apply the information in a 
functional way. It is necessary to educate parents and teach-
ers in ways that will assist the infant or child in learning 
about sensory information and how it relates to his or her 
body. Some examples include:

•	 Use firm pressure when toweling dry after the bath.
•	 Provide a swinging motion to the infant or child every 

time you pick him or her up.
•	 “Dance” with the infant or young child on your shoulder 

or in your arms when passing between rooms.
•	 Encourage floor play with rolling over, pushing up, and 

moving extremities.
•	 Propose play activities requiring use and strength of  the 

hands such as play dough, silly putty, playing in wet sand, 
and so on.

•	 Provide opportunities for “heavy” work such as pushing 
a laundry basket of  clothes or books, pushing the gro-
cery cart or carrying selected “heavier” groceries into the 
house or pantry, pushing the chair under the classroom 
table, and replacing the toys that are heavier during class-
room clean-up.

•	 Select equipment on the playground that provides move-
ment to the child such as sliding boards, seesaws, merry-
go-rounds, jungle gyms, and so on, according to his or 
her capabilities and available safety features.

This is presented as a small list of  ideas that one can use 
in the treatment program and within the infant or child’s 
day to promote increased function. There are multiple 
books available to therapists, teachers, and families that 
can provide wonderful ideas for incorporating sensory play 
and a sensory diet into the daily activities of  the infant or 
child.92–94 When the child’s primary impairment is sensory 
based, it is helpful to refer the child to an occupational thera-
pist who has acquired special training in the sensory systems 
and perhaps in SI.92 SI is best used as an adjunct treatment 
intervention owing to the complex therapeutic needs of  a 
child with CP.

Modified Constraint-induced Movement Therapy

The foundations for this treatment approach are based on 
work completed by Edward Taub and his coworkers95 in 
the mid-1960s. This research highlighted the importance of  
cortical reorganization and neuroplasticity, which became 
the theoretical foundations for Constraint-induced Move-
ment Therapy (CIMT).95,96 There are three major elements 
that make up CIMT treatment: constraint of  the unaffected 
limb with a cast, massed practice of  the affected UE, and 
intensive shaping techniques used in treatment to train 
the involved UE.96,97 The frequency of  treatment is also a 
hallmark of  this technique. Traditional CIMT involved 

Therapeutic Handling

The therapist’s hands or a piece of  equipment may be used 
to provide initial support to decrease the infant’s impedi-
ment of  excessive stiffness in order to maintain alignment, 
initiate weight shifts, support a movement, or aid smooth 
transitions of  movement. This external support should be 
altered intermittently to provide the infant or child with an 
opportunity to practice the movement independently.

When there is an absence of  body part stability, the 
therapist may support the body to decrease compensatory 
stiffness. This external support is thought to facilitate move-
ment. The support can be moved from a proximal point 
(trunk, shoulder, or pelvis) of  greater amounts of  support to 
a more distal point on any of  the limbs. By moving the point 
of  support more distally, the therapist expects the child will 
assume a greater degree of  control over the movement at 
the unsupported joints.

Sensory Integration and Sensory 
Processing Disorder

SI theory, developed and defined by the work of  A. Jean 
Ayres, PhD, OTR, in the early 1970s, guides the therapeu-
tic approach of  SI therapy. Ayres’ theory describes SI as 
“an approach used to enhance the brain’s ability to orga-
nize sensory input for use in functional behaviors.”91 The 
interventions provide children with guided sensory input, 
designed to produce “an adaptive response (i.e., functional 
behavior) deemed more effective than previously observed 
behaviors.”91 Strategies for treatment, generated by this 
theoretical approach, involve methods of  helping children 
achieve and sustain an optimal level of  arousal in all envi-
ronments. This is frequently helpful for the child with a low 
level of  arousal who is difficult to encourage to interact with 
peers in the classroom or therapist in the treatment ses-
sion. Conversely, specific strategies will help the child with 
high arousal to calm and engage in activities of  the class-
room or purposeful interaction with the environment. In 
a study conducted by Davies and Gavin in 2007, electroen-
cephalographic (EEG) measures were used to examine brain 
processing in children with SPD. The study concluded that 
children with SPD “showed less sensory gating than children 
who were typically developing,” thereby linking inefficient 
processing of  sensory information with unique neurophysi-
ologic findings.91

Many infants and children with CP experience difficulty 
processing sensory input and therefore have even greater 
difficulty producing a desired motor output. It is neces-
sary to address the infant or child’s sensory systems as they 
specifically affect motor performance and functional activi-
ties. The infant or child with CP has difficulty receiving and 
interpreting sensory information accurately, and is therefore 
at a disadvantage in responding to the information with 
appropriate motor output. The therapist must provide the 
infant or child with sensory information and movement 
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of  the task-specific approach to motor learning, if  a child 
with CP is to improve in the skill of  walking, intensive train-
ing is necessary. Reciprocal treadmill walking may be par-
tially controlled by the spinal cord and can be stimulated 
in the absence of  higher brain center control.101 Reciprocal 
stepping is considered to be largely organized by networks 
of  sensory and motor neurons within the spinal cord called 
central pattern generators (CPGs).102 CPGs are likely acti-
vated by the brainstem and basal ganglia, which in turn acti-
vate the muscles responsible for cyclic and repetitive walking 
movements.103 Treadmill use taps into this automatic recip-
rocal walking mechanism even when higher brain centers 
have been damaged.104 Treadmill use as a treatment modal-
ity can be split into three major subtypes: (1) partial body 
weight–supported treadmill training (PBWSTT), (2) robotic-
assisted locomotion training (RALT), and (3) treadmill train-
ing without support.

With PBWSTT, an overhead harness system is used to 
support part of  the child’s body weight while the one or 
two therapists manually guide the LEs at the foot or lower 
leg while the patient walks. By supporting a portion of  
the child’s body weight, those with CP can take reciprocal 
steps without the fear of  falling. The optimal percentage 
of  body weight that should be supported by the harness 
system is unsure, but a recent study suggests that walking 
with partial body weight support (PBWS) not progressed 
by decreasing amounts of  support is no more effective than 
traditional overground training without body weight sup-
port.105 Recent studies have shown positive impacts of  PBW-
STT on gross motor function,104,106–108 walking speed,109 and 
endurance.110 Owing to common study limitations such as 
small sample sizes and lack of  randomized controlled trials, 
the evidence that PBWSTT results in improvements in gait 
and gross motor function for children with CP is not con-
clusive.111,112 PBWSTT has clinical limitations. Maintaining 
patient motivation is often challenging owing to the repeti-
tive nature of  this type of  training. For example, it is not 
uncommon for the child to hang from the harness with their 
feet off  the ground, jump, or lean forward on the harness 
system because of  boredom and fatigue.

RALT is another recently developed therapeutic modality 
with potential to improve gait. The robotic walking system 
consists of  two exoskeletons, several braces to fasten the 
child to the device, and a harness system for body weight 
support.113 This type of  robotic treadmill training offers 
an increase in specificity of  gait rehabilitation by allowing 
a greater amount of  stepping practice due to lower patient 
effort. Gait parameters such as mileage, speed, count steps, 
guidance forces, and body weight support can be precisely 
defined for each session, making progression easy to fol-
low.113 Because RALT maintains a normal physiologic gait 
pattern while increasing intensity and frequency, some 
argue that it offers ideal conditions for gait training. A study 
by Meyer-Heim et al.113 in 2009 found that children who par-
ticipated in RALT averaged greater than a 15% increase in 
gait speed.

constraint of  the affected UE 90% of  the patient’s day, over 
a 2-week period, with organized intense intervention for 
6 hours per day. Boyd completed a systemic review that 
looked at several randomized control trials studying CIMT 
use for patients with chronic poststroke symptoms that have 
shown large functional improvements and carryover into 
daily activities.97 These studies have also highlighted the fact 
that the intensity of  training and the massed practice ele-
ments of  this treatment approach are essential components 
of  the effectiveness of  this treatment.97

CIMT can be used for children with hemiplegic-pattern 
CP with certain changes to the typical adult protocols. Mod-
ified Constraint-induced Movement Therapy (mCIMT) uti-
lizes less intensive means of  constraint such as a glove or a 
mitten rather than a cast for the affected UE that is easier 
to manage and better tolerated in children. Treatment time 
and frequency range from less than 3 hours up to 6 hours 
of  intervention a day, from 1- to 2-week intensive periods of  
treatment.72,96

The body of  research for use of  mCIMT in children is less 
robust than for adults following a stroke. There is evidence 
in children that has shown functional and objective gains; 
however, most studies have small sample sizes, low statis-
tical power, and variability in methods of  constraint and 
interventions.72 Taub, DeLuca, and Echols used an mCIMT 
protocol with 17 children with CP whose unaffected UE 
was restrained and massed practice of  the affected arm for 
6 hours a day occurred over 21 days.98 Improvements were 
seen in grasp, weight-bearing tolerance, and functional use 
of  the affected UE.97,98 Charles et al.99 reported significant 
treatment influence 3 weeks post-mCIMT and a study by 
Eliasson et al.100 reported increased functional use of  the 
affected hand after mCIMT, particularly in those with more 
severe deficits.

Furthermore, Facchin et al.72 found that treatment with 
mCIMT and bimanual intensive rehabilitation treatment 
had significant improvement in fine grasp of  the affected 
hand, whereas children in the standard treatment group 
showed minimal or no changes in hand function. Coker 
et al.96 studied mCIMT treatment on gait characteristics in 
children with hemiplegic CP. They theorized that upper and 
lower extremity benefits could occur simultaneously during 
mCIMT with cortical reorganization and changes in both 
UE function and the child’s ability to ambulate.96 Twelve 
children with hemiplegic CP participated in 5 consecutive 
days of  intensive specific treatment for 6 hours a day wear-
ing a resting hand splint covered by a puppet glove on the 
unaffected hand. A significant narrowing in heel-to-heel base 
of  support distance, decreased double-limb support time, 
and increased single-limb support resulted.96

Treadmill Training/Robotic Gait Training

Treadmill training is a newer, functional treatment in which 
patients practice walking on a treadmill to improve their 
ability to walk at home and in the community. On the basis 
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strengthened and integrated into the child’s daily activities. 
The scarcity of  well-controlled trials makes it difficult to 
support definitively or discard the use of  ES in CP.115,117,120 
There appears to be more evidence to support FES and 
NMES than TES, but the findings must be interpreted with 
caution owing to the lack of  conclusive evidence for or 
against these modalities. “The age and type of  patient most 
likely to benefit from this intervention and optimal treat-
ment parameters are as yet unknown.”115

Aquatics

Therapeutic aquatics has been used for millennia for medici-
nal purposes and is currently pursued for habilitation, reha-
bilitation, health and wellness, and general fitness. The 
physical properties of  water are used to address specified 
impairments and functional limitations of  clients in pur-
suit of  functional outcomes.10,124 Aquatics and water can be 
pursued on a participatory level as in swimming or improv-
ing ambulation, as competitive swimming such as Special 
Olympics, or as an individual pursuit. Therapeutic aquatics 
should be distinguished from adaptive aquatics. In therapeu-
tic aquatics, the therapist examines and analyzes the abilities 
and limitations of  the client, noting the identified goals and 
functional outcomes. Activities, movements, and exercises 
can be used in the water to remediate identified impair-
ments and limitations, and a swimming stroke can be taught 
to ameliorate impairments and strive toward the identified 
functional outcome. Adaptive aquatics recognizes the cli-
ent’s current abilities and matches the abilities to a stroke for 
successful swimming. We offer an example of  a child with a 
diagnosis of  hemiplegic CP. The stroke of  choice by the child 
will likely be a side stroke with the strong side under the 
body to propel the child through the water. The therapeutic 
stroke of  choice would be a breast stroke so that both arms 
would be used underwater simultaneously, with a goal of  
independent use of  both arms in the future. In this example, 
the therapist should facilitate the stroke by assisting the child 
until the weaker arm has adequate strength to take over the 
arm pull, more closely resembling the strong arm’s pull.124

Hippotherapy

Hippotherapy uses a horse for habilitation or rehabilita-
tion of  an individual as distinguished from therapeutic 
riding, which focuses on recreation or riding skills for dis-
abled riders.10,125,126 Hippotherapy has been defined by the 
North American Riding for the Handicapped Association 
(NARHA) as the use of  a horse as a tool to address impair-
ments, functional limitations, and disabilities in patients 
with neuromusculoskeletal dysfunction.10 Hippotherapy 
may decrease identified impairments in the pursuit of  func-
tional outcomes while utilizing the triplanar movement of  
the horse, which closely resembles the human pelvic motion 
during gait. The movements of  the horse are utilized to pro-
mote relaxation, increase ROM, strengthening, proximal 

PBWSTT harness systems and RALT are available in 
many rehabilitation centers but are not typically found else-
where. Basic treadmills are readily available in community 
centers and schools, making them much more accessible to 
children with CP. Simple treadmill training without body 
weight support was recently studied in Greek children with 
CP and found to have several positive effects.114 Adolescent 
children who had treadmill training three times a week for 
12 weeks demonstrated significant improvements in walk-
ing speed and gross motor function compared with conven-
tional physical therapy.114

Electrical Stimulation

ES can be used for pain control, edema reduction, or muscle 
strengthening. There are several considerations when using 
this intervention for children with CP. These include the 
child’s age, skin sensitivity, cognitive ability, and tolerance to 
stimulation. The three methods most extensively used with 
children with CP are neuromuscular electrical stimulation 
(NMES), functional electric stimulation (FES), and thresh-
old electrical stimulation (TES).115–117 Recent research has 
studied the use of  both NMES and FES for atypical gait in 
children with CP.117–120 NMES is used for muscle strength-
ening by applying electric current stimulation of  sufficient 
intensity to elicit muscle contraction. Using stimulation 
when a muscle should be contracting during a functional 
activity, such a gait, is referred to as FES.115 Both NMES and 
FES can be performed with surface electrodes, footswitches, 
and, more recently, percutaneous and implanted ES.120 In a 
systematic review of  current research, Wright et al.120 dis-
cuss the common uses of  NMES for gait, including stimula-
tion of  the anterior tibialis during swing phase, stimulating 
the gastrocnemius during stance, or alternating stimulation 
to the anterior tibialis and the gastrocnemius. One author 
suggests that greater changes in functional gait measures 
may be found when stimulating the gastrocnemius with or 
without stimulation to the anterior tibialis.117 Further study 
should determine the most effective electrode placement 
and duration of  treatment for FES during gait.

NMES has been reported to be effective in strengthen-
ing the quadriceps of  a 13-year-old adolescent with spastic 
diplegic CP for the development of  new skills such as stair 
climbing.121 NMES has also been used in conjunction with 
BTX-A. When NMES is used after BTX-A injection, it may 
improve ROM in the agonist and strengthen the antagonist 
muscle group.120 Lastly, TES is described as a low-level, sub-
contraction ES applied at home during sleep, proposed by 
Pape originally to increase the blood flow during a time of  
heightened trophic hormone secretion resulting in increased 
muscle bulk.115,122,123 TES is intended to assist the total man-
agement of  the child, not to replace primary therapeutic 
intervention.123 Pape’s research has shown that the child 
progresses more quickly when TES is used in conjunction 
with hands-on therapy.122 To prepare the increased muscle 
bulk developed with TES for functional use, it must be 



  CHAPTER 5    The iNfaNT aND chilD wiTh cerebral Palsy 215

safe, easy to use, and attractive. Adaptive equipment and its 
use should coincide with and reinforce functional outcomes 
for the child. The equipment should be reassessed fre-
quently and adapted as necessary on the basis of  the infant’s 
or child’s current requirements and growth.

Adaptive seating systems and systems to promote and 
support standing are the most common pieces of  equipment 
used by infants and children at home and in the classroom 
to optimize function; to explore the environment and toys; 
and to interact with siblings, caregivers, and classmates. 
The majority of  this section will focus on these two specific 
categories of  equipment. Chapter 12 deals exclusively with 
adaptive equipment and environmental aids for children 
with disabilities, and should be consulted for more detailed 
information on all equipment available.

Seating and Positioning Equipment

The wheelchair or stroller system is the most important 
device for nonambulatory children because nonambula-
tory or marginally ambulatory children with CP lack the 
necessary postural control and coordination to function in 
a variety of  positions. The concept of  a specialized stroller 
or wheelchair for a child with CP is often difficult for fami-
lies to accept. Caregivers are often hesitant to discuss seat-
ing options because it acknowledges the degree of  their 
child’s disability. It may take the family some time to accept 
the need for a supportive seating system for mobility. It is 
important for the PT to have open discussions with the fam-
ily regarding seating, but also be sensitive to the psychologi-
cal process required for the family’s acceptance. Caregivers 
of  children who are ambulatory but lack endurance and 
strength for functional ambulation are often especially resis-
tant to a wheelchair because they believe that their child 
will stop making progress with walking. This fear should 
be discussed with such families. Because of  functional limi-
tations while in a wheelchair, many children will continue 
to ambulate at home and school as often as they had prior 
to a wheelchair. There is no evidence that the functional 
ambulation of  adults with CP is determined by how much 
they ambulated as children.10 In addition to improved effi-
ciency with mobility, an appropriate seating system has been 
shown to improve UE function,129,130 enhance respiratory 
function,129 improve oral motor function with eating and 
drinking,131 and vocalization.132 When caregivers are given 
a complete picture of  all the advantages of  an appropriate 
seating and mobility system, they eventually become more 
comfortable with the idea.

When assessing a child for adaptive seating, the PT can 
gain important information from an assessment out of  the 
chair. Questions to consider include:

•	 Can the older infant or child sit independently without ex-
ternal support? If  so, what is the child’s postural alignment?

•	 How long can the child sit with optimal alignment of  the 
head and trunk?

control, and so on, toward a functional outcome. Hippo-
therapy seldom uses a saddle, but rather a blanket so the 
warmth of  the horse can reach the child. Certain contraindi-
cations exist, which should be reviewed before selecting this 
alternative approach.10 Some stables include the care of  the 
horse and the work of  the stable in the routine of  the ther-
apy, thereby encouraging cognition, following commands, 
sequencing activities, memory, and psychosocial elements as 
well as the sensorimotor elements inherent in the activity. 
The therapist providing this intervention needs special train-
ing, clinical experience, and expertise to help the child with 
CP realize the identified functional outcomes.126

Community Programs

Formal physical therapy should be supplemented in early 
adolescence and adulthood in those with mild to moder-
ate impairment by alternative activities such as recreational 
pursuits.127,128 With the child’s age, functional abilities, level 
of  participation, family support, and contextual factors in 
mind, alternatives to traditional physical therapy to replace 
treatment for a specified period of  time, or to augment the 
physical therapy, should be considered. These suggestions 
may be perceived as “nontherapy” by a child tired of  going to 
therapy sessions routinely and may elicit greater cooperation 
and motivation. Self-esteem rises when the child can partici-
pate with friends and can join in the fun. All of  the following 
listed alternative interventions need more research to iden-
tify those that are most effective in achieving functional out-
comes. Anecdotal evidence is available, but little high-level 
research has been done to date. These community-based 
activities include yoga, karate, dance classes, tumbling, swim-
ming, horseback riding, adaptive sports, and music lessons to 
enhance the child’s current abilities and to build on his or her 
strengths toward new functional skills or enhanced current 
functional abilities. These alternatives can be very powerful 
motivators for many children as they perceive that it is only 
“fun” and not therapy. They can participate in regular classes 
or classes designed specifically for children with special needs. 
Involvement in school or community activities is a vital part 
of  any child’s development. Participation may at times be 
supported by skilled physical therapy, such as working on a 
particular skill like catching a ball, balance for yoga, or shoot-
ing a basketball. A transition to community-based activities 
will help the child incorporate the skills they have gained in 
therapy and allow them to “make it their own” when using 
them within their home and community environment.

 Adaptive equipment

Adaptive equipment is often a necessary and useful adjunct 
to treatment of  the infant or child with CP. Equipment may 
offer postural support to the infant or child, or it may aid 
functional skills and mobility.10 Any equipment used should 
be “family friendly” (functional for the family), comfortable, 
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custom-molded seat backs, adjustments to laterals, adjusted 
seat depth, and cutouts on seat back at the top or bottom of  
spinal fusion to prevent pressure.10

Seating for the Marginal Ambulator
Children with limited ambulation skills and fair trunk con-
trol usually have their first seating and mobility system by 3 
years of  age. The child with strong UEs and sufficient cogni-
tive ability may benefit from a wheelchair base. If  a manual 
wheelchair is not feasible because of  weakness or decreased 
motor control, a stroller base may help increase the overall 
chair height, thereby making functional activities easier for 
the family. Power mobility in very young children has gained 
in popularity in recent years. Benefits for children to begin 
power mobility at a young age include reducing the risk of  
learned helplessness, promoting self-confidence, increasing 
learning, and allowing visual development.133 Many young 
children with CP with minimal walking ability fit the pro-
file of  “excellent candidate” for early introduction of  power 
mobility, but several factors must be considered before this 
important decision. Transportation of  the wheelchair, safety 
in all environments, home setup, and cost–benefit analy-
sis are among serious issues to be considered when power 
mobility is an option. Power wheelchair is a more appro-
priate option for these children in later childhood when 
behavioral maturity, cognitive ability, UE motor control, 
and caregiver readiness to make the commitment all come 
together. The Pediatric Powered Wheelchair Screening Test 
(PPWST) is a valuable tool designed to assist clinicians in 
determining whether a child with CP has the cognitive skills 
to be a successful power mobility user.134 Most children in 
this group of  CP typically use a joystick with the dominant 
hand for power mobility, but head and leg switches are also 
useful for more involved children in this group. Seating 
system needs for these children can vary greatly and may 
include trunk and thigh laterals supports, chest harness, 
lap tray, and head support. Swing-away leg rests may be a 
better choice than solid leg rests if  the child can transfer to 
standing. These children will spend a majority of  their wak-
ing hours in their seating system, so consistent evaluation 
of  posture and alignment can minimize secondary impair-
ments associated with poor posture.

Seating for the Household and  
Limited-Community Ambulator
The household ambulator with good trunk control but 
lacking the endurance to ambulate in the community also 
requires a mobility device other than an ambulation assist 
device. Prior to elementary school, these children work 
hard to improve their functional ambulation and families 
are typically satisfied with a commercially available stroller 
for longer trips. Once school aged, most of  these children 
are good candidates for a push wheelchair. Seating system 
needs for these children are minimal owing to good trunk 
control and decreased overall use. A solid seat and solid back 

•	 Can the infant or child sit by propping on his or her arms, 
or is he or she dependent on external support to maintain 
an upright posture?

•	 Can the child maintain the pelvis in neutral alignment 
with the trunk and head held in proper alignment?

•	 Is the infant or child’s posture fixed or flexible?

Seating for a child is a multidisciplinary decision that 
includes the recommendations of  the PT, physician, occu-
pational therapist, rehabilitation engineer, and wheelchair 
vendor. A formal seating clinic allows these players to work 
with patient and family to help make the best decision for 
seating and mobility. Seating clinics are typically found in 
pediatric hospitals and some special education schools. The 
seating team should discuss the goals of  the seating system, 
the child’s current and future functional level, the ability of  
the seating system to function at home and school, avail-
able transportation for the wheelchair or stroller, growth 
needs of  the wheelchair, musculoskeletal deformities, and 
future surgeries/treatments that may affect posture and 
alignment. At the end of  the evaluation, a prescription for 
a wheelchair/seating system is generated, and the vendor is 
responsible for obtaining, building, and adjusting the seating 
system to the needs of  the child.

Seating for the Nonambulator
The age and level of  function of  the child are the most 
important factors in deciding on a wheelchair or stroller. 
The child with severe quadriplegic CP who is dependent 
for all transfers requires supportive seating from an early 
age and should be evaluated for their first seating system 
between 1 and 2 years of  age. The first chair is often a tilt-
in-space stroller base with solid footrests, trunk laterals, 
anterior trunk support, and head rest. The tilt in space is 
necessary so the head has support and will not fall forward 
onto the chest, thereby overlengthening the posterior neck 
muscles. A slide-on lap tray should be included for feeding, 
fine motor, and educational purposes. The second wheel-
chair, obtained when at school age, is similar in design to 
the first wheelchair but often on a standard wheelchair base. 
Power mobility is a consideration at this time for some chil-
dren with severe athetosis, but practice and careful evalua-
tion of  driving controls is necessary to ensure that the child 
is able to function safely in all environments. Mouth joy-
sticks and sip-and-puff  controls are rarely used in children 
with CP owing to poor oral motor control in these severely 
impaired children. Many children with severe spastic quad-
riplegic CP will develop significant skeletal deformities and 
skin issues as they reach adolescence, thus requiring custom-
contoured seating and additional padding. Many of  the most 
severely involved children with CP will develop scoliosis that 
will require surgical intervention as adolescents. After spi-
nal fusion surgery, many modifications to the wheelchair 
are required, including raising the backrest and headrest 
owing to a total back height increase of  1 to 4 inches in 
the child. Other common adjustments include removal of  
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to be tested before deciding. Besides the obvious benefit 
of  being able to evaluate the posture and alignment of  the 
child during a trial, it is important to determine whether the 
caregivers can easily and efficiently transfer the child in and 
out of  the stander. Ease of  transfer is often the most impor-
tant factor in compliance with using a stander. After trialling 
each stander for at least 15 minutes, carefully inspect the 
skin for pressure areas. Any redness should disappear within 
20 minutes of  removal from the stander. Once a stander has 
been chosen, carefully select the accessories required to pro-
vide optimal function and that can be removed or adjusted 
as the child’s strength improves.

There are currently four basic stander designs on the 
market: supine, prone, upright, and sit-to-stand. This section 
section details the basic differences between these stander 
types. Please refer to Table 5.4 for more detailed descrip-
tions of  each stander’s indications and contraindications. 
Supine standers start in a horizontal or reclined position 
with the child lying supine. The child can be easily strapped 
in appropriately while supine and slowly transitioned to a 
more vertical position. A tilt table is the most basic type of  
supine stander, but is rarely the best option for children with 
CP. More sophisticated models of  supine standers are avail-
able to meet the complex needs of  a child with CP. Supine 
standers can be ordered with components such as trunk and 
hip laterals, knee pads, hip adduction/abduction support, 
and head supports. A supine stander is a good option for 
the younger child with moderate to severe extensor spas-
ticity and poor head control who can be easily transferred 
via scoop-dependent lift. Children who would benefit from 
supine standers have poor head control; therefore, optimal 
tilt should be just short of  full vertical to prevent the head 
from dropping into flexion. Children with extreme exten-
sor spasticity are often not good candidates for this type 
of  stander as the posterior pressure often stimulates their 
extensor tone. Prone standers provide anterior support to 
the child and, like the supine stander, is positioned horizon-
tally for ease of  transfer. The available components are simi-
lar to those of  a supine stander with the addition of  a chin 
support to aid in head control and positioning when the 
child is vertical. Prone standers are not recommended for 
children with poor head control because they do not provide 
enough support for the child’s head and neck. Traditionally, 
children in prone standers were placed in a slightly forward 
flexed position (10 to 20 degrees) to encourage activation of  
their extensor muscles and improve head control. Because 
maximum weight bearing and most upright functions occur 
in the fully vertical position, the forward tilted position is 
not typically recommended for most children. For the child 
with fair head and trunk control with the goal of  improving 
head control endurance, the prone stander in a fully vertical 
position is a better option than the supine stander to achieve 
optimal weight bearing as well as cervical and trunk align-
ment. Simple upright standers, or parapodia, are standers 
into which the child is placed in a standing position. They 
often do not have support above the pelvis, thus requiring 

with seat belt are often all that is required. Older children 
and  adolescents preparing to leave for college often transi-
tion to a scooter to allow increased efficiency of  movement 
in the community.

Standers

For older infants or children who are unable to stand inde-
pendently or for whom sustained standing in proper align-
ment is indicated, standing systems should be used for 
external support.10 A standing program should be initiated 
by 2 years of  age in a child with CP that has not begun 
standing or ambulating regularly. The potential benefits 
of  a stander include improved weight-bearing tolerance, 
improved head and trunk control, increased bone density, 
enhanced hip development and prevention of  further LE 
deformity, sustained muscular stretch of  plantarflexors and 
hip flexors, maintenance of  trunk and lower limb PROM, 
improved coactivation of  the LE muscles used for stand-
ing, improved respiratory efficiency, improved gastroin-
testinal motility, improved circulation/decreased decubiti, 
improved renal function, and improved social interaction 
with peers. Most of  the evidence supporting standers is indi-
rect evidence regarding the negative effects of  immobiliza-
tion.135 Unfortunately, little research quantifies the necessity 
of  standing to achieve the above-noted benefits of  stand-
ing.10,135 Stuberg135 recommended positioning in standing for 
45 minutes two or three times a day to control LE flexor 
contractures, and for 60 minutes four or five times per week 
to facilitate bone development. This frequency should by no 
means be used as an end goal, as many children can safely 
progress up to a few hours per day in their stander.

Once a decision is made to use a stander, a detailed evalu-
ation should be performed and many factors considered 
before selecting the most appropriate stander for the child. 
Information about previous standing equipment, other 
equipment purchased recently, overall functional level, and 
expected goals of  the stander is extremely important to 
collect before making the choice of  a specific item. This 
information may move the conversation about equipment 
in a completely different direction. For example, a common 
dilemma confronts the child who could benefit from a gait 
trainer and a stander but owns neither. Usually, third-party 
payers will only cover the purchase of  one of  these two 
types of  therapeutic equipment during a specific time frame. 
If  ambulation potential is noted during the evaluation, this 
must be considered when reviewing standers. A thorough 
objective assessment with attention to head/trunk control 
in sitting and standing, posture in sitting and standing, and 
ROM limitations is the next step in the evaluation process. 
Overall child height, floor-to-chest height, floor-to-elbow 
height, leg length, lower-leg length, trunk width, hip width, 
inseam, and weight must be measured precisely. Like a seat-
ing system, the child’s age and future growth potential are 
also an important consideration. Because of  the many pros 
and cons to each type of  stander, several standers may have 
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Stander Selection for Children with CP

Type Indications Contraindications
Supine 2 yr old to adult

Poor head/trunk control requiring head 
support or reclined position
Flexor tone
Tracheostomy
Unable to tolerate full upright position

Strong extensor tone
Good head and trunk control
Significant knee and hip flexion 
contractures
Larger patients making transfer difficult 
for caregiver

Prone Younger child (often early school–aged)
Fair or good head control
Fair trunk control
Goal is to use upper extremities in 
standing
Goal is to participate in classroom 
activities while standing
Able to tolerate full upright position
Dynamic options available allowing 
mobility for patients with good UE 
control

Strong extensor tone
Uses extensor tone as main means 
to extend head and trunk to vertical 
position
Poor head control—only phasic 
activation of cervical extension
Larger patients making transfer difficult 
for caregiver

Upright Younger/lighter child
Tolerates full upright position for long 
periods
Good head control and endurance
Economical choice is important

Poor head control
Excessive flexor or extensor tone
Hip or knee flexion contractures
Large child

Sit-to-stand School-age child or adolescent
Good head and fair trunk control
Mild hip/knee flexion contractures
Patient has cognitive and physical ability 
to transition stander between positions 
independently

Poor head control
Poor posture when stander in sitting

Guide to Stander Selection

TABLE

5.4
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increased trunk and head control. Because most children 
with CP with good head and trunk control have some ambu-
latory ability, this type of  stander is rarely recommended for 
children with CP. More supportive upright standers are com-
mercially available and can be a good, economical choice for 
some children with CP. An upright stander is an acceptable 
choice for a younger child with good head control, fair trunk 
control, and poor LE alignment without external support. 
In the past decade, the sit-to-stand-style stander has become 
a very popular model for children with CP. Because of  its 
versatility, a variety of  nonambulatory or marginally ambu-
latory children with CP benefit from this type of  stander. 
The child is usually transferred into this stander via stand or 
sit-pivot transfer. Once properly supported at the knees and 
trunk in sitting, the child is slowly transitioned to a stand-
ing position using a manual hydraulic pump or a power-lift 
mechanism. This type of  stander is an excellent choice for a 
larger child or adolescent, and the child with mild hip and 
knee flexion contractures that cannot stand fully upright. 
For these children, a sit-to-stand stander can provide a low-
load, long-duration stretch to the hip flexors, hamstrings, 
and posterior knee capsule in addition to the other benefits 
of  standing. Some children stay in this style of  stander for 
several hours at a time, alternating between standing and 
sitting positions. Although this is a great feature of  the sit-
to-stand models, it is often difficult to adjust the stander to 
provide optimal posture in both standing and sitting. The 
caregiver or school aide must therefore be trained in mak-
ing proper adjustments to the stander after each transition 
in position.

Ambulation Aids

Many ambulation devices are available to make walking 
as functional, energy efficient, and least cumbersome as 
possible. A thorough assessment of  the child’s functional 
capabilities in vertical position must be completed before 
deciding upon the best ambulation aid. Communication 
with the child’s team regarding the child’s routines, neces-
sary transitions through the day, and distances to be traveled 
is important before deciding upon an ambulation device. 
Rose et  al.136 documented a linear relationship between 
oxygen uptake and heart rate throughout a wide range of  
walking speeds for children with and without CP. This study 
suggested that heart rate be used to evaluate the child’s fit-
ness and to measure energy expenditure.136 This may be a 
good method to aid in the decision about which assistive 
device should be used for the child.

Gait Trainers
Gait trainers were developed to improve ambulation skills 
in children who can take independent or assisted steps but 
lack the balance and motor control to walk safely with a tra-
ditional walker. The use of  gait trainers is an area of  debate 

among PTs. Those that support gait trainers argue that 
walking practice will allow children to strengthen muscles 
used in ambulation and eventually the child will progress 
to a less restrictive mobility device such as a walker. Like 
standers, gait trainers have been promoted to improve 
bone mineral density, gastrointestinal function, respiratory 
efficiency, and social interaction with peers. Others argue 
that children attempting to ambulate in gait trainers have 
poor posture in the gait trainer, which is counterproduc-
tive to gait. They note that many children will choose to sit 
in the gait trainer with extreme trunk flexion or extension 
to move the gait trainer forward or backward without sig-
nificant weight bearing through the LEs. There is no direct 
evidence currently supporting or refuting the use of  gait 
trainers.

The features of  gait trainers vary greatly between mod-
els. A four-wheel base and a solid or sling seat that supports 
the child who cannot maintain standing or who loses bal-
ance while walking are common to almost all gait trainers. 
Some gait trainers, such as the Rifton Pacer by Rifton Equip-
ment, Inc., have many accessories to improve trunk and LE 
alignment such as trunk supports, forearm prompts, hip 
guides, and ankle straps to limit abduction (Fig. 5.3). Other 
gait trainers are more similar to a partial weight-bearing gait 
training system and use battery power, pneumatic power 
(Fig. 5.4), or springs to partially unweight the child during 
ambulation. These devices typically do not have as many 
accessories to improve LE alignment with ambulation, mak-
ing it a poor choice for children with alignment issues that 
cannot be easily corrected with orthoses, such as scissoring 
due to severe adductor spasticity.

Walkers
Historically, owing to the lack of  other options, children 
with CP had to use the forward walkers commonly pre-
scribed to older adults. Posterior walkers were developed 
to address many of  the postural issues caused by children 
using anterior walkers and are now considered the walker 
design of  choice for most children with CP. Posterior walk-
ers are more energy efficient for children with CP, and 

FIGURE 5.3 Rifton Pacer.
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freedom and speed of  turning. Hip guides should be con-
sidered when hip abductor strength is insufficient to keep 
the pelvis in midline as the child walks in the walker. A clas-
sic example of  a child that would benefit from hip guides is 
the child whose pelvis is consistently deviated to one side 
of  the walker causing the walker to veer to that side with 
ambulation. A flip-down seat is an option for the child able 
to exceed household distances but requires rest breaks for 
longer walks. For the flip-down seat to be functional, the 
child must be able to balance briefly with one hand on the 
walker while rotating the trunk to pull the seat down with 
the other hand. Consistent reevaluation of  a child’s ambula-
tion ability is important throughout childhood to determine 
whether changing these accessories will improve overall 
function.

Crutches and Canes
Young children with diplegic CP often use upper body 
strength to substitute for lack of  weight-bearing strength of  
the legs. When taught to ambulate with a posterior walker, 
this child will frequently rely on the arms for much of  the 
weight bearing and simply “toe-touch” in stance phase or 
drag the legs. Although functionally mobile with a poste-
rior walker, the walking mechanics are not ideal to promote 
LE strength, balance, and trunk control for ambulation. For 
this child, forearm crutches may be a better ambulatory aid 
as forearm crutches are used primarily to improve balance 
rather than unweight the LEs. Initially, the child will need 
assistance to learn to rely on the legs for weight bearing 
and balance while moving the crutches or canes forward. 
A four-point gait is initially taught for maximal stability 
because three points are always in contact with the floor. As 
the child’s coordination and strength improves, a two-point 
gait pattern and lastly a three-point gait pattern can be rec-
ommended to keep up with peers. Although the transition 
from walker to forearm crutches typically occurs in the early 
school years for children with spastic diplegia, the slightly 
more involved older child with spastic diplegia may use a 
posterior walker for long-distance ambulation. The more 
involved child may walk with forearm crutches for a shorter 
distance as the crutches allow for more freedom of  move-
ment in the community with fewer architectural barriers 
than a posterior walker. Some children with mild diplegia or 
moderate hemiplegia who were independent ambulators in 
middle childhood may choose one or two forearm crutches 
in adolescence to minimize falls and increase walking endur-
ance. Axillary crutches are not recommended for children 
with CP at any point because the children often lack UE 
control to use them correctly. Children with CP forced to 
use axillary crutches typically lean forward at the hips and 
bear most of  their weight on the crutches with the axillary 
pad pressed deep into the axilla. The older child with mild 
diplegia and normal UE strength may choose a single-point 
cane as the best long-term device for community-distance 
ambulation.

improve upright posture137,138 because shoulders are held in 
greater depression with humeral extension, scapulae tend 
to be more adducted, leading to greater thoracic extension. 
The posterior walker may have either two or four wheels. 
Logan and associates137 found that the posterior walker with 
two wheels increased stride length by 41% and decreased 
double-limb support by 39% over anterior walkers. How-
ever, Levangie and colleagues,138 in their comparison of  
posterior walkers with four wheels, posterior walkers with 
two wheels, and anterior walkers, found that the four-wheel 
posterior walker was more efficient and allowed more sig-
nificant increases in the child’s velocity, right and left stride 
length, and left step length. The results of  the same study 
found that children walked similarly with anterior walkers 
and posterior walkers with two wheels.138 Although this 
study is important, each child’s ambulation abilities and def-
icits are unique. An evaluation with multiple types of  walk-
ers is necessary to determine which walker affords stability 
and safety while providing for an energy-efficient gait pat-
tern. Several optional accessories are available for posterior 
walkers such as forearm supports, locking wheels to prevent 
motion in reverse, swivel wheels, hip guides, and flip-down 
seats. Forearm supports are common for children with 
quadriplegic CP because they typically do not have hand, 
triceps, trunk, and scapular depressor strength to maintain 
an upright position without forearm supports. Wheels that 
lock in reverse are often used with children beginning to 
use a posterior walker who have limited dynamic balance 
control and trunk stability to prevent the walker from roll-
ing backward with any posterior loss of  balance. Swivel 
wheels should be considered when the child has mastered 
forward ambulation and would benefit from the increased 

FIGURE 5.4 Up and Go gait trainer.
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injection, leading to more recent use of  botulinum toxin 
neuromuscular blocks.143

Botulinum toxin is a neurotoxin produced by Clostridium 
botulinum, an anaerobic bacteria that typically causes food 
poisoning and tetanus.10,88 The botulinum toxin causes 
temporary muscle paralysis by binding to synaptic proteins 
at the neuromuscular junctions, thus preventing the junc-
tions from releasing acetylcholine.10 The binding is irre-
versible, and the peripheral nerve must sprout a new fiber 
to form a new neuromuscular junction.144,145 This process 
takes approximately 3 to 4 months.10 Since 1993, BTX-A 
injections have been used to treat spasticity in those with 
CP. Because axonal innervation of  the neuromuscular junc-
tion is eventually reestablished in 3 to 4 months, repeated 
injections are required to maintain the improvements of  
the first injections. The injections are separated by at least 
12 weeks to decrease the risk of  developing neutralizing 
antibodies.146 Compared with ethyl alcohol and phenol, 
Botox has fewer clinical complications, is easy to use, is 
less painful, can be administered without sedation, and dif-
fuses readily into the muscle; however, it is more expensive 
with possible shorter-term effects.143 Kinnette reviewed and 
analyzed the literature on the actual injections of  BTX-A 
in children and found varying dosing and injection tech-
niques. The total amount of  BTX-A injected has increased 
in the past 10 years without any adverse systemic events 
reported.147

The clinical goals for treating a child with BTX-A often 
include improved function, prevention or treatment of  mus-
culoskeletal complications, increasing comfort, facilitating 
ease of  care, and improving appearance.146 Benefits from 
BTX-A include delayed orthopedic surgery, improvement 
in gait, achieving independent ambulation, improved func-
tional performance in standing and walking, and decrease in 
spasticity.143,146,148 These injections must be administered in 
combination with a therapeutic program of  stretching, brac-
ing, and functional exercises to improve the child’s maximal 
level of  function.144–146,149 A recent systematic review assess-
ing Botox injection on walking in CP showed moderate 
evidence supporting Botox and usual care/physical therapy 
over physical therapy alone.150 O’Neil et al. studied physical 
therapy services to children who received BTX-A injections 
and found changes in impairments and functional skills. 
However, she proposed that BTX-A injections are actually 
adjunctive to the physical therapy and not the reverse, which 
is commonly accepted. She stated that injections enable the 
therapist to provide improvement in impairments and func-
tion so that goals and outcomes are more easily attained. 
O’Neil et al.149 also identified strategies useful in achieving 
goals and improving outcomes. Fragala et al. studied chil-
dren’s achievements according to the GMFCS after BTX-A 
injections. She found that children who had higher func-
tional levels at baseline (level I and level II) and had injec-
tions in one muscle group versus multiple groups made 
improvements in ability and the treatment satisfaction level 
was higher.145

 Neurologic interventions  
to treat spasticity

The treatment of  spasticity requires a comprehensive evalu-
ation to determine its effects on function, comfort, and ease 
of  care for the child. In addition, treatments for spasticity 
may prevent secondary problems such as pain, subluxation, 
and contracture. Of  note is that some children have a mea-
sure of  “control” of  their spasticity and learn to use spastic-
ity to assist with standing, transfers, and stepping. In these 
cases and when treatment will not improve the child’s life or 
ease of  care, spasticity treatment should not be considered. 
Conversely, treatment for spasticity can have a very posi-
tive effect on overall function when combined with physical 
therapy, proper orthoses, and, when appropriate, serial cast-
ing.88 The positive effects from spasticity treatment should 
not be a substitute for as the benefits will not be realized 
without proper strengthening, stretching, and functional 
exercises.

Neuromedical Interventions

Oral Medications
Oral medications are typically used for children with 
mild or widespread spasticity. Although easy to use, oral 
medications have side effects such as sedation and may 
lose their effectiveness within weeks.10 However, Tilton88 
showed that those sedating effects may improve over sev-
eral weeks of  use. The most commonly used oral spasticity 
medications for children include diazepam and baclofen. 
These drugs work by blocking gamma-aminobutyric acid 
(GABA) in the brain and spinal cord and thereby reduce 
muscle spasm. Oral baclofen and diazepam both are very 
sedating, which may impair cognitive functioning of  many 
children who use these medications. Conversely, diaz-
epam taken at night may aid sleep and decrease nightly 
spasm without daytime carryover of  drowsiness.139 Tiza-
nidine and dantrolene sodium are other oral medications 
reported to decrease spasticity in children with CP but are 
not commonly used owing to several negative side effects. 
There has been little study of  the functional effects of  any 
drugs in children, and little is known about optimal dosing, 
safety, and side effects.

Neuromuscular Blocks
Neuromuscular blocks (also called chemodenervation) are 
chemicals injected near a peripheral nerve or intramuscu-
larly to prevent nerve–muscle transmission.88 Phenol and 
ethyl alcohol were the neuromuscular blocks commonly 
used to treat spasticity in the 1970s. These chemicals are 
injected perineurally, causing temporary axonal degen-
eration, although reinnervation occurred over months to 
years.88 Studies have shown improved spasticity with injec-
tion of  both alcohol140 and phenol,141,142 but these chemi-
cals may produce significant pain and dysesthesias after 
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care.10,168 In 2011, the results of  the largest controlled study 
of  ITB in nonambulatory children with CP determined 
that ITB decreased tone and spasms, improved comfort and 
care, but had little impact on function and participation in 
society 18 months after surgery.169 Children with minimal 
or moderate functional limitations were historically not 
considered candidates for insertion of  an ITB pump. A few 
recent studies, though, have demonstrated improvements 
in quality of  gait170–172 and improvements of  ambulatory 
status173–177 in less severely involved children with CP. On 
the other hand, nonambulatory children are not likely to 
become ambulatory as a result of  ITB pump implanta-
tion.169,178 This has not been proven to be an absolute rule, 
but realistic goals need to be discussed with the caregivers 
of  nonambulatory children prior to surgery to prevent new 
ambulation skills from becoming an expectation after sur-
gery. In addition to possible ambulation gains, other studies 
have shown improvements in overall function as measured 
by the GMFM in mildly, moderately, and severely involved 
children with spastic and dystonic CP.179,180 It should be 
noted that some children (approximately 12% in two stud-
ies173,176) showed deterioration of  ambulation and trans-
fers after ITB pump implantation, presumably because 
of  decreased ability to use their stiffness and spasticity 
functionally.173,176

The PT has several critical roles before and after ITB 
pump insertion. The therapist can help to identify clients 
appropriate for the baclofen pump, assist in the evaluation 
process to distinguish between spasticity that interferes 
with function and that which the client is using to function, 
and assist in setting realistic outcomes prior to surgery. 
After pump implantation, PTs can assess extremity and 
trunk tone to assist decision making regarding dosage, help 
the family and child to become acquainted with bodies that 
feel and move differently, assess seating for required modifi-
cations (such as moving the position of  seat belts and trunk 
supports away from abdominal surgical site), assess new 
equipment needs, determine rehabilitation service needs, 
monitor skin integrity, and educate caregivers in postopera-
tive precautions.168 Postoperative precautions vary among 
surgeons, but commonly include no hip flexion past 90 
degrees, no forced trunk rotation, and lying flat for at least 
48 hours after surgery to decrease the incidence of  severe 
headaches secondary to cerebrospinal fluid leaks. Those 
children with the desired outcomes of  increased ease of  
care and decreased pain will not likely require increased 
frequency of  physical therapy, but those with the goal of  
functional changes may benefit from a “burst” of  therapy 
starting approximately 1 month after surgery.168

 Orthopedic interventions

The goal of  orthopedic management is to help each individ-
ual reach optimal functional ability and prevent deformity 

Another treatment option is pairing BTX-A injections 
with periods of  serial casting for the injected limb. This 
combination may prevent contractures and bony deformi-
ties, thereby potentially delaying or minimizing the need 
for multiple orthopedic surgeries later in life. This BTX-A 
injection/casting combination may achieve joint ROM goals 
in less time than with casting alone, which may prevent a 
decrease in ambulation that is sometimes seen after surgi-
cal release of  the gastrocnemius.148,151 While several studies 
have demonstrated advantages using this approach,148,151–156 
other studies have not supported the combination more 
than casting or Botox alone.157,158

Some medical centers use a combination of  phenol 
and BTX-A to treat more muscles in a single episode of  
anesthesia. Using a retrospective study, Gooch and Patton 
found that an average of  14 muscles were injected when 
using the combination. They demonstrated that combined 
injections reduced muscle tone in the short term, but 
concluded that further studies are needed to determine 
optimal dosages and injection sites for both phenol and 
BTX-A.159

Neurosurgical Interventions

Selective Dorsal Rhizotomy
Selective dorsal rhizotomy (SDR), otherwise known as selec-
tive posterior rhizotomy (SPR), has been a poorly under-
stood procedure aimed at reducing the spasticity of  children 
with CP.98,160–163 Patient selection is critical to a good out-
come as only two types of  patients are appropriate candi-
dates. The first group includes patients who are functionally 
limited by spasticity but who have sufficient underlying 
voluntary power to maintain and eventually improve their 
functional abilities. The second group includes nonambula-
tory patients whose spasticity interferes with sitting, bath-
ing, positioning, perineal care, and classroom activities.162,163 
The surgery is typically completed across segments L2–
S2160,162 or L2–S1,163 and only a selected number of  dorsal 
rootlets are sacrificed—those that appear to have the great-
est influence on the spasticity and produce abnormal move-
ment patterns.

Intrathecal Baclofen Pump
In addition to being taken orally, baclofen can be delivered 
to children via a pump surgically implanted subcutaneously 
or subfacially into the abdomen. A catheter delivers the 
baclofen from the hockey puck–sized pump to the intra-
thecal space in the high thoracic region.164 Many studies 
have shown the effectiveness of  intrathecal baclofen (ITB) 
in reducing spasticity in children with CP.165–167 Tradition-
ally, ITB pumps were selected for children with moderately 
severe spasticity (GMFCS Level IV or V) with the primary 
goals of  decreasing pain/improving comfort, preventing 
worsening of  deformity or function, and improving ease of  
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only as a guide in planning and implementing a therapeutic 
program.

Spine/Neuromuscular Scoliosis

Spinal deformities are very common in children with CP, 
with neuromuscular scoliosis being the most common pat-
tern of  deformity. Neuromuscular scoliosis is primarily 
caused by an imbalance between agonist and antagonist 
muscles in the spine. This imbalance often leads to the 
development of  S-shaped or C-shaped curves in the spine 
that continue to progress throughout childhood. The inci-
dence of  scoliosis is between 20% and 25% in children with 
CP,164,186 with the most severe scoliosis typically present in 
nonambulatory children functioning at Levels IV and V 
on the GMFCS.187 Most cases of  scoliosis present before 
the age of  10 years188 but begin to progress quickly dur-
ing puberty with curve progression up to 2 to 4 degrees 
per month.186 Pelvic obliquity eventually develops owing to 
the scoliosis extending into the pelvis or hip contracture, 
which affects the sitting posture in the child’s wheelchair. 
As the curve increases, the adolescent’s scoliosis may cause 
respiratory restriction, pain, pressure sores, and increased 
diff iculty with hygiene management.187 Unfortunately, 
neuromuscular scoliosis is not responsive to orthotic man-
agement,186 and there is no evidence supporting the use 
of  stretching, strengthening, joint mobilization, or ES for 
treatment. The treatment of  choice in children older than 
10 years with curves greater than 50 degrees and deteriora-
tion of  functional skills is posterior spinal fusion.186 This 
procedure uses a unit rod, a U-shaped rod with a pre-bent 
pelvic section, that is fixed to the ilium, thereby correcting 
the pelvic obliquity and scoliosis (Fig. 5.5).188 It is prefer-
able to delay spinal fusion until the child reaches puberty 
or has achieved most of  the expected growth. The trunk 
will not be able to grow once the fusion is completed. 
The complication rate with neuromuscular scoliosis sur-
gery is high, with one study reporting a 68% complication 
rate. Common complications include pulmonary issues, 
wounds, hardware failure, curve progression, pancreati-
tis, and pseudoarthrosis.189 Despite the high complication 
rate, caregiver and patient satisfaction rate is high, and the 
surgery has been shown to significantly improve the qual-
ity of  life.187 After surgery, the therapist should evaluate all 
seating and standing devices as the alteration in alignment 
can result in skin breakdown and sores if  alterations are 
not completed in a timely manner. There is also increased 
potential for improvements in respiratory function after 
surgery as the lungs will generally have more volume 
for gas exchange and thoracic expansion improves. This 
should be addressed during postoperative rehabilitation 
in addition to functional training. A burst of  therapy prior 
to posterior spinal fusion may be beneficial for improving 
overall spinal mobility as this may decrease the recovery 
period.

through detection at an early stage when simple and more 
effective treatment options may be instituted.10,181,182 Physi-
cal therapy can help minimize the need for orthopedic 
surgery, thereby reducing the number of  surgeries a child 
may need. When surgical intervention occurs, the goals 
of  surgery should be to improve function, decrease dis-
comfort, and prevent structural changes that may become 
disabling.181

An understanding of  atypical development and move-
ment compensations is necessary to determine how surgery 
will likely impact the child’s future function.

Owing to the fact that children with CP often present 
with orthopedic impairments at multiple joints, treating 
only one of  these problems may lead to negative conse-
quences at adjacent joints. Therefore, it has become com-
mon practice for orthopedic surgeons to perform multiple 
orthopedic procedures at the same time with the goal of  
improving overall function. This approach, now com-
monly known as single-event multilevel surgery (SEMLS), 
has gained popularity over the past 20 years, especially with 
access to state-of-the-art comprehensive gait analysis.183–185 
The more common orthopedic problems and surgical pro-
cedures involving the spine and LEs will be addressed in 
the following sections. Refer to Table 5.5 for definitions of  
surgical terms commonly used and Table 5.6 for common 
orthopedic surgeries, indications, and postoperative care. 
General physical therapy interventions are also discussed 
in the following section. Postoperative protocols can vary 
greatly depending on the hospital, surgeon, and patient; 
therefore, the information presented here should be used 

Term Definition
Tendon release/tenotomy Complete cut of a tendon
Tendon lengthening Myofascial lengthening of tendon, often 

via Z-plasty
Percutaneous lengthening Tendon lengthening involving small cuts 

into tendon without opening the area for 
visualization

Recession Another term used for myofascial 
lengthening; usually used to differentiate 
gastrocnemius lengthening only versus 
entire Achilles tendon lengthening

Osteotomy Surgical cutting of a bone with the goal of 
changing the orientation of the bone

Shelf procedure Refers to a number of pelvic osteotomies 
that build a shelf superior to the 
acetabulum to reduce a dislocated hip

Tendon transfer Involves cutting one end of a tendon and 
attaching it to another muscle to change 
or eliminate the presurgical function of 
that muscle

Arthrodesis Fusion of at least two bones

Orthopedic Surgery Terms

TABLE

5.5
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Common Orthopedic Surgeries for Children with CP

TABLE

5.6

Surgical procedure Indications Complications Postop Care
Posterior spinal fusion Neuromuscular scoliosis Pancreatitis

Wound infection
Log rolling only
No hip flexion past 90 degrees
No forced trunk rotation

Adductor lengthening Hip subluxation
Adductor contracture
Scissoring gait
Difficulty with perineal hygiene

Reoccurring contracture
Heterotopic ossification
Overlengthening (rare)

No precautions
WBAT

Pelvic osteotomy Hip subluxation/dislocation Internal infection
Repeat dislocation
Loss of fixation

No hip flexion past 90 degrees
No forced hip rotation
No adduction past midline
WBAT

Femoral varus derotation 
osteotomy

Increased femoral anteversion
Hip subluxation/dislocation

Wound infection
Femur fracture

No hip flexion past 90 degrees
No forced hip rotation
WBAT

Iliopsoas release/tenotomy Hip flexion contracture in 
nonambulators

Reoccurring contracture
Overlengthening

WBAT
No precautions

Psoas lengthening Hip flexion contracture in 
ambulatory children

Reoccurring contracture
Overlengthening

No precautions
WBAT

Hamstring lengthening Hamstring contracture
Mild knee flexion contracture

Reoccurring contracture
Overlengthening

Knee immobilizer  
wear 8–12 hr/day

Posterior knee capsulography Moderate knee flexion contracture Reoccurring contracture
Overlengthening

Strict knee immobilizer use

Rectus femoris transfer Stiff knee gait Reattachment of some fibers to 
quadriceps (rare)

No prone flexion past 90 degrees

Tibial osteotomy Internal or external tibial torsion Ankle varus or valgus
Compartment syndrome

Short leg cast 6–8 wk
WBAT

Tendon Achilles lengthening Equinus deformity
Planovalgus foot

Overlengthening
Reoccurring contracture

Short leg casts for 4–6 wk
WBAT

Gastrocnemius recession Gastrocnemius contracture 
without soleus contracture

Overlengthening
Reoccurring contracture

Short leg casts for 4–6 wk
WBAT

Subtalar fusion Severe planovalgus foot Nonunion
Ankle valgus

Short leg casts for 12 wk
WBAT

Triple arthrodesis Severe planovalgus and painful 
foot

Nonunion
Ankle valgus

Short leg casts for 12 wk
WBAT

Lateral column lengthening Planovalgus foot Reoccurrence of planovalgum Short leg casts for 12 wk
WBAT

Posterior tibialis transfer Varus foot with tibialis anterior 
firing throughout swing or stance 
phase of gait

Over- or undercorrection of varus 
foot

Casted for 4 wk after surgery
WBAT

Anterior tibialis split tendon 
transfer

Varus foot with tibialis posterior 
firing throughout stance phase 
of gait

Over- or undercorrection of varus 
foot

Casted for 4 wk after surgery
WBAT

Hip

A child with CP may require hip surgery for a number 
of  reasons, including to prevent or reduce hip subluxation 
or dislocation, correct intoeing with ambulation, elimi-
nate scissoring gait, or improve perineal care in a severely 
impaired child. Hip abnormalities are common in chil-
dren with CP, with the reported incidence ranging from 
2% to 75%.41

Femoral Anteversion
Increased femoral anteversion exaggerates hip internal rota-
tion and can severely affect walking by tripping the child 
when the toe of  one shoe catches the opposite shoe during 
swing. A femoral derotation osteotomy with blade plate fix-
ation (Fig. 5.6), sometimes with medial hamstring release, 
is the standard surgery for this deformity.10,190,191 Postsurgi-
cal management does not include cast or immobilization, 
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FIGURE 5.5 Posterior spinal fusion: (A) Illustration of typical unit pod placement 
(B) Radiograph showing correction of curve with unit rod

BA

and physical therapy begins with PROM on postoperative 
day 1 or 2. The child is typically transferred out of  bed into 
a wheelchair by day 2. Full weight bearing and assisted 
ambulation is expected by discharge, which occurs between 
postoperative days 4 and 7.10 Physical therapy is directed 
toward increasing ROM and strengthening the hip muscles 
for improvement in muscle balance. Functional training is 

FIGURE 5.6 Pelvic osteotomy with VDRO blade plate fixation.

Bone graft

Blade plate

important for the child to learn new ways of  moving with 
the new hip alignment and possible need for better motor 
control. Improvement to and beyond presurgical status is 
expected for up to 1 year.10 Unilateral hip surgery may result 
in LLD, which must be considered during treatment and in 
consultation with the surgeon.

Hip Subluxation/Dislocation
The more severe the neurologic involvement of  the child 
with CP, the greater the chance of  hip dislocation or sub-
luxation.192,193 One study by Soo et al.193 found that the inci-
dence of  hip displacement was 0% for children classified 
as Level I on the GMFCS and 90% for children classified as 
Level V on the GMFCS.

To understand the progression of  hip abnormalities in 
children with CP, one must first understand normal hip 
development. Children with and without CP are born with 
normal hips that are in an anteverted position. In the nor-
mal hip, balanced muscle use during standing and with 
ambulation promotes development of  the acetabulum, 
femoral head, and remodeling of  anteversion. In children 
with CP, ambulation is key to preventing hip subluxation. 
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and visual cuing should be used to improve muscle coacti-
vation patterns. For children with progressing subluxation 
or complete dislocation, femoral anteversion, and acetabu-
lar dysplasia, combined muscle and bony surgeries are often 
necessary to reduce the hip.

Chronic, progressive subluxation leads to acetabular 
dysplasia. The acetabulum has little potential to remodel, 
even with soft tissue releases and Varus Derotation Oste-
otomies (VDROs) to reset the femoral head snuggly in its 
center.41 Complete hip reconstruction is indicated in these 
cases, and refers to a combination of  muscle releases, reduc-
tion of  the femoral head into the acetabulum via VDRO, 
and lastly, reconstruction of  the acetabulum to correct its 
deformity.195–198 Acetabular reconstructions, also known as 
pelvic osteotomies, involve cutting the pelvis and adding 
bone grafts to create a shelf  superior to the acetabulum. 
These shelf  procedures change the orientation of  the ace-
tabulum to better hold the reduction of  the femoral head 
after the VDRO. The goal for hip reconstruction is a near-
normal joint and normal hip ROM. Postoperative therapy 
after VDRO and/or pelvic osteotomies varies depending 
on the surgeon’s postoperative precautions and protocol. 
Common postoperative precautions after bony osteotomies 
include no hip flexion past 90 degrees, limited hip rotation 
ROM, and no hip adduction past neutral. Our facility advo-
cates early mobilization and weight bearing after surgery 
to prevent skin breakdown, osteopenia, and weakness that 
occur with immobilization. Typically, the rehabilitation pro-
cess after hip reconstruction lasts between 6 and 12 months 
with return to presurgical function usually occurring dur-
ing this period of  time. The focus of  postoperative therapy 
should be on stretching to maintain improved hip abduction 
ROM, functional strengthening in standing when possible 
to achieve improved muscle balance around the hips, and 
proper positioning when seated.

Palliative surgeries for dislocated hips are reserved for 
children who have failed reconstruction and continue to be 
painful. Total hip arthroscopy, arthroplasty with a shoulder 
prosthesis, or resections of  the proximal femur are palliative 
options. The goal of  these surgeries is to remove the source 
of  pain and improve function.10,194,198

Hip Adductor Contracture without Subluxation
Indications for management of  the hip adductors are:

•	 Improvement in a scissored gait
•	 Improved care of  the perineum

Conservative management such as BTX-A injections are 
attempted first along with stretching and positioning, and 
strengthening of  the hip abductors to promote muscle bal-
ance across the hip joint. The hip adductors can be length-
ened in isolation or the iliopsoas can be lengthened as well, 
depending on the presentation of  the child. At our facility, 
there is no period of  immobilization postoperatively and 
ROM/functional strengthening can be started immediately.10

Children who walk independently by age 5 develop the 
muscle  balance necessary to prevent dislocation. Children 
using an ambulation aid may develop painless subluxation 
but seldom require surgical intervention in childhood. The 
hips of  children that do not ambulate may begin to dislocate 
before age 7.41 Superior and posterior direction subluxation 
is the most common pattern of  hip subluxation with adduc-
tor muscle spasticity being the primary cause of  hip sublux-
ation. Passive hip abduction of  less than 40 degrees with hips 
flexed41 or 45 degrees with hips extended10 may be indicative 
of  subluxation requiring further evaluation from an ortho-
pedist. Although the adductor longus is the primary offender 
of  the adductor muscles, gracilis and adductor brevis spas-
ticity also contribute to the abnormal forces, resulting in 
subluxation. The constant cocontraction of  the adductors, 
hamstrings, and hip flexors causes the hips to be held in 
flexion and adduction and generates excessive forces on the 
hip. These abnormal and powerful forces usually redirect 
the femoral head to the superior and posterior aspect of  the 
acetabulum.41 As subluxation progresses, the femoral head 
presses up on the lateral edge of  the acetabulum, resulting in 
acetabular flattening and articular cartilage degeneration.41 
In addition to the femoral head changes, the angle of  femo-
ral neck inclination remains high and anteversion persists. 
Electromyography (EMG) studies have implicated spastic-
ity of  the medial hamstrings and gluteus medius weakness 
as the muscle imbalance that leads to the internally rotated 
position of  the hips and persistent femoral anteversion.41 
Left untreated, the femoral head may continue to migrate 
until it is dislocated. Gamble and coworkers194 maintain that 
this process occurs over a 6-year period.

Conservative treatment options to prevent or retard pro-
gression of  the subluxed hip include neurochemical spas-
ticity interventions and passive muscle stretching of  the 
adductors and hip flexors. ITB can help decrease hip spas-
ticity in moderately to severely involved children, but botu-
linum toxin is not commonly used owing to the technical 
difficulty with injections. Proper positioning in a correctly 
adjusted seating system and consistent standing may slow 
progression. If  progression continues, surgery may become 
necessary. Surgical management is divided into three basic 
categories: (1) soft tissue releases to halt early subluxation, 
(2) soft tissue and bony osteotomies to slow advancing sub-
luxation due to femoral and acetabular dysplasia, and (3) 
palliative surgery for the painful, arthritic hip.

Postoperative precautions are limited after hip soft tissue 
releases, which allows for early weight bearing, stretching, 
and functional strengthening. It is very important to train 
caregivers to consistently stretch the adductors after sur-
gery to improve the flexibility of  the developing scar tissue. 
Nonadherence to the postoperative stretching protocol will 
likely reverse hip abduction ROM gains achieved by surgery 
and further progress the subluxation. Physical therapy must 
also include muscle strengthening around the hips in order 
to improve muscular balance between the hip abductors and 
adductors. Standing activities and gait training with manual 
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reduce hamstring stiffness. Knee immobilizers can also be 
used at various times during the day or while the child is 
sleeping without Botox injections. Providing the child with 
a standing regimen can also help prevent knee flexion con-
tracture and may help gain length when tightness is not 
excessive. When conservative management fails, there are 
three surgical interventions typically available to improve 
knee extension, depending on the severity of  contracture: 
(1) hamstring lengthening, (2) posterior knee capsulography 
with hamstring lengthening, and (3) femoral extension oste-
otomy with hamstring lengthening.

Hamstring lengthening is widely considered to be the 
surgical procedure of  choice for the correction of  increased 
knee flexion.10,204,205 The hamstrings are usually lengthened 
distally, and the most common procedures include a combi-
nation of  Z-plasty/tenotomy of  semitendinosus, tenotomy 
of  gracilis, semimembranosus recession/myofascial length-
ening, and sometimes biceps femoris recession.10,203,206 Indi-
cations for surgical lengthening of  the hamstrings include:

•	 Severe kyphotic posture in sitting due to shortened 
hamstrings

•	 Knee flexion contracture that interferes with walking 
progression

•	 Fixed knee flexion contracture greater than 10 degrees
•	 Popliteal angle of  greater than 40 to 50 degrees
•	 Knee flexion of  20 to 30 degrees at foot contact during 

gait
•	 Constant EMG activity of  hamstrings during stance and/

or initial swing
•	 Knee f lexion during midstance g reater than 

20 degrees10,206–208

Several studies have demonstrated improvements in knee 
extension during stance phase after hamstring release, thus 
decreasing crouch.209–211 Quadriceps strength at 30 degrees 
of  knee flexion also increases after hamstring lengthening, 
which is important to prevent progression back into a more 
crouched posture.211 Physical therapy begins postop day 1 
with knee PROM, bed mobility, weight bearing as tolerated, 
and family education of  knee immobilizer use and stretch-
ing. Initially, knee immobilizer use is recommended 2 hours 
on, 2 hours off  during the day and on for the entire night. 
This wear schedule is eventually weaned down to nighttime 
only.10 The importance in teaching the caregivers proper 
intensity and frequency of  hamstring stretching cannot be 
understated. Following hamstring lengthening, it is recom-
mended that the hamstrings are stretched for 30 seconds 
three times a day starting postop day 2 and continuing for at 
least 3 to 4 months after surgery. Careful monitoring of  pop-
liteal angle during rehabilitation is used to determine when 
the frequency can be slowly decreased. Noncompliance with 
stretching will result in scar formation, with the knee in a 
flexed position causing a reoccurrence of  the original con-
tracture. The outpatient PT should initially focus on improv-
ing hamstring flexibility, active/passive knee extension range 
of  motion (AROM/PROM), assisted standing with knees 

Hip Flexor Contracture
Hip flexion contractures interfere with a standing position 
because full hip extension becomes impossible. Compensa-
tion occurs typically with excessive extension at the thoraco-
lumbar junction, and the knees remain flexed so that body 
orientation remains vertical. It is difficult to stretch con-
tracted hip flexor muscles because the pelvis rocks forward 
into an anterior tilt while extension occurs at the thoracolum-
bar junction. For passive stretching to be effective, the pel-
vis must be stabilized in either a supine or a prone position. 
Conservative management includes positioning, typically in 
prone for activities, while gravity can assist in pulling the pel-
vis down toward the floor; standing in a stander; and activa-
tion and strengthening of  the hip extensors, seeking muscle 
balance across the hip joint. Surgical intervention involves 
complete cut/resection of  the iliopsoas tendon or tendon 
transfer to the pelvis or hip joint.10,17,199,200 This procedure is 
rarely done in isolation but rather as one of  multiple surgical 
sites in a child with greater functional limitations. Physical 
therapy after surgery should include prone-lying to maximize 
the lengthening into hip extension and strengthening of  the 
hip extensors and abductors. Facilitation of  functional skills 
should continue, with care taken to prevent a return to the 
child’s previous compensatory patterns of  movement.

Knee and Lower Leg

Knee Flexion Contracture
Decreased knee extension ROM is a common finding in 
children with CP. Despite consistent hamstring stretching, 
knee flexion contractures often develop. Hamstring con-
tracture may or may not affect function in children with CP 
and may not require aggressive intervention in all cases.10 In 
children with spastic diplegic CP, increased knee flexion in 
stance phase is often at least partially due to hamstring spas-
ticity and contracture. This flexed knee or “crouched” gait 
usually includes decreased step length, increased knee flex-
ion in stance, decreased knee extension at terminal swing, 
increased hip flexion, and increased ankle dorsiflexion in 
stance. This crouched posture also causes energy ineffi-
ciency during gait, partially because of  continuous quadri-
ceps firing, which prevents the knee from collapsing into 
further flexion (see “Gait” section for a more detailed review 
of  crouched gait).201–203 Persistent knee flexion eventually 
leads to contracture of  the hamstrings and, in more severe 
cases, knee joint capsule contracture and shortening of  the 
sciatic nerve.10

Lengthening tight posterior structures of  the knee to 
prevent further deformity is the goal of  treatment for knee 
flexion contracture. Consistent hamstring stretching is often 
the first line of  defense against contracture. Therapists 
should teach hamstring stretching before hamstring tight-
ness begins to have an adverse effect on function. BTX-A 
injection with or without knee immobilizer use is another 
conservative approach being used with some success to 



228 PART II    Neurological DisorDers

extension for 12 to 18 hours per day for 6 weeks and night-
time splinting in extension for up to 6 months.10 Early knee 
PROM exercise can prevent knee stiffness, but is much more 
painful. In addition, the risk for sciatic nerve palsy is greater 
after posterior knee capsulography, requiring careful grad-
ing of  hamstring stretching. Severe knee flexion contrac-
tures (greater than 30 degrees) are corrected with distal 
femoral extension osteotomy. Rehabilitation after extension 
osteotomy is extensive, often requiring therapy for greater 
than 1 year. Postoperative precautions include knee flex-
ion PROM limited to 90 degrees and knee immobilizer use 
when not in therapy. Weight bearing may or may not be lim-
ited depending on intraoperative fixation.10

Stiff  Knee Gait due to Rectus Femoris Dysfunction
A stiff  knee gait pattern can be caused by several impair-
ments, including decreased hip flexor strength, poor ankle 
strength, femoral anteversion, tibial torsion, and rectus 
femoris muscle dysfunction.10 Rectus femoris transfer is the 
treatment of  choice for decreased knee flexion during swing 
due to rectus femoris spasticity or inappropriate activation 
in early to middle swing phase. Botulinum toxin injection 
prior to surgery can help determine the effect a future rectus 
transfer may have on gait.

Tibial Torsion
Intoeing or out-toeing due to internal or external tibial tor-
sion are both relatively common in children with CP and 
typically do not improve with maturity, as seen in children 
with normal motor control.17 Like femoral anteversion, 
internal tibial torsion can cause inefficient gait and tripping. 
Tibial osteotomy is the only effective surgery to correct 
internal and external tibial torsion. After surgery, there are 
usually no precautions or weight-bearing limitations. The 
lower leg is often casted for 6 to 8 weeks. Rehabilitation is 
unrestricted after cast removal and should focus on improv-
ing walking mechanics and balance. With a more normal 
foot progression angle, the demands on the plantarflexors 
and dorsiflexors are changed, requiring specific strengthen-
ing to help these muscles handle their new demands.

Ankle and Foot

Equinus Deformity
Equinus, the most common foot deformity in children with 
CP, results from a muscular imbalance in which the plan-
tarflexors of  the ankle are five to six times stronger than the 
dorsiflexors10 when there is spasticity around the ankle. In 
ambulatory children, the hyperactive stretch reflex of  the 
plantarflexors is stimulated during each stance phase, which 
contributes to the equinus. Spasticity here is manifested as 
toe-walking, premature heel rise, or premature ankle plan-
tarflexion moment during gait.10 Children with more severe 
involvement may have difficulty with foot placement on the 
pedals of  the wheelchair, assisted stand-pivot transfers, and 

extended (using knee immobilizers and/or AFOs), and 
strengthening of  both knee extensors and flexors (initiated 
approximately 6 weeks postop) for improved balance across 
the joint.10 Despite surgical lengthening, the hamstring mus-
cles have the potential to strengthen to preoperative levels 
by approximately 9 months after surgery.205,211 Once length-
ened, the hamstring muscle belly recoils, and sacromeres 
are placed on slack. Over time, the number of  sarcomeres 
in the muscle fibers is reduced to restore optimal filament 
overlap. This process takes several months and explains the 
extended time required to increase hamstring strength to 
the presurgical level. Because the hamstrings cross the knee 
and hip joints, the therapist must also emphasize ROM and 
strengthening exercises for the hip musculature. AFOs are 
often required to control dorsiflexion in standing and with 
ambulation. Gait training and balance training are often the 
emphasis of  therapy in later phases of  rehabilitation, teach-
ing the patient to ambulate and move efficiently in a more 
upright posture. Functional improvements are not likely 
to be seen until strength around the knee approximates or 
exceeds preoperative levels.205,211

Although hamstring releases are a relatively simple 
surgical procedure, there are several noteworthy compli-
cations. The most common complication of  hamstring 
lengthening is recurrence of  hamstring contracture.10 This 
will inevitably lead to return of  the crouched/flexed knee 
gait pattern. In addition to the recurrence of  hamstring 
contracture, crouched gait may return owing to external 
tibial torsion deformity, quadriceps weakness, or growth 
spurt.10,201 Repeat hamstring lengthenings are common 
due to this functional deterioration, especially if  the first 
surgery occurred in early childhood.10 Sciatic nerve palsy 
is also a common complication after hamstring lengthen-
ing.10,203 Hamstring tendon release improves knee extension, 
but causes the nerves in the popliteal fossa to become taut. 
These nerves can limit knee extension and can be damaged 
with aggressive stretching. The PT should evaluate the child 
for dysesthesias and ability to wiggle the toes immediately 
after surgery and for the first several weeks after surgery.203 
Foot swelling can also occur in some cases owing to the 
sympathetic response to the sciatic nerve stretch.10 Children 
with postoperative pain managed with an epidural injection 
are at increased risk for sciatic nerve pain due to the pain 
medication masking nerve pain and numbness, which allows 
the patient to tolerate extreme nerve stretches that may lead 
to prolonged nerve palsy.203 Genu recurvatum is another 
complication with hamstring lengthening. Overlengthen-
ing results in the hamstring losing the ability to control knee 
extension in swing phase, thus leading to recurvatum in 
stance phase.10,209,210 Knee recurvatum often improves over 
time, but should be controlled in the short term with a solid 
or articulating AFO set in slight dorsiflexion.10

For more moderate knee flexion contractures (10 to 30 
degrees), posterior knee capsulotomy in addition to ham-
string release is indicated.10 Postoperative management is 
more involved after capsulotomy, with the knees splinted in 
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is often referred to as “calcaneal gait”219 and causes an 
increased crouched position, which further stretches the 
plantarflexors and shortens the hip flexors and hamstrings.10 
There is no therapeutic or surgical treatment that can “fix” 
overlengthening. Long-term and in many cases permanent 
use of  solid AFOs or GRAFOs is often necessary to prevent 
further progression of  crouched gait.

Postoperative care following lengthening or recession 
requires that a short leg walking cast be worn for 4 to 
6 weeks, set in neutral or slight dorsiflexion. Ambulatory 
children typically are able to tolerate full weight bearing 
in the walking casts within the first few days after surgery. 
After removal of  the cast, the child’s ankle will be quite 
weak owing to the surgery and weeks of  immobilization. 
It may take several weeks for the child to tolerate standing 
long periods without the casts. Intermittent solid or artic-
ulating AFO use for 3 to 6 months after surgery is recom-
mended to help maintain postsurgical dorsiflexion gains 
and assist weight bearing with optimal posture. Each child 
should have an individualized schedule for AFO wear and 
use the ankle actively when out of  the orthosis to facilitate 
functional strengthening and skill development. It is impor-
tant to strengthen the entire ankle, especially the dorsiflex-
ors and plantarflexors after surgery. Some clinicians use 

donning of  shoes causing a stretch to the triceps surae trig-
gering spastic equinus. Conservative management should 
include passive stretching, with care taken to “lock” the sub-
talar joint by slightly inverting the ankle prior to stretching 
into dorsiflexion; nighttime splinting; and strengthening of  
the dorsiflexors. A MAFO can help maintain a neutral ankle 
position, but will neither increase the length of  the triceps 
surae nor allow for any strengthening of  the dorsiflexors. If  
the ankle and foot cannot be brought into a neutral posi-
tion with the knee in extension, the child will not be able to 
stand with heels on the ground and will need to compensate 
in some manner. When an equinus ankle is forced into an 
orthosis set at 90 degrees, there will be skin breakdown on 
the heel, or the foot will become hypermobile in the joints 
distal to the calcaneus. Serial casting offers a conservative 
method to manage a shortened Achilles tendon, with or 
without BTX-A injections144,151,212 (see “Neuromedical Inter-
ventions” section). There are a variety of  protocols to com-
plete a regimen of  serial casting across a joint. Typically, a 
cast is placed for 1 week with the joint set in the greatest 
range that does not produce discomfort. The cast should be 
removed and the child encouraged to play using the mobil-
ity at the joint for at least 24 to 48 hours to prevent atrophy 
of  the muscles around the joint and encourage strengthen-
ing in the new muscle length that was achieved. The next 
cast is placed for another week at the new comfortable end 
range. The number of  casts utilized will vary, but the casting 
trial will continue for 2 to 6 weeks. Care must be exercised 
to lock the subtalar joint while applying the cast to gain dor-
siflexion of  the ankle, to ensure stretching of  the gastroc-
nemius/soleus group, and to prevent hypermobility of  the 
subtalar joint.

Tendoachilles lengthening (commonly referred to as 
TAL) and gastrocnemius recession are the two most com-
mon surgical procedures to treat equinus. TAL is most 
common and is indicated for contracture of  both the gas-
trocnemius and soleus muscle.10,190,213 For children with 
normal soleus length and contracture of  the gastrocnemius, 
the surgical procedure of  choice is a gastrocnemius reces-
sion.10 The Silfverskiod test is often used to determine the 
difference between soleus and gastrocnemius flexibility 
(Fig. 5.7A, B) and is used in conjunction with gait analysis 
to assist with surgical decision making. The gastrocnemius 
and soleus are two of  the most important muscles in ambu-
lation, making the correct amount of  lengthening crucial 
to improving gait mechanics. The goals of  lengthening are 
to decrease triceps surae spasticity, improve heel contact at 
initial contact, reduce the midstance plantarflexion moment 
to near normal, and increase power at push-off.10,214 Reoc-
currence or nonimprovement of  equinus gait is the most 
common complication of  TAL and gastrocnemius reces-
sion with a reported rate of  5% to 40%.10,214–218 Typically, 
no more than two total lengthenings are required to treat 
equinus during childhood. Overlengthening is a less com-
mon but much more serious surgical complication, resulting 
in excessive dorsiflexion in midstance. This gait abnormality 

FIGURE 5.7 Silfverskiold test. Measures the difference in 
 flexibility of the gastrocnemius and the soleus muscles. Soleus 
length is assessed by recording passive range of motion with knee 
flexed (A) and gastrocnemius length is assessed by recording 
 passive range of motion with knee extended (B).

A

B
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on the results of  the surgery and whether the joint(s) require 
further stability.10 Owing to joint fusion, the therapist may 
note joint hypermobility in joints distal to the fusion. This 
hypermobility should be monitored and may eventually 
require orthoses to control instability and prevent pain.

Varus Deformity
Varus deformity in the ankle is less common in children with 
CP and seen mostly in those with hemiplegia and diplegia. It 
results from imbalance between weak peroneal muscles and 
spastic posterior or anterior tibialis muscles.190 The varus 
foot is very unstable and at risk for inversion ankle sprain. 
Surgery is often delayed until about 8 years of  age. The foot 
is best managed with splinting, stretching, and strengthen-
ing until that time. The indication for surgery is a varus foot 
in stance or swing phase of  gait. Surgical procedures per-
formed for this deformity include lengthening or splitting 
and transferring of  either the posterior or anterior tibialis 
muscle.10,190,220–222 Postoperatively, the foot is often casted for 
4 weeks in a short leg walking cast in a neutral or slightly 
dorsiflexed position.10 After the cast is removed, rehabilita-
tion can be performed without restriction or an orthosis. 
Therapeutic intervention should emphasize muscle reedu-
cation, particularly when a muscle has been transferred.

 Lower extremity orthoses

The decision to use an orthosis and the choice of  which 
orthosis to use should be a collaborative decision between 
the family, orthopedic surgeon, physiatrist, client, orthotist, 
and PT. In ambulatory children, the selection should also 
be based on the understanding of  the primary gait devia-
tions.223 Besides gait observations, the PT’s contribution to 
the team includes assessment of  available ROM, passive and 
active; foot alignment and flexibility during weight bearing 
and non–weight-bearing situations (structural versus func-
tional deformity); voluntary control of  movement in the leg, 
ankle, and foot; current functional abilities; and the desired 
functional and participatory outcomes from the device. 
Because the foot is used for both stability and mobility, the 
effects of  an orthosis on both functions must be considered 
carefully. It is important to remember that an orthosis will 
provide stability but will also limit the available movement 
and any opportunity to strengthen the muscles across the 
joint being stabilized. Because of  this restriction of  motion, 
an orthosis should allow as much motion as possible and 
only control the undesired movement. There are a variety 
of  options available to allow the medical team to choose the 
least restrictive and most functional orthoses.

When a child is provided an orthosis, the family should 
be given a specific wearing schedule to prevent skin break-
down, promote improved function during wearing times, 
and avoid the atrophy that occurs when a joint or limb is 
immobilized for an extended period. An orthosis for an 

NMES or FES to activate the dorsiflexors at the appropri-
ate time. The long-term goal of  rehabilitation should be 
optimal gait mechanics and return to presurgical function 
approximately 6 to 12 months after surgery.

Planovalgus
A planovalgus foot, also known as a flat foot, is a deformity 
caused by multiple factors including spasticity (especially of  
the peroneals or plantarflexors), LE weakness, ligamentous 
laxity, genetics, and altered biomechanics during standing 
and walking.10 This foot position causes increased pressure 
on the inside of  the foot and great toe during ambulation. 
This deformity is usually flexible at first and can be cor-
rected by reducing the subtalar joint and forefoot to a neu-
tral position with the ankle plantarflexed. In severe cases, 
the foot eventually turns out so significantly that there 
is virtually no pressure through the plantar surface of  the 
foot. In most children with CP, though, the planovalgus foot 
never progresses beyond moderate severity and can be man-
aged with correct triceps surae stretching, ankle strengthen-
ing, and orthotic shoe inserts. Three situations contribute 
to more severe planovalgus deformity: (1) spastic peroneal 
muscles that change the axis of  rotation of  the subtalar joint 
to a more horizontal alignment and abduct the midfoot and 
forefoot; (2) gastrocnemius/soleus contracture causing plan-
tarflexion of  the calcaneus; and (3) persistent fetal medial 
deviation of  the neck of  the talus.42 Most children with CP 
never require surgical intervention for flat feet,17 but if  the 
planovalgus deformity causes pain or other functional issues 
with ambulation, there are several surgical corrections com-
monly used: (1) lateral column lengthening, (2) subtalar 
arthrodesis,190 and (3) triple arthrodesis.10,190

Lateral column lengthening (also known as calcaneal 
lengthening) is usually indicated for the milder, more flexible 
flat foot. This surgical procedure involves osteotomy of  the 
calcaneus with bone graft used to maintain the osteotomy 
open after distraction. This osteotomy lengthens the calca-
neus with the goal of  pushing the foot into a more supinated 
position.10 Subtalar motion is moderately restricted after this 
surgery, but allows greater three-dimensional motion than 
the subtalar fusion and triple arthrodesis. Postoperatively, 
the child is placed in short leg walking casts until the osteot-
omy is healed, which takes approximately 10 to 12 weeks.17 
Subtalar arthrodesis is reserved for more severely planoval-
gus feet in ambulatory children. Surgery involves inserting 
bone graft between the talus and calcaneus and then insert-
ing a screw to fuse the bones together in subtalar neutral. 
Triple arthrodesis is a palliative treatment most often indi-
cated for older children that are nonambulators or marginal 
ambulators. The surgical procedure involves subtalar fusion 
surgery as well as fusion of  the cuboid to the calcaneus, 
navicular to the talus, and first cuneiform to the navicular. 
Postoperative immobilization with a short leg cast after both 
fusions is also approximately 12 weeks with weight bearing 
to tolerance. An orthotic will sometimes be used, depending 
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infant is rare unless there is a structural deformity that can 
be influenced by bracing. It is usually when an infant begins 
consistent weightbearing in standing that a LE orthosis may 
be considered to manage how the foot contacts the floor.

A common question after fitting a patient with a new 
LE orthoses is “What type of  shoes should we buy?” When 
answering this difficult question, the therapist must con-
sider the family’s resources, the width and intended function 
of  the orthoses and shoes, age of  the child, and the environ-
ment in which the orthoses will be used. A larger shoe is 
often required to accommodate the orthosis, but too large a 
shoe often has a negative impact on gait mechanics. A typical 
recommendation is not to exceed 1 to 1.5 sizes larger than 
the shoe size typically worn without the orthosis. Therapist 
knowledge of  shoe brands that are typically wider is help-
ful in these cases. If  the orthoses fit easily into the new shoe 
when donned for the first time, we recommend trying at 
least a 0.5 size smaller. An exception to this rule is the non-
ambulatory child, in which case comfort and ease of  don-
ning is of  much greater importance than a snug fit. Many 
LE orthoses today are molded to stabilize the midfoot and 
forefoot, which reduces the need for a “motion-control” shoe 
with a good arch support. In general, a low-top, wide shoe 
with a straight last and an insole that is easily removed may 
be the best choice for most patients. Shoes are available today 
that are manufactured specifically for children with LE ortho-
sis, but many common brands of  shoes work almost as well.

The following section describes the most common 
orthoses prescribed for children with CP. Table 5.7 details 
common indications, contraindications, and special consid-
erations for each type of  orthoses, which may also be help-
ful to therapists for orthoses decision making.

Ankle Foot Orthoses (AFO)

Ankle equinus is the most common joint malalignment in 
children with CP.10 For decades, custom-molded AFOs have 
been the most common method of  blocking equinus in chil-
dren with CP.224 The modern high-temperature thermoplas-
tics used today for AFOs are able to withstand plantarflexion 
forces of  even the most spastic ankle. Although many varia-
tions of  AFOs have been studied, there is limited data sup-
porting one type of  AFO over another. Figueiredo et al. 
reviewed the efficacy of  AFOs on the gait of  children with 
CP. The authors concluded that AFOs have a positive effect 
on ankle ROM, gait kinematics and kinetics, and functional 
activities related to mobility.225 Unfortunately, as studies with 
high-quality methods are lacking, it is difficult to conclude 
which group of  children would benefit from which type of  
AFO.225 Below, we describe and provide the current evidence 
supporting the use of  the most commonly prescribed AFOs: 
traditional solid AFOs, articulating AFOs, posterior leaf  
spring (PLS) AFOs, and ground reaction ankle foot orthoses 
(GRAFOs). It should also be noted that there are many styles 
and designs of  each type of  AFO including the tone-reduc-
ing, thin-plastic, wrap-around design commonly used with 

many children with CP. This design of  AFO, commonly 
referred to as a dynamic ankle–foot orthosis (DAFO), was 
created and popularized by Cascade DAFO, Inc. Although 
DAFOs are not a different-“type” AFO, this section will also 
discuss how this design differs from traditional AFO designs.

Solid Molded Ankle–Foot Orthoses
A solid MAFO with anterior tibial strap and anterior ankle 
strap is a common orthotic design to provide ankle and 
foot stability, giving a stable base for children to stand. The 
thick, high-temperature thermoplastic, absence of  an ankle 
joint, and high calf  design of  this traditional orthosis allows 
maximum medial lateral ankle stability and maximum knee 
stability in standing, and can resist strong plantarflexor 
spasticity. The solid AFO has also been shown to increase 
the plantarflexor moment in terminal stance,226 normalize 
ankle kinematics in stance,227 increase stride length,227,228 
and improve the performance of  walking/running/jump-
ing skills as measured by the GMFM.227 A study conducted 
by Buckton et al.227 concluded that most children with spas-
tic diplegia would benefit functionally from a solid AFO or 
PLS-AFO. The solid AFO is also a good choice for the child 
with severe equinovarus or equinovalgus deformity. Articu-
lating MAFOs, PLS-AFOs, and DAFOs do not control mid-
foot and forefoot deformity well and would eventually lead 
to greater foot deformity. Solid AFOs are also commonly 
prescribed for children who are short-distance ambulators 
or nonambulators. The short-distance ambulator with sig-
nificant crouch often requires a more traditional, thicker-
plastic, solid AFO to minimize excessive dorsiflexion and 
knee flexion. The main purpose of  an AFO for a nonambu-
lating child with CP is to improve ankle position and prevent 
contracture. Comfort and prevention of  skin breakdown is 
important, and a simple, well-padded solid AFO is a great 
choice to improve ankle position, minimize skin issues, and 
allow easy application for the caregiver. The drawbacks of  
this orthosis include overall bulkiness of  the plastic,  making 
it difficult for caregivers to find shoes that fit this type of  
brace, decreased distal muscle activation when balancing in 
standing,229 and a negative effect on dynamic balance with 
functional activities such as transitions to standing and 
stairs. An elastic proximal tibial strap is sometimes used to 
allow a small amount of  passive dorsiflexion, thus making it 
slightly more dynamic in standing.

Articulating Ankle–Foot Orthoses
An articulating AFO includes an ankle articulation, allow-
ing free dorsiflexion and plantarflexion or free dorsiflexion 
with a plantarflexion stop. The most frequently prescribed 
articulating AFO used with children with CP allows free 
dorsiflexion with a plantarflexion stop. These orthoses 
inhibit plantarflexion hypertonus while permitting free 
dorsiflexion, thus giving the child increased ease in rising 
to stand, negotiating stairs, and ambulating. By allowing 
free ankle dorsiflexion and some plantarflexion, they also 
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from midstance to the beginning of  terminal stance. The 
 PLS-AFO is also proposed to have a “spring effect” at push-
off. When the posterior plastic is put on tension as the ankle 
dorsiflexes, energy is theoretically stored in the plastic and 
then released to assist plantarflexion during terminal stance. 
This is reported to decrease fatigue with ambulation in 
some children with CP. There are multiple strut thicknesses 
and carbon fiber options available to grade the amount of  
tibial translation and “spring effect” during ambulation. 
Thicker plastic posteriorly and/or posterior reinforcement 
with carbon fiber may be necessary to control more severe 
crouch in larger children. Ounuu et al.234 found that the 
PLS-AFO design improves dorsiflexion during swing and 
initial contact and allowed normal dorsiflexion in midstance 
but does not improve the power-generating capabilities of  
the ankle in children with CP as its name suggests. Careful 
 consideration should be made prior to choosing this AFO 
design for a child with CP owing to its decreased overall 
stability and decreased subtalar, midtarsal, and forefoot con-
trol. For children with foot deformities, PLS-AFOs can now 
be combined with a supramalleolar orthosis (SMO) insert to 
provide the necessary foot stability.

Ground-Reaction Orthoses
The ground-reaction (also known as floor-reaction) AFO is 
commonly prescribed for ambulatory children who walk 
with excessive dorsiflexion and knee flexion (crouched gait) 
during the stance phase of  gait.223 A floor-reaction brace is 
both a stance and swing control orthosis designed to pro-
vide increased resistance to both ankle dorsiflexion and 
plantarflexion.223 A DAFO or traditional AFO also helps 
control crouch in younger children with CP, but as a child’s 
crouched gait approaches 55 degrees, a more supportive 
floor-reaction orthosis is often required. The floor-reaction 
AFO is more rigid because of  increased plastic thickness, a 
broad anterior wall (supporting either proximal tibial only 
or whole length of  lower leg), and in some cases carbon 
fiber reinforcement.223 This rigidity provides superior resis-
tance to the strong knee flexion and dorsiflexion moment 
in second rocker of  stance phase. To benefit from this type 
of  orthosis, the child must have at least neutral dorsiflexion 
with the knee extended and less than 20 degrees of  internal 
or external tibial torsion.10 This orthosis has traditionally not 
been ideal for children with severe foot malalignments, but 
newer designs (such as one utilizing an SMO placed within 
the outer AFO shell) make it an option now for some chil-
dren with less severe foot deformities. Rogozinski et al. con-
cluded that the best outcomes with floor-reaction orthosis, 
as determined by peak knee flexion in midstance, occurred 
when children had knee and hip flexion contractures less 
than or equal to 10 degrees. The efficacy of  the orthosis in 
controlling peak knee flexion in midstance was poor in chil-
dren with knee and hip contractures greater than or equal to 
15 degrees, thus making the floor-reaction orthosis a poor 
choice in these children.223

encourage ankle activation, which may help strengthen the 
muscles crossing the ankle joint. Significant biomechanical 
changes were found when the ankle was given freedom to 
move with an articulating AFO. The benefits included more 
natural ankle motion during stance, increased stride length, 
and greater symmetry of  segmental LE motion.226,230–232 
Buckton et al.227 noted that an articulating AFO has a det-
rimental effect on the gait in some children with diplegic 
CP, including increased peak knee extensor moment in 
early stance (leading to recurvatum), excessive ankle dorsi-
flexion (which would contribute to crouch), and decreased 
walking velocity. Night splinting with an articulating AFO 
combined with an adjustable strap attached at the footplate 
by the toes can be used in some children to increase the 
length of  the gastrocnemius/soleus group by maintaining 
a prolonged stretch into dorsiflexion (Fig. 5.8). Low-load 
prolonged stretch of  the gastrocnemius is an ideal way to 
slowly improve dorsiflexion in some children. Lack of  com-
fort and disturbed sleep are common concerns for therapists 
and families with this type of  orthoses. A recent study by 
Mol et al.233 refutes that claim and found no statistical sig-
nificance in sleep disturbances between children using and 
not using night orthoses.

Posterior Leaf  Spring Orthoses
A PLS orthosis is an AFO primarily used for patients with 
foot drop, but with some stability in stance phase.234 The 
PLS-AFO design, with the thermoplastic trimmed poste-
riorly to the malleoli, is strong enough to prevent plan-
tarflexion during swing and stance but flexible enough 
to allow some anterior tibial translation and dorsiflexion 

FIGURE 5.8 Nighttime AFO.
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Dynamic Ankle–Foot Orthoses
In the past 20 years, inhibitive or DAFOs have become 
very popular as an alternative to conventional AFOs. 
DAFOs evolved from inhibitive casts used during the 
1970s.235 Inhibitive casts were purported to decrease spas-
ticity by prolonged stretch and pressure on the tendons 
of  the triceps surae muscle and toe flexors and to inhibit 
or decrease abnormal reflexes in the LE by protecting 
the foot from tactile-induced reflexes.236 The footplate in 
a DAFO is a custom-contoured plate similar to that used 
with inhibitive casting. It has built-up areas under the toes, 
lateral and medial longitudinal arches, and a transverse 
metatarsal arch with recessed areas under the metatarsal 
and calcaneal pad areas. These features provide support 
and stabilization to the arches of  the foot and position the 
midtarsal and subtalar joints in a neutral position.236 “The 
footplate is designed to reduce abnormal muscle activity 
and to effect biomechanical changes, including decreased 
excessive ankle plantar flexion and improved motions of  
the lower extremity, pelvis, and trunk during standing and 
gait.”236 Evidence supporting molding the DAFO foot-
plate with pressure points to inhibit tone is very limited, 
although this is still commonly used in DAFO designs.10,237 
The DAFO also differs from a traditional AFO in that it 
provides total contact to the ankle with its wrap-around 
design. The circumferential design with overlapping 
vamp may improve proprioception, distribute forces over 
a larger area of  skin, and improve overall alignment, but 
often makes it more difficult for the child or parent to don 
the orthosis. Because it requires two hands and consider-
able strength to open the DAFO, many children may not 
become independent donning this orthosis. Strapping 
options on a DAFO include a toe loop to stabilize the first 
digit, a forefoot strap to control forefoot position, and an 
ankle strap over the talus that holds the heel down into 
the heel cup. The DAFO is also made of  a thinner, more 
flexible plastic that allows graded motion unlike the rigid 
3/16 inch plastic used in most traditional solid AFOs. This 
thinner plastic cannot withstand high-stress environments, 
thus making it ineffective for many patients. The thin, 
total-contact design also cannot be easily modified if  skin 
problems arise or the child has a growth spurt, limiting the 
overall life of  the orthoses.

The effect of  DAFOs on gait mechanics and function has 
not been extensively studied. Currently, there is conflicting 
evidence that DAFOs significantly change gait parameters 
or walking kinematics.228,232,236,238 Radtka236 found that both 
DAFOs with a plantarflexion stop and traditional AFOs 
increased stride length, decreased cadence, and reduced 
excessive ankle plantarflexion when compared with no 
orthoses. Lam et al. demonstrated additional biomechani-
cal gait benefits with the DAFO use compared with the tra-
ditional AFO. Specifically, study subjects wearing DAFOs 
demonstrated increased knee flexion at initial contact com-
pared with traditional AFOs.228 Carlson et al.,238 on the other 

hand, found that neither AFOs nor DAFOs significantly 
influenced stride length or walking speed. The DAFO also 
was not found to have much effect on walking kinematics.238 
Romkes and Brunner232 also concluded in their 2002 study 
that DAFOs did not improve gait significantly but hinged 
AFOs did improve gait.

On the other hand, recent evidence suggests that DAFOs 
have a positive effect on gross motor function and balance 
in children with CP. Bjornson et al.239 reported significant 
improvements in crawling/kneeling, standing, and walking/
running and jumping skills as measured by the GMFM 88 
and 66 with short-term DAFO use. Burtner et al.229 inves-
tigated balance differences between children wearing solid 
AFOs and DAFOs. Their study showed that children wear-
ing the more rigid AFO had a decreased ability to respond 
to balance threats and substitute with an alternate balance 
strategy. These issues did not occur in the children wearing 
DAFOs, suggesting that DAFOs are more advantageous for 
children with spastic CP when balance is perturbed unex-
pectedly, such as being bumped into by a classmate or stand-
ing on a moving object such as a bus that slows down or 
speeds up suddenly.229

Supramalleolar Orthoses

The SMO is typically indicated for the child with good ankle 
plantarflexion and dorsiflexion control but who needs con-
trol of  planovarus or planovalgus foot position. The SMO 
typically has trim lines anterior and superior to the malleoli 
and a molded footplate providing control at the subtalar 
joint, midfoot, and forefoot. An anterior ankle strap is occa-
sionally necessary to improve the effectiveness of  the SMO.10 
The wrap-around thin-plastic design found in the Cascade 
DAFO, Inc.–style SMO is often a good option in younger 
patients, but may not be strong enough to control the foot 
in larger or adolescent patients.10 SMOs have been shown 
to improve balance in children with Down syndrome240 and 
those with hemiplegia,241 but studies on the efficacy of  SMO 
use in children with CP are limited.242–244

Foot Orthoses

When the child with CP has control of  the ankle joint but 
requires external support when the foot contacts the floor, 
a foot orthosis is desirable. For children with CP with good 
ankle and knee control but poor midfoot and forefoot 
alignment, a foot orthosis may be beneficial. Foot ortho-
ses include the University of  California Berkley Labora-
tory (UCBL) orthoses and arch supports. UCBL trim lines 
are inferior to the medial or lateral malleoli, but proximal 
enough to support the navicular and thus control excessive 
pronation. The footplate can be proximal or distal to the 
metatarsal heads, dependent on each child’s unique needs. 
Foot orthoses can be custom-molded or purchased over the 
counter from a variety of  resources.
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the other non–child-related demands placed on the parents/
caregivers.

Tetreault et al. studied the compliance of  families of  chil-
dren with global developmental delay given a home activity 
program. The activities given to the parents addressed car-
ing for their child in the home and the actual physical care 
of  the child. This study recommended that the activities be 
imbedded in the daily routine to promote more practice 
opportunities and facilitate generalization. They found a 
compliance rate of  75.6% after 7.5 to 8.5 months.246

Therapeutic movement and activity for the infant can be 
easily incorporated into daily care activities. Therapeutic 
handling aimed at increasing movement can be done dur-
ing routine activities, such as diapering, dressing, feeding, 
bathing, carrying, and lifting the baby from a supported 
position. A simple way to carry over positioning and hip 
ROM for an infant or young child is to teach the parents/
caregivers specific ways to carry him or her that will add 
ROM and dissociation of  the hips every time the infant is 
carried. Another idea is to have the young child stand (with 
or without support) every time the pants are managed, as in 
dressing, undressing, potty training, and toileting. This rein-
forces weight bearing through the legs, proprioception, and 
perception of  self  as a vertical being. To reinforce proximal 
strength and balance via routine, the child can be encour-
aged to sit on a stool or the side of  the bed and don a shirt 
as independently as possible. An ambulatory child should 
be encouraged to walk to a household event or task such 
as coming to the dinner table or walking to the bathroom 
whenever the opportunity presents itself. Ideas such as these 
are more likely to be maintained as a home program than 
would be a 30-minute period of  PROM and exercise on a 
daily basis. These are examples only and are not meant to 
be a child’s home program. Each infant or child is a unique 
entity along with the caregivers and household, and must 
therefore be treated individually with creativity and under-
standing. There will be events in the child’s life that require 
a more intensive home program such as postsurgery or dur-
ing a growth spurt. If  the family can manage the routine 
activities on a regular basis, the times for increased interven-
tion may be less stressful.

For the child who has an interest in other activities, a 
therapist might recommend taking up a musical instrument, 
therapeutic horseback riding, therapeutic aquatics, or any 
other activity that coincides with and reinforces the desired 
functional outcomes of  the child (see “Community Pro-
grams” section for the alternative interventions).

 School-based therapy

Communication between the school therapist and the 
child’s teacher is essential for appropriate and effective 
management and education of  the child in the classroom. 
The therapist should obtain information from the teacher 
regarding the child’s daily routine at school. With that 

Use of  a shoe insert is indicated for the following:

•	 Control of  the calcaneus, subtalar, and midtarsal joints
•	 Improved alignment and stability of  the LEs and pelvis
•	 Management of  the forefoot for neutral positioning
•	 Knee pain secondary to foot pathology

Combining Orthoses

A recent trend in orthotics is to order a brace with multiple 
parts to provide multiple brace options for the child. One 
such product is the DAFO TURBO (Cascade DAFO, Inc., 
 Bellingham, WA), which is a combination of  an SMO and 
AFO. This can be a great choice for the young child with 
spastic- or hemiplegic-type CP. The SMO piece can be used 
for functional activities that require free dorsiflexion/plan-
tarflexion, and the combined orthoses can be used when 
more ankle stability is required. This combination orthoses 
is also commonly prescribed for the child with such severe 
plantarflexor spasticity that donning a traditional DAFO is 
extremely difficult for the caregiver. This design allows the 
caregiver to more easily don the SMO piece first without 
having to worry about maintaining ankle dorsiflexion. Once 
the SMO piece is donned, it is easily slipped into the AFO 
piece without worry of  plantarflexor tone pushing the heel 
out of  the orthoses.

 Home management

A home management program is an essential part of  the 
overall treatment plan for the infant or child with CP, as 
the ultimate outcome is the most independent function the 
infant or child can possibly attain over time. The home pro-
gram should be designed to reinforce movements, positions, 
and skills that have been practiced in the physical therapy 
sessions, and to assist in preparing the infant or child for the 
next session. The therapist must consider the daily routine 
of  the infant/child and family when planning activities for 
the home and family and the obligations that are inherent in 
running the household. Perhaps there are siblings, extended 
family members, and/or multiple generations living in the 
household who can be facilitators to progress or sometimes 
barriers, dependent on the demands of  the remainder of  the 
household. Siblings can be very valuable in assisting with 
the home program and incorporating activities and move-
ments into an established routine. “The unique, spontane-
ous and competitive interaction of  siblings offers increased 
incentives for functional independence.”245

The household demands will change over time, as will 
the child’s needs, making it mandatory to review and 
upgrade the home program during each therapy session. 
Movements, positions, and skills that are incorporated into 
the activities of  daily living and play of  the infant/child are 
more likely to be carried out than a separate, formal exer-
cise regimen. The therapist must also realistically consider 
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CASE STUDIES

CASE STUDY 1 Ella is a 5-year-old girl with a diagnosis of 
left hemiplegic-pattern CP referred to outpatient physical therapy 
owing to decreased left LE flexibility, increased gait dysfunction, 
and poor overall balance. Ella’s parents express concern about 
Ella’s safety at school and on the school playground, as she will 
enter kindergarten in the fall.

Past Medical History
Ella is a bright and happy 5-year-old girl who was diagnosed 
with left hemiplegia at 3 years of age. She was born full term at 
38 weeks’ gestation. During the birthing process, a fetal moni-
tor showed frequent fluctuations in Ella’s heart rate, indicating 
distress. For this reason, immediately following her birth, she 
underwent an MRI to determine whether any cerebral insult oc-
curred. This neuroimaging showed a grade IV intraventricular 
hemorrhage, enlarged lateral ventricles with the right ventricle 
larger than the left, increased head circumference, and bulging 
fontanels. At this time, she also presented with nystagmus. She 
underwent a shunt placement at 3 months of age owing to con-
genital hydrocephalus. She was evaluated at 6 months of age 
by an ophthalmologist who diagnosed her with cortical visual 
impairment, optic atrophy, and severe visual impairment. An or-
thopedic surgeon, who gave Ella the diagnosis of left hemiplegia 
after her third birthday, has also followed her from infancy.

Developmental History
Ella participated in occupational therapy, physical therapy, and 
speech and language therapy from birth owing to concerns re-
lated to overall developmental delay. She was provided all of 
these services in her home through an early intervention pro-
gram to address functional concerns that arose from her left 
hemiplegia, decreased mobility, and decreased vocalizations. At 
5 months, Ella was able to roll from supine to prone and vice 
versa, initiating both transitions by arching through her back and 
neck. She was able to sit independently at 11 months, but pre-
ferred a “W” position. At 18 months, she began creeping with 
an asymmetrical “bunny hop” pattern. At 21 months, Ella was 
able to stand independently with right UE support at the family 
couch and cruise in both directions; however, she preferred to 
cruise to the right. At 24 months, Ella took her first independent 
steps, and was walking consistently without an assistive device 
at 30 months.

Physical Therapy Examination

Precautions: Ventriculoperitoneal (VP) shunt

Pain: According to the Wong Backer Faces Pain Scale, Ella re-
ported a 0/10 pain level related to activities of tasks.

ROM: Right hip, knee, and ankle: within normal limits (WNL); 
left hip flexion: 100 degrees, left hip extension: 10 degrees, left 
knee extension: WNL, left popliteal angle: 35 degrees, left ankle 
dorsiflexion (DF) with knee extension: 2 degrees, left ankle DF 

information, joint planning for the child can result in an 
effective and efficient educational program. Major areas of  
emphasis in school-based therapy services include evaluat-
ing any barriers to independence in the classroom or school, 
evaluating alignment at different times during the day while 
the child is sitting in their personal wheelchair or classroom 
seat, and evaluating the opportunities available to stand, 
and when applicable, ambulate safely. Consistent movement 
throughout the day, such as standing, walking between 
activity centers in the classroom, or participating in physical 
education class, will provide relief  from the sitting position. 
There should be a sharing of  the responsibility, assistance, 
and supervision required between the classroom staff  
and the child for quantity and quality of  position changes 
and movement. The physical education teacher should be 
informed of  joint movement goals and specific types or pat-
terns of  movement that may either be deleterious or benefi-
cial for the child. There should also be a review conducted 
with teachers for the purpose of  and proper use of  splints, 
orthotics, and other assistive or adaptive devices. For full 
details of  enhancing the child’s function in the school sys-
tem, please refer to Chapter 21.

The occupational therapist will share information about 
the child’s fine motor, visual motor, visual perception, visual 
discrimination, and manipulation skills; attention span; cog-
nition; sensory system modulation; emotional level; and 
adaptive self-help skills. The speech pathologist will inform 
the team about the child’s speech and language capabilities. 
This information, along with specific suggestions, should 
facilitate learning for the child.

Therapists should not expect teachers to handle children 
therapeutically for the purpose of  obtaining postural con-
trol. A more realistic expectation would be maintenance 
of  correct alignment, relief  from sitting, use of  adaptive 
or assistive devices, and attention to issues regarding safety. 
The therapist must recognize the teacher as an important 
ally in the therapeutic arena.

S u M M A R Y

T his chapter explores the unique challenges fac-
ing children with CP, as they often present with a 
wide range of  neuromuscular, sensory/perceptual, 

and cognitive concerns. It is the role of  the PT to design a 
plan of  care that focuses primarily on the child’s individual 
needs and desired functional outcomes. To be effective in 
the assessment, evaluation, and treatment of  the infant and 
child with CP, the PT must consider the complex needs of  
the child as well as the family. To this end, it is imperative 
that the PT maintain open communication with the child, 
the family/caregiver, and the rest of  the interdisciplin-
ary team. The ultimate outcome of  treatment is to help 
the child maximize his or her functional independence to 
become a contributing member of  the family and larger 
community.
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Strength training: Strengthening of left and right LEs was ad-
dressed through play skills, as a formal strengthening program 
was not appropriate due to Ella’s age. Activities included side-
stepping, transitions on and off the floor and from sit-to-stand, 
and forward and lateral step-ups.

Therapeutic handling: Therapeutic ball work to address core 
strengthening, postural control, and left LE strengthening and 
stretching; facilitation of agonist/antagonist muscle groups dur-
ing transitions to promote postural alignment and equal weight 
shifting.

Bracing: After Ella achieved 2 degrees of knee-extended dorsi-
flexion PROM with regular stretching, an articulating, thin-plastic, 
total-contact design AFO (Cascade DAFO 2) was recommended 
for use 6 to 8 hours per day. With her new AFO, Ella almost im-
mediately demonstrated consistent left heel strike, no genu re-
curvatum, and improved weight shift to the left during stance 
phase.

Gait training: Gait training focused on improving heel strike at 
initial contact on the left, weight shifting to the left during stance 
phase, stride length on the left, and pelvic–femoral mobility due 
to pelvic retraction on the left.

Patient/parent education: Home program consisted of stretch-
ing and strengthening activities associated with the goals that 
were being addressed during treatment.

Discharge/continuum of care: Ella’s parents have been intimately 
involved in all intervention decisions and have been excellent ad-
vocates for all her needs. She has benefited from a variety of 
interventions at home, in the medical model, and now in school, 
and within the community. Ella will most likely continue to make 
progress toward a productive, full life with her family and friends, 
given the therapeutic and external supports necessary.

CASE STUDY 2  Thomas is a 12-year-old boy with a dia-
gno sis of spastic quadriplegic CP referred to outpatient physical 
therapy 1 week after extensive surgical interventions including 
bilateral varus derotation osteotomies, a right Dega procedure, 
bilateral adductor and hamstring lengthenings, and bilateral lateral 
column lengthenings.

Past Medical History
Thomas has an extensive medical history. He was born at 
29 weeks’ gestation and spent 6 weeks in the neonatal intensive 
care unit (NICU), during which time he was orally intubated for 
2 days, then placed on supplemental oxygen via nasal cannula. 
He had a feeding tube and several other intravenous lines placed 
during his NICU stay. He underwent cranial ultrasound to deter-
mine the extent of his neurologic insult; however, this assess-
ment did not reveal neuroanatomical changes. Thomas had an 
echocardiogram to rule out cardiac involvement without signifi-
cant findings. He was discharged from the NICU with an apnea 
monitor due to respiratory concerns.

with knee flexed: 10 degrees; right shoulder, elbow, and wrist: 
WNL; left shoulder flexion: 100 degrees, left elbow flexion: WNL, 
left elbow extension: 10 degrees, left wrist flexion: WNL, left wrist 
extension: 15 degrees.

Strength: Manual muscle testing (MMT) bilaterally: right hip, 
knee, and ankle: 5/5; left hip flexion: 3/5; left hip abduction: 2/5; 
left hip adduction: 2/5; left knee extension: 3/5; left prone knee 
flexion: 21/5; left ankle DF: trace.

Tone: MAS: left quadriceps: 1/5; left hamstrings: 2/5; three-beat 
clonus in left ankle.

Sensation: Intact to light touch, hot and cold, sharp and dull.

Functional mobility: Ella is able to transition from sit-to-stand with 
increased weight shift to the left. She is able to transition from floor 
to standing through half-kneel leading with right LE and pulling up 
on an object using right UE. She is unable to hop on the left foot, 
but can hop three times in a row on the right. She fatigues quickly 
and is not able to keep up with her peers on the playground.

Gait/steps: Ella is able to ambulate independently with an asym-
metrical gait pattern. She presents with decreased stance time 
and weight shift on the left in stance phase, has a shortened step 
length on the left, a retracted pelvis on the left, stiff knee on the 
left during swing, and initial contact with her forefoot on the left. 
She is noted to have inconsistent mild knee recurvatum during 
midstance on the left as well. She is able to ascend standard 
steps with a step-two pattern holding a railing with her right hand 
leading with her right foot. When descending steps, she leads 
with her left foot while holding the railing with her right hand.

Balance: Single-limb stance on the right for 5 to 8 seconds; left 
less than 1 second.

Equipment: Ella has a solid AFO for her left LE, but parents report 
that she has not worn them in the past 9 months owing to skin 
irritation and Ella complaining of pain whenever she wore it.

Physical Therapy Assessment/Prognosis
Ella is a 5-year-old girl with a diagnosis of left hemiplegia. She 
presented with left LE weakness, decreased ROM, decreased en-
durance, gait deficits, and difficulty keeping up with her peers. 
Overall, her prognosis was favorable. She would be able to safely 
attend her local public elementary school with some necessary 
accommodations. She would benefit from continued school-
based services as well as medical-model therapies to support 
her following a change in status or other medical interventions. 
She is also involved in a community dance class, which allows 
her to interact with her peers as well as work on balance and 
strengthening in a fun and social setting.

INTERVENTION  (Physical therapy one to two times a 
week)

Stretching: Stretching left hip extensors, left hamstring, left gas-
trocnemius, and soleus, three repetitions with a 30-second hold 
for each stretch.
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three times a week following Botox injections and hamstring 
lengthenings. His family was very involved in his care and was 
consistent in helping Thomas carry over a home exercise pro-
gram, which changed as his functional abilities improved. Owing 
to Thomas’ involvement in school activities and his improved 
functional mobility, medically based physical therapy transi-
tioned to a consultative basis at the age of 9 and was reinitiated 
following surgery.

Prior Level of Function
Thomas underwent extensive surgical intervention at the age of 
12 owing to continued growth, weight gain, increased LE spas-
ticity and contractures, increased crouch gait pattern, pain, poor 
bony alignment, and decreased ability to move around within his 
home and classroom.

Functional mobility: Prior to surgery, Thomas was able to tran-
sition from sit-to-stand and transition into his walker with close 
supervision. He was able to transition onto and off the floor by 
pulling up on a stationary object with minimal physical assis-
tance. He required moderate physical assistance to do so using a 
half-kneel-to-stand pattern.

Gait/steps: Prior to surgery, Thomas independently ambulated 
with a posterior walker using a crouched gait pattern with in-
creased adduction across midline during the swing phase and 
bilateral Cascade Turbo braces. He was able to ambulate house-
hold distances and move through his classroom with his walker. 
He used a manual wheelchair for long distances to minimize fa-
tigue. He was able to manage a curb step given moderate physi-
cal assistance.

Bracing: At the age of 12, Thomas was wearing AFOs with SMO 
inserts, commonly known as TURBO braces made by Cascade. 
Prior to surgery, he presented with an increased crouched gait 
pattern.

Physical Therapy Examination
Following surgery, Thomas had an acute inpatient stay at a 
children’s hospital where he received physical therapy for bed 
mobility, transfer training, and parent education on precautions 
following surgery. Once he was discharged from the hospital, he 
returned to undergo an outpatient physical therapy initial exami-
nation to determine his postoperative plan of care. The results of 
this evaluation were as follows.

Precautions: No hip flexion greater than 90 degrees, no force-
ful hip internal or external rotation, no adduction across mid-
line; knee immobilizers to be worn 2 hours on 2 hours off and 
throughout the night; weight bearing as tolerated (WBAT) in 
short leg casts.

Pain: According to the Numeric Pain Scale (0 to 10), Thomas 
reported a 5/10 pain overall, but reports that left foot is most 
painful.

ROM: Bilateral hip flexion to 90 degrees, hip abduction to 35 de-
grees, hip adduction to neutral, popliteal angles: 25 degrees, ankle 
motion not tested secondary to short leg casts.

Thomas progressed slowly with his gross and fine  motor 
milestones and often used atypical movement patterns to 
move. At 6 months, he was able to roll from supine to and from 
prone, but initiated movement with neck and back extension 
while rolling his body as a complete unit. Thomas was not able 
to activate his trunk flexors to allow dissociated movement of 
his UEs from his LEs while rolling. He first attained stability 
in sitting using a “W” sit pattern, with an anterior pelvic tilt, 
bilateral hip internal rotation and adduction, knee flexion, and 
ankle dorsiflexion. Thomas’ truncal hypotonicity made sitting 
without assistance or external support difficult and inefficient. 
He was able to ring-sit and side-sit with minimal to moderate 
physical assistance.

By 18 months of age, he was able to maintain ring-sitting 
with bilateral UE support and close supervision. He attempted 
to creep; however, owing to poor lower limb dissociation was 
unable to coordinate the sequence needed to reciprocally creep. 
He moved around his environment by advancing both arms al-
ternately, then both legs simultaneously using extensor tone to 
initiate the movement, with poor ability to sustain LE hip flexion.

At 18 months, Thomas underwent his first eye surgery due 
to retinopathy of prematurity (ROP). This was followed by a sec-
ond eye corrective surgery when he was 2.5 years old. Following 
his second eye surgery, his visual perception notably improved 
during ambulation. Gait training was initiated using a gait trainer 
with a trunk support, hip guides, bilateral ankle prompts, bilateral 
forearm prompts, and tilted handgrips to accommodate hand 
placement. By the time Thomas was 2.5 years old, he had pro-
gressed from a gait trainer to a posterior walker with hip guides. 
He ambulated with poor trunk rotation, increased adduction bilat-
erally during swing phase causing forefoot to hit heel of stance-
phase leg (“scissoring”), decreased terminal knee extension in 
stance phase due to tight hamstrings (crouched posture), and 
initial contact at his forefoot/toes due to increased plantarflexor 
tone and decreased ankle ROM. Owing to his inefficient and ef-
fortful gait pattern, Thomas used a manual wheelchair for long 
distances.

To address the spasticity of his LE, he had two rounds of Bo-
tox injections to his hamstrings bilaterally, gastrocnemius, and 
adductors when he was 3 and 3.5 years old and again when he 
was 4 years old. He underwent bilateral hamstring lengthenings 
at age 6. At that time, he also had an adenoidectomy to resolve 
persistent snoring and difficulty sleeping. At age 8, he under-
went a third round of Botox injections to the medial and lateral 
heads of the gastrocnemius on both legs to address increased 
plantarflexor tone. This was done in an effort to delay the need 
for further surgical intervention and improve ambulation ability.

Thomas was involved in therapy from a young age. He par-
ticipated in home-based early intervention services for the first 
year of life, received physical and occupational therapies at 
a children’s hospital on an outpatient basis, then moved into 
weekly school-based services at the age of 5. He had both medi-
cally based physical therapy and occupational therapy at a fre-
quency of one to three times a week until the age of 9. Treatment 
was typically once a week; however, it was increased to two to 
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progressing from higher to lower seats with lowest placing hips at 
a 90-degree angle (using benches, balls, bolsters). Leg strength-
ening with manual resistance and machines, attention to hip ab-
ductors, adductors, extensors and hamstrings, and dorsiflexor 
strengthening; use of strength training machine with resistance 
high enough to result in fatigue after one to three sets of 6 to 10 
reps (following NSCA strengthening guidelines); core strengthen-
ing using medium therapy ball in supine, prone, and sitting.

Therapeutic handling: Functional movement sequences prac-
ticed with facilitation to improve coactivation of LE musculature 
to promote an active base of support while addressing posture 
and alignment. Such movement sequences include facilitated 
weight shifting in standing using parallel bars, progressing to 
walker with facilitation to gluteals and abdominals given visual 
cues from a mirror; facilitated step-up with input to gluteus me-
dius/maximus and internal/external obliques.

Bracing: Following cast removal, he was fitted for molded solid 
AFOs to limit crouch and promote good foot alignment.

Aquatic therapy: Casts were removed 12 weeks postop, thereby 
allowing Thomas to participate in aquatic therapy. Aquatic activities 
included standing balance and gait training in shoulder-deep  water 
progressing down to waist-deep water, closed-chain functional 
strengthening, and kicking with kickboard for hip strengthening.

Gait training: Began with stride stance and pregait activities in 
standing to increase tolerance for weight bearing and preparation 
for ambulation; progressed to gait training on even surface using 
personal posterior walker.

Parent/patient education: Review of precautions, transfer train-
ing, and home stretching program for hip adductors, hamstrings, 
and triceps surae (after casts were removed).

INTERVENTION 6 MONTHS POSTOP (PHySICAL THERAPy: 
TwO 60-MINuTE SESSIONS PER wEEK, NO POSTOPERATIVE 
PRECAuTIONS)

Stretching: Continue adductor, hamstring, ankle dorsiflexor 
stretching, three reps with 30-second hold each to maintain 
gains achieved.

Strengthening: Progressed resistance with functional closed-chain 
strengthening as well as focused single-joint strengthening of 
muscles important to maintaining optimal upright posture such as 
triceps surae, quadriceps, gluteus medius, and gluteus maximus.

NDT/therapeutic handling: Incorporated primarily into functional 
activities to address patient/family and therapist-determined 
goals. Including core strengthening with pelvic weight shifting, 
flexion rotation and extension rotation activities on ball, foot prep-
aration prior to standing activities, and facilitated weight shifting 
and balance training with and without UE support on walker.

Gait training: Emphasis on increased walking distance using 
walker while maintaining optimal posture and alignment to mini-
mize crouch; Partial Body-weight Supported Treadmill Training 
initiated to increase endurance.

Strength: MMT bilaterally: hip flexion: 21/5; hip abduction: 1/5; 
hip adduction: 2/5; knee extension: 3/5; prone knee flexion: 2/5; 
ankle testing not possible secondary to short leg casts.

Tone: MAS: two bilateral adductors and hamstrings.

Sensation: Bilateral LE sensation was intact to light touch, hot 
and cold, sharp and dull.

Functional mobility: Required moderate physical assistance to 
perform sit-to-stand transfer; floor-to-stand transfer deferred at 
this time.

Gait/steps: Ambulates using posterior walker for 10 feet and 
moderate physical assistance, wearing bilateral knee immobiliz-
ers and short leg casts.

Balance: Thomas is able to maintain static standing with both 
knee immobilizers donned for 5 to 10 seconds without bilateral 
UE support on his walker; able to stand 30 seconds with UE sup-
port on his walker.

Equipment: Thomas is currently using a manual wheelchair at 
school, but family notes that his propulsion was slow and ineffi-
cient, causing difficulty keeping up with peers. The therapists dis-
cussed the advantage of using a power wheelchair with Thomas 
and his family, and explained that a power wheelchair would 
provide Thomas energy-efficient mobility for long distances in 
all environments. Thomas and his family are considering power 
mobility now that he is older, owing to decreased endurance and 
his inefficient gait pattern. Thomas repeatedly states that he en-
joys school and would like to reserve some energy for academics 
rather than using it all to get from one class to another. His family 
is in the process of getting a van modified with a wheelchair lift 
to accommodate the increased weight and size of a power chair.

Physical Therapy Assessment/Prognosis
Thomas is a 12-year-old young man with a diagnosis of spastic 
quadriplegic CP. He recently underwent extensive LE surgery to 
improve hip orientation, increase muscle length, and improve 
foot alignment. He presents with impairments, including pain, 
increased LE tone, decreased LE strength, decreased balance, 
and poor endurance. As a result, he presents with inefficient gait 
patterns, decreased independence with functional mobility and 
transfers. The outlook for treatment is good owing to his mo-
tivation to walk. Thomas, along with his family and therapists, 
determined that his long-term goal is to walk 25 feet across a 
stage at school, then stand for about 5 to 10 minutes using his 
walker alongside his classmates at the end-of-year celebration.

INTERVENTIONS FOR FIRST 6 MONTHS POSTSuRGERy 
(FREquENCy: THREE 60-MINuTE SESSIONS PER wEEK 
POSTOPERATIVELy)

Stretching: Bilateral hip adduction and hamstring stretching, an-
kle dorsiflexion when casts were removed 8 weeks postop, five 
reps with a 30-second hold for each stretch.

Strength training: Functional strength training to start including 
sit-to-stand repetitions from various seat heights and surfaces, 
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 10. Miller F. Cerebral Palsy. New York, NY: Springer-Verlag, Inc; 2005.
 11. Ferrari F, Cioni G, Einspieler C, et al. Cramped synchronized gen-
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palsy. Arch Pediatr Adolesc Med. 2002;156(5):460–467.
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2004;145(2 suppl):S12–S18.
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 14. van Haastert LC, de Vries LS, Eijsermans MJC, et al. Gross 
motor functional abilities in pretem-born children with cerebral 
palsy due to periventricular leukomalacia. Dev Med Child Neurol. 
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2001;43(8):508–515.
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2nd ed. Baltimore, MD: Johns Hopkins University Press; 2006.

 18. Palisano R, Rosenbaum P, Walter S, et al. Development and reli-
ability of  a system to classify gross motor function in children with 
cerebral palsy. Dev Med Child Neurol. 1997;39:214–223.

 19. Morris C, Bartlett D. Gross motor function classification system: 
impact and utility. Dev Med Child Neurol. 2004;46(1):60–65.

 20. Davids J, Peace L, Wagner L, et al. Validation of  the Shriners Hospi-
tal for Children Upper Extremity Evaluation (SHUEE) for children 
with hemiplegic cerebral palsy. J Bone Joint Surg Am. 2006;88:326–333.

 21. Howle JM. Neuro-Developmental Treatment Approach Theoretical Founda-
tions and Principles of  Clinical Practice. Laguna Beach, CA: The North 
American Neuro-Developmental Treatment Association; 2002.

 22. Rumeau-Rouquette C, Grandjean H, Cans C, et al. Prevalence and 
time trends of  disabilities in school-age children. Int J Epidemiol. 
1997;26:137–145.

 23. Koman AL, Smith BP, Shilt JS. Cerebral palsy. Lancet. 2004;363:1619.
 24. Krageloh-Mann I, Cans C. Cerebral palsy update. Brain Dev. 

2009;31:537–544.
 25. Wiklund L, Uvebrant P. Hemiplegic cerebral palsy: correlation 

between CT morphology and clinical findings. Dev Med Child Neurol. 
1991;33(6):512–523.

 26. Cioni G, Sale B, Paolicelli PB, et al. MRI and clinical characteris-
tics of  children with hemiplegic cerebral palsy. Neuropediatrics. 
1999;30(5):249–255.

 27. Holmefur M, Krumlinde-Sundholm L, Ellasson AC. Interrater and 
intrarater reliability of  the Assisting Hand Assessment. Am J Occup 
Ther. 2007;61:79–84.

 28. Accardo J, Kammann H, Hoon AH Jr. Neuroimaging in cerebral 
palsy. J Pediatr. 2004;145(2)(suppl):S19–S27.

 29. Harada T, Erada S, Anwar MM, et al. The cervical spine in athetoid 
cerebral palsy. A radiological study of  180 patients. J Bone Joint Surg 
Br. 1996;78(4):613–619.

 30. Burns YR, O’Callaghan M, Tudehope DI. Early identification of  
cerebral palsy in high risk infants. Aust Paediatr J. 1989;25:215–219.

 31. Harris SR. Early neuromotor predictors of  cerebral palsy in low 
birthweight infants. Dev Med Child Neurol. 1987;29:508–519.

 32. Harris SR. Movement analysis—an aid to diagnosis of  cerebral palsy. 
Phys Ther. 1991;71:215–221.

 33. Rose-Jacobs R, Cabral H, Beeghly M, et al. The Movement Assess-
ment of  Infants (MAI) as a predictor of  two-year neurodevelopmen-
tal outcome for infants born at term who are at social risk. Pediatr 
Phys Ther. 2004;16(4):212–221.

Patient/parent education: Emphasis on ambulation and func-
tional strengthening, family able to decrease frequency of 
stretching to once a day due to stability of ROM measurements 
over 8 consecutive weeks.

Discharge/continuum of care One year postoperatively, Thomas 
reached his personal goal of standing for 5 minutes with his 
walker and walking across the stage at school to stand alongside 
of his classmates during the end-of-the-school-year celebration. 
At this time, he was discharged from a medically based physical 
therapy program with a home program. The therapists explained 
that Thomas’ therapeutic needs would be best met using an 
episodic plan of care, and recommended a physical therapy re-
evaluation in 6 months’ time to determine whether further inter-
vention was needed. Prior to discharge, Thomas’ interests were 
discussed and options for community activities were provided. In 
view of the time spent in the pool during aquatic therapy, Thomas 
will attend an adapted swim program at the local YMCA.
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6

 Incidence and etiology

Spina bifida is one type of  neural tube birth defect causing 
neuromuscular dysfunction. Until recently, the occurrence 
of  spina bifida approached 1 in every 1000 pregnancies, mak-
ing it the second most common birth defect after Down 
syndrome. The increased availability of  maternal vitamin 
supplements, more accurate prenatal testing, and pregnancy 
termination options have greatly reduced the incidence of  
babies born with this diagnosis in much of  the world. In 
the United States, that number has now stabilized at 3.4 per 
10,000 live births. Studies examining the possible causes of  
spina bifida have evaluated genetic, environmental, and di-
etary factors that might affect its occurrence. However, no 
single definitive cause, including chromosomal abnormali-
ties, has yet been identified.1–3

Many factors may contribute to a baby being born with 
spina bifida. The presence of  a genetic predisposition may 
be enhanced by numerous environmental influences. Low 
levels of  maternal folic acid prior to conception have been 
implicated in several studies. Duff  et al. found a significant, 
though temporary, increase in the number of  children born 
with all types of  neural tube defects on the island of  Jamaica 
who were conceived during the months immediately follow-
ing Hurricane Gilbert in September of  1988. The typical diet 
of  this island is rich in folic acid from fresh fruit and veg-
etables. The hurricane destroyed much of  the island’s crops, 
and for a temporary period, fresh produce was scarce.4 This 
study as well as an annotation by Seller proposed a need to 
fortify commonly eaten foods with folic acid such as orange 
juice, cereals, flour, rice, and salt.5

In 1992, the U.S. Public Health Service made the rec-
ommendation that all women receive a daily dose of  400 
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concern regarding the effects of  language barriers, lim-
ited access to prenatal care, reduced compliance with a 
vitamin regimen, and other negative socioeconomic influ-
ences for these women.

In all populations, one cannot disregard the influence of  
religious practice or personal philosophy on a woman’s de-
cision to terminate a pregnancy after a birth defect is iden-
tified in the fetus. In a recent multinational study, 63% of  
women opted to end their pregnancy when spina bifida was 
diagnosed before 24 weeks of  gestation.19–22

Lastly, for families in which spina bifida is already pres-
ent, there is a 2% to 5% greater chance than in the general 
population of  having a second child born with the defect. 
This introductory section includes a great deal of  data pri-
marily to illustrate that the number of  babies born with 
spina bifida has been decreasing in this country and around 
the world, but for some groups of  women, there remain 
various confounding factors preventing them from experi-
encing this decrease.

 Prognosis

In previous generations, long-term survival of  children with 
spina bifida was reported to range from as low as 1% without 
treatment to 50% with treatment. A survival rate of  more 
than 90% is now expected when aggressive treatment is pro-
vided to the spinal defect and its associated problems. This 
chapter presents the primary problems affecting this popu-
lation of  children that include hydrocephalus, motor and 
sensory deficits in the lower extremities, and urologic impair-
ment, as well as the secondary issues such as orthopedic and 
cognitive/perceptual deficits that are of  clinical significance 
for the physical therapist (PT).

The use of  antibiotics to limit infection in the open 
spine, starting in 1947, and the surgical insertion of  ven-
tricular shunts in 1960 to manage hydrocephalus were two 
major advances in the treatment of  spina bifida. Early and 
consistent use of  clean, intermittent catheterization to 
completely empty the neurogenic bladder has also dra-
matically improved the survival rate by controlling urinary 
tract infection and renal deterioration, both of  which have 
been cited as major causes of  mortality. These measures, 
along with the practice of  early back closure, continue 
to improve the chances of  survival of  children with spina 
bifida. As the survival rate improved, an increased aware-
ness evolved for the associated problems that were neither 
immediately evident nor a priority for treatment in the 
past. The number of  severely affected children who have 
survived has increased. Additionally, an increased number 
of  less severely involved individuals would not have lived 
without aggressive treatment protocols. Therefore, the full 
spectrum and complexity of  this disability can now be ap-
preciated. Clinicians have the opportunity, not available in 
previous eras, to work with and learn a great deal from 
this heterogeneous group.23,24

µg of  folic acid during the months prior to conception 
and 600 µg through the first trimester of  pregnancy. With 
improved education and the support of  the medical com-
munity, this level of  folic acid can be reached through im-
proved diet, dietary supplements, and fortified foods. Folic 
acid is abundant in dark green leafy vegetables, beans, 
nuts and seeds, citrus fruits, enriched grains, pasta, bread, 
and rice.6 But a diet consistently rich in folic acid can be 
difficult to maintain, so in 1996, the health departments of  
both the United States and Canada recommended that all 
cereal grains be fortified with folic acid to enable women 
to more easily reach this daily requirement, and 2 years 
later, fortification was mandated. The U.S. Department 
of  Health and Human Services also set a national objec-
tive to reduce by 50% the number of  children born with 
spina bifida by the year 2010.6–9 The reduction is presently 
closer to between 26% and 31%, but this improvement is 
encouraging.10–12 It appears that the ability of  folic acid 
to significantly reduce the incidence of  spina bifida has 
now pointed researchers to the genes involved with folic 
acid metabolism and transport as the target of  further 
investigation.13,14

Maternal use of  valproic acid, an anticonvulsant, is also 
known to increase the potential for spina bifida. It appears 
that the developing nervous system is especially sensitive 
to disruption after exposure to this drug.14 Maternal use 
of  antidepressants has also been examined and is consid-
ered another possible risk factor.15 Maternal hyperthermia 
caused by saunas, hot tub and electric blanket use, and 
maternal fevers during the first trimester of  pregnancy 
were studied, and only the use of  hot tubs showed any ten-
dency to increase the risk of  spina bifida.16 But it appears in 
more recent investigations that this has not attracted wide 
concern.

In the United States, in past decades, the highest oc-
currence of  spina bifida was seen in families of  Irish and 
Celtic heritage, with as many as 4.5 per 1000 pregnan-
cies. This was thought to be the results of  lingering nu-
tritional deficits from the Irish Potato Famine more than 
100 years ago, but the true etiology might be the link be-
tween a limited diet and an inherent genetic predisposi-
tion. Japanese families, with 0.3 per 1000 pregnancies, 
historically had the lowest occurrence rate. More recently, 
as the overall number of  affected births has decreased for 
Caucasian women in the United States, there has not been 
the same level of  decrease seen in babies born to African-
American women.17 Also, the number of  affected babies 
born to Hispanic mothers has not decreased as much as 
in the Caucasian and African-American populations.18 One 
suspected factor is a change in diet for Hispanic families. 
As this group, in the United States, has shifted from rural 
farms and small towns to large American cities, access to 
natural folic acid is more difficult. There may also be a 
genetic resistance to the absorption of  folic acid from vi-
tamin supplements, by Hispanic women, compared with 
the vitamin in its naturally occurring state. There is added 
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A myelocele is a protruding sac containing meninges and 
cerebrospinal fluid (CSF), but the spinal cord and nerve 
roots remain intact and in their normal positions. There 
are typically no motor or sensory deficits, hydrocephalus, 
or other central nervous system (CNS) problems associated 
with a myelocele.25

Lipomeningocele is a superficial fatty mass in the low lum-
bar or sacral region of  the spinal cord and is usually included 
with this group of  diagnoses. Significant neurologic deficits 
and hydrocephalus are not expected in patients with a lipom-
eningocele. However, a high incidence of  bowel and bladder 
dysfunction resulting from a tethered spinal cord has been 
noted in this population as well as subtle changes in distal leg 
and foot function, which is usually seen later in childhood or 
early adolescence, especially after a growth spurt.30,31

 Embryology

Spina bifida cystica, one of  several neural tube defects, occurs 
early in the embryologic development of  the CNS. Cells of  
the neural plate, which forms by day 18 of  gestation, differ-
entiate to create the neural tube and neural crest. The neural 
crest becomes the peripheral nervous system, including the 
cranial nerves, spinal nerves, autonomic nerves, and ganglia. 
The neural tube, which becomes the CNS, the brain, and 
the spinal cord, is open at both the cranial and caudal ends. 
Over a period of  2 to 4 days, the cranial end begins to close 
and this process is completed on approximately the 24th day 
of  gestation.14 Failure to close results in anencephaly, a fatal 
condition. The caudal end of  the neural tube closes on ap-
proximately day 26 of  gestation. Failure of  the neural tube to 
close at any point along the caudal border initiates the defect 
of  spina bifida cystica or myelomeningocele. Common clini-
cal signs of  spina bifida include an absence of  motor and sen-
sory function (usually bilateral) below the level of  the spinal 
defect and loss of  neural control of  bowel and bladder func-
tion. Unilateral motor and sensory loss has been seen and the 
pattern of  loss may also be asymmetric, with a higher motor 
or sensory level on one side compared with the other. The 
functional deficits may be partial or complete, but they are 
almost always permanent.24,32,33

 Hydrocephalus and the chiari ii 
malformation

Hydrocephalus and the Arnold–Chiari malformation are CNS 
abnormalities that are closely associated with spina bifida. 
Hydrocephalus is an abnormal accumulation of  CSF in the 
cranial vault. In individuals without spina bifida, hydro-
cephalus may be caused by overproduction of  CSF, a failure 
in absorption of  CSF fluid, or an obstruction in the normal 
flow of  CSF through the brain structures and spinal cord. 
Obstruction by the Arnold–Chiari malformation is considered 
to be the primary cause of  hydrocephalus in most children 

 Definitions

The terms myelomeningocele, meningomyelocele, spina 
bifida, spina bifida aperta, spina bifida cystica, spinal dys-
raphism, and myelodysplasia are all synonymous. They 
are used interchangeably by various medical communities 
throughout the world. We have chosen to use spina bifida 
for this chapter because it is easy to spell. Spina bifida is a 
spinal defect usually diagnosed at birth by the presence of  an 
external sac on the infant’s back (Fig. 6.1). The sac contains 
meninges and spinal cord tissue protruding through a dorsal 
defect in the vertebrae. This defect may occur at any point 
along the spine, but is most commonly located in the lumbar 
region. The sac may be covered by a transparent membrane 
with neural tissue attached to its inner surface, or the sac 
may be open with the neural tissue exposed. The lateral bor-
ders of  the sac have bony protrusions formed by the unfused 
neural arches of  the vertebrae. The defect may be large, with 
many vertebrae involved, or it may be small, involving only 
one or two segments. The size of  the lesion is not by itself  
predictive of  the child’s functional deficit.17,24,25

Several other congenital spinal defects should be men-
tioned here. Spina bifida occulta, myelocele, and lipomeningo-
cele are less severe anomalies associated with spina bifida. 
Spina bifida occulta is a condition involving nonfusion of  the 
halves of  the vertebral arches, but without disturbance of  
the underlying neural tissue. This lesion is most commonly 
located in the lumbar or sacral spine and is often an inci-
dental finding when imaging is done for unrelated reasons. 
Spina bifida occulta may be distinguished externally by a 
midline tuft of  hair, with or without an area of  pigmenta-
tion on the overlying skin. Between 21% and 26% of  parents 
who have children with spina bifida cystica have been found 
to have an occulta defect. Otherwise, spina bifida occulta has 
only a 4.5% to 8% incidence in the general population.17,24,26 
Neurologic and muscular dysfunction were previously 
thought to be absent in individuals with spina bifida occulta. 
However, a high rate of  tethered cord, its associated neu-
rologic problems, and especially urinary tract disorders in 
these individuals have been found.27–29 Refer to additional 
information regarding tethered cord later in this chapter.

FIGURE 6.1 Spina bifida defect in a newborn infant before sur-
gical repair.
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brain matures. In severe cases, vocal cord paralysis, upper 
extremity weakness, or opisthotonic postures may be seen. 
Posterior fossa decompression and cervical laminectomy to 
relieve pressure on the brainstem and cervical spinal struc-
tures are accepted courses of  treatment, but are associated 
with varying degrees of  success. It is interesting that no cor-
relation has been found between the severity of  the Chiari 
II symptoms and the degree of  hydrocephalus seen in the 
infant, nor has a correlation been found between the child’s 
spinal defect level and these CNS findings. Therefore, at-
tempts to predict which children will experience significant 
CNS difficulties resulting from the Chiari II malformation 
have had limited success. Examination by MRI has revealed 
abnormalities in some children who appear asymptomatic. 
There is speculation that brainstem auditory-evoked po-
tentials may provide diagnostic assistance. Physicians also 
believe that there is much to learn at the microscopic level 
about this abnormality, which may be helpful for further 
understanding.17,24,41–44

 Prenatal testing and diagnosis

Increasingly sophisticated and more widely available prena-
tal testing has allowed for the early diagnosis of  spina bifida. 
Testing provides information that allows a family to make 
informed decisions about the pregnancy. As prenatal testing 
has become more the routine than the exception, a signifi-
cant number of  pregnancies are terminated each year when 
the results have indicated a high likelihood of  the fetus hav-
ing a neural tube defect.7,45,46 This is a major factor contribut-
ing to the decrease in the number of  babies being born with 
spina bifida. For the family that chooses to bring their baby 
to term, appropriate and coordinated medical care can be ar-
ranged in anticipation of  the birth.

with spina bifida. This malformation, also known as the 
Chiari II malformation, is a deformity of  the cerebellum, me-
dulla, and cervical spinal cord. The posterior cerebellum is 
herniated downward through the foramen magnum, with 
brainstem structures also displaced in a caudal direction. The 
CSF released from the fourth ventricle is obstructed by these 
abnormally situated structures, and the flow through the fo-
ramen magnum is disrupted. Traction on the lower cranial 
nerves also occurs and is associated with the malformation. 
Studies using magnetic resonance imaging (MRI) have shown 
that most children with spina bifida have the Chiari II malfor-
mation. Among those with this malformation, the likelihood 
of  hydrocephalus developing is greater than 90%.34–37

Theories related to the development of  the Chiari II mal-
formation are of  interest. At one time, the primary spinal 
defect was thought to act as an anchor on the spinal cord, 
preventing it from sliding proximally within the spinal canal 
as the fetus grew. Traction on the cord was thought to pull 
down the attached brainstem structures into an abnor-
mally low position. Hydrocephalus was believed to result 
solely from the hydrodynamic consequence of  this block-
age.38 In 1989, McLone and Knepper more closely linked 
the occurrence of  spina bifida, the Chiari II malformation, 
and hydrocephalus at the cellular level.39 They theorized 
that a series of  interrelated, time-dependent defects occur 
during the embryonic development of  the primitive ven-
tricular system, causing the Chiari II malformation first and 
then the resulting hydrocephalus.40 Their findings indicate 
that most affected children have a small posterior fossa that 
is unable to accommodate the hindbrain and brainstem 
structures, which may influence the abnormal positioning. 
Significantly, McLone and Knepper found that more than 
25% of  neonates with spina bifida whom they examined had 
head circumferences measuring below the fifth percentile. 
Therefore, neither downward traction from the spinal defect 
nor pressure from hydrocephalus caused the malformation. 
They postulated that spina bifida and the accompanying hy-
drocephalus results from mistimed steps in the development 
of  the ventricular system that is initiated by the failure of  
the neural tube to close. This explanation has received wide-
spread acceptance among both neuroanatomists and neu-
rosurgeons and should be of  interest to PTs who may have 
wondered about the etiology of  the CNS dysfunction that 
has been observed in many children with spina bifida. Those 
with spina bifida differ greatly from children who have only 
hydrocephalus without spina bifida, and they do not resem-
ble patients with acquired spinal paralysis either, two groups 
with whom they are often compared. The McLone and 
Knepper theory begins to offer an anatomic rationale for the 
CNS abnormalities seen in many patients, and offers a viable 
basis for continued investigation.39

Approximately 2% to 3% of  children with spina bifida 
show significant impairment from the Chiari II malforma-
tion40 (Display 6.1). Tracheostomy and gastrostomy may 
be life-saving measures for the symptoms, which are re-
ported to resolve in many cases as the child grows and the 

Stridor—especially with inspiration
Apnea—when crying, or at night
Gastroesophageal reflux
Paralysis of vocal cords
Swallowing difficulty
Bronchial aspiration
Tongue fasciculations
Facial palsy
Poor feeding
Ataxia
Hypotonia
Upper extremity weakness
Seizures
Abnormal extraocular movements
Nystagmus

Symptoms Associated with Chiari II 
Malformation

DISPLAY

6.1
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management for the majority of  babies born with spina bifida, 
but is one methodology that obstetric and neurosurgeons are 
actively exploring to address the problem, with a selected 
population of  mothers and fetuses. Johnson et al. performed 
prenatal surgery, between 20 and 25 weeks’ gestation and 
saw a survival rate of  94% with significant reversals in hind-
brain herniation, a significant decrease in the need for shunt-
ing secondary to hydrocephalus, and improvement in lower 
extremity function.56 Two other studies also demonstrated a 
lessening of  hindbrain herniation, a decrease in the need for 
shunting, and an older median age for the insertion of  the 
first shunt for those infants who did develop hydrocephalus. 
In these studies, there was no indication that lower extrem-
ity motor function improved with fetal surgery.57,58 In a 2011 
study assessing fetal correction of  spina bifida performed at 
three U.S. surgical centers—Vanderbilt University, Children’s 
Hospital of  Philadelphia, and the University of  California, San 
Francisco—the outcome for babies who received this surgery 
between 19 and 25.9 weeks’ gestation were generally posi-
tive. Known as MOMS (Management of  Myelomeningocele 
Study), the results indicated that by 12 months of  age, 30% 
fewer babies required shunting for hydrocephalus, and the 
occurrence and severity of  hindbrain herniation was reduced 
by more than 30%. Additionally, at 30 months of  age, ba-
bies demonstrated better leg movement by as much as two 
segmental levels as compared with the predicted movement 
based on the anatomical location of  their lesion. The theory 
that propelled this area of  intervention is that the amniotic 
environment is harmful to the exposed neural tissue and ac-
tually has a deteriorating effect on the spinal cord if  left un-
protected through the months of  gestation. When fetal repair 
is performed, the nervous system of  the fetus has additional 
time to develop in a more normal manner.3

All of  the prenatal studies pointed out several and signifi-
cant risk factors for fetal back repair that include an increase 
in infant mortality, premature births and its associated 
complications, lowered birth weights, and increased infant 
morbidity. Maternal complications included preterm labor 
and placental abruption (premature separation) and thin-
ning of  the uterine wall that would impact the success of  
future pregnancies. But, overall the authors are optimistic 
that there are significant benefits to be gained by perform-
ing fetal surgery and over time, concentrating on improving 
the surgical procedure and the maternal/fetal selection will 
reduce the risk factors and diminish many of  the negative 
results.3,57,58 Dr. David Shurtleff  of  the Seattle Children’s 
Hospital and other researchers who have been involved 
in the treatment of  children with spina bifida have voiced 
their concern that larger and more long-range studies are 
needed before fetal spinal repair can be accepted as the stan-
dard of  care. At question is whether the initial improvement 
in motor and neurologic findings will translate into better 
functional abilities for the older child in the areas of  gait, 
cognitive ability, sexual function, and bowel and bladder 
control and whether the functional gains will outweigh the 
risk factors to both mother and child.3,59–61

Alpha -fetoprotein (AFP) is normally present in the de-
veloping fetus and is found in the amniotic fluid. AFP levels 
reach their peak in the fetal blood and in the amniotic fluid 
from the 6th to the 14th week of  gestation. In the presence 
of  spina bifida, after the 14th week, AFP continues to leak 
into the amniotic fluid through the exposed vascularity of  
the open spine. Abnormally high levels of  AFP in the amni-
otic fluid provide strong diagnostic evidence for the presence 
of  a neural tube defect. Testing for AFP by  amniocentesis 
and in maternal blood samples has been responsible for 
the detection of  approximately 89% of  neural tube defects. 
But the tests have the potential for both false-positive and 
false-negative results. Therefore, AFP results are routinely 
compared clinically with the results of  ultrasound imaging 
before a definitive diagnosis is made.24,34

Improved ultrasound equipment and experienced techni-
cians have enabled obstetricians to observe and document 
several cranial abnormalities that have a high correlation 
with the presence of  spina bifida in the developing fetus. 
Because a small back lesion may be difficult to detect, clini-
cians use the presence of  the cranial signs as an indication 
that the fetus may have spina bifida. One example is in the 
shape of  the frontal bones of  the fetal skull. They lose their 
normal convex shape and appear flattened when spina bi-
fida is present, similar to the shape of  a lemon. The “lemon 
sign” can be detected before 24 weeks of  gestation. It disap-
pears as the fetus matures and the skull becomes stronger 
or as hydrocephalus develops and pushes on the flattened 
skull, reversing its shape into the more typical configura-
tion.47 Detection of  the lemon sign can then be followed by 
additional ultrasound studies specifically for the purpose of  
visualizing the back lesion.48–50

There has been discussion regarding the best method of  
obstetric delivery when spina bifida is detected prenatally. 
A Cesarean section is considered to have a protective effect 
on the sensitive neural tissue of  the neonatal back, thus possi-
bly improving the child’s ultimate functional status. Cesarean 
section reduces the trauma to the exposed nerves of  the 
back that may occur during a vaginal delivery. Moreover, a 
Cesarean delivery avoids the bacterial contamination of  the 
neonate’s open spine during passage through the vaginal 
canal, reducing the risk of  the baby contracting meningitis. 
A Cesarean section also avoids trauma to the back in the case 
of  a difficult or breech presentation, which could also affect 
the infant’s neurologic function. Finally, with early prenatal 
detection, it is believed that arrangements for timely back clo-
sure surgery at an appropriate hospital can be planned and ac-
complished more successfully following a scheduled Cesarean 
section than after an unscheduled vaginal delivery.51–55

 Fetal surgery

Since 1997, there have been efforts to perform fetal surgery 
to repair the spinal defect several weeks prior to birth in sev-
eral institutions. This has not replaced the typical neonatal 
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spina bifida will vary depending on the level of  lower ex-
tremity paralysis and the presence of  other complicating fac-
tors. Some of  the factors that influence treatment decisions 
include accompanying abnormalities, such as hydrocepha-
lus, kyphoscoliosis, and renal problems. Still other institu-
tions work to educate parents regarding their baby’s status 
and the long-term implications that spina bifida will have on 
all of  their lives. The parents may then act in a thoughtful 
manner in combination with support from the medical staff 
to choose a mutually acceptable course of  action. During 
this period of  education and planning, which may last sev-
eral hours or several weeks, the infant is usually treated to 
maintain a stable condition and prevent infection.

Regardless of  the treatment protocols, this early period 
provides time for the medical staff  to gather information 
about the child’s condition. Discussions can begin about the 
management of  hydrocephalus if  it is present or orthopedic 
deformities that are noted and that may need to be addressed 
in the coming months. It is important to note that an accu-
rate prediction of  the child’s functional potential is difficult 
in these early days even for the baby with seemingly mini-
mal problems. A large number of  variables will influence the 
child’s medical condition and cognitive and motor abilities in 
the coming years. So clinicians must be wary about present-
ing long-term prognostic information about the child’s future. 
The exception to this may be in the case of  a severely impaired 
child who presents with multiple congenital anomalies as well 
as spina bifida whose outcome is apparently bleak and for 
whom aggressive management may not be recommended.65–67

Preoperative Assessment

In many centers, the preoperative assessment is done by one 
physician experienced in the overall care of  children with 
spina bifida. Consults are then requested as needed for spe-
cialty services. In other centers, a team of  experts will each 
evaluate the baby and monitor him or her throughout the 
course of  the hospitalization within their individual area of  
expertise. These professionals may also comprise the team 
that will be involved in providing the long-term care of  the 
child after initial treatment, discharge, and into the outpa-
tient clinic setting.

The neurosurgeon is concerned initially with the location 
and extent of  the infant’s back lesion. Skin grafting may be 
necessary to gain adequate coverage over a large area. The 
presence of  congenital kyphoscoliosis presents a complica-
tion that may lead to impaired wound healing because of  
excessive pressure at the suture site. This significant spinal 
deformity may have to be addressed and surgically reduced 
early in the baby’s hospital experience. Congenital scoliosis 
with accompanying fused ribs at the level of  the back lesion 
may be present and usually predicts a rapid progression of  
the scoliosis during the growth periods of  childhood. The 
effect of  progressive scoliosis on cardiopulmonary function 
may ultimately be life threatening, even with spinal bracing 
and surgical intervention. It will impact sitting alignment, 

 Management of the neonate

General Philosophy of Treatment

Philosophies of  treatment for the neonate with spina bifida 
vary throughout the world and within the United States as 
well. Because the back lesion was not universally thought to 
be life threatening, hospitals developed their own protocols 
for the timing and intensity of  treatment for these infants. 
However, comparing the results of  studies in which various 
initial treatment regimens were used supports the efficacy 
of  early medical intervention. Immediate sterile care of  the 
open spine to prevent infection is essential, and surgical clo-
sure of  the back within 72 hours of  birth is now an accepted 
goal in most institutions.17,24,62

The objective of  back surgery is to place the neural tis-
sue into the vertebral canal, cover the spinal defect with 
surrounding skin and fascia, and achieve a flat, watertight 
closure of  the sac (Fig. 6.2). The open spine provides direct 
access for infection to the spinal cord and brain. By prevent-
ing infection and its associated brain damage, the child’s 
level of  function, both physically and cognitively, can be 
preserved. McLone and associates have shown that babies 
who suffered gram-negative ventriculitis were less adept 
intellectually than babies who had no infection. This study 
is significant in that intellectual function was otherwise not 
negatively affected by either the presence of  hydrocephalus 
or the level of  lower limb paralysis.17,62–64

In many institutions, children with spina bifida are 
treated aggressively with immediate back closure and rapid 
management of  hydrocephalus. Other institutions practice 
selective treatment. That is, more aggressive management 
is offered to those children who appear to be less physically 
involved. In these institutions, the care of  the neonate with 

FIGURE 6.2 The same defect shown in Figure 6.1, after 
 surgical repair.
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Nutrition and Spina Bifida in Pediatrics
Rebecca Thomas, Rd, Ldn
Clinical Dietitian, Children’s Hospital of Philadelphia

Nutrition-Related Problems Considerations/Interventions
OBESITY

After 6 years of age, 50% of people with spina bifida are overweight
Children with spina bifida have a higher percentage of body fat, 
lower total energy expenditure, and reduced physical activity
• Increased risk of decubitus ulcers
• Increased difficulty with mobility
• Decreased social acceptance

Consistent eating pattern/meal schedule
Decrease high fat/calorie foods
Limit juice/soda
Increase intake of fruits/vegetables
Encourage lean meats, low-fat dairy products
Increase physical activity/physical therapy program
Decubitus ulcers/wound healing
High-protein diet
Additional ascorbic acid and zinc
Monitor visceral protein stores
Increase physical activity
Bone health
Encourage weight-bearing activity
Ensure adequacy of calcium, vitamin D intake

MALNUTRITION

Caused by limited variability in intake: limited fruits and vegetables, 
inconsistent eating patterns, overconsumption of foods/beverages 
with low nutritional value
Abnormal or stunted growth
Owing to poor vertebral growth, atrophy of the muscles in the 
lower extremities; deformities of the spine, hips, and knees; 
hydrocephalus; renal disease; prolonged hospitalizations
• Decreased weight-bearing activity
• Decreased bone mineralization

Encourage varied, balanced diet
Encourage calorie-dense foods, nutritional supplements if 
underweight
Daily multivitamin

BOWEL CONTINENCE/INCONTINENCE

Owing to inadequate fiber and fluid in diet and decreased  
physical activity

Consistent eating pattern/meal schedule
Ensure adequate fiber intake via fruits, vegetables, whole grains, 
nuts/seeds
Ensure adequate fluid intake
Encourage physical activity

SUGGESTED READINGS
Leibold S, Ekmark E, Adams RC. Decision-making for a successful bowel continence program. European J Pediatr Surg. 2000;10(suppl 1):26–30.
Littlewood RA, Trocki O, Shephard RW, et al. Resting energy expenditure and body composition in children with myelomeningocele. Pediatr Rehabil. 

2003;6(1):31–37.
Nevin-Folino NL, ed. Pediatric Manual of Clinical Dietetics. 2nd ed. Pediatric Nutrition Practice Group, American Dietetic Association; 2003.

weight distribution in sitting, and acquisition of  upright bal-
ance. This anomaly is important to note as a plan of  treat-
ment begins to evolve.

A pediatrician or neonatologist may be consulted to assess 
the general health of  the baby and to identify other congeni-
tal defects or cardiopulmonary dysfunction that may be pres-
ent. The urologist can request urodynamic testing during the 
early neonatal period. Goals of  the urologist include minimiz-
ing the effects of  a neurogenic bladder on the upper urinary 
tract and producing urinary continence without compromis-
ing the health of  the system. The bladder may not relax and 

empty as it should, and residual urine can become a source of  
chronic infection. Clean intermittent catheterization is widely 
accepted as the protocol to follow to accomplish the above 
goals, and although attention to bladder function may not be 
indicated until after back closure, it is understood that fami-
lies will better accept intermittent catheterization as a man-
agement strategy if  it is discussed and taught to them early 
rather than later in the infant’s life. Intermittent catheteriza-
tion is recognized as one of  the most successful methods to 
preserve kidney function and prevent deterioration that can 
begin as early as 3 years of  age in this population.68,69
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shunt is currently the preferred treatment for hydrocepha-
lus. Although occlusion of  this type of  shunt may occur 
more easily than with the VA shunt, complications asso-
ciated with the VP shunt are far less severe. As it exits the 
lateral ventricle, the shunt can be palpated running distally 
down the side of  the neck, under the clavicle, and down the 
anterior chest wall, just below the superficial fascia. The 
shunt inserts into the peritoneum, where CSF is reabsorbed 
and the excess excreted (Fig. 6.3).70,71 An Ommaya reservoir 
is used in some institutions to siphon excess CSF for a pe-
riod of  time into a superficial well that can be emptied by 
needle aspiration. It would allow observation for cases in 
which hydrocephalus might resolve and a shunt would not 
be indicated, and it will postpone the need for initial shunt 
insertion until the child is older and more stable.

Although shunt insertion is commonly performed by the 
neurosurgical team, it is yet another invasive event for the 
infant who has already had back surgery. In order to spare 
the infant a second anesthesia, several centers perform si-
multaneous back closure and shunt insertion. Advocates of  
this approach believe that healing of  the back wound from 
the inside is compromised when the CSF pressure is per-
mitted to build. Therefore, more rapid healing of  the back 
wound is expected and neither negative sequelae nor in-
creased postoperative complications have been reported by 
performing the double procedure.72,73

After surgery, a plan for physical therapy, based on the 
infant’s condition, can be developed. The priority is for rapid 
healing, an uneventful recovery, and a speedy discharge to 
home. Individual surgeons have specific protocols, but at 
minimum it is appropriate to wait at least 24 to 48 hours 
postoperatively before initiating physical therapy. In many 
cases, the extent of  hydrocephalus prior to surgery will 
affect the timing of  when the baby may receive oral feed-
ings, position changes, range-of-motion exercises, and nor-
mal handling in the upright position. Premature aggressive 

A comprehensive orthopedic evaluation may not be im-
perative at this time, but an assessment can offer insight 
into the severity of  any orthopedic problems that are pres-
ent at birth. The need for early corrective surgery, taping, 
splinting, or casting and its timing can be discussed and will 
provide additional information and education to the family 
and the rest of  the medical team. Following the evaluation 
of  the lower extremities and spinal alignment, a plan of  or-
thopedic care can be established for the baby’s first months 
of  life. This plan may include other staff, such as the PT, to 
begin their involvement in the baby’s intervention.17,24,67,70

Management of Hydrocephalus

After neonatal surgery for back closure, 10% of  the infants 
recover, have their sutures removed, and leave the hospital 
without further complication. The remaining 90% will begin 
to develop hydrocephalus. Preoperatively, the open back le-
sion may act as a natural drain for CSF, and when it is closed, 
the CSF pressure begins to rise in the cranium. Of  the 90% 
of  the infants who develop hydrocephalus, approximately 
25% are born with evidence of  hydrocephalus and need im-
mediate shunt insertion. Studies show that an additional 55% 
will develop hydrocephalus within several days of  birth. The 
remaining babies will need shunting within 6 months. The 
neurosurgeon carefully monitors changes in the baby’s head 
circumference, and studies such as ultrasound, computed 
tomography (CT), or Magnetic Resonance Imaging (MRI) 
provide baseline information regarding the size of  the lateral 
ventricles. Later comparisons assist in determining the ap-
propriate time for insertion of  a shunt.

Changes in the baby’s state often indicate increasing in-
tracranial pressure. As the enlarging ventricles cause the 
brain to expand within the flexible cranial vault, symptoms 
of  hydrocephalus may be seen singularly or in combination. 
The most common symptoms are “sunsetting,” a down-
ward deviation of  the eyes, separation of  the cranial sutures, 
noted on palpation, and/or a bulging anterior fontanelle.

The increasing fluid pressure may stabilize without sur-
gery in some individuals, but it is impossible to predict when 
this will occur, how great the pressure will become, or how 
large the head will expand. Vital signs become depressed 
and respiratory arrest can occur when pressure, from excess 
CSF on the brainstem structures, becomes too great. Some 
individuals may survive without treatment for hydrocepha-
lus, but they can be severely impaired as a result.17,23,67

Surgical insertion of  a shunt will relieve the signs and 
symptoms associated with increased intracranial pressure. 
The shunt is a thin, flexible tube that diverts CSF away from 
the lateral ventricles. It is secured at the proximal and distal 
ends and is radiopaque for easy location. The ventriculoatrial 
(VA) shunt moves excess CSF from one lateral ventricle to 
the right atrium of  the heart. Because infections of  the VA 
system can lead to septicemia, ventriculitis, superior vena 
cava occlusion, and pulmonary emboli, this location is not 
used as commonly today. The ventriculoperitoneal (VP) 

FIGURE 6.3 Location of the lateral ventricles and placement  
of ventriculoperitoneal shunt.
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Consideration must be given when positioning the baby 
for this muscle test. Depending on the status of  the back le-
sion or surgical site, the infant may be limited to prone or 
side-lying. But careful observation and palpation should still 
allow for identification of  most major muscle groups (Figs. 
6.4 and 6.5).

A motor level is assigned according to the last intact 
nerve root found. Lindseth has defined the motor level as 
the lowest level at which the child is able to perform anti-
gravity movement through the available range.74 While this 
degree of  certainty may not be possible when testing the 
infant, preliminary identification of  the motor level encour-
ages consistency of  communication among professionals 
involved with the baby. Keep in mind that children assigned 
the same motor level may still vary widely in their muscle 
strengths, so it is wise to locate and grade the individual 
muscle groups as soon as it becomes feasible.

Several factors may influence movement during the in-
fant’s first hours of  life. The effects of  maternal anesthesia, 
increased cerebral pressure from hydrocephalus, and general 
lethargy and fatigue from a difficult or long labor may de-
press spontaneous movements. Conversely, these same fac-
tors may render the baby hyperirritable to stimulation. The 
therapist should tickle or stroke the baby above the level of  
the lesion or around the neck, face, or shoulder as a stimu-
lus to keep the baby awake and moving. Movement of  the 

handling after surgery is not appropriate, particularly for the 
baby who had significant hydrocephalus. Intracranial pres-
sure can drop dramatically after shunt insertion, and vas-
cular insult can occur if  the baby is also held upright, too 
quickly after surgery.67

 Physical therapy for the infant  
with spina bifida

Overview

The role of  the PT can begin in the early preoperative pe-
riod before back closure with an assessment of  the neonate’s 
active lower extremity movement. Ideally, the therapist who 
provides this preoperative evaluation is able to continue treat-
ing the baby throughout the hospitalization. It is also helpful 
if  the same therapist can provide the long-term monitoring 
and parent education as the baby graduates to the outpatient 
department or specialty clinic. This staffing approach pro-
vides consistent support for parents during a stressful period. 
Also, the importance of  staff  continuity becomes increasingly 
evident as the child grows. When changes in function are sus-
pected, the therapist who is familiar with the infant and has 
a good baseline of  observations and documentation can be 
a valuable resource for the medical team. When a therapist 
has monitored the baby through the early period of  care, the 
ability to detect even subtle changes is greatly enhanced.67

Manual Muscle Testing

A manual muscle test performed by the PT can provide ob-
jective information regarding the presence of  active move-
ment and the quantity of  muscle power present in the 
baby’s lower extremities (Display 6.2). Manual muscle testing 
should be performed before back surgery whenever possible. 
Testing may be repeated approximately 10 days after surgery, 
then at 6 months, and yearly thereafter unless a problem 
arises, indicating a more frequent schedule. The goal of  these 
early testing sessions is to assist the medical staff  to identify 
the level of  the back lesion by assessing the lower extremity 
movement or lack thereof.67

Baseline analysis for long-term comparisons
Assessment of existing muscle function
Evaluation of muscular imbalance at each joint
Establishing the degree and character of existing deformity
Preliminary prediction of potential for future deformity
Assistance in determining the need for early splinting
Assistance in determining the need for early orthopedic surgery

Information Provided by Early Manual 
Muscle Testing for Children with 
Spina Bifida

DISPLAY

6.2

FIGURE 6.4 Palpation and observation of the quadriceps 
muscle during a preoperative assessment of the active movement 
in the lower extremities.

FIGURE 6.5 Stimulation of the infant to elicit movement and 
palpation during manual muscle testing for the gluteus medius and 
maximus muscles.
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movement cannot be seen, and an “R” to indicate reflex 
movement. This scheme of  grading, when combined with 
the existing scale of  “0” through “5,” or “absent” through 
“normal” classification, provides significant information 
about the lower extremities even in these very young patients.

Early manual muscle testing can deduce muscle imbal-
ance around a joint and its potential for deformity. If  a de-
formity is already present, muscle testing can help ascertain 
whether the cause of  the limitation is passive, as a result 
of  in utero positioning, or active, from unopposed muscle 
movement at a joint, in only one direction. Distinguishing 
the etiology of  joint deformity is helpful for the orthope-
dic surgeon who may want to consider early surgery to the 
lower extremities. The surgeon will want to spare poten-
tially useful muscle function while weakening or eliminat-
ing movement that will continue to be deforming in nature. 
Conversely, if  the origin of  the movement is uncertain, the 
surgeon may wisely choose to wait until the child is older 
and a more accurate evaluation is possible before deciding 
on the type of  surgery to perform. Some centers have at-
tempted to use electromyography (EMG) to evaluate lower 
extremity innervation. EMG studies are interesting from an 
academic standpoint, but offer little functional information 
and are not widely used.

There has been poor correlation between early man-
ual muscle testing and the child’s ultimate level of  gross 
motor function. So predictions regarding the child’s future 
based on these early assessments must be made carefully. 
Acquisition of  functional skills depends on the innervation 
and strength of  the lower extremity musculature, the child’s 
CNS status, motivation, intellectual capacity, and the fam-
ily’s commitment to long-term compliance, support, and 
interest. These variables are only a few of  the many fac-
tors that can influence the functional outcome of  the child 
with spina bifida. Some of  these influences are addressed in 
greater detail in subsequent sections of  this chapter.76,77

Results of  early manual muscle tests should be compared 
with later tests in order to monitor the child’s neuromuscu-
lar stability. It is a pleasant surprise to find increased move-
ment and/or strength after back closure, but if  a decrease 
in movement is noted, the neurosurgeon should be alerted. 
Deterioration of  lower extremity motor function may indi-
cate a serious problem and should be brought to the physi-
cian’s attention.78

Range-of-motion Assessment

Preliminary assessment of  range of  motion (ROM) of  the 
lower extremities can also be performed prior to back clo-
sure. Typical, full-term neonates have flexion contractures 
of  up to 30 degrees at the hips and 10 to 20 degrees at the 
knees, and ankle dorsiflexion of  up to 40 or 50 degrees.79–82 
Limitation of  ROM in the baby with spina bifida should 
not be considered an indication for immediate and aggres-
sive stretching. Early limitations in passive flexibility require 
a safe plan of  management executed over several weeks or 

legs can be observed and contractions palpated by stabiliz-
ing the limb proximally in order to avoid misinterpreting the 
origin of  a movement. The principles for muscle testing in 
the infant population are much the same as those for older 
patients, of  course with the exception that the baby cannot 
follow directions. Gentle resistance to movement at one part 
of  the leg may help increase the strength of  a movement at 
a distal part of  the limb, and allowing movement to occur at 
only one joint at a time will assist in a more accurate inter-
pretation. For example, holding firmly onto the hip and knee 
in either partial flexion or extension to prevent movement at 
those joints will enable the therapist to observe and detect 
weak ankle motion that might otherwise go unnoticed. After 
locating each movement, the therapist can then assess the 
general strength of  the responsible muscle group. Above all, 
practice, experience, patience, and ingenuity will improve the 
accuracy of  this early measure of  the baby’s motor ability.67,75

The therapist should note whether or not muscles are 
functioning, which muscles are strong and can move a joint 
through its entire range, and which are weak and can move 
the joint only partially. This distinction will help make deter-
mination of  the motor level more precise. The ability to dis-
tinguish between active and reflexive movement, although 
sometimes difficult during this early period, will also pro-
vide a more accurate identification of  the lesion level.75

Reflex movement is common in infants with thoracic pa-
ralysis. There is usually no active movement at the hip joint, 
but movement may be noted distally at the knee or ankle. 
The movement, which may look like fasciculations of  the 
muscle belly or simply a weak, continuous jerking move-
ment of  the joint, may be seen when the baby is sleeping 
or at rest and the other joints of  the limb are not moving. 
Reflex movement is most often observed as flexion of  the 
knee or may be seen at the ankle as either dorsiflexion or 
plantarflexion. Reflex movement represents sparing of  
the local reflex arc though cortical control of  the move-
ment has been interrupted by the spinal defect. This reflex 
 movement is of  concern because of  its involuntary nature 
and  because it is usually unopposed by an active antagonist 
at the same joint. Therefore, this unchecked reflex activity 
can be a  deforming force that often requires intervention. 
The  movement can also be misleading to both staff  and fam-
ily who may interpret the movement as functional motion 
and think the child’s motor level is lower than it is. However, 
because the movement is not cortically initiated, it seldom 
has any functional value.67

Recording manual muscle testing grades can be modified 
until the child can be positioned appropriately for gravity and 
gravity-eliminated responses. Modification is also suggested 
until the child is older and can be tested with resistance to 
increase the consistency and reliability of  the results. One suc-
cessful method developed by the physical therapy department 
at Lurie Children’s Hospital of  Chicago (formerly Children’s 
Memorial Hospital) uses an “X” to indicate the presence of  
a strong movement, an “O” for an absent response, a “T” 
for trace movement when a contraction is palpated but 
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postpartum period than they had anticipated. Their baby was 
probably transferred to another facility shortly after birth 
to receive specialty care. Often, the needs of  the recovering 
mother are superseded by the needs of  the baby, so it might 
be difficult for family members to be as attentive to her as 
they focus on the infant. Inaccurate information about spina 
bifida, in general, and their child, in particular, may further 
compromise the family’s coping skills during this physically 
and emotionally difficult time. It has been reported that 
parents were told by staff  that their child will be mentally 
disabled, will never walk, and will require around-the-clock 
care and ultimately institutionalization. These profession-
als, although well intentioned, are usually not experienced 
in current methods of  evaluation and treatment of  children 
with spina bifida and may only recall information from a 
previous era in which a bleak outlook for the babies was the 
norm rather than the exception. This misinformation causes 
many parents to become confused and frustrated, especially 
if  the specialty team, after assessing the infant, presents what 
seems to be conflicting information. Therefore, close com-
munication between the therapist and other team members 
is important. All persons working with the infant should 
know and understand each other’s findings so contradiction 
does not occur. Information should be provided to the family 
by the appropriate personnel in an open and honest manner, 
but also in a sensitive manner.

One objective for the PT should be to reflect a positive 
and caring attitude during treatment sessions. This approach 
can help to normalize the involvement of  family members 
with their infant. Teaching portions of  a home program 
to the family can begin immediately. This is a constructive 
way for the therapist to begin building a relationship with 
the family and to facilitate their interaction with the infant. 
The therapist can encourage family members to participate 
in the infant’s care during the hospitalization to prepare 
them for providing care at home. Waiting until discharge for 
home instruction will place unnecessary stress on the family 
members, who have much to learn from many people, in a 
short period of  time. Also, an unexpectedly quick discharge 
may leave little time for family education, which could have 
been spread over the entire period of  hospitalization. After 
discharge, follow-up sessions can be scheduled during out-
patient or clinic visits to help reinforce the teaching and 
progress the program. Frequent follow-up appointments 
with physical therapy may greatly inconvenience a family 
and may not be as valuable as periodic  sessions stretched out 
over a longer period of  time.

Range-of-motion Exercises

Daily sessions for lower extremity ROM exercises can begin 
after back closure and taught to parents as soon as feasible. 
Passive ROM exercises should be brief  and performed only 
two or three times each day. It is suggested that parents 
embed the exercises into a daily routine with their infant, 
such as during washing and diaper changes, when the baby’s 

months. When it becomes apparent that limitations will be 
both severe and long-lasting, a long-term plan with the or-
thopedic surgeon can be developed that will likely include a 
combination of  taping, splinting, and/or surgical correction.

There are several common joint limitations seen in the 
neonate with spina bifida. Extreme tightness of  the hip flex-
ors may be evident in the child with a motor level at L-2 to 
L-3 or L-3 to L-4 owing to the presence of  a strong iliopsoas 
with no opposing force offered from absent hip extensors. 
Hamstrings, which exert a secondary hip extension force, 
may also be absent or weak, in which case hyperextension 
of  the knees may also be present along with the hip flexion. 
Adductor tightness may be seen as a result of  innervation of  
the adductors and absent antagonists, the gluteus medius. 
If  the baby does not have sufficient range of  hip extension 
to safely tolerate prone positioning, the neurosurgeon and 
nursing staff  must be informed in an effort to prevent possi-
ble fractures of  the femur. Adapted prone positioning in the 
operating room may be indicated during back closure. One 
suggestion that has been successful is to elevate the baby on 
a small, raised, and padded platform or firm stack of  towels 
with both hips safely flexed over one end while the body is 
supported. Postoperatively, this modified prone position or 
side-lying will be the safest postures for the baby with lim-
ited hip extension. The PT may be the first to note the need 
for special positioning during the preoperative assessment 
and can advise the surgical team.64

Extreme dorsiflexion at the ankle is another common con-
tracture seen at birth. The child with an L-5 innervation has 
strong ankle dorsiflexion, provided by the anterior tibialis and 
toe extensors, but weak or absent toe flexors and lack of  plan-
tarflexion from the gastrocnemius/soleus group. Plans may 
call for serial taping or splinting of  the ankle to bring it down 
to 90 degrees, and in addition, gentle passive exercise often 
helps reduce this deformity within a short period of  time.

Provided that the baby is medically stable and the phy-
sician agrees, daily ROM exercise for the lower extremities 
can begin at bedside as early as a day or two after back clo-
sure. Although positioning options are limited after surgery, 
the prone and side-lying positions are adequate to perform 
all lower extremity motions needed at this time.17,67

Postoperative Physical Therapy

In order for the PT to develop a comprehensive and appropri-
ate program for the infant who has undergone back closure 
and shunt insertion, consideration must be given to both the 
neurologic and orthopedic findings, and to be most effec-
tive, the therapist should also be sensitive to the state of  the 
family members, who will be more available as they begin to 
visit their baby on a regular basis.

Communication with Team Members and Parents

In most cases, the family of  an infant born with spina bi-
fida will experience a very different and more stressful 
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children, it may take years before tightness is noted. For oth-
ers, range is lost in a very short time. Whenever there is loss 
of  flexibility, function will surely be compromised.17,24,34,67

Positioning and Handling

Because of  our knowledge that babies with spina bifida do 
not always develop and move the same as their typical peers, 
the PT can assume responsibility for developing a program 
of  positioning and handling for the hospitalized baby that 
will also be taught to the parents prior to discharge for con-
tinuation at home. Although more positioning options are 
available as discharge nears, during the first few postopera-
tive days the baby may be limited to prone or side-lying. As 
the child’s medical status stabilizes and tolerance to move-
ment improves, it is advisable that if  parents are visiting, they 
avoid leaving the child immobile for long periods of  time 
when he or she is awake. Handling and carrying strategies 
can be practiced by the therapist and then recommended to 
the parents. Finding a comfortable chair is most important, 
and once seated, the therapist or family member can hold 
the child prone over their lap, rocking or swaying slowly side 
to side. This position is restful for the parent and provides 
novel movement for the infant. The baby may also enjoy a 
slow walk around the hospital floor while being held up and 
slightly over the parent’s shoulder. This position gives the in-
fant an opportunity to attempt to raise and turn the head. 
If  the supine and sitting positions are contraindicated, par-
ents may gently cradle the infant prone across one forearm. 
These few position options will provide a small repertoire of  
acceptable handling strategies when families visit their baby. 
These positions are also safe for the infant, who needs time 
to recover and who may not respond well to more aggressive 
movement and handling. Remember that the primary post-
operative goals for the infant is an uncomplicated healing of  
the back wound, speedy recovery from shunt insertion, and 
discharge from the hospital.67

In many cases, with medical clearance, short periods of  
supine and supported sitting in the therapist’s arms will not 
affect the course of  healing and may be added to the han-
dling repertoire after a few days. This approach will help 

legs are normally exposed. The therapist can combine indi-
vidual leg movements into patterns of  movement, so the fam-
ily only needs to learn three or four patterns for their home 
program. An example that this author found easy for families 
to learn is to flex the hip and knee of  one leg, while simulta-
neously stretching the opposite leg into full extension, with 
the baby in supine. After reversing and repeating this pattern 
several times, holding both hips and knees flexed, the hips can 
then be abducted at the same time, leaving only the foot and 
ankle movements to be done individually (Figs. 6.6 and 6.7).67

ROM exercises are performed gently with the thera-
pist’s hands placed close to the joint being moved, to use 
a short lever arm, which prevents stress to soft tissue and 
joint structures. Several repetitions of  each pattern, holding 
the joint briefly at the end of  the range, can maintain and 
even increase ROM, where there is a mild or moderate limi-
tation. If  severe limitations exist, exercise at that joint may 
require some additional time and repetition. But aggressive 
stretching should be avoided, regardless of  the severity of  
the contracture.

By participating in the ROM exercises during these early 
days, parents are encouraged to touch and move their baby’s 
legs while being observed by the therapist. Opportunities to 
handle their baby with supervision can help alleviate anxi-
ety that many families express about further injuring their 
infant’s back and legs. With the therapist’s comforting and 
supportive words and demonstrations, the exercise program 
offers a valuable opportunity for the start of  positive parent–
child interaction.

Passive ROM exercises must continue throughout the 
child’s life. The goal is that the child will eventually learn to 
perform the exercises independently. Passive exercise is often 
forgotten by therapists and parents as the child becomes 
more active and the focus of  therapy shifts to concentrate on 
gross motor activities and gait training. Although one may 
think these motor activities are adequate for maintaining 
joint flexibility, they are not. Regardless of  how active the 
child is, only the innervated portions of  the limb are being 
moved, in only some planes of  motion, and through only 
part of  the full range of  the joint. Therefore, if  ROM exer-
cises are discontinued, contractures will develop. For some 

FIGURE 6.6 Exercises for ROM of the lower extremities. Full 
flexion of one hip and knee is combined with extension of the op-
posite extremity.

FIGURE 6.7 Placement of the hands close to the joint for range-
of-motion exercise of the knee. Note the use of a short lever arm.
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Family members should also be encouraged to be active 
in gathering information about their infant. They should be 
encouraged to play with and observe their baby, not only to 
foster positive interaction but also to aid the medical staff 
in assessing the infant’s function. Over time, interaction 
with the medical team becomes less frequent as the child 
becomes more medically stable and observations by parents 
can help early identification of  problems, such as a shunt 
malfunction, so that appropriate medical care can be sought.

Sensory Assessment

The PT can perform a sensory assessment on the neonate to 
determine areas of  the infant’s lower extremities that react 
to or are insensitive to touch. By mapping this sensory in-
formation, along with the results of  muscle testing, the level 
of  the spinal lesion can be more accurately established. This 
assessment will also identify the areas of  intact sensation on 
the baby’s trunk and legs, so stimulation at those spots will 
make the baby move. It is the novice clinician who strokes 
the plantar surface of  the foot, expecting to make the child 
react. This technique is successful only when the infant has 
intact sensation at the sacral nerve roots. Most infants with 
spina bifida have a higher level of  sensory deficit and need to 
be stimulated on the thigh or somewhere on the trunk. The 
therapist may find that the level of  motor function and sensa-
tion is not similar in both legs. Be aware that early results of  
sensory testing can be inaccurate and incomplete and it is dif-
ficult to assess all sensory modalities at this time: light touch, 
deep pressure, and temperature. A more comprehensive as-
sessment may be indicated when the baby is older.

The information should be shared with the family mem-
bers, who must become knowledgeable about their child’s 
skin anesthesia. Educating parents about skin care for the 
baby is often the shared responsibility of  the nursing and 
therapy staffs. It is sometimes difficult for parents to un-
derstand the concept that their baby has areas of  the lower 
body and legs that are insensitive to touch. The therapist 
can help the family discover this information on their own. 
Using a gentle touch, caress, or tickle, a family member can 
map out areas of  responsiveness when the infant is awake 
but quiet. The therapist should not use a pin or other sharp 
object during testing or when demonstrating to parents. 
The baby’s response to a pinprick is no more valid than its 
response to a gentle touch, and further, seeing staff  using a 
sharp object on their baby may add to the parent’s anxieties 
and concern.

Insensitive areas of  the lower extremities will require pro-
tection because the child will be unaware of  injury to these 
areas of  denervation. For example, families must always test 
the temperature of  bath water prior to immersing the child. 
They cannot rely on the child’s reaction to judge whether 
the temperature is correct. They must be cautious and not 
allow their child to play with the faucets and inadvertently 
add hot water that they will not feel. Open space heaters and 
radiators need covering or relocation to keep a baby from 

normalize the baby’s experiences during waking hours while 
being fed or quietly observing the surroundings. It is also 
useful for the therapist who can note the baby’s responses 
to gravity in each position, feel for changes in muscle tone 
particularly through the shoulders and neck, and observe 
any significant asymmetries. Documenting this information 
will provide a useful baseline against which to compare later 
developmental findings.34,67

Families should first watch, then try to duplicate, the ac-
tivities recommended for their baby. Be aware that most par-
ents show some hesitation or anxiety on first handling their 
baby. Lack of  hesitation may indicate a poor understand-
ing of  the infant’s medical condition and may contribute to 
subsequent poor judgment in other areas of  care. Even for 
families with experience raising older children, some initial 
level of  anxiety can be a healthy sign.

As these teaching sessions proceed, the therapist can begin 
to “role release” some of  the ROM and handling activities, 
delegating them to the parent. As this transition occurs, the 
therapist can refocus on other areas of  the child’s plan of  
care. The therapist may be asked to repeat the lower extrem-
ity manual muscle test prior to the infant’s discharge. The 
therapist can also observe the baby’s state, noting changes sec-
ondary to hydrocephalus and shunt insertion. Gathering this 
information may help to identify a later shunt malfunction. 
When a shunt malfunction begins to occur, in addition to the 
signs and symptoms presented in Table 6.1, a change in the 
baby’s tone, reaction to movement, and increased irritability 
during movement may be noted.

Infants
Bulging fontanelle
Vomiting
Change in appetite
“Sunset” sign of eyes
Edema, redness along shunt tract

Toddlers
Vomiting
Irritability
Headaches
Edema, redness along shunt tract

School-aged Children
Headaches
Lethargy
Irritability
Edema, redness along shunt tract
Handwriting changes
High-pitched cry
Seizures
Rapid growth of head circumference
Thinning of skin over scalp
Newly noted nystagmus
Newly noted eye squint
Vomiting
Decreased school performance
Personality changes
Memory changes

Signs and Symptoms of Shunt Malfunction

TABLE

6.1
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medical care are seen, but in the best of  cases the ongoing 
care is delivered by specialists located within one institu-
tion. When care is divided among several locations, a new 
role must emerge for parents, and they become their child’s 
case manager, facilitating continuity of  care and communica-
tion among the professionals. This added responsibility can 
be a huge burden for some parents and may result in less-
than-optimal care for the child. It appears that, because of  
the multiple specialty areas needed by the child with spina 
bifida, care is best delivered by experienced professionals who 
work together as a coordinated team. That is why many pe-
diatric hospitals have organized a multidisciplinary clinic for 
children with spina bifida and other similar neuromuscular 
diagnoses, where several specialists working under the same 
roof  can see the child, preferably on the same day. Families 
are encouraged to continue their child’s care at one of  these 
spina bifida clinics if  possible. With a team of  specialists 
working together to complement one another, everyone 
benefits. Communication is facilitated and expedited among 
professionals, and patient information can be more easily 
shared to increase learning, maintain a current outlook on 
interventions, and ultimately provide the best care. Although 
these clinic appointments can be very long, when problems 
arise, the necessary personnel are often nearby to address the 
concern and often without the need for scheduling a return 
visit. With consistency and coordination by the medical staff, 
parents can start to develop a sense of  trust in their team, 
which will hopefully decrease their stress, enable them to 
cope better, and remain focused on addressing the needs of  
their child.24,34,65,67

The child may have to return frequently to the clinic 
during the first years of  life for ongoing follow-up by the 
various specialists. The neurosurgeon will monitor the 
status of  the back closure, look for the presence of  hydro-
cephalus, determine whether shunt placement is necessary, 
and check that once a shunt is in place, it is functioning 
well (Display 6.3).17,70 The orthopedic surgeon will evalu-
ate spinal alignment and limb flexibility, strength, and joint 
integrity. Plans are made for lower extremity splints and 
surgery to prepare the child for standing at the optimal 
chronologic and/or developmental age (Display 6.4).24,67 
The urologist will monitor bowel and bladder function, as-
sess renal status at regular intervals, and plan a course of  
care that includes intermittent catheterization and possibly 
pharmacologic management (Display 6.5). At the appropri-
ate time, a bowel program to attain fecal continence will 
be implemented that may involve scheduled toileting, diet 
recommendations, medication, biofeedback, and behavior 
modification.67–69,83–85

As the child’s status stabilizes in each of  the specialty 
areas, visits to the clinic will become less frequent. It is not 
unusual for a child to be seen at 6-month intervals over sev-
eral years and then yearly if  there are no ongoing problems 
or major concerns. However, more frequent visits may be 
necessary if  a chronic problem requires closer monitoring 
and intervention.

moving on the floor and resting too close, suffering serious 
burns. Prior to placing the infant down to play, a search for 
hidden objects on the floor or in the carpet may prevent an 
accidental injury from loose tacks or a small sharp toy. The 
infant’s legs and feet should always be covered by tights or 
socks and pants when playing and crawling on the floor to 
avoid rug burns and abrasions. Wearing socks or booties will 
also help prevent problems when children begin to pull their 
legs up, reach for, mouth, and even bite at their toes, typi-
cally at the age of  6 to 8 months.

Skin insensitivity will continue to be a concern through-
out the child’s life. Wearing new shoes or braces, for ex-
ample, requires vigilance to avoid pressure areas, sores, and 
abrasions. Normal sensation keeps the typical person from 
sitting immobile for long periods of  time. Sensory feedback 
causes individuals to shift around frequently and change 
their weight distribution, relieving pressure and discomfort. 
Count the number of  times you move and shift your weight 
during a movie or a dull class. People with areas of  insensi-
tivity develop skin problems secondary to prolonged sitting 
because they do not feel the discomfort and therefore do not 
shift their weight, change their position, and relieve the pres-
sure. Similarly, when a person with typical sensation feels dis-
comfort from an ill-fitting shoe, they quickly become aware 
of  the problem and are able to readjust their gait to avoid 
continued abrasion until they can get off  their feet or change 
shoes. For the child without full sensation, such readjust-
ments will not occur, as areas of  pressure are not perceived. 
So, it is important to gradually introduce the use of  new or-
thotics. The brace should be worn for only a few hours at a 
time, and the skin should be inspected carefully to determine 
whether there are any pressure areas. When areas of  redness 
last for longer than 30 minutes, an adjustment to the ortho-
sis is indicated. The child should not be permitted to keep 
wearing the brace in the hopes that the skin will toughen. 
Rubbing tea bags or alcohol on the site does not help to 
toughen the skin, as suggested in some home remedies. 
The accommodation to a new brace is best implemented at 
home, over a weekend or in the evenings, when regular and 
frequent skin checks can be made. Unless it is clear that this 
is more successfully implemented at school, it is not wise to 
have the child wear a new device for a full day until proper fit 
and good skin tolerance are ensured. If  these issues are not 
initially addressed and the child experiences skin breakdown, 
it may lead to extended periods of  time out of  bracing, infec-
tion, possibly the need for hospitalization, and most likely a 
delay in the progression of  the orthotics plan.24,34,67

 Care of the young child

Ongoing Concerns and Issues

As the initial phase of  intervention for the baby with spina 
bifida comes to an end, a plan for long-term follow-up care 
should be developed. Various approaches to the delivery of  
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delayed and abnormal development of  head and trunk con-
trol and delayed and abnormal acquisition of  righting and 
equilibrium responses, which are all necessary foundation 
skills for higher levels of  movement and functional skills. 
Interestingly, children who have hydrocephalus without 
spina bifida do not exhibit the same movement problems 
with the frequency or severity as children with both spina 
bifida and hydrocephalus. So when we work with these chil-
dren, at any age, it is necessary to integrate our background 
in orthopedics, kinesiology, and orthotics management with 
concepts of  early motor development. While we can only 
postulate that the Chiari II malformation is a contributor 
to the movement difficulties we may be seeing, we are still 
compelled to address all of  the child’s needs.24,34,67,69–72

The earliest problems noted in many infants include 
prolonged instability of  the head and upper body with de-
layed or weak acquisition of  antigravity movement in all 
positions, balance, and equilibrium responses. The typical 
baby spends time in various positions right from the begin-
ning of  life and experiences the effects of  gravity on their 
head and body in all positions. Typical infants will begin to 
stabilize their head over their shoulders in the supported 
upright position in their parent’s arms. This early stability 
occurs well before the baby can lift its head from a prone or 
supine position. As the baby’s head becomes progressively 
more stable, parents find new and more convenient ways to 
carry and handle their baby and in less protective manners. 
This parent–child feedback is most apparent when the baby 
is held upright in the parent’s arms. At first, the parent’s 
hand is placed behind the baby’s head to prevent it from 
falling backward. A few months later, we see this support-
ing hand only when parents raise or lower the baby from 
a crib or changing table or when lifting the sleeping baby. 
In just a few months, almost no guarding of  the head is re-
quired when the baby is carried in an upright position. The 
parent has responded to the baby’s new skills and has ac-
cordingly changed the style of  lifting, holding, and carrying, 
usually without the need for any therapeutic instruction or 
interventions. For the infant with typical tone, there is phys-
iologic stability of  the head and neck. Typical joint proprio-
ception through the cervical spine and the sensitive stretch 
reflexes of  the soft tissue structures of  the neck permit the 
baby’s head to fall slowly into gravity, with movement or a 
position change, but only to a limited degree. The head is 

Developmental Issues

As stated earlier in this chapter, the survival of  a greater 
number of  infants born with spina bifida has permitted the 
clinicians working with these children to gain valuable ex-
perience and insight into the full scope of  the disability and 
all of  its primary and secondary issues. It is apparent that a 
significant number of  children with spina bifida exhibit CNS 
deficits, and for some, the effect of  these deficits can be more 
detrimental to the child’s function than their lower extrem-
ity paralysis. The CNS deficits can have a major impact on 
the child’s acquisition of  gross motor, fine motor, percep-
tual motor, and cognitive skills, and it is critical that the PT 
understand these problems. The knowledgeable PT can be 
a resource to other service providers regarding the array of  
problems they may be observing.

The Chiari II anatomical malformation was identified 
and studied for years before discussions began regarding 
how this malformation might relate to the developmental 
dysfunction that was often seen in children with spina bifida. 
Using MRI studies, the structural abnormalities have been 
identified and can be visualized.31 However, as previously 
noted, MRI studies are inconsistent in predicting the clini-
cal presentation of  a particular child. Up to 85% of  children 
with spina bifida have low tone, with minimal to moder-
ate developmental delay. The most common difficulties are 
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and strength of  the head and trunk, which this child lacks. 
So getting into and out of  the “W” sitting position is usu-
ally the easiest. From prone or four-point, the child merely 
pushes his or her body straight backward with the arms, 
until the buttocks reach the surface, in between the knees. 
Using these passive patterns of  movement does not help to 
further improve strength and coordination of  the body.

When a typical baby lifts an arm to reach for an object 
while in prone, a weight shift to one side and back occurs 
that activates the neck, trunk, hip, and leg musculature to 
counterbalance and stabilize the baby’s position. The baby 
does not depend on upper extremity support to lift the head 
and can therefore reach without the head and chest drop-
ping. When the forearms are stabilized on the floor, dur-
ing typical weight shifting and movement in prone, the 
arms become more externally rotated while the forearms 
rotate from pronation into supination, with pressure shift-
ing across from the radial to the ulnar surface of  the hands. 
Increased and varied weight bearing and tactile stimulation 
across the hands help to reduce the sensitivity of  the grasp 
response. So the typical upper extremity weight-bearing pro-
gression aids in opening the baby’s flexed fingers and hands. 
Experiences in the prone position also provide considerable 
proprioception through the joints of  the upper extremities 
as well as opportunities to increase control and strength.

The child with spina bifida needs coordination and 
strength of  the upper extremities to use assistive devices 
for ambulation, to perform activities of  daily living, and to 
manipulate paper and pencil for tasks in school. But using 
the upper extremities in lieu of  head and trunk support will 
limit the baby’s motor experiences of  the arms and hands. 
The shoulders remain elevated to continue providing stabil-
ity for the head. Arms tend to be held in more internal rota-
tion with scapular protraction. The forearms are pronated, 
and wrist and hand flexion may also be seen. Weight bearing 
on the hands may remain limited to the radial aspect.

Paralysis of  the lower extremities decreases the total 
amount of  tactile, proprioceptive, and vestibular input that 
the child is receiving from the body. The degree to which 
this loss affects the individual depends on the remaining 
movement and sensation available in the legs, the function 
of  the upper body, and the child’s CNS status for processing 
this tactile input. If  a child is able to explore the environ-
ment actively and independently, knowledge is gained about 
the body in relation to the environment. A typical baby has 
a vast number of  movement experiences occurring at the 
same time, and learning is acquired through many sensory 
modalities. When movement and exploration are limited, 
learning is ultimately affected. Lower extremity paralysis, in 
combination with low tone and poor head control, makes 
gross motor movement, especially against gravity, more 
difficult for many children with spina bifida, which can 
also affect the child’s motivation and willingness to move. 
When movement is more difficult, it can become a negative 
experience, and learning more sophisticated skills will be 
impacted.

held reasonably steady without much active or intentional 
participation by the infant.

The child with spina bifida who demonstrates poor neck 
stability may retain a startle response longer than a typically 
developing infant. Parents respond by continuing to pro-
vide the needed head support well past the time the baby 
should hold his or her head up independently. This begins 
an abnormal cycle in which the support provided by the 
parent’s hands, while appropriately reacting to the baby’s 
need, actually limits the experiences and opportunities the 
baby may get to practice and develop better head control, 
and so the delay is further prolonged. The infant who has 
low tone lacks the proprioceptive responses to gravity, or 
the responses may be slow and weak, permitting the head to 
fall forward or to the side much farther before the stabiliz-
ing responses occur. A mechanical disadvantage compounds 
the problem as the baby grows. The head becomes larger 
and heavier, so the task of  head righting is made ever more 
difficult by this additional weight and the relatively weak 
musculature. When an infant with spina bifida is placed in 
various positions and makes attempts to stabilize his or her 
head, compensatory patterns of  movement can often be 
seen. Elevation of  the shoulders is one pattern noted. This 
is a developmentally immature alignment for the infant who 
should have head stability in upright by 4 months of  age. 
Stabilizing the head with this shoulder pattern will act as a 
block to further development of  head-righting skills. The 
shoulders and upper arms, held elevated and stiff  to provide 
neck stability interferes when the infant should be experi-
encing and practicing increased freedom of  movement and 
control of  the head, separate from the upper extremities.

Compensatory patterns of  overusing the arms are seen 
when the baby attempts to lift his or her head, look around, 
reach, and play while in the prone position. Side-to-side 
weight shifting over the hands and arms does not occur eas-
ily. When the child lifts an arm to reach for a toy, the prop 
is removed, stability is lost, and the head and upper chest 
falls. The child may figure out how to tilt his or her head 
to one side for a weight shift and let it hang there to unload 
one arm and reach for a desired object. Once this compensa-
tory pattern is successful, it may not improve without ap-
propriate intervention. As this scenario plays out, months 
later, the child who did not develop sufficient head and neck 
strengths and balance reactions will not develop adequate 
trunk strength and stability to maintain the body in upright 
positions and may continue to need their upper extremities 
to prop when placed in sitting. And the child remains stuck, 
unable to move into or out of  the position except in lim-
ited, stereotyped ways. To change positions, the child may 
eventually develop strategies to move but these strategies 
are usually passive, allowing the body to fall into gravity, in-
volving little muscle activity or control from the neck and 
trunk. The child may lower his or her head to one side 
and slowly collapse down to the floor, or may lean forward 
and crawl out of  the sitting position. Getting into and out of  
sitting from one side or the other requires balance, control, 
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Extensive literature is available that describes early motor 
development of  the typical child. From this information, as 
mentioned earlier, we learn that an infant acquires head and 
neck stability in upright postures before he or she can lift 
their head from prone or maintain midline control in su-
pine. Gaining the ability to stabilize the head while upright 
facilitates strengthening of  the musculature needed to lift 
and control the head in the other positions (Figs. 6.8 and 
6.9). With these thoughts in mind, the therapist can recom-
mend that parents offer their baby with spina bifida expe-
riences in all positions with a strong emphasis on upright 
postures.34,88–93

Therapists need to appreciate these impediments on 
motor learning for children with spina bifida and use this in-
formation to facilitate and encourage early handling strate-
gies for parents that will enhance their baby’s development 
and encourage the acquisition of  more typical movement 
patterns.86–95

 Handling strategies for parents

As mentioned earlier, instruction sessions with parents should 
begin, when possible, before the child is discharged from the 
hospital and should continue until the parents are comfort-
able with their handling and acceptable movement and func-
tion of  the child is observed. Parents should be aggressive in 
their involvement, but tempered by the medical status and 
age of  their baby. Teaching sessions should ideally include op-
portunities for the parents to observe the therapist handling 
their baby and time to practice with this expert assistance.

Parents often focus on the most conspicuous deficit, 
their baby’s lower extremity paralysis. But the PT has the re-
sponsibility of  incorporating into the instructional program 
additional information that will promote the family’s under-
standing of  gross, fine, and perceptual motor abilities above 
the waist. The pace of  instruction should be based on the 
status of  the infant and the capacity of  the family. Families 
can be gently alerted, during early treatment sessions, about 
the developmental delays that may be seen in some children, 
especially the possible difficulty in developing control of  the 
head and upper body. Parents should not permit the baby 
to be held or positioned with the head at severe angles. The 
presence of  hypotonus will influence the acquisition of  anti-
gravity head control in all directions, and we must alert care-
givers to avoid allowing the overstretching of  neck muscles 
and other soft tissue structures. Adapting the car seat with a 
soft towel roll to maintain erect head alignment is one use-
ful suggestion. Leaning the seat back will also decrease the 
effect of  gravity on the baby’s head and neck.

In supine, the infant will be the most asymmetric until 
active neck flexion is present to maintain the head in mid-
line and the baby may have difficulty turning the head from 
side to side due to gravity acting on the head. Abnormal 
compensatory patterns of  movement may be seen when the 
baby tries to turn or the baby may be content keeping the 
head to one side. The prone position promotes greater sym-
metry, but may be frustrating if  neck and upper trunk exten-
sor strength is poor and the baby cannot easily lift and turn 
the head. Keeping the head to one side in either prone or su-
pine may tire the infant who may begin to cry. In response, a 
parent will lift the baby or roll it into a different position. By 
responding in this manner, the parent unknowingly assumed 
responsibility for a motor skill that the child should be mas-
tering. Parents should be educated that their good intentions 
may actually interfere with appropriate muscle development 
needed for their baby to move in a more acceptable manner 
and they can be instructed in alternative approaches.

FIGURE 6.8 Typical infant at 6 weeks of age. The infant is sta-
bilizing his head while in an upright position. Note the erect align-
ment of the thoracic spine in an infant with normal muscle tone.

FIGURE 6.9 The same infant as shown in Figure 6.8, barely 
able to elevate his head to turn it side to side in a prone position.
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should be provided to families whether they are experienced 
with older children or are first-time parents. It is interesting 
that some parents, who have other children, may be accus-
tomed to the range of  motor development seen in typically 
developing infants. They may deny or minimize the devel-
opmental delays of  their child with spina bifida, regardless 
of  the information they are receiving to the contrary. So 
early and consistent input by the therapist is required to help 
parents develop a critical eye and an effective approach to 
address the needs of  their child. It is inappropriate to wait 
until significant delays or abnormalities are seen before re-
ferring a child to an intervention program.

 Physical therapy for the growing child

Developmental Concerns

A long-range plan of  care should be developed by the PT 
that is acceptable to the neurosurgeon, orthopedic surgeon, 
and family. The therapy plan for the young child with spina 
bifida is based largely on the objective findings by the PT in-
tegrated with the concerns of  the other specialists. Repeated 
manual muscle tests and careful observation of  the child’s 
development enables the therapist to identify the child’s 
strengths and weaknesses. Intervention can then be directed 
at both the specific issues related to the lower extremities and 
the child’s overall gross motor development (Display 6.6).

Children with spina bifida need to practice activities to 
improve righting and equilibrium responses of  the head 
and trunk. When the therapist addresses these needs and 
sees improvement, there is an important secondary benefit. 
While stimulating the child’s automatic balance responses 

Parents can be taught to carry their awake, alert child in 
ways that will not require support and will facilitate devel-
opment of  antigravity head control without allowing the 
head to fall suddenly in an uncontrolled manner, eliciting a 
startle response. Holding the baby high up on the parent’s 
shoulder rather than at the chest level is one position that 
can be tried (Fig. 6.10). Another useful strategy is for the 
parent to sit near a table holding their baby in sitting, on the 
table, facing them, and at eye level. The parent, while en-
gaged in visual play with their child, is providing experiences 
for practicing independent head control. The infant can be 
held around the shoulders at first and then lower, at chest 
level, as head stability and control develops. Providing up-
right experiences, however, does not mean that the child is 
placed in an infant seat. More about that, shortly.

Parents can be instructed to observe their infant for pro-
longed asymmetries. But the therapist should not wait to 
demonstrate appropriate, symmetric alignment of  the baby 
in various positions that the parent can practice during their 
normal routines of  the day: diaper changes, dressing, meal 
time, rest, and play (Fig. 6.11). Another position that encour-
ages a more symmetric alignment is with the parent sitting 
comfortably on a soft chair or sofa, legs elevated with hips 
and knees partially flexed. The baby can be nestled supine, on 
the parent’s legs, face-to-face, with head and body in midline.

Children with spina bifida often require long-term thera-
peutic intervention that may be unavailable or inconvenient 
in the hospital setting. This is especially true for those ba-
bies in whom CNS deficits are seen. Early intervention 
programs, either home based or in the community, are rec-
ommended if  the program is able to provide the needed 
therapy services. Ideally, the program should provide sup-
port for the family as well. Ongoing assistance is vital once 
the family leaves the secure environment of  the hospital and 
takes their baby home. The services of  a 0-to 3-program 

FIGURE 6.10 Infant is being carried high on the adult’s shoul-
der to allow independent movement of the head and an improved 
position of the upper extremities.

FIGURE 6.11 A suggested position for handling an infant in  
supine. Note the hand placement of the parent to provide a symmetric 
midline posture while stimulating the baby in face-to-face play.
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posture. As equilibrium responses strengthen, active hip flex-
ion, hip adduction and abduction, knee extension, and ankle 
and foot movements can be seen. There have been instances 
when children who had limited head and upper body con-
trol started working on righting and equilibrium reactions, 
and over time, a significant improvement was seen not only 
in these automatic responses, but also in the movement and 
strength of  the legs. Working on developmentally appropri-
ate positions and movement patterns is especially helpful to 
address the lower extremity needs of  young children who 
cannot follow verbal directions and are unable to intention-
ally participate in strengthening activities.

When asymmetries in the baby’s balance reactions are 
noted to one or more directions, repetitions can be added in 
those directions or they can be performed more frequently, 
but the stronger responses should still be included and not 
forgotten. For the young child, it is recommended that these 
sessions of  tilting last only about 2 to 5 minutes and stop if  the 
baby becomes tired or upset. It is advisable to help families 
identify a few opportunities during the child’s daily routine 
and their usual schedule, during which they can practice this 
activity. For a parent who watches a lot of  television, suggest 
they work with their baby on these exercises during part of  
each commercial break. They can also work on this equilib-
rium activity for the amount of  time it takes to slowly sing the 
ABC song, after each time the baby’s diaper is changed, trying 
to keep the baby engaged through the entire song. The song 
is used as a timing device. While practicing balance and only 
getting to the letter “G” one day, a parent can aim for more 
of  the song the next time. Identifying specific times when the 
exercises can be practiced may encourage compliance and 
enable the responses to strengthen more quickly (Fig. 6.12).

In the prone position, neck and thoracic extensor 
strengthening is achieved as the child attempts and becomes 
successful at maintaining the head and thorax up against 
gravity without the use of  his or her upper extremities. Low 
back extensors, gluteals, quadriceps, and plantarflexors can 
be activated during prone extension patterns of  movement, 
provided of  course that the muscles are innervated. Routine 
carrying of  the infant in the prone position or playing face-
to-face with a family member while both are lying on the 
floor or on a bed will stimulate the baby to hold his or her 
head erect. As this reaction becomes stronger, the baby 
can be further challenged with side-to-side weight shifting, 
which will strengthen the responses and continue to stimu-
late the muscles of  the trunk and lower extremities.

As mentioned earlier, in supine the effects of  gravity may 
cause the child to look the most asymmetric. Strengthening 
of  active neck flexion during sitting and tilting activities will 
carry over and improve the child’s active head control in 
midline when supine, thus decreasing much of  the asymme-
try. Spending time in supine facilitates beginning eye–hand 
coordination and bilateral upper extremity play for the typi-
cal child. But if  the child with spina bifida remains asymmet-
ric with the head turned to a preferred side, development 
of  these skills will be hampered. Supine also facilitates 

against gravity in all positions, active movement in the trunk 
and lower extremities can be seen. So these balance re-
sponses should become an important part of  the child’s daily 
home exercise program because of  this two-fold benefit.67

Sitting, with movement, stimulates the child’s balance, 
improves head and trunk control, increases the child’s vi-
sual field, and provides an opportunity for many eye–hand 
experiences. Head-righting and equilibrium responses in sit-
ting can be tested and improved by holding the child at the 
shoulders and slowly tilting him or her backward. Beginning 
conservatively at 20 to 30 degrees, the infant should re-
spond by holding the head steady and then returning the 
head forward depending on the baby’s age and skill level. 
Next, the therapist brings the infant’s body back to mid-
line and repeats the activity to one side, the other side, for-
ward, and to the diagonal directions. If  no response occurs 
in any direction and the child’s head hangs, or if  the child 
becomes upset with the activity, the movement may have 
been too rapid, or the baby was tilted too far. A slower and 
less  challenging movement is used until a response is noted 
and one can build from there. Changing the position of  the 
supporting hands may also enable a child to react in the di-
rection that was weaker. With the baby positioned on the 
lap of  the handler, gentle downward pressure through the 
shoulders and thorax or mild bouncing to stimulate and 
approximate the joint surfaces of  the cervical and thoracic 
spines may also assist. As the child’s responses to the tilting 
become more brisk and strong, the angle of  the tilting can 
be increased. Over time as the child improves, support can 
be moved distally to the chest and then to the waist, but 
the activity continues. During this balance and equilibrium 
routine, especially when the baby is tilted to the diagonal 
 directions, the oblique abdominals as well as lower extrem-
ity musculature will contract in response to shifts in the 
center of  gravity and in an attempt to maintain an upright 
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Provide medical team with accurate information regarding lower 
limb movement
Perform periodic manual muscle testing for comparison 
purposes
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prevent lower extremity deformity
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where indicated
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as a result of  the positive support reaction. When this novel 
response is discovered by parents, it is quickly included into 
the repertoire of  positions that parents use to play with their 
child. Proprioceptive input through the legs and spine is pro-
vided by this weight bearing. The sensory input is impor-
tant for body awareness and perception of  body in space. 
Standing also provides the baby with a new visual perspec-
tive of  his or her surroundings. During this early weight 
bearing, contact between the femoral head and acetabulum, 
together with muscle contractions around the hip joint, help 
to stimulate acetabular development, properly seating and 
stabilizing the hip joint. As the child grows, practice in this 
position evolves from being reflexive to being volitional. 
Upright weight bearing continues to challenge and improve 
extension, control, and balance against gravity and stimu-
lates available muscles in the trunk and lower extremities 
that will assist with independent sitting and standing.

The family members of  a child with spina bifida should 
be taught to assist their young child to perform brief  periods 
of  supported standing several times each day until the child 
can stand with less assistance, or until a first standing device 
or bracing is provided for longer periods in upright. Placing 
the child on a solid table surface, the baby can be supported 
against the parent’s body, and one leg at a time can be stabi-
lized and the body weight lowered onto the leg. The activity 
does not have to be performed with both legs simultane-
ously, if  this is too difficult (Fig. 6.13). Using a small ball or 
lowering a child from the parent’s shoulder to stand on their 
lap are two other methods. Many ways can be tried until 
one is found that is easy and convenient for the parent and 
success is seen.34,67

Returning briefly to general development, as the child 
with spina bifida becomes more mobile but learns to use his 
or her arms to compensate for weakness in the trunk and 
neck, the child may be able to roll over, attain the four-point 
position, and perhaps pull to stand, if  lower extremity func-
tion is adequate. But this progression, with increased reli-
ance on the arms, and poor trunk strength will ultimately 
lead to the child requiring a higher level of  bracing than the 
level of  the back lesion might indicate, and the child will also 
require a more supportive assistive device during gait than 
would otherwise have been predicted. Therefore, during as-
sessment and treatment, it is not sufficient merely to iden-
tify that a developmental milestone has occurred. Rather, it 
is important to assess the quality of  the movement, includ-
ing such considerations as the child’s ability to perform the 
movement against gravity, whether the movement is typi-
cal in appearance, or whether compensatory or abnormal 
patterns have developed. One can then identify the patterns 
of  movement that need to be enhanced and strengthened 
as foundations for future skills, as well as the movements 
that should be avoided or changed.67 Intervention for the 
areas of  concern can be addressed in a safe and appropri-
ate therapeutic regimen. The physical therapy plan can in-
clude activities performed in all positions, the use of  gravity 
to challenge the child, with varied and changing movement 

disassociation of  body parts as the child moves into and out 
of  the position while at play. Through rotation of  the tho-
rax on the lumbar spine, the lumbar spine on the pelvis, and 
the lower extremities on the pelvis, a great deal of  strength-
ening and control of  these body parts is gained. When the 
child holds his or her legs up in supine, extending them to 
kick and play against gravity, neck flexors and abdominal 
musculature are strengthened as well as the muscles of  the 
lower extremities. Neck and trunk flexors combine with the 
extensors to provide for good spinal alignment in sitting, 
which is another goal for the baby as he or she progresses.

A typical infant, held up in their parent’s hands, as early as 
2 months of  age can bear weight on their lower extremities 

FIGURE 6.12 (A, B) Challenging the child’s balance responses 
to elicit more sophisticated and stronger upper body reactions and 
strengthening of the lower extremities as they respond.

A

B
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sitting gives the child a new visual perspective of  the sur-
roundings and provides the first sensation of  the effects 
of  gravity, the weight of  the head, and the opportunity to 
stabilize the head over the shoulders. However, to practice 
and gain confidence in these early skills, the infant must be 
stimulated by movement, for example, while being carried 
in a parent’s arms. The experiences of  random and varied 
weight shifting and tilting as the parent moves and walks 
are physiologically important. Mild bobbing and jerking 
movements of  the head stimulate the stretch reflexes in the 
joint receptors of  the neck, producing muscle contractions 
that mark the infant’s beginning attempts at head control. 
This stimulation is essential. However, most infant seating 
devices offer total support, which is unwise for the infant 
with spina bifida who may be slow to develop head control. 
Infants with spina bifida need frequent opportunities to par-
ticipate in activities that challenge the head, neck, and trunk. 
The infant should be actively moving and turning to see his 
or her surroundings and to feel and respond to gravity act-
ing on their body parts in different planes. To be seated in a 
device allows little or no active participation in movement 
or in the learning process. The device allows the infant to be 
passive and visually entertained without offering any motor 
benefits. When the infant tries to move in a seated device, it 
is common to see an arching or hyperextending of  the neck 
against the back of  the device, a pattern that is not condu-
cive to further acquisition of  functional skills.

Now consider the child who has sufficient lower extrem-
ity function to successfully move around the room in an in-
fant walker. The pelvis and upper body are supported, and 
the child is often seen with poor alignment, possibly tilted 
to one side in the walker. Coordinated reciprocal move-
ments of  the legs are not necessary to gain momentum in 
this device, and weight bearing through the legs is often ran-
dom, momentary, and sporadic. Only a quick, thrusting pat-
tern is necessary to propel the device. It is inappropriate to 
facilitate and strengthen this pattern because it has no car-
ryover for developing coordinated movements or providing 
stability to the lower extremities and trunk, both of  which 
are vital components for independent standing and ambula-
tion. Rather, infants should bear weight on their lower ex-
tremities while maintaining appropriate, erect alignment of  
the trunk and upper body over their legs. Parents who are 
concerned about the “weak” legs of  their infant with spina 
bifida can be guided and encouraged to provide prone, su-
pine, and standing experiences that require more active par-
ticipation from the child’s whole body, as was mentioned in 
the previous section. Typically, when moving and playing, 
children use many parts of  their body at once. A child who 
is excited by a bright object or favorite toy will be seen mov-
ing his or her arms while also lifting and kicking his or her 
legs. These movements help strengthen the musculature of  
the legs and trunk while offering unique sensory stimula-
tion, and parents can be encouraged to play and excite their 
baby in this manner rather than thinking a device will be 
helpful.

experiences to facilitate motor development. By providing 
these opportunities, there is an increased likelihood that 
the child’s gross, fine, and perceptual motor abilities will 
be less negatively affected, and the child’s gross motor skills 
will be commensurate with the motor level of  the lower 
extremities.86–96

Infant Devices

The issue of  infant seats and various baby positioning devices 
always arises during conversations with parents and should 
be addressed by the therapist as soon as possible. The avail-
able literature is consistent in its insistence that all infants 
need to be active to acquire the strength and motor control 
necessary to move against gravity, attain erect sitting and 
standing postures, and walk. The infant must receive and 
integrate vast amounts of  sensory and motor information 
to build a foundation of  knowledge about his or her body 
and to develop the ability to function effectively within the 
environment. Infant walkers, jumper seats, swings, bouncer 
chairs, and the excessive use of  infant seats can have a neg-
ative impact on motor development and sensorimotor 
learning. So the use of  these devices will further delay the 
development of  the baby with spina bifida who is already at 
risk for motor disturbances. (Several of  these concerns are 
explored in greater detail in Chapter 11.)

All infants must experience the upright sitting position 
because of  its influence for mastering many skills. Upright 

FIGURE 6.13 Brief periods of standing throughout the day will 
help provide for well-aligned weight bearing in the child without 
fully innervated musculature of the lower extremities.
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establishing reasonable but not unrealistic expectations for 
each child because much time, effort, and expense can be 
spent on orthotic management and physical therapy ser-
vices to teach gait training and maintain upright skills that, 
for some children, will only be feasible for a short time in 
their lives. This philosophy is thought to be an efficient, cost-
effective method that supports the concept that later func-
tional outcome can be predicted primarily by the child’s 
lesion level at an early age. Institutions that follow this model 
are often reluctant to brace a child with a thoracic or high 
lumbar lesion after the early childhood years, since the lit-
erature indicates that most adolescents with high-level le-
sions are mobile only from a wheelchair and have discarded 
functional ambulation by their teen years. There is, however, 
opposing research that acknowledges a significant number 
of  variables that affect the level of  upright performance of  a 
child, of  which lower extremity innervation is only one fac-
tor. Interest, commitment, and participation by the family 
and the child’s CNS function, motivation, learning capacity, 
and the desire for movement are just a few of  the factors that 
should be considered when deciding whether to begin, pro-
ceed with, or discontinue an ambulation program. An article 
from a major clinic in Australia identified that the later the 
child began to ambulate, the earlier he or she was to aban-
don it. The article also pointed to rapid growth and weight 
gain, the need for frequent brace adjustments, and other 
medical problems as interfering factors that stop a child from 
ambulation even earlier than might have been expected.98 An 
editorial by Dr. Malcolm Menelaus stated that early ambula-
tion is important for a number of  physiologic and psycho-
logical reasons even if  it is abandoned later in the individual’s 
life.99 Finally, from an ethical standpoint, one might question 
whether proceeding with or terminating a gait program 
should be determined by anyone other than the patient as 
evidenced by his or her abilities, in combination with the 
family, who is ultimately responsible for their child’s program 
continuity and follow-up care.

The Lurie Children’s Hospital in Chicago followed a 
course of  action in which all children who are seen through 
the myelomeningocele clinic begin a program of  early stand-
ing and gait training and as the child grows, the medical 
staff, parents, school personnel, and the child communicate 
and share their impressions and experiences, so bracing and 
ambulation can continue for as long as it seems reasonable. 
When a patient is considered a household or exercise ambu-
lator and uses a wheelchair for primary mobility, this level of  
gait is still supported and encouraged by the clinic staff.

Adopting this approach means that more time is required 
to communicate between various institutions and individu-
als so that everyone is aware of  the ambulation goals and is 
working toward the same end. Because the patient’s needs 
and abilities may be constantly changing, the goals estab-
lished for mobility also have to be flexible. Changes in medi-
cal care for children with spina bifida, as well as advances in 
orthotics technology and materials, warrant an active and 
creative approach toward bracing and gait. The end goal is 

Parents may initially only plan to use these positioning 
devices or a walker for short periods of  time. But, since 
most parents strive to be good parents and keep their chil-
dren happy and content, the time in these devices often 
increases insidiously. This is especially true if  the baby is en-
tertained, further reducing the time the baby spends mov-
ing around on the floor. In assessing the use of  such devices 
and the type of  instruction a therapist may give a parent, 
one must consider the lifestyle of  the family. Many parents 
spend long periods of  time out of  the house, in a car, trav-
eling to appointments, going to the supermarket, shopping 
center, or other destinations. The infant may go from a car 
seat into a stroller or shopping cart and back to the car seat. 
Add this to the time the infant spends sleeping and eating, 
and it becomes apparent that little time is left for more ben-
eficial activities. However radical the approach may seem, 
the therapist may find it best to totally discourage the use 
of  all infant devices. Then, if  parents must use an infant seat 
for a brief  period of  time, for example, during mealtime or 
to keep the baby nearby while cooking, that parent might 
be more conscientious and remove the baby as soon as pos-
sible. Of  course, the exception is in the case of  a car safety 
seat, which must always be used when traveling and whose 
use should be strongly reinforced.34,67,86,88,90–92,97

 Orthotics

Introduction to Bracing

A discussion of  orthotics for the young child with spina bi-
fida is most logically approached by grouping the children 
together who share motor levels that require similar ortho-
pedic and orthotic management. In this chapter, we consider 
the children with thoracic-level lesions in one group, those 
with high lumbar L-1 to L-3 lesions in a second group, chil-
dren with low lumbar L-4 to L-5 lesions in a third group, and 
those with sacral lesions in a fourth, final group. Early splint-
ing, standing devices, and bracing for initial standing and am-
bulation will be discussed for each of  the groups and a rough 
plan of  progression suggested. One should be aware that 
within each group the children may have very different pat-
terns of  active movement, strengths, and upright function. 
Thus, the clinician should remember that each child must be 
evaluated individually and depending on the findings, a man-
agement plan specific to that child can be developed, with 
the information in this section serving as a guide.

Philosophies of Bracing

Some clinics follow a bracing philosophy that preestablishes 
a plateau of  expected maximum function for children on 
the basis of  their lesion level and general gross motor de-
velopment. Several publications have supported the concept 
that an ultimate and predictable level of  mobility exists for 
children at each motor level. These approaches advocate 
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able to verbalize that their child did not seem ready to be 
upright, follow directions, and walk with braces and an as-
sistive device. So the plan was postponed for a few months 
to enable the child to begin practicing small parts of  the gait 
program, for short periods of  time each day, until the child 
seemed more ready and the parents were agreeable. In spe-
cific situations, we may introduce a walker in the house so 
the child begins to see it as a piece of  furniture and is no 
longer frightened when asked to hold it. Another child may 
be placed in their braces and allowed to go through their 
typical day, but nothing more. Or, a child may be braced and 
propped at the sofa to play, without being asked to move. 
The ability to break up a process or an activity and intro-
duce it in small portions to the timid or fearful child may 
make the difference between success and failure.

Once a brace is fabricated for a child, the family should 
be shown proper donning and doffing. Appropriate leg cov-
erings should be suggested to protect the child’s skin. This 
therapist recommends a long, boy’s tube sock for protection 
or thin, nontextured tights for both girls and boys. Parents 
should be alerted as to where and how to look for improper 
fit of  a brace and when a brace modification would be indi-
cated owing to poor fit. Pressure along the medial or lateral 
borders of  the feet, ankles, and knees and the bony promi-
nences of  hips and legs should be examined. Parents should 
be included in the plan when a change is being considered, 
adding or subtracting a section of  the brace on the basis of  
their child’s progression or if  problems are encountered. 
Regardless of  the brace, families must know whom to call 
and what action should be taken if  the brace does not pro-
duce the desired result. They should understand that the 
problems with the brace do not mean that they or their 
child are failures or are somehow inadequate. Selecting and 
fitting the appropriate brace for a child is an ongoing pro-
cess that may take time to perfect. The need for change to 
an already existing brace program is often based on sound 
observations and recommendations from parents, who are 
living and working with their child each day. Depending 
on the clinic protocol, when a bracing problem arises, par-
ents should know whom to contact, so that appropriate 
direction can be given and appointments made. Families 
should not have braces sitting in a closet for several months, 
unused, while awaiting a routine clinic appointment to dis-
cuss a problem with the therapist or orthopedic surgeon. 
Likewise, a poorly fitting brace that might cause skin dam-
age should not be worn because the parents want to comply 
with their home program instructions. Bracing changes that 
require adding a level of  support should not be construed as 
the child’s failure, regression, or lack of  progress. Rather, it 
should be handled as a matter of  course for an oftentimes 
difficult decision that is based on both objective and subjec-
tive findings.

Decisions to change the bracing level, unlock joints, or 
change an assistive device should be made in a thoughtful 
and considered manner. The child’s attitude toward and 
readiness for gait training plays a large part in the timeliness 

to help each child attain his or her optimal level of  perfor-
mance, regardless of  motor level, and to assist the child to 
maintain this level for as long as is feasible. Consider just 
one issue: the physical environment of  the child and its im-
pact. In this country, in large and small cities, rural and sub-
urban areas, there can be tremendous variations in the style 
of  architecture and the size of  homes and apartments. The 
condition of  sidewalks, yards, or driveways, accessibility of  
schools, access to parks and expanses of  space to walk and 
play, and many other assets or obstacles will influence the 
child’s ability to acquire and maintain gait skills. All informa-
tion should be considered when helping to develop a gait 
program, rather than using the child’s lesion level as the de-
termining factor.34,67,81,100,101

General Principles of Orthotics

Any discussion of  bracing raises the fundamental question of  
whether the child should be braced high and levels of  bracing 
removed as motor control is mastered or whether the child 
should be braced low, with sections added as the need dic-
tates. Unfortunately, initial orthotic decisions can be impre-
cise and only become more refined with clinical experience. 
A brace that is prescribed for a moving, growing, changing 
child can only be correct for the brief  period of  time that 
the child remains exactly as he or she was when evaluated. 
That period of  time may be very short for the 1-to-3-year-
old child, longer for the 3- to 5-year old, and longer still for 
the teenager at 14 to 16 years of  age. This means that the 
younger child who is growing rapidly and is very active may 
require more frequent brace reevaluations, revisions, and re-
pairs. This is not an indication to become frustrated and give 
up on the ambulation plan, but rather to be even more dili-
gent and committed to supporting the ambulation process 
with the patient and family.

Also, in order to make an appropriate brace selection, 
the CNS function and the effects of  CNS dysfunction on 
the child’s ability to move must be considered as well as the 
motor level of  the lower extremities. The orthopedic sur-
geon, PT, and family should try to gather as much objective 
information about the child as possible prior to beginning 
an orthotics program. The PT, having spent time with the 
child, should have a good impression of  the child’s motor 
capabilities. Also, asking parents to share their perceptions 
of  their child’s motor function can identify any differences 
between home and clinic performance. For example, par-
ents can be asked to describe the ways in which their child 
likes to play, their child’s favorite positions, responses to the 
upright position, degree of  assistance needed to change po-
sitions, and the method the child uses to move and explore 
on the floor. The answers to these questions can give the 
therapist valuable information about how active the child 
is, even though the child may be sitting quietly in a stroller 
in the clinic, throughout this conversation. There have also 
been families who, though excited about the prospects of  
beginning a bracing and gait program with their child, were 
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As the child grows, a “total-contact” orthosis may be used 
during nap times and through the night to prevent loss of  
joint range. Proper fit of  the brace will prevent limb move-
ment within the device that can lead to abrasions, and the 
child should always wear protective tights or long socks. To 
enable the child to work further on control and strength of  
the head and trunk, this first orthosis can be adapted with 
wedged rubber soles so it can be used for brief  periods of  
standing and tilting exercises during the day. During these 
sessions of  standing, the child can practice and become pro-
ficient in balance and equilibrium reactions of  increasing dif-
ficulty (Fig. 6.14). Prone-lying in the splint, while the child 
is asleep, is recommended to help avoid pressure over the 
bony prominences, such as the ischial tuberosity, sacrum, 
and calcaneus. Skin breakdown at these sites is common with 
persistent supine positioning. Inspection of  the skin is also 
essential after each session with the orthosis, and any red 
marks that do not fade should be brought to the attention of  
the orthotist for adjustment.

If  the child has moderate to severe limitations in hip 
ROM, it is inappropriate to use an orthosis to force the 
limbs into better alignment. This is dangerous and can re-
sult in skin breakdown and/or a fracture, especially at the 
proximal femoral neck. Significant limitations in flexibility 
are managed best by conservative methods of  wrapping and 
gentle stretching with eventual surgical release of  the tight 
soft tissue structures, including the iliotibial band, hip exter-
nal rotators, and knee flexors. The orthosis can then be used 
following surgery to maintain the newly acquired position.

of  these decisions. Generally, the aim is for safe and func-
tional ambulation by 5 or 6 years of  age in preparation for 
mobility in school. But, given the numerous tasks and skills 
to be mastered, this is not a great deal of  time in which to 
prepare. Parents and therapists may feel rushed when the 
child is nearing school age, but sufficient time must be al-
lowed for mastery of  skills at one stage before progressing to 
the next. Some families are assertive when expressing their 
desire to have their child standing and ambulating with as 
little assistance as possible, as soon as possible. This should 
not rush the clinician into making a premature decision that 
might have a negative effect on the child’s outcome. The 
responsible method of  practice is to pace the progression 
of  skills slowly to achieve the safest, most secure, and least 
stressful result for the child and family, while still moving 
forward. In keeping with this measured approach, only one 
change at a time should be made to an orthosis or an as-
sistive device. Unlock the proximal joint of  the brace or re-
move a trunk strap, see the outcome and allow some time 
for the child to adapt, before making the next alteration. 
Note that the child has progressed nicely with a walker be-
fore trying to transition to crutches. Otherwise, diagnosing 
the etiology of  a problem that may arise becomes more dif-
ficult if  multiple modifications were made at the same time 
or over too short a period of  time.

A well-defined orthotics program should begin as early 
as the child’s first days of  life after the initial evaluations are 
concluded. The PT and orthopedic surgeon can discuss the 
deformities that are present and those that may likely occur 
secondary to muscle imbalance or bony deformity around a 
joint. They can then develop a plan of  care, including nec-
essary taping, splinting, and bracing, to address the current 
and/or anticipated problems. Orthopedic surgery and an 
early orthotics program can then be coordinated to prepare 
the child for upright positioning close to the typical develop-
mental age of  12 to 15 months, if  possible.24,67,82

Children with Thoracic-level Paralysis

The child with no motor control below the thorax has flaccid 
lower extremities and is at risk for developing a frog-legged 
deformity. This posture is also commonly seen in the immo-
bile infant who remains in supine for long periods of  time. 
The legs are abducted, externally rotated, and flexed at the 
hips and knees with the feet in plantarflexion. There is no 
active leg motion to counteract the effects of  gravity and 
reverse this position. Muscle and other soft tissue structures 
become increasingly tight over a short period of  time with-
out proper attention, and the presence of  reflex activity can 
make the flexed posture more resistant. Prone positioning 
and daily ROM exercises are advised. Also, gentle nighttime 
wrapping of  the legs in extension and adduction with an 
elastic bandage can help prevent or minimize the deformity. 
Flexibility can be gained using these intervention strategies 
when minimal to moderate tightness already exists, but try-
ing to avoid the problem before it occurs is the primary goal. 

FIGURE 6.14 A total-contact orthosis to be worn at night fit-
ted with wedged soles for periods of standing and weight-shifting 
activities.
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with this level of  paralysis. The current consensus is that sur-
gery to relocate either one or both hips is not indicated. This 
approach avoids many postoperative complications that may 
be more problematic than the original dislocation. Fractures, 
pain, and infection can occur as well as a stiff, frozen hip as 
a result of  an open reduction procedure. An immobile hip 
joint will compromise sitting and standing alignment, and 
often requires additional surgery, if  it can be corrected at all. 
Redislocation of  as many as 30% to 45% of  the hips is also 
common, owing to the lack of  dynamic forces around the 
hip to provide joint stability. Lastly, the hip dislocation does 
not affect the child’s functional  abilities in upright. Simple 
surgical release of  soft tissue structures may be decided if  
the active and unopposed hip flexors and adductors have 
tightened to the point of  restricting range. In the case of  a 
unilateral dislocation, an asymmetric pelvis can result if  the 
involved hip becomes tight. This asymmetric posture creates 
an uneven foundation for sitting and standing and interferes 
with proper fit and alignment of  braces. Again, addressing 
the limitation of  ROM and achieving a level pelvis without 
joint surgery is more important than achieving a good radio-
logic picture. Evaluation for a shoe lift may be necessary for 
the child with a unilateral hip dislocation in order to equal-
ize leg lengths when the child is upright. Even a small leg-
length difference may affect standing alignment and stability 
of  the younger, smaller patient.

When hip surgery is performed, it is appropriate for the 
PT to be involved with the patient and family for home pro-
gram instruction when the child leaves with a cast as well as 
after the cast is removed to assure a flexible hip and a return 
to the standing or gait program.24,67,102–107

Orthotics for Children with Thoracic and High 
Lumbar Paralysis

When children with T-12 to L-3 motor levels are almost 12 
months old and exhibit adequate head control to be posi-
tioned upright, they should be considered for the “A frame,” 
also known as the Toronto standing frame. This frame can be 
used for multiple, short standing sessions during the day in an 
attempt to duplicate the activities of  typical children who pull 
to stand for short periods of  time but are still predominantly 
mobile on the floor on their hands and knees (Fig. 6.15). The 
device is easy to don and doff, and a schedule of  upright po-
sitioning for up to 30 minutes, three to five times each day 
seems manageable for many parents. The device is freestand-
ing and represents the child’s first opportunity to be upright 
without having hands-on assistance from a parent or using 
their own upper extremities for support. Engaging the child 
in finger feeding, block play, and other fine motor activities is 
ideal during this standing time. Additionally, parents should 
be instructed to challenge their child while in the device by 
working on head-righting and balance skills. A recommended 
activity is to slowly tilt the frame in one direction, watch-
ing for the child’s righting response of  the head and trunk. 
The frame is returned to midline and then tilted in another 

The total-contact orthosis should always include a tho-
racolumbar section to stabilize the pelvis and lumbar spine. 
Without this section, the child can move and laterally flex 
the trunk, causing malalignment of  the lower extremities, 
with adduction of  one hip and abduction of  the other hip, 
relative to the pelvis. Contractures at the foot will make 
later brace and shoe fit difficult, so the total-contact orthosis 
should also include the lower legs and feet to hold the knees 
extended and the ankles in a neutral or plantigrade position.

For the older child or adolescent with a high thoracic le-
sion who may no longer be ambulatory, the total-contact 
orthosis may be appropriate to use at night, to prevent or 
minimize contractures that can easily develop in individu-
als who are sitting all day. Also, a lightweight, foot splint or 
ankle–foot orthosis (AFO) can be fabricated for use during 
the day to maintain good positioning and shoe fit for the 
child who is mobile from their wheelchair.24,67

Children with High Lumbar Paralysis

Children with a motor level from L-1 to L-3 will usually ex-
hibit some active hip flexion and adduction, but usually no 
other strong movements at the hips or knees are present. 
Weak quadriceps and medial hamstrings may be noted in 
some children with an L-3 motor level. To prevent flexion/
adduction contractures at the hips, the child with a high lum-
bar lesion can also benefit from the use of  the total-contact 
orthosis. The splint can maintain hip and knee extension 
with moderate abduction (approximately 30 degrees) and be 
worn during sleep. It can also serve as the child’s first stand-
ing device.

Children with this degree of  lumbar paralysis will usu-
ally require an initial level of  bracing that supports the hips 
and lower legs to stand and walk. Bracing at that level is 
necessary to stabilize extension at the knees and a 90-degree 
angle of  the ankles and to provide medial–lateral control at 
the hips and pelvis. A number of  children with this level of  
paralysis who have strong trunk musculature, good sitting 
balance, and intact CNS function may be able to control the 
medial– lateral planes of  hip movement and ambulate with-
out orthotic control at the hips later in childhood, but they 
will still require bracing above the knees, as well as some 
type of  assistive device such as a walker or crutches.

Hip subluxations and dislocations are common in chil-
dren with a high lumbar paralysis owing to the significant 
muscle imbalance around the hip. It can be either unilateral 
or bilateral. When hip dislocation is detected, therapists and 
parents should continue passive ROM exercises, with care, 
to ensure that there will be no additional loss of  joint flex-
ibility or related muscle shortening. There is often fear that 
more damage to the joint will occur from ROM exercises, 
but this is not the case. Rather, more harm is done by discon-
tinuing the exercises and allowing additional adductor and 
flexor tightness to develop. There has been much discussion 
and debate within the orthopedic community regarding the 
optimal surgical approach to the dislocated hip in patients 
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Children with moderate to severe CNS deficits and de-
layed acquisition of  head control and upper extremity func-
tion may continue to use the standing frame until they are 
too tall to properly fit into the frame (at about 6 years of  
age, depending on the child’s height). As the child outgrows 
the frame, either the parapodium or the Orlau swivel walker 
may be considered. These are two orthotic options that will 
provide continued and valuable time in an upright posture 
while providing adequate support of  the upper body to meet 
the needs of  the child with significant motor delay. Both are 
easy to don and doff, they are simple to size and fit well, and 
are also freestanding, so require supervision. Regardless of  
the device chosen, the child should continue an exercise pro-
gram that includes developmental and preambulation skills 
to further improve function in the neck, arms, and upper 
body. While in either device, the child can practice weight-
shift activities as described earlier. For the child in a para-
podium, a walker or forearm crutches can be introduced at 
some point to teach forward mobility using a hop-to gait, if  

direction, waiting again for the child’s balance response. The 
frame should be tilted slowly and at a small angle, and all di-
rections should be performed: forward, back, right and left 
sides, and to the diagonals. This routine is recommended for 
the first 3 to 5 minutes of  each standing session. On the basis 
of  the child’s success, further strengthening of  the responses 
and the neck and trunk musculature can be achieved by in-
creasing the angle of  the tilt. Again, as mentioned earlier, 
if  asymmetry is seen in the quality of  the child’s responses, 
then tilting can be performed more frequently to specific di-
rections to strengthen these weaker reactions. Positioning the 
child to passively stand in front of  the television is not recom-
mended, and unsupervised standing is not advisable because 
the child’s wiggling body can easily topple the device, causing 
injury.34,67 As the child progresses in developmental activities, 
such as rolling, getting into and out of  a sitting position, and 
attempting to crawl, the child may no longer tolerate the im-
mobility of  the standing frame. This may indicate a readiness 
for bracing and ambulation training.

FIGURE 6.15 Toronto A frame showing good alignment for standing. (A) Side view. (B) Front view.

A B

Arune
Highlight

Arune
Highlight

Arune
Highlight



  CHAPTER 6    Spina Bifida 273

forearm crutches as arm strength and control increases. The 
child with active hip flexors can attempt to walk with one or 
both hip joints unlocked, using a reciprocating gait pattern. 
In the absence of  innervated gluteals however, when both 
hips are unlocked, the child will jackknife forward. To main-
tain an erect posture, the child must be able to hyperextend 
the lumbar spine to shift the center of  gravity posterior. The 
child must also use both upper extremities to remain erect 
by pushing on the walker or crutches (Fig. 6.19). When un-
locking the hip joints of  the HKAFO, the pelvic band main-
tains leg alignment in hip abduction/adduction and medial/
lateral rotation, motions the child is unable to actively con-
trol. For some children with a high lumbar lesion and an in-
tact CNS, the pelvic band may be removed at some point to 
allow further freedom for transfers and to permit a faster 
swing-through gait pattern, when the child progresses to 
crutches. Arm strength, trunk stability, and the ability to hy-
perextend the lumbar spine are essential for a stable stance 
without the pelvic band. When these skills are present, the 
gait of  this child more closely resembles the patient with ac-
quired, traumatic paraplegia.109,110

Regardless of  the orthosis, most young children and their 
therapists find that the rollator walker is the most effective 
assistive device to begin gait training. With four points of  
stability and two front wheels, this walker provides good 
support and the child does not have to lift the walker to 

the child has sufficient upper extremity strength and coordi-
nation. The Orlau swivel walker has a ball-bearing plate at 
its base that causes a forward progression on smooth level 
surfaces without the use of  an assistive device. Movement 
of  the Orlau walker requires the child to move the head and 
shoulders in a side-to-side motion that causes the device to 
unweight on one side and swivel forward. As skills improve, 
children can progress to different, less supportive and restric-
tive orthotics, but the child can remain with either of  these 
two devices as long as it will accommodate their growth.67

For many years, the standard hip–knee–ankle–foot ortho-
sis (HKAFO) was the only option for the child with a high 
level of  paralysis who had graduated from the standing de-
vices and was ready to ambulate. A thoracic extension could 
be added to the HKAFO for the child with limited trunk 
control, but this was very confining and limited the child’s 
potential to walk only as a household or exercise ambulator. 
Another option, the Louisiana State University Reciprocating 
Gait Orthosis (RGO), originally developed for the adult with 
traumatic paraplegia, easily transitioned as a viable option 
for the child with spina bifida. The RGO uses a system of  
cables with a dual-action hip joint that flexes one hip while 
maintaining the opposite hip in locked extension for a sta-
ble one-legged stance and a reciprocating pattern of  gait. A 
properly fitted RGO maintains the ankles at 90 degrees with 
extension at the knee and hip joints and aligns and supports 
the trunk and pelvis over the legs with lateral thoracic up-
rights and a strap. Many children who have used the RGO 
and an assistive device have been able to progress to a more 
energy-efficient and safer gait pattern than was possible with 
the HKAFO. As a child’s trunk stability improves, the RGO 
can be modified without decreasing the child’s ability. By 
retaining the cables and dual-action hip joints but removing 
the chest strap and thoracic uprights, the child can still use 
the brace mechanism for an assisted reciprocating gait, but 
with less restriction of  the upper body.108–111

The isocentric RGO is another device that eliminates the 
posterior cable system but maintains the same functional 
properties as the original RGO. Patients and families ac-
customed to using the original RGO can be switched to the 
isocentric model when the child grows and a new brace is 
required or it can be prescribed as the child’s first brace.109

With hip and knee joints locked, the child ambulating 
with either of  these reciprocating braces and an assistive de-
vice performs a lateral weight shift onto one leg and leans 
slightly back at the shoulders to facilitate the forward flexion 
of  the unweighted leg. Repeating the weight shift and poste-
rior lean produces forward flexion of  the opposite leg. This 
gait pattern requires no active motor function in the lower 
extremities, but if  active hip flexion is present, it can be uti-
lized to flex the limb forward and the weighted leg remains 
stabilized in extension (Figs. 6.16 to 6.18).109–111

When using the standard HKAFO with a pelvic band, 
locked hip and knee joints, and solid ankle joints, the child 
can learn either a hop-to or swivel pattern of  gait using a 
walker, later mastering the swing-through pattern with 

FIGURE 6.16 Gait training with a reciprocating gait orthosis. 
A lateral weight shift with a slight tilt backward causes the un-
weighted leg to swing forward.
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are the answer, one should first check that the level of  brac-
ing is appropriate and not too low so the child feels the need 
for more support (Table 6.2).

The decision to progress the child from a walker to ei-
ther axillary or forearm crutches will depend on the child’s 
ability. The child should have a reasonable period of  time to 
walk successfully with the first device before transitioning to 
another. A typical timeline for progression cannot be easily 
recommended or predicted, and a degree of  experimenta-
tion may be necessary. It is best to make the transition by 
6 to 8 years of  age, when upper extremity strength is suffi-
cient, the child can follow simple cues and verbal directions, 
and before a child becomes too dependent on the walker or 
becomes anxious about falling.

A child wearing a body jacket to control scoliosis may 
find axillary crutches difficult to use. The crutches may be 
hard to stabilize and may move against the slippery spinal 
brace. With HKAFO bracing and a truncal addition, axillary 
crutches can get caught on the lateral uprights. But, axillary 
crutches encourage a more upright posture and they may 
work well for the child who does not have good strength or 
control of  the shoulders and needs this added support for a 
reciprocating gait or hop-to pattern.

The swing-to and swing-through patterns are best accom-
plished with forearm crutches, and it has been this author’s 

advance it. For this reason, the standard walker is almost 
never used. An anterior-facing walker also provides better 
support for children who require bracing above the knee.

Young children can begin the gait program by first learn-
ing to hold their walker, often requiring hand-over-hand as-
sistance from an adult. While standing at a low window or 
mirror, the child is reminded not to let go or move lest they 
and the walker tilt and fall over. Placing the walker against 
the wall or mirror stabilizes it in the sagittal plane while the 
child learns to control the remaining directions. After a few 
practice sessions, the child may be moved away from the 
support and shown how to move themselves. If  possible, 
the use of  parallel bars should be avoided during initial gait 
training because they provide too much stability and the 
young child may develop patterns of  leaning and pulling on 
the bars that will be dangerous when making the transition 
to a walker that can tilt and fall over. Exceptions to this may 
be made in cases where a child has difficulty learning to use 
a walker or is very fearful. But before assuming parallel bars 

FIGURE 6.17 Alignment and fit of a reciprocating gait orthosis 
with a thoracic strap and uprights, cable, and dual-action hip joints. 
Note the use of patellar pad to maintain true knee extension.

FIGURE 6.18 A reciprocating gait orthosis, fit over a plastic 
body jacket, to manage scoliosis. Note the erect alignment in this 
child with paralysis at the T-10 level.
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to develop, the therapist and family should work together 
with the child to maintain a flexible, erect thoracic spine and 
well-aligned shoulders. Prone lifts and exercises for shoulder 
external rotation and depression, in sitting, prone, and/or 
supine, will help strengthen the rhomboids and lower trape-
zius muscles and stretch the tightening pectorals, which may 
help to minimize any permanent structural changes.

By the time the child, with a thoracic or high-level lum-
bar paralysis, approaches adolescence, he or she may have 
already chosen to use a wheelchair as their primary form 
of  mobility to be faster and more competitive with peers. It 
has been found that girls prefer wheelchair mobility earlier 
than boys as a result of  their earlier puberty and the weight 
gain and body development that accompanies adolescence. 
As transition to a wheelchair occurs, children and families 
may discard the idea of  bracing, standing, and walking. The 
growth spurts and weight gain that are typical of  all adoles-
cents make brace management a serious problem for the 
child with spina bifida. Braces may require more frequent 
adjustment, repair, and/or replacement. The child might be 
spending little or no time standing and walking during the 
school day, so the value of  the braces is greatly reduced in 
their eyes. But spending a full day in a wheelchair increases 
the likelihood of  developing hip and knee flexion contrac-
tures and foot deformities. These are common in the non-
ambulatory adolescent and can impact the child’s wheelchair 
and transfer skills, bed mobility, and skin integrity. Therefore, 
when wheelchair mobility is chosen, if  possible, children 
should also maintain a program of  positioning and physi-
cal activity aimed at avoiding joint contractures and muscu-
loskeletal deterioration. Prone positioning in combination 
with a standing device, parapodium, or braces can be used 
during prescribed therapy sessions and for periods of  time 
throughout the week, both at home and at school. Imbedded 
into the routines of  the home, standing in some manner, for 
homework, meals, relaxation time, etc. will help to main-
tain the musculoskeletal and physiologic benefits of  up-
right that were discussed earlier in this chapter. Swimming, 
wheelchair sports and games, wheelchair aerobics, and other 

experience that the vast majority of  children with spina bi-
fida who make the transition go from a walker to forearm 
crutches. However, the child who is using forearm crutches 
over several years, leaning forward onto the crutches, can 
develop an upper thoracic kyphosis and tight pectoral 
muscles that cause elevation and protraction of  the shoul-
ders and scapulae. If  these postural malalignments begin 

FIGURE 6.19 Hip–knee–ankle–foot orthosis (HKAFO) with hip 
joints unlocked. The child with an L-4 or L-5 motor level maintains 
balance with a hyperextended lumbar spine and upper extremity 
support on the walker. The HKAFO is needed to control medial–lat-
eral instability at the hips due to muscle imbalance.

CNS Status

Typical → Mild Deficit Mild → Moderate Moderate → Severe

Preambulation orthosis Toronto A Frame Toronto A Frame Toronto A Frame

Assess Ambulation bracing at 15–24 mo Ambulation bracing at 15–24 mo Continue with A Frame

Ambulation orthosis HKAFO; locked hips; rollator walker RGO; thoracic uprights; rollator walker Orlau swivel walker; no assistive device

Progress As above, hips unlocked RGO; remove uprights; rollator walker RGO; thoracic uprights; rollator walker

Progress As above, crutches As above, crutches

Progress KAFO, pelvic band removed; 
crutches

Assess for further changes; consider 
standard HKAFO or KAFO

Assess for further changes

CnS, central nervous system; HKafO, hip–knee–ankle–foot orthosis; KafO, knee–ankle–foot orthosis; RGO, reciprocating gait orthosis.

Ambulation Sequence: T-12 to L-3 Motor Level

TABLE

6.2
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action of  the anterior tibialis, and results in a foot with a 
dangerously reduced weight-bearing surface. The distribu-
tion of  body weight is limited to the heel and ball of  the 
foot, and pressure problems can quickly develop when the 
child begins walking. Bracing and shoe fit can be difficult, 
and surgery is often indicated to weaken or eliminate the 
deforming forces, realign the bones, and provide a greater 
weight-bearing surface over the entire sole of  the foot.113

When there is an absence of  the plantarflexor (gas-
trocnemius/soleus) muscles, the various combinations of  
strengths and weaknesses of  the intrinsic musculature can 
produce additional abnormal ankle, foot, and toe align-
ment and abnormality of  the weight-bearing surfaces. The 
orthopedic surgeon may consider muscle-lengthening pro-
cedures and tendon transfers in an attempt to balance the 
dynamic forces around the joints or excise the tendons if  
active muscle balance cannot be reached. The goal is to at-
tain a flat foot that is easy to fit with bracing and shoes.113,114 
Torosian and Dias stated that deformities of  the foot are 
the most common lower limb problem in the spina bifida 
population. Foot deformities cause pain, interfere with 
shoe and brace fit, and negatively affect the child’s ability 
to walk.115 They addressed the management of  severe hind-
foot valgus, but the principles are universal to all foot ma-
lalignment. A mild deformity may be accommodated by a 
brace, but if  it is severe, the insensate foot requires surgical 
correction because it is highly vulnerable to pressure sores 
and ulceration.

The clubfoot deformity (talipes equinovarus) is the most 
common foot deformity requiring surgical correction for 
children with an L-4 or L-5 motor level (Fig. 6.20). The diag-
nosis and management of  clubfoot has prompted extensive 
discussion, but most surgeons now follow a protocol that in-
cludes gentle manipulation and taping as early as the baby’s 
first weeks of  life, followed by application of  a well-padded 
splint, rather than serial casting. Casting had been used ex-
tensively in previous years, and the change of  approach was 
in response to the problems that developed from pressure 
over bony prominences, associated skin irritation, and break-
down. Casting is also not precise in applying the appropriate 
pressures to a small foot with this multiplane deformity. The 
clubfoot is often very resistant to conservative treatment, 
and surgical correction may be inevitable. Recurrence of  a 
clubfoot deformity, secondary to conservative treatment or 
incomplete surgical correction, can be as high as 68% and 
may lead to skin problems from a brace and shoe that is dif-
ficult to fit.113 Postoperative gentle passive stretching exer-
cises to maintain flexibility of  the foot and a well-padded, 
properly fitting brace are important, although additional 
surgery to fully correct the deformity will be necessary in 
the future. It is reported that when tendon lengthening is 
used in lieu of  excision of  the tendons, the deformity is 
more likely to recur. Since children with this level of  motor 
paralysis will most always need bracing to stabilize the ankle 
and foot for gait, tendon excision has no functional impact 
on the child’s level of  bracing or ambulation potential. The 

activities that help weight control and improve cardiovas-
cular function can be a part of  the child’s activity regimen 
as well. Maintaining and increasing trunk and arm strength 
and coordination also remains important for the older child/ 
adolescent so that during these times of  growth and weight 
gain, there is no loss of  function.24,98–100,103,104,112

Children with Low Lumbar Paralysis

Children with L-4 or L-5 motor function usually have strong 
hip flexors and adductors. Gluteus medius and tensor fascia 
lata may be present to contribute to active hip abduction, al-
though the strength of  these muscles can vary from a “Poor” 
to “Good” grade depending on the contribution from the in-
nervated nerve roots. Hip extension power from the gluteus 
maximus is absent. Children at this level are at risk for flexion 
contractures as well as early hip dislocation or later progres-
sive subluxation, depending on the relative strengths of  the 
muscles surrounding the hip joint. Inherent ligamentous lax-
ity in the child with low tone also contributes to hip joint 
instability.

Manual muscle testing around the knee usually shows 
strong quadriceps and medial hamstrings (semitendinosus 
and semimembranosus) but absent lateral hamstring func-
tion. Kicking and crawling during the early childhood years 
can produce an internal tibial torsion deformity from the un-
opposed stimulation by the medial hamstrings on the tibia. 
This imbalance in muscle forces contributes to a  toeing-in 
posture during standing and gait, which may first be 
 observed when the child pulls to stand and begins to cruise.

Careful manual muscle testing is crucial in children with 
this lower-level lesion because there is often great variation of  
motor ability at the ankle and foot (Display 6.7). The ante-
rior and posterior tibialis muscles, long and short toe exten-
sors, peroneus longus and brevis muscles, and toe flexors may 
be functional, but the strengths in these muscle groups vary 
greatly. If  significant imbalance in strength is found, patients 
may need to wear splints at night to prevent a progressive loss 
of  flexibility. Splinting may also be recommended to maintain 
foot flexibility until corrective surgery is appropriate.

With strong dorsiflexors and absent plantarflexors, a cal-
caneus deformity may have been present at birth, or it may 
develop through early childhood. An exceptionally high 
arch, a pes cavus deformity, is caused by the unopposed 

Pes calcaneus, calcaneovarus, calcaneovalgus
Talipes equinovarus or clubfoot
Pes equines or flatfoot
Convex pes valgus or rocker-bottom foot with vertical talus
Pes cavus, high arch with toe-clawing
Ankle valgus, at the mid- or hindfoot

Common Foot Deformities in Patients with 
Spina Bifida
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potential for ambulation with short bracing and no assistive 
device.24,67,118

It is apparent from this section of  the chapter and from 
the literature that the management of  hip dislocations is 
often a confusing and controversial subject for the child with 
a low lumbar lesion. The therapist can play an important 
role in assisting the physician to identify the child’s muscle 
strengths and weaknesses, skills in the upright position, 
trunk and pelvic alignment, and overall gross motor abil-
ity. This information may then enable the physician to bet-
ter evaluate the treatment options and decide accordingly. It 
is widely accepted that function, not X-ray findings, should 
guide this important decision.

Children with L-4 to L-5 paralysis who have significant 
CNS deficits may not be able to control their trunk in up-
right positions or move their legs well. This lack of  move-
ment often conveys the impression that a higher level of  
paralysis exists. The therapist and the family should con-
tinue their attempts to remediate the effects of  any CNS 
deficit, by improving coordination and antigravity strength 
of  the head, shoulders, and trunk. An upright program 
can begin with a Toronto standing frame and progress to 
a parapodium and then to the RGO for gait training as 
 feasible. These upright devices can offer a psychological 
and motivational boost for the family and the child who has 
been slow to acquire gross motor skills. If  gait training is 
performed in a patient and thoughtful manner, some mea-
sure of  success can be realized. In error, a child with poor 
trunk stability but a low lumbar paralysis might be fitted 
for bracing that is too low, based solely on the lower ex-
tremity muscle testing. These inappropriate orthotics and 
the resulting ineffective attempts at gait training can create 
great frustration for  everyone involved. To avoid these situ-
ations, use of  the RGO seems to provide significant benefits 
for this group of  children who can then be progressed to a 
lower brace level at some point in the future, as their skills 
improve.108–110

Children who have a lesion level at L-4 to L-5 and without 
any apparent CNS deficit can be provided with bracing ac-
cording to their need (Table 6.3). Many children at this level 
are attempting to stand or can already pull to stand by 10 to 
12 months of  age, and will not require a standing frame. If  
the child can control his or her knees while upright, they can 
go directly to an AFO (Fig. 6.21). Although some children 
at this motor level will be able to stand and begin to walk 
without foot support, the AFO will provide ankle stability 
for stance and gait and assist in normalizing gait parameters, 
increasing ambulation speed, increasing stride length, de-
creasing double support time, and decreasing oxygen con-
sumption. The orthosis will also help to control the subtalar 
joint, preventing heel valgus, and control forefoot adduc-
tion/abduction. Care should always be taken that the AFO 
is set at 90 degrees to give the child a solid foundation for 
standing and does not permit flexion at the ankle that would 
translate into compensatory proximal flexion of  the knees 
and hips.24,67,119 “Twister cables” may be added if  tibial or 

midfoot of  this type of  deformity has a prominent medial 
crease, and the forefoot is adducted. With surgery, the foot 
lengthens as it becomes better aligned. Prior to surgery, 
parents can be instructed to perform frequent but gentle 
stretching of  the skin and soft tissue structures, especially 
of  the medial aspect of  the foot as well as posterior, at the 
tight heelcord. This has been found to help prevent wound 
dehiscence, a complication following surgery, when the skin 
is stretched thin and taut to cover the longer, corrected foot. 
The more flexible the soft tissue, prior to surgery, the less 
likely it is that this will occur.24,67,116,117

Regarding hip reduction surgery for the child with an L4 
or L5 motor level, the debate continues. When deciding on 
a course of  management, the discussion should focus on the 
child’s motor function, including lower extremity strength 
and developmental skills and the child’s potential to walk 
with an assistive device versus independently. Surgical cor-
rection is considered contraindicated if  bracing to the hips 
and/or assistive devices will always be needed for mobility, 
because the hip status will not affect these parameters. On 
the other hand, surgical correction may be considered for 
the child with good motor control of  the trunk and strong 
quadriceps and gluteus medius musculature. If  this child 
is able to walk with some configuration of  AFO or KAFO 
bracing and no assistive device, a surgeon may choose to ad-
dress the child’s hip(s) to prevent or correct gait deviations 
that might hamper the child’s future unassisted walking. 
Surgery might also be considered to prevent degenerative 
changes in the unstable hip. Many surgeons contend that bi-
lateral hip dislocations should never be surgically repaired 
for fear that postoperative complications could ultimately 
be more harmful, with minimal functional gains and the 
greater potential for diminished gait later in life. A unilateral 
dislocation is usually only corrected in the child with a low 
level of  innervation and intact CNS function who has the 

FIGURE 6.20 Talipes equinovarus (clubfoot deformity) in a 
neonate. She will be treated with serial taping to gently stretch soft 
tissue structures into a more neutral position followed by surgery.
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bony rotation at its source, either the femur or the tibia. If  
the rotation is in the lower leg, tendon transfer of  the active 
and unopposed medial hamstrings to a more midline orien-
tation behind the knee is performed so that redeformity of  
the tibia is minimized.67

A KAFO may be used for the child with weak quadriceps 
who has difficulty maintaining either unilateral or bilateral 
knee extension when upright. Many braces that cross the 
knee joint are fabricated with straps across the thigh and 
lower leg. This author has found that adding a true knee/
patellar pad will help maintain better knee extension while 
reducing the pressure exerted across the thigh and tibial 
straps. This reduction in pressure decreases the probability 
of  skin breakdown at those sites. Although a pad at the knee 
adds to the time spent donning and doffing the brace, it is a 
valuable component that ensures true knee extension that 
the more proximal and distal straps alone will not offer. In 
some children who have been ambulatory in bracing with 
only the thigh and tibial straps, a posterior displacement of  
the tibia relative to the femur can occur when excessive flex-
ion force is exerted into the tibial strap during standing. The 
patellar pad prevents this from occurring. One note: if  knee 
flexion is seen on one side when the child stands and walks, 
prior to considering the KAFO, a possible leg-length discrep-
ancy should first be ruled out, which would cause the longer 
leg to flex.24,67

femoral rotation is seen when the child is upright. This is a 
simple mechanism with a waist band and a cable running 
laterally down each side, attaching to the proximal lateral 
aspect of  each AFO. They are adjusted to provide the cor-
rect amount of  rotatory force to better align the foot pro-
gression angles of  each leg. Internal rotation, emanating 
from unequal forces at the hip or behind the knee, is very 
common at this lesion level (Fig. 6.22). However, external 
rotation of  both legs or a combination of  internal rotation 
of  one leg and external rotation of  the other leg may also 
be seen. Twister cables can be adjusted to control any of  
these combinations, and are valuable in aligning the lower 
leg for a safer and more cosmetic gait. Twister cables should 
always be attached to both AFOs. They cannot be attached 
unilaterally. If  one leg does not require correction, then the 
cable on that side can be set at neutral. Twisters can also 
reduce some of  the stance-phase varus or valgus deviations 
at the knee that are seen in the limb with excessive torsion. 
Twisters may prevent overstretching of  the loose ligamen-
tous structures at the knee if  the child were to continue 
walking with the legs malaligned. Over time, with the help 
of  the twister cables, the child may learn to control mini-
mal rotational deviations independently and avoid surgical 
correction, but ultimately surgery to derotate the legs will 
be indicated for most children. Surgery is usually recom-
mended at 6 years of  age. The procedure should correct the 

L-4 to L-5 Sacral

Muscles present Hip flexors and adductors All, with possible exception of gluteus maximus, 
gastrocnemius/soleus group, and foot intrinsics

Quadriceps

Medial hamstrings

Anterior tibialis

Some gluteus medius

Some foot intrinsics

Preambulation orthotics Toronto standing frame (some children may pull to  
stand, bypassing the frame, and begin with bracinga)

Usually none neededa

Ambulation bracing RGO if CNS deficits present AFO with weak gastrocnemius/soleus or crouched gait. 
Some need no bracing, but shoe insert may help maintain 
proper foot alignment

KAFO with weak quadriceps

AFO with good truncal balance, with or without “twisters”  
if torsion is presenta

Assistive devices Start with rollator walker and progress to crutches. An 
independent gait is possible for some, usually with a 
gluteus medius lurch and lumbar lordosis

Possibly a walker early on; most progress to an 
independent gaita

Expected functional level Ambulatory in life unless increased body weight; flexion 
contractures; poor CNS status; further complications  
may reduce ambulatory status

Independent gait with moderate to minimal deviations 
based on patterns of weakness

aControl of upper body and CnS status may modify these levels.
afO, ankle–foot orthosis; CnS, central nervous system; KafO, knee–ankle–foot orthosis; RGO, reciprocating gait orthosis.

Orthotic Management for L-4 to L-5 and Sacral Motor Lesions
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Some clinics have used a “floor-reaction” or “anticrouch” 
orthosis for children who have difficulty attaining knee ex-
tension. This orthosis is a standard AFO with an anterior 
shell that should facilitate knee extension at heel strike. The 
orthosis is theoretically sound and has been used success-
fully with other motor disabilities. But problems with exces-
sive pressure across the bony anterior tibia and subsequent 
skin breakdown have caused some centers to avoid using 
this brace with the spina bifida population.

A study presented by Hunt et al. explored the use of  a 
hinged AFO that limited mobility at the ankle from 5 de-
grees of  dorsiflexion to 10 degrees of  plantarflexion rather 
than the typical solid ankle. It demonstrated a positive in-
fluence on walking velocity; therefore, this brace may war-
rant further investigation.120 Allowing dorsiflexion at the 
ankle that produces consistent knee flexion may have to be 
monitored by the family and reevaluated at more frequent 
intervals by the clinicians to avoid development of  knee 
or hip flexion contractures that will limit a child’s ambula-
tion skills. Regardless of  the orthosis chosen, a careful as-
sessment of  the resulting gait pattern should determine the 
success or failure of  a particular device and the need for revi-
sion or replacement.

The child with an L-4 or L-5 motor level is often able to 
begin ambulation with a rollator walker after only a brief  
demonstration in the clinic. Crutch training for the young 
child, before the age of  6 years is often more involved and 
lengthy, and many clinicians believe that crutches are ill- 
advised until the child has reached a reasonable level of  skill 

FIGURE 6.21 A plastic ankle–foot orthosis is aligned at 90  
degrees or at a neutral position.

FIGURE 6.22 (A, B) A child with an L-4 to L-5 motor level and 
significant intoeing is portrayed. Twister cables are attached to an 
ankle–foot orthosis to control rotation or torsion until surgery is 
indicated.

A

B
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knee flexors and gluteus medius are expected, while gluteus 
maximus and gastrocnemius/soleus are present, but may be 
weak. Children with S-2 to S-3 motor levels have innervation 
of  all musculature of  the hips, knees, and ankles, and “Fair” 
to “Good” strengths can be expected. The incidence of  hip 
subluxation and dislocation is lower in this population than 
at the higher motor levels. When dislocation does occur, sur-
gical intervention is recommended primarily to avoid later 
joint pain, reduce lateral trunk flexing, and improve the bio-
mechanics of  the child’s gait.106 Significant hip flexion con-
tractures should not develop, and abnormal torsions of  the 
femur and tibia are not as prevalent as with higher-level le-
sions. Because of  the additional musculature available at the 
proximal joints, through the trunk, hips, and knees, the gait 
pattern of  the child with sacral innervation will more closely 
resemble a typical gait, although mild to moderate deviations 
will still be seen.

Manual muscle testing demonstrates that variations in 
this population are greatest at the foot and ankle with weak-
ness seen in the gastrocnemius/soleus muscle group. Toe 
flexors may be present and may provide some secondary 
ankle plantarflexion, but they are usually not strong enough 
to compensate for a weak gastrocnemius/soleus and stabi-
lize the ankle during stance and through the gait cycle. As 
a result, AFOs will be indicated for most of  these children. 
If  strong plantarflexors are present, external support may 
not be necessary while the child is young, but close monitor-
ing is necessary, especially during periods of  rapid growth 
and weight gain. The gastrocnemius/soleus may be strong 
enough to adequately stabilize the tibia of  a small child for 
standing and walking over short distances, but may not be 
strong enough for the active older, taller, and heavier child. 
Gait deviations may begin to emerge as the child grows. As 
the lever arm of  the muscle lengthens, a decrease in muscle 
efficiency may result. The loss of  mechanical advantage at 
the ankle means that additional strength is needed for stabi-
lization, not available in a partially innervated muscle. The 
gastrocnemius/soleus helps control the forward movement 
of  the tibia over the foot through the components of  the 
stance phase. When strength is inadequate, a crouched gait 
may develop, because the tibia is permitted to roll too far 
forward and too rapidly, forcing the foot into dorsiflexion 
with compensatory hip and knee flexion. Therefore, the 
child should always be observed both in static standing and 
in dynamic gait during each physical therapy or clinic ap-
pointment. Flexion contractures, though not expected in 
children with sacral-level lesions, can develop if  this flexed 
posture is not remediated. The added energy expense of  
walking with a flexion deformity will also reduce ambula-
tion capacity. Surgical lengthening of  tight hamstrings is un-
usual but might be necessary as a result of  these changes 
in gait, and a previously independent ambulator may need 
an assistive device for support. The crouched gait and its as-
sociated problems can be prevented simply by using a fixed 
ankle AFO as soon as the child demonstrates a need. The 
child whose posture is maintained by an orthosis can then 

and self-confidence with a walker. The child must have a suf-
ficient attention span to benefit from short training sessions 
with crutches without experiencing excessive frustration. 
The only successful experience this author has had with 
crutch use earlier than 5 years of  age was with a patient 
whose mother was a PT. She was committed and diligent 
to have her son enter kindergarten fully ambulatory and 
independent.

Some children with L-4 to L-5 paralysis will attempt inde-
pendent, unassisted ambulation. Their gait pattern usually 
includes a hyperlordotic lumbar spine and a side-to-side glu-
teus medius lurch that can be quite severe as the child grows. 
The degree of  these deviations depends on the strength of  
the hip extensors and abductors relative to the hip flexors 
and adductors as well as the stability and control of  the 
trunk and height of  the child. Gait will improve when good 
back and abdominal strength can assist with holding better 
alignment of  the lumbar spine and pelvis, but some degree 
of  deviation will always be seen when there is weakness 
and/or muscle imbalance around the hip joints. Secondary 
external rotation and valgus deformities at the knees and 
ankles can also occur with unsupported gait. For this rea-
son, therapists should vigorously support the continued use 
of  an assistive device through childhood and adolescence to 
prevent overstretching of  soft tissue structures and arthritic 
changes to the joints with accompanying pain. Prevention or 
minimizing of  these problems is imperative as they can lead 
to decreased or total loss of  gait skills later in the child’s life.

Moderate to severe hip flexion contractures are the single 
most influential factor leading to the deterioration of  ambu-
lation skills in these children. Hip flexion contractures of  20 
degrees or more for the child using AFOs and crutches can 
diminish gait velocity by as much as 65%. For this reason, 
despite the high degree of  activity demonstrated by many 
children with a low lumbar lesion, ROM exercises remain 
important. A prone positioning program is also helpful to 
counteract the hyperlordotic posture of  the spine and flex-
ion at the hips that is seen during ambulation. Prone po-
sitioning for prescribed periods during the day, as well as 
through the night, can minimize the development of  hip 
flexion contractures. Activities to maintain spinal mobility 
and to prevent a fixed lordotic spine should be included. 
Supine and sitting activities to address abdominal muscle 
strength, which will influence balance and spinal alignment, 
are also recommended for a comprehensive long-term pro-
gram at school and in the home.77,81,67,105,114,117

Children with Sacral-level Paralysis

The child with a sacral-level lesion will have a greater degree 
of  muscle function throughout the lower extremities than a 
child with any other motor level. But, as with other levels, 
there remains a great deal of  variation among the children in 
this group as well. Muscle forces around the hips and knees 
are in better balance, with full or partial innervation of  the 
major muscle groups. At the S-1 and S-2 motor levels, strong 
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gait pattern most of  the time, when they are not thinking 
about how they look. But as the child matures, he or she 
may desire to walk with a corrected pattern, if  even for a 
short period of  time. The child will then have the skill and 
muscle strength to do so. One patient, with whom this au-
thor worked, ran around the playground at school with 
moderate lateral trunk flexion, severe lumbar lordosis, and 
bilateral internal rotation of  his legs at every step. When en-
tering the clinic area, however, he was able to align his trunk 
and maintain an erect, symmetric posture with both feet 
pointing forward, to walk past the team and show off. His 
mother always commented that she hoped he could walk 
down the aisle at his wedding looking like that.

It is a pleasure to work with a child who can reach a high 
level of  motor function. The process of  working with a child 
like this is also an educational opportunity for the clinician. 
The therapist can learn to more closely observe the child, 
analyze subtle gait deviations, and determine the sources of  
trunk and limb weakness that contribute to the deviations so 
an appropriate intervention plan can be made. Is the devia-
tion from muscle paralysis, weakness, low tone, or habitual 
poor posture? Will addition or modification to bracing or an 
assistive device solve the problem, and what role will exer-
cise play? The development of  careful and critical observa-
tional skills ultimately benefits all patients, not only those 
with spina bifida (Fig. 6.23).

Many of  the CNS, biomechanical, and neuromuscular 
factors that negatively influence the acquisition of  mobility 
skills are not as prevalent in children with sacral-level pa-
ralysis compared to children with higher levels of  paralysis. 
Fewer children with sacral lesions have hydrocephalus and 
require a shunt, and fewer exhibit significant hypotonicity 
that is pathologic and affects their gross motor development 
and function. As a result, children with sacral paralysis who 
present with hip instability or other joint deviations are usu-
ally treated aggressively to preserve their potential for life-
long community ambulation.24,67

The use of  a preambulation or standing device may not 
be necessary for the child at the sacral level if  the child is de-
veloping strong balance responses in the trunk and exhibits 

go for short periods of  time without bracing, to attend a 
party or special event, without compromising future poten-
tial.67 The child with a sacral motor level is not intact as was 
once thought before more precise testing and close monitor-
ing by physical therapy was feasible. Though the issues that 
can develop are not as severe as in the children with higher-
level paralysis, these problems are not benign.

As our profession becomes more experienced in address-
ing foot and ankle problems, the child with a sacral-level le-
sion may benefit from having molded shoe orthotics placed 
within the shell of  their AFO. This arrangement may more 
precisely address any of  the hindfoot and midfoot malalign-
ments that can arise as the child grows and imbalances of  
the intrinsic muscles of  the foot become more pronounced. 
AFOs with articulating ankle joints or an AFO fabricated 
from a more flexible material that permits limited and 
controlled dorsiflexion with assisted plantarflexion may be 
indicated for a specific child who will benefit from the op-
portunity to have a more dynamic gait, thus allowing them 
to better utilize the active musculature at their ankle and 
foot.120,121

Compared with the child with a higher motor paraly-
sis, the child with a sacral lesion may not appear to need 
therapeutic intervention. But they may exhibit some mild 
to moderate gait deviations that can be minimized as they 
grow and are able to participate in their therapy program. 
Benefits can be gained from therapy to “fine-tune” the 
child’s gait. This program can be delivered during occasional 
sessions over a long period of  time, with shorter periods of  
more intense intervention, if  deterioration is seen, especially 
after a growth spurt that may negatively affect the child’s 
alignment. Abdominal strengthening, especially the oblique 
abdominals as well as the rectus abdominus, and strength-
ening to the extensors of  the trunk and limbs, is recom-
mended. The child should also practice correct alignment of  
the shoulders, trunk, pelvis, and limbs during standing and 
ambulation. Tactile, verbal, and visual reinforcement can 
all be used to help the child learn and maintain proper pos-
ture for progressively longer periods of  time. Children in-
volved in a program like this may still exhibit their abnormal 

FIGURE 6.23 Nine-year-old girl with an S-1 
motor level. (A) An independent gait has been 
achieved with ankle–foot orthoses and twisters. 
Note the poor alignment and low tone of the 
trunk, as well as the anterior pelvic tilt with hip 
flexion. (B) Following a long-term program of ac-
tive exercises for problem areas, she works hard 
to align the thorax and lumbar spine cortically and 
improve pelvic alignment. (C) Increasing success 
with correct posture, holding during gait, is next.A B C
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stance-phase hip abduction, increased stance-phase knee flex-
ion, knee valgus, and increased ankle dorsiflexion.124,125 In 
another study, Williams et al. reported a 24% incidence of  
late knee pain in ambulatory patients with a lumbosacral-
level lesion. Knee valgus, causing the discomfort, was found 
to be a result of  a combination of  internal pelvic and hip 
rotation and stance-phase knee flexion.126 The use of  gait 
analysis for early detection of  these abnormal knee move-
ments can direct the clinician toward the most appropriate 
treatment—either surgical intervention such as a tibial dero-
tation osteotomy or the use of  KAFOs, to support the knee 
in extension and avoid pain and joint deterioration. The con-
tinued use of  crutches was also found to be an important de-
terrent to arthritic joint changes and pain in this population. 
Even though the children were able to walk unaided at an 
early age, continued use of  crutches reduced the exaggerated 
range of  movements and joint stress through the lumbar 
spine, pelvis, hips, and knees, helping to reduce gait devia-
tions and decrease pain in those areas.121–123 Analysis of  the 
effects of  an AFO on gait found that in many of  the children 
examined, there was less stress placed on the knee without 
the brace than was noted with it. This was especially true 
for children with L-4 to sacral-level lesions.127 This study is 
certainly not an indication to stop using a brace for a child 
with a lumbar or sacral-level paralysis, because the gait devia-
tions that would arise could be far more disastrous. Rather, 
this type of  analysis may hopefully lead to the development 
of  new orthotics that will provide the needed control at the 
ankle while avoiding negative influences on the more proxi-
mal joints. Three-dimensional gait analysis is clearly mov-
ing the focus away from X-ray findings toward the child’s 
functional abilities as a parameter to measure the success of  
interventions.107

Finally, it is interesting to note that even with the high 
technology of  the gait labs in many institutions, the manual 
muscle test and gross motor assessment provided by the PT 
remain important components of  the child’s evaluation for 
successful development of  an orthopedic treatment plan.

 Casting following orthopedic surgery

Earlier in this chapter, various deformities commonly asso-
ciated with different motor levels were mentioned, as were 
some of  the surgical procedures to correct them. After most 
of  these procedures, the child must be immobilized in a cast 
for a period of  time to allow the surgical site to heal undis-
turbed. The period can vary from 2 to 3 weeks following soft 
tissue surgery, 6 to 8 weeks for a bony procedure such as a 
pelvic osteotomy, and even longer. Casts and the associated 
immobilization should never be considered a benign treat-
ment modality for the child with spina bifida. Pressure and 
irritation to insensitive skin are always a risk. Fractures, loss 
of  joint flexibility, and loss of  gross motor skills are also com-
plications. Even children with minimal or no CNS deficits 
will exhibit a loss of  postural security and antigravity muscle 

a good quality of  movement. The child may already be pull-
ing up to stand by 10 to 12 months of  age, as expected for 
a typical child. A foot splint, commonly fabricated to be 
worn at night to maintain alignment, may also be used dur-
ing the day to stabilize a weak ankle, enabling the child to 
stand while awaiting definitive bracing if  the need is seen. 
With the higher level of  functional activity of  this group of  
children, care must still be exercised to monitor the fit of  all 
braces and shoes because sensory deficits, especially in the 
foot, remain a concern.

For the child who does experience CNS difficulties, one 
can follow the same course of  intervention that would be 
prescribed for a child with a higher-level lesion. The pro-
gram should include activities that address flexion and ex-
tension strength against gravity through the head and trunk, 
as well as balance and equilibrium reactions in all positions. 
The program should also include passive and active exer-
cises for the lower extremities to prevent joint contractures, 
and a standing and orthotics program based on the skill level 
of  the child.67,89–93

Three-dimensional Gait Analysis

The development of  increasingly more sophisticated and 
more readily available gait analysis technology is providing 
objective information that enables therapists, orthotists, and 
orthopedic surgeons to visualize and more accurately under-
stand the gait parameters and deviations of  the patient with 
spina bifida. Widely held beliefs and treatment protocols that 
were developed solely on the basis of  anecdotal evidence 
may now be validated, modified, or discarded by utilizing 
the three-dimensional information provided by gait analysis. 
Orthotic prescriptions can be better tailored to the specific 
needs of  the child when the effects of  the orthosis can be 
understood, especially in the sagittal plane kinematics, walk-
ing speed, and progression of  ground-reaction forces across 
the foot, and on the three planes of  motion of  the pelvis, 
hips, and knees. Vankoski et al. from the gait lab at Lurie 
Children’s Hospital in Chicago found that comparing the gait 
studies of  children with spina bifida to the gait parameters 
of  typical individuals did not provide the most meaning-
ful information to guide and evaluate treatment plans.122,123 
Rather, it was found that children with spina bifida at a given 
lesion level demonstrate characteristic gait patterns that are 
reasonably homogenous. These identifiable patterns have be-
come the baseline from which comparisons can be drawn, 
enabling the clinician to focus on realistic goals for the pa-
tient based on his or her motor level and to evaluate more 
fairly the result of  interventions, either conservative or surgi-
cal. Ounpuu et al. found that in the absence of  the gluteus 
medius, gluteus maximus, and ankle plantarflexors, certain 
compensatory movements at the pelvis and hip were con-
sistently noted to enable children to maintain ambulation 
without an assistive device. This gait pattern of  the child 
with a lumbosacral-level lesion is characterized by exagger-
ated movement at the pelvis and pelvic obliquity, increased 
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comfortable short-term bed. Care should be taken to avoid 
abrasion to the toes when the child is prone by allowing 
the feet to hang over the end of  the mattress, or by plac-
ing some small towel rolls under the ankles to lift the toes 
away from the surface. Instruction should be given to family 
members for safe lifting and turning the child using good 
body mechanics while also considering the alignment of  the 
child. Even plans to get the child home from the hospital 
and through the front door of  the house may be a challenge.

Regardless of  the age of  the child in a spica cast, daily ex-
ercise periods are important to prevent loss of  neck and trunk 
strength and to maintain the automatic balance responses 
that will be important when the cast is removed and the child 
resumes his or her daily activities. Several times each day, 
the child should perform a routine of  exercises with a family 
member for 10 to 15 minutes that include prone lifts for neck 
and back extensors, shoulders, and arms. Supine head lifting 
and partial sit-ups for neck and trunk flexors, and standing 
with tilting in all directions complete the home program. 
As the child attempts these activities, muscles are contract-
ing within the cast as well as those muscles that are visible. 
The muscle activity places stress on the bones of  the lower 

strength following a period of  immobilization. Children with 
significant CNS problems may regress even further. It is trou-
blesome to see children lose skills that they have struggled a 
long time to acquire.

Most surgeons agree that children with spina bifida 
should be casted for the shortest possible time needed for 
adequate healing.128 Because of  problems related to immo-
bility and to minimize the number of  hospitalizations and 
anesthesia, some surgeons will try to perform several proce-
dures at the same time so the child is casted only once. The 
therapist can assist the child and family to make this period 
less problematic while supporting the fact that surgery and 
the subsequent casting period are important parts of  the 
child’s program to reduce deformity and ultimately main-
tain or gain function.67 Returning the child as quickly and as 
safely as possible to his or her preoperative status, or to an 
improved status, should be the objective. Recommendations 
to manage the child in a cast can be discussed with the fam-
ily prior to surgery whenever possible so the child’s needs 
are understood and adequate preparation can be made at 
home for the postoperative period. A child undergoing sur-
gery creates added stress to the normal routine of  family 
life. Important questions are often forgotten when a family 
first learns that their child will be facing surgery. The ther-
apist may have to anticipate many issues that families will 
have to face during the time their child will be immobile.

Many children will be in a hip spica cast following pelvic 
or hip surgery. If  unilateral surgery is performed, the full hip 
spica may still be used to stabilize the pelvis and opposite 
limb, thereby assuring that no movement will occur at the 
surgical site. With the surgeon’s approval, prone position-
ing will help prevent skin breakdown at bony sites such as 
the calcaneus and sacrum, and prone will challenge the child 
to lift and extend his or her head to watch television, read, 
or play. Prone positioning in a reclining wheelchair or on a 
scooter board can provide some mobility if  the child can 
manage self-propulsion. This mobility will also reduce the 
amount of  carrying by family members. Similarly, prone 
positioning on a padded wagon for trips outdoors may help 
the family survive this period with less anxiety and frustra-
tion because the child is occupied and happy. After several 
days, the physician may permit the child to stand in the cast, 
a position that can be easily maintained during mealtime 
and play. One clever family adapted a hand truck to safely 
stand and move their taller, heavier preadolescent while she 
was in a hip spica cast (Fig. 6.24). If  the cast is asymmetric, 
towels can be propped under one foot to level the child, and 
cast boots will help provide a nonskid surface. To ensure 
the child’s safety, it will be necessary to lean the child for-
ward onto a heavy chair, table, or sofa that will not move. 
Depending on the child’s age and reliability, it may be neces-
sary for a family member to always remain with the child 
to prevent falling, not merely supervise from a distance. 
Families living in multilevel homes may have to prepare a 
temporary bedroom for the child on the first floor. An old 
crib mattress or a few thick blankets on the floor can be a 

FIGURE 6.24 A parent finds an imaginative and safe way of 
standing and moving the older child in a hip spica by adapting a 
commercially available hand truck.
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The child with a thoracic or high lumbar–level lesion 
who demonstrates a significant loss of  motion at the hip or 
knee is at risk for fracture. A brief  hospitalization may be 
indicated to regain lost mobility. The child may also be sent 
home in a bivalved cast or splint to be worn most of  the 
time and removed for a program of  frequent ROM exercises 
and sedentary activities until range is regained, if  the family 
is able to comply. Some children are immobilized in their 
HKAFOs instead of  a cast following soft tissue lengthening 
or tendon excision to allow parents to gently perform ROM 
exercises and stand their child during the healing process.

Procedures to relocate or stabilize the hip joint(s) in chil-
dren with L-4, L-5, or sacral lesions include simple tendon 
lengthening, femoral or pelvic osteotomy, or the more com-
plex Lindseth procedure, which involves a muscle transfer 
of  a portion of  the external obliques to the lateral femur. 
Candidates for this procedure are those children with the 
potential for unassisted gait and an intact CNS. Admission to 
the hospital after cast removal following this procedure may 
be necessary to ensure that joint mobility and balance skills 
are again safe and acceptable, and that the child is resuming 
ambulation without an assistive device. Concentration on 
trunk strengthening activities helps the transferred muscles 
regain their role of  stabilizing the trunk and pelvis, and the 
functional goal is to eliminate the excessive lateral trunk 
flexion during gait that was seen prior to surgery.

Reduced mobility in the lumbar spine and the lower ex-
tremities is common after a long casting period. After cast re-
moval, it is often difficult for the child to achieve 90 degrees 
of  hip flexion for good sitting alignment because of  adapted 
shortening of  the hamstrings and hip extensors. Hip and low 
back tightness cause the pelvis to rock posteriorly, with a 
secondary thoracic kyphosis that requires attention. Gentle 
activities are indicated to increase pelvic and hip  mobility 
and strength. Working with the child to gradually sit up and 
maintain active thoracic extension along with active hip flex-
ion will help the child return to and hold a 90- degree align-
ment. It is safer to help the child work on actively holding 
a more erect sitting position to gain flexibility than to only 
move the limbs passively and possibly push too hard on a 
fragile bone. Care should also be taken to avoid allowing the 
child to sit with a rounded back for extended periods of  time 
so this poor alignment does not become habitual and com-
pensate for limited range of  the hip joints.

Parents should be warned to initially prohibit their child 
from crawling after a spica cast is removed. Crawling re-
quires hip and knee flexion exceeding 90 degrees. Hip ro-
tation is also required as the child moves into and out of  
sitting and the four-point position. If  the necessary flexibility 
is not present for these motions when the cast is removed, 
fractures can occur.106,107

Following surgery at the knee or ankle, children may 
have either one or two long or short leg casts. The fam-
ily will require instruction to help their child avoid exces-
sive time in supine or sitting. Besides contributing to skin 
breakdown, development of  flexion contractures is always 

extremities, thereby reducing bone demineralization and the 
risk of  a fracture when the cast is removed. Postural insecu-
rity is diminished as vestibular and proprioceptive stimula-
tion are provided by these challenging antigravity exercises 
(Fig. 6.25). Families should be warned to avoid propping their 
child in a half-sitting position for long periods of  time that 
will cause pressure at bony prominences, mentioned earlier, 
and can contribute to a rounded upper back.

The child may be readmitted for a brief  period of  inten-
sive therapy once the cast is removed. Whether therapy is 
provided as an inpatient or outpatient, the goal should be to 
ensure the child’s rapid and safe return to function following 
cast removal. Lower extremity ROM and strength, especially 
at the surgical site, are the immediate concerns, along with 
improvement in balance and equilibrium responses of  the 
neck and upper body. A return to former function can be 
achieved in a short period of  time if  the therapist targets all 
of  the child’s needs, not only the lower extremity ROM.

If  the child has a high-level lesion, surgery might have 
been performed to gain passive flexibility for better limb 
alignment and brace fit. For this child, a review of  ROM 
exercises with parents, an orthotic evaluation, and a review 
of  activities to further improve upper body control may be 
all that is needed after cast removal. The child may then be 
monitored, until adequate function is achieved, through an 
outpatient clinic, community facility, or school-based physi-
cal therapy program.

FIGURE 6.25 Child with a hip spica cast after hip reduction 
surgery. Note how the child is both standing and being tilted. 
Standing, when the surgeon approves, about 10 days after surgery, 
is an important aspect of the home care program.
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investigation in all cases of  rapidly progressive scoliosis, re-
gardless of  one’s clinical specialty. He stated that it is impor-
tant to always consider the possibility of  CNS complications 
and not treat scoliosis as a purely musculoskeletal phenom-
enon. Left untreated, the fluid continues to collect along the 
spinal cord, causing continued deterioration in both upper 
and lower extremity function.24,34,67,133,134

Tethered Spinal Cord

At approximately 10 weeks of  gestation, the vertebral col-
umn and spinal cord of  the fetus are the same length, and 
the spinal nerves exit horizontally at their corresponding ver-
tebrae. By 5 months of  gestation, the vertebral column has 
grown more rapidly than the spinal cord, which now ends at 
S-1. At birth, the cord is at L-3, and by adulthood, the cord is 
at the L-1 to L-2 vertebral level.

A tethered spinal cord occurs when adhesions anchor 
the spinal cord at the site of  the original back lesion. The 
child is growing rapidly, but the cord is not free to slide up-
ward and reposition as it should. Instead, it remains bound 
at the level of  the defect. Excessive stretch to the spinal cord 
causes metabolic changes and ischemia of  the neural tissue, 
with associated degeneration in muscle function. Rapidly 
progressive scoliosis, hypertonus at one or several sites in 
the lower extremities, changes in gait pattern, and changes 
in urologic function may be attributed to this tethering 
of  the spinal cord. Occurrences of  increased tone on pas-
sive ROM, asymmetric changes in manual muscle testing 
results, areas of  decreasing strength, or complaints of  dis-
comfort in the back or buttocks should alert the examiner 
to consider the presence of  a tethered cord.134,135 Periodic 
examination by professionals and an alert parent can iden-
tify early functional changes associated with this complica-
tion so appropriate medical management can be considered 
(Display 6.8). Petersen suggests, on the basis of  his study 
population, that those children with repaired lesions at 
levels above L-3 will begin to exhibit symptoms of  a teth-
ered cord before age 6 and those with lesion levels below 
L-4 tend to become symptomatic after age 6. He also found 
that children with unrepaired back defects exhibit symp-
toms much earlier, regardless of  the location of  their lesion 
level.136 When tethering is suspected, imaging may be uti-
lized to confirm the diagnosis, and subsequent neurosur-
gical release can free the cord. After release, the cord may 
not migrate to its appropriate position, but further growth 
of  the child may proceed without recurrence of  the symp-
toms, and further degeneration in function may be avoided. 
If  the release is performed in a timely manner, permanent 
neurologic damage can usually be prevented. However, it 
is becoming clear that total correction of  all the symptoms 
following surgery cannot be assumed.67 McClone et al. 
conducted a study of  30 children who exhibited scoliosis 
as a symptom of  cord tethering and who received surgical 
 intervention to release the spinal cord. The children who 
exhibited the greatest improvement of  their scoliosis were 

a major concern. Excessive sitting, crawling, and knee walk-
ing with short leg casts will increase tightness of  the hip and 
knee flexors. Information regarding alternative positions 
should be offered to avoid positions that encourage flexion. 
Prone-lying is the preferred position, with standing and am-
bulation the preferred activities, when feasible. When ambu-
lation in the cast(s) is permitted, it is achieved quickly when 
a walker rather than crutches is used as an assistive device 
for this temporary period. Crutch training is difficult for an 
inexperienced child because of  the additional weight of  the 
cast, potential lack of  adequate balance, poor propriocep-
tion, and possibly malaligned casts. By comparison, instruc-
tion with a walker is usually a faster and safer choice. Brief  
strengthening exercises can be taught for back, hip, and knee 
extensors, along with exercises for the trunk to help keep 
the child mobile during the cast period. With such a mul-
tifaceted program, the child will be more likely to rapidly 
return to his or her previous or improved level of  function 
once the cast is removed.24,34,128–132

 CNS deterioration

Throughout life, individuals with spina bifida, their family 
members, and the professionals involved in their care should 
be vigilant for any deterioration in function that could in-
dicate hydromyelia or a tethered spinal cord. These neuro-
logic conditions can affect the patient’s mobility, gross motor 
function, urologic function, fine motor skills, and activities 
of  daily living (ADLs). If  diagnosed and treated in a timely 
fashion, the effects can be temporary. If  left untreated, the 
symptoms can worsen, and their effects will be permanent. 
Therapists must be knowledgeable about these problems be-
cause they are often discovered by the clinician during rou-
tine appointments, evaluations, manual muscle testing, or in 
conversation with parents.24,34,67

Hydromyelia

Hall et al.133 conducted a study of  patients with spina bifida 
who exhibited rapidly progressive scoliosis and found that 
CSF had migrated into the spinal cord. Excess CSF was seen 
collecting in pockets along the spinal cord that created areas 
of  pressure and ultimately necrosis of  the surrounding pe-
ripheral nerves, causing the scoliosis. Other symptoms found 
to be associated with hydromyelia include progressive upper 
extremity weakness and hypertonus. One point to note: ini-
tial examination of  the lateral ventricles showed no enlarge-
ment and did not indicate that the shunt was malfunctioning. 
However, revision of  the VP shunt produced improvement 
in the symptoms for those children in whom the diagno-
sis was made early in this process. Some children required 
an additional shunt placed at the level of  the fluid pockets 
in the spine to ensure that the excess CSF and its accompa-
nying pressure would be completely eliminated. Lindseth, 
though an orthopedic surgeon, is a strong advocate for closer 
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as they should. This can lead to further deterioration of  the 
child’s mobility skills.

The use of  a spinal brace or body jacket can be useful for 
the child without trunk stability or to assist in slowing the 
progression of  the curve, but surgical fusion is inevitable for 
many children. There are numerous methods for and pre-
ferred approaches to spinal fusion, and the periods of  immo-
bility and restrictions on daily activity vary with each. The 
type of  instrumentation employed and the area and extent 
of  the fusion will also influence the child’s functional param-
eters. If  the fusion extends to the sacrum, pelvic mobility is 
diminished and ambulatory ability can be directly affected. 
As previously mentioned, gait analysis has shown greater 
excursion of  movement at the pelvis in ambulatory children 
with spina bifida than in the typical child. Given this infor-
mation, surgeons have been reluctant to fuse down to the 
sacrum of  an ambulatory child, if  this can be avoided. For 
successful and efficient wheelchair propulsion, upper extrem-
ity and trunk movement are both necessary. If  flexibility of  
the distal spine is diminished or absent secondary to fusion, 
an individual can lose independent wheelchair mobility. So 
this should also be a consideration when surgery is planned.

Maintaining flexibility and strength in all extremities and 
preventing skin problems during the postoperative period of  
immobility, following spinal fusion, should be addressed im-
mediately after surgery, if  possible. When a return to full 
activity is permitted, it is important to reassess the patient 
to determine whether functional skills have been impacted. 
The PT should be concerned with the patient’s postop-
erative activity level and assist with resumption of  mobil-
ity. Spinal fusion can influence the performance of  many 
ADLs in which the child might have been independent, so 
adaptive strategies may need to be developed in the func-
tional areas that were affected. It is also feasible that once 
the spine is stabilized the child may have greater freedom 
of  arm movement, and might gain skills that were not pos-
sible, while earlier the child had to depend on their arms for 
support. A comprehensive therapy assessment and interven-
tion program may be indicated to assist this child and their 
family.24,34,67

 Latex allergy

Allergic reaction to latex by individuals with spina bifida has 
become a relatively recent yet serious concern. Latex is a 
natural rubber used in a wide variety of  products that come 
into contact with human skin and other body surfaces. In the 
health field, a vast number of  commonly used items contain 
or are made exclusively from latex. Latex has been depended 
on for its impermeable qualities and strength while still pro-
viding sensitivity to touch. This makes it an excellent mate-
rial for use in sterile gloves, where it provides protection and 
prevents the spread of  illness. It is durable as well as elastic, 
which accounts for its popularity and wide usage for various 
types of  flexible tubing and in the toy industry (Display 6.9).

those who had spinal curves of  less than 50 degrees. During 
a 2-to-7-year follow-up, 38% of  the children began to show 
progression of  their curves owing to the spine retethering, 
but the remaining children showed a stabilized or improved 
spinal alignment.137

The child who has a thoracic-level paralysis does not have 
the full complement of  active trunk musculature to provide 
adequate antigravity strength to maintain an erect posture 
and is always at risk for scoliosis. However, a child with a 
lumbar or sacral lesion with full innervation of  trunk mus-
culature should be evaluated when any curvature develops, 
especially when it develops over a short period of  time. It is 
recommended that hydromyelia and tethered cord should al-
ways be suspected if  scoliosis occurs in a child with a motor 
level below T-12. Clinics that aggressively treat hydromyelia 
and tethered cord by surgical correction report a reduction 
in the overall occurrence of  scoliosis that will require spinal 
fusion in their spina bifida population, compared with data 
from other sites.138–142

Scoliosis

The development of  a spinal deformity is serious for the child 
with spina bifida. When scoliosis occurs and trunk alignment 
is compromised, the child will require additional support to 
remain erect in upright postures. If  the child must lean on 
his or her upper extremities to stay up, this compensation 
directly impacts the child’s freedom of  movement and in-
creases the energy expenditure for all activities. Propelling a 
wheelchair becomes more strenuous, as the child must work 
both to maintain the upright position as well as to move the 
chair. In sitting, a moderate to severe scoliosis creates pel-
vic obliquity that changes the surface area for weight bear-
ing, causing areas of  increased pressure that can quickly lead 
to skin breakdown. The posterior aspects of  the thighs and 
bony prominences of  the ischial tuberosity, greater trochan-
ter, sacrum, and coccyx are especially vulnerable. Gait can 
become more unstable as truncal alignment and balance are 
affected. Pelvic and trunk asymmetry will affect the fit of  the 
HKAFO and RGO bracing. When braces do not fit and gait 
is less efficient, the orthotics may not be worn as frequently 

Spasticity in muscles with sacral nerve roots
Increased tone in legs with resistance to passive ROM
Sudden increase in lumbar lordosis
Back or buttock pain
Development of scoliosis at a young age
Rapidly progressing scoliosis
Scoliosis above level of paralysis
Change in urologic function
Change in gait pattern
Progressive weakening in leg musculature

Clinical Findings That May Lead to Diagnosis 
of Tethered Cord
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develop methods of  producing safe, nonallergenic rubber, and 
conspicuously label products that have a latex content. There 
has been evidence that the latex allergy is also related to a 
sensitivity to bananas, chestnuts, avocados, and kiwi fruit in 
some patients, and this relationship is also being investigated. 
A blood test has been developed that is being used during pre-
employment testing for health care workers and for patients 
with spina bifida to assist them in avoiding the allergen if  the 
test results are positive.

Some believe that children with spina bifida develop a 
latex allergy because of  their high level, right from birth, of  
exposure to materials containing latex. One study points out 
that the presence of  spina bifida should be considered a risk 
factor for a latex allergy, and a method employed to prevent 
latex sensitivity is to practice primary prevention from the 
first day of  life by creating a latex-free environment for the 
children. In one study employing this strategy for 6 years, 
the percentage of  children sensitive to latex dropped from 
26.7% to 4.5%.143,144

Advocacy groups are encouraging hospitals to become 
latex free and asking the FDA to ban latex products in all hos-
pitals. It is recommended that parents, older patients, or other 
caregivers carry an autoinjectable type of  epinephrine that 
is easy to use in case a patient experiences a serious allergic 
reaction. All sensitive individuals should wear a Medic Alert 
bracelet, necklace, or dog tags. Neighborhood paramedic 
teams, the fire department, and local Emergency Medical 
Services who might respond to an emergency call should be 
alerted that the patient has this sensitivity. Keeping a set of  
nonlatex gloves near the front door for use by emergency 
personnel, as they enter, is also recommended. Families and 
patients are encouraged to become familiar with products 
that must be avoided, and a list of  commonly used latex prod-
ucts and alternative nonlatex items is available from the Spina 
Bifida Association of  America. Refer to the end of  this chap-
ter for some sources of  latex information, latex-free products, 
and resources that might be shared with parents.145–153

 Perceptual motor and cognitive 
performance

The population of  children with spina bifida represents a 
group that is diverse across many domains. Their strengths 
and challenges are varied, and besides the motor and CNS 
issues that have already been discussed throughout this 
chapter, therapists should be aware of  possible difficulties 
that may affect the learning styles and cognitive processing 
of  their patients. This section provides only a brief  overview 
of  the vast amount of  information that is available regarding 
perceptual and cognitive performance. Although interven-
tion for these issues may typically fall to the expertise of  the 
occupational therapist or educator, you are encouraged to 
explore this area because it will directly affect your selection 
of  therapy strategies, teaching methods and your level of  
success with the child. You can also be a valuable resource 

Although it is believed that only 1% of  the general popu-
lation is allergic to latex, the results of  various studies point 
out that 18% to 37% of  patients with spina bifida exhibit a 
significant sensitivity to latex. It was also found that 7% to 
10% of  health care workers exhibit a latex sensitivity. Allergic 
reactions may appear as watery and itchy eyes, sneezing, 
coughing, hives, and a rash in the area of  contact. More se-
vere reactions may produce swelling of  the trachea, and 
changes in blood pressure and circulation, resulting in ana-
phylactic shock. Diagnosis of  latex sensitivity is based on a 
clinical history, observation of  a reaction, and immunologic 
findings following a skin prick allergy test. The cause, to date, 
is not known, but it is theorized that early, intense, or consis-
tent exposure to latex products results in the development of  
the sensitivity in many individuals. Some of  the more dra-
matic symptoms were believed to be a result of  inhalation of  
the powder contained in many sterile latex gloves. The pow-
der makes the gloves easy to don and doff, but it can become 
airborne upon removal of  the gloves. Further investigation 
found that this was not a consistent irritant.

The U.S. Food and Drug Administration (FDA) and the 
Centers for Disease Control and Prevention (CDC) con-
tinue to investigate the problem and support efforts to find 
the components of  latex that are responsible for the allergy, 

Balloons
Pacifiers
Chewing gum
Dental dam
Rubber bands
Elastic in clothing
Beach toys
Koosh balls
Some types of disposable diapers
Glue
Paints
Erasers
Some brands of adhesive bandages
Bulb syringes
Ready-to-use enemas
Ostomy pouches
Oxygen masks
Pulse oximeters
Reflex hammers
Stethoscope tubing
Suction tubing
Vascular stockings
Crutch axillary pads, tips, and hand grips
Kitchen cleaning gloves
Swim goggles
Wheelchair tires
Some wheelchair cushions
Zippered food storage bags

Partial List of Commonly Used Products 
Containing Latex
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In all of  the studies that are cited, little information 
was available regarding the early medical treatment of  
the subjects, methods, and timeliness of  interventions or 
other complications that may have influenced the child. 
Therefore, it is difficult to hypothesize which factors may 
have been responsible for the problems. Decreased oppor-
tunity to develop and practice fine motor and manipulation 
skills has been thought to be a factor.156 Other negative in-
fluences might be the limitations of  early mobility that af-
fect the child’s experiences: exploring the environment, 
moving his or her body relative to stationary objects, and 
manipulating and moving those objects. Theoretical ratio-
nales for cognitive dysfunction include potential cerebellar 
abnormalities associated with the Chiari II malformation 
that would influence the range, direction, force, and rate of  
voluntary movements of  the body and the manner in which 
movement is interpreted. But, regardless of  the cause, the 
learning difficulties that result are important to note as they 
will affect many aspects of  the child’s ability to function and 
may be a limiting factor for the child’s ultimate successes in 
school and throughout life.

Finally, an interesting study that examined the deficits 
in conceptual reasoning abilities found many children with 
spina bifida to be chatty, friendly, and talkative but with 
 repetitive and nonspecific content to their conversations. 
Many decades before this study was conducted, the term 
coined for this language style was “Cocktail Party Chatter” 
for its old school but obvious reasons. There is quantity 
but  little  quality to the child’s verbalizations, similar to walk-
ing through a crowded party and asking how everyone is 
doing and other niceties, but not processing the answer or 
going into depth to further a conversation. For the child with 
spina bifida, it is an organic, processing issue rather than an 
active behavior or choice that the child is making.158

Any discussion of  perceptual problems in this population 
should also address the issue of  ocular function. When com-
pared with the typical population, strabismus occurs six to 
eight times more frequently in children with spina bifida. The 
lack of  conjugate gaze influences spatial relationships, con-
stancy of  size, and development of  normal visual perception. 
Visual–spatial problems during manipulation activities have 
been noted in some children with spina bifida. Other, more 
frequent ocular problems include nystagmus, poor ocular 
motility, and other convergence defects. These abnormali-
ties have been attributed to brainstem dysfunction, although 
there has been no correlation between the severity of  the 
Chiari II malformation and these clinical observations.159–161

The consensus seems to be that children with spina bifida 
need a broad range of  movement and learning experiences 
during their early years. Increased experiences in many areas 
may help to decrease the negative impact of  any one spe-
cific area of  limitation. Testing with age-appropriate mate-
rials and in an environment where the child can focus on 
the task is critical. Also, eliminating test items that include 
a motor component may afford a more accurate and valid 
result (Fig. 6.26).154–163

for both professionals and families who may be unaware of  
the link between this diagnosis and the difficulties the child 
may be experiencing.

Great interest and concern has been expressed regarding 
the intellectual, sensory, and perceptual motor function of  
children with spina bifida. Studies have shown that the over-
all intelligence of  the children in this population is unrelated 
to their anatomic motor level, severity of  hydrocephalus 
prior to shunt insertion, or the number of  shunt revisions 
performed. However, several factors that are considered as 
influencing cognition include delayed treatment of  hydro-
cephalus, episodes of  cerebral infection, and the presence of  
other CNS abnormalities.42–64

Intelligence testing for many children with spina bifida 
places them within the normal range but below the popu-
lation mean. Willis and associates found that test scores 
of  their subjects were particularly low in performance IQ, 
arithmetic achievement, and visual motor integration.154 
When the same children were retested at an older age, their 
arithmetic achievement and visual motor integration scores 
declined even further, but reading and spelling abilities did 
not decline. One conclusion of  this study was that a visual–
perceptual–organizational deficit was found that influenced 
the child’s ability to solve mathematic and visual–spatial 
problems.155 These deficits then become relatively more se-
vere as the child ages when greater accomplishment in math 
is expected. Standardized assessments reflect the expectation 
that acquisition of  skills will increase with age and educa-
tional experience, and therefore the results declined, over 
time, in the group that was studied. If  early foundation skills 
are not strong, the development of  more advanced, intuitive 
math processing will be limited.

Other research has noted a high degree of  attention defi-
cit or distractibility in some children with spina bifida. These 
problems were especially profound in children who showed 
poor language development. These same children had poor 
development of  auditory figure-ground, which allows a 
child to recognize and attend to relevant features in the au-
ditory environment. A child with difficulty in this area may 
not be able to identify the primary auditory input such as a 
teacher speaking and giving directions, nor can the child dis-
miss the irrelevant input such as noise from a truck passing 
by an open window or another child seated nearby. In a rich 
auditory environment, extraneous sounds easily distract the 
child from his or her assigned task. These children may per-
form better in a quiet, secluded situation, and performance 
in a typical, busy classroom, for similar tasks, can be poor.

Horn et al. found limited development of  language com-
prehension in many of  the children tested.155 Individual vo-
cabulary comprehension was normal, but comprehension 
of  a story was poor. The children had difficulty identifying 
and retaining the relevant features of  a story while ignor-
ing the unimportant facts. Difficulty learning and memoriz-
ing lists of  unrelated words has also been noted. However, 
memory for related facts was better, such as when answer-
ing questions about a short story that was read aloud.155–157
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wheelchair. Most of  the children did very well, and the ben-
efits that were noted included increased curiosity, initiative, 
motivation, communication, exploration, and interaction 
with objects in the environment. There were also significant 
decreases in dependency behaviors. So, rather than limit 
the child to struggling with a slow ambulation method in 
environments and situations that might become frustrating, 
this study supports the idea that, when used appropriately, 
a wheeled or powered device can be an important addition 
to the child’s mobility program and not have a detrimental 
 effect on motivation for ambulation training.164

To include their child in family outings, a stroller can be 
used until the child is 5 or 6 years of  age. Strollers are avail-
able in progressively larger sizes, which can accommodate 
bracing, and can be used in combination with ambulation. 
For a typical child of  that age, it is not unusual to alternate 
walking and riding in a stroller during a long family outing. 
But care must be taken not to increase the child’s depen-
dency on others for mobility as he or she gets older. It is help-
ful to know which strollers, travel chairs, or wheelchairs can 
be safely secured on a school bus and what the local regu-
lations are for appropriate school transport. Seated mobil-
ity is helpful for the child who is not ready to ambulate all 
day in school because of  limitations in balance or endurance 
(Fig. 6.27). A wheelchair can be obtained before the child 
starts school if  boarding, exiting, and safe transportation on 
the school bus will be an issue for the child not yet fully am-
bulatory. Excessive distances from the bus loading area into 
class and to other destinations within the school should also 
be considered. Other indications for a wheelchair might in-
clude the child’s lack of  efficient mobility, marginally func-
tional or unsafe ambulation, speed of  ambulation that is 
necessary to travel along with peers and/or family, and the 
child’s need for increased recreational activities that would be 
unavailable solely with ambulation. The child who is ambula-
tory can be assisted on and off  the bus and secured in a car 
seat or a regular bus seat with a safety belt and/or harness. 

FIGURE 6.26 Primary and progressive deficits in children with spina bifida. (Adapted from Syllabus of Instructional Courses. American 
Academy for Cerebral Palsy; 1974.)

 Wheelchair mobility

Much of  this chapter has been devoted to bracing and pre-
paring the child for ambulation, but some type of  seated 
mobility must also be considered for the children for whom 
this is necessary. Any decision to use one of  the many de-
vices available should include input from the patient when 
appropriate, family members, and other professional staff  in-
volved with the child. A discussion might first determine the 
need for and proposed uses of  seated mobility. Questions to 
consider might be whether the device will be primarily for 
recreation and peer group interaction, for indoor or outdoor 
use, for use at school, for long family outings, or primarily 
for family convenience and transport.

A first device for the young child might be a hand-
propelled “Caster Cart,” “Ready Racer,” or “The Wheel,” 
which are all available through medical supply companies or 
second hand via the Internet. Commercially available elec-
tric cars and motorcycles can be modified with a hand switch 
rather than the usual foot pedal configuration. Imaginative 
parents have been able to adapt leg positioning and the 
level of  trunk support when necessary, in these items. The 
devices are relatively inexpensive and low to the ground, fa-
cilitating easy transition to the floor or to a standing posi-
tion. They are cosmetically appealing and are acceptable to 
both physically challenged and typical children alike. They 
can be fast and safe when used in the proper environment, 
and they provide beneficial stimulation and opportunities 
for recreation and socialization. The child’s perceptual skills, 
upper extremity abilities, and the presence of  abnormal 
tone can guide the therapist in selecting whether a manual 
or battery-operated device is more appropriate. Excessive 
upper extremity exertion to propel and maneuver a device 
may frustrate the child and produce unacceptable changes 
in tone if  CNS dysfunction is present. One study of  interest 
examined young children with otherwise poor independent 
mobility skills who received instruction in using a motorized 
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In some instances, accessibility limitations at home may pre-
vent a powered device from leaving school with the child 
each day. We may find ourselves in the position of  advocat-
ing for this part-time device when insurance companies are 
also paying for bracing and ambulation equipment. We may 
also find ourselves on opposite sides of  the discussion with 
other professionals who want to see their patients remain 
solely ambulatory. Developing a clear goal, in partnership 
with the patient and family, with a reasonable expectation of  
the time and situations in which the child will use wheeled 
mobility, either manual or powered, will strengthen our dis-
cussions with those having opposing views.

Adding a wheelchair cushion should always be included 
for the individual with spina bifida. Various types of  cush-
ions may reduce the development of  pressure sores. Several 
materials are available, including high-density foams and in-
flatable types, which can be modified for more even weight 
distribution when the child exhibits asymmetry. But, regard-
less of  the cushion chosen, activities for pressure relief  are 
still the best means of  preventing skin breakdown on the 
posterior thighs and buttocks and should be performed dili-
gently throughout the day. Frequent wheelchair push-ups, 
side-to-side weight shifting, and out-of-chair time should 
be incorporated into the child’s daily schedule to provide 
for regular pressure relief. Also, many methods should be 
explored that will assist the child to become independent 
in performing these activities, including reminders from a 
wristwatch alarm, talking clock, or beeper.67,165,166

 Recreation and leisure activities

As the child reaches elementary school age, the time available 
for extended periods of  play and movement on the floor may 
be greatly reduced. Generally speaking, a full-time school cur-
riculum in an integrated or mainstreamed educational setting 
provides little chance for consistent recreation. Gym class, 
with an instructor who is imaginative, motivated, and willing 
to collaborate with a PT, is ideal. Strategies can be developed 
to include the student with spina bifida into the regular array 
of  activities the rest of  the class is performing. Giving the child 
the opportunity to participate in the regular physical education 
curriculum, with adaptations or accommodations, may assist 
the child to find activities in which he or she is able to partici-
pate and those which he or she might also enjoy after school 
hours. It should never be assumed that the child with spina bi-
fida, enrolled in a regular educational program, will automati-
cally be excused from physical education or not be expected to 
participate in some aspect of  an activity that their peer group 
is performing. The PT can also collaborate with a willing phys-
ical education teacher to develop a modification of  the grading 
system that will take into account what the child is doing in 
class as opposed to what he or she is not able to perform.

The child enrolled in a special education curriculum may 
have periods of  physical education as well as scheduled ses-
sions for the development of  recreation and leisure skills 

The child would then be required to ambulate upon arrival 
at school and for the remainder of  the day. So attendance at 
school should not universally be contingent on the use of  a 
wheelchair, but must be considered on an individual basis.

The therapist should remember the increased risks for the 
child in a wheelchair. Scheduling time to use the chair and 
time out of  the chair should be considered. The chance of  
abandonment of  a gait program by family, especially for the 
child who may have the potential of  reaching a high level 
of  efficient ambulation, is always a risk when introducing 
wheelchair use. Flexion contractures of  the hips and knees, 
skin and pressure problems, and spinal deformity are other 
issues affecting the seated child that will impact future poten-
tial for gait.132 Therefore, the child should spend time both 
out of  the wheelchair and out of  the seated, flexed position 
every day. Consider periods of  time in prone positioning, 
standing at a standing table or in any of  a variety of  standers 
while wearing braces, and opportunities for ambulation.

As the child matures and mobility needs change, a power 
wheelchair or electric scooter can provide added speed and 
efficiency. A motorized device, which will conserve energy, 
may be very important for the individual facing a long and 
hectic day at school or work. In the area of  wheeled mo-
bility, as in many other aspects of  care, the skills, imagina-
tion, and problem-solving ability of  the therapist can be 
extremely helpful to the individual with spina bifida and 
his or her family. Developing trusting relationships with 
dependable vendors and equipment representatives will en-
able the therapist to remain current in the latest devices that 
are available, and therefore the child’s life can be enhanced. 

FIGURE 6.27 A lightweight wheelchair is selected for long-
distance use in the school and community. This child also uses a 
reciprocating gait orthosis for shorter distances in the home and 
school.
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By utilizing the natural properties of  resistance and buoy-
ancy of  the water, strengthening the body and increasing 
cardiovascular efficiency can result. And, it is fun.

This therapist has found that providing therapy sessions 
in a pool can be an especially useful tool in the rehabilitation 
program of  the child following orthopedic surgery. Children 
who are already comfortable in the water are easily motivated 
to work hard on an exercise program with the excitement and 
novelty of  this environment. Mobilizing a child who has been 
in a cast or in bed recovering from surgery has been achieved 
more rapidly in the water. Brief, free swim periods can be the 
rest break that is given in between the therapeutic activities 
or they can be the reward, at the end of  a session, for a child 
who did a good job. When working on a mat program, taking 
a rest break usually means the patient is not moving, but the 
child will continue to move when in the water. Lap swims, 
races, and in-pool team games such as underwater search 
and retrieve, basketball, volleyball, or tag are just a few of  the 
many possibilities that will have the child moving significantly 
more than he or she would in a traditional mat-based therapy 
session. But, as in all merging of  recreation and therapy, the 
therapist must not compromise the goals that should be ad-
dressed or lose sight of  their objectives just to have the child 
happy and playing. Specific exercise routines must be devel-
oped, as they would be for any program, so intervention is 
truly targeting the appropriate areas (Display 6.10).

along with classmates. Once again, having an innovative and 
motivated staff  will help to provide the child with many ex-
periences that he or she might otherwise have no exposure 
to and that may become a lifelong hobby or interest.

But, as is true with the population of  typical children, 
the child with spina bifida is most often dependent on the 
interest, knowledge, and resources of  family and friends to 
provide them with experiences in new, novel, and consis-
tent recreational pursuits. Identifying activities that can be 
learned and pursued throughout one’s life should be consid-
ered an important part of  the total care plan for the individ-
ual with spina bifida. The PT has a valuable role in assisting 
the patient and his or her family to find appropriate pro-
grams that offer wheelchair games and sports or modified 
programs for the child who is ambulatory, such as adapted/
accessible playgrounds, bumper bowling, or T-ball instead 
of  traditional Little League baseball. There are also increas-
ing numbers of  teams being formed each season that pair 
children with special needs with typically mobile children or 
young adult volunteers to complement everyone’s participa-
tion. The child with spina bifida should be encouraged to 
regularly participate in activities that provide cardiovascular 
challenge, muscle strengthening, improved eye–hand coor-
dination, wheelchair maneuvering skills, and sportsmanship 
from which all children can benefit. It is not uncommon for 
the therapist to be asked by families for an opinion or a rec-
ommendation regarding adapted bicycles and other home 
exercise or recreation equipment. Helping to keep the child 
active, by providing this professional advice to parents, can 
be a valuable contribution. Often, we cannot stop merely 
with our recommendation, but may have to provide spe-
cific resources, brand names and contact numbers of  reli-
able vendors, and letters to justify the need for the device 
to insurers, to improve the potential for successful follow-
through. Teaming with families and patients is time con-
suming but ultimately invaluable and highly worthwhile.

The inclusion and expansion of  aquatics within the physi-
cal therapy profession has resulted in a significant increase 
in the body of  research and information available for the 
therapist who has the opportunity to add aquatics to his 
or her clinical repertoire. The interest in health and fitness 
within the general population has resulted in the building 
of  many more pools that are handicapped accessible and 
available for both recreation and therapeutic purposes. 
Providing opportunities to explore and enjoy the benefits 
of  moving in water may assist the child with spina bifida to 
participate in this recreational activity that is also physically 
beneficial. Learning water safety and basic swimming skills 
can be taught to the young child and utilized throughout his 
or her lifetime. Water competency with or without the use 
of  flotation devices can enable the person with spina bifida 
to experience a level of  independent freedom of  movement 
otherwise unavailable on land. More advanced aquatic skills 
can also be incorporated into a multifaceted therapeutic 
program that can be designed for the individual, taught 
and monitored by the PT who has access to a pool facility. 

Provides strengthening to innervated lower extremity muscula-
ture, upper extremities, and trunk:
 1. Movement of legs in all directions, all planes, with 

combination patterns of movement not feasible on a 
two-dimensional gym mat. Can be passive, active, active 
assistive, and resistive ROMs, depending on need

 2. Use of flotation device in deep water with legs in the water, 
kicking in place against water’s resistance

 3. Pushing off from side of pool or therapist’s hands while 
prone or supine on water surface to strengthen extension 
musculature and enjoy the sudden propulsion through the 
water

 4. Swimming laps with only leg motions while holding 
kickboard or in an inner tube if necessary

 5. Lap swims using webbed gloves for added propulsion and 
resistance and a variety of strokes to address all muscles 
of shoulders (flotation cuffs can be used around ankles if 
necessary to prevent legs from dragging on pool floor and 
provide extension if active gluteal musculature is not present)

 6. Resistive swimming with therapist holding legs and 
preventing forward movement prone or supine

 7. Supine, within flotation ring, lifting legs out of water and 
twisting them side to side for work on all abdominals

 8. Ball toss and catch, basketball, newcomb, or volleyball in 
various water depths, depending on children’s ages and 
abilities

Examples of Therapeutic Strategies That Can 
Be Utilized in a Pool Setting

DISPLAY

6.10
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general disinterest in personal care and poor follow-through 
on hobbies or areas of  interest and commitments. There 
was also an inability to organize and complete long-range 
projects specifically related to school activities, assignments, 
and term papers. And many of  the children appeared stub-
born and argumentative. Memory problems, poor com-
prehension of  material, deficits in conceptual reasoning, 
problem solving, and mental flexibility were all identified as 
weaknesses in the study population.

With typical adolescents and young adults, we expect an 
evolution of  maturity and greater acceptance of  responsi-
bility, with increasing ease and compliance in personal care, 
success at school and in their social lives. But this study 
demonstrates that the child with spina bifida may have an 
inherent inability to adapt successfully to these mounting 
expectations unless they are provided with intervention and 
supports that focus on remediation of  their specific areas of  
need. It concludes that they should have opportunities to 
participate in the planning and execution of  their own in-
tervention plan to achieve early independence. If  the child 
is actively engaged along with the family, before they have 
habituated to an excessive level of  need and assistance, this 
action plan has a higher potential for success in the areas in 
which our population may be specifically limited.158

In a study conducted through Riley Children’s Hospital in 
Indiana, the parents of  adolescents with spina bifida voiced 
concerns that centered on lifelong issues affecting their chil-
dren, such as accessibility, transportation in the community, 
and independence. The teens, however, were more con-
cerned with the immediate issues of  finances, medical care, 
communication and socialization with friends, and peer ac-
ceptance. With the exception of  medical care, their issues 
were, again, not too different from what would be expected 
of  their typical peers. The study concluded that attention 
should be given to assisting this population with social inte-
gration, vocational training, and sexual counseling.169

The health risks of  poor diet, obesity, reduced physical ac-
tivity, increased TV watching and other sedentary activities, 
and substance abuse have been documented as beginning in 
childhood in the population of  typical young adults.170 In a 
study of  adult patients with spina bifida, Dias et al. found 
that 80% of  their subjects lived with their parents or other 
relatives and half  of  those individuals were older than 30 
years of  age.171 Although 82% had achieved some level of  
independence, only 17 patients had married and were living 
away from family members. Interestingly, the individual’s 
degree of  independence was not related to their lesion level 
or the level of  ambulation they had achieved. So it may be 
inferred that motivational factors may be absent in the cog-
nitive makeup of  some individuals with spina bifida that 
would compel one person to seek increased autonomy ver-
sus the other who will live at home with all of  the potential 
isolation and dependency that it may entail.171

Dunne and Shurtleff172 identified some common com-
plaints from adults with spina bifida that included obesity, 

 The young adult with spina bifida

Our interest in the patient population with spina bifida 
should not end when the patient moves on to an adolescent 
or adult facility for medical care. Although we may not be 
directly involved with young adults, knowledge about the 
challenges of  this age group can be helpful for the clinician. 
Knowing the effects of  the aging process on patients with 
this diagnosis, the therapist can gain a perspective that is 
beneficial for patients of  any age. It is also helpful to have an 
understanding of  the long-range effects of  various medical, 
surgical, therapeutic, and intervention decisions. By know-
ing how they have evolved and how they have influenced the 
functioning of  the older patient, we can attempt to improve 
our approach with the children. We can modify the existing 
protocols that were not successful and even discard them 
while developing new and, hopefully, better strategies that 
will eventually enhance the lives of  our patients at any age.167

Selber and Dias in Chicago looked at a population of  
young adults with sacral-level spina bifida who had been fol-
lowed at the same medical clinic and by the same staff  who 
employed many of  the same protocols since the patients were 
young children. They were treated aggressively for any symp-
toms of  tethered cord and lower limb deformity. But there 
were still several complications that many of  these individuals 
shared, including episodes of  osteomyelitis, scoliosis, the need 
for amputations, and a decrease in ambulation function. The 
patients and their families had many opportunities over the 
years to receive education for skin care and had long-standing 
relationships with the clinic staff. The bouts of  osteomyelitis 
may have been the result of  many factors besides insensate 
skin or poorly fitting orthotics and shoes. What is most dis-
turbing is that the problems might have been caused by pro-
crastination in seeking treatment when early skin breakdown 
was noted, especially in the vulnerable foot and ankle areas. 
The more severe cases resulted in amputation. Another issue 
found in the study group was that many individuals main-
tained their community ambulation status but experienced 
significant knee pain and had to return to using orthotics, 
crutches, or canes that had been discontinued, to support 
and stabilize their gait and reduce joint stress. Recall, earlier 
in this chapter, that the group of  children with sacral-level 
lesions was thought to be the least affected. These complica-
tions should raise an alarm for continued awareness for prac-
titioners, patients, and their families to remain knowledgeable 
about the complicating factors that can impact function at any 
point along the life cycle. We can never assume that the in-
tensity of  our efforts and interventions can slacken over time, 
especially when it can potentially have such disastrous results. 
We may feel like we are unnecessarily repetitive, as I have 
been in several sections of  this chapter, but hopefully the con-
sistent reinforcement of  important information may result in 
a better outcome for the PT student as well as the patient.168

Another report that did not specify the lesion levels of  
the young adults in the study concluded that there was a 
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incontinence, recurrent urinary tract infections, chronic de-
cubiti, joint pain, hypertension, neurologic deterioration, 
and depression. Urinary incontinence was also a central 
issue in a self-rating survey completed by a group of  ado-
lescent boys and girls with spina bifida. In general, the girls 
rated themselves lower in physical appearance, athleticism, 
and global self-worth than the boys. But both the girls and 
the boys who were continent rated themselves higher than 
the children who were incontinent. It appeared from this 
study that urinary continence was more important than the 
ability to walk for many of  these young adults.173

Urinary tract infection is the most frequently reported 
cause of  morbidity in the adult population. Patients are very 
concerned with urinary incontinence and its social implica-
tions, and a variety of  methods are employed to enable pa-
tients to remain dry and infection free. Urinary diversion is a 
surgical procedure that allows urine to be accessed by catheter 
from a stoma in the abdomen or collected in an absorbent 
pad. It was a preferred solution for many patients who did not 
want to depend on performing intermittent catheterization. 
When residual urine is permitted to remain in the bladder, it 
becomes a reservoir for bacteria, resulting in a high rate of  in-
fection and potential renal damage. An indwelling Foley cath-
eter was used for some patients, but resulted in a high rate of  
infection. Other external collecting devices, Valsalva voiding, 
and diapers were methods commonly tried with varying re-
sults and rates of  success. It appears that intermittent catheter-
ization performed diligently and on the recommended daily 
schedule remains the most successful method for adult man-
agement of  urinary incontinence and was also associated with 
the lowest risk of  infection or renal damage. But, knowing that 
organizing, compliance, and long-term follow-through may be 
limited when parents are no longer providing or supervising 
care, one can see how self-catheterization may be less success-
ful than predicted for the young adult with spina bifida.174,175

McClone176 cited still other problems that were identi-
fied by the adult with spina bifida that included a lack of  
opportunity for job training, lack of  viable employment, 
and decreased ability to achieve psychological and physical 
independence from family. In two studies, when multifac-
eted neuropsychological testing was performed on young 
adults with spina bifida, with and without hydrocephalus, 
the subjects scored low in areas of  verbal learning, verbal 
recall, and sequencing of  complex tasks, and they exhib-
ited a high rate of  attention deficit. They were performing 
in the average range for delayed memory, spatial memory, 
and visual recognition memory. Almost 50% of  the sub-
jects with hydrocephalus in one of  the studies exhibited 
some type of  cognitive impairment even though their full 
IQ fell within the normal range.177,178 So, one can see how 
weak verbal recall and sequencing, as well as other areas of  
challenge mentioned earlier, would significantly impact the 
patient’s ability to experience success in school and learn 
to take control of  and manage the complex responsibilities 
of  their day-to-day lives. Through our interventions with 
a variety of  patients with different learning styles, we are 

learning to maximize the individual’s learning strengths 
to compensate for their areas of  challenge. We are also 
becoming more adept at incorporating both high- and low-
tech adaptations to assist them. So the use of  an activity 
sequencing chart to learn self-catheterization or any multi-
step procedure seems reasonable. Using photos or pictures 
for a home exercise program is another adaptation that will 
avoid having the patient recall lengthy verbal instructions or 
read and process descriptions on a hand out sheet. Making 
a video of  the patient performing the exercise program that 
can be watched and followed at home has also been used. 
Calendars, checklists, or day planners and certainly the use 
of  Tablets, iPads, and other electronic devices may moti-
vate the patient and keep them on track. Although many of  
these strategies are used with younger patients, the need to 
continue them with older individuals may mean the differ-
ence between success and failure. Family members can also 
benefit from some of  these individualized strategies to aid 
their compliance as they are expected to remember many 
different protocols, exercises, and schedules and may require 
assistance to organize themselves as well.

In some school districts, a special education transition 
plan is included in the student’s yearly educational program 
when the child is 14 years of  age. As a team, the therapists, 
social worker or counselor, teachers, family, and often the 
child discuss ideas about what type of  educational program 
might be needed in high school and post–high school, where 
the child might be able to receive his or her future education, 
what type of  setting would be best, what type of  housing 
might be required when the child no longer lives at home, 
and what types of  job options could be considered. For the 
population with spina bifida, a preliminary and flexible plan 
should be developed when the child is much younger than 
14 years that includes communication between the medical 
providers, school, and family, to minimize or prevent some 
of  the long-term problems that have been listed. It appears 
clear that the adult population has multiple and varied needs 
and these needs should be addressed as early and consistently 
as possible by a comprehensive, multidisciplinary team ap-
proach that will efficiently identify and address the issues and 
make referrals to specialists for interventions to help transi-
tion the young patient into a more independent adult.

S U M M A R Y

T here are many aspects of  care for the PT to con-
sider when treating children with spina bifida. The 
information presented in this chapter provides both 

a historic and a contemporary foundation for building a 
better understanding of  this complex birth defect. It also 
poses some issues that new approaches, technologies, and 
research may make clearer in the near future. Most often, 
the role of  the PT is defined by the venue in which we work 
and the age of  the children in that setting. Therefore certain 
sections of  the chapter may be more or less relevant than 
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Passive Range of Motion
Last year, she had bilateral hamstring releases and was in long leg 
casts for 6 weeks. When the casts were removed, she remained 
with a 15-degree knee flexion contracture on the right, but the left 
knee extended to neutral. When she returned to school following 
the summer vacation, she had full passive ROM in both legs ex-
cept for her knees, where she now lacks 40 degrees of extension 
(R) and 20 degrees extension (L).

Upright Mobility
After her casts were removed, she was fitted with an HKAFO 
and a butterfly pelvic band to maintain hip extension, and drop 
locks at the hip and knee joints. The ankles are solid and set at 
90 degrees. She was taught to perform a hop-to pattern with all 
joints locked, using a posterior walker. Her grandparents were 
instructed in brace donning and doffing at the pediatric hospital 
where she receives her medical care. She has been coming to 
school with her walker and her braces and sneakers in a bag 
to be donned in school for ambulation training. Multiple calls to 
her family have produced no change in this routine. She and her 
family report that she is not wearing her braces at home either 
in the evenings or on the weekends. Crystal’s grandmother ex-
presses that donning the brace in the morning is difficult for her 
owing to lack of time. It is also not reasonable to request that the 
classroom staff place her in her brace. If the family sent Crystal 
to school wearing her braces, the school nurse was willing to 
remove them to perform her late morning catheterizing and put 
the braces back on her following the afternoon catheterization, 
but she is resentful that the family will not comply. It is also dif-
ficult to get a commitment from Crystal’s grandparents that they 
will help her stand and practice walking after school and/or on 
weekends.

Crystal receives a weekly physical therapy session in school, 
and her program consists of transfer training, gait training/prac-
tice walking, and a strengthening program for her trunk and upper 
extremities. Active and active assistive ROM is also performed, 
with an emphasis on knee extension. She is consistently able 
to ambulate with close guarding for a distance of approximately 
500 yards before becoming tired. She likes to walk to the school 
nurse for a visit before returning to her class. Crystal’s great-
est challenge in upright appears to be her excessive right knee 
flexion contracture, which causes that leg to be relatively shorter 
than the left. This creates instability when she is upright because 
her weight bearing is predominantly on the left leg. She must 
overuse her arms for additional support. She also appears fearful 
when standing with her posterior walker unless she receives con-
tact guarding for reassurance. Practice with an anterior-facing 
rollator walker provided the support she needed, and the walkers 
were switched.

Manual Muscle Testing
She has strong arms and trunk and the following bilateral lower 
extremity active muscle function: “Fair” hip flexion and adduc-
tion; “Poor” knee extension; “Poor” knee flexion; and “Trace” 
ankle dorsiflexion.

others. Spina bifida is a disability that requires an under-
standing of  the many systems that are affected and how they 
interact and influence the child’s abilities to function across 
their life span. Concerns and strategies for intervention sug-
gested throughout this chapter reflect the author’s humble 
philosophy that PTs must be knowledgeable about all of  
the affected body systems that are common to spina bifida 
and the trends and protocols being applied to their care. The 
therapist should be aware of  the priorities of  the families 
and the other professionals assisting the child. The true chal-
lenge to the PT is to integrate these various perspectives 
into a creative treatment plan that produces the best result 
for each child. Beginning with a strong basis in anatomy and 
neurology combined with experimentation and exploration, 
the PT will discover new and novel ideas for treatment that 
will not only advance our own clinical abilities to a more so-
phisticated and successful manner of  intervention but, most 
importantly, will help the child progress to his or her most 
productive and functional level.

CASE STUDY
Crystal, 9 years old

Significant History
Crystal’s back was closed when she was 3 days old, and at 
12 days, a VP shunt was inserted to control hydrocephalus. She 
was discharged to home and had no further complications. She 
lives with her grandparents and a younger brother and attended 
an early intervention program from 3 to 5 years of age where 
she received occupational therapy, physical therapy, and speech 
services. She did not receive early intervention services until age 
3. Crystal entered school 3 years ago and traveled in her personal 
manual wheelchair, with no bracing.

Present Findings
Crystal has moderate limitations in expressive and receptive lan-
guage and cognition. She is in a full-time special education class-
room for children with similar learning challenges. Crystal is able 
to follow simple verbal directions. She is the only student in class 
with a physical disability. Her gross and fine motor skills are her 
strength, and she enjoys leaving class to push her wheelchair in 
the hallways, stand, and walk. She is catheterized in the school 
nursing suite two times daily.

Gross Motor Skills
She is able to transfer, with close supervision for safety, from her 
wheelchair to her classroom chair and back and to a couch in the 
nursing suite. She is impulsive and may forget to lock her chair 
or may be careless moving her legs. She also forgets to position 
her chair properly, as instructed, and requires cues. Crystal is 
able to propel her chair very well and steer it without assistance 
in multiple environments. In her chair, she easily keeps up with 
her classmates as they transition into and out of the building, to 
lunch and recess.
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has not impacted her speed, endurance, or pattern of movement 
in a negative way. The classroom staff is more energized to be 
involved, and it is easier for them to assist. Her family has also 
increased their participation and compliance by sending her to 
school wearing her braces. Crystal is an exercise ambulator, and 
for the goals of maintaining her upright skills; weight control; leg, 
trunk, and arm strengthening; and cardiovascular function, this 
plan has been successful. If she had begun this ambulation pro-
gram earlier in her life, her strength and motivation to walk might 
have resulted in a higher level of function. Continued effort will be 
made by the teacher, school nurse, school PT, and the clinic staff 
to encourage increased involvement at home, to have Crystal in 
her braces, and walking on weekends and during extended holi-
day and summer vacations, at the minimum. If her walking skills 
improve, additional opportunities to walk longer distances and in-
creased upright time can be added to her daily classroom routine.
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Action Taken
A conference call was held between the school-based PT, the PT 
staffing the spina bifida clinic, and Crystal’s orthopedic surgeon. 
We decided to experiment, and the pelvic band of the brace was 
removed. The orthotist also added a 2-inch wedged shoe lift un-
der the right shoe to compensate for her knee flexion and give 
her a flat surface for standing on her right leg. Crystal’s grand-
mother was called and attended a clinic appointment to again 
receive instruction on donning and doffing Crystal’s braces, and 
the suggestion to have Crystal wear them daily was repeated by 
the clinic therapist and physician. The grandmother expressed 
that the long leg braces (KAFO) were now much easier for her to 
manage. Additional information was given to alert her that Crys-
tal is nearing adolescence, the time when she will be less likely to 
gain new upright skills unless her functional walking significantly 
improves. Crystal’s grandmother left that appointment with a re-
newed commitment.

Results
Crystal is presently coming to school wearing her braces each 
day. She sits in class with both knees locked, thanks to the as-
sistance of the classroom staff, to stretch her knee flexors on 
the right and to prevent further tightening on the left. Her legs 
are propped up on a small box as her wheelchair does not have 
elevating leg rests. She continues to walk with the therapist each 
week, and standing has been added to her daily program. She is 
positioned upright by the classroom staff in a standing box for up 
to 1 hour each day. It is much easier and quicker for them to lock 
her knees, and she only requires setup and supervision to pull 
up to stand. The staff also walks with her from her seat to the 
standing table and back. The standing box has a tray so she is 
able to participate in her class activities and desktop work. Be-
cause she has active, though weak, hip flexors, she is able to use 
a reciprocating pattern of leg movement, and the shoe lift has 
provided a better base of support and reduced her dependence 
on her arms for support. Her walking endurance has improved. 
She often switches to a hopping gait that increases her speed. 
She is able to maintain her trunk erect over her hips and does not 
flex forward. It is planned that the classroom staff will slowly in-
crease her walking program and she will leave the classroom for 
longer distances, as they feel more comfortable. The goal is for 
her to walk twice a day to the nurse for her catheterizations rather 
than use her wheelchair. The nurse is now able to perform the 
catheterization without removing Crystal’s braces, so it is faster 
and easier. Finally, a small picture card has been developed and 
is attached to her chair for easy access, to remind her of the cor-
rect sequencing of steps to set up and safely transfer out of her 
wheelchair. It also serves as a prompt to the staff, who help her. 
This adaptation has greatly improved her level of safety.

Conclusion
While the pelvic band was initially appropriate for her lesion level 
and lower extremity strengths, it appeared that its removal was 
a key to moving her forward in the standing and gait compo-
nents of her therapy program. The removal of the pelvic band 
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C H A P T E R

Definition
Incidence
Causes of Injury

Falls
Motor Vehicle Accidents
Gunshot Wounds
Abuse/Assault
Sports/Recreational Activities

Mechanisms of Injury
Acceleration–Deceleration Injuries
Impression Injuries

Primary Brain Damage from Trauma
Concussion
Contusion
Skull Fractures
Intracranial Hemorrhages
Diffuse Axonal Injury

Secondary Brain Damage from Trauma
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Traumatic Injury to the Central 
Nervous System: Brain Injury

Amy Both

7

 Definition

Traumatic brain injury (TBI) occurs when an external, 
mechanical force either accidentally or intentionally impacts 
the head.1–3 It is not associated with congenital injury or 
degenerative insult. TBI is characterized by a period of  
diminished or altered consciousness that ranges from brief  

lethargy to prolonged unconsciousness to brain death.1,2 
According to the Guide for Physical Therapist Practice,4 pediat-
ric TBI falls into one of  three preferred practice patterns (see 
Table 7.1). Symptoms vary greatly depending on the loca-
tion of  the lesion and the extent of  underlying brain injury. 
While approximately 97% of  the children who sustain a 
TBI experience only a mild injury and recover uneventfully, 
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 Causes of injury

Falls

Falls account for 35% to 50% of  all pediatric TBIs that require 
hospitalization or result in death.1,10,11,20,21 Children under 
12 months were at the greatest risk of  injury from a fall, 
with 0 to 6 month olds sustaining the highest rate of  moder-
ate injury from falls, including falls from a caregiver’s arms.22 
Among preschoolers, 51% of  the trauma injuries from falls 
occur while playing on playground equipment.20 Older chil-
dren usually escape severe injury in falls from heights of  less 
than 10 feet.20,23 Although many falls occur accidentally, falls of  
less than 10 feet bear investigation for potential child abuse.20,23

Motor Vehicle Accidents

Motor vehicle accidents (MVAs) account for approximately 
25% of  all pediatric TBIs and are the most common cause 
of  trauma death in children 5 to 9 years old.1,2,10,20 Between 
4 and 14 years of  age, the majority of  injuries involving a 
motor vehicle occur when the child is a bicyclist or pedes-
trian.13 In contrast, the majority of  motor vehicle injuries 
sustained during adolescence occur when the adolescent is 
an unprotected occupant in the automobile.13 MVAs cause 
the vast majority of  serious injuries and multiple trauma in 
children, with approximately 70% of  the children demon-
strating various degrees of  coma for some period of  time.20

Gunshot Wounds

Firearm injuries occur from accidental gun discharges, 
homicides, and suicides and rank second only to MVAs as 
the leading cause of  trauma death in school-age children 
and adolescents.24 The incidence of  gunshot wounds among 
male inner-city youth is extremely alarming, as the children 
are often both the victims and the perpetrators.25 More than 
twice as many children survive their injuries as die, with 
approximately 25% having permanent sequelae.26

Abuse/Assault

Physical abuse in infants and young children is prevalent 
in children 0 to 4 years old.10,13 Approximately 80% of  the 
head trauma deaths in children under 2 years of  age are due 
to physical abuse.13 Abuse frequently results in head injury 
owing to the vulnerability of  the immature brain and the 
weak supporting neck musculature. Abuse resulting in TBI 
is characterized by a marked discrepancy between the expla-
nation of  how the injury occurred and the nature and sever-
ity of  the injury. Early identification of  abuse is critical to 
prevent repeated or progressive injury.

Sports/Recreational Activities

Sports and recreational causes account for approximately 
29% of  the brain injuries to school-age children and 

others are left with partial or total functional disability 
and/or psychosocial impairment.5 TBI is also referred to as 
acquired brain injury, head injury, or closed head injury.

 Incidence

In recent years, the number of  children who visit the emer-
gency room annually with a suspected head injury has 
increased to approximately 1,365,000 visits each year.6 Of  
those visits, approximately 18% are made by young children 
between the ages of  0 and 4 years.6,7 Currently in the United 
States, the number of  new cases of  children diagnosed with 
TBI is estimated at 475,000 per year with 100,000 of  those 
requiring hospitalization.6,8–10 Overall, brain injury is the 
leading cause of  death and permanent disability in children 
between 1 and 19 years of  age.8 It is also the third leading 
cause of  death in children less than 1 year of  age. In spite 
of  this, the survival rate in children with TBI is better than 
similarly injured adults.11,12

Currently, there are two peak periods of  incidence of  
TBI in children that should be monitored. The first occurs 
in early childhood (less than 4 years of  age) and the sec-
ond occurs during mid- to late adolescence (15 to 19 years 
of  age).11,13 In every age group, the incidence of  TBI is two 
times greater in boys than girls, with boys between 0 and 
4 years of  age having the highest number of  hospitalizations 
and TBI-related deaths.1,7,9,11,14,15 Premorbid personality and 
behavior have been found to predispose children to brain 
injury.16 Children who are impulsive and hyperactive, and 
who have difficulty with attention are at an increased risk 
for injury.16,17 In addition, there is evidence that once a child 
sustains a TBI, even a mild TBI, the likelihood of  reinjury 
and a lower threshold for damage to the brain increases.18,19

Brain injury and death rates vary considerably by race 
and socioeconomic status. TBI-associated mortality rates 
are higher in African Americans, followed by Caucasians and 
then other races.5,20 For all races, death rates are inversely 
related to socioeconomic status.20 Thus, children of  families 
with low incomes have higher death rates than children of  
families with upper and middle incomes.

5C Impaired Motor Function and Sensory Integrity Associated 
with Nonprogressive Disorders of the Central Nervous System: 
Congenital Origin or Acquired in Infancy or Childhood

5D Impaired Motor Function and Sensory Integrity Associated 
with Nonprogressive Disorders of the Central Nervous System: 
Congenital Origin or Acquired in Adolescence or Adulthood

5I Impaired Arousal, Range of Motion, and Motor Control 
Associated With Coma, Near Coma, or Vegetative State

From american Physical Therapy association. guide to physical therapist 
practice. second edition. Phys Ther. 2001;81(1):1–768.

Preferred Practice Patterns—Guide to Physical 
Therapist Practice, Second Edition

TABLE

7.1
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 Mechanisms of injury

Acceleration–Deceleration Injuries

Acceleration–deceleration injuries are caused when a mov-
ing head hits a relatively fixed object, such as the ground or 

adolescents.20,21 High-risk contact sports, such as foot-
ball, boxing, and taekwondo, result in up to half  of  the 
injuries.20,21,27 TBI is also seen in other recreational activi-
ties when head protection is either not used or forgotten, 
including diving, baseball, cycling, horseback riding, and 
rugby.15

Nutrition for the Child with Traumatic Brain Injury
susan Boyden, ms, rD, lDN
Clinical Dietitian  
The Children’s Hospital of Philadelphia

Nutrition-Related Problems Interventions

UNable to Eat by Mouth:
• Impaired gastrointestinal system
• Comatose/vegetative state
• Respiratory failure
• Aspiration risk

UNable to CoNsume Adequate NutRItIoN:
• Impaired oral motor skills
• Chewing
• Pocketing
• Swallowing
• Drooling/leakage

• Sensory and communication deficits:
•	 Unable to see food offered
•	 Unable to communicate when hungry
•	 Difficulty communicating at mealtime due to hearing loss

• Depression
• Pain issues

INcReased CaloRIe/NutRIeNt Needs:
• Metabolic stress
• Fractures
• Wound healing
• Involuntary movements
Constipation

Gastroesophageal reflux

Alternate means of nutrition:
 Parenteral nutrition
 Tube feedings

Dietary modifications:
 Modification of food texture/consistency
 Thickened liquids
 High-calorie supplements
 Tube feedings

Ophthalmology evaluation
Speech therapy referral
Occupational therapist
Audiology evaluation
Psychology referral
Medication
Music therapy
Child life therapy

Nutritional supplements
Tube feedings
Vitamins/minerals
Parenteral nutrition
Adequate fiber and fluids
Bowel program
Medications
Small frequent feedings
Nutrient-dense meals/snacks/formula
Medication

ObesIty
• Decreased mobility
• Insatiable appetite related to injury to appetite control center

Physical therapy program
Reduce fat/calories in diet
Food diary
Consistent meal schedule

SUGGESTED READINGS
Ekvall SW. Pediatric nutrition in chronic diseases and developmental disorders. In: Cloud H, ed. Feeding Problems of the Child with Special Health Care 

Needs. New York, NY: Oxford University Press; 1993:203–217.
Loan T. Metabolic/nutritional alterations of traumatic brain injury. Nutrition. 1999;15:809–812.
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Contusion

A contusion is a bruising or hemorrhage of  the crests or gyri 
in the cerebral hemispheres. Contusion can be seen follow-
ing a crush injury or blunt trauma, or during an inertial load 
injury, such as acceleration–deceleration of  the brain within 
the skull.34 Contusions occur most commonly in the frontal 
and temporal lobes of  the brain because of  bony irregulari-
ties in the cranial vault.33

Skull Fractures

Skull fractures are seen in both closed head injuries and 
open, compound head injuries. Linear comminuted frac-
tures result from impact with low-velocity objects, and 
depressed fractures generally result from impact with 
higher-velocity objects. Linear fractures can produce contu-
sions, hemorrhage, and cranial nerve damage.28 Depressed 
skull fractures of  greater than 5 mm are considered sig-
nificant.28 Depressed fractures can produce herniation 
syndromes, contusions, lacerations, and cranial nerve 
damage.28

Intracranial Hemorrhages

Intracranial injury can occur with or without immediate loss 
of  consciousness or skull fracture.29,30 Two types of  intracra-
nial hemorrhage frequently seen following pediatric TBI are 
extradural and intradural hematomas. Intracranial hemor-
rhage may not appear initially on clinical examination.30 The 
rate of  blood collection and the location of  the hematoma 
are related to severity and outcome.35 Intracranial hemor-
rhage is a common cause of  clinical deterioration and death 
in patients who experience a lucid interval immediately after 
injury.

Extradural Hematomas
Extradural or epidural hematomas develop because of  the 
tearing of  an artery in the brain, primarily the middle men-
ingeal artery and its branches. In children, epidural hema-
tomas usually follow skull fracture or bending of  the skull 
into the brain.35 With unilateral epidural hematoma, there 
is often herniation of  the temporal lobe.36 Coma may ensue 
and cardiorespiratory arrest is possible.

Intradural Hematomas
Intradural hematomas include subdural and intracerebral 
hematomas. Acute subdural hematomas occur second-
ary to injury to veins in the subdural space. Subsequent 
recovery depends on both the time before hemorrhage 
evacuation and the extent of  damage to underlying brain 
tissue.35 Subdural hematomas are frequently seen with 
inertial injuries and occur commonly in the temporal and 
frontal lobes.33 Subdural hematomas are associated with 
higher mortality rates and poorer functional outcomes. 

a windshield. The young infant is particularly susceptible to 
acceleration–deceleration injuries, as there is less restraint of  
motion in the neck.28 Therefore, acceleration– deceleration 
injury in infancy may result in greater differential displace-
ment of  the skull and cranial contents.28 The direction of  
acceleration injuries may be translational (linear) or rota-
tional (angular). Most TBIs are a result of  a combination of  
both translational and rotational injuries.

Translational Injury
In translational injury, the head in motion strikes a station-
ary object and responds with lateral displacement of  both 
the skull and the brain. The injury that results from the ini-
tial impact of  the skull on the brain is known as coup. The 
lesion that occurs in the direction opposite of  the initial 
force is termed contrecoup. Contrecoup occurs as the brain 
decelerates against the bony structures of  the skull.

Rotational Injury
Rotational injury occurs when the skull rotates as the brain 
remains stationary. The effect is angular forces on the brain, 
surface contusions, lacerations, and shearing trauma. Rota-
tional injury can result in either focal or diffuse brain damage.

Impression Injuries

Impression injuries occur when a solid object, such as a rock 
or a blunt object, impacts a stationary head. Impression inju-
ries produce skull fracture and a focal lesion at the site of  
the impact. The presence of  skull fracture is associated with 
an increased risk of  intracranial injury; however, the absence 
of  skull fracture does not reliably exclude a significant intra-
cranial injury.29,30

 Primary brain damage from trauma

Primary brain damage from trauma is a direct result of  the 
forces that occur to the head at the time of  initial impact.28,31

Concussion

Concussion is a complex pathophysiologic process affecting 
the brain characterized by headache, altered awareness and 
cognitive function, and impaired balance immediately fol-
lowing trauma.32 Impaired consciousness typically lasts a few 
seconds to several hours and is related to the transmission 
of  stretching forces to the brainstem as the brain is thrown 
back and forth in the cranial vault.33 Concussion can be seen 
without obvious pathologic changes to the brain; however, 
it may also be seen with mild diffuse white matter lesions or 
neurochemical injury.33 Following concussion, a child may 
exhibit clinging behavior, disturbances in sleep, irritability, or 
more distractibility than usual. These behavior changes can 
last a few days to a few months.32,33 Children and adolescents 
may take longer than adults to recover after a concussion.19
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increased ICP may lead to the development of  posttrau-
matic hydrocephalus.28

Herniation Syndromes

Herniation syndromes result from displacement of  the brain 
by an expanding lesion and cerebral edema. Depending on 
the location of  the lesion, herniation can cause obstructive 
hydrocephalus, brain shift past midline, or brainstem com-
pression.33 Herniation can lead to neurologic deterioration 
of  a grave nature, with resultant decreasing levels of  con-
sciousness, altered respiration, hypertonicity, hemiparesis, 
and decorticate posturing.33

Hypoxic–Ischemic Injury

The supply of  oxygen and nutrients to the brain is depen-
dent on adequate cerebral perfusion. Alterations of  cerebral 
perfusion, raised ICP, or lack of  oxygen to the brain may 
result in hypoxic–ischemic brain damage.33 Ischemia fre-
quently occurs in the tissue surrounding cerebral contusions 
or hematomas and ultimately leads to further brain damage. 
Severe hypoxic injury and diffuse axonal injuries are most 
likely to cause severe disabilities, including prolonged post-
coma unawareness.33,38

Neurochemical Events

When trauma occurs to the brain, there is a disruption of  the 
blood–brain barrier and a release of  excitatory neurotrans-
mitters and oxygen-free radicals into the blood system.33 
Oxygen-free radicals have an extremely toxic effect on the 
brain and are damaging to cell membranes and vessel walls.39 
The damage from oxygen-free radicals causes internal dis-
ruption of  neuronal functioning and further brain damage.39

 Other consequences  
from brain damage

Hydrocephalus

Hydrocephalus can be differentiated as either commu-
nicating or noncommunicating type. In communicating 
hydrocephalus, all components of  the ventricular system 
are enlarged and ICP may only be intermittently elevated. 
Communicating hydrocephalus is seen in the vast majority 
of  posttraumatic cases.40 Noncommunicating hydrocepha-
lus refers to enlargement of  the ventricles of  the brain 
owing to an obstruction of  the flow and impaired absorp-
tion of  cerebrospinal fluid. Children with hydrocephalus 
may present with changes in mental status, lethargy, nau-
sea/vomiting, headache, gait ataxia, and urinary incon-
tinence.40 Neurosurgical ventriculoperitoneal shunting 
procedures are performed in children with hydrocephalus 
to improve the flow and absorption of  cerebrospinal fluid.40

Intracranial hematomas can result from trauma or rup-
ture of  a congenital vascular abnormality.37 Very severe 
injuries may cause large intracerebral hematomas that 
can rupture into the ventricles, causing intraventricular 
hemorrhage.33

Diffuse Axonal Injury

Diffuse axonal injury (DAI) is a microscopic phenomenon 
not commonly visible on computed tomography (CT) scan. 
DAI is seen following rotational injury within the cranial 
vault.28 The shearing trauma results in diffuse disturbance 
of  cellular structures following TBI. DAI is associated with 
much of  the significant brain damage seen in TBI, including 
sudden loss of  consciousness, extensor rigidity of  bilateral 
extremities, and autonomic dysfunction.33

 Secondary brain damage from trauma

Secondary brain damage from trauma evolves as a result 
of  the pathophysiologic changes initiated by the primary 
trauma.28,31 Research suggests that secondary brain dam-
age from trauma develops over a period of  several hours or 
days.33 Secondary injuries account for a significant amount 
of  the overall damage that occurs in TBI, and prevention of  
secondary brain damage is a major goal of  the acute man-
agement of  the child with TBI.35

Cerebral Edema

Perhaps the most frequently occurring cause of  second-
ary injuries is cerebral edema. Unchecked cerebral edema 
accompanied by an increase in intracranial pressure (ICP) 
can lead to multiple cerebral infarctions, brain herniation, 
brainstem necrosis, and irreversible coma.36 Control of  
brain swelling is often difficult and may require the use of  a 
combination of  the following techniques: narcotic sedation, 
diuretics, barbiturates, systemic neuromuscular paralysis, or 
hyperventilation.35,36

Intracranial Pressure

When a mass, such as a hematoma or cerebral edema, is 
present following TBI, ICP increases in response to the pres-
sure exerted on the brain. Initial increases in ICP are accom-
modated by the mechanisms of  the ventricular system.36 
However, when the compensatory mechanisms are no lon-
ger effective, ICP rises.

In infancy, increases in ICP will cause bulging of  the fon-
tanels and separation of  the sutures. In children older than 
5 years of  age, as ICP rises, the contents of  the cranial vault 
are forced downward through the foramen magnum. This 
causes brainstem compression and may lead to difficulty 
breathing and even cardiorespiratory arrest.28 Prolonged 
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rapid in the first few months but can continue throughout 
the first year after the accident. After the first year, the inci-
dence of  children continuing to demonstrate gains is greater 
in children with mild TBI; however, in children with severe 
injury, some improvement is also noted in the second and 
third years following injury.43

Outcome is affected by a number of  factors, includ-
ing location and morphologic characteristics of  the injury, 
complications that occur during the medical stabilization 
following injury, the age of  the child at the time of  injury, 
the length of  coma, the duration of  posttraumatic amne-
sia (PTA), the severity of  the injury, premorbid psychologi-
cal and cognitive adjustment, and the family response to 
the injury. Of  all the factors listed above, the duration of  
coma appears to be the single most consistent predictor of  
outcome.18,44

Coma Scales

Coma is defined as a complete state of  unconsciousness in 
which the child does not open his or her eyes, follow com-
mands, speak, or react to painful stimuli.45 To assist with 
determining the level of  unconsciousness, Glasgow neu-
rosurgeons Teasdale and Jennett developed a coma assess-
ment scale (Table 7.2), known as the Glasgow Coma Scale 
(GCS).45 It is a standardized tool for assessing the neuro-
logic status of  a trauma victim and is based on the patient's 
best response to three categories: motor activity, verbal 
responses, and eye-opening.

The Pediatric Coma Scale (PCS)46 has also been found 
useful in assessment of  outcome in children (Table 7.2) and 
is used in children 9 to 72 months of  age.46 In addition, the 
PCS developed interpretive norms for several age groups 
between birth and 5 years (Table 7.3).28 Children whose 
coma scores were below the norm for age tended to have 
poorer outcomes.

Duration of Coma

The duration of  coma is directly related to outcome, with 
outcomes worsening as coma duration increases.47–49 For 
the majority of  children with mild TBI and loss of  con-
sciousness lasting 1 night or less, the results on the long-
term outcome measures of  cognition, achievement, and 
behavior are indistinguishable from those of  uninjured 
children.50,51 In contrast, children with coma lasting more 
than a few days and moderate to severe TBI experience a 
variety of  physical, cognitive, language, and psychological 
sequelae that may improve following the injury or result in 
 permanent impairment.

For children with TBI who had a coma with a duration 
of  1 week or more and survived, it should be noted that a 
return to regular education is usually not possible. Rarely 
do young children stay in a persistent state of  coma. Ninety 
percent have been shown to recover to be moderately dis-
abled or better over a 3-year period.41

Seizures

The occurrence of  early posttraumatic seizures is more 
common in children than adults, with an incidence of  
approximately 10%.41 Early posttraumatic seizures in chil-
dren are frequently of  a generalized onset type, such as 
grand mal and tonic–clonic seizures.41 Partial or focal sei-
zures and seizures of  late onset are uncommon in chil-
dren.41 The frequency of  seizure activity within the first 
year after TBI may be predictive of  further recurrence.41 
Thus, children who do not experience seizure within the 
first year following injury are unlikely to develop seizures 
at a later time.

Infections

Penetrating injuries, such as gunshot wounds and depressed 
skull fractures, carry inherent risk of  brain infection. In addi-
tion, neurosurgical procedures to insert ICP monitors and 
shunts for increased cerebrospinal fluid also carry risk of  
brain infection. Two common infections following penetrat-
ing wounds are meningitis and brain abscess.40 The physical 
therapist (PT) can assist the medical team by monitoring for 
signs of  infection such as fever, headache, confusion, neck 
stiffness, and increased ICP.

Dysautonomia

Dysautonomia, a malfunction of  the autonomic system, 
occurs after brain injury in 13% of  children.42 A combina-
tion of  hypertension, diaphoresis, and dystonia are the best 
predictors of  a potential diagnosis.42 Therefore, PTs need to 
be diligent to monitor the child for signs of  dysautonomia in 
order to alert the medical team and best manage the symp-
toms noted.

Endocrine Disorders

Although rare, hypopituitarism and precocious puberty 
are both reported in children following TBI.41 Linear 
growth and weight are closely followed so that the need 
for medical intervention may be determined. The PT 
should report any concerns of  increased weight gain or 
the development of  secondary sexual characteristics to the 
child’s physician.

 Predictors of injury severity  
and outcome

Clinical rating scales are used to standardize the description 
of  patients with TBI, monitor progress, determine a general 
plan for appropriate medical intervention, predict outcome, 
and assist with clinical outcomes research.

Predicting recovery and outcome in children with TBI is 
complex. The rate of  recovery following TBI often appears 
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recovery and residual deficit.51 Strong correlations of  depth 
of  coma and outcome severity have been noted, especially 
in the areas of  intelligence, academic performance, and 
motor performance.51

Orientation and Amnesia Assessment

PTA is defined as the interval between injury and the 
moment at which an individual can recall a continuous 
memory of  what is happening in the immediate environ-
ment.44 Evaluation of  PTA in children is challenging, as 
traditional assessment methods rely on the subject’s verbal 
response. Because standard orientation questions are inap-
propriate for children owing to their limited cognitive and 
language skills, the Children’s Orientation and Amnesia Test 
(COAT)54 was developed. The COAT is reliable for children 
between the ages of  4 and 15 years.54 Although the COAT 
is useful in the age range established, a reliable method of  
assessing PTA in children under 4 years of  age has not been 
established.55

Duration of Posttraumatic Amnesia

In children, the duration of  PTA has been found to be more 
predictive of  future memory function than coma scales.54 
The length of  PTA has also been used to classify the sever-
ity of  TBI. In children with PTA of  more than 3 weeks’ 
duration, verbal and nonverbal memory was found to be 
significantly impaired at both 6 months and 12 months 
postinjury.54

Rancho Los Amigos Levels  
of Cognitive Functioning

The Rancho Los Amigos Levels of  Cognitive Function 
Scale (Rancho Scale)56 is a descriptive scale of  cognitive and 
behavioral functioning. It is used primarily during inpatient 
rehabilitation. The Rancho Scale summarizes neurobe-
havioral function and serves to enhance communication 
between staff. The Rancho Scale is also useful as a frame-
work for the PT to identify probable treatment issues and to 
develop treatment strategies on the basis of  the current level 
of  cognitive function. The main limitation of  the Rancho 
Scale is that the “phases of  recovery” and prediction of  dis-
charge functional ratings is often poorly related. In addition, 
cognitive function and behavior may fluctuate depending on 
the environment as well as fatigue or stress on any given day 
(see Display 7.1).

Pediatric Rancho Scale

The Pediatric Rancho Scale57 is an adapted version of  the 
Rancho Los Amigos Scale that can be used to evaluate 
young children between the ages of  infancy and 7 years. 
Like the Rancho Scale, the Pediatric Rancho Scale serves 
to enhance communication of  recovery among staff  and to 

Depth of Coma

In addition to the duration of  coma, the depth of  coma, 
as measured by the GCS, is easy to assess and correlates 
well with prognosis and functional outcome.49 Using the 
PCS, a coma score of  3 or 4 is predictive of  a poor out-
come, while a score of  7 or greater is predictive of  a good 
outcome.30,52

Most children who sustain mild brain injury, as deter-
mined by the coma scales, are expected to experience a full 
recovery within several weeks. However, new evidence sug-
gests that following even a mild TBI some children experi-
ence problems with balance, response speed, and running 
agility that persist at discharge.53 For children who are mod-
erately and severely injured, the degree of  initial impair-
ment on a coma scale is related to both the degree of  

Glasgow coma 
scale (adults)

adelaide Pediatric 
coma scale

Eyes open Spontaneously 4
To speech 3 As in adults
To pain 2
None 1

Best motor response Obeys commands 6
Localizes pain 5 Obeys commands 5
Withdraws 4 Localizes to pain 4
Flexion to pain 3 Flexion to pain 3
Extension to pain 2 Extension to pain 2
None 1 None 1

Best verbal response Oriented 5 Oriented 5
Confused 4 Words 4
Words 3 Vocal sounds 3
Sounds 2 Cries 2
None 1 None 1

From Teasdale g, jennett B. assessment of coma and impaired consciousness. a 
practical scale. Lancet. 1974;2(7872):81–84 and reilly Pl, simpson Da, sprod r, 
et al. assessing the conscious level in infants and young children: a paediatric 
version of the glasgow coma scale. Childs Nerv Syst. 1988;4(1):30–33.

Comparison of Glasgow Coma Scale and Adelaide 
Pediatric Coma Scale

TABLE

7.2

0–6 mo = 9

6–12 mo = 11

12–24 mo = 12

2–5 yr = 13

>5 yr = 14

aFor the adelaide Pediatric coma scale score (from Kaufman Ba, Dacey rg. 
acute care management of closed head injury in childhood. Pediatr Ann. 
1994;23:18–28.)

Age Normsa

TABLE

7.3
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 I. No response: Patient appears to be in a deep sleep and is 
completely unresponsive to any stimuli.

 II. Generalized response: Patient reacts inconsistently and 
nonpurposefully to stimuli in a nonspecific manner regardless 
of stimulus presented. Responses may be physiologic 
changes, gross body movements, and/or vocalization and are 
often limited and delayed. Often, the earliest response is to 
deep pain.

 III. Localized response: Patient reacts specifically but 
inconsistently to stimuli. Responses are directly related to the 
type of stimulus presented. May withdraw an extremity and/
or vocalize when presented with a painful stimulus. May follow 
simple commands such as closing eyes or squeezing hand 
in an inconsistent, delayed manner. May also show vague 
awareness of self-discomfort by pulling at nasogastric tube, 
catheter, or resisting restraints. May show a bias responding 
to familiar persons. Once external stimuli are removed, may  
lie quietly.

 IV. Confused-agitated: Patient is in a heightened state of activity, 
and agitation is generally in response to own internal 
confusion. Behavior is bizarre and nonpurposeful relative 
to immediate environment. Verbalizations frequently are 
incoherent and/or inappropriate to the environment. May cry 
or scream out of proportion to stimuli and even after removal, 
show aggressive behavior, attempt to remove restraints or 
tubes, or crawl out of bed. Gross attention to environment 
is very brief; selective attention is often nonexistent. Patient 
lacks any recall. Has severely decreased ability to process 
information and does not discriminate among persons or 
objects; is unable to cooperate directly with treatment efforts. 
Unable to perform self-care without maximal assistance. May 
have difficulty performing motor activities such as sitting, 
reaching, and ambulating on request.

 V. Confused-inappropriate: Patient is able to respond to 
simple commands fairly consistently. However, with 
increased complexity of commands or lack of any external 
structure, responses are nonpurposeful, random, or 
fragmented. Demonstrates gross attention to the environment, 
but is highly distractible and lacks ability to focus attention on 
a specific task. With structure, may be able to converse on an 
automatic level for short periods of time. Verbalization is often

  inappropriate and confabulatory. Memory is severely 
impaired; often shows inappropriate use of objects; and may 
perform previously learned tasks with structure but is unable 
to learn new information. Responds best to self, body, 
comfort, and family members. May show agitated behavior 
in response to discomfort or unpleasant stimuli. Can usually 
perform self-care activities with assistance. May wander off, 
either randomly or with vague intentions of “going home.”

 VI. Confused-appropriate: Patient shows goal-directed behavior 
but is dependent on external input or direction. Response to 
discomfort is appropriate and is able to tolerate unpleasant 
stimuli when need is explained. Follows simple directions 
consistently and shows carryover for relearned/newly 
learned tasks such as self-care. Responses may be incorrect 
owing to memory problems, but they are appropriate to the 
situation. Past memories show more depth and detail than 
recent memory. No longer wanders and is inconsistently 
oriented to time and place. Selective attention to tasks 
may be impaired. May have vague recognition of staff; has 
increased awareness of self, family, and basic needs.

 VII. Automatic-appropriate: Patient appears appropriate and 
oriented within the hospital and home settings; goes through 
daily routine automatically but frequently robot-like. Patient 
shows minimal to no confusion and has shallow recall of 
activities. Shows increased awareness of self, body, family, 
food, people, and interaction in the environment. Has 
superficial awareness of but lacks insight into condition; 
decreased judgment and problem solving. Lacks realistic 
ideas/plans for the future. Shows carryover for new learning 
but at a decreased rate. Requires supervision for learning 
and safety purposes. With structure is able to initiate social 
or recreational activities.

 VIII. Purposeful-appropriate: Patient is able to recall and integrate 
past and recent events and is aware of and responsive to 
environment. Shows carryover for new learning and needs 
no supervision once activities are learned. May continue 
to show a decreased ability relative to premorbid activities, 
abstract reasoning, tolerance for stress, and judgment in 
emergencies or unusual circumstances. Social, emotional, 
and intellectual capacities may continue to be at a decreased 
level but functional in society.

From Malkmus D, Booth B, Kodimer C. Rehabilitation of Head Injured Adult: Comprehensive Congitive Management. Downey, CA: Los Amigos Research and Education 
Institute, Inc; 1980:2.

Rancho Los Amigos Levels of Cognitive Functioning

DISPLAY
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assist with developing a framework for treatment manage-
ment on the basis of  cognitive level (see Display 7.2).

Age

The capacity of  the brain to guard against and respond to 
trauma changes with age.58 Although at one time young 
children were thought to be spared greater dysfunction fol-
lowing TBI, newer research has demonstrated an increased 
vulnerability of  the young child to the effects of  TBI.58–60

The age of  the child at the time of  injury also appears to 
correlate with increased risk for specific impairments. Young 
children are more vulnerable to the effects of  diffuse injury 
on memory than older children. Although the plasticity 
of  the developing brain can allow for dramatic recovery of  
function, the effects of  a diffuse insult produced by TBI may 
ultimately result in greater cognitive impairment in the devel-
oping brain than in the mature brain.58 Children who expe-
rience TBI before the age of  5 years exhibit more profound 
cognitive deficits than those injured later in childhood.22,61 
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Stress Test at 12 weeks postinjury.62 Such information should 
be taken into consideration when predicting a return to sports 
and physical activities that require refined balance skills.

Functional limitations and impairments may also be used to 
predict discharge status for children with TBI.63,64 The Pediat-
ric Evaluation of  Disability Inventory (PEDI) shows promise in 
being used for classification of  recovery of  function following 
TBI, and in the future may assist in facilitating optimal service 
delivery. During admission to a rehabilitation unit, the recovery 
of  walking is a primary goal for children with TBI.65 Knowing 
whether the patient can ambulate by discharge impacts deci-
sions regarding the discharge environment and the equipment 
needs at discharge. Four factors associated with a nonambula-
tory status at discharge include prolonged loss of  conscious-
ness, lower extremity (LE) injury, impaired responsiveness, and 
presence of  LE spasticity.65 In addition, low scores on the PEDI 
Mobility Functional Skills scale and a long length of  stay were 
also associated with nonambulation at discharge.65

Environmental Influences

Children with TBI may be particularly vulnerable to the 
influence of  the family dynamics. In families of  children 
between the ages of  6 and 12 years, it has been shown that 
greater parental distress and burden was associated with 
poorer fine motor dexterity, behavioral control, and aca-
demic performance.66 The negative consequences of  the 
TBI combined with high levels of  family dysfunction make 
it more difficult for the family to support the child’s recovery. 
PTs need to consider the influence of  the home environment 
on the prognosis for improvement in the child with TBI.66

 Physical therapy examination of the 
child with traumatic brain injury

When a child with TBI is referred for treatment, a thor-
ough physical therapy examination is necessary to ensure 
appropriate physical therapy management. The examina-
tion (Display 7.3) should contain, but may not be limited 
to, information on past medical history, social history and 
living environment, cognitive/behavioral status, basic sen-
sorimotor status, and functional status. While perform-
ing the examination, consideration should be given to the 
child's tolerance level and attention span, as deficits in either 
area may limit the PT’s ability to complete the examination 
in one session. The PT may also need to incorporate play 
into the assessment in an effort to enhance cooperation and 
obtain a more accurate picture of  the child with TBI.

Subjective Examination: Patient History

Medical History
The therapist must thoroughly review the child’s past 
medical/surgical and current condition prior to initiating 
the physical examination. Information should be gathered 

Moreover, deficits may remain hidden until a time in which 
the child needs to participate in higher-level academic activi-
ties. Clearly, the young child is vulnerable to brain injury.

Function

In spite of  improvement in function over time, children with 
TBI persist in exhibiting lasting differences in balance, gait 
velocity, stride length, and cadence when compared with 
healthy peers.60 Even children with mild TBI have shown 
problems with balance on the Bruininks Pediatric Clini-
cal Test of  Sensory Integration for Balance and the Postural 

 V. No response to stimuli: Complete absence or observable 
change in behavior to visual, auditory, or painful stimuli.

 IV. Generalized response to sensory stimulation: Reacts to 
stimuli in a nonspecific manner; reactions are inconsistent, 
limited in nature, and often the same regardless of 
stimulus present. Responses may be delayed. Responses 
noted include physiologic changes, gross body movement, 
or vocalizations. First responses are often to pain. Gives 
generalized startle to loud sounds. Responds to repeated 
auditory stimulation with increased or decreased activity. 
Gives generalized reflex response to painful stimuli.

 III. Localized response to sensory stimuli: Reacts specifically 
to stimulus. Responses are directly related to the type 
of stimuli presented. Responses include blinking when 
strong light crosses field of vision, following moving object 
passed within visual field, and turning toward or away from 
loud sound or withdrawing from painful stimuli. Reactions 
can be inconsistent and delayed. May inconsistently follow 
simple commands such as “close eyes,” “move an arm.” 
May show vague awareness of self by pulling at tubes or 
restraints. May show a bias by responding to family and 
not others.

 II. Responsive to environment: Appears alert and responds 
to name. Recognizes parents or other family members. 
Imitates examiner’s gestures or facial expressions. 
Participates in simple age-appropriate vocal play/
vocalizations. Gross attention but highly distractible. Needs 
frequent redirection to focus on task. Follows commands 
in an age-appropriate manner and is able to perform 
previously learned tasks with structure. Without external 
structure, responses may be random or nonpurposeful. 
May be agitated by external stimuli. Increased awareness 
of self, family, and basic needs.

 I. Patient is oriented to self and surroundings: Shows active 
interest in environment and initiates social contact. Can 
provide accurate information about self, surroundings, 
orientation, and present situation as age-appropriate.

From Professional Staff Association of Rancho Los Amigos Hospital I. 
Rehabilitation of the Head Injured Child and Adult: Pediatric Levels of 
Consciousness, Selected Problems. Downey, CA: Rancho Los Amigos 
Medical Center, Pediatirc Brain Injury Service and Los Amigos Rsearch  
and Education Institute, Inc; 1982:5–7.

Pediatric Rancho Scale
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Social History and Living Environment
Interviewing the parents, siblings, and/or caregivers of  the 
child with TBI is imperative, as successful therapeutic inter-
vention should be family- and child-centered.67 The family 
members are the experts in knowing their child and often 
can give helpful advice to the therapist regarding the best 
way to motivate the child in therapy. In addition, informa-
tion can be gained regarding the conditions and limitations 
of  the home environment. Families should be encouraged 
to collaborate with the rehabilitation team in the develop-
ment of  an appropriate plan of  care and the identification 
of  equipment needs upon discharge. Family or psychoso-
cial information may also be gained by talking to the social 
worker.

Systems Review

A thorough review of  all body systems helps the PT decide 
which systems will require further testing and often directs 
the selection of  subsequent tests (see Display 7.4). During 
this review, information that was not noted in the initial his-
tory may be obtained and used to inform further examina-
tion of  concerns.

Objective Examination: Tests and Measures

Children who sustain TBI may experience a complex array 
of  deficits in body structures and functions in physical abili-
ties, emotional development, and cognitive/behavioral func-
tioning (Display 7.5).66

Cognitive/Behavioral Status
A comprehensive cognitive examination is beyond the 
scope of  practice of  the PT. However, cognition should 
be grossly assessed by the PT to assist in determining 

regarding the mechanism of  the injury, severity of  damage, 
and significant changes in the clinical picture over time. Par-
ticular attention should be given to reports from CT scans, 
magnetic resonance imaging (MRI) scans, radiographs, and 
other diagnostic tests.

medical history
Onset and mechanism of injury
Diagnostic test results (CT 
scan, MRI, radiographs)
Medical precautions
Vital signs
Autonomic nervous system 
function

social history and living 
environment
Family and support system
Educational/prevocational 
status

cognitive/behavioral status
Level of arousal
Orientation
Attention
Behavior/affect

basic sensorimotor status
Hearing/auditory processing
Vision, perception, and visuo-
spatial ability
Sensation
Range of motion
Strength
Muscle tone
Abnormal movement patterns, 
posture, and reflexes
Balance and balance strategies
Praxis and coordination
Speed of movement
Endurance

Functional status
Bed/floor mobility
Transfers/transitions
Sitting and standing skills
Ambulation on level surfaces
Stair ascension/descension
Ambulation outside/rough 
terrain
Advanced gross motor skills/
sports
Generalization of functional 
abilities

Skin integrity
Respiratory status

Bowel and bladder status
Dysphagia status
Medications

Cultural issues
Discharge environment

Memory
Language/communication
Executive functions
Neuropsychological or 
 psychological assessments

Physical Therapy Evaluation/Assessment 
Format

DISPLAY

7.3

Is your patient experiencing any of the following?

General: Fatigue, sleep disturbance, appetite change

Cardiopulmonary: Irregular heart rate or rhythm, blood pressure 
fluctuations, edema, dyspnea, ventilator use, sputum production

Integumentary: Color changes, abrasion, bruising, decubitus 
ulcer, infection

Musculoskeletal: Pain, stiffness, swelling, joint limitation

Neuromuscular: Headache, seizures, spasticity, weakness, 
tremor, gait disturbance, balance loss

Communication, language, affect, and cognition: Inability to 
make needs known, altered consciousness, disorientation, 
memory loss, affect changes, behavioral changes

Sample System Review Questions: Yes/No 
Answers to a Series of Questions

DISPLAY

7.4
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be observed as the child acts before thinking. Fortunately, 
agitation in children with TBI does not last as long as the 
agitated phase of  recovery for adults with TBI.68

Confusion is characterized by general disorientation and 
inability to make sense out of  the surrounding environ-
ment. Confusion may persist through most of  the rehabili-
tative process. When problems with behavior persist and 
interfere with participation in therapy, it is important for the 
brain injury rehabilitation team to work together and imple-
ment a behavior modification program. Initially, the team 
must identify the unwanted behaviors and any precipitating 
factors, including environmental factors, which contribute 
to the behavior problem. Agitation may be precipitated by 
factors such as pain, occult fractures, restraints, urinary tract 
infections, constipation, and overstimulation by staff, family, 
and friends. Precipitating factors should be addressed prior 
to the implementation of  the behavior modification pro-
gram and be removed when possible.

Next, rewards and reinforcements for desired behavior 
and a reward schedule should be determined. The patient’s 
family may be very helpful in identifying rewards that are 
both motivating and satisfying. The reward schedule must 
be agreed on by the rehabilitation team to maximize com-
pliance and promote the desired behavior. Once the rewards 
and schedule have been addressed, the team then moves 
toward redirecting the child to appropriate actions by prais-
ing approximations of  desired actions. As the team works 
together to address the behavior problem in a consistent 
manner, the incidence of  inappropriate actions slowly 
decreases. Keep in mind that in some cases the environment 
cannot be modified and behavior management is ineffective. 
In that case, the managing physician will consider pharma-
cologic management.

MEMORY Memory impairment is the most common cogni-
tive impairment in children with TBI.69 Trauma to the tem-
poral lobe commonly affects memory in children with TBI. 

realistic treatment goals and appropriate interventions. 
Physical therapy examination of  cognition should include 
the  following areas: arousal/orientation, attention span and 
focus,  behavior/affect, memory, communication, mental 
flexibility, problem solving, judgment, and insight.

LEVEL OF AROUSAL/ORIENTATION Trauma that damages 
the frontal lobe and brainstem may result in impairment 
of  arousal and orientation of  the child with TBI. In addi-
tion, medications used to diminish spasticity, seizures, or 
pain may decrease arousal.36 Impairment in arousal may be 
expressed as lethargy, drowsiness, or even coma. Decreased 
levels of  arousal will interfere with the child’s ability to at-
tend to pertinent stimuli, follow commands, and benefit 
from feedback in therapy.

ATTENTION Trauma to the frontal lobe may impair atten-
tion in the child with TBI. Impairment in attention may af-
fect both the ability to attend to a specific stimulus and the 
ability to sustain attention over time. Children with TBI 
who have problems with attention often have difficulty fol-
lowing commands and relearning motor tasks; thus, the im-
pairment may be expressed as distractibility or inattention. 
This is especially noted when therapy is conducted in busy 
environments with many distractions. Care must be taken to 
structure the environment and remove extraneous stimuli as 
appropriate.

BEHAVIOR/AFFECT After TBI, children may display a wide 
array of  problems in behavior and affect (see Display 7.5). 
Two common changes in behavior noted during the time of  
rehabilitation are agitation and confusion. Agitation is char-
acterized by a heightened state of  activity and a severely de-
creased ability to process stimuli from the environment in a 
useful manner. The child who is agitated may be restless, ir-
ritable, and combative. Impulsivity and unsafe behavior may 

Physical emotional cognitive/behavioral Functional
Headaches
Dizziness
Visual disturbance
Visuospatial impairment
Hearing loss
Sensory loss
Cranial nerve injury
Spasticity
Ataxia/incoordination
Balance impairment
Fatigue
Seizures

Mood swings
Denial
Anxiety
Depression
Irritability
Guilt/self-blame
Emotional lability
Low self-esteem
Egocentricity
Lability
Apathy
Impaired problem solving

Decreased arousal
Disorientation
Distractibility
Inattention
Impaired concentration
Confusion
Agitation
Memory deficits/amnesia
Sequencing difficulty
Slowed processing
Impaired judgment
Speech/language problems

Limited bed mobility
Limited transfers
Poor sitting control
Poor standing control
Gait impairment
Impaired hygiene skills
Impaired dressing skills
Impaired feeding skills
Fine motor impairment
Sexual dysfunction
Sleep disorders
Decreased academic skills

From Taylor HG, Yeates KO, Wade SL, et al. Influences on first-year recovery from traumatic brain injury in children. Neuropsychology. 1999;13(1):76–89.

Common Clinical Deficits in Body Structures and Functions
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socially inappropriate.35 Mental inflexibility may be demon-
strated as perseveration on a task or the inability to change 
activities without becoming disorganized.35 Difficulty switch-
ing conceptual sets may also influence the ability to perform 
tasks with alternating patterns or reciprocal movements.

Sensorimotor Status

ABNORMAL TONE
Spasticity Because of  damage to the cerebral cortex, chil-
dren with TBI may present with spasticity. The degree of  
spasticity may range from mild to severe, with distribution 
that may be either unilateral or bilateral. Children who pres-
ent with unilateral involvement display motor impairment 
and dysfunction similar to that of  children with hemiplegic 
cerebral palsy. Children who present with bilateral involve-
ment often have asymmetric distribution and movements 
dominated by primitive reflex activity. Spasticity is fre-
quently assessed with the Modified Ashworth Scale, but the 
reliability of  the tool is questionable due to its subjective  
interpretation.70

Children with spasticity may also present with abnormal 
posturing of  the extremities or the whole body. The upper 
extremities typically present with flexor synergy posturing. 
Flexor synergy posturing interferes with hygiene and func-
tional use of  the upper extremity for play, schoolwork, and 
self-care. The lower extremities commonly present with 
extensor synergy posturing. Extensor synergy posturing 
interferes with bed mobility, transfers, and ambulation.

Children with TBI who are severely involved may pres-
ent with whole body posturing. Whole body posturing can 
be decorticate (flexion of  the upper extremities and exten-
sion of  the lower extremities) or decerebrate (extension in 
all extremities) in nature and is frequently seen in the early 
stages of  recovery. As the child improves, whole body pos-
turing is often replaced with more volitional movement, 
including movement utilizing abnormal synergistic patterns.

Ataxia Because of  damage to the cerebellum and basal gan-
glia, children with TBI may experience ataxia and motor in-
coordination. The distribution of  ataxia can also be unilateral 
or bilateral. Ataxia may initially be masked by spasticity in the 
early recovery period. Timing and execution of  movement 
may be difficult, and oscillations during intention may be 
present and may worsen with task difficulty. Gait in children 
with ataxia is characterized by a wide base of  support and dif-
ficulty maintaining static stance. Ataxia is generally not asso-
ciated with loss of  range of  motion (ROM) unless combined 
with spasticity.

Muscle Performance Impairment
STRENGTH LOSS After TBI and loss of  consciousness, chil-
dren may remain in bed for a prolonged period of  time. 
During that time, weakness due to disuse atrophy may be 
expected and may result in significant reduction in peak 

Memory includes the ability to learn and recall new infor-
mation as well as the ability to recall previously learned in-
formation. The presence of  memory loss, or amnesia, is an 
indication that a concussion has occurred. The amnesia may 
be retrograde, involving a period of  time prior to the accident, 
or anterograde, extending from the incident forward in time.

Memory deficits involve verbal recall and visual recog-
nition. They may appear as the inability to remember the 
sequence of  motor tasks from one treatment to another or 
as unsafe performance of  functional skills. The omission 
of  safety-related behaviors when performing functional 
motor skills, such as transfers and ambulation, can limit 
independence.

Memory with respect to a child’s ability to learn new 
material is of  particular interest to the PT. Although reten-
tion of  information learned prior to the TBI may remain 
unharmed, the memory for learning new information 
may be problematic. The results of  a neuropsychological 
evaluation of  a child’s memory skills and capacity for new 
learning will be helpful in the establishment of  realistic 
functional goals and the development of  an appropriate 
rehabilitation program.37 Working jointly with the child’s 
family and psychologist, the PT may help determine the 
need for compensatory strategies, assistance, and environ-
mental modification in the rehabilitation setting.

LANGUAGE Language deficits in the child with TBI are 
addressed in depth by speech and language pathologists. 
Damage to the temporal lobe may result in expressive or 
receptive language deficits that will impede communication 
between the PT and child, thus complicating therapy ses-
sions. Receptive language deficits will impair a child’s abil-
ity to understand verbal instructions for the performance of  
a gross motor task. When receptive language impairment 
exists, determination of  the best means of  communica-
tion will decrease frustration for the child and the therapist. 
Expressive language disorders impair a child’s ability to com-
municate with others. Although the child with an expressive 
language disorder may be able to fully comprehend verbally 
communicated information and form an appropriate re-
sponse mentally, a breakdown occurs between the formula-
tion of  the response and the verbal or gestural execution of  
what was intended. Once again, the PT’s knowledge of  the 
child’s most effective mode of  communication may lessen 
the frustration related to the inability to communicate 
thoughts and feelings.35

EXECUTIVE FUNCTIONS Trauma to the prefrontal regions 
of  the frontal lobes results in impairment of  executive func-
tions. Executive functions refer to the ability to show initia-
tive, plan activities, change conceptual sets, solve problems, 
regulate behavior in social settings, and use feedback to initi-
ate behavioral change and monitor success.35

Deficits in executive functioning may be demonstrated 
by impulsive behavior, resulting in failure to observe safety 
precautions or the inability to recognize when behavior is 
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VISION Visual disturbances in children with TBI are com-
mon. These deficits may include decreased visual acuity, 
disturbances of  visual pursuit and accommodation, field 
cuts, reduced depth perception, diplopia, transient cortical 
blindness, and retinal hemorrhages.55 When visual problems 
exist, eye patching, glasses, or preferential classroom seating 
may help alleviate the difficulty.55

Transient cortical blindness lasting no longer than 
30 days has been associated with nearly complete recovery 
of  vision.55 However, cortical blindness lasting more than 
30 days generally carries a grave prognosis for children with 
TBI. Retinal hemorrhages in young children with TBI are 
strongly suggestive of  child abuse.80

VISUOSPATIAL SKILLS Problems with vision are also associ-
ated with problems of  perception and visuospatial function. 
Such deficits are frequently associated with lesions in the 
temporal or occipital lobes of  the brain. Visuospatial and 
perceptual deficits may impair gross motor performance and 
functional mobility skills, thus limiting the potential for func-
tional independence in a child. A figure-ground deficit, or the 
inability to distinguish a given form from the background, 
may make noting a change in terrain depth during gait 
training more difficult. Visuospatial deficits may also make 
activities of  daily living, such as donning an orthosis, more 
difficult. A child with deficits in visuospatial memory may 
demonstrate difficulty developing a mental map of  his or her 
environment and consequently may have difficulty moving 
independently from place to place in the home, school, or 
community.35

Orthopedic Complications
HETEROTOPIC OSSIFICATION Heterotopic ossification (HO), 
the formation of  mature lamellar bone in soft tissue, can 
occur in children and adolescents following TBI.81 The risk 
of  incidence of  HO is reported to be 20% and identified risk 
factors include age greater than 11 years and a longer dura-
tion of  coma.81 HO commonly occurs at the elbow, shoul-
der, hip, and knee. Early signs of  HO include decreased 
joint ROM and pain with testing, swelling, erythema, and 
increased warmth near the involved joint.

The use of  physical therapy in the treatment of  HO 
is controversial. Some studies have associated physical 
therapy and aggressive ROM exercises with HO forma-
tion as a result of  local microtrauma and hemorrhage to 
the tissue.82 In general, gentle but persistent ROM exer-
cises and management of  spasticity with medications or 
nerve blocks are imperative.82 When HO results in sig-
nificant functional impairment, surgical excision of  the 
bone from the soft tissue is indicated. HO rarely results in 
functional impairment in younger children.81 HO in older 
children and adults is associated with a poorer functional 
outcome.83

FRACTURES Fractures in the pelvis and lower extremities 
are commonly associated with the traumatic events causing 

torque ability within the first weeks following injury.71 
Weakness is also seen in both the agonist and antagonist 
muscle groups of  a spastic extremity. Standardized manual 
muscle testing (MMT) may be difficult to perform, as the 
child with TBI is unable to follow instructions for testing. 
Therefore, the PT must observe active movement in vari-
ous tasks and judge the child's ability to dynamically move 
against gravity and statically sustain weight. As cognitive 
function begins to return, the therapist can give simple 
commands and assess the ability to move during tasks such 
as sitting up on the edge of  the bed, rising from a seated 
position, and reaching overhead. Finally, in children with 
TBI who are older than 7 years of  age and who are able 
to follow directions, MMT using a handheld dynamometer 
can yield excellent within-session intrarater reliability for 
LE strength testing, while precision grip strength testing 
can be accurately assessed in children older than 5 years 
of  age.72,73

IMPAIRED ENDURANCE Children with TBI often present 
with an overall state of  lethargy. Fatigue for a child with 
TBI may be due to both physical activity and mental activ-
ity associated with motor planning. Both impair the child’s 
ability to participate in activities of  functional mobility and 
self-care. Rest breaks within sessions and rest between thera-
pies may help the child with TBI to sustain participation and 
build endurance.

RANGE-OF-MOTION LOSS Because of  the immobilization 
and stereotypic abnormal movement patterns used, children 
with TBI who present with spasticity are at risk for loss of  ac-
tive ROM and contracture development. Joints particularly at 
risk include the elbows, wrists, fingers, knees, and ankle–foot 
complex. ROM loss can occur quickly and early manage-
ment is the key to effective prevention.

BALANCE AND POSTURAL CONTROL LOSS After TBI, a loss of  
balance is present in most children. Postural control may be 
affected by neurologic impairments, sensory disorganization, 
or biomechanical constraints. Research has shown that even in 
children with mild TBI, a loss of  balance may prohibit safe par-
ticipation in preinjury activities for 12 weeks or more postin-
jury.74 Care must be taken to thoroughly reevaluate a child for 
postural control and tolerance of  perturbations before allow-
ing the child to safely return to activity. Common functional 
tools include the Modified Functional Reach test,75 the Berg 
Balance Scale,76 and the Timed Up and Go (TUG) test.77,78

Sensory Deficits
HEARING Hearing loss is also common in pediatric TBI.79 
All children with moderate to severe TBI should have a 
thorough audiologic evaluation to determine the presence 
of  hearing loss. When hearing loss is present, hearing aids, 
an FM transmitter, or preferential classroom seating may be 
indicated.55
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revealed that the Caregiver Assistance Self-Care subscale 
was more sensitive to measuring change than the generic 
PEDI, but further research is needed to determine the use-
fulness of  the adapted tool.91 When interpreting changes in 
scores using the PEDI, it has been noted that change scores 
of  approximately 11% appear to indicate meaningful clinical 
difference and can be used in interpreting positive changes in 
group or individual scores on the PEDI.92

Children with severe TBI have been reported to exhibit 
a significantly reduced range of  walking speeds (73 to 
154  cm/seconds) when compared to typically develop-
ing peers (54 to 193 cm/seconds).93 Periodic assessment of  
walking speed should be performed during rehabilitation 
not only to monitor progress, but also to better understand 
the energy cost of  walking at home and in the community. 
Specific measures such as the 2 minute walk test94 and the 
shuttle walk–run95 assessments are helpful in evaluating chil-
dren with higher functional levels specifically for endurance 
during gait.

 Evaluation, diagnosis, prognosis,  
and plan of care

Evaluation

After the examination is complete, the PT must consider 
all of  the data collected and make judgments that will lead 
to the development of  a plan of  care. The therapist must 
weigh the evidence of  observed impairments in body struc-
tures and function and activity limitations with the knowl-
edge of  the pathophysiologic condition of  the brain injury 
and other physiologic processes associated with trauma 
to better understand the patient's prognosis for expected 
improvement. In addition, the therapist should consider 
the environmental and personal factors that impact par-
ticipations, such as patient's social support and the home 
environment. Evidence supports the notion that good fam-
ily support can positively impact recovery and outcome.56 
Finally, the PT should consider the amount of  time that has 
passed since the injury, any interventions received, and prog-
ress made during recovery and treatment.

Diagnosis and Prognosis

Using the Guide to Physical Therapist Practice4 as a resource, 
a physical therapy diagnosis can be determined for the child 
with TBI. This diagnosis, while not a medical diagnosis, will 
align the child with a preferred practice pattern and assist 
with decision making (see Table 7.1). The prognosis of  the 
patient will be affected by predictors associated with sever-
ity and outcome as well as complicating factors experienced 
during the course of  recovery. Overall, the incidence of  dis-
ability in child with TBI is accounted for by mild injury.96 
Those with long acute and rehabilitation stays and low func-
tional gains are associated with greater levels of  disability.97 

pediatric TBI, yet surgical repair of  fractures may be de-
layed until the child is medically stable. Postsurgical care 
may also be complicated by the decreased cognitive status 
of  the child, especially when the child is alert, but confused. 
Therefore, the child must be closely monitored to ensure 
that proper alignment and weight-bearing status are main-
tained during functional activities.

Although radiographs identify major trauma to the 
extremities, care should be exercised by the PT in evaluating 
additional musculoskeletal complaints, as there is potential 
for minor trauma and occult fractures to be identified dur-
ing the acute recovery phase. Particular attention should be 
given to persistent complaints and activities that are poorly 
tolerated.

Functional Measures
Early examination of  function is difficult because of  the 
compromised cognitive status of  the child with TBI. As 
the child is more alert and appropriate in interactions in 
the clinic, the use of  standardized measures, especially those 
that have shown sensitivity in measuring functional change, 
may be helpful. In infants, the Alberta Infant Motor Scale 
(AIMS) is useful in noting gross motor function in children 
0 to 18 months old,84 while the Peabody Developmental 
Motor Scales are useful in assessment of  function in toddlers 
and preschoolers.85 The WeeFIM (Functional Independence 
Measure)86 has been useful for assessing and tracking the 
development of  functional independence in children with 
disabilities, including TBI, between the ages of  6 months and 
7 years. The adult FIM can be used with older children. The 
WeeFIM measures six domains of  function: self-care, sphinc-
ter control, mobility, locomotion, communication, and 
social cognition. The Bruininks–Oseretsky Test of  Motor 
Proficiency87 is also used to assess gross and fine motor func-
tioning. It is standardized for children from 4.5 years to 14.5 
years, but its use in younger children is questionable.

The Gross Motor Function Measure (GMFM) is designed 
to evaluate changes in motor performance over time. While 
it is more commonly used in children with cerebral palsy, 
there is limited evidence to suggest that it may also be used 
in children and adolescents with TBI with good discrimina-
tive capability.88 As an alternative to the GMFM in children 8 
to 17 years of  age, early research indicates that the Acquired 
Brain Injury-Challenge Assessment (ABI-CA) demonstrates 
challenges in gross motor activities that are beyond what the 
GMFM examines and can be used in older children.89 Spe-
cific use though has not been validated.

The PEDI90 has also been developed as a functional 
assessment tool for children. It measures both capability and 
performance in the domains of  self-care, mobility, and social 
function. The PEDI can be used in children between the ages 
of  6 months and 7.5 years. The ABI-specific PEDI subscales 
were constructed from the mobility, self-care, and caregiver 
assistance scales of  the PEDI and are being used to mea-
sure functional change in children with TBI. Initial results 
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threatening, as it helps decrease ICP and reduce pressure-
related secondary brain injuries.33

Mechanically assisted ventilation at a rate greater than nor-
mal or hyperventilation is used to temporarily reduce ICP.35 
In addition to hyperventilation, pharmacologic agents are 
also used to decrease cerebral edema and minimize second-
ary brain damage. Drugs commonly used in the management 
of  edema include mannitol and corticosteroids.35 Medications 
may also be used to induce paralysis when the child's body 
movements interfere with the stability of  vital signs and the 
administration of  further medical interventions.35

Physical therapy in the acute stage may be deferred to 
a time in which the child is less medically fragile. Once the 
child is stable, the PT may use the child’s current level of  
cognitive functioning as a guide in planning interventions. 
It is important for the PT to remember that the cognitive 
levels of  recovery serve only as a general guideline for recov-
ery. Not all children will experience each level of  cognitive 
recovery or progress through recovery in a strict hierarchical 
sequence. Either the Rancho Scale or the Pediatric Rancho 
Scale may assist with identification of  current cognitive sta-
tus and potential concerns for the various stages.

Acute Physical Therapy Management: Prevention

Physical therapy management for children with TBI func-
tioning at low cognitive levels (Rancho Levels I to III and 
Pediatric Levels V to III) is aimed at the prevention of  com-
plications from prolonged inactivity and sensory depriva-
tion. Common complications of  prolonged inactivity may 
include skin breakdown, respiratory complications, and con-
tracture development.

Contracture Management
The importance of  preventing soft tissue contractures in the 
acute recovery phase cannot be overemphasized. Dystonic 
extensor muscle overactivity is a major contributor to pro-
gressive ankle contractures, and the development of  con-
tractures will delay functional independence and lead to the 
need for additional therapy or even surgery later in the reha-
bilitative phase.43 In a recent study, ROM, prolonged stretch 
in a standing frame or tilt table combined with reeducation 
of  functional movement patterns is effective in reducing 
contractures.43 In addition to the use of  a positioning pro-
gram, ROM and the application of  splints and casts may help 
improve LE function and prevent soft tissue contractures.43

Contractures in prepubertal children who are not force-
fully posturing often may be successfully managed with 
positioning and splinting alone because of  the child’s smaller 
size and relative weakness.54 Coordination of  a wearing 
schedule is a key to enhancing the effectiveness of  splinting. 
Wearing tolerance may be gradual, and the child must be 
monitored for signs of  skin breakdown. In a larger child who 
is not forcefully posturing, serial casting followed by bivalved 
fiberglass cast splints may be used to manage contractures.

In a recent study looking at the recovery of  ambulation skills 
in children and adolescents with TBI, it was noted that LE 
hypertonicity, brain injury severity, and LE injury combined 
were critical predictors of  ambulation ability after TBI.98 In 
addition, dysautonomia in children with TBI is associated 
with prolonged rehabilitation and less improvement in motor 
scores during recovery.42 The PT must consider these factors 
and the anticipated response to intervention while formulat-
ing the prognosis. According to the Guide, the expected range 
of  number of  visits per episode of  care for a child or adoles-
cent with TBI or coma ranges from 5 to 90 sessions.4

Plan of Care

On the basis of  the physical therapy diagnosis, the PT should 
determine a plan of  care for the child with TBI. The plan 
of  care includes not only the prescribed treatment interven-
tions, but also specific long- and short-term goals designed 
to help the patient achieve the desired outcomes prior in 
therapy. Goals should be written on the basis of  identified 
deficits with structure and function that interfere with par-
ticipation in specific meaningful activities. Goals should be 
measurable and expressed in behavioral terms. Each short-
term goal should be written as a component that leads to 
the accomplishment of  the long-term goal. Time frames in 
which goals will be achieved are dependent on consideration 
of  the child’s cognitive and behavioral status as well as pro-
jected length of  stay and the care environment.

 Management/interventions

Rehabilitation of  children with TBI is different from adults 
with TBI in that the interventions used by the PT must 
incorporate age-appropriate gross motor challenges at the 
appropriate level of  cognitive function. A number of  reha-
bilitation approaches used in adult stroke, and cerebral 
palsy populations may be applied to children with TBI. 
Although the efficacy of  various rehabilitation programs is 
not known, research is indicative of  a positive trend in the 
benefit of  rehabilitative services.99

Acute Medical Management

Early medical management of  the child with TBI focuses 
on preservation of  life, determination of  injury severity, and 
prevention of  secondary brain damage.32 Once the vital signs 
are stabilized, the child will undergo a general assessment 
for potential injuries and a neurologic examination. These 
tests may include radiographic examination of  the skull and 
cervical spine, CT scan of  the head, and the use of  the GCS.

Acute medical intervention for children with TBI may 
include emergency surgery, the use of  mechanical ventila-
tion, and the use of  pharmacologic agents. If  a subdural or 
intracerebral hematoma is present, immediate neurosurgery 
is indicated.33 A delay in performing the surgery can be life 
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performed every 30 minutes. Pressure relief  is accomplished 
by having the child recline on a mat in side-lying or by tilting 
the wheelchair backward to a semi-supine position.

When designing a positioning program, the PT should 
take into consideration any orthopedic and neurologic posi-
tioning precautions as well as the influence of  abnormal 
tone and primitive reflexes on posture. Positioning in side-
lying (Fig. 7.2) may be preferred to positioning in supine or 
prone as it is helpful to decrease the influence of  abnormal 
primitive reflexes. Positioning in supine should incorporate 
strategies to reduce the influence of  the tonic labyrinthine 
reflex and extensor tone. Positioning in prone, although 
allowable, will seldom be carried out at this phase of  recov-
ery as it interferes with accessibility for adequately monitor-
ing the child’s vital signs and medical status.

Upright positioning, even at an early stage of  recovery, 
may be achieved with the use of  an adapted wheelchair 
(Figs. 7.3 and 7.4). The adapted wheelchair should incor-
porate either a tilt-in-space or reclining seating system 
with postural support to assist the child in safely achieving 

For children with severe extensor posturing who do not 
respond to a positioning program, splints, or bivalved casts, 
serial casts are warranted (Fig. 7.1).54 These casts must be 
changed initially every 3 to 5 days to prevent skin break-
down.43,100 Once it is determined that the child will tolerate 
the casts without skin breakdown, the casts can be worn for 
up to 2-week intervals until posturing diminishes and voli-
tional control increases. Bivalved fiberglass cast splints may 
then be used at night to maintain ROM. If  used during the 
day, an alternating schedule may be helpful before discontin-
uing use.43,100 Continuous use of  serial casts in a child who is 
alert and moving actively should not exceed 2 months.

Serial casts may be used in conjunction with oral or inject-
able medications to manage spasticity. Oral medication, such 
as dantrolene (Dantrium), although useful in decreasing 
spasticity, is often undesirable because of  its sedating prop-
erties.57 Diazepam (Valium) can also be used for treating 
spasticity but may be associated with increased agitation in 
children who are emerging from coma.57 As an alternative, 
nerve and motor point blocks, such as phenol and Botox A 
injections, may be more desirable in the management of  
spasticity in children, as there are no sedating and cognitive 
side effects.57 Recent work on the use of  Botox injections in 
children is promising and indicates that Botox may be more 
effective for maintaining passive ROM of  the ankle.100 When 
injections are combined with traditional physical therapy, in 
some cases pain levels decreased and functional gains were 
also noted in gait, transfers, grasping, and releasing.100

Positioning
A positioning program will assist with improving pulmonary 
hygiene, maintaining skin integrity, preventing contractures, 
and providing support for body alignment and movement. 
Positioning should be implemented with the assistance of  
the nursing staff  and the family. Changes in position for the 
child confined in bed should be made every 2 hours. When 
the child is sitting, pressure relief  procedures should be 

FIGURE 7.1 An example of a bivalved inhibitive cast.

FIGURE 7.2 Child positioned in a side-lyer. Note that the head 
is maintained in line with the trunk, the upper extremities are in 
midline, and the lower extremities are dissociated. Gravity is elimi-
nated, and the influence of primitive reflexes is minimized.

FIGURE 7.3 Child is supported in a wheelchair with a tall back 
and a seat wedge to maintain hip flexion. The back may be designed 
to either recline or tilt in space to accommodate fatigue in the child.
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FIGURE 7.4 Child is sitting in a wheelchair with hip blocks and 
lateral trunk supports for assistance with postural control.

upright while preventing overfatigue. A removable headrest 
can be used to encourage head control when the child is 
alert and allow for rest when the child is fatigued.

Low-Cognitive-level Physical Therapy 
Management: Stimulation

Coma Stimulation Program
Coma stimulation programs were developed on the premise 
that structured stimulation could prevent sensory deprivation 
and accelerate recovery. However, controversy exists regard-
ing the efficacy of  stimulation used in the care of  a comatose 
child.101 Sensory input may be provided through the vestibu-
lar, visual, tactile, auditory, and olfactory systems (Display 
7.6).102 The rehabilitation team should involve the family in 
the selection of  meaningful items to be used for stimulation 
to individualize the program. An emphasis should be placed 
on selecting items that reflect the child’s culture, personality, 

likes/dislikes, hobbies, significant relationships, and pets. In 
addition, items that are selected should be reevaluated peri-
odically, so ineffective stimuli can be eliminated.

The next step in program development is to determine an 
appropriate schedule for stimulation. The PT needs to deter-
mine the time of  day at which alertness is optimal to con-
duct therapy and modify the child’s schedule as necessary. If  
this is not possible, the PT will need to modify the treatment 
goals within a given session and attempt to engage the child 
at the current level of  arousal and attention.35

Prior to implementation, the PT will need to educate 
the family on the provision of  appropriate levels of  sen-
sory stimulation, including the amount of  environmental 
stimulation being provided. Care should be taken to create 
an environment that is stimulating but not physiologically 
overstimulating or noxious. Decreasing extraneous auditory 
and visual activity in the child’s room or treatment area may 
help elicit a response related to specific treatment stimuli.

At the beginning of  the session, the PT should orient the 
child with TBI to who is conducting the session, the sur-
roundings, and the current date and time. Stimulation should 
be brief  and should be implemented using one or two sen-
sory modalities at a time while slowly presenting meaningful 
items. For the child who is unresponsive or responds only to 
pain, the initial goal of  input is to elicit any type of  response 
to stimuli. The therapist needs to be patient and allow time 
for the child to respond, as processing of  sensory input may 
be delayed. A variety of  responses may occur depending on 
the stimulation used (Display 7.7).102 Precautions should be 
taken to ensure that the child’s medical status remains stable 
following stimulation. Unfavorable responses to stimulation 
include the development of  seizure activity and sustained 
increases in heart rate, blood pressure, and respiratory rate.102

Once the child becomes more alert, the therapist should 
focus on increasing the consistency, duration, and quality 
of  the child’s response. If  the vitals are stable, the program 
should be conducted in a supported sitting or standing to 
improve alertness. Initial adjustment to upright may require 
blood pressure monitoring to ensure safe tolerance. As vital 
signs stabilize, all team members and the family should be 
encouraged to document the stimuli utilized and the child’s 
response to note progress and assist with carryover.

auditory Visual olfactory tactile Vestibular
Verbal orientation Photographs Vinegar Hand holding Turning
Music Penlight Spices Rubbing lotion Range of motion
Bells Familiar objects Perfume Heat/cold Sitting in chair
Familiar voice Faces Potpourri Cotton balls Tilt table
Tuning fork Flashcards Orange/lemon Rough surfaces
Clapping Picture books Familiar objects

From Sosnowski C, Ustik M. Early intervention: coma stimulation in the intensive care unit. J Neurosci Nurs. 1994;26:336–341.

Sources of Sensory Stimulation

DISPLAY

7.6
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and friends; restraints; occult fractures; pain; constipation; 
and urinary tract infections. Agitation may be expressed as 
bizarre or aggressive behaviors. Clinicians should attempt 
to determine what extraneous stimuli increase agitation and 
attempt to reduce or eliminate the stimuli when possible. A 
child in a confused and agitated state requires the use of  a 
highly structured environment to decrease the number of  
behavioral outbursts and prevent overstimulation. The PT 
may need to give verbal reassurance to the child with TBI 
as some agitated behaviors can be related to fear. If  precipi-
tating factors cannot be successfully reduced or eliminated, 
then pharmacologic management should be considered.

In the management of  agitation, it is important to uti-
lize a team approach that includes the family. Common 
management strategies include having a quiet room with 
no television or telephone, limited visitors, and planned 
rest periods as needed. The child’s family may resist sugges-
tions to decrease visitors and stimuli, believing that talking 
loudly and turning on lights, television, and radio can help 
to increase the child’s alertness and participation in therapy. 
Staff  should reinforce appropriate levels of  stimulation dur-
ing family education.

It is important to protect the child who is agitated from 
potential injury. Restraints should be removed when pos-
sible as they may further agitation. If  the unrestrained child 
is at risk for falling out of  bed, it may be necessary to modify 
the room by placing the mattress on the floor or switch to 
an enclosed protective bed. Other protective devices include 
alarm devices, such as sensitized doormats and monitor 
bracelets used for a child or adolescent who is ambulatory 
and may wander away from supervision.

During the agitated phase, treatment should be modi-
fied to include simple activities that are familiar to the child 
and well liked to enhance participation and cooperation. 
Although the child may be able to perform familiar motor 
activities, the PT should anticipate behavior that is essentially 
nonpurposeful. Appropriate tasks and activities include ROM 
exercises to the child’s tolerance and functional gross motor 
activities such as rolling, coming to sit, standing up, and 
walking. It is important for the PT to work within the child's 
tolerance level on previously learned skills and to anticipate 
no carryover for new learning during this phase of  recovery.

The child with TBI is often very unpredictable dur-
ing the agitated phase, so the therapist should be prepared 

As the child continues to attend to therapy and follow 
one-step motor commands, the PT can begin to support the 
development of  head and trunk control as well as simple, 
spontaneous extremity movement patterns, such as reaching 
or stepping. The therapist should continue to monitor the 
patient for signs of  physiologic overload during treatment 
and make adjustments accordingly. Response should then 
be channeled into more purposeful activity and functional 
skills, such as bed mobility and transfers. At this time, the 
PT should also begin family education about future recov-
ery phases and possible treatment techniques.

Vegetative State
Some children do not progress following implementation of  
a coma stimulation program and are in a persistent vegeta-
tive state. A vegetative state is characterized by an absence of  
response to external stimuli and an absence of  attempts to 
communicate needs to others. Children in a vegetative state 
may have periods of  eye-opening, sleep–wake cycles, and 
primitive reflexive movement of  the limbs, but they do not 
demonstrate a response to pain or have self-awareness.103,104 
Families often have difficulty distinguishing between coma 
and persistent vegetative state as the outward presentation 
is similar. Persistent vegetative state is due to primary brain 
damage; therefore, the focus of  care shifts from promoting 
functional movement to spasticity and contracture manage-
ment, as noted earlier in acute care management.

Midcognitive-level Physical Therapy  
Management: Structure

When the child has emerged from coma (Rancho Levels 
IV and V and Pediatric Level II) and begins to participate in 
functional activities, other cognitive deficits may become 
evident. Selection of  appropriate activities by the PT should 
be based on cognitive as well as physical demands, keeping 
in mind that the progression of  cognitive and physical func-
tion can proceed at different rates.

The Agitated Patient
Initially, agitation is in response to poor regulation of  stimu-
lation and internal confusion. Common factors that may con-
tribute to agitation include overstimulation by staff, parents, 

auditory Visual olfactory tactile Vestibular
Startle reaction Eye blink Grimacing Posturing Spasticity/movement
Localization Visual localization Tearing Withdrawal Assisted range of motion
Turn toward sound Visual tracking Head turning Localization Head righting
Follow commands Visual attention Sniffing General response

From Sosnowski C, Ustik M. Early intervention: coma stimulation in the intensive care unit. J Neurosci Nurs. 1994;26:336–341.

Common Responses to Stimulation

DISPLAY

7.7
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during the early stages of  gait training.105 As performance 
improves, structure can be decreased, and the child can be 
challenged to perform in a more complex environment.

When the child is confused, it is helpful to work on 
familiar activities so that the need for verbal instruction 
is reduced. When giving verbal instruction, the therapist 
should keep directions simple and allow for delays in pro-
cessing verbal instructions. In addition, the PT may need to 
demonstrate new tasks instead of  providing the child with 
verbal explanations to enhance understanding.

Orientation is very important during the confused phase 
of  recovery. The PT should remember to orient the child to 
his or her surroundings frequently and establish a familiar 
routine. Thus, the child may begin to work on recall skills 
and begin to anticipate what is going to happen next in the 
day. Familiarity and routine are calming and reassuring and 
may assist with behavior management as well. Items such as a 
calendar, clock, and schedule card may assist with orientation 
in an older child. In addition, the therapist may need to assist 
the child with topical orientation to his or her surroundings.

Encouraging the child to rely on his or her own memory 
for sequencing of  movement or safety rules will challenge 
the child to become more independent. The use of  a ther-
apy journal or verbal rehearsal may help improve the child’s 
memory. However, the therapist should be careful not to 
frustrate the child who has difficulty remembering. Instead 
of  a continued open line of  questioning, the therapist may 
offer choices and see if  the child can recognize the right 
response. For example, a child who is learning to transfer 

with several activity options. Choices of  activities should be 
offered to the child when possible. When the child is uncoop-
erative with familiar or routine activities, the PT should try to 
redirect the child to another therapeutic activity. If  unsuccess-
ful, the PT may need to resort to involving the child in any 
activity in which he or she is willing to participate. Therapy 
of  this nature is still beneficial to the child with TBI as it may 
serve to increase alertness, attention span, and activity level.

For the child who is extremely difficult to manage, 
cotreatment with other team members and shortened ther-
apy sessions may be necessary until the child tolerates lon-
ger interactions. As attention span gradually increases, the 
PT reinforces longer periods of  attention and directs the 
child with TBI back to more challenging tasks.

The Confused Patient
Although no longer internally agitated, the child with TBI 
who is confused will require continued behavior manage-
ment and structure during the therapy session to perform 
optimally. Structure may include decreasing the complex-
ity of  instructions, simplifying the environment, or a motor 
task (Figs. 7.5 and 7.6). The primary goal of  therapy during 
the confused phase of  recovery is to enhance successful par-
ticipation in functional tasks.

In addition, the PT should give the child as much struc-
ture and assistance as necessary to allow for success. In 
patients with serious deficits, partial weight-bearing loco-
motion shows promise for establishing an upright posture 

FIGURE 7.5 Stepping down off a small bench facilitates 
 improved eccentric control of the lower extremity during  
knee  extension.

FIGURE 7.6 Lunges on the involved lower extremity enhance 
balance and may help improve hip and knee control.
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from a wheelchair may be asked whether he or she should 
scoot forward in the chair or lock the brakes first.

Although new learning is still limited, the PT can begin 
to integrate principles of  motor control and motor learn-
ing with principles of  therapeutic exercise to treat focal 
deficits, body structure impairments, and activity limita-
tions. It is the PT’s responsibility to select developmentally 
appropriate functional skills that are motivating and chal-
lenging with the correct spatial and temporal demands for 
the child’s abilities. The PT should also focus on selecting 
functional activities that incorporate the use of  both cogni-
tive and physical skills. For example, an activity involving 
maneuvering a walker through an obstacle course addresses 
memory for verbal commands, motor planning, and mobil-
ity skills.

An essential element in motor learning is the opportunity 
for practice. The child with TBI should be allowed to experi-
ence movement with assistance as necessary, make mistakes, 
and make corrections as his or her ability levels dictate. 
Practice should encourage active participation in a meaning-
ful play activity within the current capabilities of  the child. 
Repeated practice will be necessary for the child to learn 
new or previously mastered gross motor tasks. Current 
research suggests that the intensity of  training is an impor-
tant consideration in achieving positive outcomes in return 
of  movement and increased PEDI mobility scores.106 While 

FIGURE 7.7 (a, b) Verbal and visual cues to use hands in midline during transfers may enhance the awareness of the 
involved side and improve safety during movement.

A B

more intense programs often yield better return and higher 
scores, this must be balanced with awareness that children 
with TBI may display reduced endurance and increased 
fatigue with intense training. The therapist may need to pro-
vide rest breaks for the child both within the therapy session 
and in between therapies to maximize learning.

Determining the type of  feedback to be used during 
therapy is another important consideration in promoting 
learning. The PT must make choices regarding the tim-
ing, precision, and frequency of  feedback. In addition, the 
child’s cognitive and sensory function will provide a guide-
line for determining the appropriate feedback mode. If  a 
child is not aware of  one side of  his or her body, kinesthetic 
feedback may not be helpful to enhance learning, while 
visual and verbal feedback may be more appropriate (Fig. 
7.7). Likewise, if  a child is aphasic, the therapist will need to 
facilitate learning using visual and kinesthetic information.

As the child with TBI improves, the PT must modify the 
task and the environment in order to continue to engage 
the child actively in therapy. If  persistent behavioral prob-
lems exist, it may be necessary for the PT to continue to use 
behavior modification techniques in order to increase com-
pliance in therapy. At this stage of  recovery, the child’s judg-
ment will be impaired, so it will be important to continue to 
protect the child from injury.
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During both the agitated and the confused phases of  
recovery, the PT should continue the use of  positioning, 
resting splints, and casting as needed. Orthotics for standing 
and gait activities may also assist with control for balance 
and gait. The disadvantages of  the orthoses are that they 
are more difficult to apply and need to be replaced more fre-
quently than standard ankle–foot orthoses (AFOs).

Higher-Cognitive-level Physical Therapy 
Management: School/Community Reintegration

While research suggests that mobility outcomes achieved 
during the early stages of  recovery are sustained and addi-
tional gains may be made within 6 months of  returning 
home, it is important for the PT to remember that not 
all children will reach a high level of  cognitive function 
(Rancho Levels V to VIII and Pediatric Level I) and have 
complete physical recovery.107 Toward the end of  the inpa-
tient rehabilitation phase, persistent losses of  cognitive 
and physical function become more apparent, and plans 
must be made to reintegrate the child with TBI back into 
the home and/or school setting with continued therapies. 
The family, medical rehabilitation team, and the school 
district must work together and jointly plan for reentry 
into the school setting. The PT may need to evaluate the 
child for orthotics, assistive devices, and mobility devices 
necessary for function in the child’s home and at school. 
In addition, the PT may assist with recommendations 

FIGURE 7.8 The use of a treadmill in gait training may facilitate control at various speeds. Training may be performed 
both with (a) and without (b) upper extremity support to challenge balance on a dynamic surface.

A B

regarding any environmental modifications to the child's 
home or school.

For the child with TBI who does reach the higher stages 
of  cognitive recovery, the PT will begin to wean the child 
from the cognitive cues and structure previously used in 
order to enhance further independence at home and/or 
school. Owing to the tendency of  TBI to affect vision and 
hearing, memory, concentration, impulse control, and orga-
nizational skills, the classroom environment may be particu-
larly difficult for the child with TBI.54 Care should be taken 
not to remove the structure too early as memory reten-
tion and generalization of  learning in new settings occur at 
slower rates.

The PT should also continue to focus on treating any 
residual motor deficits that interfere with functional inde-
pendence at home or in school. For some children, this will 
mean continued training with assistive devices and physi-
cal assistance for basic motor skills, such as transfers and 
gait 108 (Figs. 7.8 and 7.9). For others, contemporary treat-
ments may be considered. While some contemporary treat-
ments, such as body weight–supported treadmill training 
(BWSTT), are quite popular, there is no clear evidence to 
support their use over conventional gait training in children 
with physical disabilities.108,109 However, constraint-induced 
movement therapy shows promise for improving upper 
extremity function in children with TBI.110

Finally, for children who experience only subtle problems 
with balance and speed, coordination, timing, and rhythm 
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FIGURE 7.11 A BAPS (biomechanical ankle platform system) 
board can be used to enhance balance and coordination of the 
lower extremities to maintain balance.

FIGURE 7.12 Bicycling on standard exercise equipment can be 
used to promote aerobic exercise. It can also be done as part  
of training before returning to riding a standard child’s bike.

FIGURE 7.9 In gait training on the stairs, note the increased 
support at the right forearm and the mild internal rotation of the 
right hip during descent. Verbal cues for upper extremity support 
and visual cues for lower extremity alignment may improve skill.

FIGURE 7.10 The therapy ball can be used to challenge  
dynamic sitting balance and coordination. In addition to moving  
his arms, the child could also practice alternating forward place-
ment of his feet or move the arms and legs in rhythmic patterns.

of  movement, participation in challenging physical activi-
ties such as walking exercise on a balance board or therapy 
ball (Figs. 7.10 and 7.11), carrying objects, running, jumping, 
hopping, skipping, or recreational activities may be beneficial 
in improving activity levels. In addition to the problems of  
motor control and function, children who have experienced 
moderate or severe brain injury often have difficulty main-
taining an appropriate level of  fitness (Figs. 7.12 and 7.13). 
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FIGURE 7.13 Exercise on standard exercise equipment may 
not only improve strength, but may also help improve endurance. 
The stair stepper improves control in hip extensors and abductors, 
knee extensors, and ankle plantarflexors. The strap at the hips 
 provides a cue to maintain hip extension and to increase weight 
bearing on the more involved side.

FIGURE 7.14 Sports can be incorporated into therapeutic 
activities or adaptive physical education to enhance coordination, 
balance, and motor planning. A game of baseball can incorpo-
rate gross motor tasks of (A) throwing with the involved arm, 
(B) picking up a ground ball, and (C) batting.

A

B

C

The PT should design a fitness program that can be contin-
ued after discharge from therapy to address wellness and 
health. The PT can also work with the physical education 
teacher in designing an adapted physical education program 
for the child with TBI (Fig. 7.14).

School Issues
The Individuals with Disabilities Education Act recog-
nizes “brain injury” as a separate category of  impairment 
in children, and school curriculum must be adapted for 
qualifying children with TBI. In addition, the educational 
services the child receives may provide accommodations 
and physical assistance for activities of  daily living, mobil-
ity, and motor tasks, such as writing, in order to assist the 
child with achieving academic success. A complete discus-
sion of  physical therapy in the school system is found in 
Chapter 19.

 Prevention

Prevention is the key to decreasing the annual incidence of  
TBI. Effective prevention involves improving technology to 

decrease the intensity of  impact on the brain during colli-
sion, increasing awareness and use of  safety measures, and 
mandating protective laws. Children under 12 months are 
at significant risk for head injury, and much of  the risk can 
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be prevented by increased parental supervision or improved 
home safety devices.22

Bicycle Helmets

The consistent use of  bicycle helmets can decrease the inci-
dence of  injury, as unhelmeted riders are more likely to 
have a brain injury than helmeted bicyclists.111–113 Fit of  the 
helmet is important, as poor fit has been associated with an 
increased risk of  TBI in children, especially in boys.114 Use 
of  helmets can also potentially prevent brain injuries from 
occurring in sports and recreational activities, including base-
ball, football, horseback riding, rollerblading, skateboarding, 
hockey, roller skating, skiing, and sledding.68 Barriers to hel-
met use include the lack of  awareness of  recreational risks 
and the effectiveness of  helmets, cost, and negative peer 
pressure. Increasing the use of  helmets may be accomplished 
by advocating for educational programs, discount coupons, 
helmet subsidies, role modeling by parents, and mandatory 
legislative change.

Playground Equipment

Prevention can also be aimed at preventing falls from play-
ground equipment onto unprotected surfaces. The severity 
of  the injuries can be remarkably decreased if  the height 
of  equipment does not exceed 5 feet and materials such as 
sand, pea gravel, or wood chips are used under the play-
ground equipment.68 Surface materials must be continually 
maintained if  they are to be effective.

Traffic Behavior

The inability of  a child under 11 years of  age to assess dis-
tances and speeds combined with immaturity and typical 
levels of  impulsiveness results in unsafe traffic behavior. 
Even after training programs, the majority of  young chil-
dren still exhibit risky behavior, and parents should be cau-
tious of  younger children crossing the street alone. More 
effective community approaches should focus primarily 
on decreasing the traffic speed, enforcing laws governing 
 pedestrian–motor vehicle interaction, and separating the 
pedestrian from the traffic68 (see Case Study).

Car Restraints

The use of  occupant seat belt restraints is clearly an effec-
tive strategy for preventing injury during a crash. The 
placement of  the child in the back seat of  the car and the 
correct use of  car seats can prevent up to 90% of  serious 
and fatal injuries to children under 5 years of  age.68 Unfor-
tunately, misuse of  child seats is still a common problem. In 
older children and adolescents, the use of  lap and shoulder 
belts can prevent approximately 45% of  serious and fatal 
injuries.68

CASE STUDY
Justin: Patient client management applied 
to Preferred Practice Pattern 5c

element of 
Patient/client 
management application for a child with acquired tbI

Examination Examples of history: Age of child, past medical 
history, prior functional status, medications

Examples of systems review: Blood pressure 
fluctuations, abrasion or other problem with skin 
integrity, inability to make needs known

Examples of tests and measures: Postural 
observation, FIM, WeeFIM, PEDI, range of motion, 
muscle strength testing, gait analysis

Evaluation Synthesis of observed impairments with 
interpretation from functional examination tools 
commonly used, such as the FIM and PEDI

Diagnosis Physical therapy diagnosis based on impairments and 
functional limitations

Prognosis and 
plan of care

80% of the patients in the preferred practice pattern 
will achieve the anticipated goals and expected 
outcomes within 6 to 90 visits per episode of care

Intervention Examples of coordination, communication, and 
documentation: Case management, patient/client 
family meetings, outcome data

Examples of topics for patient/client-related 
instruction: Current condition, plan of care, fitness 
program, risk factors, transitions across settings

Examples of procedural interventions: Balance 
training, flexibility exercises, postural stabilization, 
neuromotor development training, gait training, 
device and equipment use, biofeedback, passive 
range of motion

Outcome Use the anticipated goals and expected outcomes to 
assist with monitoring progress and documentation

Justin is an 8-year-old boy who experienced a TBI secondary to 
a pedestrian–motor vehicle accident. He was unconscious at the 
scene of the accident and was life-flighted to the nearest pediatric 
trauma center. On arrival at the emergency room, he had a GCS of 
2 and his pupils were fixed and dilated. Justin was in a coma. Di-
agnostic studies revealed diffuse right intracranial hemorrhage, a 
right pneumothorax, fracture of the left orbit, and multiple contu-
sions. An ICP monitor, chest tubes, and placement of a tracheos-
tomy tube were required for acute management.

Justin lives at home with his parents and a 6-year-old sister in 
a two-story home with five steps to enter. His bedroom and bath-
room are on the second floor. His past medical history is unre-
markable. Justin is a second-grade student at Jones Elementary.

The brain injury rehabilitation team was consulted 3 days 
after admission, and Justin was determined to be at a Rancho 
Los Amigos Scale Level II. The brain injury team implemented 
a coma stimulation program. Caution was taken implementing 
the program owing to his multiple injuries, monitors, and tube 
placements. In addition, the PT initiated an inhibitory casting pro-
gram to manage his left ankle plantarflexion posturing, which was 
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measured at 45 degrees. A resting splint was made to maintain the 
right ankle in a neutral position. On the basis of the PT’s screen-
ing, systems review, and examination, Justin’s medical diagnosis 
fits in the physical therapist preferred practice pattern 5C.4

Justin slowly emerged from the coma over a period of 
2 weeks. Subsequent treatment focused on increasing tolerance 
to upright on the tilt table, motor control of the neck and trunk 
during sitting, and contracture management. During the next 
2 weeks, Justin’s medical condition stabilized, and he progressed 
to a Rancho Los Amigos Scale Level V. Owing to the severity of 
his brain injury and the presence of multiple impairments, the 
acute care team anticipated that Justin would require additional 
care in an acute rehabilitation setting, an outpatient setting, and 
additional services at his school setting. His episodes of care 
would most likely be on the higher end of the range anticipated 
for preferred practice pattern 5C.

As Justin awoke, his tracheostomy was removed, and he was 
transferred to a pediatric rehabilitation center. The WeeFIM and the 
PEDI were used to examine his status upon admission and to deter-
mine his projected goals for improvement during his stay. Inhibitory 
casting was continued for the left ankle plantarflexion contracture, 
which was now measured at 20 degrees. Justin was given a high-
back wheelchair for mobility with a custom-fit modular seating 
system for postural control. In addition to the previous interven-
tion strategies, Justin also began to work on transfers from supine 
to sit and from the wheelchair to a mat with moderate assistance. 
He also engaged in standing activities and gait training. Decreased 
motor control and hemiplegia on the left were more evident as he 
increased his activity level. Justin moved in synergistic patterns for 
both the upper and lower extremities. Strength on the right side of 
the body was fair. Balance and coordination in upright were poor, 
and he required maximal assistance for standing activities.

As rehabilitation progressed, Justin’s condition improved and 
he began to follow commands consistently and showed some 
recall of newly learned tasks. His parents participated regularly in 
family conferences and family education and were instructed how 
to assist Justin during tasks of functional mobility as well as how 
to perform prescribed exercises. At the time of discharge from re-
habilitation, Justin was able to propel himself in a regular wheel-
chair using the right extremities. He was able to transfer from 
the wheelchair to the mat with supervision and was able to walk 
short household distances with a forearm crutch on the right. He 
was still limited in his mobility by the left-sided spasticity. Justin 
had been evaluated for orthotics and was to receive a left dy-
namic AFO. Neuropsychological testing was completed prior to 
discharge and revealed deficiencies in short-term memory, atten-
tion span and focus, judgment, and agility to learn new material.

By 4 months after the injury, Justin was transitioning back 
into his school. His school program was modified for a half-day 
of inclusion in his regular classroom and a half-day of specialized 
classroom services. Justin would continue to receive physical 
therapy through the school setting. He was independent in his 
transfers and was ambulating with the left forearm crutch and the 
dynamic AFO more consistently. Justin used the wheelchair only 
for community mobility.
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A s with all pediatric conditions requiring care from a 
physical therapist (PT), working with a child poses spe-
cial challenges. Treatment of  a child with traumatic or 

atraumatic spinal cord injury not only demands attention to 
their current age-specific needs, but also requires special con-
sideration of  their physical, cognitive, and emotional develop-
ment. Spinal cord injury (SCI) is a lifelong disability, and PTs 
have the responsibility to anticipate the variety of  changes a 
child will encounter as he or she grows and develops over his 
or her lifetime. A catastrophic illness or injury such as an SCI 
has profound effects on both the child and his or her family. 
A PT has the unique opportunity to be not only a teacher, a 
guide, and an advocate, but also a coach who empowers his or 
her clients to live life to its fullest potential.

The National Spinal Cord Injury Association (NSCIA) 
defines pediatric SCI as an acute traumatic lesion of  the spi-
nal cord and nerve roots in children from newborn through 
15 years of  age.1 According to the NSCIA, there are an 
estimated 12,000 new cases of  SCI per year. In the United 
States, there are currently 236,000 to 327,000 people living 
with SCI. The average age of  injury is 41 years, with 53% 
of  injuries occurring between the ages of  16 and 30.2,3 The 
overall incidence of  pediatric SCI is 1.99 injuries per 100,000 
children in the United States.4 Approximately 80% of  adult 

SCI are male, and in children, males are twice as likely to be 
affected than females.2,4

General mechanisms of  traumatic spinal injury for adults 
include flexion/extension, axial loading, burst, and compres-
sion fractures. A child’s spine, however, does not fully mature 
until between the ages of  8 and 10 years and therefore can 
lend itself  to a different mechanism of  injury. These imma-
ture features can predispose a child under 11 years of  age to 
an upper cervical spine injury at the level of  C-3 or above.5 
Ligamentous laxity, disproportionately large head size, and 
relatively horizontal facet joints can create a fulcrum for a sag-
ittal force and allow a large amount of  translatory movement. 
A child over 11 years of  age has a greater tendency toward 
injury to the lower cervical spine (C-3 and below) as opposed 
to the adult population.5 Thoracolumbar injuries in young 
children are also unique on account of  anatomic differences 
between children and adults. Specifically, the ring apophysis in 
the growing pediatric spine can slip or separate into the spinal 
canal from an axial traumatic force and mimic the symptoms 
of  a herniated intervertebral disk.5 Finally, the ligamentous 
laxity in the pediatric spinal column can allow the vertebra to 
stretch and recoil during a force to the spine or head; how-
ever, this action also causes the relatively inflexible spinal cord 
inside to stretch as well. This stretching can cause distraction 
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(interleukin-6) has a unique affinity for the spinal cord and 
has been demonstrated to kill spinal cord cells. Additionally, 
the spinal cord itself  responds differently from other internal 
organs in how it responds to autoimmune dysfunction.8,10 
Although it is still unknown why a specific transverse seg-
ment of  the spinal cord is targeted, increased knowledge 
about the immunopathogenesis of  transverse myelitis is 
leading to better treatment options. These options will be 
discussed later in this chapter.

Atraumatic SCI can also be caused by cancer. This may 
be a primary tumor with focal dysfunction, or it could be 
in the form of  metastases with more diffuse dysfunction. 
Nonetheless, the physical effects can include sensory and 
motor abnormalities as well as spasticity and bowel and 
bladder dysfunction.11

Another form of  atraumatic SCI is stroke. This can be 
caused by arterial or venous ischemia, watershed infarct, 
arteriovenous malformation (AVM), or a dural arteriove-
nous fistula. Onset can be either sudden or gradual, depend-
ing on the type of  bleed. The overall course of  recovery may 
vary as well.12

Although traumatic and atraumatic injuries can present 
similarly, understanding the exact nature of  the injury can 
assist the clinician in formulating a hypothesis that will guide 
the examination, evaluation, diagnosis, prognosis, interven-
tion, and ultimately outcome that the child achieves.

 Examination

History

The PT begins with a thorough history taken from all avail-
able resources. This may include any or all of  the following.

History of  Present Illness
•	 Mechanism and date of  injury
•	 Any loss of  consciousness at the time of  injury or poten-

tial brain injury
•	 Any acute medical treatment received (spinal stabiliza-

tion, steroids, etc.)
•	 Description of  onset and progression of  symptoms if  

atraumatic
•	 Any medical tests, labs, procedures, or films relating to 

the injury (specifically neuroimaging tests such as mag-
netic resonance imaging [MRI] that have been correlated 
with prognosis)

•	 Any complications or comorbidities apparent during hos-
pital course

•	 Medications for current or any other condition

Medical History
•	 All other pertinent medical information, including hospi-

talizations or procedures
•	 Birth history if  applicable to mechanism or onset  

of  injury

or ischemia to delicate neuropathways and cause an invisible 
SCI that is not picked up on radiographic assessment as there 
is no obvious fracture or dislocation. This phenomenon is 
known as spinal cord injury without radiographic abnormal-
ity (SCIWORA) and can present as a complete or incomplete 
injury. SCIWORA is a prevalent manifestation, and has been 
reported in 19% to 34% of  all children who experience SCI.6 
All children who have experienced a trauma should have both 
head injury and SCIWORA ruled out, owing to the increased 
potential for neurologic devastation. SCIWORA can also have 
a delayed onset, so all medical staff, including the PT, should 
carefully monitor the child’s clinical presentation.

Additional causes of  traumatic SCI include motor vehicle 
accident, violence, falls, and sports. The causes of  SCI that 
are unique to pediatrics include birth trauma, child abuse, 
and motor vehicle lap belt injuries.5 Motor vehicle restraints 
are designed to dissipate force over bony areas of  the body 
to prevent injury during a crash. Small children are often 
improperly positioned in a car with the lap belt riding higher 
than the pelvis, causing a fulcrum of  force in the thoracic or 
lumbar spine and severe pressure on the abdomen. Children 
with this type of  injury often have a burn mark across the 
abdomen and may have significant visceral injury as well.5,7

Atraumatic SCI includes all other spinal cord dysfunction 
such as myelopathies, cancer, and stroke. Clinically, atrau-
matic SCI often presents similarly to either a complete or 
incomplete SCI. Myelopathies include both compressive 
and inflammatory disorders. Compressive myelopathies are 
often caused by an underlying structural abnormality (ste-
nosis, spondylolisthesis) combined with some antecedent 
trigger such as a fall or car accident with resultant compres-
sion on the spinal cord. Chiari malformations and protrud-
ing disks also have the potential to cause compression on the 
spinal cord. Inflammatory myelopathies include an entire 
spectrum of  neuroinflammatory disorders, including acute 
transverse myelitis (ATM), Guillain–Barré syndrome (GBS), 
multiple sclerosis (MS), acute disseminated encephalomyeli-
tis (ADEM), and neuromyelitis optica (NMO).8

ATM affects both children and adults and has the poten-
tial to be significantly disabling.9 The cause of  transverse 
myelitis is not clearly defined, although more information 
is becoming available about its neuropathology and pos-
sible treatments. An underlying systemic inflammation or 
autoimmune disorder can trigger the development of  any 
inflammatory myelopathy, including transverse myelitis.8,10 
In addition, infection is also considered in these disorders 
and may initiate the cascade of  events resulting in spinal 
cord dysfunction. There is some documentation relating the 
onset of  transverse myelitis with vaccination, although the 
benefits of  vaccination still far outweigh the risks.8,10 There 
is also a high incidence of  an antecedent infection (respira-
tory, gastrointestinal, systemic) prior to the development 
of  transverse myelitis. It is thought that this antecedent 
infection initiates a cascade of  cellular and immune-medi-
ated events that ultimately result in attack of  the spinal 
cord. A specific protein byproduct in this cellular reaction 
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PTs have an active role in airway clearance interventions. 
Therefore, a complete examination of  the pulmonary sys-
tem is necessary.

Integumentary
The skin of  a child with an SCI must be fully assessed. This 
includes color, integrity, bruising, and the presence of  any 
scar formation. Neurovascular signs such as pulses, skin 
temperature, and edema should also be assessed regularly. 
Decubitus ulcers can be a chronic problem for children with 
SCI, and vigilant pressure relief  and proper skin care are the 
only way to prevent this problem. Education regarding posi-
tion changes and pressure relief  should begin during the ini-
tial examination (Displays 8.2 through 8.4).

Musculoskeletal System
Range of  motion (ROM), tone, strength, symmetry, and pos-
ture are assessed. In the acute phase, tone may initially be 
flaccid and ROM full, but special precautions are required 

Developmental History
•	 Developmental history, including prior level of  function
•	 Any previously owned adaptive equipment

Social History
•	 Cultural beliefs and behaviors
•	 Primary caregivers, family, and community resources
•	 Learning style of  client and caregivers
•	 Current living situation, including living environment, 

community characteristics, and projected discharge 
destination

•	 Social interactions, activities, and support systems
•	 Current and prior school situation (services received, indi-

vidualized education plans)
•	 Leisure activities/sports/dreams for the future

Systems Review

Guided by the history and initial information, the PT pro-
ceeds to examine the patient system by system.

Cardiovascular/Pulmonary
Vital signs such as blood pressure, heart rate, and respiratory 
rate are taken before, during, and after activity. Evaluating 
tolerance for the upright position can sometimes be a 
slow process as patients with SCI are at risk for orthostatic 
hypotension. Compression stockings and abdominal bind-
ers are helpful to aid in vascular support. Patients with a 
lesion above T-6 are also at risk for autonomic dysreflexia 
(Display 8.1).

Patients with neuromuscular weakness also have 
decreased respiratory efficiency. Quality of  cough, breath-
ing pattern, and chest and diaphragmatic excursion mea-
surements should be taken. Access to medical tests such as 
vital capacity and forced expiratory volume are also helpful. 
For patients on ventilators, parameter settings should be 
noted. Collaboration with medical, nursing, and respiratory 
staff  can help in assessing respiratory potential. These mea-
surements may need to be repeated, especially if  the child 
is weaning ventilatory support. In some practice settings, 

Autonomic dysreflexia is the body’s response to lack of sympa-
thetic input during noxious stimuli. The noxious stimulus may 
include kinked catheter tubing, constipation, muscle spasm, 
ingrown toenail, or even ROM exercises. Symptoms vary 
but most often include elevated blood pressure, diaphoresis, 
headache, and bradycardia and require immediate attention. 
Treatment requires removal of the noxious stimulus, positioning 
to decrease blood pressure, and pharmacologic intervention if 
needed. If left untreated, autonomic dysreflexia may progress to 
a life-threatening situation.

Autonomic Dysreflexia

DISPLAY 

8.1

It is important for any person with a new SCI to have a full 
nutritional workup in order to ensure that caloric intake is meet-
ing new energy demands and that there is a healthy balance 
between intake and output. Patients with SCI are at risk for low-
ered immunity and decreased nutritional status.52 Unfortunately, 
both of these issues can delay wound healing, so it is important 
for the PT to discuss the nutritional status with the child’s phy-
sician and nutritionist if there is any disruption in skin integrity. 
The PT may also refer a child with an SCI to a nutritionist at any 
point along the continuum of care to promote a healthy and bal-
anced diet that is individualized for that child’s unique needs.

Nutrition

DISPLAY 

8.2

Patients with significantly increased exposure to latex products, 
such as children with myelomeningocele or SCI, can develop 
an allergy to latex. To decrease their exposure to latex, products 
that are latex free should be used whenever possible. Owing to 
the need for catheterization supplies and gloves, over the course 
of a lifetime, many institutions now advocate a “latex-free” 
environment in which health care workers and other caregivers 
utilize latex alternatives to provide care. Many products com-
monly found in both the home and hospital environment contain 
latex and have the potential to cause a reaction in the client. 
Care must be taken to ensure that the client does not encounter 
latex if he or she already has an allergy to it or to prevent one 
from occurring. Products that contain latex include Thera-Band, 
Ace wraps, catheters, many toys, balloons, and even Band-Aids. 
Many companies offer a latex-free substitute for therapeutic 
modalities.

Latex Allergy

DISPLAY 

8.3 
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those experiencing neurologic recovery, spasticity can mask 
underlying neuromuscular recovery; however, it may be 
necessary for functional activities. A thorough knowledge of  
the child’s spasticity and movement patterns will assist the 
therapist in understanding the child’s process of  recovery. It 
will also allow the therapist to make valuable contributions 
to the medical team. Medical management often requires a 
balance between decreasing and increasing spasticity based 
on the child’s goals and functional needs. Therapists should 
have a thorough understanding of  the medical management 
of  spasticity in order to provide educated recommendations 
to the physician.

For strength assessment in the pediatric population, 
performing manual muscle testing can provide valuable 
information if  the child is able to fully participate in the 
examination. Games such as “Simon Says” can be useful in 
helping the child understand the task. For the very young 
or those with cognitive impairments, strength testing can be 
performed with observation, noting whether the child has 
the ability to move against gravity or against any resistance 
(i.e., reaching for a toy in different planes of  movement or 
lifting/kicking against something with force). In the case 
of  SCI, the therapist should note both gross and individual 
muscle strength and prevent substitution by the patient. It 
is important for the PT to assess motor abilities of  all spinal 
levels as this information will have significant impact for the 
physical therapy diagnosis and prognosis. Strength assess-
ment should be performed on a regular basis in the early 
phases of  recovery as the period of  spinal shock can produce 
different results.

Sensory examination includes a thorough screen of  all 
sensory spinal tracts and further individualized testing when 
warranted. Light touch, temperature, pinprick, and proprio-
ception are important indicators of  spinal function. The 
clinician can further pinpoint where the breakdown occurs 
using a dermatomal chart indicating spinal level.

The presence or absence of  any sensory or motor func-
tion in the lowest sacral segment is an indication of  prog-
nosis, and should not be overlooked in the examination 
process. Often this information is obtained by the examining 
physician; however, in some practice settings, a PT may also 
perform this assessment.

Position, posture, and alignment must be assessed in 
children with SCI. Children with muscular weakness and 
imbalances are at risk for developing spinal deformities and 
scoliosis. Proper positioning is a crucial component to main-
taining proper alignment. Radiographic films of  the bones 
and joints can assist the therapist in determining the child’s 
skeletal alignment (Display 8.6).

Neuromuscular System
In the neuromuscular system, the PT examines all functional 
movements. Movements can be isolated or synergistic dur-
ing functional activity. Functional movements are related 
to available ROM, tone, and strength. While the therapist 

to prevent loss of  flexibility. Spasticity can begin quickly 
and interfere with the child’s flexibility goals. ROM assess-
ment should be performed with overall diagnosis and prog-
nosis in mind. For example, shortening of  certain structures 
(long finger flexors, low back extensors) may be desirable in 
some situations. Similarly, overlengthening of  certain muscle 
groups such as the hamstrings and shoulder internal rota-
tors may be desirable depending on the expected functional 
outcomes.

Spasticity assessment is most widely performed using the 
modified Ashworth scale while noting any clonus or spasms 
(Displays 8.4 and 8.5).13 Other assessment tools include the 
visual analog scale, the Wartenberg pendulum test, and 
the Penn Spasm Frequency Scale. Surface electromyog-
raphy and isokinetic dynamometry are also used to assess 
spasticity in spinal cord–injured patients.13 It is important 
to remember that spasticity may vary throughout the day 
or with different activities and may even be useful in some 
functional situations. For example, someone with significant 
lower extremity weakness may rely on his or her spastic-
ity for stability in weight bearing for transfers or ambula-
tion. Some patients can even learn to trigger a spasm in 
order to help their lower extremity move in a certain way. 
Conversely, excessive spasticity can lead to problems with 
ROM, positioning, or comfort. For incomplete SCIs and 

Allowing shortening of the long finger flexors can allow a teno-
desis grasp for someone who is able to extend his or her wrist 
but is unable to actively grasp. It can also allow someone who 
cannot extend his or her wrist to use his or her hand as a hook. 
Tightening of low back extensors can improve sitting stability 
and assist in moving the lower part of the body in someone with 
paraplegia. Conversely, excessive shoulder extension and exter-
nal rotation can combine to substitute for absent triceps, and a 
straight leg raise of 120 degrees is imperative to allow floor-to-
wheelchair transfers.

Advantageous Muscle Imbalances

DISPLAY 
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0 5 No increase in tone

1 5 Slight increase in muscle tone, manifested by a catch and 
release or by minimal resistance at the end ROM

11 5 Slight increase in muscle tone, manifested by a catch, 
followed by minimal resistance throughout the remainder 
(less than half) of the ROM

2 5 More marked increase in muscle tone through most of 
the ROM, but the affected part is easily moved

3 5 Considerable increase in muscle tone, passive movement 
is difficult

4 5 Affected part is rigid

Modified Ashworth Scale73

DISPLAY 
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Tests and Measures

The PT has a wide variety of  tests and measures to further 
characterize and quantify the information gathered during 
the examination. These include, but are not limited to:

•	 Aerobic capacity and endurance
•	 Anthropometric characteristics
•	 Assistive and adaptive devices
•	 Arousal, attention, and cognition
•	 Circulation
•	 Cranial and peripheral nerve integrity
•	 Environmental, home, and work ( job/school/play) 

barriers
•	 Ergonomics and body mechanics
•	 Gait, locomotion, and balance
•	 Integumentary integrity
•	 Joint integrity and mobility
•	 Motor function (motor control and motor learning)
•	 Muscle performance (including strength, power, and 

endurance)
•	 Neuromotor development and sensory integration
•	 Orthotic, protective, and supportive devices
•	 Posture
•	 ROM (including muscle length)
•	 Reflex integrity
•	 Self-care and home management (including activities of  

daily living [ADLs] and instrumental ADLs [IADLs])
•	 Sensory integrity
•	 Ventilation and respiration
•	 Work ( job/school/play), community, and leisure integra-

tion or reintegration (including IADLs)

 Evaluation, diagnosis, and prognosis

During the evaluation process, the PT synthesizes the infor-
mation that was discovered during the history, systems 
review, and tests and measures. He or she then formulates a 
physical therapy diagnosis and prognosis. In the case of  SCI, 
the type and severity of  the injury is central to establishing a 
prognosis and a plan of  care.

Standards for neurologic and functional classif ica-
tion of  SCI were identified by the American Spinal Injury 
Association (ASIA) in 1982.14 This multidisciplinary group 
of  experts established common terminology and a stan-
dard classification system for the medical f ield. It was 
last revised in 2011 and is now entitled “American Spinal 
Injury Association: International Standards for Neurologic 
Classification of  Spinal Cord Injury (ISNCSCI).”15 This doc-
ument serves to standardize the examination of  myotomes 
and dermatomes among clinicians. Using the information 
from the examination and the guidelines set forth on the 
ISNCSCI form, the clinician can determine a sensory and 
a motor diagnostic level for both the right and left sides 
of  the body. Furthermore, this classification scheme states 
whether the injury is complete or incomplete. The clinician 

may strive to assist the client to achieve the most “normal” 
movement pattern, it may be more important to the cli-
ent to be able to perform the activity in any way possible. 
Neuromuscular assessment also includes gross coordinated 
movements, including functional mobility, transfers, locomo-
tion, balance, and coordination. In the acute stages of  a new 
SCI, functional movement may be limited to bed mobility 
and sitting balance on the edge of  the bed. When the injury 
is no longer acute or during reexamination, the client may be 
able to withstand more rigorous examination. For those with 
SCI, this portion of  the examination also includes wheelchair 
mobility and skills. In these cases, the wheelchair is consid-
ered as an extension of  the person’s body.

The PT also examines the client’s communication, 
affect, cognition, language, and learning style. This includes 
the client’s level of  consciousness; orientation to person, 
place, and time; ability to make his or her needs known; 
expected emotional and behavioral responses; and learn-
ing preferences (for both the child and the caregiver). If  the 
child has sustained either a mild or more severe traumatic 
brain injury as a result of  the accident, the PT should also 
consider examination techniques outlined in Chapter  7  
(Display 8.7). A knowledge of  normal cognitive develop-
ment will assist the therapist in determining what may be a 
new cognitive deficit versus a deficit that was present prior 
to the onset of  the SCI.

Patients with upper motor neuron lesions such as SCI are at 
risk for the development of heterotopic ossification (HO). Pri-
mary areas affected are large joints such as the hip, shoulder, 
knee, and elbow. Patients are most at risk during the first 1 to 4 
months after injury. There is no acute treatment for the pediatric 
population since medications that are used for the prevention 
of HO in adults have not been approved for use with the pedi-
atric population. HO can be surgically excised, but only after 
the abnormal bone formation is completely mature, usually 1 
to 2 years after onset. Current best practice advocates the use 
of gentle ROM to affected joints and avoiding immobilization 
or aggressive ROM.18,19 The entire team should be vigilant in 
screening for the development of HO since it can be a major 
setback for the child.

Heterotopic Ossification

DISPLAY 
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Because of the high velocity and trauma often associated with 
SCI, there is an increased risk of associated traumatic brain 
injury, which may be as high as 24% to 59%.22 Consequently, 
cognition should always be screened, and neuropsychological 
testing may be indicated with any person who has sustained an 
SCI in order to rule out any mild deficits.

Traumatic Brain Injury

DISPLAY 

8.7
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discussed as well as future episodes of  care that may be 
needed over the course of  the child’s lifetime. Formulating 
a physical therapy prognosis incorporates information from 
the examination and should be based on evidence from cur-
rent scientific literature. The PT is also guided by the medi-
cal prognosis in developing goals that the child may be able 
to achieve. Prognoses for someone with a complete injury 
and someone with an incomplete injury can be very dif-
ferent based on neurologic potential for recovery. Studies 
suggest that some individuals with SCI may skip to the 
next level on the ASIA Impairment Scale during the period 
of  neurologic recovery.18–20 Ongoing reassessment of  the 
patient using the ASIA Impairment Scale is critical not only 
to understand the patient’s current status and potential abil-
ity, but also to monitor for possible change. The most sig-
nificant recovery is expected in the first year after injury, but 
some patients show improvement for up to 5 years.21

Although the principles of  examination, evaluation, and 
diagnosis are similar to those of  clients with traumatic inju-
ries, atraumatic SCIs can be more unpredictable in their 
outcomes. Transverse myelitis can have varying functional 
outcomes. Approximately 30% of  those afflicted have full 
recovery, 30% have partial recovery, and another 30% have 
little to no recovery.22 There are some medical factors that 
help prognosticate recovery, including speed of  onset, 
amount of  paralysis, and speed of  recovery in the first 
month, but these are never certain, as the Case Study at 
the end of  this chapter will illustrate. Early treatment with 
corticosteroids is considered the first-line treatment and has 
been shown in case studies and research with patients with 
MS to improve the functional outcome.23 Published research 
also demonstrates that a high level of  interleukin-6 in the 
cerebrospinal fluid (CSF) correlates with a poor functional 
outcome.10,14 The potential for a large amount of  neuro-
logic recovery can alter the entire focus of  physical therapy 
from goals of  learning to compensate with the remaining 
intact musculature to a goal for recovering lost function. 
Atraumatic SCI caused by a tumor may present with similar 
clinical symptoms to a traumatic SCI, but cancer treatment 
such as radiation and chemotherapy can have profound 
effects on the child’s functioning, physical therapy treat-
ment, and the family as a whole. This can greatly impact the 
child’s prognosis.

When considering the child’s prognosis, the clinician 
should keep in mind both the child’s potential for neurologic 
recovery and the functional outcomes that can be realistically 
achieved. The accepted outcome measures used for adults 
with SCI include the Modified Barthel Index (MBI), the 
Functional Independence Measure (FIM), the Quadriplegic 
Index of  Function (QIF), and the Spinal Cord Independence 
Measure (SCIM).24 These outcome measures have not been 
standardized in the pediatric population. Although no stan-
dard functional outcome measure for pediatric clients with 
traumatic or atraumatic SCI has been documented, the cli-
nician can identify anticipated functional outcomes on the 
basis of  both the adult SCI literature and myelodysplasia 

can then assign an ASIA level of  impairment (Display 8.8) 
for classification. Some spinal cord lesions present as a clini-
cal syndrome, as described in Display 8.9, and this termi-
nology can also be used universally when discussing the 
client’s presentation with other health care professionals. 
Although the ASIA has not yet published a specific work-
sheet for children and youth, current study supports the use 
of  the tool in children older than 6 years who can follow 
the directions for pinprick and light touch when applied to 
their cheek.16,17

Physical therapy diagnoses for this population may 
include the following: decreased strength, decreased ROM, 
decreased endurance, decreased airway clearance and 
respiratory efficiency, decreased functional mobility, and 
decreased independence in the home, school, or community 
due to SCI.

After establishing a physical therapy diagnosis, the clini-
cian can prognosticate the optimal level of  function the child 
may achieve. The amount and intensity of  physical therapy 
services required to achieve that level of  function can be 

Central cord syndrome: presents with greater weakness in the 
upper extremities than the lower extremities and presents with 
sacral sparing
Brown–Sequard syndrome: presents with ipsilateral proprio-
ceptive and motor loss and contralateral loss of pinprick and 
temperature
Anterior cord syndrome: presents with variable loss of motor 
function and sensation to pinprick and temperature and has 
sparing of proprioception
Conus medullaris syndrome: may present with areflexic  bladder, 
bowel, and lower extremities or may show preserved bulbocav-
ernosus and micturition reflexes
Cauda equina syndrome: presents with areflexic bladder, 
bowel, and lower extremities

ASIA Clinical Syndromes16

DISPLAY 

8.9

A 5 Complete. No sensory or motor function is preserved in 
sacral segments S-4 to S-5.

B 5 Incomplete. Sensory but not motor function is preserved 
below the neurologic level and extends through the sacral 
segments S-4 to S-5.

C 5 Incomplete. Motor function is preserved below the neuro-
logic level, and the majority of key muscles below the neuro-
logic level have a muscle grade ,3.

D 5 Incomplete. Motor function is preserved below the 
neurologic level, and the majority of key muscles below the 
neurologic level have a muscle grade $3.

ASIA Impairment Scale16

DISPLAY 

8.8   
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Level of Injury Mobility Transfers Activities of Daily Living
C-1–C-4 •	 Sipping or blowing to 

independently control a 
power wheelchair, power-tilt 
mechanism, and environmental 
controls

•	 Dependent for all transfers •	 Dependent for dressing, 
bathing, and bowel and 
bladder management

C-5: addition of biceps and deltoids •	 Can propel a manual wheelchair 
with hand rims for short 
distances on level surfaces

•	 Power wheelchair for longer 
distances

•	 Able to assist with transfers and bed 
mobility

•	 Able to assist with feeding, 
grooming with adaptive 
equipment and setup

•	 Dependent for dressing 
and bathing

C-6: addition of pectorals •	 Able to independently use 
manual wheelchair with 
projections on the hand rims

•	 Independent with self-care with 
equipment

•	 Independent with upper extremity 
dressing, assists with lower 
extremity

•	 Independent with bowel program, 
needs assistance with bladder 
program

•	 Can drive with a specially 
adapted van

•	 Assists with sliding board 
transfers

C-7–T-1: addition of triceps •	 Able to independently propel 
a manual wheelchair on level 
surfaces

•	 Independent with adaptive 
equipment

•	 Can drive a car with hand controls

•	 Independent transfers with 
or without sliding board

T-4–T-6: addition of upper 
abdominal

•	 Can ambulate with RGOs for 
short distances with a walker

•	 Independent for grooming, bowel 
and bladder, dressing and bathing

•	 Independent transfers with 
or without sliding board

T-9–T-12: addition of lower 
abdominals

•	 Household ambulation with 
RGOs or HKAFOs and assistive 
device

•	 Independent for grooming, bowel 
and bladder, dressing and bathing

•	 Independent transfers with 
or without sliding board

L-2–L-4: addition of gracilis, 
iliopsoas, and quadratus lumborum

•	 Functional ambulation with 
KAFOs with crutches

•	 Independent for grooming, bowel 
and bladder, dressing and bathing

•	 Independent transfers with 
or without sliding board

L-4–L-5: addition of hamstrings, 
quadriceps, and anterior tibialis

•	 Able to ambulate with AFOs with 
or without assistive device

•	 Independent for grooming, bowel 
and bladder, dressing and bathing

•	 Independent transfers with 
or without sliding board

aFo, ankle–foot orthosis; HKaFo, hip–knee–ankle–foot orthosis; KaFo, knee–ankle–foot orthosis; rgo, reciprocating gait orthosis.

Functional Expectations by Level of Involvement

TAbLE

8.1

literature. A discussion of  general functional expectations by 
level of  involvement is discussed in Table 8.1.16

Understanding the child’s prognosis for functional out-
comes leads the clinician to develop a plan of  care that 
includes specific interventions and the frequency, intensity, 
and duration of  those interventions. It also incorporates 
anticipated goals, expected outcomes, and discharge plans. 
When working in an interdisciplinary model, the plan of  care 
may involve other health care professionals in both establish-
ing interdisciplinary goals and providing the intervention to 
achieve them. For example, a child working on transfers in the 
hospital should have the opportunity to practice these trans-
fers in a variety of  environments and situations that incor-
porate the family, nurses, and other therapists and to help 
simulate the situations the child will encounter after discharge.

Standardized outcome measures performed prior to and 
after physical therapy intervention are useful in measuring 
the progress the child has made over the course of  an epi-
sode of  care. Some outcome measures used in pediatrics 
include the WeeFIM (Functional Independence Measure), 

Pediatric Evaluation of  Disability Inventory (PEDI), and 
Gross Motor Function Measure (GMFM).25 Creativity may 
sometimes be useful in modifying existing outcome mea-
sures for a patient with paralysis. For example, the 9- minute 
walk/run can be modified into a 9-minute “wheelchair run” 
to measure endurance. The PT should be familiar with all 
available outcome measures in order to choose the most 
appropriate one for the client. Standardized outcome mea-
sures can help the therapist pinpoint weaknesses as well as 
focus and modify the plan of  care.

 Intervention

Medical Intervention

Surgery
MUSCLE TRANSFERS Recent advances in surgical techniques 
have allowed for the transfer of  muscle function from one 
group to another. If  there is sufficient remaining muscle 
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PAIN The adult literature has shown that patients with SCI 
experience many different complaints of  pain.28–30 Studies of  
chronic pain reported by children are few, but do report the 
same results. They report that pain associated with pediat-
ric-onset SCI is common. Reports of  nociceptive pain were 
greater than neuropathic pain.31 Data suggest that although 
it is common, chronic pain in childhood SCI has a signifi-
cantly smaller impact on daily activities than that reported 
in the literature for adult-onset SCI.31

Studies have looked at multiple interventions for pain, 
including medications, physical therapy, psychotherapy, and 
spinal cord stimulators. There is consistency in the reports 
of  pain in patients with SCI; the reports of  pain continue 
through the postacute stage, with 60% of  patients with an 
SCI reporting pain at 6 and 12 months postinjury.28 The 
International Association for the Study of  Pain has pro-
posed a scheme for characterizing SCI. It classifies pain into 
two types: neuropathic and nociceptive. Nociceptive pain is 
musculoskeletal and visceral. Neuropathic pain is classified 
as above the level, at the level, or below the level of  injury. 
Nociceptive pain is characterized by dull, aching, movement-
related pain that is eased by rest and responds to opioids. 
Neuropathic pain is usually described as sharp, shooting, 
burning, and electrical with abnormal sensory responsive-
ness (hyperesthesia or hyperalgesia). Antidepressants and 
anticonvulsants are usually used for SCI; however, neither 
is particularly effective for SCI pain. Recent reports have 
shown promise for opioids and α-adrenergic antagonists, as 
well as baclofen, a GABA-b agonist, when there is spasticity 
interfering with function.28

Sodium channel blockers such as lidocaine and tetracaine 
hydrochloride have shown decreases in allodynia (pain from 
a stimulus that is not usually painful). Opioids have been 
demonstrated to help neuropathic pain as well as nocicep-
tive pain. Intrathecal clonidine in combination with mor-
phine had an analgesic effect in patients with SCI.28

SURGICAL PROCEDURES Surgical procedures such as cor-
dectomy, cordotomy, and myelotomy are most effective 
for spontaneous lancinating or shooting pain. They are not 
effective for burning or aching pain. Complications associ-
ated with these procedures include contralateral pain, bowel 
and bladder dysfunction, loss of  sexual function, and devel-
opment of  spasms.28

SPINAL CORD STIMULATORS Spinal cord stimulators were 
first used in the 1970s to manage severe pain such as reflex 
sympathetic dystrophy (RSD). Spinal cord stimulators 
inhibit spinal transmission of  pain through electrical stim-
ulation via the gate control theory. One to two leads are 
placed in the epidural space of  the spinal cord, and a small 
electric current is sent through the electrodes. A receiver 
or battery pack is placed under the skin in the abdomen.32 
Results have been mixed; some subjects have reported 
decreased pain. It has been shown to be most effective in 
patients with incomplete pain or postcordotomy pain,28 and 

strength in two or more muscle groups that work together 
to perform a movement, one of  the muscles can be trans-
ferred biomechanically to perform another movement. 
There is little or no adverse effect on the original motion. 
Most commonly, elbow extension is achieved by transfer-
ring the posterior deltoid to the triceps. There are, however, 
promising results with a biceps-to-triceps transfer for elbow 
extension to achieve overhead function.26 Similarly, wrist 
extension is achieved by transferring the brachioradialis to 
the extensor carpi radialis. Active grasp is achieved by trans-
ferring the brachioradialis and using it as a thumb flexor.27

Processes such as tenodesis, arthrodesis, tendon length-
enings, rerouting, releases, and tendon transfers have the 
capacity to restore function to persons with tetraplegia. All 
these surgeries require not only careful surgical technique, 
but also comprehensive postoperative physical and occupa-
tional therapy. There is an abundance of  literature on these 
procedures in the adult population. Although there are 
fewer studies performed on children, the results are similar.27

SPASTICITY Spasticity is the clinical manifestation that 
accompanies upper motor neuron disease. A muscle displays 
an increased resistance to passive motion that results from 
the hyperactivity of  the spinal and brainstem reflexes. In 
SCI, acutely, there is usually flaccidity, then flexor spasticity 
presents, and then finally extensor spasticity. Options for this 
population are similar to those with central nervous system 
dysfunction. Oral baclofen, intrathecal baclofen, botulinum 
toxin, and neurologic and orthopedic surgery are options 
when spasticity interferes with daily function.

The medical management of  spasticity with movement 
can be conservative and include removing the noxious 
stimuli, stretching, positioning, using orthotics, biofeed-
back, and electric stimulation. All these, however, have 
short-term effects. When that is not enough, there are other 
agents that have been shown to reduce muscle spasticity.28 
Pharmacologically, baclofen acts as a γ-aminobutyric acid 
(GABA) analog at the site of  the spinal cord. A common 
side effect, however, is that baclofen can cause drowsiness, 
fatigue, and weakness.28 Baclofen administered intrathecally 
acts directly on the spinal cord with less risk of  drowsiness 
and weakness than oral baclofen. There is risk of  infection 
with the pump insertion.28 Dantrolene sodium acts on the 
muscle to inhibit the release of  calcium from the sarcoplas-
mic reticulum. This medication carries the same effects 
of  drowsiness and fatigue and can damage liver function. 
Clonidine via the oral route or patch acts centrally as an 
α-agonist. Clonidine can lead to hypotension; however, side 
effects are limited to dry mouth and drowsiness. Diazepam 
(Valium) acts on the limbic system. Adverse reactions can 
include drowsiness and fatigue, and its use can lead to drug 
dependency.28

Chemical nerve blocks work at the motor point. 
Lidocaine is a short-acting agent. Phenol can last up to 
6 months. Botulinum toxin is so specific that it goes straight 
to the muscle.28
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exceptions. Some muscle groups may not be able to be 
strengthened or improved owing to complete denervation. 
In contrast, some muscle groups may require greater than 
normal strength to compensate for other muscle groups 
that are no longer functioning. When considering pediat-
ric clients, age-appropriate interventions will likely provide 
greater success. For example, it is unlikely that a 4-year-old 
will perform biceps curls with a free weight as instructed; 
however, he or she may engage in pulling against resistance 
in a tug-of-war activity. Therapeutic exercises can often be 
incorporated into play, but it is imperative to remain focused 
on the goals being worked toward. In other situations, a 
child may perform traditional sets of  strengthening exer-
cises but may need to be rewarded with a fun and equally 
therapeutic play activity such as shooting basketballs with 
wrist cuff  weights. Other therapeutic interventions to pro-
vide include:

•	 Aerobic and endurance conditioning or reconditioning
•	 Balance, coordination, and agility training
•	 Body mechanics and postural stabilization
•	 Flexibility exercises
•	 Gait and locomotion training
•	 Relaxation
•	 Strength, power, and endurance training for head, neck, 

limb, pelvic-floor, trunk, and ventilatory muscles33,34

Therapeutic exercises as described above can be per-
formed in a land or aquatic environment. Aquatic therapy can 
be very useful as the buoyancy of  the water can assist in neu-
romuscular reeducation in clients with neurologic disorders 
who have several muscle groups with 3/5 or less strength.35 An 
aquatic environment can also be fun for children, and they 
often perform more work while having more fun.

Functional Training in Self-Care and Home 
Management (Including Activities of  Daily Living 
and Instrumental Activities of  Daily Living)
Devices and adaptive equipment for children with SCI 
include wheelchairs, standers, braces, and ADL devices. The 
PT may provide the following types of  interventions:

•	 ADL training
•	 Devices and equipment use training
•	 Functional training programs
•	 IADL training
•	 Injury prevention or reduction

For an adult, IADLs include caring for dependents, home 
maintenance, household chores, shopping, and yard work. 
For children, IADLs include participation in school and play 
activities. Play is an integral part of  a child’s life and is neces-
sary for development and maturation. Training a child to uti-
lize new movement patterns in playing an age- appropriate 
game or sport is very important in a child’s life. Other IADLs 
may include performing basic household chores depending 
on family desire and eventually prevocational and vocational 

less effective in patients with complete injury. Complications 
may include infections, allergic reaction, electrode migra-
tion, CSF leak, and bleeding. Deep brain stimulation was 
also used in the 1970s and 1980s; however, it has not been 
used recently because the Food and Drug Administration 
(FDA) has not approved it for any pain indications.28

Therapeutic and Functional Interventions

When working with a child or adolescent with an SCI, 
physical therapy interventions are similar to those used with 
adults with SCI, but the approach may be different.

The PT provides interventions that consist of  a variety of  
procedures and techniques that are individualized for each 
client. These will produce changes in the client’s overall 
function and help make progress toward the identified goals. 
The therapist should always be reassessing the patient’s 
response to interventions and modifying them as needed. 
There are some differences when working with children 
with SCIs, which will be highlighted here. Interventions will 
be discussed as generalizations, though some specifics to the 
type and level of  SCI will also be mentioned.

Therapeutic Exercise
Therapeutic exercise should include ROM for specific areas 
of  limitations. Special attention should be given to the areas 
where tone is abnormal. Hamstrings, heel cords, and adduc-
tors often develop contractures early. In some cases, however, 
contractures are necessary to improve function. As men-
tioned previously, examples of  this include maintaining a 
shortening of  the long finger flexors to achieve finger flexion 
when the wrist is extended (Fig. 8.1). Some children can use 
this active tenodesis for a functional grip. There are other situ-
ations where excessive ROM is necessary. For example, having 
increased hamstring flexibility will allow a patient with an SCI 
to be able to perform lower extremity dressing independently.

The implementation of  therapeutic exercise in chil-
dren is similar to that with other populations, with a few 

FIGURE 8.1. Physical therapy begins in the intensive care unit 
with positioning, passive and active range of motion, and family 
education.
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hips. Additionally, children need to have sufficient upper 
extremity strength for weight bearing and advancing an 
assistive device. Patients must be free of  lower extremity 
contractures and be able to sit comfortably with hips and 
knees flexed to at least 90 degrees. Children should also be 
cognitively able to follow directions and be motivated to do 
activities that will allow them to use the RGO system. Prior 
to the RGO fitting, special attention should be paid to upper 
extremity strengthening and stabilization activities, espe-
cially in the upright position. With RGOs, weight shifting is 
key to adequate advancement of  the lower extremities. This 
weight shift consists of  a diagonal weight shift, push-down 
through upper extremities, and unweighting of  the contra-
lateral side while extending the trunk. No active hip flexion 
is required to use RGOs. Training for RGO use begins in 
the parallel bars. Mirrors can help provide visual feedback 
for this motion. Hands-on facilitation of  the weight shift-
ing by the PT can provide mechanical and tactile feedback 
to help the child learn the movement. The therapist should 
be aware of  any substitutions, particularly lateral trunk 
movement and the urge to pull the limbs through using the 
abdominals. This is usually very typical for those patients 
who have learned a swing-through pattern prior to using 
RGOs or for those who have sustained spinal cord pathol-
ogy after they were independently ambulating. In addition 
to ambulation, other functional skills must be learned such 
as donning and doffing the braces, coming to and from 

training. ADL or IADL training might include collaboration 
with an occupational therapist.

Adaptations for driving make it possible for some people 
with SCI to operate a vehicle. Adolescents who are can-
didates for driving should be referred to rehab centers for 
 driving assessment and training (Fig. 8.2).

MObILITY A wheelchair may be the primary means of  
locomotion for a child with an SCI. Children as young as 
18 to 24 months can independently propel a wheelchair.36 
Evaluation for the appropriate wheelchair should take place 
as part of  a team assessment. There are many options to 
allow children to function independently in a wheelchair. 
Reclining-back wheelchairs can be used to accommodate 
braces when sitting at a right angle is difficult. Seating prin-
ciples such as distribution of  weight, propulsion, and envi-
ronmental controls should be considered with children with 
SCI (Fig. 8.3).

Braces and Ambulation
RECIPROCATING GAIT ORTHOSES VERSUS HIP–KNEE–
ANKLE–FOOT ORTHOSES The reciprocating gait orthosis 
(RGO) is a bracing system composed of  a bilateral hip, knee, 
and ankle orthosis with the right and left sides connected 
by a cable. More recently, a version has been designed to 
be cableless (isocentric RGO [IRGO]).37 The cableless con-
nection allows one side of  the orthosis to flex when the 
other extends. The user biomechanically extends one side 
by weight shifting onto one side while extending his or her 
trunk. This unweighting mechanism allows the opposite 
side to flex. Repeating this action on the contralateral side 
simulates the gait pattern. Some IRGO models allow hip 
abduction to occur for the purpose of  self- catheterization. 
Physical therapy and rehabilitation training for RGOs 
involves assessment for appropriateness.38

There are many things to consider when recommending 
RGOs. In order to use RGOs, patients should have lower 
limb weakness with the inability to control the knees and 

FIGURE 8.2. Adolescents can attend special automobile driv-
ing classes for people with disabilities and learn what modifications 
they may need to safely drive a vehicle.

FIGURE 8.3. Beginning wheelchair mobility training as early 
as possible allows the child to experience a sense of freedom and 
explore his or her environment for learning opportunities.
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standing to sitting, and negotiating all levels and uneven sur-
faces, elevations, and inclines.

Learning to ambulate with RGOs requires intensive 
rehabilitation. Therapy should occur daily until indepen-
dent ambulation is achieved. At that time, the child should 
be given the opportunity to practice the ambulation skills 
within the context of  everyday activities. It is important to 
establish realistic goals with the patient, family, therapists, 
orthotist, physician, and other members of  the health care 
team (Figs. 8.4 and 8.5, Display 8.10). 

There is evidence to support the decision-making pro-
cess when determining the appropriate brace system. When 

One of the first questions a child or caregiver will ask when 
first faced with a SCI is, “Will I/he/she ever walk again?” 
 Although many PTs will defer to the physician on this difficult 
topic, the therapist inevitably will discuss walking at some 
point with the client and should be well prepared to answer the 
question before it is asked. For some clients with SCI, walking 
is a possibility. This “walking” may require long leg bracing, 
implantable electric stimulation, and/or assistive devices; how-
ever, it may not be the type of walking the child is expecting. 
The PT should always be honest in what current best practice 
can achieve, and the child and family can then make an in-
formed decision about whether walking is a goal they want to 
pursue. Walking as exercise, even with bracing and assistive 
devices, has benefits that are not only physical but emotional.68 
Walking can also improve the quality of life for children as they 
can be on an eye-to-eye level with their peers. Many  studies 
have been performed looking at energy expenditure with 
ambulation and wheelchair use in the myelodysplasia popula-
tion, but little research has been done on the pediatric SCI 
population. Generally, as a child grows and becomes larger, 
it becomes increasingly difficult to keep up with peers while 
 ambulating. Often, the child ends up choosing a wheelchair 
as his or her primary means of mobility. The most important 
concept is that the child is choosing that means of mobility 
for him- or herself.

During the process of rehabilitation, it is the PT’s responsi-
bility to help the client deal with his or her body in its current 
condition, and to help the child achieve the highest level of 
independence possible. Striving for independence also requires 
reintegration back into the community and bridging the client 
with others in the community. One of the most valuable things a 
therapist can give his or her client is to put him or her in a situ-
ation that challenges him or her to think and solve problems. 
The therapist can show the patient all the things that he or she 
can do—the way he or she is now—and provide support as the 
patient goes through the emotions of losing the way he or she 
used to be.

A therapist can also provide hope for the future. For a child 
with an incomplete or atraumatic injury, the period of recov-
ery can last up to 5 years. Being realistic while allowing some 
hope can help focus and motivate the patient and sustain him 
or her through this difficult period. The child should come to 
understand that even though something is not probable does 
not always mean it is not possible. A child with a complete 
 injury should learn all of the skills necessary as though he or 
she is going to be a primary wheelchair user. The opportunity 
for ambulation with an assistive device should be provided if the 
patient and family desire and if there is potential. To walk or not 
to walk is not an easy question. It requires careful consideration 
of the child’s diagnosis and prognosis, the known functional 
potentials based on the literature, and input from the child and 
family. Being realistic while hopeful and working with the child 
and family on establishing goals together is the essence of 
family-centered care.

To Walk or Not to Walk, and  
Family-Centered Care

DISPLAY 
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FIGURE 8.4. Braces. (A-Left) Reciprocating gait orthoses.  
(B-Right) Hip–knee–ankle–foot orthoses.

FIGURE 8.5. Ambulation training requires excellent upper body 
strength and endurance and begins in the parallel bars until the 
child is ready to progress to an assistive device.
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and release in a laboratory setting. The study also showed 
that FES systems increased pinch force, improved the 
manipulation of  objects, and typically increased the inde-
pendence in six standard ADLs as compared with pre-FES 
hand function. Subjects also reported preferring the FES sys-
tem for most of  the ADLs tested.46

Patterns of  home use for electric stimulation have 
described a persistent but sporadic pattern of  FES use that 
was influenced by the patient’s perception of  standing as a 
separate but occasional activity performed for an increased 
sense of  fitness and well-being.48 Studies have shown that 
the FES system generally provides equal or greater indepen-
dence in seven mobility activities as compared with long leg 
braces, provided faster sit-to-stand times, and was preferred 
over lower leg braces in a majority of  cases.48

FES during cycling is also being explored as a therapeu-
tic intervention for children with chronic SCI.49 Preliminary 
results suggest that children with SCI who receive electri-
cally stimulated exercise can experience changes in muscle 
strength and/or muscle hypertrophy, which could lead to 
various health benefits such as improved cardiovascular 
health and decreased risk of  diabetes.49 Other potential ben-
efits from FES cycling may include a slower rate of  bone 
mineral density loss, but more study is warranted.50

 Coordination, communication, 
and documentation

Coordination, communication, and documentation are very 
important when working with a child with an SCI. Practice 
Pattern 5H in the Guide to Physical Therapy Practice outlines 
specific important components to remember when working 
with children with an SCI. Specifically, the child’s school set-
ting and special education requirements should be empha-
sized when planning for discharge.

The PT plays an integral part in the health care team 
and may assist in coordinating care between disciplines or 
between care settings. One of  the goals of  family-centered 
care is to ensure a smooth transition for patients and fami-
lies across professionals and institutions. Communication is 
critical to coordinating a child’s care, and the PT often par-
ticipates in case conferences, patient care rounds, and family 
meetings when in an interdisciplinary setting. The therapist 
may need to make referrals to other sources and commu-
nicate with other providers if  practicing in an ambulatory 
or school setting. The PT must manage admission and dis-
charge planning and coordinate this with other professionals 
when necessary. Discharge planning also includes the need 
to communicate a patient’s care and needs among equip-
ment suppliers and community resources. Discharge plan-
ning also requires the therapist and the team to use available 
funding wisely, and to assist the family in procuring charita-
ble funds if  needed. Planning for reentry into the school and 
the community requires ongoing open communication and 

ambulation was compared between RGOs and hip–knee–
ankle–foot orthoses (HKAFOs) for thoracic-level injury, the 
oxygen cost for ambulating with the HKAFOs was higher 
than for the RGOs. However, there was no significant dif-
ference in oxygen cost with a high lumbar–level injury. 
Additionally, velocity of  ambulation was faster for RGOs 
than HKAFOs for thoracic-level patients.39 Again, there was 
no difference in the high lumbar–level patients. In this study, 
seven out of  eight patients preferred RGOs to HKAFOs.39

LOCOMOTOR TRAINING Locomotor training for patients 
with SCI has received significant attention and acceptance 
in the rehabilitation community in recent years. By utiliz-
ing the concept of  activity-based plasticity and automatic-
ity, locomotor training creates a stimulus for the spinal cord 
network below the level of  the lesion to experience repeated 
sensory input with the goal of  generating a learned response 
in spinal cord circuitry to take steps.40–42 The Christopher 
and Dana Reeve Foundation NeuroRecovery Network 
(NRN)43 has led the way for large multisite trials explor-
ing the effects of  locomotor training in persons with SCI, 
and the results thus far have been compelling.43,44 By using 
repeated practice stepping on a treadmill with both body 
weight support and manual facilitation with progression to 
overground training, some persons with SCI have demon-
strated significant changes in functional ability, including 
gait speed and balance.42,44,45 The NRN offers continuing 
education for clinicians interested in learning the param-
eters and techniques of  locomotor training utilized in the 
multisite trial.

FUNCTIONAL ELECTRIC STIMULATION For those children 
and adolescents with SCI resulting in C-4 tetraplegia, active 
functional upper extremity movement is limited to shoul-
der shrug. Assistive technology such as joysticks and head 
arrays assist these patients with communication and mobil-
ity. Options for self-care are limited for those with this level 
of  injury. There are robotic devices, but these are expensive 
and cumbersome. Some patients who have retained shoul-
der retraction may be able to use mobile arm supports; 
however, these have shown little promise for those with cer-
vical injury due to decreased control of  the glenohumeral 
joint.46 Functional electrical stimulation (FES) uses surface 
electrode stimulation to produce functional movement. 
Grasping, wrist flexion, extension, and elbow extension have 
been used with voice activation systems.47 Intramuscular 
stimulation systems have also been used to achieve flexion 
and extension with sip-and-puff-control activators.47 The 
literature also describes a system of  using FES and stimu-
lating hand grasp and release, elbow movement, and arm 
abduction by using proportionally controlled movement of  
the contralateral shoulder with glenohumeral joint stabil-
ity achieved by a suspended sling.47 Researchers at Shriners 
Hospital have shown that the combination of  FES and surgi-
cal reconstruction provided active palmar and lateral grasp 
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pressure relief  maneuvers, and donning/doffing splints 
and equipment begin in the acute phases of  treatment. 
Often, the family members are thankful to be able to start 
doing something for their child. It is important for the cli-
ent and his or her family to receive education about skin 
integrity, autonomic dysreflexia, and stretching multiple 
times over the course of  the admission since these are 
issues that the child will face over his or her lifetime. As 
the child advances through the phases of  rehabilitation, he 
or she and his or her family change from being less active 
participants to becoming more active participants. Families 
must learn and demonstrate all aspects of  patient care, and 
the child needs to learn how to teach others how to care 
for him or her. Caregivers of  children with an SCI often 
need support to prevent “burnout” in these types of  cases. 
The PT may be the health care professional referring the 
caregiver to a support group or mental health professional. 
Some children perform better in physical therapy when 
family members are present, but other children may not. 
In cases when caregivers are asked to step out of  a session 
to enable the child to become a more active participant, the 
therapist will follow up with a brief  education session and 
explain what the child was able to do and what they can 
practice together that night. Children often demonstrate 
increased motivation for their personal exercise programs 
if  there is some sort of  reward associated with it. Parents 
and pediatric psychologists can be extremely useful in help-
ing to determine a plan to increase desirable behaviors and 
active participation by the child to help support his or her 
physical therapy goals.

Discharge Planning

Education of  the child, the parent, and the child’s teacher is 
critical prior to discharge planning. School visits by the team 
may be helpful. Medical issues must be stressed with the 
school, including neurogenic bladder, bowel and skin integ-
rity, autonomic dysreflexia, orthostatic hypotension, and 
thermoregulation.

School Reentry

All children are entitled to a free and appropriate educa-
tion.51 Related services include transportation, devel-
opmental, corrective, and other supportive services to 
assist the child with a disability to benefit from special 
education. Children with SCI and mobility impairments 
may need extra time between classes or the use of  a peer 
buddy system to help them manage their school chal-
lenges. Community resources include counseling, respite 
care, financial support, legal rights, and advocacy. There 
are also national, state, and local government agencies, 
some of  which include the NSCIA, the National Parent 
Network on Disabilities, and the Family Resource Center 
on Disabilities.

coordination of  care (Fig. 8.6). Documentation should fol-
low the American Physical Therapy Association’s Guidelines 
for Physical Therapy Documentation as described in the 
Guide to Physical Therapist Practice. It is imperative for the 
profession as a whole to have a consistent and reliable means 
of  documenting patient status, changes in function, changes 
in interventions, elements of  patient/client management, 
and outcomes of  intervention.

Education

Caregiver instruction is as important when working with 
children as the patient education itself. Caregivers must 
be independent with all aspects of  the home program rec-
ommendations so as to be able to facilitate their child’s 
independence.

The primary focus for all physical therapy intervention 
should be patient and family education. Incorporating the 
family goals, the therapist establishes the plan of  care and 
seeks to educate the child and family according to their 
learning style to help them make progress toward their 
goals, with the ultimate goal being discharge and reinte-
gration into the community. Education begins in the ear-
liest stages of  rehabilitation and includes basic education 
about the client’s diagnosis, the role of  physical therapy, 
the prognosis, the plan of  care, and what is needed for 
the family to help the child achieve his or her goals. Tasks 
such as performing ROM, bed and wheelchair positioning, 

FIGURE 8.6. Therapists can focus their plan of care to assist 
their clients in returning to activities enjoyed prior to their injury.
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Growth Abnormalities

Hip Subluxation
There is a high incidence of  hip subluxation/dislocation in 
children with SCI.55 The rate is significantly higher among 
children with onset of  injury before 10 years of  age.

Scoliosis
The incidence of  progressive paralytic scoliosis subsequent 
to acquired SCI has been reported to range from 46% to 
98% in patients injured before their adolescent growth 
spurt.56 Other studies have revealed that more severe sco-
liosis is related to a younger age at onset of  paralysis. Age 
at injury has been shown to be a critical factor influencing 
the development of  paralytic scoliosis. Some studies have 
shown that early bracing in patients whose curve is less than 
20 degrees may decrease or prevent surgery. Patients whose 
curve ranges from 20 to 40 degrees should undergo a trial of  
bracing with the goal to delay surgery. In patients with large 
curves greater than 41 degrees, the use of  bracing is ineffec-
tive and may actually lead to skin breakdown and hindrance 
of  ADLs.56

Renal Disease
Good bowel and bladder management is important for pre-
vention of  renal disease.57 Urogenic hygiene education is 
very important as well. There are many traditional options 
for handling bowel and bladder incontinence. There is reflex 
voiding and pressure voiding, where voids are timed and 
facilitated manually by increasing external pressure on the 
bladder. Catheterization is another means of  emptying the 
bladder. There are indwelling catheters, but these are not 
without problems. External condom-type catheters and pads 
are also options.

Nurses, physicians, and occupational therapists work 
together to afford children and young adults as much inde-
pendence as possible. Readiness for this includes having 
the necessary cognitive abilities. A child must also have 
the fine motor skills to be able to independently use the 
equipment for self-catheterization. The typical age a child 
begins to understand is around 2 to 3 years. Total inde-
pendence is expected by 5 years of  age whether or not the 
child has SCI.

There are also surgical procedures such as FES and uro-
logic diversion surgeries. The overall goal for these is to 
avoid infection and to use antibiotics sparingly owing to the 
development of  resistant organisms.

The goal for bowel continence is to control constipation, 
be convenient, and allow independence. Diets rich in fiber 
with adequate fluid and exercise are the best way to achieve 
these goals. Training the bowels is done by habitual voids 
(every other day). Digital stimulation and the use of  sup-
positories and enemas can assist with the process. For bowel 
and bladder incontinence, it is important that orthoses do 
not interfere with the ability to self-catheterize. Some brace 

 Illness prevention and wellness

Fitness

It is important for the child with an SCI to remain active 
(Fig. 8.7). Lack of  activity can lead to a child becoming 
overweight, and children with an SCI are at increased risk 
for becoming overweight.52 Aerobic and endurance con-
ditioning should be performed to improve cardiorespira-
tory status. Patients with lower extremity paralysis can 
perform upper extremity activity with ergometers, arm 
bikes, and seated yoga and dance. There are also various 
wheelchair sports such as track and field, basketball, ten-
nis, etc. Studies support that physical training has a posi-
tive influence on respiratory muscle strength and thoracic 
mobility, as well as quality of  life, especially in subjects 
with quadriplegia.53

Circulation

Although deep vein thrombosis and pulmonary embolism 
are rare in children, in order to prevent circulatory problems, 
children with SCI are often placed on prophylactic blood 
anticoagulation agents. Precautions against injury should 
be maintained as these children may be at risk for increased 
bruising.

Dysreflexia/Hyperreflexia

For patients with an SCI above T-6, interventions to prevent 
and monitor for autonomic dysreflexia are extremely impor-
tant. It is important to teach patients who are at risk for auto-
nomic dysreflexia to identify its signs and symptoms as well 
as educate others about its treatment.

Studies show that there is a similar prevalence of  dysre-
flexia in children with pediatric-onset SCI compared with 
adult-onset SCI. Dysreflexia is diagnosed less commonly in 
infants and preschool-aged children, and these two popula-
tions may present with more subtle signs and symptoms.54

FIGURE 8.7. Teens with a spinal cord injury often have to 
problem-solve how to access things that they enjoy.
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 Outcomes

When determining what the appropriate adult outcomes 
are, one must determine what the important milestones 
are in the life of  an adult. In this Anglo-American culture, 
these milestones for young adults include moving away from 
parents, achieving an education or training, obtaining a job, 
becoming financially independent, establishing significant 
relationships, and forming a family.60

Overall, it is a young adult’s goal to keep pace with his 
or her peers and achieve these outcomes at the same rate. 
Other indicators are the ability to move around the com-
munity and integrate within it. Some argue that the mea-
sure of  the means is the individual’s satisfaction and quality 
of  life.

One study that looked at outcomes of  pediatric-onset SCI 
showed that adults with pediatric SCI are not equivalent to 
their peers.61 When compared with the general population 
of  the same age, those with SCI have equivalent education 
levels but demonstrate lower levels of  community involve-
ment, employment, income, independent living, and mar-
riage. They also report lower life satisfaction and perceived 
physical health. Additionally, there are reports that despite 
similar education, there is difficulty for adults with SCI to 
obtain jobs. When they do obtain a job, they are not paid 
similarly to their peers.61 This presents a challenge for health 
care providers to work toward transitioning their patients to 
adult roles.

There is also evidence that adults who were injured as 
children have better outcomes than adults who were injured 
as adults. The assumption is that those who were injured at 
a younger age are enabled to develop the career goals and 
educational preparation that facilitated their entry into the 
adult workforce. The most highly correlated items to a posi-
tive outcome were education, functional independence, and 
decreased number of  medical complications.60,61

Vocational Outcomes

A long-term follow-up study of  adults who sustained SCIs 
as children or adolescents showed that there was a high rate 
of  unemployment as compared with the general popula-
tion. Predictive factors of  unemployment included educa-
tion, community mobility, functional independence, and 
decreased medical complications. The variables that were 
positively associated with employment included community 
integration, independent driving, independent living, and 
higher income and life satisfaction. Although studies have 
identified the importance and positive impact of  returning to 
work after sustaining an SCI, only 38% of  individuals return 
to work after SCI.62 This provides insight into areas to target 
during rehab.60

Refining the vocational rehabilitation process to include 
individual placement and follow-up and increasing the num-
ber of  suitable jobs are ways to improve the employment 
outcomes.63

options allow for abduction to eliminate the need for don-
ning and doffing the braces for catheterization.

Skin Integrity
The importance of  skin inspection and pressure relief  is 
increased in those with decreased sensation. Children can be 
taught to do independent pressure relief, which may include 
wheelchair tilts, sitting push-ups off  the seat, or unweighting 
each side in the wheelchair.

Bone Density
Owing to decreased weight bearing, patients with an SCI are 
at risk for osteoporosis, especially thoracic- and lumbar-level–
injured patients. Patients who have spinal cord neoplasm 
may also suffer from osteopenia owing to their chemother-
apy regimes. Standing programs are the best way to maintain 
strong bones. Care should also be taken when performing 
ROM, positioning, and sometimes transfers and ambula-
tion because of  the potential for fractures due to osteopenia 
and osteoporosis. Additionally, there is some support for the 
improvement in bone density of  children with and without 
disability with the use of  lower extremity cycling with and 
without the use of  electrical stimulation.58

Anticipatory Planning

This intervention involves planning for things that a child 
or adolescent may encounter in life. Often these are normal 
things that are encountered by children and adolescents even 
without an SCI.

Sex Education/Reproduction
Teenagers with SCI often have questions about their fertil-
ity, and they must be educated about this. Boys should learn 
about fertility options. Females should understand that they 
are still able to conceive and bear a child with the proper 
medical care and should understand the implications of  
potential pregnancy. Male fertility significantly decreases 
after SCI owing to the inability to ejaculate and poor sperm 
quality. There are options for those males who want to father 
a child, including intravaginal and intrauterine insemination 
and in vitro fertilization. In a female with an SCI, fertility is 
not affected.59

Higher Education/Job Training
When an adolescent begins to think about his or her life 
goals, there are many things to consider. Attending college 
in a manual chair may not be the best option for a patient, 
even if  the upper extremities are not involved. There is an 
increased risk of  upper extremity dysfunction and overuse 
syndromes with clients who have paraplegia in college and 
the workforce. Additionally, those entering the workforce 
need to understand their rights under the Americans with 
Disabilities Act.
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Research

Although there is no cure at the present time, there is hope 
for the future. There are a number of  experimental thera-
pies in human clinical trials that offer promise for improving 
outcomes in SCI. These include the administration of  thera-
peutic agents such as minocycline, riluzole, and magnesium. 
Also, systemic hypothermia has gained public attention.65 
Similarly, improved knowledge about the neuropathology 
of  transverse myelitis has given physicians clues about what 
medications to administer during certain points of  the cas-
cade of  events. While this is not yet curative, it may help the 
final outcome. It is important to note that most of  these clin-
ical trials are with adults.

One of  the most exciting areas of  research is the use of  
stem cells for spinal cord regeneration in both traumatic 
and atraumatic injuries.66 In motoneuron-injured adult rats, 
stem cells have been shown to not only survive in the mam-
malian spinal cord, but to also send axons through spinal 
cord white matter toward muscle targets.67,68

With the addition of  certain factors and developmental 
cues, Deshpande et al. have shown these axons to not only 
reach their muscle targets, but also to form neuromuscu-
lar junctions and become physiologically active, allowing 
partial recovery from paralysis in adult rats. This ground-
breaking research is the first time scientists have shown 
that stem cell axons can form neuromuscular junctions and 
synapses within a living body’s overall neural circuitry.69 
Further research will continue to expand upon these prin-
ciples with the ultimate goal to one day become a success-
ful treatment for humans with paralysis.66 The complexity 
of  the original nervous system will unlikely be completely 
recreated, but rather the new-growth axons will find their 
way to muscle in a more primitive manner. Therefore, the 
plasticity and self-regulation of  the nervous system will 
likely prune and select advantageous motor pathways that 
will allow for function. This selection process requires 
appropriate external stimulation such as instructed activi-
ties and exercise.70 Physical therapy will play a key role as 
stem cell studies advance toward human trials and will be 
instrumental in this revolution of  knowledge, treatment, 
and possibilities.

S u M M A R y

T his chapter has detailed the examination, interven-
tion, evaluation, prognosis, and care planning for 
children who have acquired an SCI. Specific atten-

tion was given to functional implications in both evaluation 
and treatment. It is important to keep in mind that although 
there are common themes that emerge with all patients, 
each child and family is unique and individual. Keeping a 
family-centered approach to treatment will ensure the most 
optimal outcomes for each and every child.

Psychological Outcomes

Patients with SCI often experience frustration, loss, and 
depression. This is especially important to remember with 
children with SCI because they are in the midst of  develop-
ing their personality. Adolescent control, anger, fear, and loss 
of  dignity all contribute to psychological implications for the 
child with an SCI.64

Life Satisfaction Outcomes

In a study of  long-term outcomes and life satisfaction of  
adults who had pediatric SCIs, life satisfaction was associ-
ated with education, income satisfaction with employment, 
and social and recreational opportunities. Life satisfaction 
was inversely associated with some medical complications. 
Life satisfaction was not significantly associated with level of  
injury, age at injury, or duration of  injury.64

 Future directions

Prevention

There is currently no cure for SCI, traumatic or atraumatic. 
Prevention and public awareness are clearly the best means 
to avoid the lifelong disability associated with SCI. Many 
accidents involving SCI can be avoided with knowledge and 
education. Along with car seat guidelines for infants and tod-
dlers, the National Highway Traffic Safety Administration 
(NHTSA) recommends that children from ages 4 to 8 and 
under 57 inches tall be placed in a booster seat until they can 
be properly positioned with a passenger seat belt. The shoul-
der harness and lap belt together provide the safest protec-
tion for passengers and have decreased the incidence of  SCI 
caused by lap belt alone. Other prevention measures include 
protective gear in sports and the prohibition of  certain full-
contact maneuvers such as “spearing” that carry more risk 
for SCI. Fall prevention for children can include window and 
stair guards as well as avoidance of  wheeled baby walkers 
and trampolines. Violence prevention has taken on many 
forms in public education as well as legislation on both the 
community and federal levels. Education about prevention 
can be found extensively on the Internet and can be focused 
toward children, teenagers, parents, or teachers. Vehicle 
safety, water and diving safety, bike safety, playground and 
sports safety, and gun safety play a large role in avoiding 
injury (Display 8.11).

www.thinkfirst.org

www.safekids.org

www.nhtsa.dot.gov

Prevention Websites

DISPLAY 

8.11

http://www.thinkfirst.org
http://www.safekids.org
http://www.nhtsa.dot.gov
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As the weeks went on, Mark began to experience neurologic 
recovery, and it was crucial to reexamine and reevaluate and 
 adjust goals and interventions as necessary. A time line is pro-
vided below to illustrate the highlights of his medical and physi-
cal therapy course in rehabilitation:

September: Onset of illness, full quadriplegia, and vent depen-
dency in first 24 hours

October: Interventions as above; began standing program 
 using a tilt table, sitting edge of mat with maximal assistance; 
 development of grip on right upper extremity, development of 
increased tone (modified Ashworth scale 2 to 3) throughout 
all extremities

November: Began stand-pivot transfers; developed gross 
 flexion/extension of right leg, minimal right elbow flexion 
 (brachialis) and bilateral elbow extension

December: Began ambulation training in partial weight-bearing 
walker (knee immobilizer and molded ankle–foot orthosis on left 
lower extremity); developed right biceps strength; started wean-
ing from the ventilator; received power wheelchair for mobility

January: Began walking with platform rolling walker, rolling supine 
to prone independently; moved left leg for first time (knee flex-
ion/extension, great toe extension); tracheostomy capped during 
the day and bilevel positive airway pressure (BiPAP) at night

February: Decannulated with no external support and was trans-
ferred from the respiratory rehab service to the neurorehab 
service to achieve new goals of increasing independence with 
transfers and ambulation

March: Started performing bed mobility, sit to stand, and trans-
fer board transfers with supervision only; ambulating with 
walker and no bracing and supervision only; starting to propel 
manual wheelchair with minimal assistance; received Botox 
injections to bilateral adductors and left hamstrings

April: Ambulating with forearm crutches; stood with quad cane 
for 30 seconds; moved left ankle for first time; discharged 
from inpatient setting to outpatient therapies

Currently: Primary power wheelchair user in community; uses 
walker at home and for short distances; Mark is now work-
ing toward long-term goal of independent ambulation in the 
community

Owing to Mark’s unexpected but definite neurologic recovery, 
it was crucial to constantly reexamine and reassess his goals and 
interventions. It was also important to communicate his changes 
with the family and the team and to advocate for more time in 
intensive rehab. Finally, it became very important to Mark, his 
mom, and the team to return Mark to home and school before the 
end of the school year to get assimilated back into the commu-
nity and to re-form peer relationships before the summer, when 
he would have a bigger chance of isolation.

A constant theme during his physical therapy course in-
cluded the constant reexamination of strength in upper and 
lower extremities and the neck and trunk. This also required 
careful assessment and a good working knowledge of Mark’s 
fluctuating spasticity and subsequent communication with the 

CASE STUDIES

CASE STUDY 1 Mark is a 15-year-old boy who developed 
transverse myelitis of his cervical spine (C-2 to C-5) with full 
quadriplegia and ventilator dependency within the first 24 hours. 
Over the course of the first month of hospitalization, Mark made 
very little recovery and could only demonstrate trace to poor 
movement in the right wrist and right ankle. He was transferred to 
an inpatient respiratory rehabilitation unit with the goal of providing 
family education for a safe discharge home. Prior to his illness, he 
lived alone with his mother in a two-story condominium. His father 
recently died from cancer and there was no other family nearby 
to provide support. Mark was an honor student and wanted to 
become a pilot for the U.S. Air Force. His past medical history was 
significant for depression.

Examination
Mark initially presented with 0/5 strength throughout except mini-
mal right ankle dorsiflexion and minimal right wrist extension. 
Sensation was absent from the neck down, and he was dependent 
for all mobility. He was unable to tolerate sitting out of bed in a 
chair owing to anxiety and discomfort, and was unable to hold up 
his head. His tone was flaccid from the neck down and ROM was 
within normal limits throughout. He was dependent on a ventila-
tor for all breathing, and he was unable to produce a cough.

Evaluation
Mark presented with the following problems: decreased strength, 
decreased mobility, decreased airway clearance, and respiratory 
insufficiency. In addition, he had immense needs for caregiver 
education. His initial goals for physical therapy included tolerat-
ing out of bed in a wheelchair for 8 hours to prepare for return 
to school, power mobility on level surfaces with supervision, and 
caregiver education regarding all aspects of dependent care.

Physical Therapy Diagnosis
Impaired strength and decreased functional mobility due to 
transverse myelitis.

Physical Therapy Prognosis
Good potential to achieve the above goals with caregiver assis-
tance. Ambulation not likely due to medical prognostic factors 
of quick speed and severity of onset, slow rate of neurologic re-
covery, and complicating factors such as ventilator dependency. 
Mark did have good potential to use a power wheelchair with a 
head array or sip-and-puff mechanism in the community.

Physical Therapy Interventions and Reexamination
Interventions were initially aimed at maintaining ROM and skin 
integrity through positioning, pressure relief, and family edu-
cation. Out-of-bed tolerance was increased with the use of a 
tilt-in-space wheelchair with elevating leg rests, an abdominal 
binder, and compression stockings to provide vascular support. 
Strengthening of available muscle groups was performed using 
traditional therapeutic exercises as well as biofeedback and neu-
romuscular electric stimulation (NMES).
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medical team who adjusted his antispasticity medication. Inter-
ventions were progressed to work on Mark’s current strengths 
and to challenge his weaknesses. Gait training and orthotic and 
assistive device assessment was also everchanging and con-
stant, and a variety of bracing options were tried to correct his 
left knee. Mark was able to flex and extend his left hip and knee, 
but he felt unstable in late stance. An articulating ankle–foot 
orthosis (AFO) did not achieve the stability he needed, so he 
trialed a stance-control knee–ankle–foot orthosis on loan from 
a local vendor. He had difficulty making the mechanism work 
properly for him, so he continued on with the current program 
and continued to use only an articulating AFO on his left ankle. 
Another constant theme in his physical therapy course was the 
consideration of the disablement model (Display 8.12).71 While 
addressing Mark’s impairments and functional limitations was 
critical in the achievement of his goals, considering the impact of 
disability and handicap in his life was also very important to him. 
Physical therapy played a definite role in assisting Mark and his 
mother to become advocates for themselves, both to his school 
and to the community.

Currently, 18 months after his initial diagnosis, Mark remains a 
primary power wheelchair user in the community and uses a walker 
at home and for short distances. He is now working toward his 
long-term goal of independent ambulation in the community and 
is beginning to take independent steps with a quad cane. Socially, 
he is active in extracurricular activities and is on the honor role at 
his school. He currently works for an airplane museum, where he 
is able to enjoy his love of aviation. He continues to work hard and 
is looking forward to attending college for technical engineering.

This case is an example of the vast diversity PTs encounter in 
patient populations. Although all factors indicated a poor outcome, 
Mark’s immense determination and constant hard work helped 
him to achieve goals no one dreamed possible. PTs have an awe-
some responsibility to balance being realistic about expected out-
comes while also challenging their patients to achieve their fullest 
potential. Working together as a team with patients and families, 
amazing and life-changing things can be accomplished.

CASE STUDY 2 Keith is an 11-year-old boy who was 
involved in a motor vehicle accident. He was an unrestrained 
rear-seat passenger and was ejected from the car when it 
struck a tree. He had loss of consciousness and was intubated 
at the scene. In the emergency room, he was noted to have no 
movement in both lower extremities, and computed tomography 
revealed a T-6 fracture with spinal cord infarct. Other injuries 
included left epidural hematoma, occipital fracture, bilateral 
pulmonary contusions, and right iliac fracture with retroperitoneal 
hematoma. During this time, he received acute-care physical 
therapy to address ROM, positioning, elevating the head of 
the bed to increase upright tolerance, and caregiver education. 
Once Keith was extubated and stabilized, he was admitted to 
an inpatient rehabilitation program. Socially, he lived with his 
mother and two younger siblings in a two-story house with his 
bedroom and bathroom on the second floor and two steps to 
enter. His father was the driver of the vehicle, and his parents 
were in the process of a divorce. He attended the local public 
school and was extremely involved in athletics.

Examination
Keith presented with 4 6 5 strength above the level of T-6 and 0/5 
strength and no sensation below that level. He was wearing a tho-
racic–lumbar–sacral orthosis (TLSO) for fracture stabilization and 
was not yet cleared for lower extremity weight bearing. His tone 
was grossly 2 on the modified Ashworth scale throughout his lower 
extremities, with three beats of clonus in each ankle and occasional 
flexor spasms in his left lower extremity when touched. His passive 
ROM was within normal limits throughout, with bilateral straight 
leg raise to 90 degrees. He was able to roll with minimal to moder-
ate assistance using bed rails and transferred wheelchair to a level 
surface with a transfer board, push-up blocks, and moderate as-
sistance. He required minimal assistance to sit upright and moder-
ate assistance to reach outside his base of support.

Evaluation
Keith presented with decreased strength, decreased endur-
ance, decreased flexibility, decreased bed mobility, decreased 

The World Health Organization describes health and func-
tioning using the International Classification of Functioning, 
Disability, and Health (ICF).71 The ICF incorporates body, in-
dividual, and societal perspectives of function and shifts the 
focus from disability to positive capabilities. It integrates the 
interplay of health condition, body structures/functions (im-
pairments), activities (abilities and limitations), participation 
(abilities and restrictions), and also considers the positive 
and negative influences a person’s internal and external en-
vironment may have on their overall functioning. Evaluating 
and integrating all of these factors help to create patient and 
family-centered goals and identify areas of prioritization.

For patients with spinal cord injury, the health condition 
includes the original pathology discussed in this chapter and 
is useful during examination, evaluation, and determining 
goals for treatment. Most often physical therapy interven-
tions are aimed at impairments and activity limitations, but 
a truly holistic approach considers the participation and 
environmental factors as well. While improving impairments 
and activity limitations were important to help Keith become 
more independent, becoming involved in an activity such as 
sled hockey helped him to overcome some of the participa-
tion restrictions that he faced. Giving him and his mom the 
tools and community resources to start a team in their area 
taught them valuable lessons in advocacy that they can con-
tinue to use throughout their lifetime. For Mark, finding ways 
to contribute to society was a primary goal for him. Inde-
pendence in power mobility was the first step that physical 
therapy could help him with, and accessing favorite activities 
in the environment is an ongoing collaborative effort. Con-
sidering all aspects of the ICF model will enable the physical 
therapist to ensure best practice and family-centered care.

using the ICF Framework for Patients 
with Spinal Cord Injury

DISPLAY 

8.12



  CHAPTER 8    TraumaTic aND aTraumaTic spiNal corD iNjuries iN peDiaTrics 347

transfers, decreased functional mobility, and need for family edu-
cation. Goals established at that time to be achieved during the 
inpatient rehabilitation admission included:

 1. Roll independently supine to prone without a bed rail
 2. Side-lying to sit with minimal assistance for lower 

extremities only
 3. Transfer to level surfaces with a transfer board and contact 

guard assistance
 4. Transfer to uneven surfaces with a transfer board and 

minimal assistance of one
 5. Transfer floor-to-wheelchair with assistance only for lower 

extremities
 6. Stand in parallel bars with bracing as needed and contact 

guard for 5 minutes with vital signs stable
 7. Ambulate 25 feet with a walker and bracing as needed and 

contact guard assistance
 8. Independent wheelchair mobility on level surfaces for 3000 

feet without fatigue
 9. Ascend and descend a 2-inch curb in his wheelchair with a 

spotter
 10. Independence with wheelchair push-ups for pressure relief 

every 30 minutes
 11. Patient independent with self-ROM
 12. Caregiver independent with passive ROM, knowledge of skin 

checks, safeguarding for all levels of functional mobility, and 
all adaptive equipment management

Physical Therapy Diagnosis
Decreased strength and functional mobility due to ASIA A T-5 SCI.

Physical Therapy Prognosis
Excellent potential to achieve above goals due to current physical 
status, motivation, and family support. On the basis of the evi-
dence, Keith has the potential to ambulate household distances 
with bracing and an assistive device but will most likely be a pri-
mary wheelchair user in community.

Interventions
INCREASING UPRIGHT TOLERANCE
Utilized compression stockings, abdominal binder to help pre-
vent orthostatic hypotension. Increased time out of bed in wheel-
chair and on tilt table using knee immobilizers and solid AFOs for 
stability in the weight-bearing position.

INCREASING STRENGTH
Worked with interdisciplinary team on increasing arm strength 
throughout the day. Activities included progressive resistive exer-
cises, trunk strengthening, and upper extremity dynamic activities.

INCREASING FLEXIBILITY
Performed ROM and stretching exercises to the lower extremi-
ties, which were carried out by family members as a bedside ex-
ercise program under the supervision of nursing staff. Keith was 
eventually taught to perform self-ROM. Special care was taken to 
allow enough hamstring flexibility to allow future floor-to-chair 
transfers and to maintain length in hip flexors and heel cords to 
allow for standing and assistive ambulation.

INCREASING BALANCE
Keith initially worked on improving sitting balance and reaching 
outside his base of support with his TLSO, but later learned to 
sit without the TLSO when it was discontinued owing to fracture 
stability and healing.

INCREASING ENDURANCE
Worked on increasing periods of aerobic activity, including 
 dynamic activities, wheelchair propulsion, and recreational 
 activities, which will be described later.

MAINTAINING SKIN INTEGRITY
Keith was instructed in performing wheelchair push-ups to 
provide adequate pressure relief. He was also instructed in per-
forming daily skin checks to all insensate areas. He maintained 
a positioning program in bed and used a gel cushion on his 
wheelchair.

IMPROVING BED MOBILITY AND TRANSFERS
Keith was instructed in the head–hips relationship and was 
taught how to move his body without creating shear forces along 
his bottom. He initially used a transfer board to perform trans-
fers, but eventually was able to transfer with no equipment and 
use a transfer board only for car transfers. He was also trained in 
techniques for floor-to-chair transfers, scooting along the floor, 
and bumping up and down steps.

AMBULATION
Keith initially began standing in the parallel bars using knee im-
mobilizers, temporary solid ankle orthoses, and his TLSO. He 
attempted to learn how to hang on his Y ligaments, but this 
was very difficult with the TLSO. Once the TLSO was no longer 
necessary for fracture stabilization, Keith was able to align and 
position himself in a standing position in the parallel bars. He 
was extremely motivated to walk using any assistive device or 
bracing necessary despite the knowledge of its difficulties. He 
started with a pair of RGOs, and after much practice preferred to 
swing through rather than utilize the reciprocating mechanism, 
which he thought was slower and made him feel more fatigued. 
He was ordered and received a pair of lightweight single upright 
THKAFOs (trunk–hip–knee–ankle–foot orthoses) and was trained 
in donning, doffing, and ambulation.

IMPROVING WHEELCHAIR SKILLS
Keith was trained in propulsion, wheelies, ascending and de-
scending curbs and ramps, and wheelchair recoveries. He was 
also trained in basic wheelchair maintenance.

EQUIPMENT
Keith received multipodus boots to wear in bed, molded AFOs to 
wear while in his wheelchair, THKAFOs for standing and walking, 
forearm crutches, a rigid-frame wheelchair, a transfer board, a 
commode, and bath equipment.

FAMILY EDUCATION
Keith’s mother was trained and independent with safeguarding 
for all levels of functional mobility, all adaptive equipment man-
agement, and coaching Keith with his home exercise program. 
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Keith was independent in pressure reliefs, skin checks, his home 
exercise program, and training others how to safely assist him 
when needed. With the aid of the interdisciplinary team, Keith 
and his family were provided with basic knowledge of SCI in gen-
eral and living with a disability.

Reexamination
Keith was reexamined during several points of his admission, 
but most notably when he had a change in medical status. Once 
his spinal fractures were adequately healed and he no longer 
required the use of the TLSO for fracture stabilization, Keith’s 
entire center of gravity changed, and he needed to learn to use 
his body in a different way. He was also fully reexamined at the 
time of discharge from the inpatient setting, and he still had sev-
eral physical therapy needs that were to be taken care of on an 
outpatient basis.

The Interdisciplinary Team
As is the case with most inpatient rehabilitation settings, Keith 
had a full team of professionals working closely on his case to 
achieve his family goal of safe discharge back to home. Although 
various disciplines have specific roles in caring for a child with 
an SCI, the team must communicate and work closely together. 
There is often overlap between professionals, and all team mem-
bers should carry over the teaching of others to provide optimal 
family-centered care. Keith had a rehabilitation doctor overseeing 
his medical course with consulting medical services as needed 
such as orthopedics and urology. He also had nurses who pri-
marily focused on skin, education, bowel and bladder program, 
and carrying over day-to-day skills such as ADLs and transfers. 
Psychosocial support came from a psychologist, child life staff, 
social worker, and the hospital chaplain. Educational needs 
were covered by the education coordinator, teacher, and neu-
ropsychologist. He received speech therapy initially to work on 
increasing speaking volume and intensive occupational therapy 
to achieve goals of independence in ADLs. Physical therapy, oc-
cupational therapy, and nursing worked closely together so that 
Keith had the opportunity to practice new skills in a variety of 
environments. Together, the team, Keith, and his mother were 
able to achieve his family goal of successful reintegration back to 
home, school, and the community.

Discharge Planning
In order to ensure successful reintegration back to home, school, 
and the community, discharge planning began from the first day 
of admission. His family learning styles and needs were assessed 
and barriers to successful reintegration into the world were iden-
tified. First, owing to Keith’s mild traumatic brain injury, he was 
fully assessed by the hospital education staff and neuropsycholo-
gist to identify any new cognitive or learning needs upon return to 
school. Several meetings were set up with the staff at his school 
to problem-solve and determine an appropriate educational plan 
and to remove any physical barriers. To prepare Keith to go home, 
the physical and occupational therapists performed a home eval-
uation with both Keith and his mother present. Measurements 
were taken and the basic layout was assessed in order to make 
appropriate home modification recommendations, but Keith 

and his mom also had the opportunity to practice transfers and 
 mobility under the direction of the therapists. The therapists were 
then able to identify any new physical or occupational needs and 
what still required more practice in the hospital environment prior 
to discharge home. Child life and psychology were instrumental 
in working with Keith’s psychosocial issues regarding transition 
back into the community, but physical therapy played a large role 
in helping Keith to identify what types of leisure activities he may 
enjoy. Previously an athlete, Keith was very interested in pursu-
ing adaptive sports, including wheelchair basketball. Physical 
therapy introduced him to the idea of sled hockey, and Keith soon 
found it to be his favorite activity. The therapist had a loaner roller 
sled for Keith to try out while still an inpatient and helped him and 
his mom connect with community resources so that he could join 
a team upon discharge. Keith was thrilled at the idea of playing 
sports again, making contacts with peers and adult athletes with 
SCIs, and stated that his new goal was to play sled hockey for the 
U.S. Paralympic team. This illustrates the importance of consid-
ering the entire disablement spectrum in order to treat patients 
holistically. Follow-up services were established, and Keith had 
a series of scheduled appointments with physicians trained to 
follow the needs of a person with SCI through the life span. Keith 
and his mom were given the tools needed to be advocates for 
themselves in both the health care and school systems as well as 
community resources to provide help along the way.

The Continuum of Care
Keith was recommended to be followed by outpatient physical 
therapy closer to his home to continue work on progressing 
wheelchair and ambulation skills to achieve his ultimate long-
term goal of becoming as independent as possible. A recent 
study noted that patients with SCI who achieve a higher level of 
independence have improved quality of life and smoother tran-
sition to adulthood.72 Keith may present with new pathologies, 
impairments, functional limitations, or disabilities as he grows 
and develops throughout his lifetime and may require future epi-
sodes of care from a PT. Emphasis should be placed on resolving 
those new problems and returning the patient to self-sufficiency, 
wellness, and a healthy lifestyle (Fig. 8.8).

FIGURE 8.8. Adaptive sports such as sled hockey can help 
fulfill a child’s need for peer interaction and participation in the 
community.
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 Introduction

Children with neuromuscular disorders have a lifelong chal-
lenge to maintain function. That challenge can be met with 
the help of  a knowledgeable physical therapist. In this chap-
ter, the term neuromuscular disease refers to disorders whose 
primary pathology affects any part of  the motor unit from 
the anterior horn cell out to the muscle itself. Common to 
all of  these disorders is muscle weakness, which may be pro-
duced by pathology at any part of  the motor unit. When 
characterizing neuromuscular disorders and their pathology, 
it is convenient to consider the various anatomic divisions of  
this motor unit: the anterior horn cell, the peripheral nerve, 
the neuromuscular junction, and the muscle.

Neuromuscular diseases of  the muscle may be either hered-
itary or acquired and are variously classified as a myopathy or 
dystrophy, in which the cause of  the muscle weakness is attrib-
utable to pathology confined to the muscle itself. Similarly, 
neuropathy, in which the muscle weakness is secondary to 
an abnormality of  either the anterior horn cell or peripheral 
nerve, can be characterized based on a particular disorder’s 
primary impairment of  either the axon or axonal myelination.

The term muscular dystrophy describes a group of  
muscle diseases that are genetically determined and have 
a steadily progressive degenerative course and character-
istic degenerative features on microscopic examination 

of  the muscle. Further classification of  the muscular dys-
trophies is based on their clinical presentation, including 
the distribution of  weakness, mode of  inheritance, and 
pathologic findings. In the past two decades, much has 
been discovered in the area of  molecular biology to help 
us better understand and classify the childhood muscular 
dystrophies. After the cloning of  the gene for Duchenne 
muscular dystrophy (DMD) in 1987,1,2 we have learned 
more about the relationship between the different dystro-
phies and how they relate to the dystrophin–glycoprotein 
complex (DGC), found within the muscle cell membrane 
(Fig. 9.1). The DGC is a group of  proteins that links the 
subsarcolemmal cytoskeleton and extracellular matrix 
with the contractile apparatus of  the muscle and gives 
stability to the muscle cell membrane.3 When different 
proteins in the DGC are deficient or made incorrectly, 
structural abnormalities in the muscle can be identified 
and different corresponding muscular dystrophies become 
phenotypically apparent. For example, when dystrophin is 
deficient, the result is Duchenne or Becker muscular dys-
trophy (BMD). When one of  the sarcoglycan proteins is 
deficient, other limb- girdle muscular dystrophies (LGMDs) 
result. A deficiency of  Merosin results in one specific type 
of  congenital muscular dystrophy (CMD).

Some of  the above dystrophies are categorized by the defi-
ciency of  proteins which characterize and often name the 
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deformity in patients with DMD are also applicable to other 
neuromuscular diseases that present with similar symptoms 
and complications with the exception of  strengthening strat-
egies. Knowledge of  the various disorders will allow appro-
priate decisions to be made about the suitability and timing 
of  various physical therapy interventions. Other neuromus-
cular diseases that are reviewed in this chapter include BMD, 
myotonic dystrophy (MTD), LGMD, congenital myopathy, 
CMD, SMA, and CMT disease.

 Duchenne muscular dystrophy

DMD, also known as pseudohypertrophic muscular dystrophy 
or progressive muscular dystrophy, is one of  the most preva-
lent and severely disabling of  the childhood neuromusclu-
lar disorders, occurring in approximately 1 in 3500 live male 
births.2 It is a dystrophinopathy in which the child becomes 
weaker and usually dies of  respiratory insufficiency and/or 
heart failure due to myocardial involvement in the second 
or third decade of  life.5 There is an X-linked inheritance pat-
tern to DMD whereby male offspring inherit the disease from 
their mothers, who are most often asymptomatic. Advances 
in molecular biology has shown the defect to be a mutation at 
Xp21 in the gene coding for the protein dystrophin.1,6

Diagnosis

The clinical presentation gives the first clues to the diagno-
sis, which is confirmed by the results of  laboratory studies. 

corresponding disorder. DMD and BMD are also known as 
dystrophinopathies because dystrophin is deficient in these con-
ditions. Some of  the LGMDs are also known as sarcoglycanop-
athies because one of  the sarcoglycan proteins is deficient in 
these conditions. Similarly Merosin negative congenital mus-
cular dystrophy is the result of  a deficiency of  Merosin.

The term spinal muscular atrophy (SMA) refers to neuro-
genic disorders whose underlying pathology affects sensory 
neurons and spinal interneurons and as a result the anterior 
horn cell,3a,3b,4 as in the spinal muscular atrophies. The term 
motor neuropathy refers to neurogenic disorders whose under-
lying pathology affects the peripheral nerve, as in Charcot–
Marie–Tooth (CMT) disease. Further classification of  CMT 
is based on clinical presentation and mode of  inheritance.

The neuromuscular disorders vary significantly in their 
presentation, pathology, and progression but are linked with 
regard to physical therapy intervention by their common char-
acteristic of  muscle weakness leading to loss of  function and 
physical deformity. A physical therapist with an understanding 
of  these disorders can help identify, predict, intervene, and pos-
sibly prevent unnecessary complications throughout the course 
of  each disorder. The purpose of  this chapter is to provide an 
overview of  select neuromuscular diseases, including clinical 
presentation, pathology, diagnosis, disease progression, medical 
treatment, and physical therapy intervention.

Because Duchenne muscular dystrophy (DMD) is one 
of  the most common and best known of  the dystrophies 
affecting children, much of  this chapter is devoted to a dis-
cussion of  this disorder. Physical therapy interventions and 
principles that apply to the management of  weakness and 

FIGURE 9.1 Muscle cell membrane and associated protein complexes implicated in muscle disease.
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Pathophysiology

The absence of  dystrophin leads to a reduction in all of  the 
dystrophin-associated proteins in the muscle cell membrane 
and causes a disruption in the linkage between the subsarco-
lemmal cytoskeleton and the extracellular matrix. The exact 
cause of  muscle cell necrosis is unknown. However, lack of  
dystrophin is thought to cause sarcolemmal instability and 
an increase susceptibility to membrane microtears, which 
may be exacerbated by muscle contractions. This causes 
increased calcium channel leaks, and an increase in reactive 
oxygen species. The increase in reactive oxygen species is 
activated through a pathway driven by mechanotransduc-
tion by the microtubule cytoskeleton of  the cell. The activa-
tion of  this signaling pathway results from membrane stress 
and ultimately impacts calcium signaling and results in an 
increase in which raises intracellular calcium levels, leading 
to muscle cell necrosis.2,11

The following describes the clinical features of  DMD. 
BMD also follows a similar pattern of  muscle degeneration, 
but at a much slower and variable rate.

Clinical Presentation and Progression

The onset of  the disorder is insidious, usually resulting in 
symptoms between 2 and 5 years of  age; however, symp-
toms may not be noticed for months or years, and the dis-
ease may be misdiagnosed for years.7

Earliest symptoms may include a reluctance to walk or 
run at appropriate ages, falling, and difficulty getting up off 
the floor, toe-walking, clumsiness, and an increase in the 
size of  the gastrocnemius muscles. This “pseudohypertro-
phy,” is marked by a firm consistency of  the muscle when 
palpated (Fig. 9.4).

Laboratory findings include an abnormally high serum cre-
atine kinase (CK) level, which is 50 to 200 times the nor-
mal level7 and usually ranges from 15,000 to 35,000 IU/L 
(normal less than 160 IU/L).8 Electromyogram (EMG) 
findings show nonspecific myopathic features with normal 
motor and sensory nerve velocities and no denervation. A 
muscle biopsy may be performed to confirm the diagnosis 
and shows degenerating and regenerating fibers, inflamma-
tory infiltrates, and increased connective tissue and adipose 
cells (Fig. 9.2), which can be seen when compared to nor-
mal muscle (Fig. 9.3). Immunohistologic staining of  the tis-
sue reveals the absence of  dystrophin along the muscle cell 
membranes.9

Advances in genetic testing have allowed diagnosis by 
the type of  mutation present in DMD and BMD. With the 
decrease in the cost of  genetic analysis, this is often the first 
line of  testing when the phenotypic presentation and high 
CK is consistent with that of  DMD or BMD. Approximately 
65% of  patients with DMD and BMD have gross deletions 
of  the dystrophin gene, which results in either the complete 
absence of  dystrophin in DMD or some levels of  truncated 
protein in BMD.10 One-third of  DMD cases are caused by 
very small point mutations that are not detectable by the 
first line genetic analysis techniques and a two-step process 
is needed first evaluating for the presence of  gross deletion 
and following up with a more sensitive test to determine 
the presence of  point mutations or other genetic rearrange-
ments.10 There is also a high frequency of  new mutations 
occurring in approximately one-third of  the cases of  DMD, 
which may in part be secondary to the very large size of  the 
dystrophin gene.2 With the availability of  genetic analysis, 
all male family members may be screened for the disorder 
and all female family members may be screened for their 
carrier status once a mutation is identified in the proband.

FIGURE 9.2 Dystrophic changes include a marked variability in 
fiber size; dark, “opaque” fibers (arrow); and abnormal quantities 
of fibrous connective tissue (C). (Trichrome, ×300) (From Maloney 
FP, Burks JS, Ringel SP, eds. Interdisciplinary Rehabilitation 
of Muscular Dystrophy and Neuromuscular Disorders. 
Philadelphia, PA: J.B. Lippincott; 1984:203.)

FIGURE 9.3 Normal adult muscle. Muscle fibers are cut in a 
plane transverse to their long axis and appear to have polygonal 
tightly packed appearance. One or more darkly stained nuclei are 
seen at the edge of most fibers. (Trichrome, ×300) (From Maloney 
FP, Burks JS, Ringel SP, eds. Interdisciplinary Rehabilitation 
of Multiple Sclerosis and Neuromuscular Disorders. 
Philadelphia, PA: J.B. Lippincott; 1984:202.)
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maximum stability at both joints. The child attempts to 
broaden the base of  support during walking and thus devel-
ops a gait that resembles waddling. The child may develop 
iliotibial band (ITB) contractures, which are made worse 
by this wide-based stance. As the weakness progresses, the 
child rises from the floor by “climbing up the legs.” This 
maneuver, known as Gowers sign, is indicative of  proximal 
muscle weakness (Fig. 9.6).

As the disease progresses, there is a tendency to develop 
contractures. These contractures typically result in 

The weakness is steadily progressive with proximal mus-
cles tending to be weaker earlier in the course of  the illness 
and to progress faster (Fig. 9.5). Weakness of  the hip and 
knee extensors often results in an exaggerated lumbar lor-
dosis that is characteristic of  the early stages of  disease. The 
lordosis occurs in response to the attempt to align the center 
of  gravity anterior to the fulcrum of  the knee joint and pos-
terior to the fulcrum of  the hip joint. This realignment gives 

FIGURE 9.4 Ten-year-old with Duchenne dystrophy. 
Pseudohypertrophy of the calf.

FIGURE 9.5 The lines represent the 50th percentiles for the strength of 
individual muscles plotted against age. AD, ankle dorsiflexor; AE, ankle evertor; 
AI, ankle invertor; EE, elbow extensor; EF, elbow flexor; HA, hip abductor; HE, hip 
extensor; HF, hip flexor; KE, knee extensor; KF, knee flexor; NE, neck extensor; 
NF, neck flexor; PF, plantarflexor; SA, shoulder abductor; SR, shoulder external 
rotator; TA, thumb abductor; WE, wrist extensor; WF, wrist flexor. (Courtesy of 
the Collaborative Investigation of Duchenne Dystrophy [CIDD] Group).

FIGURE 9.6 Gower’s sign. This series of maneuvers is neces-
sary to achieve an upright posture, and it occurs with all types of 
pelvic and trunk weakness. The child “climbs up the legs” when 
rising from the floor. (From Lovell WW, Winter RB, eds. Pediatric 
Orthopaedics. 2nd ed. Philadelphia, PA: J.B. Lippincott; 
1986:265.)
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ambulation and patients find it difficult to achieve the mechan-
ical alignment necessary to hold themselves in an upright pos-
ture using their weak musculature. As these boys spend more 
time sitting, an increasing degree of  contracture is seen at the 
hips and knees, and upper extremity contractures begin to 
 develop in the elbows, shoulders and long finger flexors.

Functional activities may be performed more slowly by 
children with DMD than by typically developing children, 
but most of  those affected are able to walk, climb stairs 
(Fig. 9.7), and stand up from the floor without too much dif-
ficulty until 6 or 7 years of  age. At this time, a relatively rapid 
decline in function has been documented, which generally 
results in a loss of  unassisted ambulation at 9 to 10 years of  
age. By convention for a child to fit the DMD categorization 
of  a dystrophinopathy, loss of  ambulation should be by the 
age of  13 after which the patient would be considered to 
have either BMD or an intermediate phenotype. Some chil-
dren will choose to use long-leg braces and continue to walk 
as an exercise ambulator for an additional year or so but will 
need help getting to and from standing.12 A partial weight-
bearing walker may also be used at this stage. A graphic 
representation of  the ages at which the children have increas-
ing difficulty with various functional activities is presented 
in Figure 9.8. These functional activities are considered to 
be “milestones” and represent significant points in disease 
progression. The arm grades awarded were developed by 
Brooke and associates12 (Table 9.1), whereas the leg grades 
are based on a scale proposed by Vignos et al. (Table 9.2).13

As is demonstrated by the range and distribution of  per-
centiles in Figure 9.8, the clinical course of  disease progres-
sion in individual children is not homogeneous.

plantarflexion at the ankle, with inversion of  the foot being 
the earliest contractures to develop and flexion at both the 
hips and knees typically becoming more noticeable with the 
onset of  wheelchair dependence.

This early loss of  range of  motion (ROM), noted in the 
hamstrings, hip flexors, ITBs, and heel cords, limits stance and 

FIGURE 9.7 Ten-year-old with SMA type III. Notice the use of 
the upper extremities to assist climbing the steps. This posture or 
use of a hand to extend the knee are the two most typical patterns 
noted with proximal weakness.

FIGURE 9.8 Graphic representation of the ages (expressed as percentiles) at which 
children with DMD have increasing difficulty with functional tasks. (Courtesy of the 
Collaborative Investigation of Duchenne Dystrophy [CIDD] Group.)

Stand From Lying > 4 sec
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Ceases to Go 30’
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dystrophinopathy when describing the population of  boys 
who, when compared with the DMD population’s usual 
pattern of  disease progression, fall outside the usual limits. 
These outliers by convention are classified by the fact that 
they retain the ability to ambulate until age 13 but lose this 
ability by 16 years of  age.2 Antigravity neck flexion is also 
relatively preserved early on in the disease process in these 
patients2 as well as in BMD while one of  the earliest signs of  
weakness in the untreated DMD population is neck flexor 
weakness. Investigators are studying genetic heterogeneity 
with regard to DNA mutations and the resulting dystrophin 
expression in an attempt to better understand the varying 
levels of  clinical severity associated with DMD.14,15

Scoliosis
Scoliosis develops as the age of  the untreated child with 
DMD increases; signif icant curves are generally not 
noticed until wheelchair independence after 11 years of  
age.16 This scoliosis tends to progress as the back muscles 
become weaker and as the child spends less time standing 
and more time sitting, resulting in a positional scoliosis, 
which, over time, becomes fixed. Treatment with cortico-
steroids decreases the likelihood that scoliosis will develop 
to the point of  needing surgical correction17 and treatment 
with bracing has not been shown to be effective in this 
population.18,19,20

Respiratory Involvement
In addition to the voluntary muscles, DMD affects other 
organs also. As the respiratory musculature atrophies, 
coughing becomes ineffective and pulmonary infections 
become more frequent, with pulmonary function declin-
ing, with forced vital capacity declining a mean of  5% per 
year.20a This decline is delayed somewhat by corticoste-
roid treatment.21 The final cause of  death in patients with 
DMD is often related to progressive pulmonary decline. 
The major cause of  respiratory complications in DMD is 
the progressive weakness and contracture of  the muscles 
of  respiration. The first signs and symptoms of  respira-
tory insufficiency are seen with the onset of  nocturnal 
hypoventilation typically in the second decade of  life. 
These symptoms include excessive fatigue, daytime sleepi-
ness, morning headaches (secondary to increased carbon 
dioxide levels), sleep disturbances (nightmares), or feeling 
the need to strain to “gulp for air” upon arousal during the 
night.

Gastrointestinal System
The muscles of  the gastrointestinal (GI) tract are also 
affected, causing constipation and the risk of  acute gastric 
dilation or intestinal pseudo-obstruction, which can cause 
sudden episodes of  vomitting, abdominal pain, and disten-
tion. If  not treated properly, this requires medical attention 
and can lead to death.3

The mildest of  the X-linked progressive dystrophies 
resulting from abnormalities of  dystrophin has been termed 
Becker muscular dystrophy. This classification applies to 
individuals who maintain independent ambulation until 
16 years of  age. The type of  mutation on the dystrophin 
gene causing BMD allows for some dystrophin to be pro-
duced. The dystrophin produced is insufficient in quantity 
and quality, causing muscle breakdown to occur at a slower 
rate than in DMD. Boys with BMD will usually present with 
symptoms between 5 and 15 years of  age, although onset 
is variable and may not occur until as late as the third or 
fourth decade.2 The course of  BMD is much less predictable 
than that of  DMD; however, patients with BMD usually live 
at least until their fourth or fifth decade.2

Brooke and colleagues have coined the term “outli-
ers”12 to describe patients with an intermediate form of  

Grades Functional Ability
1 Standing with arms at the sides, the patient can abduct the 

arms in a full circle until they touch above the head.
2 The patient can raise the arms above the head only by 

flexing the elbow (i.e., by shortening the circumference of 
the movement) or by using accessory muscles.

3 The patient cannot raise hands above the head, but can 
raise an 8-oz glass of water to the mouth (using both hands 
if necessary).

4 The patient can raise hands to the mouth, but cannot raise 
an 8-oz glass of water to the mouth.

5 The patient cannot raise hands to the mouth, but can use 
the hands to hold a pen or to pick up pennies from a table.

6 The patient cannot raise hands to the mouth and has no 
useful function of the hands.

Functional grades: arms and shoulders

TaBle

9.1

Grades Functional Ability
1 Walks and climbs stairs without assistance
2 Walks and climbs stairs with the aid of a railing
3 Walks and climbs stairs slowly (elapsed time of more than 

12 sec for four standard stairs) with the aid of a railing
4 Walks unassisted and rises from a chair, but cannot climb 

stairs
5 Walks unassisted but cannot rise from a chair or climb 

stairs
6 Walks only with assistance or walks independently with 

long leg braces
7 Walks in long leg braces, but requires assistance for 

balance
8 Stands in long leg braces, but is unable to walk even with 

assistance
9 Is in wheelchair
10 Is confined to bed

Functional grades: Hips and legs

TaBle

9.2
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with DMD.31,32 Further investigation has shown that pred-
nisone, despite its many side effects, keeps those affected 
by DMD “stronger for longer.”33,34 Adverse effects of  pred-
nisone include excessive weight gain, cushingoid appear-
ance, behavioral abnormalities, and excessive hair growth.31 
Deflazacort has similar effects with a slightly different side 
effect profile and may result in less weight gain and bone 
demineralization but perhaps a higher risk of  cataracts with 
equivalent strength and functional benefits to prednisone.30

Creatine monohydrate, a naturally occurring substance, 
often used by body builders to increase muscle performance, 
is sometimes recommended for boys with DMD.35 When 
healthy subjects take oral creatine for 1 to 4 weeks, the 
result is increases in muscle levels of  creatine and improve-
ments in maximal exercise performance and recovery from 
exercise.36 Boys with DMD showed increases in fat-free mass 
(FFM), strength, and subjective reports of  improvement 
after creatine supplementation.35

Since the discovery of  the genetic defect and identification 
of  the dystrophin protein there has been a significant inter-
est in the development of  medical therapies for children with 
DMD. These efforts fall into a number of  broad groups that 
include: gene therapy, cell therapy, mutation specific medi-
cation, modulation of  utrophin expression, modulation of  
blood flow to the muscle, and treatments to address fibrosis.37 
To date there is not an approved therapy to cure the disease.

Orthopedic Treatment
Spinal fixation is generally recommended for boys with DMD 
if  their scoliosis begins to progress rapidly and their spinal 
curve becomes greater than 30 degrees, usually once boys 
are wheelchair-bound.38 The goals of  spinal surgery should 
include providing a stable spine, maximally correcting sco-
liosis, correcting pelvic obliquity, and providing sagittal-plane 
alignment for improved comfort and function.38,39 Spinal sta-
bilization should be segmental from T2 or T3 at the upper 
end and attaching into the body of  the ilium or sacrum at 
the lower end, and should attempt to correct pelvic obliquity 
and provide a lumbar lordosis.39 The above surgery allows for 
immediate post-op mobilization often without an orthosis. 
Timing of  surgery is critical as the risks of  surgery become 
greater as the disease progresses. The decision for spinal sta-
bilization should be viewed in the context of  the patient’s pul-
monary function since this relates to the patient’s ability to 
tolerate the rigors of  surgical correction. Vital capacity (FVC) 
below 30% or 35% is related to higher complication rates.20 
Failure of  extubation following surgery is also an important 
post op risk and some centers will use bilevel positive airway 
pressure (BiPAP) as a way to transition following extubation 
immediately after surgery should this be necessary.

Other orthopedic surgeries include Achilles tendon or 
gastroc-facial lengthening, Yount fasciotomies, tibialis pos-
terior transpositions, and percutaneous tenotomies in an 
attempt to increase joint ROM for prolongation of  ambu-
lation. Besides surgery, orthopedic intervention is required 

Cardiac Issues
Heart muscle is also affected by a deficiency of  dystrophin, 
resulting in dilated cardiomyopathy, arrhythmia, and con-
gestive heart failure.22 In DMD, the posterobasal portion of  
the left ventricle is affected greater than other parts of  the 
heart. In DMD, heart muscle involvement generally occurs 
later than skeletal muscle involvement and may not present 
until the late second decade.23 In BMD and female carriers 
of  the dystrophin mutation, cardiac involvement can occur 
later and may sometimes require heart transplantation.23 
Monitoring of  these patients should begin early in the sec-
ond decade for DMD and BMD and for female carriers of  
the dystrophin mutation in the third decade.23

Motor and sensory neurons are undamaged, and fortu-
nately Bowel and bladder control typically remains intact 
despite impaired motility

Cognition
A high rate of  intellectual impairment24 and emotional dis-
turbance has been associated with DMD.25 Although intel-
ligence may be reduced among some children with DMD, 
most children are cognitively normal and any existing deficit 
is not progressive and is not related to the severity of  dis-
ease.26 IQ scores fall approximately one standard deviation 
below the mean25 and affect verbal scores greater than per-
formance scores however some children are not cognitively 
delayed and function at age appropriate levels.2 When cogni-
tive delay is noted this is not progressive, but this intellectual 
deficit may hinder the child’s development and may make a 
physical evaluation of  the child difficult. 

Treatment

Although definitive treatment is lacking, proper manage-
ment27 can prolong the maximum functional ability of  the 
child. This program of  management begins once the diag-
nosis is established, and it is initiated concurrently with 
referral for parental counseling in an attempt to mitigate the 
guilt, hostility, and fear commonly experienced by the par-
ents should this be desired.

The clinician can propose a positive approach on the 
basis of  the following: (1) some of  the complications which 
magnify the functional disability of  DMD are predictable 
and preventable; (2) an active program of  physical therapy 
may prolong ambulation and more closely approximate the 
normal independence of  later childhood; and (3) if  a specific 
treatment ever becomes available, those in optimal physical 
condition are most apt to benefit.28

Medical Treatment
There is no pharmaceutical cure for the genetic abnormal-
ity in DMD, but corticosteroids29,30 including prednisone 
and deflazacort increase strength and improve functional 
ambulation from 6 months to up to 2 years in patients 
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Physical Therapy Examination

The role of  the physical therapist in treating DMD and BMD 
is an important one and requires a solid understanding of  
both the unique features and the natural history of  the dis-
ease in addition to a delicate approach to the issues related 
to treating a progressive and fatal disorder. When discuss-
ing examination and treatment of  the child with DMD, it 
is helpful to categorize the disease into three general life 
stages: the early or ambulatory stage, the transitional phase 
during loss of  ambulation, and the later/wheelchair stage 
when the child or young adult is wheelchair dependent for 
most of  his functional activities.

Each child with DMD should undergo a physical therapy 
examination. Such an examination involves the gathering of  
information that contributes to the development of  a plan 
of  care.42 That care plan will be based largely on the func-
tional significance of  the therapist’s findings in the context 
of  the natural history of  the disease.

History
A thorough history should be taken and should include: 
family history; birth and developmental history; a review of  
systems, including cardiac, pulmonary, GI, integumentary, 
and musculoskeletal systems; functional mobility; social 
history,environmental barriers; and current durable medical 
equipment. The primary concerns of  the child and family 
should also be understood prior to examining the child.

Family History
Understanding the child’s family history is important. The 
child and family may already know someone with the dis-
ease and may have a different perspective than someone 
diagnosed with no family members with the disease who 
is unfamiliar with the characteristic phenotypic course. If  
the child’s mother or sisters are carriers, they will need to 
understand both their risks of  cardiomyopathy as well as 
implications for future family planning.

Developmental History
The physical therapist should gather information regarding 
the child’s birth and development. Often, boys with DMD 
are late walkers, may never gain the ability to jump, and lag 
behind their peers in gross motor skills. Parents often report 
frequent falling or clumsiness as boys develop weakness. It 
is common for boys to have a lower IQ, and they may have 
learning disabilities that need to be addressed in school how-
ever this is only a subset of  the population and many boys 
are cognitively normal.

Review of Systems

Pulmonary
A good pulmonary history is required to determine whether 
the child has any pulmonary issues that require treatment 

in the event of  a fracture. There is an increased risk of  low 
energy fractures in boys diagnosed with DMD and BMD as 
well as in patients with SMA types II and III compared to 
controls. Many lower extremity fractures lead to a perma-
nent loss of  function resulting in loss of  ambulation. Some 
have recommended aggressive therapy with early remobili-
zation in lower-limb fractures where ambulation is fragile. 
Use of  partial weight-bearing support treadmills and gait 
trainers as well as aquatic therapy can be utilized in the 
rehabilitation process to allow earlier mobilization in a safe 
environment once cleared by the orthopedic physician for 
weight bearing.

Pulmonary Treatment
A child with DMD will need to be followed by a pulmon-
ologist beginning in the second decade of  life for regular 
monitoring of  pulmonary status initially focusing on evalu-
ation for nocturnal hypoventilation. If  the history and pul-
monary function test results suggest that the lungs are not 
being adequately ventilated, the pulmonologist will need to 
discuss options for assisted ventilation. Nasal bilevel positive 
pressure (BPAP) ventilation may be used at night to assist 
breathing and to provide a rest for overworked respiratory 
muscles.40 An adjustment period is often necessary when 
this type of  ventilation is used, but after a period of  time, 
the patient often derives the benefits of  improved sleep and 
increased energy and alertness in the daytime. Ventilatory 
assistance might be required both day and night for children 
with advanced respiratory failure.41 Ventilators are typically 
compact, battery-driven devices that can be attached to an 
appropriately modified wheelchair and breaths can be deliv-
ered by tracheostomy or by a mouth piece that can be held 
in the mouth when it is needed. The pulmonologist can 
also recommend various airway clearance techniques and 
medications to improve pulmonary health including procus-
sion and postural drainage during illness and the use of  a 
coughalator for airway clearance and to maintain ribcage 
and lung flexibility.

Cardiac Treatment
Regular cardiac echocardiogram (ECHO) and electrocar-
diogram monitoring by a cardiologist is necessary for boys 
with DMD, BMD, and female carriers. Cardiac medications 
for arrhythmias and ventricular function may be necessary. 
Patients with BMD also may eventually need heart trans-
plantation for dilated cardiomyopathy.

Gastrointestinal/Nutrition
A GI specialist can help with constipation issues as well as 
monitor for intestinal pseudo-obstruction. A nutritionist can 
help prevent weight gain and assist with diet recommenda-
tions in the early years and with weight loss and nutritional 
support in later life when self  feeding becomes difficult and 
aspiration becomes more of  a risk.
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course in patients with DMD.12 In addition, the protocol is 
able to detect not only the therapeutic effect of  pharma-
ceutical intervention, but the time course and differences in 
various dose levels of  such intervention.29 However, many 
centers also use the six minute walk test and instrumented 
strength measurement such as hand held myometry (HHM) 
in combination with a gross motor assessment designed for 
DMD such as the North Star Ambulatory Assessment.49

Muscle Testing
Measurement of  muscle strength by way of  manual muscle 
testing (MMT) remains a valid approach to assessing the 
progression of  disease in children with DMD.48 MMT has 
been shown to be both reliable32 and sensitive to changes in 
strength in patients with DMD.50

Because muscle weakness is characteristic of  muscle dis-
ease, MMT must be a routine part of  the physical therapy 
evaluation of  the child with a dystrophy or a myopathy. The 
longitudinal results of  MMT in children with DMD show 
linearity in the decline of  muscle strength.

By the time the child reaches 7 years of  age, or with serial 
strength scores recorded for 1 year, it is possible to estimate 
the rate of  progression as either rapid (10% deterioration 
per year), average (5% to 10% deterioration per year), or 
slow (5% deterioration per year). There is a variation in the 
rapidity of  progression, and MMTDynamo me trylong with 
performance of  functional tasks, helps determine when 
bracing or wheelchairs will be needed.

Handheld myometry has been used to better quantify 
muscle strength in boys with DMD.51,52 HHM and grip and 
pinch dynamometers can be useful in obtaining more objec-
tive and specific muscle strength data. HHM and dynamom-
etry has been found to be reliable and valid in people with 
weakness.53–55

Range of  Motion
Standard assessment of  joint motion with goniometry 
should be done periodically. Loss of  full ankle dorsiflexion, 
ankle eversion, knee extension, and hip extension, with 
resultant contractures, occurs commonly in patients with 
DMD. Measurement of  ankle dorsiflexion, knee extension, 
hip extension, and ITB tightness are probably the most 
important aspects of  goniometric testing. Measurement of  
the popliteal angle is useful in monitoring hamstring flexibil-
ity. Special tests, including Thomas test and Ober test,56 can 
also be useful in monitoring hip flexor and ITB tightness.

Physical Therapy Intervention

The primary problems encountered by children with DMD 
include the following:

 1. Weakness
 2. Decreased active and passive ROM
 3. Ambulation dysfunction

or referral to a pulmonologist. Does the child have a strong 
cough, is it productive cough? Can the child clear his own 
secretions? Does the family currently perform percussion 
and postural drainage with intercurrent illness or use any 
devices to aid in airway clearance to maintain pulmonary 
health? Does the child exhibit any symptoms of  respiratory 
insufficiency or nighttime hypoventilation? If  the child dem-
onstrates these symptoms, the child must be referred to a 
pulmonologist for evaluation for nocturnal hypoventilation.

Other systems, including cardiac, GI, integumentary, and 
musculoskeletal systems will also need to be reviewed to 
determine whether referral to a specialist is necessary.

Tests and Measures

Functional Ability
Systematic and serial recording of  standard tasks shows 
that the child with DMD is in one of  two general phases: 
stable performance or declining performance. During the 
stable phase, which may continue for several years, the child 
may demonstrate normal performance of  various tasks dur-
ing the serial evaluations, despite a continuing decline in 
strength. A discrepancy exists in the age at which the afore-
mentioned tasks are failed, as illustrated in Figure 9.8.

The use of  timed testing during examinations in the clini-
cal setting is useful for monitoring patient function as well 
as for predicting loss of  ambulation. Activities that are fre-
quently timed include: transferring from supine to standing, 
running or walking a distance of  10 m, transferring from 
sitting to standing, and climbing up four steps. Qualitative 
description along with timing adds useful information in 
monitoring function and level of  fatigue. For example, it is 
helpful to note during the floor-to-stand transfer whether a 
Gowers maneuver is present and whether the child requires 
the use of  one or both hands on knees to complete the 
transfer. When climbing the steps, it is helpful to describe 
how many rails are required, the pattern or sequence of  
steps used (reciprocal versus marking time), and whether 
use of  upper extremities is required to push on knees or to 
pull up on the rail to ascend steps.

Timed function tests can be useful in predicting loss of  
ambulation. When the time to ambulate 10 meters is greater 
than 9 seconds, this is predictive of  loss of  ambulation within 
2 years. A 10 meter timed test of  greater than 12 seconds is 
predictive of  loss of  ambulation within 1 year. When a child 
is no longer able to attain standing from floor, it is predicted 
that loss of  ambulation is likely to occur within 2 years.43

It has been44,45 demonstrated that,although functional 
ability appears to remain at a constant stage in many chil-
dren during the plateau phase, while actual muscle strength 
declines, walking speed continues46 to remain stable even 
when compared to normative data. Brooke and cowork-
ers47 and Florence and associates48 have presented a clinical 
evaluation protocol for DMD—assessing strength, pulmo-
nary function, and functional tasks in combination—that has 
been demonstrated to be reliable in documenting the disease 
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home program may be difficult, the likelihood of  success 
can be improved by giving simple instructions, requesting 
a limited number of  exercises and repetitions each day, and 
offering extensive feedback and positive reinforcement to 
people in the support system. Outpatient physical therapy 
once or twice each week at times may be indicated with the 
primary goal of  instructing family members in an appropri-
ate home program, providing safe guidelines for exercise, 
and monitoring of  orthotic or splinting needs. Out-patient 
physical therapy as well as aquatic therapy may also be indi-
cated in the event of  a fracture. Early intervention physical 
therapy may be indicated for the younger child if  diagnosed 
early, with a transition to physical therapy in the school set-
ting when the child reaches school age. Periodic reevalua-
tion, retraining, and motivation sessions for parents are 
recommended.

Preventing Deformity
The tendency for development of  plantarflexion contrac-
tures is usually the earliest problem. Daily stretching of  
the Achilles tendons should slow down the development of  
this deformity. The use of  night splints in combination with 
heelcord stretching has been shown to play a significant role 
in preventing the equinovarus deformity associated with 
DMD.16 Use of  night splints has been shown to be more 
effective in preventing deformity of  the Achilles tendon than 
stretching alone.57 Boys with DMD who used night splints 
early on (prior to the loss of  ambulation) walked indepen-
dently longer than boys who did not use splints.58

No studies are available on which to base a passive 
stretching prescription, but the regimen often prescribed 
is between 10 and 15 reps, holding at least 15 seconds, per-
formed at least once, and preferably twice, daily.59 As soon 
as the physical therapist sees any change in the length of  the 
hamstring muscles during a periodic evaluation, hamstring 
stretching is added to the home program. The ITB, hip flex-
ors, and ankle inverters are other structures that must be 
monitored carefully for loss of  ROM, which usually occurs 
in all these structures as a result of  either weakness or static 
position.

If  plantarflexion contractures and the resultant knee, 
ITB, and hip flexion contractures are allowed to continue 
unchecked, the child will progress much sooner than neces-
sary to the late ambulation stage and will lose the ability to 
ambulate at an earlier age than with intervention. At least 
2 to 3 hours of  standing or walking is recommended daily 
in addition to stretching to help prevent contracture for-
mation.59 Therefore, a stander may be considered to aid in 
the prevention of  contractures once ambulation becomes 
tenuous.

Serial casting to manage plantar flexion contractures 
has also been used successfully without loss of  function in 
ambulatory boys with DMD,60 however, careful selection of  
appropriate candidates and monitoring of  functional tasks 
between cast changes is imperative.

 4. Decreased functional ability
 5. Decreased pulmonary function
 6. Emotional trauma—individual and family
 7. Progressive scoliosis
 8. Pain

After a physical examination of  the patient, the physical 
therapist can identify current problems and, on the basis 
of  a thorough understanding of  the natural history of  the 
disease process, should be able to predict the trajectory of  
functional decline. On the basis of  the specific areas of  con-
cern for each family, it is possible to identify five major goals 
of  management common to all children with DMD:

 1. Prevent deformity.
 2. Prolong functional capacity.
 3. Improve pulmonary function.
 4. Facilitate the development and assistance of  family sup-

port and support of  others.
 5. Control pain, if  necessary.

As the preceding five goals are accomplished, we fulfill 
our general goal for all individuals with neuromuscular dis-
ease: helping them be as independent and comfortable as 
possible within the limits of  their disability.

ROM exercises and stretching, orthotics and splinting, 
assessment and management of  adaptive equipment,and 
appropriate positioning. Prolonging functional capacity of  
ensuring safety while functioning may require the prescrip-
tion of  specific orthotics or adaptive equipment can all be 
helpful in addressing the goals of  preventing deformity and 
prolonging function.

Support for the family may be aided by good rapport 
with the medical personnel; family education in regard 
to the disease process and its implications; referral to the 
Muscular Dystrophy Association (MDA), where they would 
have access to other families facing similar problems; and 
the educational, social, financial, and medical care oppor-
tunities offered by the MDA. The child and family may be 
aided by appropriate timing of  referral to other associated 
medical personnel, including orthotist, occupational thera-
pist, nutritionist, adaptive equipment clinic, social worker, 
or medical specialists, including orthopedic surgeon, pulmo-
nologist, GI specialist, or cardiologist.

Pain control may or may not be necessary and is often 
dependent on how successful stretching and bracing strate-
gies were in the child’s earlier years. Appropriate stretching, 
fit and positioning in wheelchairs, cushions, alternating pres-
sure pads, or specialized mattresses and hospital beds can go 
a long way in assisting the control of  discomfort in these 
children.

Home Program
Because much of  the responsibility for daily treatment must 
be assumed by the family or friends of  the patient with 
DMD, an effective program of  care at home is essential. 
Although sustaining enthusiasm and adherence with the 
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Activity Level/Active Exercise
Normal, age-appropriate activities for a young boy with 
DMD are encouraged. The family should be instructed 
to allow the child to self-limit his activities and allow rests 
when needed. Care should be taken to avoid overusing mus-
cles and causing fatigue. Signs of  overuse weakness include 
feeling weaker 30 minutes postexercise or excessive soreness 
24 to 48 hours after exercise.65 Other signs include severe 
muscle cramping, heaviness in the extremities, and pro-
longed shortness of  breath.65 In general, eccentric muscle 
activities such as walking or running downhill and closed 
chain exercises such as squats should be avoided if  possible 
as they tend to cause more muscle soreness. Resistive mus-
cle strengthening is not recommended in boys with DMD 
because of  the risk of  contraction-induced muscle injury.

Strengthening
Strength training in boys with DMD has been a subject of  
controversy. Research on strength training and exercise pro-
grams in human subjects with DMD has been limited and 
has had mixed outcomes. There are few well-controlled, 
randomized studies, and most have had heterogeneous 
groups of  subjects that include different forms of  muscu-
lar dystrophies with very different pathologies and clini-
cal presentations. Most of  the studies looked at short-term 
strength gains in individual muscles, but few looked at long-
term effects and functional benefits after exercise regimens.

In an early study in 1966, Vignos and Watkins found 
improvements in weight-lifting capacity in subjects with 
various forms of  muscular dystrophy over a 1-year training 
period. The strength benefits plateaued in the subjects with 
DMD after approximately 4 months, and results were less 
sustainable than in patients with other dystrophies.66,67 Little 
functional benefits were found in the subjects with DMD, 
although greater strength gains and functional benefits were 
found in subjects with limb-girdle and fascioscapulohumeral 
forms of  muscular dystrophy.66 In 1979, de Lateur and 
Giaconi found that isokinetic submaximal strength training 
minimally improved strength in four boys with DMD with-
out negative side effects.68 Scott et al.69 also found absence 
of  deterioration with mild to moderate exercise in the short 
term. Most of  the researchers recommended that exercise 
programs should be started early on in the course of  the dis-
ease as individuals with the least amount of  muscle impair-
ment benefited the most from training programs.67,70 There 
is very little research on exercise in nonambulant patients 
with DMD.70

There is no evidence in humans that increased activity or 
resistive exercise caused physical deterioration70; however, 
there are ethical issues related to studying this in boys since 
studies of  the mdx mouse, a dystrophin-deficient mouse, 
have indicated damage to muscle cell membranes, which 
increases during exercise.71 Eccentric exercise, in particu-
lar, may induce muscle cell damage as was demonstrated 
in a downhill treadmill running protocol with mdx mice.72 

Minimizing Spinal Deformity
As the child’s sitting time increases, so does kyphoscoliosis. 
Previous clinical observations have documented that the 
convexity will likely be toward the dominant extremity.61 
Because of  this relationship, it has been recommended that 
the child with adequate bilateral manual skills have the 
wheelchair drive moved from side to side periodically. Many 
boys, however, are resistant to this idea for practical reasons 
and preferences and it has not been shown in controlled tri-
als to have an impact.

A lateral support and viscous fluid filled or air cushions in 
wheelchairs have been used in an attempt to provide appro-
priate pressure relief  and spinal positioning while the patient 
is seated in the wheelchair, but no studies are available to 
prove their clinical efficacy. Typically, spinal orthoses are not 
used in patients with DMD since they have not been shown 
to delay the development of  the spinal curve and might 
increase work of  breathing.

The increasing sophistication of  spinal instrumentation 
within the field of  orthopedics has made spinal fixation an 
option for children with DMD. Physical therapy plays an 
important role in getting these children “up and moving” 
within days after surgery, depending on their medical sta-
tus. Additional post operative concerns specifically for the 
physical therapist to consider relate to the rigidity of  the 
trunk following fusion. Patients will be taller and entrance 
into their van as well as other areas need to be considered. 
Difficulty with self  feeding resulting from the limitation in 
trunk flexibility also needs to be considered. Many patients 
will benefit from a preoperative evaluation for a mobile arm 
support so that they can continue be independent with self  
feeding following surgery. The other concern is seating and 
positioning. The head rest and back of  the wheelchair will 
need to be adjusted following surgery to accommodate the 
increased trunk length and if  surgical correction results in a 
pelvic obliquity and asymmetric weight bearing, accommo-
dation within the wheelchair cushion might be necessary. 
Typically an air filled cushion with special set up to control 
pressure in different areas of  the cushion is optimal how-
ever some will find the instability that comes with this type 
of  cushion unacceptable and an asymmetric base below a 
pressure relieving viscous fluid filled cushion might be pref-
erable. Typically foam or gel cushions provide insufficient 
pressure relief  in this population.

Initially, referrals for spinal stabilization were attempts 
to improve or stabilize a patient’s respiratory function to 
alleviate the mechanical disadvantage the kyphoscoliosis 
placed on the already weak respiratory muscles, as well 
as to prevent the potentially deleterious effect of  this sco-
liosis on respiratory function. Recent studies have demon-
strated no salutary effect of  segmental spinal stabilization 
on respiratory function based on either short- or long-term 
follow-up, but all studies have documented improved sitting 
comfort, appearance, and stabilization, or improvement of  
kyphoscoliosis.62–64
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interventions—including Achilles tendon lengthening and 
Yount fasciotomies,79 tibialis posterior transpositions,80 and 
percutaneous tenotomies81,82—in combination with vigorous 
physical therapy and orthotic intervention (bilateral KAFOs), 
have been reported to improve and prolong ambulation.83–85

Whatever the surgical methods, a vigorous postoperative 
physical therapy program should aim to get the patient up 
and standing and walking as soon as possible. Active joint 
stretching will help maintain, and may even increase, ROM 
at those muscles that have been released. The goal of  the 
postoperative physical therapy program is independent 
ambulation with a minimum of  3 to 5 hours per day of  
standing and/or walking. Even when no steps are possible, 
the child is asked to stand at least 1 hour a day (in a stander 
if  necessary). Optimal stance is with the back in extension so 
that the center of  gravity falls behind the hip joint.

Before any lengthening surgery is considered, families 
must thoroughly weigh the benefits and risks involved with 
surgical intervention. When patients are still ambulatory, 
an overcorrection of  a heel-cord contracture may result in 
immediate loss of  ambulation59 (McDonald, 1998) or may 
result in ambulation with long leg braces only, which may 
be cumbersome and not very functional. With the increased 
use of  corticosteroids, many boys are reaping the benefit of  
prolonged ambulation without the risks of  surgical inter-
vention, and many centers do not recommend orthopedic 
intervention uniformly for all patients with DMD.27 An 
alternative to surgical correction for those patients with con-
tractures at the ankle that are limiting ambulation is serial 
casting. This is best reserved for patients that have developed 
early contractures and are still good ambulators and able to 
rise from the floor independently. It is vital to assure that the 
patient is able to ambulate in the cast, and the casts should 
be changed either weekly or twice a week to assure that the 
period of  casting is as short as possible.60

Wheelchair Use
When ambulation becomes more difficult, falling becomes 
more frequent, and the child with DMD is unable to get to 
the places he needs without undue fatigue, it is time to con-
sider the use of  a wheelchair for a primary means of  mobil-
ity. Ideally this will be in advance of  a total loss of  ambulation 
and the child will be able to use the chair for longer distances 
initially. Because of  the rapid decline in function and the 
fatigue induced by pushing a manual wheelchair, a power 
wheelchair or scooter is generally recommended for a first 
wheelchair option. Because of  the time it takes to order and 
get insurance approval for a power wheelchair, the thera-
pist will need to estimate when a child will no longer be 
able to ambulate. According to clinical guidelines developed 
by Brooke et al (1989)16 for predicting loss of  ambulation, 
ambulation ceased 2.4 years (range = 1.2 to 4.1 years) after 
the patient could no longer climb four standard (6-inch) steps 
in less than 5 seconds and 1.5 years (range, 0.6 to 2.2 years) 
after more than 12 seconds were needed.86

Connolly et al. showed 40% to 45% fatigue when compar-
ing the first two and last two pulls when measuring repetitive 
grip strength of  mdx mice.73 Various other mdx mice stud-
ies have contributed to the theory of  contraction-induced 
muscle cell damage. Lack of  dystrophin increases suscepti-
bility to muscle cell damage. Microtears in the muscle cell 
membrane increase with muscle contractions and cause an 
increase in calcium leak channel activity, which in turn causes 
an increase in intracellular calcium. This increase causes 
 calcium-dependent proteolysis, which eventually leads to cell 
death.71,74

Endurance exercise such as swimming has been found 
to be beneficial in mdx mice by increasing the resistance to 
fatigue in muscles by increasing the proportion of  type I 
(slow oxidative) fibers.75

Care must be taken in interpreting and transferring data 
from the mdx mouse model to humans. The muscle sizes 
and forces experienced by muscle groups vary, and the 
stance of  the mouse is quite different from humans. In addi-
tion, the natural history of  the mdx mouse is different than 
the course of  DMD in humans.70

More research is needed in the area of  strength training; 
however, given the current research on mice and humans, 
general recommendations can be made. Avoidance of  maxi-
mal resistive strength training and eccentric exercise is rec-
ommended in boys with DMD. Submaximal endurance 
training such as swimming or cycling may be beneficial, 
especially in the younger child with DMD.76,77

Prolonging Ambulation
As patients with DMD become weaker, their gait pattern 
is altered in an attempt to improve stability during walk-
ing. Stride length decreases, and the width of  the base of  
support increases to provide a more stable base. The ITB 
accommodates to the new, shortened position associated 
with the wider base of  support. Weakness in the gluteus 
medius becomes more pronounced, and the child assumes 
the typical waddling gait associated with a compensated 
trendelenberg.

The lordotic curve increases with progressive weakness 
of  the gluteus maximus. As that muscle weakens, the child 
attempts to increase stability, moving the center of  gravity 
posterior to the fulcrum of  the hip joint by pulling the arms 
back and by exaggerating the lordosis. Stability at the hip 
joint during standing is now provided passively by structures 
anterior to the hip joint, primarily the iliofemoral ligament. 
The presence of  a mild knee flexion contracture or the 
application of  an ankle–foot orthosis (AFO) with its angle 
set in too much dorsiflexion would make ambulation diffi-
cult or impossible because of  the impact of  the weight line 
and position of  the joint axis of  the child.

Treatment programs combining passive stretching and 
lower extremity bracing at night have demonstrated a reduc-
tion in the rate of  progression of  lower extremity contrac-
tures and have prolonged ambulation.58,78 Various surgical 
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if  a residual pelvic obliquity is present. Additional features 
such as ventilator adaptations will need to be added on as 
respiratory status declines. As hand strength becomes more 
markedly impaired, a change in the power control may be 
indicated with the first choice for adaptation being a propor-
tional mini joystick.

In a recent study by Pellegrini et al., adults with DMD 
who had lost their ability to drive a power wheelchair with-
out restriction using a conventional joystick were able to 
regain unrestricted driving once they changed to an alter-
native control system including mini-joystick, isometric 
mini-joystick, finger joystick, or pad.88 In some drivers, 
the position of  the control needed to be modified as well 
as the device, such as using an isometric mini-joystick with 
the chin or lips. The study also found that restricted ability 
to drive a power wheelchair correlated significantly with a 
decrease in key pinch strength.88

Power mobility, although often resisted initially, can pro-
vide boys with DMD a positive sense of  independence and 
important means of  independent mobility. Careful discus-
sion of  power mobility options and provision of  adapted 
mobility early on in the disease process for long distances, 
while the boy is still ambulating, can help boys with DMD 
and their families come to accept the positive aspects of  
power mobility with confidence when the need for such 
assistance arises.

Weight Control
The need to guard against obesity is especially important 
now that the use of  corticosteroids in patients with DMD 
has become more prevalent, as weight gain is a significant 
side effect. Weight management for the ambulatory child is 
now equally as important as it is for the child who is limited 
to a wheelchair. Despite good use of  transfer techniques and 
proper body mechanics by others, excessive weight gain can 
reduce the child’s ability to get transferred and may restrict 
both mobility and social activity. Moreover, excessive weight 
gain in the child with neuromuscular disease may not only 
reduce mobility, but may also have a deleterious effect on 
self-esteem, posture, and respiratory function.

Edwards and associates have demonstrated that con-
trolled weight reduction in obese children with DMD is a 
safe and practical way to improve mobility and self-esteem.89 
However, it is probably easier to prevent excessive weight 
gain in the young, ambulatory child than to initiate dietary 
restriction in an obese, seated adolescent. It has been pro-
posed that this philosophy of  weight control be promoted 
early for children with neuromuscular disease (taking into 
account the need for fat intake in early development). 
Normal growth charts make no allowance for the progres-
sive loss of  muscle in DMD, so if  the child continues to gain 
weight according to normal standards, accumulation of  
fat tissue may occur since there is muscle wasting in boys 
with DMD. Typically many boys with DMD are overweight 
at the outset of  their teen years and by the end of  their 

Some boys with DMD and their families initially resist 
a powered wheelchair and feel a powered scooter is more 
acceptable socially; however, most scooters do not provide 
sufficient seating support later in the course of  the disease 
and can be difficult to transport on a bus compared with 
power wheelchairs. Most school buses are able to transport 
a wheelchair, but not a scooter. A scooter can be a nice tran-
sitional piece of  equipment to be used while the child is still 
ambulatory but requires assistance for longer distances. It is 
important to consider the timing of  this purchase, however, 
since most insurance companies only reimburse for power 
mobility every 3 to 5 years. A boy with DMD can quickly 
decline in function and strength and may require a more 
supportive wheelchair before funding is available again. It is 
important to discuss these factors to help patients and their 
families through the decision-making process.

Initially, a power wheelchair with a conventional joy-
stick and pressure relieving cushion is usually sufficient to 
meet the needs of  the first-time wheelchair user. As scolio-
sis develops, a lateral support on the convexity of  the sco-
liotic curve is recommended. Bilateral lateral supports are 
often not used as this may limit the child’s ability to shift 
weight and perform functional tasks in the chair. Patients 
with DMD often use neck and trunk motions to compensate 
for trunk weakness in their daily activities; therefore, a seat-
ing device that is too stable may restrict a person’s ability to 
perform these maneuvers.87 A proper pressure-relieving seat 
cushion is also recommended. Potential pressure areas and/
or areas of  pain or discomfort can vary depending on the 
type of  spinal deformity present.87 In patients with scoliosis 
or kyphoscoliosis, patients complained of  pain on the lat-
eral thoracic area and ischial area on the convex side of  the 
curve. In patients with extended spines, pain was reported 
on bilateral posterior aspects of  thighs and bilateral ischial 
areas. In patients with kyphotic spines, pressure was felt on 
the sacrum.87 This should be considered when selecting a 
pressure-relieving seat cushion.

Once a child undergoes a spinal fusion, some adaptations 
to the wheelchair and seating components are usually indi-
cated as the child will in effect become taller and less able to 
compensate for antigravity upper extremity movements. The 
spinal deformity will now be corrected partially and pres-
sure areas may change as a result. Adjustments in the fit and 
placement of  laterals, headrests, and footrests may need to be 
made as well as modifications made to the seat cushion. An 
adjustable mobile arm support may be indicated to support 
the upper arm in a position to allow the elbow to move in a 
gravity-eliminated plane to assist with activities such as eat-
ing or brushing teeth as the child will no longer be able to 
compensate for weakness with trunk flexion Success with this 
type of  device is often dependent on the child’s ability to over-
come the antigravity assist provided and pull the arm down.

As the disease progresses, power tilt-in-space capabil-
ity will be necessary to provide pressure relief  and relax-
ation as neck and trunk musculature weaken. This may 
also be required for pressure relief  following spinal fusion 
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significantly when following an intensive protocol.94 In this 
study by Bach et al., patients with DMD used noninvasive 
intermittent positive pressure ventilation (IPPV), manu-
ally assisted cough, and mechanically assisted cough (using 
mechanical insufflation–exsufflation cough assist). They 
used the above techniques when needed as indicated by 
an oximeter, to maintain oxyhemoglobin saturation (SaO2) 
greater than or equal to 95%. The protocol patients required 
fewer hospitalizations and days in the hospital when were 
compared to patients conventionally managed with trache-
ostomy and IPPV alone.94 Pulmonary function after the per-
formance of  inspiratory muscle training has been shown to 
improve in boys with DMD.95 Wanke et al. found improve-
ments in respiratory muscle strength in 10 out of  15 boys 
with DMD, and improvements remained at 6 months after 
inspiratory muscle training had ended. The five subjects that 
did not show improvements after 1 month of  training had 
less than 25% predicted vital capacity; therefore, the authors 
concluded that inspiratory muscle training was beneficial 
in the early stage of  DMD.96 In a study of  the long-term 
effects of  respiratory muscle training (RMT) in 21 subjects 
with DMD and SMA type III, the authors concluded that 
despite the rapidly reversible RMT-induced strength ben-
efits, long-lasting improvements in respiratory load percep-
tion  persisted after 12 months.97

Facilitating Family Support
The physical therapist plays an important role in providing 
support, motivation, and training of  the patient with DMD 
and his family members. Successful family support depends 
on the early involvement of  the physical therapist to help 
the family understand the natural history and opportuni-
ties that exist to impact progression of  the disease with a 
home program that is monitored and adapted appropriately. 
Assessment of  the social situation and compliance of  the 
family should be part of  each visit.

The mild to moderate intellectual impairment found in 
some of  these young boys often imposes both educational 
and emotional stressors, in addition to the obvious physical 
changes accompanying DMD. The child learns that the dis-
ease will continuously erode the quality and quantity of  his 
existence, and the resultant reliance and dependence on oth-
ers frequently give rise to stress within the family. Although 
not a psychotherapist, the physical therapist must be aware 
of  the emotional factors involved with the illness and must 
provide strong emotional support to optimize the patient 
and families ability to function as a team with the goal of  
optimizing the boys function and quality of  life. A healthy 
emotional environment for the family and the child with 
DMD is at least as important to the child as the prevention 
of  contractures.

Management of  Pain
Most of  the pain that occurs in these disorders is of  three 
types. First some boys complain of  muscle pain which is 

teenage years a large portion are underweight as a result of  
feeding and GI difficulties.90 Griffiths and Edwards studied 
the relationships between body composition and breakdown 
products of  muscle which provides data on ideal weight 
guidelines for weight control in boys with DMD.91 The phys-
ical therapist can play a major role in promoting this weight 
control philosophy with the child and family. Despite efforts 
focused on weight control, often boys become too big for 
their parents to lift and use of  a hydraulic lift becomes nec-
essary. One or more family members must be trained in 
the safe and proper use of  such a lift that ideally allows the 
divided leg sling to be removed following the transfer so 
adequate pressure relief  can be attained from the wheelchair 
cushion.

Facilitating Sleep
Air or memory foam mattresses or commercial flotation pads 
often improve sleeping comfort for children with advanced 
deterioration who have difficulty positioning themselves or 
changing position at night. These devices also provide relief  
for family members who might otherwise be up three to five 
times per night to turn the child. A hospital bed may be use-
ful in the later stages of  disease to assist with positioning and 
transfers, as well as to elevate the head of  the bed.

Activities of  Daily Living
The physical therapist should routinely assess the child’s 
ability to perform activities of  daily living (ADLs). The 
patient’s ability to feed himself, turn pages in a book, and do 
necessary personal hygiene tasks must all be assessed period-
ically. The physical therapist may choose to request an occu-
pational therapy consultation. A home visit is most helpful 
in assessing adaptive equipment needs and accessiblity.

Respiratory Considerations
The physical therapist’s role in the pulmonary care of  
patients with DMD will vary depending on each individual 
practice setting. All physical therapists working with boys 
with DMD, however, should be aware of  the importance 
of  maintaining good pulmonary health, whether directly or 
indirectly involved with their respiratory care.

As the diaphragm, trunk, and abdominal muscles 
weaken, tidal volume and the ability of  the patient to effec-
tively clear secretions decreases. Spontaneous periodic deep 
breaths, as occurs with sighs and yawns, which help to rein-
flate atelectic zones and spread surfactant, become absent.92 
A good history and periodic sleep studies and pulmonary 
function testing with the child in both the seated and supine 
positions are the most effective means of  monitoring respi-
ratory insufficiency. In addition, family members should be 
trained in the techniques of  bronchial drainage, chest per-
cussion, and cough assist.93

Use of  inspiratory and expiratory aids has been shown 
to prolong survival as well as decrease hospitalizations 
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often reflective of  overuse and delayed muscle soreness. 
Second some older children will develop an impingement 
syndrome at the shoulder from being lifted for transfers. 
Finally when the ability to perform independent pressure 
relief  diminishes some children have pain related to pressure 
either in the wheelchair or in bed at night. If  pain becomes a 
problem, routine methods of  treatment aimed at addressing 
the cause of  the pain may be helpful. Sometimes making the 
patient aware of  the cause of  muscle aches will allow them 
to self  limit. Other times medical treatment with creatine 
can be helpful. Instruction in lifting techniques and proper 
positioning of  the hands so as not to over stress the shoulder 
during lifting or support the arm in the wheelchair properly 
can be helpful. Finally proper wheelchair and bed posi-
tioning can aid in adequately distributing the pressure and 
diminishing the pain.

Summary

A successful treatment program focused on maintaining 
flexibility and ameliorating functional limitation through 
the use of  assistive technology should optimize quality of  
life and maintenance of  the maximal functional indepen-
dence allowed by the child’s level of  strength (See Case 
Study A.M., 10-year-old Caucasian with Duchenne Muscular 
Dystrophy).

 Myotonic dystrophy

Myotonic dystrophy type I (DM1) is an autosomal domi-
nant disorder whose gene location is on chromosome 1997 
with the myotonic dystrophy Type II gene being found on 
the 3rd chromosome.98 Myotonic Dystrophy presents with 
a continuum of  severity from the severe congenital presen-
tation to parents that are identified only because their chil-
dren present with weakness98 and are identified. In the most 
typical form of  DM1, the symptoms are first noticed during 
adolescence and are characterized by myotonia, a delay in 
muscle relaxation time, and muscle weakness. The typical 
presentation to the clinic is with complaints of  weakness 
and stiffness. Stiffness, which is often the major complaint, 
is characteristic of  the myotonia. Patients often have a char-
acteristic physical appearance that includes a long, thin face 
with temporal and masseter muscle wasting; frontal bald-
ing; and weakness and wasting of  the sternocleidomastoids. 
The pattern of  weakness in DM1 presents first with distal 
wasting and weakness, manifested by a foot drop and dif-
ficulty opening jars while type II myotonic dystrophy pres-
ents primarialy with a phenotype of  proximal weakness. In 
type I, proximal muscle weakness occurs in the later stage 
of  the disease. The most severe form of  DM1 is congeni-
tal and is associated with generalized muscular hypoplasia, 
mental retardation, and a high incidence of  neonatal mor-
tality. Children with congenital DM1 are typically born to 
mothers afflicted with the disorder and DM1 demonstrates 

anticipation with each generation being more severely 
affected than the prior generation. Because DM1 is inher-
ited in an autosomal dominant pattern, an individual with 
the disease has a 50/50 chance of  each offspring having the 
disease. The severe congenital form of  DM1 is characterized 
by maternal transmission only. This group is often plagued 
with mental retardation, speech disturbances, delayed 
motor milestones, distal weakness, and spinal deformities. 
With survival to adulthood, these individuals follow the pat-
tern of  the classic course of  the disease, in which cataracts 
and cardiac conduction abnormalities are common. There 
is involvement not only of  skeletal muscle, but also smooth 
muscle and cardiac conduction defects are often seen, par-
ticularly first-degree heart block. There may be associated 
infertility, decreased respiratory drive, and numerous endo-
crine problems. Currently, there is no treatment for the dis-
order, and the etiology of  the genetic defect is unknown. 
There is no curative pharmacologic treatment, although 
some medications may be used to ameliorate the symptoms 
of  myotonia. The objectives of  current therapeutic inter-
vention are to reduce the distal wasting and weakness and 
control the spinal deformities.

Death in these individuals is usually caused by heart 
block or problems secondary to decreased respiratory drive. 
The respiratory complications may be severe and once 
mechanically ventilated, these patients are very difficult to 
wean. The congenital forms of  DM1 may be accompanied 
by severe developmental delays, in which case intervention 
that employs various motor development approaches may 
be beneficial.

 Limb-girdle muscular dystrophy

Limb-girdle muscular dystrophy (LGMD) is the term used 
to refer to a group of  progressive muscular dystrophies 
that primarily affect the proximal musculature. The ini-
tial presentation can be quite variable, extending from 
early childhood into adulthood. Unlike DMD, the under-
lying pathology of  LGMD is quite heterogeneous. There 
is an ever growing list of  distinct LGMD genes identified 
(Table 9.3). These have been labeled 1A through H repre-
senting the dominant forms and 2A through Q representing 
the recessive forms.99 With the elucidation of  the underly-
ing genetic and biochemical defects that can cause LGMD, it 
has become apparent that each of  these defects is associated 
with specific phenotypic patterns. It is beyond the scope of  
this chapter to discuss all of  the forms of  LGMD here; how-
ever, we will discuss the ones that present typically in child-
hood and may present for treatment in pediatric practice.

The sarcoglycanopathies (LGMD C, D, E, and F) repre-
sent those forms of  LGMD that most closely resemble the 
progression of  Duchenne. The sarcoglycanopathies are 
recessively inherited, with a significant number of  cases 
presenting sporadically.100 These four forms of  LGMD are 
caused by a deficiency of  a group of  muscle membrane 
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Disease Name Gene, Inheritance Protein Product
LGMD2A
Calpainopathy

15q15.1
Recessive

Calpain-3

LGMD2B
Dysferlinopathy

2p13.2
Recessive

Dysferlin

LGMD2C
γ-Sarcoglycanopathy

13q12.12
Recessive

γ-Sarcoglycan

LGMD2D
α-Sarcoglycanopathy

17q21.33
Recessive

α-Sarcoglycan

LGMD2E
β-Sarcoglycanopathy

4q12
Recessive

β-Sarcoglycan

LGMD2F
δ-Sarcoglycanopathy

5q33.3
Recessive

δ-Sarcoglycan

LGMD2G
Telethoninopathy

17q12
Recessive

Telethonin

LGMD2H 9q33.1
Recessive

TRIM32

LGMD2I
KRP

19q13.32
Recessive

Fukutin-related protein  
(FKRP)

LGMD2J
Titinopathy

2q24.3
Recessive

Titin

LGMD2K
Disorder of  
Glycosilation

9q34.13 O-mannosyltransferase 1

LGMD2L 11p14.3 Anoctamin 5
LGMD2M
Disorder of  
Glycosilation

9q31.2
Recessive

Fukutin

LGMD2N
Disorder of  
Glycosilation

14q24.3
Recessive

O-mannosyltransferase 2

LGMD2O
Disorder of  
Glycosilation

1p34.1
Recessive

O-mannose beta-1,2-N-
acetylglucosaminyl 
transferase

LGMD2P 3p21.31
Recessive

Dystroglycan 1

LGMD2Q 8q24.3
Recessive

Plectin 1f

LGMD1A
Myotilinopathy

5q31.2
Dominant

Myotilin

LGMD1B
Laminopathy

1q22
Dominant

Lamin A/C

LGMD1C
Caveolinopathy

3p25.3
Dominant

Caveolin-3

LGMD1D (OMIM)
(HUGO: LGMD E)

2q35
Dominant

Desmin

LGMD1E
(HUGO: LGMD E)

7q36.3
Dominant

DNAJ/HSP40  
homolog, subfamily B, 
Member6

LGMD1F 7q32.1–32.2
Dominant

LGMD1G 4p21
Dominant

LGMD1H 3p25.1–p23
Dominant

limb-girdle Muscular Dystrophy165,166

TaBle

9.3

proteins (Fig. 9.1). The sarcoglycan proteins are coded for 
on four different chromosomes: γ-sarcoglycan at 13q12, 
α-sarcoglycan at 17q21.1, β-sarcoglycan at 4q12, and 
δ-sarcoglycan at 5q33. A deletion of  any one of  these pro-
teins as the primary defect results in problems incorporat-
ing the entire complex or portions of  the complex into the 
membrane. In almost half  the cases, this results in incom-
plete incorporation of  dystrophin in the membrane.100 
As a result, there is a great degree of  phenotypic overlap 
between these muscular dystrophies in addition to a similar-
ity between the sarcoglycanopathies and DMD.

Findings on medical evaluation include elevated serum 
CK to anywhere from 5 times to 100 times normal.101 The 
EMG examination is marked by myopathic findings similar 
to those seen in DMD. Muscle biopsy is typically needed to 
determine the diagnosis, although this is changing with the 
advent of  inexpensive genetic panels. Muscle biopsy should 
show a variation in fiber size, degenerating and regenerat-
ing fibers, and central nuclei. When stained by immunohis-
tochemical techniques with monoclonal antibodies to the 
specific sarcoglycan proteins, the specific pathologic basis of  
the impairment can often be identified. When biopsy is able 
to identify the protein abnormality genetic testing can also 
be used to finalize the diagnosis.102

Patients with sarcoglycanopathies have an increased risk 
of  dilated cardiac myopathy. Politano et al.101 found a 40% 
rate of  presymptomatic cardiomyopathy in these patients 
in addition to signs of  hypoxic myocardial insults. The 
patients with dilated cardiomyopathy had primarily γ- and 
δ-sarcoglycanopathies, and those with hypoxic damage had 
β-, γ-, and δ-sarcoglycanopathies.

These four proteins, α-, β-, γ-, and δ-sarcoglycan, are 
closely associated with dystrophin, the defective protein in 
DMD. LGMD, in general, and sarcoglycanopathies, in par-
ticular, can present with a similar albeit somewhat more 
variable phenotype when compared with DMD. The distri-
bution of  muscle weakness is marked by a proximal-to- distal 
gradient, and in sarcoglycanopathies the abductors and 
extensors of  the hip are the most severely and first involved. 
Other muscles of  the upper extremity that become involved 
include the deltoids, pectoralis major, rhomboids, and infra-
spinatus, and a significant number of  patients demonstrate a 
progressive lordosis and anterior pelvic tilt.100

A second form of  LGMD, type 2A or calpainopathy, is 
also recessively inherited and is caused by the absence of  
calpain-3 that results from a deletion on chromosome 
15q15.1–15.3.103 Calpain-3 is the first enzyme that was 
identified as the causative defect of  a progressive muscu-
lar dystrophy. Calpain-3 is part of  a larger group of  calpain 
molecules whose exact function is still not entirely clear but 
may be involved in the modulation of  cytoskeletal proteins. 
Calpain-3 can also be reduced in patients with LGMD2B 
and 2J because presumably calpain acts together with dys-
ferlin and connectin (titin) in the membrane repair pro-
cess and are the primary protein defects in these forms of  
LGMD (Fig. 9.1).104
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by a variation in fiber size with type 1 predominance, degen-
erating and regenerating fibers, an increase in central nuclei, 
and increased connective tissue.107 Immunohistochemistry 
in these patients can be variable, with the most common 
finding being a reduction of  laminin α-2; reductions in 
α-dystroglycan can also be found.110

Clinical presentation of  patients with LGMD2I can vary 
somewhat, with initial onset of  symptoms typically in the 
first two decades of  life. A significant number of  patients 
present with a Duchenne-like phenotype. In these patients, 
onset is typically in the preschool years. The pattern of  
weakness is similar to that of  Duchenne, with proximal 
weakness predominating and gastroc/soleus contracture 
and hypertrophy most pronounced. However, in the more 
severely involved patients, the shoulder girdle is more 
involved than the pelvic girdle. In the milder patients, the 
opposite is true. In the more severe patients, respiratory 
function can become an issue as the disease progresses; 
however, this appears to progress at a slower rate than 
Duchenne. Most patients with LGMD 2I typically maintain 
fairly good respiratory function throughout the first two 
decades of  life.111,112 Cardiac defects are a common char-
acteristic of  LGMD2I.113 Male patients with heterozygous 
mutations are at increased risk for developing dilated cardiac 
myopathy when compared with female patients or those 
with homozygous mutations112 and as a result these patients 
need to be monitored more closely by their physician.

Clinical care for patients with LGMD revolves around 
anticipating the development of  contractures and conser-
vative management with the use of  dynamic or static rest-
ing splints to maintain muscle length. ROM exercises and 
exercise to optimize muscle endurance such as swimming 
can be considered, but because this is a dystrophic process, 
strengthening exercise, especially of  the eccentric variety 
should be avoided.

 Congenital myopathy

Congenital myopathy describes a group of  diseases, includ-
ing nemaline myopathy, central core myopathy, and centro-
nuclear (myotubular) myopathy. The three broad categories 
are based on the microscopic appearance of  the muscle; 
centronuclear myopathy is marked by an abnormal pre-
dominance of  central nuclei as compared to the normally 
peripherally placed nuclei of  the muscle cell, central core 
myopathy is marked by the presence of  central clearing, or 
cores, within the cytoplasm, and nemaline myopathy is char-
acterized by nemaline rods which can be seen by electron 
microscopy. These as well as the other congenital myopa-
thies typically result from abnormalities of  the sarcomeric 
proteins. These diseases are characterized by weakness and 
muscle atrophy that typically presents at birth. There are, 
however, forms that can present later in life. The congenital 
myopathies represent a group of  disorders that are less well 
characterized when compared with the other disorders we 

Clinical presentation of  LGMD2A includes a typically ele-
vated CK and muscle biopsy findings with degenerating and 
regenerating fibers, central nuclei, and a variation in fiber 
size. The EMG will have typical myopathic features. Patients 
show no intellectual deficits, and cardiac defects have not 
been reported at increased rates in LGMD2A.105 Unlike other 
muscular dystrophies, there seems to be no direct correla-
tion between the amount of  protein identified on biopsy and 
the severity of  clinical presentation,104 and the age at pre-
sentation does not necessarily provide guidance for the tim-
ing of  ambulation loss.106 However, patients with in-frame 
genetic defects on both alleles tend to have a later onset of  
symptoms and a later diagnosis as compared with those with 
heterozygous or homozygous null mutations. Ambulation 
typically continues throughout childhood, with the average 
child loosing ambulation in the late teens or early 20s; how-
ever, there can be a significant variability between patients, 
with some continuing to ambulate into middle age and oth-
ers loosing ambulation in early childhood.105

LGMD2A has a wide variation in the severity of  presenta-
tion and in the course of  the disease. Typically, the presen-
tation is in the second decade of  life initially with proximal 
atrophy. This is most commonly expressed as scapular wing-
ing. Weakness of  the elbow flexors can also be present. 
The wrist extensors are typically weaker than the flexors, 
and the hip adductors are more affected, while the abduc-
tors are preserved long into the disease process. The knee 
extensors typically remain stronger than the flexors, and 
the ankle evertors are typically weaker than the invertors. 
Contractures are typically found in the calf  muscles along 
with atrophy of  this muscle in most European patients; 
however, in Brazilian patients hypertrophy can be found in 
the calf. Finger-flexion and elbow-flexion contractures may 
also be present early on in the disease process. These mus-
cle imbalances correspond with a typical standing posture 
of  hip abduction, knee hyperextension, and inversion at the 
ankle that is preserved long into the disease process. Patients 
with LGMD 2A typically remain able to stand with support 
far into the disease process because of  this pattern of  con-
tracture and muscle involvement.105,106

The last form of  LGMD that will be discussed here is 
LGMD 2I. LGMD 2I is recessively inherited and caused by 
a mutation in the fukutin-related protein gene (FKRP). This 
gene is also the cause of  some forms of  CMD, which we will 
discuss later. The gene is found on chromosome 19q13.3,107 
and the encoded protein FKRP is a glycosyltransferase 
that aids in the O-glycosylation of  α-dystroglycan and a as 
a result of  its absence α-dystroglycan does not form prop-
erly.108 α-dystroglycan is located in the extracellular space 
and is associated with the dystrophin complex that spans the 
membrane and proper glycosylation is required for its asso-
ciation with Laminin-α2.109

Diagnosis is established first by clinical presentation 
which is marked by weakness. EMG shows a typical myo-
pathic pattern and an elevated serum CK which is typically 
is in the thousands. Muscle biopsy is typically characterized 
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may represent different stages in the same disease process 
in some cases. Family members with presumably the same 
disease process may have both central and multiminicores, 
and the same patient first with multiminicores may later in 
the disease process present with central cores.116 These cores 
are areas within the muscle that contain no mitochondria, 
are negative for oxidative enzymes, and contain a collec-
tion of  proteins that include many of  the proteins that have 
been identified in other muscle diseases as well as many 
other proteins. One of  the most common genes identified 
as being responsible for central core disease is found on 
19q13; it codes for the ryanodine receptor 1 protein (RYR1) 
and controls the release of  calcium from the sarcoplasmic 
reticulum.116,121,122

Clinically, central core myopathy can be relatively static 
or mildly progressive over long periods and phenotype/
genotype correlations are emerging surrounding the specific 
calcium channel abnormality that a given mutation yields 
with some variability also being based around the exis-
tence of  dominant vs. recessive inheritance.123 The pattern 
of  weakness typically includes facial weakness, neck flexor 
weakness, and proximal weakness with the legs being more 
involved than the arms.124 There is a spectrum of  patients 
with central core myopathy, and more severe forms have 
been noted. The other clinical feature of  patients with RYR1 
mutations is the susceptibility to malignant hyperthermia, 
which is a severe reaction to anesthesia.

Centronuclear (myotubular) myopathy is the other main 
category of  congenital myopathy and results primarily from 
an abnormality in the MTM1 gene which codes for the pro-
tein myotubularin however other genes also contribute to 
a portion of  this population. Clinical presentation typically 
is more severe with ventilator and wheelchair dependence 
being common. Myopathic facial muscles with opthalmo-
plegia are a common occurrence.114

 Congenital muscular dystrophy

CMD can be divided into those CMDs with CNS involve-
ment and those without CNS involvement. Fukuyama 
CMD, Walker–Walburg syndrome, and muscle–eye–brain 
disease represent the group of  CMDs with CNS involvement 
and all typically demonstrate muscle, brain, and eye abnor-
malities. The typical brain abnormalities include a cobble-
stone lissencephaly with cerebral and cerebellar cortical 
dysplasia secondary to a neuronal migration abnormality. 
Eye and vision abnormalities span a wide range of  possible 
abnormalities and vary from one disease to the other, but 
may include structural abnormalities of  the eye as well as 
myopia and retinal detachment.125 The muscle abnormali-
ties are based on abnormal glycosylation of  α-dystroglycan 
resulting from the absence of  various enzymes that facilitate 
the process of  glycosylation. Glycosylation is the addition of  
glycans to a protein to form a glycoprotein. As a result of  
the common pathophysiology, there is significant overlap in 

have discussed thus far. The broad diagnostic classifications 
are based on morphologic characteristics found on muscle 
biopsy, with subtyping based on clinical features. In each 
broad category, there are a number of  genetic mutations 
that can be the predisposing factor; however, there is signifi-
cant clinical variability that can be seen. Here we will discuss 
two of  the most common congenital myopathies, nemaline 
myopathy and central core myopathy.

Nemaline myopathy has a wide range in the severity 
of  clinical presentation as well as heterogeneity of  genetic 
causes.114 Nemaline is a genetically heterogenous myopathy 
with mutations in the genes that code for either actin, neb-
uline, or tropomyosin (β-2 and 3)as well as other proteins. 
The inheritance pattern is most often sporadic but can also 
be dominant or recessive. Pathologically, on muscle biopsy 
there are cytoplasmic inclusions visible on light microscopy 
and called either rods or nemaline bodies seen by electron 
microscopy that represent deposits of  z-line proteins.115–117

Nemaline myopathy has been divided into seven differ-
ent forms on the basis of  severity and other factors by the 
European Neuromuscular Center. These types include the 
typical or classic form, the severe form, the intermediate 
form, the mild form, and the adult-onset form. In addi-
tion, there is a severe Amish type with neonatal onset and 
a category for other forms. The typical form of  nemaline 
myopathy presents at birth or early infancy with respira-
tory insufficiency being an issue, especially at night. These 
patients often become ambulatory; however, some will need 
wheeled mobility. The severe form is characterized by weak-
ness from birth. Often, in this type of  nemaline myopathy, 
no spontaneous movement is evident. These patients can 
have arthrogryposis and fractures at birth. Lack of  respira-
tory effort and the resulting respiratory insufficiency and 
ventilator dependence often lead to death in the first year of  
life. The intermediate form presents in infancy or at birth. 
Patients are able to breath on their own by a year and either 
do not ambulate at all or progress and develop contractures 
over time and loose the ability to ambulate by 11 years of  
age. The mild form presents in childhood, often with a 
history of  normal developmental milestones. This form is 
often slowly progressive, and in the later stages this form 
can be clinically indistinguishable from the classic or typical 
presentation. The adult form tends to be more progressive 
and can also demonstrate inflammatory change on biopsy 
as well as cardiomyopathy. 118,119 The most common form is 
the classic or typical form representing 43% of  cases in one 
series.120 The intermediate and severe congenital forms rep-
resent 20% and 16%, respectively, with the less severe form 
with childhood and adult-onset representing the remaining 
cases.

Central core myopathy is named for the appearance of  
the presence of  histological cores on muscle biopsy. If  the 
cores appear centrally and are large, the name central core 
myopathy is used, and if  there are multiple small cores, the 
term multiminicore myopathy is used. Despite the use of  these 
two terms, these only represent a pathologic description and 
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COL6 related myopathy. On muscle biopsy, findings can 
range from mild myopathic findings to dystrophic in the 
more severe patients; however, it is rare to see necrotic and 
regenerating fibers. Classically, findings include variation in 
fiber size and infiltration of  the muscle by fatty and fibrotic 
tissue. Patients with Ullrich CMD typically have weakness 
at birth in all but the mildest cases. There is an increased 
risk of  congenital hip dislocation as well as torticollis and 
arthrogyposis, the latter two of  these typically improve with 
stretching. Gross motor skills are typically delayed; how-
ever, there are improvements seen in motor skills in the first 
few years of  life, and patients typically gain the ability to sit 
independently and stand with bracing. A significant number 
of  patients also gain the ability to ambulate independently. 
Contractures of  the hips, knees, and elbows are typical and 
are combined with hyperlaxity of  the distal joints in addition 
to laxity at the shoulders and hips. In patients that achieve 
ambulation, the ability to walk, is most often limited by pro-
gressive knee flexion contractures or planovarus contracture 
at the ankle. Respiratory insufficiency can be a problem for 
the more severely affected patients as they age and can be 
found in patients who are still ambulatory.127

Physical therapy intervention in CMD and congenital 
myopathy needs to take into account the natural history of  
the specific disorder, and realistic goals need to be planned 
on the basis of  the natural history of  the disease. A focus on 
the maintenance of  flexibility with stretching and appropri-
ate bracing or serial casting as needed is important. Bracing 
may be needed for nighttime positioning, for standing or 
ambulation, as well as for those who are not ambulatory. 
Standers and wheelchairs as well as bathroom adaptations 
may provide practical assistance. Even in those patients who 
have some household ambulation, power mobility may be 
necessary for community mobility or for longer distances at 
school and in the community.

 Spinal muscular atrophy

SMA is a disorder that is manifested by interneuron abnor-
mality and a loss of  anterior horn cells. This results in a phe-
notypic spectrum of  disease states that have been divided 
into three types of  SMA on the basis of  a functional clas-
sification system.

Three categories of  SMA occur in childhood:

 1. SMA type I (Werdnig–Hoffman disease)
 2. SMA type II
 3. SMA type III (Kugelberg–Welander disease)

The classification of  a child with SMA into one of  the 
above types of  SMA is based solely on the child’s maximal 
functional abilities. The child that is so weak that they have 
never learned to sit is diagnosed with SMA type I. Those 
children that learn to sit but never learn to walk without an 
assistive device have type II SMA and the children that walk 
independently are diagnosed with SMA type III.

the clinical presentation of  these diseases and the pathologic 
findings encountered during the diagnostic workup. All pres-
ent congenitally in the typical case although there are also 
milder limb girdle phenotypes. Walker–Warburg syndrome 
is the most severe of  the CMDs, and children typically die by 
3 years of  age. Muscle–eye–brain disease has a variable clini-
cal picture and presents in infancy. The more mildly involved 
patients may ambulate for a period of  time during child-
hood; however, their functional abilities are limited by spas-
ticity and ataxia resulting from the brain abnormalities as 
well as the muscle weakness. Most patients with Fukuyama 
CMD will achieve standing, and some can take steps in early 
childhood. Typically, in the second decade, respiratory fail-
ure becomes a problem, beginning with nocturnal hypoven-
tilation. This can progress, limiting the life expectancy of  
these patients to the third decade of  life. Cardiomyopathy 
is also a feature commonly seen in these patients, and they 
should be periodically followed by cardiology.

Merosin (laminin)-negative CMD (also known as LAMA2 
related CMD or MDC1A) is the most common CMD, rep-
resenting half  of  all cases of  CMD. The absence of  merosin 
in the muscle (Fig. 9.1) results from an abnormality of  the 
LAMA2 gene found on chromosome 6q2. Merosin-negative 
CMD also shows CNS involvement in the form of  abnormal-
ities of  the periventricular and subcortical white matter. To 
better anticipate the clinical course it is important to subdi-
vide the group by the presence of  total absence of  Merosin 
and partial absence, with complete absence predicting a 
more severe phenotype. The clinical course of  this disorder is 
characterized by severe weakness at birth or in early infancy 
and the development of  contractures, particularly at the 
ankle and eventually at the knee and elbow. The severe weak-
ness can improve over time, and most patients will sit by 2 or 
3 years of  age and upwards of  25% will stand or walk with 
bracing. Muscle strength can be stable over time; however, 
nocturnal hypoventilation may be a problem for many of  
these patients, typically by the second or third decade of  life, 
and a third may have seizures or cardiac abnormalities.126,127

Ullrich CMD results from the abnormalities of  collagen 
VI. Collagen VI is composed of  3 associated proteins which 
form a triple helix. Abnormalities of  Collagen VI can result 
from mutations of  any of  the 3 subunits COL6A1, A2, or 
A3. COL6A1 is located on 21q22.3, COL6A2 is located on 
chromosome 22q23.3, and COL6A3 is located on chro-
mosome 2q37.128 Collagen VI is found in the extracellu-
lar matrix (Fig. 9.1) and presumably acts to transmit force 
from the muscle to the bone and tendon. Ullrich CMD is 
typically recessively inherited; however, dominant nega-
tive inheritance represents a significant minority of  these 
patients.129 A dominant negative exists where the affected 
gene product negatively impacts the nonaffected alleles 
protein production. The milder form of  collagen VI abnor-
mality, Bethlem myopathy, is typically dominantly inherited 
and although historically they were viwed as separate condi-
tions the phynotype is one of  a continuous spectrum and 
there is a movement toward referring to these disorders as 
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uniform. About half  of  patients will have fasciculations that 
can be seen in the tongue as spontaneous small muscle con-
tractions134; these can be seen on muscle ultrasound at times 
even if  they are not visible in the tongue. Since only the 
lower motor neuron is affected, sensation is typically intact 
as is cognitive function in patients with SMA. Since this is a 
lower motor neuron disease, no upper motor neuron signs 
should be noted.

SMA Type I (Werdnig–Hoffman Disease)

SMA Type I is almost always noted within the first 3 months 
of  life. However, the diagnosis may not be made for a num-
ber of  months. Depending on severity, decreased movement 
may be noted during pregnancy or within the first weeks or 
months after birth. Axial hypotonicity is often the first symp-
tom noted and difficulty feeding is often a concern shortly 
after the onset of  weakness. Muscle wasting is often severe, 
and spontaneous movements are infrequent and of  small 
amplitude. On examination, the infant with SMA type I will 
present with a head lag on pull-to-sit and will drape over the 
examiner’s hand when a landau is performed. The infant 
will be dominated by gravity, and in supine the legs will 
be abducted and flexed, and the arms will move primarily 
with the elbows on the surface, and if  they can be brought 
to midline, this will be with difficulty. In the most severely 
affected infants, axial strength will be so diminished that in 
supine the head will not be able to be maintained in midline. 
Prone position is poorly tolerated due to respiratory limita-
tion and prone skills will be similarly limited. Infants with 
SMA Type I will not be able to prop and typically cannot 
turn their heads from side to side in prone. In vertical, some 
infants will demonstrate tenuous head control, while most 
will not be able to maintain their heads erect.

Infants with SMA Type I typically develop significant 
oral motor weakness that makes feeding progressively 

Genetics

SMA is inherited as an autosomal recessive disorder. The 
underlying genetic defect is located on chromosome 5q13, 
where the survival motor neuron (SMN) gene is located 
and the SMN protein is coded for.129,130 In this region of  
the chromosome, there are two homologous genes, SMN1 
and SMN2, that code for the SMN protein. Typically, there 
is one copy of  SMN1 and multiple copies of  SMN2. SMN1 
produces most of  the protein that the body uses, and when 
the gene is affected it produces no protein and the SMN2 
gene must be relied on to produce the SMN protein. Most 
(85% to 90%) of  the SMN protein that SMN2 produces is 
not functional. The total amount of  SMN produced in 
patients with SMA, therefore depends on how many copies 
of  SMN2 the patient has. The number of  SMN2 copies also 
correlates with how severe the phenotypic presentation of  
the disease is.

Pathophysiology

SMN plays a role in the function of  all cells, mediating the 
assembly of  a set of  proteins that associate with RNA and 
function as part of  the splicing machinery in every cell. The 
alpha motor neuron and interneurons are most impacted by 
the diminished levels of  SMN although there is some recent 
data that other tissues are affected as well131 the phenotype 
of  SMA is dictated by motor neuron loss and patients with 
SMA as a result have a portion of  their alpha motor neurons 
undergo apoptosis.

As a result of  the loss of  motor neurons, EMG results 
will be characterized by diminished compound motor unit 
action potentials (CMAP) that are often of  short duration; 
the diminished CMAP will track the course of  the dis-
ease. Positive sharp waves and fibrillations are also found, 
and typically conduction velocities and sensory studies are 
 normal.132 The number of  motor units are also diminished 
in children with SMA. The number of  remaining motor 
units can be estimated by EMG using motor unit num-
ber estimation (MUNE). The MUNE reflects the number 
of  lower motor neurons that innervate a given muscle. In 
addition to CMAP, the MUNE can be used to monitor the 
progress of  the underlying pathologic process affecting the 
motor neuron.133

Typically, the histopathology found on muscle biopsy is 
characterized by groups of  small atrophic fibers interspersed 
with groups of  large hypertrophic fibers (Fig. 9.9). This type 
of  grouped atrophy is characteristic of  a neurogenic pro-
cess. The groups of  atrophic fibers are the result of  lack of  
innervation to that motor unit. All three types of  SMA have 
an underlying pathology that affects the interneuron and 
anterior horn cell; as a result, they share some common clin-
ical features. All children with SMA will demonstrate some 
degree of  weakness, albeit to varying degrees, depending on 
the type of  the disease. Patients with SMA will typically have 
absent deep tendon reflexes; however, this is not completely 

FIGURE 9.9 Neuropathic changes associated with SMA as 
compared with normal (upper left). Note the hypertrophic changes 
and grouped atrophy.
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of  life when the child is noted to not be pulling to stand. 
These children are characterized by proximal weakness 
and wasting of  the extremities and trunk musculature. 
Fasciculations are common on examination of  the tongue in 
these patients. There is also often a fine resting tremor when 
the child attempts to use the limbs. This is not an intention 
tremor, but has been referred to as a minipolymyoclonus.8

In children with SMA type II, there is a delay in the 
acquisition of  motor skills that is somewhat variable 
between children. Approximately one-third of  children 
with SMA type II will sit by the normal time of  6 months, 
and 90% will be able to sit by their first birthday.137 Some 
children may continue to gain skills throughout the second 
year, but there is typically a peak after which a slow decline 
in skills ensues, the rapidity of  which depends largely on 
the underlying disease severity. Of  those children that 
become independent sitters, and are diagnosed with SMA 
type II, 75% will remain independent sitters until 7 years, 
and half  will remain sitting at 14 years of  age.138 Motor 
skills that employ a long lever arm are most difficult for 
these patients, and as a result, prone and quadruped skills 
are most delayed because it is difficult to maintain head 
control in these positions. Transitions to and from sit will 
also be difficult because of  the weight of  the head during 
the transition. Despite a slow overall decline in function as 
these children grow up, there are often long periods of  rela-
tive functional stability spanning years. Despite what one 
would anticipate on the basis of  the decline in function, 
there is not a detectable loss in strength over time in chil-
dren with SMA.139 However, this data represents a group of  
patients over the age of  4 years, since younger children can-
not be reliably tested.

The pattern of  weakness seen in the extremities is most 
notable for the relative strength in the distal muscles as com-
pared with the proximal muscles. On average, strength in 
patients with type II and III SMA falls between 20% and 40% 
of  predicted based on age. Quadriceps strength tends to be 
the most diminished, averaging 5% of  normal. However, 
in patients with SMA that ambulate, the variation in quad-
riceps strength can be threefold as compared with patients 
that do not ambulate.140,141

Contracture formation is also an issue in the manage-
ment of  patients with SMA type II. Limitations of  the knee 
flexors and ankle plantarflexors are frequently the most sig-
nificant contractures in the lower extremity, and contrac-
tures of  the elbow flexors and wrist flexors are the most 
significant in the arm. For the hands, resting hand splints are 
appropriate for night use, and for the legs, knee–ankle–foot 
orthosis (KAFO), as discussed in the next section, will aid in 
maintaining ROM. In addition, a daily stretching program 
will help maintain the patient’s flexibility.

By definition, these children do not ambulate indepen-
dently; however, some of  these children may learn to walk 
with bracing or an assistive device.142 However, the ambula-
tion is often not functional. Nonetheless, it is important to 
encourage standing in patients with SMA type II. Standing 

more difficult. These infants have difficulty taking in suffi-
cient calories to gain weight and thrive. Medical options for 
 supplemental feeding in these patients include nasogastric 
feeding or the surgical placement of  a gastrostomy tube 
with Nissan fundoplication to diminish the potential for 
gastro- esophageal reflux.

Patients with SMA Type I also have limited respiratory 
function and develop an abnormal paradoxical pattern of  
breathing, with the diaphragmatic muscles playing the pri-
mary role in ventilation. In these infants, inspiration is dia-
phragmatically initiated, and as negative pressure develops 
in the thoracic cavity, the intercostals and other thoracic 
muscles that typically stabilize the ribcage fail and the rib-
cage collapses with each breath. Typically, the belly also 
rises as the diaphragm lowers. In the weakest infants, the 
chest and the abdomen will be directly out of  phase. In 
the infants who are a bit stronger, the chest will stabilize or 
expand briefly with the abdomen prior to collapsing, this is 
in contrast to the normal condition of  almost simultaneous 
abdominal and thoracic expansion. Pulmonary infections 
are common in infants with SMA Type I and pulmonary 
management is an important facet of  care for these patients. 
Both the inability to take a deep breath and the lack of  an 
effective cough can cause serious respiratory complica-
tions, including atelectasis and pneumonia. Percussion and 
postural drainage should be recommended for use when 
the infant has upper respiratory infections to move the 
secretions from the small airways. These infants may also 
be treated with a mechanical in-exsufflator or coughalator 
that delivers a positive pressure insufflation followed by an 
expulsive exsufflation that simulates a cough as an additional 
means of  airway clearance135 and as a way of  maintain-
ing flexibility of  the lungs and ribcage. Approximately half  
of  the children with infantile SMA do not survive beyond 
2 years of  age without the assistance of  mechanical venti-
lation.136 For those that do choose to have tracheostomies 
or use noninvasive ventilation, the life span can be extended 
significantly beyond this with half  of  children with SMA 
type 1 surviving to 10 years of  age in one trial with aggres-
sive respiratory management and nutritional support.8,136

Children with SMA Type I have such severe weakness 
that it is difficult for them to participate in play activities. 
Switch toys are appropriate for those children that survive 
past 8 months (when cause and effect begins to develop) to 
allow the child access to play. In addition, younger infants 
may benefit from a sling-and-spring setup that can be made 
from theraband tubing and velfoam cuffs attached to the 
infant carrier to aid in antigravity shoulder movement and 
to promote access to toys. The approach to physical therapy 
for these children must be aimed at quality of  life for both 
the child and the family.

SMA Type II

Type II SMA also affects infants but is less severe than SMA 
Type I. Initial presentation is typically later in the first year 
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possible for as long as possible. These patients often require 
KAFOs for standing, and as they become weaker, the addi-
tion of  a pelvic band or the use of  a stander or parapodium 
may be necessary. The proximal portion of  the KAFO may 
be shaped for ischial weight bearing to improve comfort 
and control of  the proximal femur (Fig. 9.10). During the 
school-age years when the child becomes too heavy to lift 
into standing, a transition to a more traditional stander 
becomes appropriate if  contactures allow and bracing may 
be only necessary to stabilize the foot and ankle. For those 
children who can continue in a standing program, there are 
a number of  options, some that will accommodate flexion 
contractures and others that assist in the transfer, alleviating 
some of  the burden on the parent.

Feeding and swallowing difficulties are seldom a problem 
early in the course of  the disease, but many children do not 
gain weight well, and some require supplemental feeding as 
they get older to maintain optimal body weight.

These children often survive into adulthood, but are vul-
nerable to pulmonary infection and may require mechanical 
ventilation either at night secondary to nocturnal hypoven-
tilation or full time. The use of  a mechanical in-exsufflator 
in this population is also helpful in airway clearance, as is 
percussion and postural drainage during interercurrent ill-
ness, since these patients also lack the muscle strength to 
produce a strong cough and clear secretions that develop 
with illness.135

Children with SMA type II are predisposed to kypho-
scoliosis, similar to that which affects other children with 
neuromuscular weakness. Spinal bracing has been char-
acterized as not preventing progression of  the spinal 
curve,143 and when spinal bracing is worn, pulmonary 
function is limited by the external restriction as compared 
with pulmonary function without bracing.144 However, as 
a practical matter for patients who have pain or postural 
instability as well as scoliosis, a soft spinal orthosis can pro-
vide support for the trunk and allow improved tolerance in 
sitting for those patients who choose not to have a fusion. 
Typically, scoliosis in this population and in patients with 
type III SMA has been treated surgically with segmental 
spinal fusion. This prevents the inevitable progression of  
the curve, which can be more rapid once the patient is in 
a wheelchair full time.145 However, there is a downside 
to spinal fusion. Fusion can also be associated with some 
loss of  functional skill. When the flexibility of  the spine 
is taken away, some tasks can become more difficult, espe-
cially in the weaker patients. Ambulatory patients (with 
SMA type III) are also at risk of  functional decline fol-
lowing a fusion since spinal and pelvic flexibility is dimin-
ished and a fusion that maintains pelvic mobility might 
be preferable in this population.146 Despite this, typically 
the benefits of  preventing the inevitable progression of  
the scoliosis and the associated pulmonary and functional 
decline outweigh the risks associated with the surgery, and 
patients typically report improved comfort and sitting bal-
ance following surgery.147

will act to maintain joint mobility, maintain bone stock, 
prevent problems associated with long-term wheelchair sit-
ting, and attempt to keep the patient’s back as straight as 

FIGURE 9.10 Anterior–posterior (A) and lateral view (B) of 
3-year-old with type II SMA wearing ischial weight-bearing knee–
ankle–foot orthoses.

A

B
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present.151 CMT2 shares the inheritance pattern and time of  
onset of CMT1; however, it primarily affects the axon of  the 
nerve.149 CMT1 and CMT2 share the same clinical  features 
as noted above. CMT3, also known as Dejerine–Sottas 
disease (DS), is often not used as a separate category any 
longer152 and had been used to define an autosomal domi-
nant congenital hypomyelinating neuropathy with onset 
in infancy and more severe weakness.65,150 CMT4 is autoso-
mal recessive and may also be referred to as AR-CMT2.153 
There are other forms of  CMT, including an x-linked form 
(CMTX) and a mild congenital form.

CMT is diagnosed by physical exam, genetic testing, elec-
tromyography (EMG), and nerve conduction velocity (NCV) 
tests. Symptoms of  weakness usually begin in the feet and 
ankles, as is characteristic of  length dependent neuropathies, 
with a foot drop. Later in the course of  the disease weakness 
of  the hands and forearms can be appreciated. Many people 
with CMT develop contractures in the feet causing cavovarus 
deformity involving the forefoot, hindfoot, midfoot, and toes 
(Fig. 9.11).151 Contractures in the long finger flexors may also 
develop. Decreased sensation to heat, touch, pain and most 
prominently vibration is also present distally.

A physical therapy program can benefit individuals with 
CMT by improving strength, ROM, and functional activi-
ties.154 Orthotic assessment and prescription can greatly 
improve the gait and functional mobility of  a person with 
CMT by preventing contracture formation and providing a 
more stable base for ambulation.155–157 It has also been pro-
posed that Custom braces may also improve aerobic per-
formance and decrease energy expenditure in patients with 
CMT.158 There is not a lot of  data to guide the specific choice 
of  brace type in CMT but the therapist should be guided by 
a few underlying principals in selecting appropriate bracing. 
First given that patients have significant weakness the brace 

SMA Type III (Kugelberg–Welander Disease)

SMA type III is characterized by symptoms of  progressive 
weakness, wasting, absent reflexes and fasciculations. Age of  
presentation can vary from the toddler years into adulthood, 
the latter of  which some would classify as type IV. Proximal 
muscles are usually involved first, and because of  the age 
and pattern of  presentation, this disease may be confused 
with the muscular dystrophies. Deep tendon reflexes are 
decreased, but contractures are unusual, and progressive spi-
nal deformities are uncommon as long as the child remains 
ambulatory. Diagnosis is established on the basis of  the clini-
cal picture and the results of  diagnostic laboratory studies, 
including an EMG and muscle biopsy, which show dener-
vation as in the other forms of  SMA. In addition, genetic 
testing will show a deletion of  the SMN gene on the fifth 
chromosome.

Prognosis in patients with SMA type III can be aided by 
a good developmental history. Patients who have symptoms 
that begin prior to 2 years of  age have a relatively poorer prog-
nosis when compared with patients who have symptoms that 
begin after the age of  2. Russman et al. followed 159 patients 
with SMA and found that in patients with SMA type III, if  
symptoms begin after 2 years of  age, on average patients con-
tinued to ambulate until 44 years of  age while in those who 
began to have symptoms prior to 2 years of  age, ambulation 
was maintained until an average of  12 years of  age.138

Treatment from a physical therapy standpoint is focused 
primarily on the maintenance of  function and flexibility. 
Patients need to be braced appropriately while they are still 
ambulating and for standing after they stop ambulating. 
Once patients become more difficult to handle in braces 
for standing, standers, where the patient is aided which aid 
patients to standing from a sitting position, can be helpful to 
maintain flexibility and bone stock by allowing weight bear-
ing through the long bones.

 Charcot–Marie–Tooth disease

CMT disease, also known as hereditary motor and sensory 
neuropathy (HMSN), is a slowly progressive neuropathy 
that affects peripheral nerves and causes sensory loss, weak-
ness, and muscle wasting primarily in the distal musculature 
of  the feet, lower legs, hands, and forearms. It is the most 
frequently inherited peripheral neuropathy affecting 1 in 
2,500 persons.148 There are four different types and many 
subtypes of  CMT, depending on the specific gene defect, 
inheritance pattern, age of  onset, and whether the primary 
defect results in an abnormality of  the myelin or axon of  the 
nerve. CMT1, a demyelinating form, is the most common 
form of  CMT and often is characterized by an autosomal 
dominant inheritance and the typical onset of  symptoms 
is in childhood or adolescence.149,150 In the most common 
subtype, CMT1A, a duplication of  the PMP22 gene or 
peripheral myelin protein 22 gene on chromosome 17 is 

FIGURE 9.11 Sixteen-year-old with CMT. Notice the high arch 
and hammertoes on both feet as well as the varus position of the 
ankle.
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At 4 years of age, the family had been instructed in stretching 
of the heel cords to be performed on a daily basis and A.M. had 
been fitted with night splints to maintain a neutral position at 
his ankles during sleep. (He was encouraged to wear his “moon 
boots” throughout the night, but if it was only 2 to 3 hours at 
neutral before he took them off, this shorter period was consid-
ered beneficial.) A.M. was started on prednisone by his neurolo-
gist and became somewhat stronger and was able to run better. 
These functional gains, however, came with a price. A.M. initially 
gained some weight, but since his parents knew to watch for this, 
his weight gain was not as great as it could have been. In addi-
tion, A.M. was somewhat more active and inattentive in school. 
Despite the side effects, his parents chose to keep him on the 
medication because they felt the benefits outweighed the side 
effects. At 5 to 6 years of age, the stretching of hip flexors and il-
iotibial bands had been added to the daily stretching regimen be-
cause he had developed mild flexion and abduction contractures.

At this time, A.M. comes to physical therapy with the chief 
complaint of an increased number of falls (approximately four per 
day), increased difficulty rising from a chair and ascending and 
descending stairs, and no longer being able to get off the floor 
without the use of “furniture” along with his Gower’s maneuver.

Strength in the upper extremities (UE) graded in the “good” 
range (4 out of 5), with the lower extremities (LE) grading “fair” 
(3 out of 5) to “poor” (2 out of 5) in the proximal muscle groups. 
Measurements of joint contractures revealed hip flexors that 
measured −10 degrees bilaterally, iliotibial bands at 0 degrees 
bilaterally, knees at neutral, and −10 degrees at the right ankle 
and −8 degrees on the left. In the UE, ROM was within normal 
limits bilaterally and functionally still independent.

Stretching exercises were reviewed and emphasized with the 
family. Contracture releases were also discussed with the fam-
ily as an option and a future referral to the orthopedic surgeon 
was discussed. A.M. and his family were instructed to return to 
physical therapy in conjunction with being fitted by the orthotist 
with the long leg braces should they opt for surgery. The need for 
a wheelchair, only to be used for long-distance transport and on 
uneven terrain, was addressed, and since it had been discussed 
at previous visits, they were ready to order this and chose a 
power wheelchair. They had a “buggy” that they used for long 
distances, but it was clear that this did not provide the indepen-
dence that A.M. wanted, especially outdoors with his friends.

Contact was made with the treating physical therapist in the 
school district for his or her suggestions or comments regarding 
power mobility, and issues related to home and school acces-
sibility were discussed with the family and therapist, in terms of 
both transport and access.

A.M. became a full-time wheelchair user at 12, and despite 
the lateral support on his chair, he developed scoliosis, which 
required fusion when it reached 40 degrees. Following the fusion, 
A.M. had trouble feeding himself and was ordered a mobile arm 
support and also began to use the tilt feature on his most recent 
power chair not only for pressure relief, but also to clear the door 
while entering his adapted van since he grew 3 inches following 
the surgery.

weight is an important issue and a lighter brace will decrease 
the tendency for the patients gait pattern to be dominated 
by poor lower leg deceleration at the end of  swing. Carbon 
fiber braces with a posterior leaf  spring design to prevent 
foot drop often provides sufficient dorsiflexion assist for the 
more mild cases where there is not significant fixed defor-
mity. However, these provide limited deformity accommo-
dation or control and may require the use of  a foot orthotic 
insert or if  greater control is required an articulating ankle 
foot orthosis can be used and a varus control strap added. 
Stretching, night splints, and serial casting can also improve 
ROM, but if  a fixed deformity develops, orthopedic surgery 
to correct the deformity may be necessary to produce a 
plantigrade foot.59

A resistance training program can improve strength159 
and ADLs in patients with CMT. The addition of  creatine 
monohydrate has been investigated as an adjunct to exer-
cise.160,161 Resistance training has also been found to be help-
ful with respect to strength and function with improvement 
noted after a home-based strengthening program.162,163,164

 Summary

The disorders discussed in this chapter are all character-
ized by weakness and wasting of  the skeletal musculature, 
progressive deformity, and increasing disability. The physi-
cal therapist plays an important role in the management of  
these disorders. The therapist’s roll centers on the mainte-
nance of  function, both through the management of  what 
is often a progressive process and the provision of  assistive 
technology to compensate for functional limitations. This 
may be as simple as recommending bath equipment to 
make transfers more manageable or as involved as prescrib-
ing power mobility to compensate for the loss of  ambula-
tion. The therapist is also in a position to provide teaching 
surrounding the natural history and act as a resource for 
outcome measurement both for monitoring of  individual 
patients and as part of  a clinical trial team. Finally the thera-
pist can work together with the psychosocial members of  
the team to facilitate the necessary emotional support for 
the affected child and family.

Case sTuDY
A.M., 10-Year-Old Caucasian with DMD
A.M. is a 10-year-old Caucasian boy with a diagnosis of DMD. 
He was diagnosed at 4 years of age when it was noted that he 
was slow getting up off the floor after story time at preschool 
and appeared unable to keep up with his school mates. He has 
been followed periodically by physical therapy since that time for 
family education in ROM and active stretching exercises and for 
monitoring the status of his muscle strength, function, and joint 
contractures.
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 Introduction

The physical therapist (PT) plays a challenging and impor-
tant, multifaceted role in the management of  children with 
intellectual disabilities. This challenge is inherent within the 
clinical presentation of  such a child who exhibits simultane-
ous and interactive impairments in the neuromotor, muscu-
loskeletal, developmental, cognitive, and affective domains. 
The PT must be able to not only accurately assess the child, 
but must also innovatively develop, implement, modify, 
and share with parents and other providers of  service an 
accurate plan of  care. In this chapter, we offer an approach 
to assist the entry-level PT with assessment, intervention, 
and  management of  the child with intellectual disabilities. 
The strategy presented is from a functional perspective, 

delineating the interactive effects of  common impairments 
associated with such disabilities and the role of  the PT in 
managing these impairments to promote maximum best 
function of  the child within his or her environment. Physical 
therapy management for the child with Down syndrome is 
outlined as a model strategy (Fig. 10.1).

 Historical review

The history of  society and its treatment of  people with 
intellectual disabilities have had an intriguing, interest-
ing, and still unfolding interactional relationship. As soci-
etal trends followed a path of  increased education and 
understanding, the quality of  these interactions wandered 
along a pathway from severe humiliation, to tolerance and 
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the gains were not sufficient for acceptance of  the boy into 
Parisian society at that time. Society frowned on the child, 
and Itard believed he had failed.4

In 1840, Johann Jacob Guggenbuhl established a center in 
Switzerland for a then-innovative approach involving group 
teaching for children with intellectual disabilities. His work 
received worldwide acclaim as a major reform. This reform 
influenced the work in Europe and in the United States 
of  Edouard Sequin, who was a world leader in the devel-
opment of  educational and residential services for people 
with intellectual disabilities. In 1876, Seguin was made presi-
dent of  the newly formed Association of  Medical Officers 
of  the American Institutions for Idiotic and Feeble-Minded 
Persons. This association later (1876) became the American 
Association of  Mental Deficiency (AAMD), which renamed 
itself  in 2006 as the American Association on Intellectual 
and Developmental Disabilities (AAIDD).5

In the United States, the social organization accompa-
nying the Industrial Revolution reinforced this concept of  
group care of  children, as well as stimulating a sense of  
social responsibility.1 Throughout the 1800s, small gains 
fluctuated with a sense of  frustration and futility, and there 
was a large-scale movement to house the “incurables” in 
large, overcrowded facilities in isolated areas.2 As such, edu-
cation first promoted for use with individuals with severe 
disabilities, including those with intellectual disabilities, was 
generally provided in large institutions designed as much to 
protect persons with disabilities from the public as to pro-
tect the public from them.

During the mid-19th century, an interesting development 
began, referred to as “special education.” The notoriety 
of  famous people like Samuel Gridley Howe and Horace 
Mann publicized the educational experiences of  Laura 
Bridgman, a child who was blind and came to be educated 
at a school for the blind then housed at the Perkins Institute 
in Massachusetts. Howe’s description of  the processes used 
at the Institute with Bridgman were further distributed in 
reports written by Charles Dickens. Dickens’ articles were 
widely read, aided by his popularity at that time, and helped 
give fuel to the special education movement.6,7

This treatment model, delivered in large, segregated 
settings, persisted through the end of  World War II, when 
the emphasis for care of  people with intellectual disabili-
ties evolved to include “programming.” This shift to a plan 
of  activity was mainly the result of  efforts by the National 
Association for Retarded Citizens (NARC) and other parent 
or professional advocacy groups.2 Increasing awareness of  
the negative effects of  residential segregation and the limi-
tations of  existing programs led to a critical reappraisal of  
existing kinds of  care available for people with intellectual 
disabilities. Influenced by the Civil Rights Movement, the 
1960s represented a time of  expansion in program legisla-
tion and funds allocation for all persons with disabilities. 
Discrimination against and segregation of  people with intel-
lectual disabilities were finally recognized as negative and 
undesirable.2

protection, to understanding and acceptance, and now 
evolving onto a pathway that promotes full inclusion and 
self-determination. In the earliest of  recorded interactions 
between the two groups, people with intellectual disabilities 
were ignored, received little or no care, or were even left 
to die.1 Spartan society believed in survival of  only the fit-
test, and many people, including the physically and mentally 
impaired, were left to perish.

Conversely, in ancient Rome and during the Middle Ages, 
it was not uncommon for wealthy people to keep a “fool” or 
“court jester” in return for the amusement these people pro-
vided for the household and its guests.1 Artistic work of  the 
Middle Ages shows people who depict the physical charac-
teristics of  what we now identify as Down syndrome serving 
as clowns and jesters.2 In the later Middle Ages, particularly 
in Europe, superstitious beliefs led to the execution of  many 
people who were considered to be “witches and warlocks.” 
People with intellectual and other disabilities were undoubt-
edly included in these groups.1 This idea that people with 
disabilities were social menaces persisted throughout the 
19th century, with the eventual trend away from execution 
but still toward punishment, imprisonment, and isolation.3

In the early 20th century, there was a publicly perceived 
need to shelter and protect people with intellectual dis-
abilities from the misunderstanding, abuses, and wrath of  
society. Consequently, people perceived as having a men-
tal deficiency were isolated in asylums, shelters, and farm 
communities. These communities, however, rapidly became 
overcrowded. The goal of  this public effort was clearly hous-
ing rather than provision of  services or education.

Interest in providing services to assist people with intel-
lectual disabilities had a difficult beginning. In the early 
1800s, Jean Marc Itard, a French physician, became intrigued 
with an intellectually challenged youngster whom the physi-
cian had captured in the forests of  Aveyron in France. Acting 
on his then-revolutionary premise that intellectual perfor-
mance could be affected by environmental stimulation, Itard 
succeeded in teaching this “Wild Boy of  Aveyron.” Although 
Itard’s work helped the boy improve over a 5-year period, 

FIGURE 10.1 Introducing Angelo and Juliana, siblings with 
Down syndrome. Julianna was adopted by her family when Angelo 
was 3 years old.
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In the early 1970s, American visitors to Scandinavian 
countries encountered the concept of  “normalization,” 
which was defined as the principle of  educating persons 
with handicaps to the maximum extent feasible within 
the “normal” environment of  the nonhandicapped.8 This 
process obviously required major development and use 
of  community support systems. This era became known 
as the era of  “deinstitutionalization.” As an example, in 
1972 the Association for Retarded Citizens won a land-
mark decision against the Commonwealth of  Pennsylvania 
that provided access to public education for children with 
intellectual disabilities. This decision stated that “It is 
the Commonwealth’s obligation to place each mentally 
retarded child in a free, public program of  education and 
training appropriate to the child’s capacity . . . placement in 
a regular school class is preferable to placement in a special 
public school class and placement in a special public school 
is preferable to placement in any other type of  program of  
education and training.”8 Similar landmark cases were hap-
pening in states across the country. This deinstitutionaliza-
tion movement continued into the 1980s, and public interest 
was further stirred by a series of  investigations and publi-
cations of  the conditions of  several institutions. Televised 
broadcasts “exposed abuse, neglect, and lack of  program-
ming at Willowbrook, a state institution for persons with 
intellectual disabilities on Staten Island.”9 This spurred the 
interest of  Jacob Javits, a state senator from New York, to 
propose legislation to regulate practices in institutions.8 
Since that time, many changes have occurred as a result of  
public interest and educators. Most of  the nation’s institu-
tions serving the population with intellectual disabilities 
have closed, and other types of  educational facilities and 
housing have been developed. Living arrangements in the 
community have now become the norm for the long-term 
care and support of  people with intellectual disabilities.

The most current approach to programming in the field 
of  intellectual disabilities is a functional, integrated model. 
Society as a whole, and therefore the countless legislatures 
and service providers of  today’s society, view intellectual 
disabilities along a changing paradigm, with a more func-
tional definition and a focus on the interaction between the 
person, the environment, and the intensities and patterns 
of  needed supports. The term readers will hear most fre-
quently now is “support,” including needed level of  support 
for maximum function of  the individual with intellectual 
disabilities in the environment.9

 Definition

Intellectual disabilities have been defined by the American 
Psychiatric Association (2013) in the Diagnostic and Statistical 
Manual of  Mental Disorders (5th ed.) using three criteria 
(10). The first of  the three is that of  deficits in general mental 
abilities, measured only partially in terms of  IQ that typically 
falls at least two standard deviations below the norm; that is, 

a score of  less than 65-75 on an individualized, standardized, 
culturally appropriate, psychometrically sound test.11 More 
specifically, this deficit in mental ability is reflected in func-
tional challenges in “reasoning, problem solving, planning, 
abstract thinking, judgment, learning from instruction and 
experience and practical understanding”.10 Second, an indi-
vidual with intellectual disabilities will concurrently have def-
icits in adaptive functioning, which are “how well a person 
meets community standards of  personal independence and 
social responsibility, in comparison to others of  similar age 
and sociocultural background”.10 Finally, both of  these cri-
teria must be in evidence during childhood or adolescence, 
considered a person’s  developmental period.10

This definition reflects a continued emphasis on the 
adaptive behavior dimensions, but differs from earlier defi-
nitions by adding that these limitations result in the need 
for ongoing support. For example, an individual with an 
intellectual disability may require intermittent, limited, 
extensive, or pervasive support to function competently 
in their daily routines of  life.12 Intellectual disabilities are 
generally regarded as a condition existing in an individual 
that is described by the specific performance of  the indi-
vidual not due to a specific trait, although it is influenced 
by certain characteristics or capabilities of  the individual. 
Rather, intellectual disabilities describe a performance 
state in which functioning is impaired. This distinction 
is central to understanding how the present definition 
broadens the concept of  intellectual disabilities and how it 
shifts the emphasis from measurement of  traits to under-
standing the individual’s actual functioning in everyday 
living. For any individual with intellectual disabilities, 
the description of  its current state of  functional behavior 
requires knowledge of  the individual’s capabilities as well 
as an understanding of  the behavior within the structure 
and expectation of  the individual’s personal and social 
environment.

 Incidence

Using the identifier of  two or more standard deviations 
below the mean as part of  the definition, about 3% of  the 
population of  the United States is assumed to have intellec-
tual disabilities, but actual prevalence is closer to 1%, with 
severe intellectual disability occurring approximately in 
six out of  1000. 10 Overall, males are diagnosed more fre-
quently than females especially in the mild range (a ratio of  
1.6:1)11, but this ratio varies within some sex-linked genetic 
syndromes.

 Diagnosis

A diagnosis of  intellectual disabilities is based on the criteria 
embodied within the definition reflecting intellectual func-
tioning level, adaptive skill level.
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Assessment of Intellectual Functioning

The determination that a child’s intellectual function-
ing is significantly below average is arrived at through the 
 administration of  a standardized intelligence test, usually 
administered by a psychologist. Fulfillment of  this crite-
rion for diagnosis of  intellectual disabilities is made on the 
basis of  two or more standard deviations below an IQ of  
100 considered “normal, or an IQ of  70 or 75 or below.5,11 
The instruments most commonly used for the assessment 
of  intellectual functioning in children are the Stanford–
Binet Intelligence Scale,13 one of  the Wechsler Scales, such 
as Wechsler Intelligence Scale for Children-IV14 or Wechsler 
Preschool and Primary Scale of  Intelligence-III,15 and the 
Kaufman Assessment Battery for Children.16 These tests 
are usually administered by a trained school or clinical 
psychologist.

Assessment of Adaptive Skill Level

Impairments in adaptive functioning, rather than low IQ, 
are usually the presenting symptoms in individuals with 
intellectual disabilities.11 Adaptive skills are those skills 
considered to be central to successful life functioning and 
are frequently related to the need for supports for persons 
with intellectual disabilities. The adaptive areas in which 
limitations are specifically exhibited are in the following 
areas: communication, self-care, home living, social skills, 
community use, self-direction, health and safety, func-
tional academics, leisure, and work. To fulfill the diagnos-
tic  criteria for intellectual disabilities, deficits in two or 
more areas of  adaptive functioning must be present, thus 
showing a generalized limitation in adaptive skill level.5,11 
To address the level of  adaptive behaviors, the practitio-
ner must  perform a functional assessment of  the child’s 
behavior across all environmental settings. Several scales 
are available to measure adaptive functioning, such as the 

Vineland Adaptive Behavior Scales17 and the American 
Association on Intellectual Disabilities Adaptive Behavior 
Scale.19 Table 10.1 describes the general adaptive behavior 
characteristics of  children and adults with different levels 
of  intellectual disabilities.19

 Classification

In keeping with contemporary disablement models,20–22 the 
key elements defining intellectual disabilities include capa-
bilities, environment, functional limitations, and participation 
restriction. Current classification carries with it an applica-
tion of  the new diagnostic criteria directly correlated with 
need for support. Needed supports will vary along a num-
ber of  dimensions: (1) support may be necessary in some 
areas of  adaptive skills but not in others; (2) support require-
ments may be time-limited or ongoing; and (3) the intensi-
ties of  the supports required, the types of  support resources, 
and the support functions will be specific to the individual 
and the life cycle. It is important to note that the need for 
supports may vary across environments as well as across 
the life span. There are basically four intensities of  support: 
intermittent, limited, extensive, and pervasive. Support ser-
vices may come to the child with intellectual disabilities 
from four sources: the individual child (e.g., ability to make 
choices), other people (e.g., parent, teacher), technology 
(e.g., assistive devices), or habilitation services (e.g., physical 
therapy, occupational therapy, speech therapy).5

Educational Classification

Current special education practices are shaped by both the 
definition of  intellectual disabilities and the need for sup-
ports. Contemporary educational placement terms follow 
a more functional approach, highlighting the need for sup-
port and thereby being descriptive of  the child’s needs for 

Chronologic Age of the Person with Intellectual Disability

IQ Preschool School-aged Adult
50–55 to 70 Often appears unimpaired; develops 

functional social and communication 
skills

Academic skills of sixth grade are 
possible; special education support 
is needed for secondary school

Can learn social and vocational skills

35–40 to 50–55 Impaired social skills; can 
communicate; may need supervision

Can develop up to fourth grade academic 
skills with special training/modification

Unskilled or semiskilled vocation

20–25 to 35–40 Severely impaired communication; 
impaired motor skills

May learn to communicate; basic 
personal health habits; limited  
academic skills

Needs complete support and supervision 
for any self-support activity

,20–25 Requires full support; dependent  
for care; limited sensorimotor 
development

Some motor development; continues  
to be dependent for care; limited success 
with training

Limited motor ability and 
communication; continued dependency 
for care

updated by authors from original source.19

Adaptive Behavior Characteristics of Persons with Intellectual Disability

TABLE

10.1
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 Etiology and pathophysiology

Over 350 etiologies for intellectual disabilities have been 
identified.26,27 These can be broadly categorized into pre-
natal, perinatal, and postnatal causes. Etiologic causes with 
examples are depicted in Table 10.2. Movement disorders 
are associated with some etiologies more than others. Many 
children also present with a variety of  associated disorders 
such as visual, hearing, or additional medical problems. In 
approximately 30% to 40% of  individuals with intellectual 
disabilities seen in educational or clinical settings, no clear 
etiology can be determined despite extensive evaluation 
efforts.11

 Primary impairments

Neuromotor Impairments

Many types of  intellectual disabilities have associated 
neuromuscular, musculoskeletal, and cardiopulmonary 
impairments. Table 10.3 details the most common intellec-
tual disabilities conditions and their associated neuromo-
tor impairments.28–43 Most neuromuscular impairments 
are present as a result of  primary pathology in the cen-
tral nervous system (CNS). Secondary impairments then 

Prenatal Onset Examples
 1. Chromosomal disorder Down, Turner, or Klinefelter syndrome
 2. Syndrome disorders Neurofibromatosis, myotonic muscular dystrophy, Prader–Willi, tuberous sclerosis
 3. Inborn errors of metabolism Phenylketonuria, carbohydrate disorders, mucopolysaccharide disorders (e.g., Hurler type), nucleic acid 

disorders (e.g., Lesch–Nyhan syndrome)
 4. Developmental disorders of 

brain formation
Neural tube closure defects (e.g., anencephaly), hydrocephalus, porencephaly, microcephaly

 5. Environmental influences Intrauterine malnutrition, drugs, toxins, alcohol, narcotics, maternal diseases

Perinatal Causes
 6. Intrauterine disorders Placental insufficiency, maternal sepsis, abnormal labor or deli very
 7. Neonatal disorders Intracranial hemorrhage, peri ventricular leukomalacia, seizures, infections, respiratory disorders, head 

trauma, metabolic disorder

Postnatal Causes
 8. Head injuries Intracranial hemorrhage, contusion, concussion
 9. Infections Encephalitis, meningitis, viral infections
 10. Demyelinating disorders Postinfectious and postimmunization disorders
 11. Degenerative disorders Syndromic disorders (e.g., Rett syndrome), poliodystrophies (e.g., Fredreich ataxia), basal ganglia disorder, 

leukodystrophies
 12. Seizure disorders Infantile spasms, myoclonic epilepsy
 13. Toxic-metabolic disorders Reye syndrome, lead intoxication, metabolic disorders (e.g., hypoglycemia)
 14. Malnutrition Protein-calorie, prolonged IV alimentation
 15. Environmental deprivation Psychosocial disadvantage, child abuse/neglect

From american association on intellectual Disabilities (aaiD) and international classification of Functioning, Disability and Health (icF). geneva, switzerland: world 
Health organization; 2001.

Etiologic Classification of Intellectual Disabilities

TABLE

10.2

educational success. This descriptive terminology for edu-
cational programs through which many children with intel-
lectual disabilities may be served, depending on the child’s 
priority needs, includes support described as follows:

•	 Autistic support
•	 Learning support
•	 Life skills support
•	 Emotional support
•	 Visual support
•	 Hearing support
•	 Speech and language support
•	 Physical support
•	 Multiple disabilities support23

Physical therapy in the educational setting is considered 
a related service to special education, and is discussed in 
another chapter of  this text.

Medical Classification

In the past, medical classification had been closely correlated 
with IQ scores but more recently, professionals are recogniz-
ing that “IQ measures are less valid in the lower end of  the 
IQ range” (APA, 2013, p.33).  Instead, classification occurs 
using levels of  support needed by an individual, using a 
range of  mild, moderate, severe, and profound 11,24-25.
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include deficits typically of  concern to the PT such as defi-
cits in motor control, coordination, postural control, force 
production, flexibility, and balance.44 Physical therapy 
assessment and treatment of  these impairments for chil-
dren with intellectual disabilities are similar to those pro-
cedures used in any pediatric setting. Use of  Table 10.3 can 
guide the pediatric PT in anticipating typical management 
concerns associated with common intellectual disabili-
ties or disorders. The intellectual disabilities themselves, 
viewed as an additional or confounding impairment, 
require some adaptation in evaluation and treatment 
application because of  the specific cognitive limitations 
presented by the child.

Learning Impairment

Learning is impaired in children with intellectual disabilities 
who demonstrate an impaired ability to utilize advanced 
cognitive processes, manage simultaneous or multiple 
demands, and successfully organize complex information, 
with subsequent effects on task performance and task mas-
tery.45 Poor memory, limited generalization (i.e., the inabil-
ity to perform a learned task across different environments), 
and poor motivation also may impair the learning of  a child 
with an intellectual disability.46 Memory impairment is seen 
with difficulty recalling multistep directions or steps to com-
plete a task. When an individual cannot generalize, a change 

Condition Neuromuscular Musculoskeletal Cardiopulmonary
Cri-du-chat syndrome28 Hypotonia in early childhood, 

sometimes later hypertonia
Minor upper extremity anomalies, 
scoliosis

Congenital heart disease is 
common

Cytomegalovirus29  
(prenatal infection)

Hypertonia, seizures, microcephaly Secondary to neuromuscular problems Mitral stenosis, pulmonary valvular 
stenosis, atrial septal defect

De Lange Syndrome30,31 Spasticity, seizures, intention tremor, 
microcephaly

Decreased bone age, small stature, small 
hands and feet, short digits, proximal 
thumb placement, clinodactyly fifth digit, 
other hand and finger defects, limited 
elbow extension

Neonatal respiratory problems, 
cardiac malformations, recurrent 
upper respiratory tract infections

Down syndrome32,33 Hypotonia, low muscle force 
production, slow postural reactions, 
slow reaction time, motor delays 
increasing with age

Joint hyperflexibility, ligamentous laxity, 
foot deformities, scoliosis, atlantoaxial 
instability (20%)

Congenital heart disease (40%), 
lung hypoplasia with pulmonary 
dysplasia

Fetal alcohol syndrome31,34 Fine motor dysfunction, visual-motor 
deficits, weak grasp, ptosis

Joint anomalies with abnormal position 
or function, maxillary hypoplasia

Heart murmur, often disappears 
after first year

Fragile X syndrome35,36 Hypotonia, poor coordination and 
motor planning, seizures

Hyperextensible finger joints, prominent 
jaw, scoliosis

Mitral valve prolapse

Hurler syndrome27,31 Hydrocephalus Joint contractures, claw-like deformities 
of hands, short fingers, thoracolumbar 
kyphosis, shallow acetabular and glenoid 
fossae, irregularly shaped bones

Cardiac deformities such as 
cardiac enlargement due to right 
ventricular hypertension, death 
frequently due to cardiac failure

Lesch–Nyhan syndrome37 Hypotonia followed by spasticity, 
chorea, and athetosis/dystonia; 
compulsive self-injurious behavior

Secondary to neuromuscular problems

Prader–Willi syndrome38,39 Severe hypotonia and feeding 
problems in infancy, excessive eating 
and obesity in childhood, poor fine 
and gross motor coordination

Short stature, small hands and feet May be associated with cor 
pulmonale (most common cause 
of death)

Rett syndrome40–43 Hypotonia in infancy, then gradually 
increasing hypertonia and lack 
of acquired skill; ataxia, apraxia, 
choreoathetosis and/or dystonia, 
progression from hyperkinesia to 
bradykinesia with age, slow reaction 
time, stereotypic hand movements 
(clapping, wringing, clenching) 
drooling, involuntary rhythmic tongue 
movement/deviation, seizures

Scoliosis, kyphosis, joint contractures, 
hip subluxation or dislocation, 
equinovarus deformities

Immature respiratory patterns, 
breathing irregularities, such as 
hyperventilation, apnea

Williams syndrome31,34 
(elfin facies)

Mild neurologic dysfunction, poor 
motor coordination

Hallux valgus Variable congenital heart disease

adapted with permission from mcewen i. intellectual disabilities. in: campbell sK, ed. Physical Therapy for Children. 4th ed. Philadelphia, Pa: wb saunders; 2011.

Neuromuscular, Musculoskeletal, and Cardiopulmonary Impairment Associated with Selected Conditions  
of Intellectual Disability

TABLE

10.3
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in settings may be extremely challenging. Finally, the slow 
learning rate and frequent failure to learn experienced by 
individuals with intellectual disabilities can produce a low 
level of  motivation and self-determination in the acquisition 
of  many necessary life skills.

PTs must be able to adapt assessment and intervention 
approaches to accommodate the impaired intellectual func-
tioning. Clearly, the range of  cognitive deficit and ability 
found in children with intellectual disabilities is indicative of  
variant levels of  performance, functioning, and potential.47 
It is the task and the challenge of  the therapist to assist the 
child to maximize his or her potential for optimum func-
tioning and participation across environments.

 Physical therapy evaluation and 
intervention principles

Key Elements of Assessment

Meaningful assessment always focuses on the child’s 
functioning. A successful and effective physical therapy 
assessment of  the child depends largely on the therapist’s 
approach to the child. Four important elements should facil-
itate the process of  assessment.

First, throughout the assessment, the therapist must ana-
lyze both what the child can do and the processes underlying 
the observed skills and behaviors.48 Thus, the therapist must 
determine not only the tasks the child can accomplish, but 
also why the child can do those specific tasks and not others. 
Movements must be broken down into components, and 
basic mental, physiologic, and physical processes must be 
analyzed in relation to those tasks.

Second, evaluative procedures used for children, particu-
larly children with intellectual disabilities, often differ from 
the more rigid clinical procedures used for adults. As in all of  
pediatrics, much information can be gathered by interacting 
with the child through observation and during play. Standard 
evaluative tests and procedures may be used as rapport is 
established, depending on the functional level of  the child. 
Owing to the attention deficits and associated problems of  
the child with intellectual disabilities, the evaluation should 
be done serially and be ongoing. Consistent with the func-
tional approach to curriculum and intervention planning, 
the PT should perform an evaluation with as many functional 
aspects, using age-appropriate materials, as is reasonable.

The third important element necessary for appropri-
ate assessment is related to the basic orientation of  the 
therapist. As with other areas of  physical therapy, but more 
importantly with the child with multiple disabilities, the 
therapist must be able to identify not only the disability but 
also the child’s abilities, however minimal. The skilled thera-
pist will identify even the smallest of  abilities and effectively 
communicate the importance of  those abilities to the child, 
parents, and other professionals working with the child. 
A major focus of  intervention involves attempts to increase 

those abilities. This “positive” orientation and approach will 
have a beneficial effect on the child’s self-image and on those 
people working with the child.49 If  our actions suggest a 
true concern and expectation for progress, however lim-
ited that progress may be, the effect of  this attitude should 
encourage the child, the teachers, and the family to strive 
toward goals that have been identified.49

The fourth important element in evaluation is that the 
therapist must always concurrently assess sensory processes 
and attention. Children experience their world through their 
senses and the feedback received from sensory input and 
their attempts at interaction with the world. They assimilate 
the information; they take action; and they consequently 
modify subsequent actions. The therapist must understand 
by what means—or even whether—the child perceives the 
world, including you, the evaluator, before continuing with 
the evaluation.

Sensory Assessment and Intervention

The therapist must determine the basic responsiveness 
of  the child before deciding on an appropriate interaction 
strategy for the rest of  the evaluation. An early educator, 
Kinnealy, distinguished two broad categories of  behaviors 
typical of  children with intellectual disabilities on the basis 
of  their reactions to various sensory stimuli or environ-
mental input.50 She described one group as having difficulty 
monitoring the intensity of  sensory input and, therefore, 
difficulty in modulating the response. The other group was 
described as having reduced perception of  the incoming 
stimuli. This group required more intense input for arousal 
or elicitation of  a response. This initial difference in percep-
tion of  sensory stimulus is a critical point of  departure that 
the therapist must ascertain during the first attempt at inter-
action with the child.

Visual
When assessing the child’s visual sense, the therapist should 
note the ability of  the child to orient to, focus on, and track a 
visual stimulus. Notable responses include difficulty in track-
ing across the midline and noting the presence or absence 
of  resting eye movements (nystagmus). During intervention 
and integration into classroom activities, visual stimulation 
activities can be used to provide practice in both focusing and 
tracking. Children who have poor head control may have an 
inadequate base of  support for eye movements. Intervention 
aimed at improving postural mechanisms may improve 
visual skill.48 Adaptive aids to ensure proper body positioning 
should be used as needed. Vestibular input may also improve 
visual focusing and processing because vestibular reflexes, in 
combination with optic and tonic neck reflexes, maintain a 
stable image on the retina while the head and body are in 
motion.48 The vestibulo-oculomotor pathways contribute to 
skilled movements of  the eyes that can be used for educa-
tional skills, including reading and writing5 (Fig. 10.2).
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Auditory
The child’s response to auditory stimuli may range from 
an absence of  response, to simple orientation to and move-
ment toward the stimulus, to a startle response.48 Although 
it is difficult to assess hearing loss in a child with intellectual 
disabilities or multiple handicaps, referral for a complete 
audiologic evaluation is indicated whenever there is a pos-
sibility of  a hearing loss. Audiologic testing can be used to 
identify a hearing loss, to differentiate between conductive 
and sensorineural loss, and to quantify the degree of  loss. 
Tympanometry (an objective measure of  eardrum func-
tion) helps identify a conductive loss when behavioral test-
ing is unreliable. Testing for brain stem–evoked response 
traces the passage of  an auditory stimulus from the ear 
to the brain stem. Central or cortical deafness describes a 
lack of  interpretation of  auditory information due to brain 
damage.

Vestibular stimulation is a component of  interven-
tion aimed at enhancing auditory integration. Although 
the vestibulocochlear nerve (cranial nerve VIII) has been 
described as comprising two separate entities (vestibular 
and auditory), it developed phylogenetically as a unit, and 
its portions appear to be related functionally.48 There is 
clear clinical evidence that difficulties in hearing interfere 
with equilibrium responses. Vestibular input may not only 
improve equilibrium reactions, but may also sometimes 
enhance auditory attention and integration.51,52

Tactile
The tactile system is the largest sensory system, and it plays 
a major role in both physical and emotional behavior.53,54 
The tactile system develops earliest in utero, and the abil-
ity to process tactile input is important for neural organiza-
tion. The sensation of  touch is, in fact, the “oldest and most 
primitive expressive channel” and is a primary system for 
making contact with the external environment.54,55 When 

threatened, there is a predominant response of  increased 
alertness and increased affect. When not challenged, how-
ever, the person is free to explore and manipulate the envi-
ronment.56,57 Many children with developmental disorders 
have a disordered tactile system. With neurologic impair-
ment, many children demonstrate an aversive response to 
some types of  tactile stimulation. This aversion to tactile 
stimuli, called tactile defensiveness, is often manifested by 
such behavior as hyperactivity or distractibility.56 Children 
who demonstrate tactile defensiveness may display avoid-
ance reactions around the hands, feet, and face. This behav-
ior has obvious implications for the manner in which a child 
explores the environment, appreciates tactile sensation, and 
thus learns. Tactile defensiveness in the oral area may cause 
the child to reject textured or flavored food in preference to 
smoother, blander foods.

Tactile defensiveness may reflect a generalized “set” 
of  the nervous system by which the child interprets stim-
uli as “danger.”56 Tactile functions were among the first 
means by which the child received information about 
his or her environment in order to adapt appropriately. 
Developmental disorder may produce behavior that 
appears to be less sophisticated and less discriminatory 
than normal. Tactile defensiveness or overresponsiveness 
may be present as poorly developed mechanisms for the 
interpretation of  information. Clinically, the child may 
appear anxious, emotionally labile, or threatened and 
unable to cope. Compensatory behavior may be charac-
terized by withdrawal, irritability, or distractibility.56 Ayres 
has suggested various intervention approaches designed to 
facilitate increased organization of  the tactile system and 
increased integration of  this subsystem into effective envi-
ronmental interaction. The proprioceptive system plays 
a cooperative role in this functional scheme.56,57 The PT 
can easily incorporate appropriate activities for both the 
tactile and the proprioceptive systems into intervention. 
Heavy touch or weight bearing are excellent activities for 
decreasing tactile hypersensitivity and promoting proximal 
joint stability. Light touch or stimuli that tickle or irritate 
the child should be avoided in favor of  activities that offer 
deep pressure and stability.

The response of  the child with intellectual disabilities to 
tactile input must be observed and monitored during assess-
ment and intervention. The therapist must note whether 
the child responds to the stimulus (i.e., the touch of  the 
therapist’s hand), and if  so, the therapist must identify the 
type of  response. If  the input is noxious, does the child 
respond with a grimace, or does the child move actively to 
avoid the stimulus? One might surmise that the child who 
actively removes or withdraws from the noxious stimulus is 
not only aware of  the stimulus but also has some proprio-
ceptive sense by which to locate and remove the stimulus. 
Conversely, the therapist must be aware of  the child who 
is so totally unaware of  sensory input that the therapist 
is unable to penetrate and reach the child by any means. 

FIGURE 10.2 Angelo engaged in visual-motor and fine motor 
activity.
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Knowing the child’s level of  awareness will direct the thera-
pist through subsequent stages of  the evaluation and inter-
vention process.46

Vestibular
Along with the tactile system, the vestibular system is one 
of  the earliest developing sensory systems. The tracts within 
the vestibular system are fully myelinated by 20 weeks of  
gestation.56 Information from the vestibular system tells us 
our position exactly in relation to gravity, whether or not 
we are moving, and our speed and direction of  movement.53 
The vestibular system is so sensitive that changes in position 
and movement have a powerful effect on the brain, which 
can change with even the most subtle adjustments of  move-
ment or posture.56

The vestibular system has a strong effect on muscle 
tone and movement. This influence is mediated through 
the lateral and medial vestibular nuclei and affects efferent 
transmission to both intrafusal and extrafusal muscle fibers. 
Vestibular influence usually exerts a facilitatory effect on the 
gamma motoneuron to the muscle spindle and may influ-
ence the alpha motor neurons supplying skeletal muscle. 
By activating the gamma efferent to the muscle spindle, the 
afferent flow from the spindle is maintained and regulated 
for assistance with motor function. This basic role in muscle 
function and mobility gives the vestibular system an impor-
tant role in the development and maintenance of  body 
scheme that depends on interpretation of  movement.56,57 
Impulses ascending to brain stem and cortical levels synapse 
with tactile, proprioceptive, visual, and auditory impulses 
to provide both perception of  space and orientation of  the 
body within that space.53 Vestibular input seldom enters 
conscious thought or  awareness except when the stimu-
lus is so intense that we are rendered dizzy. It is important 
to know whether the child overreacts to or is threatened 
by movement, or has difficulty in attending to and assimi-
lating movement  experiences.58 With a knowledge of  the 
child’s response to vestibular stimulation, activities can be 
chosen to improve balance, simulate experience of  move-
ment, activate muscle contraction, promote awareness and 
eye contact, and increase spatial awareness and perception. 
Examples of  equipment used in these movement activities 
include swings, barrels, and scooter boards.

Self-Stimulation
Self-stimulation is an area of  concern for some children 
with intellectual disabilities. This behavior can take many 
forms, including self-abuse. Examples of  self-stimulation 
include constant mouthing of  objects or the hand, spinning, 
head banging, hand or arm flapping, teeth grinding, rock-
ing, and self-biting. Evaluation of  the sensory status of  the 
child may identify the reason for self-stimulation. The child 
may be performing self-stimulation to fulfill a basic sensory 
need, or he or she may be overly stimulated and may be 

reacting out of  frustration or an inability to cope with sen-
sory overload.47

In educational programs, the tendency is to discourage 
self-stimulation, especially when the stimulation is abusive 
or socially unacceptable. An appropriate sensory input must 
be substituted or the child may substitute another form of  
self-stimulation. A child who cannot cope with the sensory 
stimuli in the environment and is being overstimulated 
needs to have sensory input graded to tolerance.47 As in all 
other areas of  evaluation and intervention, the therapist 
must look beyond the behavior to the processes that are ini-
tiating it. Underlying sensory abnormalities or deficiencies 
must be recognized and intervened with before a change in 
behavior can be expected.

The manner in which the child provides self-stimulation 
can suggest strategies that may improve or eliminate the 
behavior. Slow, rhythmic rocking may be the distractible 
child’s method of  calming himself  or herself, whereas vio-
lent, irregular rocking may be the hypotonic child’s method 
of  providing sensory input that will increase muscle activa-
tion and alertness. The type of  behavior must also be con-
sidered in relation to the developmental age of  the child. 
Constant mouthing of  objects and hands is socially unac-
ceptable for a school-aged child. If, however, that child is 
functioning at a lower developmental and functional level 
than age would dictate, oral exploration is a primary compo-
nent of  the learning process.47 Rather than restricting such 
oral exploration and stimulation, the child must be provided 
means of  oral stimulation, such as toothbrushing and foods 
of  various textures, to help facilitate progression to the next 
developmental and functional level.

To summarize, the PT assessing the child with intellec-
tual disabilities must have various skills and must approach 
the evaluation with a flexible but organized strategy. 
Assessment must include developmental testing, func-
tional assessment, musculoskeletal assessment, posture, and 
strength and assessment of  the sensory systems. Because the 
main goal of  intervention is to enhance developmental skill 
attainment and to improve function, there must be a thor-
ough examination of  all sensory and motor components of  
development. It is challenging and rewarding to evaluate 
such a complex group of  skill areas and still have a concise 
picture of  the whole child.

 Key elements of physical therapy 
intervention

General Principles

Intervention with and management of  the child with intel-
lectual disabilities must be directed toward the development 
of  the child’s full potential in all areas of  learning: motor, 
cognitive, and affective. The child’s ability to respond appro-
priately and effectively in terms of  movement, intellectual 
function, and attitudes and feelings serves as the major 
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long-range goal of  intervention. This concept of  interven-
tion applies to the total function of  the child. A deficit in 
one type of  behavior may influence all other types. The 
child who needs motor stability may also benefit from psy-
chological stability. Influences used to change the former 
may also have an effect on the latter and vice versa.49,60

There are several important elements to remember when 
designing effective intervention programs for children with 
intellectual disabilities. The therapist must recognize the 
importance of  choosing activities that accommodate the 
mental age of  the child but are also as age-appropriate as 
possible. Activities in the intervention program should be 
interesting, fun, and meaningful. Because children with 
intellectual disabilities often have a poor attention span, 
therapeutic activities should be chosen that most effectively 
and efficiently meet the identified goal. Rather than asking a 
child to do a standard exercises for strengthening, the neces-
sary therapeutic activities can be translated into a functional 
task or social game, often including other family members. 
This approach not only sustains interest, cooperation, and 
enthusiasm, but it emphasizes carryover into activities of  
daily living. It may also promote achievement of  goals in 
other areas, such as social, emotional, self-help, and cogni-
tive skills. The therapist must be imaginative and should 
integrate many different approaches to develop an effective 
intervention approach for a particular child in a particular 
situation (Fig. 10.3).

Repetition and consistency are crucial aspects of  any 
program in which learning is expected. The therapist must 
design several activities that teach the same component task 
but do so in different ways. For example, if  the goal is to 
improve extension strength of  the trunk, the therapist may 
use activities such as a basketball drop or scooter board 
games. These activities are varied but enjoyable methods 
of  attaining the same goal. This approach to program plan-
ning ensures not only the necessary repetition of  activities, 
but also offers the dimensions of  interest and fun for a child 
with limited comprehension or attention.

One of  the most important yet most difficult skills for 
the therapist to master is the ability to delineate priorities 
for intervention and to establish effective and appropriate 

long-term plans. It is easy for the therapist to become over-
whelmed when the therapist is challenged by a child with 
numerous deficits in many areas of  development. When 
developing intervention plans, it is important to consider the 
child as a whole person. All pieces of  the assessment puz-
zle should merge to provide the therapist with a compos-
ite picture of  how the child is or is not functioning within 
the child’s world. The priorities for programming should 
become clear by looking at the child’s overall development 
in this functional sense.59

Learning Characteristics

Differences in the Child with Intellectual Disabilities
An overview of  cognitive development is necessary to 
understand the cognitive limitation of  the child with intel-
lectual disabilities and to design effective treatment pro-
grams to overcome those cognitive limitations.

Piaget’s Theory of  Intellectual Development
Jean Piaget, in order to explain normal and abnormal intel-
lectual development, divided the developmental process 
into four stages: the sensorimotor period (0 to 18 months); 
the preoperational stage (2 to 7 years); the stage of  con-
crete operations (7 to 12 years); and the period of  formal 
operations (12 years and older).61 The delineations offered 
by Piaget’s stages provide a basis for understanding the 
sequence of  normal development and the limitations that 
are typical at each stage of  cognitive development. Utilizing 
Piaget’s theory of  development can be useful in understand-
ing the various degrees of  cognitive impairment seen in 
intellectual disabilities.

Children learn mainly through exploration of  the senses 
and through movement during the sensorimotor stage, 
which Piaget explained as an equilibration process. The 
unknown is presented as a confrontation with the unex-
plained and less understood, and the child learns by his or 
her attempts to manipulate the environment with strat-
egies with which to create new understandings, called 
accommodations. The inability to coordinate sensorimo-
tor activity to reach certain goals is displayed by children 
with behaviors reflective of  seriously impaired cognitive 
abilities, many of  whom have coexisting physical and sen-
sory impairments. Children thought to be functioning at 
this early stage explore their environment through much 
experimentation, which may even be repeated over and 
over. Accommodations to manage the environment when 
not routinely understood cannot be generalized to new situ-
ations. In fact, most learning involves discoveries made by 
trial and error. The preoperational stage is characterized by 
the development of  language and the beginnings of  abstract 
thought. Children at this stage can use symbols to represent 
objects that are not present, and may be able to classify and 
group objects, although not proficiently. A child with an IQ 
between 35 and 55 may not develop beyond this stage.61

FIGURE 10.3 Two-year-old Angelo navigating his way around 
environmental obstacles and refining his postural control and 
 balance, guided by his family.
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During the concrete operations stage, the ability to order, 
classify, and relate experience to an organized whole begins 
to develop.61 The child can solve some mathematical prob-
lems and can read well. The child can generalize learning to 
new situations and can begin to recognize another person’s 
point of  view. There is still an inability to deal with hypo-
thetical or abstract problems. Persons with mild cognitive 
impairments often remain at this level of  development.61

Piaget’s final stage—formal operations—normally begins 
at 12 years of  age and continues throughout life. The abili-
ties to reason and hypothesize are characteristic of  this 
stage. The child with intellectual disabilities seldom reaches 
this level of  development. Cognitively, these children have 
characteristically limited memory, general knowledge, and 
abstract thinking, all combined with a slower learning rate.24

Intervention to Limit Cognitive Impairment

Concrete Concepts Compared with Abstract Concepts
Children with intellectual disabilities are less able to grasp 
abstract concepts than concrete concepts. When working 
with children with intellectual disabilities, the therapist must 
present concepts using meaningful, concrete directions. 
Activities are best understood when demonstrated, done 
passively first, or translated into familiar functional activi-
ties pertaining to daily life. Using step-by-step examples and 
pictures to represent activities would be useful to building 
understanding of  the expectations. The child learns from 
the telling, the retelling, the demonstration, the practicing, 
and ultimately the actual performing in the “real” environ-
ment. Therapists need to understand the performance level 
in order to plan and direct the intervention plan.

Memory
The ability of  the person with intellectual disabilities to 
remember is related to the type of  retention task involved. 
Use of  short-term memory is consistently difficult for the 
child with intellectual disabilities.62–64 There is a high level 
of  distractibility caused by external, irrelevant stimuli associ-
ated with these short-term memory deficits. However, this 
short-term memory problem can be overcome by repetitions 
to enhance the use of  long-term memory, an area that tends 
to be a relative strength for children with intellectual disabil-
ities. With this knowledge in mind, some of  the following 
strategies can be used during physical therapy sessions.

•	 Remove irrelevant, distracting material from the activity 
area. Do not work with the child in distracting surround-
ings, even if  room dividers or curtains must be used to 
separate a small space from a larger, busy area.

•	 Present each component of  the task clearly and separately.
•	 Begin with simple tasks and then progress to more dif-

ficult tasks.
•	 Explain your expectations of  the child at each stage of  the 

intervention.

•	 Try to support the tasks with visual aids, or model the 
task repeatedly.

•	 Give immediate and consistent positive reinforcement.
•	 Repeat directions as often as necessary.
•	 Check the accuracy of  performance frequently.
•	 Keep the child informed of  progress, and give the child 

an opportunity to demonstrate or practice the new skill 
independently.

Most educators agree that practice, review, and over-
learning help the child with intellectual disabilities with 
long-term retention of  skills. The therapist can promote 
learning and retention by repeating both the directions and 
the steps needed to complete the intended skill. It is impor-
tant to provide ample opportunity to practice and use the 
newly learned material. PTs inform parents and teachers 
of  a child’s progress and should encourage practice of  the 
newly learned task at home or in the classroom. Learning 
cannot occur or be retained when the physical therapy ses-
sions are an isolated segment of  the child’s day. Here again, 
the use of  pictures and examples to extend the learning 
could be developed for the child to use in the home or com-
munity. Extended practice and communication with other 
team members are both vital.

Transfer of  Learning
Transfer of  learning is the ability to apply newly learned 
material to new situations having components that are simi-
lar to those of  the material that was newly learned.63 The 
Piagetian term for this process is assimilation. The learning 
challenge has been understood and the child has invented 
new strategies that are found to be useful in performing 
within the environment. The literature on transfer of  learn-
ing suggests that two factors, in particular, be considered 
when formulating a plan for intervention.

Meaningfulness is an important element in transfer of  
learning for the child with cognitive impairment. A mean-
ingful task is both easier to learn at the outset and easier to 
transfer to a second setting than one that has no meaning 
for the learner. This concept strongly supports the use of  
functional activities during physical therapy as opposed to 
meaningless “splinter skills.”

Moreover, learning can be transferred best when both the 
initial task and the transfer task are similar. If, for example, 
the therapist is working on the ability to push rather than 
to pull on an assistive device, all of  the therapy tasks, such 
as pushing in a prone position, sitting push-ups, and other 
tasks, can be transferred more readily to the task of  pushing 
on the assistive device. Consistency also helps the child see 
the connection between therapy tools and their function.

Knowledge of  basic learning concepts and an understand-
ing of  cognitive development are crucial for the PT working 
with a child who is intellectually impaired. The utility of  
the Piagetian theories to the understanding of  good therapy 
practices is clear: learning is supported through the chal-
lenge stage while the child is learning to apply the strategy. 
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The process is enhanced through repetitions and the use of  
visual aids, with demonstrations of  the usefulness of  the 
habilitation skill, all of  which support the accommodation, 
the understanding, and thus fosters generalization of  the 
skill. Physical therapy is a learning situation, and some mod-
ifications in approach will be necessary to accommodate the 
differences in performance seen in the child with intellectual 
disabilities.

Intervention to Limit Physical Impairments and 
Functional Limitations

Pediatric PTs traditionally have focused their efforts on 
interventions designed to reduce musculoskeletal, neuro-
muscular, and cardiopulmonary impairments; decrease 
functional limitations; and prevent secondary impairment.44 
Early identification of  these musculoskeletal, neuromus-
cular, and cardiopulmonary problems, and anticipation of  
their recognition as associated within specific diagnoses, 
gives the therapist an insight into appropriate life-span man-
agement of  the child with intellectual disabilities. A glance 
again at Table 10.3 gives the therapist familiarity with some 
of  the specific musculoskeletal, neuromuscular, or cardio-
pulmonary risks associated with common types of  intel-
lectual disabilities. Within this chapter, a focus on physical 
therapy management for the child with Down syndrome 
will offer the entry-level therapist a strategy for apply-
ing this management model to any child with any type of  
intellectual disabilities diagnosis. The child’s needs change 
throughout the life span and will determine the level of  sup-
port intervention required by physical therapy. Although 
this text is a pediatric physical therapy resource, this author 
will discuss life-span management issues relevant to the cli-
ent with developmental disabilities as he or she moves into 
and through adulthood.

The Importance of Focused Intervention

Interventions designed by the therapist should be directed 
by the results of  the multifaceted assessment and guided too 
by the findings of  the functional assessment. Together, these 
assessments will provide the therapist and the intervention 
team direction to design focused interventions to develop 
skills that can be applied in varied environments.

To ensure the desired learning, the therapist is encour-
aged to design discrete tasks that reflect the child’s partici-
pation within the current environments and to set goals 
that increase the participation levels. This will address the 
child’s need for meaningful, purposeful, and concrete activi-
ties to more naturally provide the motivation to learn. As 
mentioned earlier, children with cognitive impairment 
learn better through multimodal teaching. Therapists are 
encouraged to use these techniques while teaching new 
tasks and practicing those previously introduced. To do this, 
we encourage the use of  the “Practitioner’s P’s” method-
ology: Plan, Present, Picture, Practice, and Perform. First, it is 

important to Plan the procedures for learning in specific dis-
crete steps. Next, the therapist needs to be Present in ways 
that are understood by the child, being aware of  any com-
munication needs uncovered during the assessment stages. 
Following the presentation of  the tasks to be learned during 
the session, the Picture of  the task to be performed should 
be presented as well. This can be done through the use of  
pictures taken of  the specific skill performance, through 
the use of  available commercially produced stick-figure dia-
grams, or by showing a video clip. Another form would be 
the therapist modeling the task in step-by-step fashion. The 
fourth step is to have the child Practice the task. In this por-
tion of  the session, the therapist guides the child through 
the steps of  the task using the hand-over-hand methodology. 
The fifth and final P is for the child to Perform the task. Using 
these five P’s, the therapist will be encouraged to use the 
multimodal methods more routinely.

 The team concept and collaboration

When working with the child with intellectual disabilities, 
PTs must view themselves and their intervention goals as 
part of  a total management plan. A transdisciplinary team 
is the standard approach for children with special needs. 
The current inclusion model offers strong support for the 
team concept. One of  the main values of  a transdisciplinary 
approach is the pooling of  knowledge so that a composite 
and relevant course of  action can be made. Because the 
child with intellectual disabilities will have delays in many 
areas of  development, the skills of  many professionals can 
be used. No single profession has the necessary scope of  
expertise or the resources to effectively provide care and 
education throughout the life of  the child with intellectual 
disabilities.

In order to be effective, each professional on the team 
must understand the periodic shift of  authority and empha-
sis during different stages of  development. Physical therapy 
will sometimes be of  paramount importance, whereas at 
other times, the PT may play a consultative or advisory role. 
Success of  the team in helping the child achieve the maxi-
mum potential depends on each professional offering the 
needed expertise to alleviate specific problems when appro-
priate. Communication among team members and respect 
for one another’s unique knowledge and skills are keys to 
making the team process truly collaborative and therefore 
effective.

Team members must ensure that consistency and rein-
forcement are present throughout the child’s total program. 
For example, if  certain sounds are being taught in speech 
therapy, these sounds can be reinforced during physical 
therapy sessions. The PT and special education teacher must 
work in partnership with the child. The therapist is uniquely 
qualified to assist the teacher in understanding the impact 
of  impaired sensorimotor function on the achievement of  
cognitive milestones. For example, consider the child with 
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severely impaired movement control, average head control, 
and preferred movement patterns dominated by poor motor 
control patterns and strong tonic reflex patterns. Knowledge 
of  normal development of  movement control is invaluable 
to the teacher when working on a cognitive skill with the 
child. A simple suggestion from the therapist that the child 
be side-lying rather than supine could enable the child to 
reach for and manipulate the toy or utensil. Such a coop-
erative approach both facilitates the child’s accomplishment 
and reduces the frustration of  the teacher. The PT must 
communicate and work with all members of  the team when 
appropriate. The present-day model of  inclusion certainly 
facilitates this collaborative team concept.

PTs must recognize the importance of  the parents as 
part of  the therapeutic team because program carryover 
into the home is important for maximum effectiveness. The 
parents must be taught to work effectively with the child to 
help achieve goals of  the program for all areas of  interven-
tion and education. When asking parents to participate in 
a home program of  care, PTs must assess the abilities of  
the parent and identify potential problems or conditions in 
the home that may limit the successful participation of  the 
parents. Referral to appropriate agencies may help parents 
alleviate or resolve those problems or conditions. The long-
term nature of  problems associated with intellectual disabil-
ities and management of  those problems requires a major 
commitment from the family (Fig. 10.4).

 A management model for physical 
therapists for the child with down 
syndrome

Definition

Down syndrome is a chromosomal disorder resulting in 47 
chromosomes instead of  46.65 Commonly called trisomy 21, 
Down syndrome results from faulty cell division affecting 
the 21st pair of  chromosomes, either owing to a nondisjunc-
tion (95%), translocation (3% to 4%), or, least commonly, as 
a mosaic presentation (1%).65

History and Incidence

Down syndrome is the most common cause of  intellectual 
disabilities and is encountered frequently by pediatric PTs. 
Approximately 4000 infants with Down syndrome are born 
annually in the United States at a rate increasing with mater-
nal age, from 1 in 2000 when the mother is age 20, to 1 in 
10 when the mother reaches the age of  49, with an overall 
incidence of  1 in 800 to 1 in 1000 live births.66

Evidence of  Down syndrome dates to anthropologic 
records stemming from excavations in the seventh century 
of  a Saxon skull that had many of  the structural changes 
associated with Down syndrome.67 Artwork throughout 
the Middle Ages depicts children with the now-recognized 
facial characteristics of  Down syndrome. Despite these early 
historical conjectures, there are no published documented 
reports of  Down syndrome until the 19th century. This lack 
of  evidence may be because of  the prevalence of  infectious 
diseases and malnutrition that overshadowed research into 
genetic problems. Also, until beyond the mid-19th century, 
many children born with Down syndrome probably died in 
early infancy.67

In 1846, Edouard Sequin described a patient with fea-
tures suggestive of  Down syndrome. In 1866, John Langdon 
Down published a description of  the characteristics of  the 
recognizable syndrome, which has since borne his name.67 It 
was not until the mid-1950s that methods to visualize chro-
mosomes allowed more accurate studies of  human chromo-
somes, leading to Lejeune’s discovery that an alteration in 
the 21st chromosomal pair, leading to a trisomy of  this pair, 
is the hallmark of  Down syndrome.68

Pathophysiology and Associated Impairments  
of the Child with Down syndrome

Down syndrome results in neuromotor, musculoskeletal, 
and cardiopulmonary pathologies, which all require man-
agement by pediatric PTs. As with any etiology of  intel-
lectual disabilities, an awareness of  the pathologies and 
impairments indigenous to that specific etiology will offer 
the practicing therapist a model for life-span management 
for the child.

Neuropathology

The primary CNS neuropathology in children with Down 
syndrome is due to several well-documented abnormali-
ties. Overall brain weight in individuals with Down syn-
drome is 76% of  normal, with the combined weight of  the 
cerebellum and brain stem being even smaller—66% of  
normal. There is also microcephaly, and the brain is abnor-
mally rounded and short with a decreased A-P diameter, 
specifically called microbrachycephaly.69 The number of  
secondary sulci is reduced, resulting in a simplicity of  con-
voluted patterns in the brains of  children with Down syn-
drome.70 Several cytologic distinctions of  the brain include 

FIGURE 10.4 A family engaged in common fun physical activ-
ity, inclusive of Angelo and Julianna’s interests and capabilities.
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a paucity of  small neurons, a migrational defect involving 
small neurons, and decreased synaptogenesis owing to 
altered synaptic morphology.70 There are also structural 
abnormalities in the dendritic spines in the pyramidal 
tracts of  the motor cortex that may underlie the motor 
incoordination so often seen in children with Down syn-
drome.71 There is evidence of  a lack of  myelination with a 
delay in the completion of  myelination between 2 months 
and 6 years of  age. These abnormalities may explain the 
overall developmental delay typically seen in children 
with Down syndrome.72 Some studies claim that up to 
8% of  children with Down syndrome also have a seizure 
disorder.73

Sensory Deficits

Visual and hearing deficits, and speech impairments are 
common in children with Down syndrome and must be 
identified on physical therapy assessment and intervention. 
Visual deficits include congenital as well as adult-onset cata-
racts, myopia (50%), farsightedness (20%), strabismus, and 
nystagmus.73 Other ocular findings of  less clinical signifi-
cance include the presence of  Brushfield spots in the iris and 
the classic presence of  epicanthal folds.

Many children with Down syndrome (60% to 80%) have 
a mild to moderate hearing loss.73 Otitis media often con-
tributes to intermittent or persisting hearing loss in children 
with Down syndrome.65

Cardiopulmonary Pathologies

Forty percent of  children with Down syndrome are born 
with congenital heart defects; most commonly, atrioventric-
ular canal defects and ventriculoseptal defects.65 Although 
usually repaired in infancy, heart defects not corrected by 
age 3 are highly associated with greater delays in motor skill 
development.74

Musculoskeletal Differences

Children with Down syndrome demonstrate many muscu-
loskeletal differences of  concern to the PT. Linear growth 
deficits are observed, including a decrease in normal velocity 
of  growth in stature, with the greatest deficiency between 
6 and 24 months of  age,75–77 leg-length reduction,78 and a 
10% to 30% reduction in metacarpal and phalangeal length. 
Muscle variations may also be present, including an absent 
palmaris longus and supernumerary forearm flexors. There 
is also a lack of  differentiation of  distinct muscle bellies for 
the zygomaticus major and minor and the levator labii supe-
rior, which may account for the typical facial appearance of  
the child with Down syndrome.79

The most significant musculoskeletal differences, how-
ever, are due largely to the hypotonia and ligamentous laxity 
characteristic of  this disorder. Ligamentous laxity is thought 
to be due to a collagen deficit and commonly results in pes 

planus, patellar instability, scoliosis (52%), and atlantoaxial 
instability.75,80,81 Atlantoaxial subluxation with risk for atlan-
toaxial dislocation is caused by laxity of  odontoid ligament, 
with possible excessive motion of  C1 on C2 (12% to 20% 
incidence).82 Hip subluxation is also common in children 
with Down syndrome.

Generalized hypotonia, found in all muscle groups, is a 
hallmark feature in children with Down syndrome and is a 
major contributing factor to developmental motor delay.32 
Grip strength, isometric strength, and ankle strength have 
all been found deficient in studies on school-age children 
with Down syndrome.83,84

Additional Physical Characteristics

The back of  the head is slightly flattened (brachycephaly), 
and the fontanels are frequently larger than normal and take 
longer to close. There may be areas of  hair loss, and the skin 
is often dry and mottled in infancy, rough in the older child. 
The face of  the child with Down syndrome has a some-
what flat contour, primarily because of  the underdeveloped 
facial bones, facial muscles, and a small nose. Typically, the 
nasal bridge is depressed and the nasal openings may be nar-
row. The eyes are characterized by narrow, slightly slanted 
eyelids, with the corners marked by epicanthal folds. The 
mouth is small, the palate narrow, and the tongue may take 
on a furrowed shape in later childhood. Dentition is often 
delayed and may be spotty. The abdomen may be slightly 
protuberant secondary to hypotonia, and the chest may take 
on an abnormal shape secondary to congenital heart defect. 
More than 90% of  children with Down syndrome develop 
an umbilical hernia. Hands and feet tend to be small, and 
the fifth finger is curved inward. In about 50% of  children 
with Down syndrome, a single crease is observed across the 
palm on one or both hands (simian crease). The toes are 
usually short, and in the majority of  children with Down 
syndrome, there is a wide space between the first and the 
second toes, with a crease running between them on the 
sole of  the foot.

 Physical therapy assessment and 
intervention of the child with  
down syndrome

Physical therapy assessment of  the child with Down syn-
drome should view the child from multiple perspectives. 
The therapist must be aware of  coexisting medical problems 
and remain especially alert to those typically associated with 
Down syndrome such as cardiac status, atlantoaxial stabil-
ity, hearing and visual status, and the presence of  seizure 
disorders. Speech difficulties may be present, and therapists 
may find effective communication difficult during assess-
ment and subsequent intervention. The therapist must also 
integrate the child’s cognitive capabilities into the evaluation 
process, including discussion of  formal intelligence tests as 
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appropriate and interviews with parents, and the therapist 
may perform a brief  cognitive assessment as part of  a com-
prehensive developmental test battery. Evaluation includes 
any or all of  the following measures as appropriate for the 
age and setting within which the child is evaluated: compre-
hensive developmental testing, component testing of  gross 
and fine motor skills including qualitative observational 
assessment of  movement, musculoskeletal assessment, 
assessment of  automatic reactions and postural responses, 
and ultimately, a functional assessment. These pediatric 
evaluation procedures are discussed elsewhere in this text. 
Evaluation of  the child with any type of  intellectual dis-
abilities disorder, including Down syndrome, additionally 
encompasses assessment of  the musculoskeletal, neuromo-
tor, and cardiopulmonary impairments associated with the 
specific diagnosis (Table 10.3), and knowledge of  the coex-
istence of  the cognitive deficit associated with intellectual 
disabilities and how that affects physical therapy assessment 
and intervention.

Learning Differences

Generally, children with intellectual disabilities such as 
Down syndrome have been found to: 

 1. be capable of  learning,
 2. benefit from frequent repetitions in order to learn,
 3. have difficulty generalizing skills,
 4. need more frequent practice sessions in order to main-

tain learned skills,
 5. need extended time to respond, and
 6. have a more limited repertoire of  responses.85

The levels of  cognitive impairment seen in children with 
Down syndrome vary, from profoundly to mildly impaired, 
with a mild to moderate impairment being most common. 
As with any child with coexistent visual or hearing deficits, 
therapists must adapt interaction, assessment, and teach-
ing to accommodate these coimpairments. Children with 
Down syndrome typically have attention deficits and dif-
ficulties with information processing. Research also shows 
a myriad of  specific cognitive problems encountered in 
children with Down syndrome, including difficulties in 
sequential verbal processing, social–cognitive skills, audi-
tory memory, and motor planning.47,86–88 Children with 
Down syndrome appear to have significant impairments 
in verbal–motor interactions, with learning least proficient 
when the mode of  response or reception calls for auditory 
or vocal skill.89 Therapists should employ frequent visual 
demonstration, practice and rehearsal, and multimodal 
sensory approaches to best interact with the child. The 
child may benefit from hand-over-hand demonstrations 
to aid in movement pattern development. The child with 
Down syndrome is more likely to remember the rules and 
patterns of  a new activity if  he or she is presented with 
input over many modalities—visual and kinesthetic as well 
as verbal.

Associated Motor Deficits

The ligamentous laxity and generalized muscular hypoto-
nia associated with Down syndrome contribute the most 
to the motor delays and secondary musculoskeletal impair-
ments that are of  utmost concern to pediatric PTs. The 
degree to which muscular hypotonia is present will vary, 
but most investigators agree that it is the most frequently 
observed characteristic in children with Down syndrome.32 
Hypotonia is distributed to all major muscle groups, includ-
ing neck, trunk, and all four extremities.

Developmental Delay

Clinically, muscular hypotonia has been highly correlated 
with developmental delay, including delay in attainment 
of  gross and fine motor milestones,74,90 and delay in other 
areas of  development such as speech acquisition and cog-
nitive development.91,92 A slower rate of  development of  
postural reactions has been noted in children with Down 
syndrome.93 Additional studies by Harris and Rast and 
Shumway-Cook also demonstrated difficulties in postural 
control, antigravity control, deficits in postural response 
synergies when balance perturbations were introduced, and, 
consequently, the development of  compensatory movement 
strategies as children with Down syndrome attempted to 
learn to move and stabilize themselves.33,93,94 These investi-
gators attribute the movement deficiencies seen in children 
with Down syndrome primarily to disturbances in postural 
control and balance.

In addition to developmental delay, there is evidence to 
suggest that muscular hypotonia, ligamentous laxity, and 
postural difficulties contribute to some movement differ-
ences observed in children with Down syndrome. Examples 
include “W” sitting, where the child will characteristically 
spread his or her legs to a full 180-degree split while in prone 
and then advance to a sitting posture by pushing up with 
his or her hands into sitting.95 Gait acquisition is delayed 
and immature, characterized by a persistent wide-based gait 
and out-toeing.95,96 These differences in movement quali-
ties are likely caused by muscular hypotonia, ligamentous 
laxity, and a resultant lack of  trunk rotation. Hypotonia is 
thought to contribute to slower reaction time and depressed 
kinesthetic feedback. Children with motor impairments are 
at subsequent risk for secondary impairments because of  
their restricted ability to explore the environment, which 
may impair cognition, communication, and psychosocial 
development.97–99

Physical Therapy Evaluation  
and Intervention Implications

Evaluation should include administration of  a comprehen-
sive or component test to measure and track the develop-
mental delay. Qualitative assessment of  movement will 
alert the therapist to movement differences and possible 
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emerging compensatory strategies. Intervention must 
include an understanding from a functional, dynamic sys-
tems perspective: the control parameters most likely to 
cause a responsiveness shift when attempting to influence 
developing motor strategies.100 The general goal is to antici-
pate gross and fine motor delay and provide interventions to 
minimize it by:

•	 teaching the caregivers appropriate positioning and han-
dling activities to use throughout early infancy and child-
hood to promote antigravity control and weight bearing,

•	 designing activities to encourage the development of  anti-
gravity muscle strength in all positions,

•	 emphasizing trunk extension and extremity loading, 
which tend to increase axial muscle tone,

•	 encouraging the emergence of  righting and postural 
reactions through use of  rotation within and during 
movement,

•	 encouraging dynamic rather than static exploration of  
movement,

•	 facilitating the emergence of  developmental milestones 
when chronologically appropriate, including supported 
sitting and standing, when trunk control and alignment 
are able to be established (Fig. 10.5),

•	 anticipating the delay in postural control responses and 
providing functional opportunities to enhance develop-
ment in areas of  cognition, language, and socialization, 
and

•	 teaching parents and other team members activities and 
position choices that will enhance the child’s overall de-
velopment.101 

Musculoskeletal Problems

In addition to generalized muscular hypotonia, ligamentous 
laxity is a hallmark musculoskeletal characteristic of  Down 
syndrome and commonly results in pes planus, patellar 
instability, scoliosis (52%), and atlantoaxial instability.75,80,81 

The previously noted atlantoaxial relationship is identified 
by sagittal-plane radiographs of  the cervical spine in three 
different positions: flexion, neutral, and extension.102–104 
A joint interval of  6 to 10 mm is considered symptomatic. 
A joint interval of  more than 4.5 mm carries precautions 
with it. Early signs of  atlantoaxial dislocation include gait 
changes, urinary retention, reluctance to move neck, and 
increased deep tendon reflexes (DTRs).82 In cases of  dislo-
cation with symptomatic atlantoaxial instability, posterior 
arthrodesis or fusion of  C1 and C2 is recommended.102 In 
addition to atlantoaxial instability, thoracolumbar scoliosis is 
also an associated vertebral column musculoskeletal impair-
ment frequently seen in children and adolescents with 
Down syndrome, usually defined as of  a mild to moderate 
degree.81

In the lower extremities, hip instability, patellar instabil-
ity, and foot deformity are the most common musculoskel-
etal concerns for the PT managing the child with Down 
syndrome. Hip subluxation is secondary to developmental 
acetabular dysplasia and long, tapered ischia that result in 
decreased acetabular and iliac angles as well as laxity of  liga-
mentous support.80 Pes planus and metatarsus primus varus 
are the major foot deformities seen in children with Down 
syndrome.81

Ligamentous laxity makes any joint less resistant to 
trauma, malalignment, or uneven forces. Alignment and 
support are crucial. The atlantoaxial joint is less resistant 
especially to superimposed flexion, where the joint interval 
is already widened. Therapists should avoid exaggerated 
neck flexion, extension, rotation, and positions or move-
ments that may cause twisting or undue forces. With cau-
tion, joint approximation or compression of  the cervical 
spine should be performed gently with all children with 
Down syndrome, but these activities are contraindicated in 
children with identified atlantoaxial instability. Therapists 
should also use caution when placing a child in the inverted 
position or in other positions that increase risk of  a fall 
onto the head.82 In the infant and child under the age of  
2 years, a radiograph will not reliably detect atlantoaxial 
instability. Extreme caution must be taken, and any activity 
that may result in cervical spine injury should be avoided. 
PTs must closely monitor children with Down syndrome 
for changes in neurologic status and be vigilant in assessing 
the risk of  atlantoaxial instability. Parent education should 
include discussion of  atlantoaxial instability, symptoms of  
neurologic compromise, periods and activities that may 
carry increased risk, and activities to avoid if  instability is 
identified.82

The Committee on Sports Medicine of  the American 
Academy of  Pediatrics recommends an initial set of  cervi-
cal spine radiographs at 2 years of  age and follow-up radio-
graphs in grade school, at adolescence, and adulthood.102 
Contact sports and physical activities that may result in cer-
vical spine injury may be contraindicated.105 The following 
activities are considered to be restricted for children with 

FIGURE 10.5 Incorporating play within the natural home en-
vironment as Angelo develops and practices balance and postural 
control.
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even asymptomatic atlantoaxial intervals of  greater than 4.5 
mm: gymnastics (somersaults), diving, high jump, soccer, 
butterfly stroke in swimming, exercises that place pressure 
on the head and neck, and high-risk activities that involve 
possible trauma to the head and neck.102–106

Screening for scoliosis should be a routine part of  life-
span management of  the child with Down syndrome, 
especially during periods of  increased risk such as growth 
spurts, puberty, and throughout adolescence. Parents 
should be taught to perform routine screening for scolio-
sis. Activities and exercises should promote symmetry and 
alignment.

Musculoskeletal assessment should also include biome-
chanical assessment of  the lower extremity and orthotic 
management, if  indicated, for pes planus. In the infant, 
assessment of  hip stability is a routine part of  a physi-
cal therapy evaluation with referral for orthopedic assess-
ment if  hip instability is suspected. Supported standing in 
a stander should not be instituted unless hip stability and 
proper alignment has been established.

The general goal is to maintain alignment and encour-
age normal movement forces to promote optimal biome-
chanical forces for best musculoskeletal development and 
prevention of  anticipated malalignment and instabilities. 
Suggestions include: 

 1. use of  aligned compression or weight-bearing forces to 
stimulate longitudinal bone growth as well as thickness 
and density of  the bone and shaft,

 2. aligned, supported weight bearing to promote joint sta-
bility and formation, and

 3. facilitation of  muscular cocontraction, force production, 
and increased muscle tone.

In summary, the impact of  these associated motor defi-
cits upon the child’s development and overall functioning 
often requires physical therapy. Most of  these movement 
problems have their basis in CNS pathology or primary 
musculoskeletal differences. These motor deficits often lead 
to secondary impairments in flexibility, stability, force pro-
duction, coordination, postural control, balance, endurance, 
and overall efficiency. The specific intervention used will 
depend on the identified problems and on the consequences 
that can be predicted and perhaps prevented.

Cardiopulmonary Fitness

General physical fitness is often below desired levels in chil-
dren with intellectual disabilities, and specifically, in children 
with Down syndrome.107 Children with Down syndrome 
are at risk for restrictive pulmonary disease with concomi-
tant decreased lung volumes and a weak cough, because of  
generalized trunk and extremity weakness.108–110 Reduced 
cough effectiveness may contribute to high incidence of  
respiratory infections. Decreased lung volumes, including 
vital capacity and total lung capacity, may contribute to a 
deficiency of  the pulmonary system to oxygenate the mixed 
venous blood or remove the carbon dioxide from the same 
blood.111 If  there is a reduction in the maximum amount 
of  oxygen available for transport, the energy available for 
activities is lowered, leading to a reduced level of  physical 
fitness.

Physical Therapy Life Span Evaluation  
and Intervention Implications

The implications for life-span management of  the child with 
Down syndrome are obvious.

There needs to be greater emphasis on physical fitness 
that may increase cardiopulmonary endurance and muscu-
lar strength. Programming should begin with children of  
primary school age in order to prevent a slowing of  activ-
ity and the subsequent onset of  obesity and long-term ath-
erosclerotic risk profiles.107 Knowledge of  improvement 
reported from training programs for children with Down 
syndrome supports the ability of  these children to respond 
to early intervention.112,113 PTs play an important role in 
the cardiopulmonary fitness arena through direct interven-
tion or in consultation with special educators or physical/
recreational educators. The general goals are to encourage 
cardiopulmonary endurance, overall physical fitness, and 
parent/caregiver/client education. Participation in sports 
and recreational activities such as swimming, dancing, and 
martial arts should be encouraged and supported from early 
childhood and onward (Fig. 10.6).

Neuromuscular Impairments Functional Implication
Hypotonia, low force production Motor delay, poor contraction

Movement paucity
Slow automatic postural reactions Balance limitations

Slow reaction time
Decreased speed

Joint hypermobility Instability, movement anxiety
Atlantoaxial instability, scoliosis, 

foot deformities
May preclude access to activities 

or limit participation level in 
activity

FIGURE 10.6 Mom encouraging participation in group recre-
ational activities, such as swimming, for the multiple benefits of 
physical fitness and socialization.
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 The person with intellectual disabilities 
moving into and through adulthood: 
key management issues

Intellectual disabilities and Down syndrome both 
represent types of  developmental disabilities. The 
Developmental Disabilities Assistance and Bill of  Rights 
Amendment of  1987 defines a “developmental disability” 
as a severe and chronic disability that manifests before 
age 22, is attributable to a mental and/or physical impair-
ment, results in substantial functional limitations in three 
or more major life activities, and reflects a need for a 
combination and sequence of  special, individualized ser-
vices that are of  extended duration or lifelong.114,115 With 
increased sensitivity to life-span issues and the recent 
availability of  both retrospective reviews and good clini-
cal case reports, the recent literature documents typi-
cal life-span management concerns. Concurrently, the 
current practice of  physical therapy focuses attention 
on wellness and preventative management. It is impera-
tive that the practitioners of  today integrate a proactive, 
wellness-focused preventative bias into a client’s manage-
ment plan. Because persons with intellectual disabilities, 
including Down syndrome, typically begin intervention 
in childhood, the PT is likely to be the clinician to follow 
that client into and through adulthood. This section will 
highlight some of  the typical challenges for persons with 
intellectual disabilities and/or Down syndrome as they 
grow older.

These persons can now expect an increased life expec-
tancy and will experience the same age-related changes 
that occur in the general population.116,117 The aging pro-
cess appears to start earlier in persons with intellectual dis-
abilities, perhaps as early as age 35, and generally at around 
age 55.117–120 The onset and the impact of  the age-related 
changes are influenced by the severity of  the person’s exist-
ing disabilities and are likely to have a more significant effect 
if  the person has multiple coimpairments.116

A review of  the literature reveals several pertinent fea-
tures of  the aging process for integration into physical 
therapy management throughout the life span. Therapists 
should be alert to these anticipated issues: early menopause 
with the related secondary effects, such as increased risk for 
osteoporosis, thyroid dysfunction, obesity, diabetes melli-
tus, late onset of  seizure disorder, increased visual or hear-
ing impairment, cardiac disease, depression, dementia, and 
Alzheimer disease.121–125 Physical therapy evaluation and 
intervention should include preventative management for 
the early onset of  any number of  these disorders. Evaluation 
methods may require that standardized tests be modified for 
use with the cognitively impaired individual.126 As empha-
sized throughout this chapter, a main focus of  assessment 
and intervention is to preserve safe, independent function 
or caregiver assistance, as required. Therapists need to use 

an individualized and multidimensional approach to meet 
these wide-ranging needs of  adults with developmental 
disabilities.127

S u M M A R y

T he PT is challenged to use various skills in the man-
agement of  the child with intellectual disabilities. 
The many complex and persistent difficulties en-

countered by children with intellectual disabilities often re-
quire innovative methods of  physical therapy evaluation and 
intervention. It is easy to understand that PTs may feel over-
whelmed by the complexity of  this population.

This chapter has attempted to give therapists a “user-
friendly” strategy for physical therapy management, includ-
ing evaluation and intervention, for any child with a diag-
nosis of  intellectual disabilities. Therapists are reminded to 
view the intellectual disability itself  as only a partial descrip-
tion of  that child’s learning impairment. The total learning 
impairment may vary in severity with a mild to a profound 
influence on that child’s functional learning capabilities. This 
may be compounded by other concomitant sensory deficits, 
including visual, hearing, or sensory organizational problems. 
Physical therapy evaluation and intervention must incorpo-
rate not only the basic principles of  pediatric physical therapy 
but also an understanding of  the principles of  teaching and 
learning related to the child with intellectual disabilities.

There are at least 350 known etiologies for intellectual 
disability. The therapist can easily investigate any of  those 
specific etiologies to become knowledgeable with any com-
monly associated neuromuscular, musculoskeletal, or car-
diopulmonary impairments. This investigative approach 
will focus the therapist’s assessment skills and alert the PT 
to the presence of  likely coimpairments or associated medi-
cal problems. An understanding of  the primary pathology 
and associated motor deficits readily assists the therapist in 
establishing treatment goals and priorities. Effective physi-
cal therapy management of  the child through the life span 
can anticipate secondary deformities and risks for that child, 
which should be shared with parents and other team mem-
bers. This chapter illustrated the application of  this inves-
tigative strategy to the physical therapy management of  
a child with Down syndrome. This same strategy can be 
applied to any intellectual disabilities diagnosis encountered 
in pediatric physical therapy practice.

Communication of  the changing needs of  children with 
intellectual disabilities to parents and other professionals 
requires not only technical expertise on the part of  the ther-
apist but also the ability to be a sensitive listener and creative 
teacher. Through an effective transdisciplinary approach to 
the child and his or her family, we can strive to help the child 
with intellectual disabilities to function at his or her best in 
society.
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tend to have more related health concerns with their heart, eyes, 
and ears. Within the first 24 hours of his life, Angelo’s heart was 
examined and found to be normal. Several days later, Angelo’s 
hearing was also found to be within the normal range. While 
we knew Angelo’s vision must be assessed, that task happened 
3 months into his short life, again with a positive affirmation that 
he had normal vision. With these initial physical concerns ad-
dressed, we then quickly moved on to considering the overall 
developmental supports that Angelo would need. At 2 weeks of 
age, we telephoned the office of Early Intervention, seeking an 
evaluation to determine the need for supportive services. We did 
not know at the time that Angelo’s medical diagnosis of Down 
syndrome automatically qualified him for the therapies that he 
would need.

By Angelo’s fifth week of life, he had been assessed by a 
team and found to be in need of two services, including physical 
therapy. A selection process allowed us to choose the person 
whom we would grow to trust, Angelo’s PT, Nancy. With very 
limited knowledge of the adventure on which our family was 
about to embark, Nancy began Angelo’s weekly 1-hour therapy 
sessions in our home, initiating the process with a formal plan 
for his development, an individual family services plan (IFSP). 
We did not realize the hours of effort that it would take to help 
Angelo achieve the developmental tasks that we take for granted, 
such as rolling over, sitting independently, crawling, and walk-
ing. Because of Angelo’s low muscle tone and motor delays, we 
were coached by his PT on how to teach or train his muscles to 
become strengthened so that they could support and move him 
as he wanted to move (Fig. 10.8).

We had confidence that he would accomplish these tasks, 
knowing that his delays in motor development were impacting 
his cognitive growth. Nancy had explained that Angelo’s delay in 
crawling and walking would also slow his ability to explore the 
world around him. We knew he would reach these developmental 
milestones that would support his overall development, but the 
question that plagued us was “when?”

FIGURE 10.8 Angelo actively investigates and navigates his 
home environment as the therapist uses that natural environment 
to facilitate development.

CASE STUDY
By Ann Marie Licata, PhD, assistant professor of  education, 
 Alvernia University, and parent of children with Down syndrome

This case study will summarize the use of physical therapy 
with two children with Down syndrome in the same family:

“Heel, toe, let’s go,” I heard our son, Vincent, echo as he 
helped his younger brother Angelo take strides along the path to 
the mailbox, a scene typical for our family as we work together in 
an effort to help Angelo and Julianna, the two youngest members 
of our family. Angelo and Julianna were born with Trisomy 21, 
more commonly known as Down syndrome. While two of our six 
children have the same medical diagnosis, each is an individual, 
possessing a charm-like quality that wins the hearts of their fam-
ily members and those whom they encounter. Like their person-
alities, Angelo and Julianna’s unique stories of development are 
vastly different, providing for a rich contrast and heartwarming 
account that gives greater depth to our family experiences and 
is a testament to the individuality of all persons, with or without 
Down syndrome (Fig. 10.7).

Our story begins on a beautiful October day in the early after-
noon when our fifth child, a little boy, whom we named Angelo, 
was born. As an older mother, I carefully counted his ten toes 
and fingers and pronounced him “perfect.” His Apgar score was 
strong, and we were elated to now be parents of three boys and 
two girls. It was not until later that day that we were quite sur-
prised to learn that our “perfect” little boy had Down syndrome. 
As a professional educator who had worked in different capaci-
ties throughout my career and had supported many children with 
disabilities and their families, I had never imagined that I would 
be a mother to a special needs child.

Once we were over the initial surprise that news of this nature 
often delivers, we began to immediately discern the supports 
that Angelo would need. Children born with Down syndrome 

FIGURE 10.7 Julianna and Angelo, two unique individuals.
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Being a professional educator and mother of four other chil-
dren who all displayed typical development, I thought I under-
stood how children grew and matured. It was only when Angelo 
began to crawl and later walk initially at over 2 years of age that 
Nancy’s subtle reminders helped us to realize that typical de-
velopment was truly a miracle. How could I have missed this 
fact all these years? This revelation was cause for celebration, 
and celebrate we did. Angelo’s attainments of the developmental 
milestones were viewed as huge victories—a realization of much 
greater joy than I had ever experienced or appreciated for my four 
older children. Even now, at age 5, we commemorate the small 
wins along the way, as Angelo has recently learned the skill of 
jumping and, yes, even running and playing soccer (Fig. 10.9).

Helping us to recognize the joys and celebrations of achieve-
ment were a part of what Angelo’s therapists did naturally—by 
building a relationship with not just Angelo, but with all members 
of our family, Nancy gave us the confidence that we needed as 
parents of a child born with Down syndrome. She encouraged 
our interactions, connected us with resources, and used us as 
resources for other families who needed support. She frequently 
sought out opportunities to include Angelo’s brothers and sisters 
in his therapy sessions, recognizing the significance of the sup-
port that he needed and the enduring bond that Angelo had made 
with each one of us. These weekly interactions, while not de-
signed for this purpose, helped the members of our family grow 
closer to one another, forming a single family unit, stronger than 
we could have imagined (Fig. 10.4).

Nancy’s friendly demeanor and genuine interest in not just 
Angelo and his development, but our entire family extended be-
yond the scheduled 1-hour therapy sessions. Frequently, she 
brought newspaper clippings of the older children’s swimming 
achievements, building rapport and establishing a relation-
ship that would last for a long time. Nancy, like Angelo’s other 
therapists, gave us support and encouragement as parents. She 
helped us to recognize the strengths that we had as a family and 
that my husband Kenny and I shared as parents.

During the first 2 years of Angelo’s life, we were blessed with 
many competent caring individuals who supported us along the 
way. What Angelo also helped us to realize was that there were 
others like him in this world who needed a mom and dad, espe-
cially because of their disabilities. Angelo helped us to conquer 
our fears when considering the possibility of helping another 
child to find a family—our family. After much thought, prayer, 
and many sleepless nights, our family began the international 
journey shortly before Angelo’s second birthday to adopt Juli-
anna, our daughter who was born with Down syndrome. Nine 
months later, we brought our 8-year-old daughter home to her 
five siblings. Her homecoming was another opportunity for our 
family to celebrate.

Unlike Angelo, Julianna had no therapeutic intervention as a 
baby. She had lived initially in a baby house orphanage and was 
later sent to a mental institution in her home country. Despite her 
lack of educational experiences, Julianna was amazingly physi-
cally coordinated, drop-kicking a ball better than most of her 
typically developing peers. Julianna quickly taught herself many 
of the developmental skills that she may have missed, including 
how to alternate feet while descending stairs, snap her fingers, 
and swing. As parents, we observed firsthand that no two indi-
viduals with Down syndrome are alike; their strengths and needs 
were very different (Fig. 10.10).

Angelo continues to receive physical therapy, as well as other 
supportive services that meet his needs at this stage of his life. 
Julianna too receives services, and continues to thrive in the 
physical domain, playing soccer on an age group club team and 
swimming competitively. Their abilities differ, as do their person-
alities. It is so true that no two individuals are the same regard-
less of the conditions or labels that they might share.

As the members of our family continue to grow older, we 
become closer to one another, supporting each other along the 

FIGURE 10.9 Team member Angelo enjoying playing soccer!
FIGURE 10.10 Julianna learns how to propel herself  
on a swing!
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T he broad objectives of  this chapter are to increase 
awareness among physical therapists (PTs) about the 
various multisystem impairments of  autism spec-

trum disorders (ASDs), including motor impairments; pro-
pose assessments that will increase our understanding of  the 
child with ASD; and propose possible motor interventions 
for infants, children, and adolescents with ASDs that are 
supported by available evidence.

 Defining ASDs

ASDs are a neurodevelopmental disorder in which persons 
present with a range of  impairments in social interaction, 
verbal and nonverbal communication, as well as restrictions 
in behaviors and interests.1 Additionally, the majority of  the 
children with ASDs may have significant perceptuo-motor 
impairments that deserve assessments and interventions.2,3

 Classification or subcategories of ASDs

The diagnostic criteria outlined in the American Psychiatric 
Association’s Diagnostic Statistical Manual–IV, Text Revision 
(DSM-IV TR)1 classify ASDs into three subtypes on the basis 
of  symptom severity: autism, pervasive developmental dis-
orders–not otherwise specified (PDD-NOS), and Asperger 

syndrome (Table 11.1). Autism is characterized by marked 
abnormalities in social interaction and communication as 
well as the presence of  stereotypies and unusual interests, 
with symptoms emerging prior to 3 years of  age within the 
domains of  social communication development and imagi-
native play. Qualitative social impairments mainly include 
impairments in nonverbal behaviors such as eye gaze, facial 
expressions, body postures, and gestures during social inter-
actions. Additional hallmarks of  autism include a failure to 
develop peer relationships, the lack of  spontaneous sharing 
of  interests and enjoyment, and the lack of  social or emo-
tional reciprocity. Communication impairments include a 
delay or lack of  spoken language, impaired ability to initi-
ate or sustain a conversation with others, use of  repetitive 
or idiosyncratic language, as well as lack of  spontaneous, 
pretend play. Restricted repetitive and stereotyped behaviors 
and interests include one or more stereotyped patterns of  
interest, inflexible adherence to routines and rituals, stereo-
typed and repetitive motor mannerisms, and persistent pre-
occupation with parts of  objects. The diagnosis of  PDD-NOS 
is identified when the child presents with fewer symptoms 
of  the aforementioned characteristics of  autism. The entire 
range of  intelligence quotient (IQ) is represented in children 
with autism or PDD-NOS, and the level of  functioning var-
ies from one child to another. Asperger syndrome is character-
ized by a significant impairment in social interaction and the 
presence of  repetitive behaviors and restricted and unusual 
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condition in the United States, with 36,500 new cases per 
year, adding to a total of  730,000 cases.4 Families of  children 
with ASDs incur an average of  $3.2 million in lifetime costs 
with an estimated $34.8 billion in societal costs for all fami-
lies having individuals with ASDs.5 Specifically, average med-
ical expenditures for individuals with an ASD were 4.1 to 
6.2 times greater than for those without an ASD. In addition 
to medical costs, intensive behavioral interventions for chil-
dren with ASDs could cost up to $40,000 to $60,000 per child 
per year.6 Taken together, the rising incidence and the grow-
ing costs of  treating ASDs are an urgent call for clinicians to 
diagnose and treat this disorder early to improve the future 
outcomes of  individuals with ASDs.

 Etiology and risk factors

The neuropathology of  autism begins during the prenatal or 
perinatal period of  development.7 Although there is no clear 
etiology, twin studies point to genetics as one of  the risk fac-
tors.8 Twin studies have shown that among identical twins, 
the occurrence of  ASD in one child increases the chance of  

interests. Individuals with Asperger syndrome do not exhibit 
clinically significant delays in acquisition of  expressive lan-
guage or in cognitive development. It is important to note 
that the recently released DSM-V has eliminated the afore-
mentioned diagnostic subcategories and here on clinicians 
are expected to provide a broader diagnosis of  “Autism 
Spectrum Disorder”, possibly making it easier for all indi-
viduals to receive services. Clinicians and researchers criti-
cal of  these changes are afraid of  the impact it may have on 
individuals who currently have a diagnosis of  Asperger or 
PDD-NOS. Overall, the long-term impact of  these changes 
in diagnostic criteria remain to be seen.

 Incidence

According to the latest report from the Centers for Disease 
Control, 1 in 110 children in the general population will be 
diagnosed with ASDs, an incidence significantly greater than 
the 1 in 150 reported in 2000.4 The incidence of  ASDs is five 
times more common in boys (1 in 54) than girls (1 in 252).4 
ASDs have become the most commonly diagnosed pediatric 

Broader Autism Phenotype (BAP)
Prevalence: 25% to 50% of infant siblings of children with ASDs 
present with BAP symptoms.

Symptoms: Verbal and nonverbal communication delays, social 
delays, motor delay, and/or unusual sensory interests. These 
symptoms are not severe enough nor present across enough 
developmental systems simultaneously to meet diagnostic 
criteria for ASDs.

Infants and Toddlers with ASDs
Prevalence: 20% of infant siblings of children with ASDs  
and 1 in 110 children in the general population will present 
with ASD.

Symptoms: Verbal and nonverbal communication delays and 
social delays that meet diagnostic criteria for ASDs as early as 
14 months of age. Motor delays/abnormalities may be present, 
but are not diagnostic.

adapted from Bhat a, landa r, galloway J. Perspectives on motor problems in infants, children, and adults with autism spectrum disorders. Phys Ther. 
2011;91(7):1116–1129 with permission from american Physical Therapy association. This material is copyrighted, and any further reproduction and distribution 
requires written permission from aPTa.

Prevalence and Key Diagnostic Impairments for the Various Subcategories of Individuals with ASDs as well as Early 
Symptoms in Infants at risk for ASDs.

TAblE

11.1

Children and Adults with Autism
Prevalence: Fombonne and 
Tidmarsh offer a conservative 
prevalence estimate of 10 per 10,000 
children with ASDs may develop 
autism.99

Diagnostic criteria: Marked 
impairment in social interaction, 
communication along with restricted 
behaviors and interests that emerges 
prior to 3 years of age.

Children and Adults with Asperger 
syndrome
Prevalence: 2 per 10,000 children 
with ASDs present with Asperger 
syndrome.99

Diagnostic criteria: Significant 
impairment in social interaction and 
restricted behaviors and interests 
that is typically detected after three 
years of age. In addition, there are 
no clinically significant delays in 
expressive language or cognitive 
development.

Children and Adults with PDD-NOS
Prevalence: Prevalence estimates 
are unknown for PDD-NOS. This 
category is considered a catch all 
when other two diagnoses are not 
suggested so the rest of the children 
may fall under this subcategory.

Diagnostic criteria: Marked 
impairment in social interaction, 
communication, and restricted 
behaviors and interests. Fewer 
specific behavioral features are 
required for a diagnosis of PDD-NOS.



  CHAPTER 11    auTism sPecTrum DisorDers aND Physical TheraPy 405

the other having ASD by 36% to 95%.8 Among siblings, if  one 
child has ASD, then the other child has a 31% risk of  devel-
oping ASD.8 Furthermore, siblings of  children with ASDs are 
reported to have a 25% to 50% risk of  developing other devel-
opmental delays that warrant intervention, for example, so-
cial, language, sensory, or motor delays or abnormalities.9 For 
this reason, researchers often conduct a prospective follow-up 
of  infant siblings of  children with ASDs to understand the 
early development of  infants at risk for ASDs.9 Other popu-
lations at risk for developing ASDs include infants who were 
born prematurely,10 were born to older parents,11 or who 
were exposed to prescription medications such as valproic 
acid and thalidomide during gestation.12

 Neuropathology of ASDs

Brain development in individuals with ASDs typically goes 
through three stages: (1) overgrowth in infancy and early 
childhood; (2) slowing and arrest of  growth in late child-
hood; and (3) degeneration in preadolescence and adult-
hood.13–15 Head circumference of  1- to 2-year-old children 
who later developed autism was significantly greater than 
typically developing children.13–15 Head size is near normal 
at birth, thus indicating that brain overgrowth may occur in 
the first 2 years of  life. Brain overgrowth continues into early 
childhood and is observed in children with autism with a 
mean age of  4 years.16 The brain overgrowth period mainly 
affects the frontal lobes, temporal lobes, and amygdala. In 
particular, there is an overconnectivity in the short-range 
neuronal fibers and an underconnectivity of  the long-range 
neuronal fibers.17 The lack of  long-range connectivity within 
the brain leads to the poor integration of  sensorimotor, 
social communication, and cognitive functions. These neu-
roanatomical findings align with the complex information 
processing theory of  autism in that basic associative learn-
ing or simple motor tasks are intact in children with ASDs, 
whereas complex cognitive functions such as executive 
functioning (EF) or complex motor planning is impaired.18 
In addition, a recent functional magnetic resonance imag-
ing (fMRI) study revealed that children with autism showed 
persistent frontal lobe activation and reduced cerebellar ac-
tivation during a finger-tapping task.19 In contrast, typically 
developing peers had increased cerebellar activation com-
pared with frontal lobe activation once the motor pattern 
was learned and became automated.19 This lack of  transition 
in neural activation from the prefrontal regions to the cer-
ebellum could be attributed to the lack of  long-range neuro-
nal connections between the cortical and subcortical regions 
and may be the neural basis for incoordination and related 
motor difficulties observed in children with autism.18,19 
Other researchers have reported deficits in basal ganglia 
functioning in individuals with Asperger syndrome, as seen 
by the shorter step length and higher cadence during walk-
ing.20–22 Lastly, children with ASDs may have impaired mir-
ror neuron systems found in the frontoparietal cortices of  
the brain.23,24 Mirror neuron systems are a group of  neurons 

that activate during action production as well as action ob-
servation and may play a role in observation-based motor 
learning.23 These impairments may explain why children 
with ASDs have poor imitation skills and difficulties learning 
motor and social skills through observation of  others.24

 Diagnosis and prognosis

The developmental history of  a child with ASD will differ 
on the basis of  diagnostic classification. Children who de-
velop autism or PDD-NOS will present with language de-
lays anytime between the second and third years of  life.25 
However, parents often report other perceptuo-motor or 
language delays earlier in life.26–29 A child with Asperger 
syndrome will usually present with typical to near-typical 
development until around 5 to 6 years of  age. Parents may 
later report difficulties in social interaction in spite of  typical 
language and average to above-average intellectual capacity.

Trained clinicians are able to diagnose ASDs using the 
gold-standard tool called the Autism Observation Schedule 
(ADOS)30 and the companion parent interview called the 
Autism Diagnostic Interview–Revised (ADI-R).31 The ADOS 
is a 45-minute to 1-hour standardized qualitative assessment 
that evaluates a child’s social reciprocity, nonverbal and ver-
bal communication, as well as stereotypical behaviors and 
interests using various play-based activities with an adult 
tester. The ADOS can be administered to individuals from 
12 months of  age to adulthood. For each coding item within 
the three domains of  interest (social, communication, and re-
petitive behaviors), a child is given scores ranging from 0 to 3, 
with 0 signifying typical or near-typical performance. A diag-
nostic algorithm is developed on the basis of  a subset of  cod-
ing items. For example, in verbal children the sum of  10 social 
communication items and 4 repetitive behavior items pro-
vides a total score ranging from 0 to 28. A score of  9 and 
above is termed autism and a score from 7 to 9 is termed au-
tism spectrum. Recently, comparison scores have been devel-
oped to describe the symptom severity of  a child with autism. 
Comparison scores have prognostic value as they can help 
evaluate long-term improvements following treatment.

Other differential diagnoses that should be considered 
for children who present with a range of  social, commu-
nication, and sensorimotor difficulties include Rett disor-
der, childhood disintegrative disorder (CDD), and fragile 
X syndrome. Rett disorder is a neurological disorder with 
defined genetic origin involving the grey matter of  the brain 
leading to decelerated brain growth between 5 months to 
4 years of  age.32 It occurs only in females and leads to loss 
of  hand function and emergence of  stereotypical arm move-
ments within the first year of  life.1,32 Poor whole body co-
ordination and balance, impaired language skills, and poor 
psychomotor development are also observed. In contrast, 
CDD presents as ASD with typical development until devel-
opmental regression occurs with sudden loss of  language 
skills before 10 years of  age.1 Lastly, fragile X syndrome 
is a clearly defined genetic disorder found in males with 
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clinical presentation similar to ASDs with the exception that 
the etiology can be confirmed through genetic testing.1,33 
Important physical features associated with fragile X syn-
drome include large body size, forehead, face, and ears as 
well as low muscle tone and increased joint laxity.

 Impairments

In this section, we describe the cognitive, social communica-
tion, sensory-perceptual, and motor impairments found in 
infants and children with ASDs.

Cognitive Impairments

Attention and Other Social Skills
Children and adults with ASDs have attentional impair-
ments such as difficulty disengaging attention and increased 
focus on objects.34,35 These impairments may contribute to 
social functional deficits such as lack of  or delayed response 
to name and/or delays in joint attention (the ability to shift 
attention to the attentional focus of  a social partner).36 
Theories of  social impairment suggest that children with 
autism may prefer nonsocial cues over social cues and may 
avoid eye contact and looking at faces owing to the complex-
ity of  social stimuli.37,38 These basic attentional preferences 
may give rise to complex social deficits such as difficulties in 
understanding others’ mental states (emotions, intentions, 
and desires) and lack of  empathy.39 During development, 
children with ASDs show delays in responding to attentional 
bids of  others. Spontaneous sharing of  attention with others 
continues to be deficient until late childhood.39

Language
Language is clearly affected in children with autism, with 
some children never acquiring functional speech.40–42 
Language impairments include impaired pragmatic lan-
guage such as poor use of  nonverbal cues such as gaze, facial 
expressions, turn-taking, and body language during com-
munication with others, poor prosody (i.e., rhythm, stress, 
and intonation during speech), poor phonology (i.e., word 
articulation), and atypical linguistic forms such as echolalia 
(i.e., immediate or delayed imitation of  words).41,42

Executive Functioning
EF is defined as the ability to maintain a problem-solving 
set related to a goal that requires skills such as planning, 
impulse control, response inhibition, organized search, and 
flexibility in thought process.43 In terms of  perceptual inflex-
ibility, children with ASDs may show resistance to distrac-
tion and an inability to shift attention between activities or 
stimuli.34 In terms of  motor inflexibility, children with ASDs 
may show repetitive behaviors or have difficulty inhibiting 
movements.1 In terms of  inflexibility in social communi-
cation, children with ASDs will show a lack of  reciprocity 

leading to one-sided conversations and lack of  turn-taking 
during nonverbal and verbal communication.1

Sensory-perceptual Impairments

Sensory-perceptual processing impairments can be catego-
rized into sensory modulation disorders and atypical sen-
sory perception.

Sensory Modulation Disorders
Sensory modulation disorders are difficulties in regulating 
and organizing the nature and intensity of  responses to spe-
cific sensory inputs, including tactile, olfactory, visual, audi-
tory, proprioceptive, and vestibular inputs.44 Children with 
ASDs can be “underresponsive” such that they are slow to 
respond or may fail to respond to name or react to pain.44 
“Overresponsive” children may have exaggerated or pro-
longed responses to sensory inputs such as covering of  ears 
to loud sounds or background noise.44 Sensation-seeking 
children may crave for sensory input for extended periods by 
performing stereotypical movements of  body rocking or arm 
flapping, etc.44 Various parent questionnaires have been used 
to report sensory modulation issues, for example, the Short 
Sensory Profile or the Infant and Toddler Sensory Profile.45 
The severity of  sensory modulation impairments appears to 
directly correlate with overall symptom severity and level of  
functioning of  children with autism.46 Recently, mixed pat-
terns of  sensory processing have also been reported in children 
with ASDs between 3 and 10 years of  age: (1) “inattention/
excessive attention”; (2) “atypical tactile/smell sensitivity”; 
and (3) “atypical movement sensitivity/low energy and weak 
motor responses.”47 These subgroups include underresponsive 
and overresponsive children with ASDs within specific sensory 
domains. The third subgroup included children with ASDs 
who had clear motor impairments. For example, children with 
“atypical movement sensitivity” are usually overresponsive to 
proprioceptive and vestibular input, whereas children with 
“low energy/weak motor responses” may present with fine 
and gross motor difficulties.47 Therefore, children who per-
form poorly on the “movement sensitivity/low energy” sec-
tions of  the Sensory Profile questionnaire may be at a greater 
risk for motor delays and long-term motor impairments.

Atypical Visual and Auditory Perception
Children with ASDs show enhanced local processing com-
pared with global processing of  perceptual information.48 
They are unable to understand the interelement relation-
ships between the parts of  a complex presentation of  stimuli 
and are hence unable to understand the overall context and 
meaning of  a complex picture or a piece of  music. The en-
hanced local processing may contribute to their heightened 
perception of  visual and auditory information. For example, 
during visual search tasks involving several similar-looking 
objects, typically developing children use a serial search 
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Motor Stereotypies
Children and adolescents with autism may show several 
different motor stereotypies, including repetitive behaviors 
such as whole body rocking, twirling, jumping, bouncing, 
and arm flapping. Object-related behaviors such as poking, 
rubbing, or spinning objects are also commonly demon-
strated by children with ASDs.56 Children with ASDs may 
show covering of  eyes or ears because they are “overrespon-
sive” to certain visual and auditory inputs from a very young 
age.56,57 Individuals with ASDs may also show resistance to 
change and compulsive behaviors such as inflexible routines 
during their daily activities.31,56 Motor stereotypies often 
correlate with level of  functioning and autism severity with 
a greater presence of  stereotypies in the more affected chil-
dren.31,58 Repetitive behaviors are often clearly present by  
2 years of  age because of  the difficulty of  distinguishing 
them from typical motor stereotypies of  infants within the 
first year of  life.55,57 Specifically, toddlers who later devel-
oped autism showed more atypical hand and finger move-
ments and more stereotypical object play, such as excessive 
banging or preoccupation with spinning objects or with 
part of  an object, compared with toddlers with milder 
forms of  ASDs such as PDD-NOS.59 Interestingly, reduced 
spontaneous movement exploration or limited change in 
body postures are often present in infants at risk for ASDs.60 
Repetitive behaviors may also be considered as a child’s 
means of  obtaining different forms of  visual or kinesthetic 
stimulation and may be a function of  the sensory modula-
tion impairments found in children with ASDs.44

strategy to find the odd object, whereas children with ASDs 
will encounter a pop-out phenomenon where they perceive 
each individual object in parallel and immediately identify 
the outlier.49 Similarly, children with ASDs have heightened 
pitch perception, greater pitch discrimination, and better 
memory of  musical pitch; however, they may lack emotion 
perception within the musical content.50,51 Interestingly, evi-
dence indicates that these perceptual skills can be developed 
with age and may be intact in adults with ASDs. It is not 
surprising that music education and music therapy are often 
used as training tools to facilitate social communication 
skills in children with ASDs owing to their advanced musical 
abilities.52,53

Motor Impairments

While social communication impairments are considered 
hallmarks of  ASDs, there is substantial evidence to consider 
motor impairments as a core deficit of  ASDs owing to its 
widespread prevalence and its correlation with other social 
communication impairments.3,54,55 For example, the large ef-
fect sizes calculated in a recent meta-analysis on motor im-
pairments in individuals with ASDs suggested that this group 
has significantly greater motor impairments compared with 
healthy controls.55 Moreover, recent reviews indicate clear 
impairments in arm motor functions, bilateral coordination, 
gait and balance, as well as praxis/motor planning in young 
and older children with ASDs.3,54,55 A comprehensive listing 
of  motor impairments is provided in Table 11.2.

Motor Impairments/
Motor Delays

Impairments in School-aged Children and Adults 
with ASDs

Delays in Infants at risk for ASD, and Toddlers 
and Preschoolers with ASDs

Gross motor coordination Poor upper and lower limb coordination, including 
bilateral coordination and visuomotor coordination.

Gross motor delays in supine, prone, sitting skills in the 
first year of life. Delayed onset of walking in the second 
year of life. Gross motor delays are present in preschoolers 
recently diagnosed with ASD.

Fine motor coordination Poor fine motor coordination such as performance on 
manual dexterity tasks, for example, Purdue pegboard task.

Reaching and grasping delayed in infants at risk for ASDs. 
Fine motor delays persist in the second and third years of life.

Motor stereotypies Motor stereotypies are common in older children and 
adults with ASDs.

Motor stereotypies such as repetitive banging of objects or 
unusual sensory exploration may appear in the first year of 
life, but most often emerge in the second year of life.

Postural Feed-forward as well as feedback control of posture 
is affected in children and adults with ASDs. Overall, 
deficient postural control persists in adults with ASDs.

Postural delays in rolling, sitting, etc. Unusual postures 
may be held for brief to long periods in infants who later 
developed ASDs.

Imitation and praxis Imitation impairments are present during postural, 
gestural, and oral imitation. Performance of complex 
movement sequences is poor during imitation, on verbal 
command, and during tool use, suggesting generalized 
dyspraxia not specific to imitation.

adapted from Bhat a, landa r, galloway J. Perspectives on motor problems in infants, children, and adults with autism spectrum disorders. Phys Ther. 
2011;91(7):1116–1129 with permission from american Physical Therapy association. This material is copyrighted, and any further reproduction and distribution 
requires written permission from aPTa.

Motor Impairments in Children and Adults with Autism

TAblE

11.2
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Motor Coordination and Arm Function
School-age children and adolescents with ASDs often show 
impairments in running speed and agility, bilateral co-
ordination, manual dexterity, and ball skills, as based on 
various standardized motor measures.61–64 Past studies re-
ported greater motor deficits in children with low IQ com-
pared with children with average and above-average IQ.63,64 
However, recent studies recognize that motor impairments 
are observed across the spectrum, including children with 
ASDs with low and high IQ.2 Coordination impairments are 
also observed during functional activities such as walking, 
reaching, writing, and gestural communication.20,22,65–67 Poor 
use of  hand and body gestures such as pointing, showing, 
and reaching out to caregivers is in fact one of  the core so-
cial impairments in autism.1 Furthermore, lack of  associated 
gestures during story telling leading to asynchrony between 
hand gestures and language production is coded for within 
the ADOS administration, the diagnostic tool for ASDs.30

Motor Delay
Motor incoordination in children with ASDs may emerge as 
early as infancy. Retrospective and prospective studies track-
ing the motor development of  high-risk infants who later de-
veloped ASDs or language delays have reported gross motor 
and fine motor delays as early as 6 months of  age.26,27,68–70 For 
example, infants who later develop ASDs may show delays in 
gross motor milestones such as head holding, rolling, sitting, 
crawling, and walking.26–28 Infants who later developed ASDs 
were also reported to have early motor delays in reaching, 
banging, clapping, block stacking, scribbling, pointing, and 
turning door knobs.70 In addition, these early manual-motor 
skills of  children with autism correlated with their later speech 
fluency at school age.70 Fine motor delays have been more 
thoroughly studied than gross motor delays owing to their 
relationships with nonverbal communication. There is recent 
evidence that preschoolers diagnosed with ASDs have com-
parable impairments in fine and gross motor performance.70 
Therefore, it is extremely important to assess early motor per-
formance of  infants and toddlers at risk for autism, including 
infant siblings of  children with autism or preterm infants.

Gait and Balance
Walking patterns of  children with ASDs have been described 
as “ataxic” owing to the inconsistency between strides or 
“parkinsonian” shuffling nature of  steps and lack of  alter-
nating arm swing.20,22 Toe-walking is often reported by clini-
cians, although it is not well studied by researchers. On the 
basis of  standardized testing, static and dynamic balance is 
found to be affected in children with ASDs.61,71 Moreover, 
deficits in feedback (responding to postural perturbations) 
and feed-forward (anticipatory postural adjustments) mech-
anisms have been reported in individuals with ASDs, which 
may account for the poor balance observed during clinical 
assessments.72 Furthermore, infants who later develop ASDs 
show delays in acquiring advanced postures such as standing 

and sitting compared with typically developing infants.28,60 
Delayed onset of  walking was one of  the first gross motor 
delays observed in toddlers who developed language de-
lays later in life.25 It has been reported that some at-risk in-
fants who showed delayed onset of  autism symptoms did 
not present with motor delays within the first year.73 The 
delayed onset of  autism symptoms may present as a devel-
opmental regression in the second and third years of  life.73 
Therefore, it would be important to monitor motor devel-
opment as well as social communication development over 
the first 3 years of  life in infants at risk for ASDs.

Motor Planning, Praxis, and Imitation
Praxis refers to one’s ability to plan, coordinate, and execute 
complex movement sequences.74 Children with ASDs often 
present with dyspraxia (difficulty with planning, coordinat-
ing, and executing movement sequences) during oromotor, 
fine motor, and gross motor activities.75 These deficits typi-
cally represent more complex processing and are not simply 
related to basic motor abnormalities such as abnormal tone 
or muscle weakness. Individuals with ASDs usually acquire 
the ability to perform simple motor tasks, for example, fun-
damental motor milestones, walking, and reaching skills, 
although delays may be experienced. However, complex 
motor tasks such as complex sports, handwriting, daily living 
skills such as dressing and tying shoe laces, or other move-
ment sequences associated with broader goals persist for 
school-age children with ASDs. Praxis is often measured dur-
ing gesture production, in response to verbal command, on 
imitation, or during tool use.76 Children with ASDs showed 
similar errors within each of  these conditions, indicating a 
generalized praxis impairment that is not limited to move-
ment imitation.76 Studies of  imitation of  oromotor, fine 
motor, and gross motor actions in this population have veri-
fied that children with ASDs have difficulties with various 
forms of  imitation from early on in life.75,77–79 Poor imitation 
skills put children with ASDs at a clear disadvantage when 
learning daily living skills from their peers and caregivers.

Strength and Tone
The only study evaluating muscle strength in children with 
ASDs reported that hand muscle strength was poor in chil-
dren with ASDs compared with typically developing chil-
dren.80 The presence of  abnormal reflexes has been reported 
in infants who later developed ASDs.81 Tonal abnormality re-
sulting in toe-walking has also been observed in children with 
ASDs.81 Hypotonia is also often reported in retrospective stud-
ies of  infants who later developed ASDs and is often observed 
in school-age children with ASDs.81,82 In fact, clinicians often 
report postural muscle hypotonia in children with ASDs.

Endurance and Physical Activity Levels
Children and adults with ASDs are at a high risk of  devel-
oping obesity in view of  their low physical activity levels 
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and poor cardiorespiratory endurance.83,84 Two different 
retrospective analyses of  survey databases conducted in 
the United States reported that 23.4% of  older children 
and adolescents with ASDs were obese (body mass index 
[BMI] greater than 95th percentile), 19% were overweight 
(BMI greater than 85th percentile), and 35.7% were at risk 
for overweight.85 It is reported that obesity is either equally 
likely or three times more likely in children with ASDs than 
the general population.85 While there is little known about 
factors leading to obesity in children with ASDs, it is sug-
gested that less time spent in physical activity programs and 
more time spent in sedentary activities such as working at 
a computer may be contributing factors.84,86,87 This pattern 
could be directly related to the social impairments of  chil-
dren with autism and to their preference to engage in soli-
tary, technology-based activities such as watching television 
or playing video games. Unusual dietary patterns in children 
with ASDs may occur owing to restricted food habits, which 
is also a function of  the ASD diagnosis.84,85 Long-term use 
of  antiseizure medications such as valproate has been impli-
cated for obesity in children with developmental disorders.88 
While there is significant evidence for delayed motor devel-
opment and motor incoordination in children with ASDs, 
no study has directly correlated motor skill performance or 
the lack of  participation in organized sport or physical ac-
tivity with obesity in children with ASDs. Taken together, 
there is a clear need to enhance endurance and physical 
activity levels in children and adults with ASDs to improve 
their quality of  life.

 Examination

The components of  an examination for a child with autism 
will vary on the basis of  the child’s age, level of  functioning, 
and range of  impairments. In this section, we offer ideas for 
appropriate history taking as well as nonstandardized and 
standardized assessments.

History Taking

After obtaining basic identifying information, including date 
of  birth, age, gender, height, weight, and handedness, one 
should collect birth history, including prenatal, perinatal, 
and postnatal history, family history, developmental history, 
medical history, treatment history, as well as the child’s cur-
rent level of  functioning and expectation of  the caregiver 
and/or child. Prenatal, perinatal, and postnatal history 
may provide some insight into the etiologies of  the diag-
nosis (see “Etiology and Risk Factors” section). When ob-
taining family history, ask for presence of  ASD diagnosis in 
other family members such as siblings or relatives. When 
obtaining developmental history, ask about the child’s 
overall development, for example, whether motor and 
communication milestones were achieved at appropriate 
ages. Specifically, onset ages for motor milestones such as 

reaching, sitting, crawling, standing, and walking are impor-
tant in identifying the degree and length of  motor delay. In 
addition, onset ages for communication milestones such as 
production of  vowel sounds, consonant sounds, variegated 
babbling, first words, two- to three-word phrases, and com-
plex language are important. As part of  the medical history, 
ask when the diagnosis was obtained, any medications the 
child may be taking, presence of  motor stereotypies, and 
any dietary modifications. Children with ASDs may have 
food allergies for which gluten-free and casein-free diets 
may have been recommended. This is especially important 
to know if  use of   edible treats is considered for rewards. In 
terms of  treatment history, it is important to know about 
the other services the child has received or is receiving 
(e.g., behavioral therapies, social skills training, speech or 
occupational or music therapy), including their intensity, 
frequency, and duration, as this will directly affect the fam-
ily’s ability to engage in physical therapy. It is important to 
identify the child’s current level of  functioning in perform-
ing activities of  daily living, including the level of  caregiver 
support throughout the day. It is important to ask about the 
child’s present communication, cognitive, and sensorimo-
tor abilities and difficulties. Last but not the least, ask the 
caregiver’s expectations for their child and the child’s expec-
tations for himself  or herself, when the child has adequate 
communication.

Observations of Naturalistic Play

Children often need time to warm up to strangers, and al-
lowing a 10-to-15-minute period where the child explores 
the toys within the examination space would be a nice ice-
breaker for the child. During this period, the examiner could 
complete history taking and move onto observing the child’s 
play for nonverbal and verbal communication, repetitive 
behaviors, and motor performance. In terms of  nonverbal 
communication skills, observe the child’s use of  gestures, 
reciprocal interactions and turn-taking, the use of  spontane-
ous versus responsive communication with the caregiver or 
tester, as well as rapport between the child and the caregiver. 
Gestures could be “instrumental” such as showing, pointing, 
and giving, or “descriptive” such as actions describing verbs 
or adjectives within a sentence. In terms of  verbal commu-
nication skills, collect a language sample to understand the 
level of  verbal communication: specifically, the number of  
words used within phrases and the appropriateness of  the 
language based on the child’s developmental level. Review 
of  the speech evaluation can provide more specific insight 
into the child’s level of  language.

The complexity and variability of  the child’s play should 
be considered. Is the child using objects for their intended 
purpose and demonstrating any imitation within the play 
schemes? Alternately, does the child only focus on the me-
chanical characteristics of  play objects? For example, a typi-
cally developing child playing with trains may build tracks 
and pretend to bring cargo to the station, while a child with 
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ASD may become preoccupied with the spinning of  the 
train wheels. The evaluator should also consider whether 
the child demonstrates curiosity and variability within play 
activities offered by the environment.

In terms of  motor skills, observe the child’s ability to 
perform those motor tasks expected of  his or her age with 
attention to movement control and sophistication of  move-
ment patterns. Observe the child’s fine motor skills such as 
reaching, transfers, use of  two hands for symmetrical and 
asymmetrical activities, as well as gross motor skills such as 
basic walking patterns, balancing on one leg (static balance), 
and balancing while walking on narrow surfaces (dynamic 
balance). Complex motor skills such as clapping, marching, 
jumping, skipping, galloping, hopping, etc (dual and multi-
limb coordination) provide insight into the child’s bilateral 
coordination abilities. For low-functioning children, it might 
be best to observe them during functional tasks such as 
climbing stairs and kicking a ball in order to infer balance 
and coordination skills. Simple instructions such as “can you 
do this” within an imitation game could offer appropriate 
visual cues to complete the task. Note: if  some of  the activi-
ties are part of  a standardized assessment, then they do not 
have to be repeated here.

Cognitive Assessment

Intellectual abilities of  children with ASDs are evaluated 
using various cognitive assessments, typically administered 
by clinical psychologists or educators. For example, the 
Stanford–Binet Intelligence Test (SBIT) can be administered 
to individuals between 2 and 85 years of  age to assess non-
verbal and verbal IQ. The Kaufman Brief  Intelligence Test 
(KBIT) is often administered in individuals between 4 and 
90 years of  age and within school settings because various 
professionals can administer it. The Wechsler Intelligence 
Scale for children (WISC) offers similar information for 
children between 6 and 16 years of  age. While the KBIT is 
used widely across professions and is a quick IQ measure, 
it is considered unreliable when assessing IQ in nonverbal 
children. To understand a child’s verbal and nonverbal abili-
ties, it would be valuable to obtain reports on IQ measures, 
when available. However, in the absence of  these measures, 
instructing the child to follow simple one-step or two-step 
commands to bring something to you or the child’s conver-
sational abilities can offer you information on the child’s 
current abilities. Secondly, observe for inattention and hy-
peractivity during the child’s play because it will dictate the 
amount of  time the child can actively engage with you dur-
ing assessment and treatment sessions.

Sensory-perceptual Assessment

First, rule out hearing and vision impairments by asking 
the caregiver during history taking, and by reviewing medi-
cal and speech and language evaluation reports. The child’s 
records may include hearing tests such as the brain stem 

auditory-evoked response audiometry (BAER) or pure tone 
testing conducted by audiologists. Secondly, obtain care-
giver reports on whether the child has sensory modulation 
issues such as hypo- or hyperresponsiveness to various sen-
sory stimuli. Some children may be using noise-canceling 
earphones to reduce the noise levels in their environment. 
Parent questionnaires such as the Infant and Toddler Sensory 
Profile or the Short Sensory Profile can be used.45 A detailed 
Sensory Integration and Praxis Test (SIPT)89 is typically ad-
ministered by the occupational therapist (OT) on the team, 
and reviewing that report would offer ideas for supporting 
the child’s sensory responses during therapy sessions.

Motor Assessment

Motor performance can be assessed by obtaining parent 
responses through motor questionnaires, by administering 
standardized and/or developmentally appropriate measures 
of  motor performance, and through observation of  the 
child’s current levels of  motor functioning during functional 
activities of  daily living as well as standardized functional 
assessments. Table 11.3 provides a full listing of  question-
naires and assessment for children with ASDs.

Motor Questionnaires/Parent Interviews
Motor-related instruments include the Movement 
Assessment Battery for Children (ABC)–questionnaire 
version or the Developmental Coordination Disorders 
Questionnaire (DCDQ).90 A typical administration lasts 
about 15 to 30 minutes. These questionnaires provide thera-
pists with the parent’s and/or teacher’s impressions of  what 
the child can do in terms of  fine motor and gross motor 
skills, as well as static and dynamic activities occurring in 
home and school environments. Other factors that might 
affect a child’s motor performance, such as attention, anxi-
ety, etc., are also considered within these instruments. The 
DCDQ allows one to compare a child’s motor performance 
with that of  children with developmental coordination dis-
orders to assess the severity of  the motor impairment. The 
Children’s Assessment of  Participation and Enjoyment 
(CAPE)91 is a useful measure to examine how children be-
tween 5 and 21 years of  age participate in everyday activi-
ties outside of  the mandated school activities. The measure 
assesses whether the child has opportunities and interest to 
engage in any of  the 55 different activities including infor-
mation on: (1) whom they typically do the activity with (e.g., 
parent, friend), (2) where they do the activity (e.g., home, at 
a friend’s house), and (3) how much they enjoy doing the 
activity. Each activity is presented to the child/youth on a 
card with a drawing of  the activity and a phrase (in words) 
describing the activity. Overall, motor questionnaires are a 
reflection of  the caregiver and child about the child’s motor 
abilities and interest and could be a useful measure to deter-
mine activity themes that would be relevant and motivating 
to the child.
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Standardized Assessment
There are multiple measures of  overall motor perfor-
mance such as the Peabody Developmental Motor Scales, 
Movement ABC, or the Bruininks–Oseretsky Test of  Motor 
Performance (BOTMP), which include subtests to quantify 
the child’s performance within various motor domains, 
including fine and gross motor coordination, balance, 
strength, etc.55 The typical administration time is about 1 to 
1.5 hours to complete the full assessment. For example, the 
BOTMP-2 has eight subtests: running speed and agility, bal-
ance, bilateral coordination, strength, upper limb coordina-
tion, response speed, visual-motor control, and upper limb 
speed and dexterity.92 It provides raw, standard, and percen-
tile scores for the subtests as well as the overall assessment. 
A short-form version of  the full assessment is also provided 
to conduct an initial assessment of  motor performance in 
about a half-hour.

Motor impairments are observed in children with ASDs 
with various levels of  cognitive functioning; hence, one clear 
limitation of  all motor assessments is that we are unable to 
discern whether poor motor performance is reflective of  
primary motor impairment or an artifact of  poor compre-
hension. This is especially true for children with ASD who 
not only have known verbal comprehension limitations, but 
also present with difficulties in imitating actions. There is a 
clear need to further develop observational motor measures 

during functional tasks for children who are nonverbal and 
low functioning.

Developmental Screening
Children who are screened for ASDs under 3 years of  age 
receive screening for developmental delays and autism-
specific signs. Screening tools take about 15 minutes to 
complete and may include general parent questionnaires 
such as the Ages and Stages Questionnaire (ASQ)93 or the 
autism-specific parent questionnaires such as the Modified 
Checklist for Autism in Toddlers (MCHAT).94 Recently, re-
searchers have developed a multisystem observational tool 
called the Autism Observation Schedule for Infants (AOSI) 
in young infants at risk for ASDs, and it is inclusive of  a 
motor component.95

Developmental Assessments
Multidomain developmental assessments such as the Bayley 
Scales of  Infant Development (BSID)96 or Mullen Scales of  
Early Learning (MSEL)97 could be used to obtain the child’s 
overall cognitive and motor performance. A single domain 
may take about 15 to 20 minutes to complete, and a full as-
sessment could be well over 1 hour. The BSID can be used for 
children from birth to 3 years of  age and the MSEL is normed 
from birth to 5 years of  age. Both have subdomains for gross 

Motor Assessments

For young and older children For infants and toddlers
Movement Assessment Battery for Children (MABC)
Concurrent validity with Bruininks Test: 0.76
Interrater reliability: 0.96
Test–retest reliability: 0.77

Gross and fine motor subtests of Mullen Scales of Early Learning (MSEL)
Validity: 0.5 or higher
Reliability: 0.65 or higher

Bruininks–Oseretsky Test of Motor Proficiency (BOTMP)
Concurrent validity with MABC: 0.88
Reliability: 0.90

Alberta Infant Motor Scale (AIMS)
Concurrent validity with PDMS-2: >0.9
Interrater reliability: 0.99
Test–retest reliability: 0.99

Peabody Motor Developmental Scales (PDMS)-2
Concurrent validity with BSID: high to very high
Test–retest reliability: 0.73–0.89 across subtests

AOSI has a motor control component that predicts ASDs at 3 years of age
Interrater reliability: 0.7–0.9
Test–retest reliability: 0.7

Praxis and Imitation Batteries
Modified Florida Apraxia Battery
Interrater reliability: 0.85–0.95
Sensory Integration and Praxis Testing
Concurrent validity: 0.46–0.71 for some subtests
Interrater reliability: moderate to high

adapted from Bhat a, landa r, galloway J. Perspectives on motor problems in infants, children, and adults with autism spectrum disorders. Phys Ther. 
2011;91(7):1116–1129 with permission from american Physical Therapy association. This material is copyrighted, and any further reproduction and distribution 
requires written permission from aPTa.

Reliability and Validity Data on Motor Assessments for ASDs

TAblE
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Physical Activity Level Assessment
These could be measured subjectively using activity diaries 
or self-report surveys, or objectively using pedometers, ac-
celerometers, etc. Parents will need to record the informa-
tion for children or those children who are not capable, and 
self-report may be reliable for adolescents. While subjective 
measures are prone to errors owing to recall bias, the ob-
jective measures are expensive and could be bothersome to 
children with ASDs who have associated sensory issues.

Functional Assessment
Functional performance can be measured using the Pediatric 
Evaluations of  Disability Inventory (PEDI)100 or the School 
Functional Assessment (SFA).101 The PEDI is a standardized 
measure to assess functional capabilities and performance 
in the areas of  self-care, mobility, and social function. It is 
designed to assess young children between 6 months and 
7 years or older children who present with functional abilities 
lower than those of  a typically developing 7-year-old. Scores 
are assigned on the basis of  observation or parent/caregiver 
report. The PEDI allows calculation of  both standard and 
scored performance scores. Results of  the PEDI can be used 
to monitor a child’s performance over time and develop in-
tervention plans. The SFA101 is a criterion-referenced instru-
ment used to quantify and monitor a child’s performance 
of  nonacademic activities within the elementary school set-
ting—kindergarten through sixth grade. The educational 
team members familiar with the child complete the scor-
ing in three areas: participation, task supports, and activity 
performance. This instrument yields criterion cutoff  scores 
that help establish eligibility for special education services 
and monitor a child’s performance while promoting team 
collaboration.

Evaluation Synthesis

a. Convey evaluation instructions in a manner the child can 
comprehend. Use picture schedules, simplify verbal com-
mands, hand-on-hand instruction, visual models, breaks, 
and rewards to ensure that the child complies, under-
stands your instructions, and demonstrates what is asked 
of  him or her (see Table 11.4 for specific strategies).

b. Identify cognitive impairments that govern the motor ac-
tivities planned. For example, level of  focus (i.e., overfo-
cused attention or inattention), presence of  hyperactivity, 
and intellectual level (i.e., nonverbal, verbal but delayed, 
verbal/hyperverbal, and age-appropriate).

c. Identify sensory modulation impairments that will affect 
the child’s engagement in the intervention plan.

d. Identify the child’s key motor impairments: coordina-
tion, balance, praxis, etc, and plan for activities that are 
comprehensive. Prioritize goals depending on the child’s 
and family’s highest need. Most likely, the family has been 
asked to participate in multiple therapies and has little 
time to focus on a range of  motor activities.

motor, fine motor, visual reception, receptive, and expressive 
language. Raw scores, scaled scores, composite scores, and 
percentile scores can be calculated for each subtest as well as 
overall development. Single-domain assessments such as the 
Alberta Infant Motor Scale may also be used to assess gross 
motor delays using raw subscale scores or overall percentile 
scores. The Vineland Adaptive Behavior Scale (VABS)98 is a 
caregiver interview and observational measure or a parent/
caregiver questionnaire to help evaluate individuals across 
the gamut of  functional skills from preschool to 18 years of  
age. This measure assesses adaptive behaviors, including the 
ability to cope with environmental changes, to learn new 
everyday skills, and to demonstrate independence. The test 
measures five domains: Communication, Daily Living Skills, 
Socialization, Motor Skills, and Maladaptive Behavior. The 
Communication Domain evaluates the receptive, expressive, 
and written communication skills of  the child. The Daily 
Living Skills Domain measures personal behavior as well as 
domestic and community interaction skills. The Socialization 
Domain covers play and leisure time, interpersonal relation-
ships, and various coping skills. The Motor Skills Domain 
measures both gross and fine motor skills.

Praxis and Imitation Assessment
Imitation and praxis can be measured using the Modified 
Florida Apraxia Battery99 or subtests of  the SIPT.89 Both 
these measures typically assess praxis at three levels: during 
imitation, following verbal command, or during tool use. 
Gestures or actions range from fine motor to gross motor, 
simple to complex, meaningful to meaningless. The child’s 
motor responses are scored for spatial, temporal, and rever-
sal errors. Furthermore, SIPT is a standardized and normed 
measure for examining various sensorimotor skills, includ-
ing motor coordination, sensory integration, and praxis in 
children between 4 and 9 years of  age. Specifically, subtests 
of  postural praxis, praxis on verbal command, sequencing 
praxis, bilateral motor coordination, and kinesthesia might 
be relevant. Note that among the standardized measures 
for imitation, SIPT is the only one that is normed.

Strength and Tone Assessment
Abnormal tone is often reported in infants who later devel-
oped ASDs and in children with ASDs. For example, hypoto-
nia has been reported in young infants who later developed 
autism and is often found in children with autism. It most 
often affects posture and balance of  the child with autism 
and is assessed during observation of  the child’s posture and 
movement. For example, observe for slouched or swayback 
postures, hyperextended knees or elbows, toe-walking, etc. 
Strength is not often assessed in children with autism. Only 
one study has reported muscle weakness in hand muscles 
of  children with autism80; hence, it is important to consider 
measuring pinch and grip strength using hand and finger 
dynamometry, especially when the child has significant fine 
motor difficulties such as poor handwriting.
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Principles Specific Strategies
1. Structuring the 

environment
 1. Use just the right amount of space for the motor activities to be performed.
 2. Use the same space to ensure predictability.
 3. Limit the materials to the ones required for the session.
 4. Remove or cover the other distractors in the room.
 5. Put up rules sheet, listing of activities, or picture schedules to describe the expectations from the child and 

the structure of the sessions, whenever appropriate.
 6. Follow a predictable routine. You could vary the routine of the child if that is a treatment goal. Begin with 

small (versus large) changes to the routine. When these changes are made, be sensitive to its effects on the 
child.

 7. Promote transitions with the use of picture schedules or predictable verbal or gestural commands, for 
example, “a good job and a hi-five at the end of each trial.” Within a session, if the activities break up into 
warm-up, whole body, and walking themes, then use pictures to define those activities, and have the child 
either move the picture schedule off the board or have him or her check off the activity from an available list. 
This helps the child keep track of the session.

2. Instructions for the 
activity

Use the various means of communication available to the child. For example, for a verbal child, verbal instructions 
are appropriate. However, for a nonverbal child, sign language/gestural communication, visual picture schedules, 
and short verbal commands may be needed.

3. Prompting/modeling/
feedback

 1. Models could be the PT, peers, paraprofessionals, or caregivers who join the child. Your child may benefit 
from parallel and/or mirrored motions, so you will need to determine what works best for your child and for 
the actions being practiced.

 2. When possible, use group activities because they are valuable for learning social monitoring. This may also 
reduce the child’s anxiety because he or she is not put on the spot. On the other hand, distracting peers may 
increase the anxiety in some children. It is important to judge what will meet the individual needs of the child. 
Both group and individual activities provide different important experiences for the child.

 3. Make sure that the child is attending to you before you begin your instructions. He or she may use foveal/
peripheral vision to attend to you.

 4. First say, “Child’s name, do this?” then show the action. If he or she did not move correctly, then hand-on-
hand feedback could be provided. Determine whether this helps the child’s performance by asking them to 
repeat the action on their own. Some children may not like “hand-on-hand” feedback or may not improve 
performance with such feedback.

 5. Use external props to clarify the goals of the activity.
4. Repetition  1. Practice is important for motor learning and should be encouraged within a session but also across sessions.

 2. Caregivers should practice the same activities between the two physical therapy sessions.
 3. Generalization to a different space and a different caregiver will be facilitated through such practice.

5. Active engagement  1. It is important to allow for free movement and improvisational activities.
 2. Waiting is critical for the child to explore spontaneously and actively problem-solve. After the initial 

instructions are provided, allow the child to move freely (without excessive prompting).
 3. Prompting could be used in the second trial of the same activity. For low-functioning children, more 

prompting will be required.
 4. Allow the child to choose a theme or a set of activities for the session. Encourage them to move differently 

than you. Promote movement creativity and spontaneity.
6. Progression  1. In terms of progression, it is important to create the just-right challenge for the child. It is important to allow 

for success. You could choose to increase the complexity of activities across sessions or within a session 
for a given activity. Note that trial-and-error learning is important, so the child does not have to achieve 
100% success. If the child is not discouraged by his or her motor performance, then adding complexity to 
the activity is okay. However, if the child is easily frustrated by failure, then it is important to create a safe 
environment for the child that allows for success and avoids excessive feedback and prompting.

 2. Look out for negative behaviors such as tantrums, noncompliance, and self-injurious behaviors. If these are 
observed, then ask the child to communicate in appropriate ways—verbalizing or signing that the activity be 
stopped. This will imply that the task is difficult for the child and should be simplified.

7. Reinforcement/rewards  1. Various rewards could be provided.
 2. Verbal and gestural reinforcement in the form of “good jobs” and “hi-fives.”
 3. Breaks from activity to do favorite sensory activities—spinning, containment, or deep pressure or free play.
 4. Stickers or small toys. Provide if the aforementioned ideas do not seem to work.
 5. Edibles. Provide if the aforementioned ideas do not seem to work. This may be more appropriate for low-

functioning children. It is important for the snack to be healthy; otherwise, it will affect the overall health and 
wellness of the child.

Strategies for Structuring Physical Therapy Treatment Sessions for Children with Autism

TAblE
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 Intervention

While motor performance is relatively spared compared 
with social communication skills, the multiple motor im-
pairments listed in the earlier sections may significantly con-
tribute to the functional limitations of  children with ASDs. 
The early motor delays, the continued motor deficits later 
on in life, and their long-term ramifications deserve the at-
tention of  motor specialists such as PTs who can contribute 
to the overall treatment programs of  children with ASDs. It 
is difficult to separate the dynamic interplay of  movements, 
sensory processing, communication, and social interaction 
as a child interacts with his or her environment and caregiv-
ers. Bhat, Landa, and Galloway have suggested that motor 
impairments will lead to reduced movement exploration, 
difficulties in keeping up with peers during playtime, and 
missed opportunities during social interactions.55 Together, 
these problems will limit the initiation and maintenance of  
social relationships and will ultimately contribute to delayed 
social skills and long-term social impairments.55

Despite the implicit and explicit relation of  motor 
abilities and overall development, the majority of  autism 
interventions are focused on enhancing the social commu-
nication and academic skills of  children with ASDs. Over 
the years, various interventions have evolved to address the 
sensory and motor needs of  children with ASDs. Although 
these interventions are frequently practiced, relatively few 
empirical studies support the use of  these interventions to 
enhance sensorimotor performance, social engagement, and 
long-term quality of  life.55,102 The majority of  the sensorim-
otor intervention studies involve small sample sizes or single 
cases or case series. Moreover, research in this population is 
also challenged by the variability among the children with 
ASDs and the complexity of  the multiple factors that affect 
treatment outcomes.

Team Approach to ASD Treatment

Children with ASDs present with multiple, complex devel-
opmental variations that are best addressed through a team 
approach. Given the variability of  presentation within the 
autism spectrum, individualized programs with different 
types of  therapies are imperative to meet the unique needs 
of  each child with ASD. Family members provide essen-
tial information about the child’s behavior, current level 
of  functioning, and areas of  interest that can be utilized in 
program development. The family along with the trained 
professionals identifies skills and behaviors to be developed. 
Special educators and psychologists help understand and ad-
dress the cognitive and behavioral challenges demonstrated 
by children with ASDs. Speech and language pathologists 
will help the child with ASD to communicate with fam-
ily, educators, and caregivers through verbal or alternative 
means and to gain nonverbal and verbal communication 
skills. OTs and PTs can provide insight and programming to 
address sensory-perceptual processing and enhance motor 

performance. Other medical personnel can provide infor-
mation about the child’s health that is critical to program 
planning. Coordinated efforts of  these trained profession-
als along with the family and other caregivers can provide 
structured and consistent interactions for the child with 
ASD that will promote positive and meaningful social en-
gagement as well as learning of  important skills.

Sensorimotor Treatment Approaches  
for Children with ASD

The standard of  care treatment approaches for children with 
autism include the Applied Behavioral Analysis (ABA),102,103 
the Treatment and Education of  Autistic and related 
Communication-handicapped Children (TEACCH),104,105 
the Picture Exchange Communication System (PECS),106 
and the Sensory Integration (SI) therapy107 as well as some 
others that lack substantial research evidence to support 
their use.

Applied Behavioral Analysis
ABA is the current intervention standard for children with 
autism, and is accepted as an effective means for reducing 
negative behaviors while improving appropriate communi-
cation and prosocial behaviors, and teaching new skills to 
children with ASDs.102,103 The broader goals of  ABA pro-
grams are to reinforce desirable behaviors and reduce those 
that are undesirable. This is accomplished by breaking down 
a complex task into a series of  simple steps and providing 
positive reinforcement in a predictable manner in response 
to the child successfully meeting the criteria established for 
each step. Traditional ABA practices of  discrete trial train-
ing are performed in a 1:1, controlled setting using a blocked 
practice format using adult-developed materials and tasks 
with several repetitions.108,109 These traditional approaches 
have received significant criticism because they do not pro-
mote naturalistic interactions involving child-preferred and 
child-centered activities. More contemporary ABA models 
such as incidental teaching approaches promote spontane-
ity during motivating contexts that involve natural rewards 
within naturalistic environments.110,111 These approaches 
promote child-preferred and child-selected activities to in-
crease repetition and to sustain engagement. Principles of  
ABA are typically applied to academic, social, communica-
tion, and vocational skills. PTs could incorporate the prin-
ciples of  task analysis, repetition, and positive reinforcement 
using contemporary approaches to promote acquisition of  
specific motor skills, activities of  daily living, or specific vo-
cational skill sets. Communication among all team mem-
bers is important to establish acceptable criteria, use of  
reinforcements, and reinforcement scheduling.

In this section, we compare ABA strategies to motor 
learning principles that are often used within physical ther-
apy interventions. Specifically, principles of  task analysis, 
repetition/practice, feedback, reinforcement, and gener-
alization are similar across the two treatment approaches; 
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however, the value for trial-and-error learning and self-pro-
duced behaviors may differ. First, task analysis is a critical 
component of  both ABA and motor learning.102,112 Both 
approaches promote breaking down complex activities into 
simpler parts and practicing each part as well as the whole. 
Children with ASDs are capable of  learning simple cause-
and-effect relationships38 as well as simple motor skills in an 
implicit manner using a “learning-by-doing” approach.113,114 
For example, if  a child is practicing jumping jacks, you can 
break up the activity into multiple steps and practice it in 
parts. The repetition with active engagement inherent in the 
contemporary ABA programs is equivalent to the high lev-
els of  self-produced practice promoted by the current motor 
learning theories. Repetition is critical for mastering skilled 
behaviors. Both approaches also promote the use of  posi-
tive reinforcement upon successful task completion. While 
motor learning theories limit reinforcement to verbal and 
gestural reinforcers, traditional ABA programs also promote 
the use of  materialistic reinforcers such as toys and edibles. 
However, contemporary ABA approaches promote the use 
of  “access to desired activities” as the reinforcement and 
discourage the use of  materialistic reinforcers. For example, 
improved proficiency while doing jumping jacks could be 
a naturally occurring reinforcement and an intrinsic moti-
vation for the child. Activities designed must create the ap-
propriate level of  challenge so that the child experiences 
success. The intervention program can gradually include 
more complex activities based on the child’s skill level and 
can be practiced in varying environments to maximize gen-
eralization. Activities should be not only developmentally 
appropriate, but also intrinsically motivating, tailored to 
meet the functional needs of  child and family, and able to 
serve a lifelong purpose.

Prompting or providing feedback is also common to both 
ABA and motor learning approaches. Motor learning theo-
ries propose that actions are reinforced when the end goal 
is emphasized through immediate visual, kinesthetic, or 
verbal feedback.112 While ABA programs promote the use 
of  graded prompting, including visual, verbal, and hand-
on-hand instruction, motor learning theories promote the 
use of  both internal (self-produced) and external feedback 
(provided in the environment/by the caregiver). Children 
with ASDs are able to use both proprioceptive and visual 
feedback, but it is unclear whether they have a preference 
for one or the other.115 Glazebrook et al. (2009) indicated 
that children with ASD took longer to process information 
presented through visual rather than proprioceptive chan-
nels.115 These findings may indicate that physical guidance 
through an action, if  tolerated by the child, may be more 
effective than providing visual feedback. There is some evi-
dence that visual modeling using two-dimensional maps of  
each step or computerized video feedback may also pro-
mote skill development.116 For example, you could either 
show the components of  a jumping jack action sequence in 
parts, or offer key verbal cues for the missing components, 
or take the child through the action manually. Children 

with ASDs also have difficulty understanding movement 
goals.117 Therefore, it is important to couple the feedback 
provided with the appropriate end goal of  the task to pro-
mote motor learning. For example, for the two key postures 
within a jumping jack sequence, you could use verbal cues 
such as “pencil” for hands down and feet together posture 
and “rocketship” for hands up and feet apart posture. This 
would help improve the child’s understanding of  what is ex-
pected of  him or her.

One tenet that clearly differs between ABA and motor 
learning approaches is the value placed on trial-and-error 
learning. Our observations of  school-based ABA pro-
grams suggest that they promote predominantly errorless, 
prompted teaching. In contrast, motor learning principles 
promote active, self-produced exploration wherein errors 
are allowed and spontaneity is encouraged. In fact, trial-and-
error learning is considered vital for greater generalization 
of  motor skills. Therefore, PTs must be careful to allow op-
portunities for spontaneous movement exploration such as 
free, unprompted movement because that is often lacking 
in children with ASDs. The dynamical systems theory of  
motor control reminds clinicians that the child with ASD, 
with his or her unique qualities, is embedded within an envi-
ronment that can be molded to reduce or increase the com-
plexity of  motor activities. Once you use the environment 
to create the just-right challenge for the child, remember to 
wait for the child to respond spontaneously before begin-
ning prompting or providing feedback and reinforcement. 
Specific recommendations for implementing ABA strategies 
within a physical therapy treatment session are provided in 
Table 11.4.

Sensory Integration Therapy
Sensory-perceptual information, including tactile, visual, 
and auditory stimuli created in the child’s environment, can 
have profound effects on the child with ASD. A child who is 
experiencing a fight-or-flight response will not be open to 
learning. Hence, it is important that the child feel safe and 
comfortable within the treatment environment. Children 
with ASD are known to process sensory stimulation differ-
ently than typically developing children, with atypical pat-
terns emerging as early as within the first year of  life.46,68 
Sensory modulation disorders of  hyper- or hyposensitiv-
ity are often present in children and adults with ASD.46 A 
variety of  SI therapy techniques have been proposed to 
address the sensory impairments of  children with ASDs.46 
First, the classic SI therapy purports to focus directly on the 
neurologic processing of  sensory information by providing 
somatosensory and vestibular activities sought out and con-
trolled by the child to allow the child to better modulate, 
organize, and integrate environmental stimuli.118 Empirical 
studies investigating this treatment method have consisted 
of  case or case series design with weak evidence for effi-
cacy.119 This form of  treatment has come under criticism 
with a call for greater evidence-based treatment.107 Second,  
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the “Sensory Diet” provides more adult-structured, pas-
sively applied, and cognitively focused sensory-based activi-
ties than traditional SI therapy to meet the individual needs 
of  a child.119,120 The “diet” may include activities such as 
brushing with a surgical brush, joint compression, and deep 
pressure. However, there is weak empirical evidence to sup-
port the use of  sensory diets in children with ASDs.119,120 
Third, specific sensory stimulation techniques have been 
used to promote positive behaviors, reduce stereotypies, 
and to modulate arousal. Deep pressure is commonly 
used to elicit a calming effect, with delivery through thera-
peutic touch or devices such as the Hug Machine (a deep 
pressure– generating device), pressure garments, or weighted 
vests.121,122 However, there are a limited number of  studies 
to support their use. Children receiving touch therapy at a 
frequency of  15 minutes per day, 2 days per week for 4 weeks 
showed improvements in responsiveness to sounds and social 
communication.121 Investigation of  the Hug Machine twice 
weekly for 20 minutes per session over a 6-week period 
showed a statistically significant decrease in scores on a ten-
sion scale and marginal reduction of  anxiety.122 When imple-
menting such sensory techniques, especially those that are 
adult-guided, it is important to monitor the child’s stress lev-
els as a means of  assessing the effects of  such programs.46,119

Treatment and Education of  Autistic and Related 
Communication-handicapped Children
TEACCH emphasizes a very structured organization of  the 
environment along with an activity sequence that allows 
some flexibility within a predictable routine.105 Specifically, 
the space of  the teaching environment is uniquely organized, 
the activity schedules are used to increase organization and 
predictability, individual workstations are used to promote in-
dependent and goal-directed activities, and appropriate visual 
cues are offered for successful task completion. A controlled 
trial found that children who participated in a TEACCH-
based program for 4 months along with their typical day pro-
gram demonstrated significantly greater improvements than 
their peers who participated in day programs only.104 Specific 
ideas on structuring the environment within a physical ther-
apy treatment session are provided in Table 11.4.

The Picture Exchange Communication System
PECS facilitates communication using elaborate picture ex-
change techniques. It is often used to provide visual cues for 
word learning and also helps structure a child’s daily sched-
ule.106 Specifically, picture schedules can be used through-
out the day or within an activity to inform the child of  the 
activities as well as transitions between activities. Evidence 
suggests that the use of  PECS increases the duration of  
spontaneous nonverbal and verbal communication and fa-
cilitates skill generalization in children between 18 months 
and 12 years.71,123 More specifics on how to incorporate pic-
ture schedules within a physical therapy treatment session 
are provided in Table 11.4.

Other Approaches
There are other approaches that promote the development 
of  sensorimotor skills; however, there is weak evidence to 
support their use.71,124 Greenspan and Wieder’s “floortime” 
play is intended to enhance social–emotional relationships 
and cognitive growth.71 Gutstein and Sheely’s relationship 
development intervention (RDI)125 and Mahoney et al.’s 
responsive teaching (RT) address auditory processing, lan-
guage, motor planning, sequencing, and sensory modula-
tion and visual processing impairments in children with 
ASDs.124,126 Currently, there is limited empirical research 
being done to support claims for these interventions.127

Physical Therapy in Early Intervention

The Infant Sibling Research Consortium confirms the lack 
of  evidence to guide optimal programming in infancy 
and toddlerhood. They recommend the use of  caregiver- 
facilitated, reciprocal social play contexts, particularly 
infant-initiated social interactions that require the child to 
actively engage with the caregiver.128 They too recommend 
promoting social communication and motor systems of  the 
at-risk infant. Moreover, they advocate individualized inter-
ventions based on the delays observed in the infant. Given 
these recommendations, a multisystem approach through 
caregiver handling is recommended. Infants at risk for ASDs 
can receive a variety of  social, object-based, and postural ex-
periences that facilitate general and specific movement pat-
terns, positive affect, as well as verbalizations.55 In the first 
half-year of  life, parents can provide cues through verbal 
reinforcement as well as physical handling of  the infant.129 
Similarly, object-based cues can be provided by cause-and-
effect toys.129,130 Parents should encourage hands and feet 
reaching by offering objects near the infant’s arms or legs 
as well as age-appropriate locomotor and object exploration 
skills. During object-based interactions, caregivers must in-
corporate triadic contexts wherein relevant social behaviors 
like joint attention, that is, sharing of  object play with care-
givers, are encouraged.38 Postural experiences can be pro-
vided by passively placing or by actively moving the child 
within the postures that appear to be delayed in the infant.131

If  the child is diagnosed with ASD or presents with con-
cerns leading to that diagnosis prior to age 3, early interven-
tion should be recommended. Early intervention is typically 
conducted in the home or other natural environment with 
family-directed goals outlined on the Individualized Family 
Service Plan. Such a model of  intervention is centered on 
functional activities and maximizes the likelihood of  gener-
alizing to naturally occurring situations.

Physical Therapy in School Systems

The public school system is responsible for children who 
carry the diagnosis of  ASD at 3 years of  age and older 
who require special education services. In addition to the 
family, the educational team may consist of  the regular 
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education teacher, special education teacher, speech-lan-
guage pathologist, psychologist, OT, PT, and school nurse, 
depending on the child’s needs to engage in the educa-
tional program. The goals of  the program will be devel-
oped by the team specifically for that student and outlined 
on the Individualized Education Plan (IEP). Direct and/
or consultative physical therapy service is appropriate for 
many students with ASD.

The Individuals with Disabilities Education Act (IDEA) 
requires that students receive educational program in the 
least restrictive environment. Because of  the range of  abili-
ties and behavior, appropriate settings for children with 
ASD range from specialized programs and self-contained 
classrooms to full inclusion in regular classrooms. As with 
other students receiving special education services, tran-
sition planning for students with ASDs formally begins as 
early as 14 years of  age, and by age 16 a formal plan must be 
included in the IEP. The student, parents, educators, and all 
involved community agencies should be involved in develop-
ing a comprehensive transition plan that may include prepa-
ration for secondary education or competitive, supported or 
sheltered employment depending on the student’s interests, 
abilities, and behavior.127 All members of  the educational 
team may play a role in preparing the student with ASD to 
enter the community as independently as possible.

Recreational Activities and the Use 
of Technologies

While there is little empirical evidence to support alternative 
therapies such as music therapy,53 hippotherapy,132 aquatic 
therapy,133 and yoga134 specifically for children with ASDs, 
these activities may be considered as a means of  community 
involvement and preparation for lifelong fitness activities for 
some children with ASDs. Community-based yoga, music, 
dance, and martial arts may serve as other alternatives for 
physical activities if  necessary modifications and accommo-
dations can be made to create a positive learning environ-
ment. Special consideration should be given to the child’s 
safety, interest, ability level, and tolerance to environmental 
stimuli. Therapists may be helpful in making recommenda-
tions to promote positive experiences in these alternative 
activities.

Children with ASDs have a predilection for using ad-
vanced technologies; hence, these have been used in mean-
ingful ways to promote social, communication, and motor 
skills in children with ASDs.135 Specifically, computer tech-
nologies such as Wii boards,135 Dance Dance Revolution,135 
as well as robotic technologies136,137 could be used to facili-
tate social and motor skills, as well as physical fitness in chil-
dren with ASDs. Evidence to support their use is currently 
limited. But, when appropriate, these technologies could 
be employed in home and school environments to provide 
the required practice, generalization to other environments, 
to standardize the activities, and to intrinsically motivate a 
child during the activity.

 Conclusions

In this chapter, we have offered evidence for qualitative and 
quantitative differences in motor development among chil-
dren and adolescents with ASDs as compared with those 
without autism. Significant impairments in motor coor-
dination, postural control, imitation, and praxis are pres-
ent in individuals with ASDs. These areas of  need can be 
addressed using fundamental principles of  current motor 
learning and dynamical systems theories, along with ABA, 
TEACCH, and PECS principles through direct intervention 
and/or consultation with family, caregivers, and educators. 
We have also provided clinicians with specific strategies to 
implement various treatment approaches within a physical 
therapy session. Given the heterogeneity of  presentations of  
children with ASD, each child must be considered individu-
ally with respect to motor abilities, sensory responses, social 
communication, and cognition. The PT can make a valuable 
contribution to the team working with the child with ASD 
by providing information about the child’s sensorimotor 
abilities, recommending activities to address the individual’s 
unique motor needs, and suggesting modifications to pro-
mote the child’s ability to learn in his or her typical environ-
ments, school, and home. Suggestions may take the form 
of  changing expectations, modifying classroom activities 
to minimize negative sensory responses and address motor 
challenges, teaching compensatory strategies, and promot-
ing more active engagement with the caregivers within vari-
ous learning situations.

CASE STUDY
Chris—a 4-year-old boy with autism
Chris is a 4-year-old boy who lives with his parents in a midsized 
home in a suburban area. He attends the preschool program of 
his local elementary school, where he receives special education 
support services. He was diagnosed with autism at 30 months 
of age.

History
Chris’ mom reported having a full-term pregnancy and a deliv-
ery that was without any notable problems. However, there is 
a family history of ASD because his uncle had the same diag-
nosis. Chris sat independently by 9 months, walked without 
assistance at 16 months, and would often fall while walking for 
several months. When Chris was 20 months old, his mother 
prompted evaluation by their pediatrician, and eventually a spe-
cialist, because she was concerned that Chris appeared to have 
a language delay and behaved “differently” than her friend’s chil-
dren. While he did not always attend to people calling his name 
or talking with him, Chris seemed very sensitive to sounds such 
as kitchen timers, constructions sounds, etc., as demonstrated 
by tantrums when such sounds occurred. He would sit watching 
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moving objects for extended time periods, such as the fan, so 
much so that it was difficult for him to stop that activity. At 
20 months, he had not produced words, but grunted, growled, 
or cried to convey distress. He would not convey his needs or 
his feelings through gestures such as pointing to something he 
wanted or showing the toys that he played with. When they went 
to play dates with other children, Chris did not interact and would 
often remove himself from where the other children were play-
ing, sometimes hiding behind the couches. He would repeatedly 
activate toys with flashing lights. His mother was very concerned 
because Chris would eat only macaroni and cheese and apple-
sauce, and would refuse to even try most other foods.

Birth-to-three programming began shortly after the diagnosis 
was made. Educational, speech, and occupational therapy ser-
vices were provided on a regular basis until Chris’ third birthday. 
Interestingly, his parents insisted on physical therapy services 
for the overt gross motor issues they observed; hence those 
services were later added to his program. The early intervention 
staff provided the family with strategies to promote social com-
munication and motor skills, modulate his sensory responses, 
engage Chris in the family’s routine, and plan transition into the 
preschool program.

Current status
Chris is currently enrolled in the morning preschool program at 
the local elementary school. On the basis of birth-to-three rec-
ommendations and initial assessment by the educational team, 
Chris receives specialized educational instruction, including one-
on-one paraprofessional support, along with direct speech and 
language, occupational, and physical therapy services infused 
in the typical preschool activities. His individualized educational 
program addresses receptive and expressive language, social 
interaction, sensorimotor development, and self-help skills. The 
parents and the educational team meet once monthly to discuss 
Chris’ progress and to coordinate efforts to maximize consis-
tency of expectations and interactions.

Language and social interaction
Chris demonstrates echolalic speech, that is, he repeats a few 
words uttered by adults or on television shows. All staff model 
appropriate verbal responses to situations clearly with emphasis 
and praise Chris when he imitates the correct response. He has 
very little spontaneous interaction with his peers and tends to 
engage in activities that do not involve interaction with others. 
Teachers and therapists have paired him with the least threaten-
ing peers for play and academic activities with favorable results. 
Chris does enjoy his time with the other children. He is able to 
stay in the desired location and concentrate on the task at hand 
with support. Chris demonstrates signs of anxiety (increased 
stereotypies and raised vocalizations) during transitions between 
activities and locations. A picture schedule is used to help Chris 
orient to his daily schedule. All classroom and related services 
are represented on the schedule. Pictures are also available to 
represent activities within each center and to allow choices. He 
consistently looks toward the picture schedule to determine the 
next step in his routine, and he seems to make transitions more 

easily in response to prior notification through pictures than if no 
or little warning is provided. A similar picture system is used for 
the different home routines. Chris has recently begun spontane-
ously pointing to pictures of objects he would like on occasion. 
When Chris successfully performs the desired behavior, those in-
volved with programming provide rewards that have been agreed 
upon by parents and educators. Each team member is aware of 
the plan and provides the reinforcement for a job well done and 
additional wagon time (Chris’ preferred activity) for successful 
completion of the activities asked of him.

Sensorimotor development
Chris has developed stereotypic behavior of rocking and occa-
sionally spinning. He flaps his hands and watches them at times. 
He continues to become distressed with loud sounds; he often 
covers his ears and increases rocking motion. Such responses 
also occur if adults or peers touch him. He prefers to play with 
the computer and toys that have lights.

He will sit in circle time for only a few minutes before he 
wants to get up and move quickly about the classroom. On the 
playground, he enjoys activities that provide movement such 
as the swings, slides, and rotary equipment. It is sometimes a 
challenge for Chris to end such activities. In physical education, 
Chris typically runs around the space, behavior escalates, and he 
sometimes tries to hide under the mats that are stacked against 
the wall.

Chris is ambulatory without physical assistance around the 
interior and exterior of the school; he needs supervision and cu-
ing for safety and direction. His gait pattern is usually character-
ized by toe-walking. He is able to run and change directions, but 
his motor planning is clearly affected. He is unable to perform 
actions involving multiple steps required for using the stepper, 
scooter, or the bicycle. He has not demonstrated multilimb ac-
tions such as galloping, skipping, or maintaining one-leg stance, 
and he usually does not respond to the request of copying the 
demonstrations of the PT/OT. He cannot ascend and descend 
stairs without the support of a railing and appears to lack balance 
in situations that require a narrow base of support. He presents 
with slightly diminished muscle tone as demonstrated by joint 
laxity and difficulty maintaining antigravity positions for extended 
periods.

Chris’ performance on the Movement ABC indicated that he 
functions in the 9th percentile for Manual Dexterity, 5th percentile 
for Aiming and Catching, and 1st percentile for Balance. Using 
the Sensory Profile, parents and educators provided information 
about Chris’ responses to sensory stimuli. On the basis of their 
responses, definite differences with hypersensitivity were identi-
fied in the following areas: Tactile Sensitivity, Taste/Smell Sensi-
tivity, Auditory Filtering, and Visual/Auditory Sensitivity.

On the basis of observations throughout the school day, in-
put from all team members, and results of standardized testing, 
the PT and OT have collaboratively made recommendations for 
strategies to help regulate sensory responses and promote gross 
and fine motor development. The OT and paraprofessional have 
found that Chris tends to sit longer in the circle activities when 
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deep pressure input is provided. Use of a weighted lap blanket 
also seems to lengthen periods of quiet sitting. Chris tends to 
be more engaged in the physical education activities when the 
lesson is conducted in a room smaller than the gymnasium. The 
staff is currently in the process of collecting data about time-
on-task and signs of anxiety when wearing a weighted vest with 
special attention to performance during physical education.

A designated time is now built into Chris’ routine to use the 
swing on the playscape. Since adding this opportunity for Chris 
to get vestibular input, the rocking and flapping stereotypies have 
diminished. A rocking chair is available in the listening/story cen-
ter, and Chris is usually allowed to use it for short time periods 
as a reward for completing his therapeutic/academic activities. A 
rocking horse is occasionally included as a gross motor option 
at recess. He has a cart that he loads with various objects that 
he pushes at home and at school. The parents and school staff 
have developed a plan for after-school hours that allows Chris to 
play on his swing set and run in the yard with supervision shortly 
after he comes home.

The speech and occupational therapists are currently work-
ing closely with the parents to systematically introduce textures 
and flavors into Chris’ diet to expand his food choice repertoire. 
Chris’ mother follows through by sending in snacks of various 
textures that can be trialed under the supervision of the trained 
related service providers.

The PT recommended a trial of wearing high-top work boots 
to help improve Chris’ gait pattern with positive results; consis-
tent foot-flat and occasional heel strike have been noted. Balance, 
coordination, and gross motor planning are being addressed 
within his physical therapy program. He is encouraged to walk 
on different ambulation surfaces that vary by texture, size, pitch, 
compliance, and stability. On more challenging surfaces, Chris’ 
performance is enhanced if the PT provides some manual sup-
port for him to hold onto gently and guards him. As carryover, 
the paraprofessional walks with Chris along the railroad ties sur-
rounding the playscape each day during recess while providing 
guarding and some manual support.

Motor planning is addressed by engaging in throwing and 
catching through the use of beanbags and balls that vary in size, 
texture, and compliance. Targets have been chosen that will yield 
activation of lights or motion when successfully reached. Simi-
lar activities are done at school and during play at home. He is 
also learning to use exercise equipment such as a stepper and a 
tricycle, but needs significant instruction and physical support to 
complete the activity. The paraprofessional is typically support-
ing the PT during these activities.

Self-help skills
Chris requires assistance to manage dressing and toileting at 
school and at home. He uses pull-ups as he does not indicate when 
he needs to use the toilet. He is able to use his hands or utensils 
to feed himself, and he is able to independently use a cup with a 
spout to drink. His diet is limited to a few preferred food choices.

The PEDI was done with observation and report by parent 
and educational staff, yielding normative standard scores for 

self-care of less than 10 (Caregiver Assistance less than 10), Mo-
bility 20.4 (Caregiver Assistance 60.7), and Social Function less 
than 10 (Caregiver Assistance less than 10).

The family identified washing and bathing as being particu-
larly challenging as Chris seems genuinely fearful. The school 
staff plans to perform the SFA when Chris enters kindergarten.

Family and educators identified hand washing and toileting 
as priorities. The special educator, the OT, and the PT broke each 
task into concrete steps and developed specific instructions for 
each step. The steps were described using a picture schedule 
placed at a location near the sink where he washes his hands. 
Everyone in school and at home who assists Chris with the hand 
washing and toileting go through the picture schedule in the 
specified manner using the same terminology, provide praise 
along the way, and reward him when he successfully completes 
the task. Proper participation in self-help skills is also reinforced 
through stories that are part of the preschool curriculum.

Collaborative input and efforts of the family, educators, care-
givers, and medical personnel are imperative to optimize the 
programming for a child with ASD. The likelihood of the child 
acquiring important lifelong functional skills is enhanced when:

a. The activities are meaningful to the child and family and 
serve a long-term function.

b. The activities are individualized to the child’s ability level.
c. The program accounts for and is respectful of the child’s 

ability to take in information from the caregivers within the 
child’s environment.

d. The people who interact with the child with ASD are 
consistent in their expectations and implementation of the 
program.
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Summary

T he ability of  a person to function in daily life does 
not occur in a vacuum. Functioning relies on con-
text. Functioning, as defined by the World Health 

Organization (WHO) in the International Classification 
of  Functioning, Disability and Health (ICF), is the result 
of  the interaction of  an individual with the physical and 
social environment.1 Furthermore, disability, the inability 
to perform a skill in a given setting, is a “universal human 
experience.”1(p3)

Children with disabilities often need help interacting 
with their environments. This help may come from fam-
ily members, teachers, peers, and health care professionals 
such as physical and occupational therapists. Physical and 
occupational therapists are able to teach a child to func-
tion in a variety of  environments and to transfer functional 

skills to newly encountered environments through direct 
treatment and consultation, often incorporating adap-
tive equipment into the plan of  care. The use of  adaptive 
equipment is an intervention strategy that is known to 
improve function and to mitigate negative environmental 
or contextual elements that can be barriers to the child’s 
participation.2

Physical therapists have many products at their disposal 
to help children with disabilities with positioning, mobility, 
activities of  daily living (ADLs), and interacting with vari-
ous environments. These devices are generally referred to as 
adaptive equipment.

Most adaptive equipment can be classified as assistive, 
alternative, or augmentative technology.3 Assistive tech-
nology includes devices that are used to increase the ease 
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in the hope of  eventually transforming this art into more of  
a science.

 Role of adaptive equipment

Adaptive equipment is becoming increasingly necessary as 
an adjunct to direct treatment. No child can realistically re-
ceive the constant handling needed throughout the day to 
prevent abnormal movement patterns and postures or sup-
port more independent function. Although the physical 
therapist may teach families, day care providers, and teach-
ers about methods of  handling the child to encourage opti-
mal development and function, the child must be allowed 
time to move, explore, and relax without constant help. The 
increased cost of  direct care and the increasing number of  
children needing therapeutic intervention suggest a need for 
alternatives to direct patient handling.

One alternative is the judicious use of  adaptive equip-
ment to facilitate correct positioning during a child’s free, 
independent time. Adaptive equipment can also provide re-
inforcement of  and use of  positions, movements, and skills 
introduced to the child during treatment sessions. Similarly, 
abnormal or undesirable positions or movements can often 
be prevented by use of  correct equipment.

Known benefits of  using adaptive equipment include 
improved function, increased functional independence, in-
creased control over one’s environment, improved sense of  
autonomy and self-determination, increased motivation, 
enhanced social interactions, enhanced visual attention and 
perception, improved cognition, and improved ability for 
parents, other caregivers, and teachers to assist the child 
with function.8 Adaptive equipment can facilitate the per-
formance of  skills that a child might otherwise be unable 
to accomplish, thereby promoting motor, sensory, cogni-
tive, perceptual, emotional, and social  development.8–13 
Adaptive equipment may help improve a child’s perfor-
mance over capability. Capability refers to what physi-
cal function a child can do, generally within a specific 
environment and without using aids.1,14–16 For example, a 
child who is unable to walk does not have the capability 
to ambulate and may therefore use creeping as his primary 
form of  independent locomotion. However, while creeping 
may be an appropriate form of  locomotion in the home, 
it is not an appropriate form in many community environ-
ments. Therefore, the child’s performance (what he actu-
ally does in various places and situations)1,14–16 lags behind 
his capability. In this case, he can locomote independently 
in the home but not in the community. This child’s need for 
a locomotive form in the community could be addressed by 
providing him with a wheelchair. In this way, independent 
locomotion in the community may be attained, raising his 
level of  performance closer to his level of  capability. As an 
alternative, perhaps the child’s performance can improve if  
he learns to walk using an upper extremity gait aid such 
as a walker. This too could improve his performance of  

of  performing a certain function, improve a function, or 
maintain a function.4 Devices such as modified eating 
utensils that are easier to grip with a hand that has lim-
ited range of  motion, reachers that allow access to items 
that are out of  reach for a variety of  reasons, and orthotic 
devices that stabilize a particular joint(s) to allow for safe 
and energy-efficient ambulation are examples of  assistive 
technology.

Alternative technology provides a substitute means to-
ward the same end function, such as using a wheelchair for 
mobility in the community instead of  walking.

An augmentative device supplements an inadequate 
function, but child’s unaided function remains, as would be 
the case for a child with dysarthria whose family can under-
stand his speech yet who needs a speech-generating device 
to be understood by people unfamiliar with him.3

Adaptive equipment can also be classified as low tech-
nology (low-tech), mid-tech, or high-tech.3,5 Examples of  
low-tech devices are pencil grips or eating utensil grips and 
communication boards with head pointers or mouth sticks; 
mid-tech equipment includes switches, computers, word 
scanners, and powered toys. High-tech equipment uses com-
plex electronic devices and microcircuits and includes note-
taking devices, computers with talking software, electronic 
communication devices that use eye gaze to elicit digital 
speech, and power wheelchairs.3,5-7

Many new commercially available products made from 
a variety of  materials are being developed every year in an 
attempt to meet the equipment needs of  children with dis-
abilities, and customized equipment can be fabricated to 
meet individual specifications for a given child. The great 
variety of  products and materials available and the con-
stantly changing and expanding market present a challenge 
to the therapist who tries to give parents useful suggestions 
regarding equipment. How can students, recent graduates, 
or physical therapists inexperienced in treating children 
acquaint themselves with these products, to feel confident 
in guiding families who need adaptive equipment for their 
children? What conditions should be evaluated before mak-
ing decisions regarding adaptive equipment? What is the 
true role of  adaptive equipment for children with physical 
disabilities and are there particular dangers or contraindi-
cations with adaptive equipment? These questions are ad-
dressed in this chapter, the main goal of  which is to provide 
the student and the therapist who is inexperienced in pedi-
atrics with a theoretical construct to facilitate decision mak-
ing about adaptive equipment, regardless of  familiarity with 
any particular piece of  equipment. Common types of  equip-
ment such as prone standers, side-lyers, and wheelchairs are 
discussed, along with approaches to practical clinical deci-
sion making. While there are some scientific and objective 
guidelines on which to base a decision about adaptive equip-
ment, the selection of  adaptive equipment for children is 
often more art than science. As physical therapists, the goal 
is to try to meet the needs of  children with disabilities by 
using a critical approach to document successes and failures, 
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independent locomotion in various environments, includ-
ing home.1,15,16

A given child’s motor performance may exceed his dem-
onstrated capability, as scored on a standardized test, or 
his performance may lag behind his capability due to en-
vironmental barriers. Also, among children with the same 
diagnosis and similar capability in gross motor skills, there 
may be different levels of  performance, depending on the 
environment. In a 2004 study of  children with cerebral 
palsy, Tieman et al. proposed different reasons for discrep-
ancies between capability and performance in various set-
tings for a given child. Performance can differ across settings 
because of  the impracticality of  using a particular capabil-
ity in some settings or because of  societal expectations, 
such as the example above regarding the use of  creeping as 
the primary mode of  locomotion in the community. Time 
constraints may impact a child’s performance in a particu-
lar context; the child may choose a lower level of  function 
or a less independent function (such as being pushed in a 
wheelchair) because it is faster. Greater contextual demands 
of  one environment over another, such as longer distances 
or uneven surfaces, will also affect, and perhaps diminish, 
performance.14

In addition to having direct therapeutic benefits that may 
improve a child’s ability to perform some functions with 
increased independence, adaptive equipment can play an 
important role in caregiving and parenting by assisting in 
the daily management of  the child at home. Some devices 
are particularly beneficial for increasing the child’s inde-
pendence, subsequently making caregiving easier, whereas 
others, such as portable seating systems and manual wheel-
chairs, may not increase the child’s independent mobility 
but will decrease the physical demands on the caregiver.4

A 2005 study in Norway by Ostensjo et al. found that 
the more severe the gross motor limitations, the more a 
child and family needed and used assistive devices and en-
vironmental modifications. Mobility devices such as power 
mobility, walkers, and adapted bicycles provided benefits 
that most improved the child’s function and independence, 
which in turn reduced the burden on the caregiver.4

Although adaptive seating was found to help decrease 
the amount of  caregiver assistance required for feeding, par-
ents in the study deemed many modifications that affected 
a child’s self-care had a negative impact on caregiving, with 
little increased functional independence for the child. With 
or without assistive devices, many children need caregiver 
assistance for self-care ADLs such as eating, toileting, dress-
ing, and bathing. Often, with even small improvements in 
self-care skills, there is a negative effect on caregiving be-
cause the activity, such as eating, takes longer for the child to 
do more independently. This can lead to frustration for the 
parent and ultimately to the parent assisting the child more 
or simply doing it to save time. An exception to caregivers’ 
experiences of  these negative effects with self-care devices 
can be toileting. Attention to good positioning for toileting 
increases a child’s comfort. Proper positioning for toileting 

may not influence a child’s independence in toileting, but 
it can benefit the child and the caregiver by improving the 
child’s bowel and bladder function and even increasing the 
likelihood of  timely toilet training.4

Often, lifts and hoists are not viewed by families as par-
ticularly helpful until the child gets older and becomes too 
heavy for the parent to lift. This early reliance on physically 
lifting a child rather than employing the use of  mechanical 
devices is usually a consequence of  time restraints on the 
caregiver.4

Although adaptive equipment should be prescribed with 
the goal of  achieving maximum benefits with the least re-
striction, this ideal approach may occasionally need to be 
compromised. For example, some families may be unwill-
ing to adjust the routines of  all family members to meet 
the needs of  only one member. Also, ideal goals may not 
be possible because of  architectural barriers that prohibit 
using certain adaptive devices. When barriers (behavioral, 
architectural, or financial) exist, the therapist must analyze 
the short-term needs of  the family and the long-term goals 
for the child before making a decision or recommendation. 
Decisions to use adaptive equipment should be made jointly 
by the physical therapist and the family. Also, the child’s 
input should be considered if  the child can participate in 
such decision making. Whenever adaptive equipment is rec-
ommended, its use must be monitored to ensure that thera-
peutic goals and family needs are being met.

 Precautions when using  
adaptive equipment

Can adaptive equipment be dangerous? This is a difficult 
question to answer, especially because most equipment 
has a design that is meant to be inherently free of  dangers. 
Problems may arise from the way in which equipment is 
used by various caregivers. Although a particular piece of  
equipment may have been prescribed, fitted, and properly 
explained, its misuse or overuse may cause unintentional 
consequences and compromise the child’s safety.

Misuse

Adaptive equipment is often static, and in spite of  the ben-
efits of  a particular device, it may not provide a rich en-
vironment for exploration or for learning new movements 
and transitions from one position to another. Gross motor 
development in normal children requires learning through 
doing, moving, and feeling. Sensory input, particularly 
vestibular, proprioceptive, and tactile, is required to pro-
duce optimal motor output that is both effective and var-
ied. Static positioning, which occurs when some adaptive 
equipment is used excessively, can retard motor develop-
ment by modifying sensory input, reducing spontaneous 
movement activity, and limiting opportunities to move and 
explore.
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A carefully developed plan for therapeutic use of  a piece 
of  adaptive equipment must take into consideration not 
only the potential benefits, but also the potential deleteri-
ous effects. Movement, by its very nature, is dynamic and 
requires the skillful coordination of  both agonist and an-
tagonist muscle groups to complete normal patterns of  
movement. Some types of  adaptive equipment are static, 
tending to fix a child into one pattern, albeit therapeutic, 
while denying the opportunity to experience the competing 
or antagonist pattern. For example, a device for side-lying 
provides an opportunity for the child to play while placed in 
a neutral, midline orientation. Although a neutral, midline 
orientation may be an appropriate goal, it is important to 
note that an asymmetric orientation is not inherently bad 
or undesirable. An asymmetric orientation is a normal pre-
cursor to weight shifting, lateral flexion, and intra-axial rota-
tion and should not be completely excluded from the child’s 
positioning by overreliance on the side-lying device. The 
therapist is responsible for teaching balanced movement pat-
terns and positions. The person responsible for positioning a 
child must be aware of  the benefits of  various positions and 
must avoid constant and unchanging positioning habits that 
might interfere with the child’s development of  balanced 
movement and postures.

Inappropriate use of  equipment that places the child in 
static postures can also lead to other complications, such as 
joint contractures or skin breakdown, either of  which may 
eventually require surgical repair. Anyone who has responsi-
bility for the child must understand the therapeutic goals of  
using equipment and monitor its use to maximize the ben-
efits and minimize the deleterious effects.

Poor Planning

A child’s age and developmental level are first considerations 
when planning for equipment needs. However, poor plan-
ning for growth and change can lead to equipment that fails 
to meet the child’s needs for the short and/or long term. 
With the increasing difficulty in receiving reimbursement 
for expensive equipment for the child with a physical disabil-
ity, the therapist must anticipate and plan carefully for the 
child’s physical growth, developmental changes, and acqui-
sition of  new skills. The inexperienced therapist may over-
look the changing needs of  the child. A child who requires 
positioning in sitting during the early years may be given an 
expensive chair that will provide positioning in sitting and 
optimal use of  the upper extremities for fine motor skills. 
However, in spite of  the initial advantages of  the chair, it 
may be inappropriate for future mobility and socialization 
needs. Predicting the child’s needs in the areas of  growth 
and development, education, and recreational alternatives 
(e.g., wheelchair sports) is a monumental task, but one in 
which physical therapists must often participate at the re-
quest of  insurers and local and state funding agencies.

Therapists must learn how various agencies and pro-
viders prefer to reconcile future needs and reimbursement 

patterns with the child’s current needs. Some providers 
prefer to pay initially for less-expensive devices that must 
be replaced more frequently, even though a costlier device 
might be more cost-effective in the long term. Other pro-
viders prefer an initial, larger expenditure for a device that 
will last for 3 to 5 years. These considerations must be con-
templated carefully. The consequences of  miscalculations in 
these decisions may be a child poorly accommodated in an 
ill-fitting device that does not meet the current needs or that 
will meet the needs for only a short time. In such instances, 
the therapist must then explore difficult alternatives, such as 
borrowing or adapting old equipment, until the patient is 
eligible for new equipment. The growth potential of  vari-
ous pieces of  equipment is discussed later in this chapter. 
Clearly, in addition to a child’s current age and developmen-
tal level, growth and developmental change are critical as-
pects to consider when selecting adaptive equipment.

Equipment Use Compared  
with Facilitation of Function

The use of  equipment instead of  facilitating the develop-
ment of  independent skills is a concern when recommend-
ing adaptive equipment. As already discussed, positioning 
devices may not allow for balanced development because 
of  their static nature. Unfortunately, some therapists and 
parents have the idea that, with so many equipment op-
tions, equipment is equivalent to therapy. The child is 
thus “plugged” into many types of  equipment throughout 
the day, moving from high chair to car seat to side-lyer to 
stander. With the child nearly continuously in containers, 
the equipment becomes a substitute for handling or po-
sitioning of  the child by the parent or physical therapist. 
This occurrence can be a detriment to parent–child rela-
tionships as well as a barrier to continued skill acquisition 
by the child. Equipment is not a substitute for treatment. 
Equipment may restrict the learning of  active postural tran-
sitions and movement for exploration, two major aspects 
of  normal motor development. In some cases, a child who 
uses no adaptive equipment may fare better through verbal 
instructions, feedback, and handling than the child who is 
extensively equipped. This suggestion does not advocate 
denial of  needed equipment to maximize therapeutic input 
and function; rather, it recognizes that, just as appropriate 
equipment can be useful for satisfying the overall needs of  
a child, overuse or misuse of  equipment can be detrimental.

Safety Issues

Ensuring the safe and correct use of  the equipment is a 
top priority. Caregivers and the child, when age appropri-
ate, must be taught the correct methods of  donning, doff-
ing, and using equipment. Strategies such as color coding 
and numbering straps, to make sure they are fastened to the 
proper endpoint in the proper sequence, help avoid mistakes 
in donning the device. This is particularly helpful when 
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caregivers include a number of  people in addition to the par-
ents, such as grandparents, babysitters, day care staff, teach-
ers, and teachers’ aides.

Another safety issue relates specifically to mobility 
equipment. Equipment that gives a non-locomotive child 
the ability to locomote requires attention to the environ-
ment in which the equipment is used as well as attention 
to the child’s cognitive and judgment abilities. If  the equip-
ment makes it possible for the child to maneuver in a pre-
viously unusable area of  the home, is the area adequately 
childproofed? When using a motorized wheelchair instead 
of  a manual wheelchair, does the child exhibit sufficient 
judgment to use the motorized chair safely within his envi-
ronment, in terms of  both his own safety and the safety of  
others?

All adaptive equipment used with children should be in-
spected frequently to ensure the integrity of  the equipment 
for continued, safe utilization. Needed repairs should be ad-
dressed with preemptive action to avoid the likelihood of  
sudden breakage or equipment breakdown that could cause 
injury or abrupt loss of  function.

To further avoid unsafe circumstances and injury, equip-
ment should always be used for the intended purpose and 
in the intended manner for which it was manufactured. 
Although some guidelines for safe usage of  equipment may 
seem to the novice therapist to be matters of  common sense 
and common knowledge, it is the responsibility of  the thera-
pist not to make this assumption. Rather, precautions and 
safe usage are critical aspects of  instructing the family, the 
child, when age-appropriate, and other caregivers and super-
vising adults in correct and safe use of  assistive technology.

When having equipment custom-made, the inclusion 
of  appropriate safety components is imperative. Whether 
the equipment is custom-made or commercially available, 
specific safety features of  the equipment, such as seat belts, 
locks, and brakes, should always be employed during equip-
ment use and should not be disabled or disconnected.

Psychosocial Issues

Carefully selected and fitted adaptive equipment can offer 
many opportunities and increase a child’s independence, 
but equipment can also be psychosocially disadvantageous. 
Equipment, especially extensive equipment, often has a way 
of  drawing attention to a child’s disabilities and therefore 
the child’s differences. Children tend to be honest, some-
times brutally so. Adaptive equipment, or anything else that 
separates a child from peers, can be emotionally and socially 
challenging for the child with a disability.

In addition to socially and psychologically separating a 
child from others, adaptive equipment can physically sepa-
rate a child. A child strapped into plastic, vinyl, wood, and 
metal often seems to be the recipient of  fewer hugs and 
physical affection. This may be simply because of  the physi-
cal barriers caused by the equipment, but it may also be the 
result of  adults and children who feel intimidated by the 

equipment and are fearful of  disturbing something if  they 
get too close to the child.

On the positive side, equipment that increases a child’s 
mobility and functional independence such as power mobil-
ity and integrated wheelchair standers12 has been shown to 
lead to better success with all types of  mobility and to en-
hance a child’s cognitive, perceptual motor, and psychosocial 
development.11–13,17,18

 Determining a child’s equipment needs

The primary therapist who provides routine, continuing 
care for a child should have established continually evolv-
ing short- and long-term goals for the child. Eventually, it 
may become clear to the therapist that adaptive equipment 
is needed to achieve some functional goals. Sometimes, be-
cause of  the size or nature of  the facility at which the child 
is treated or because the physical therapist lacks experi-
ence working with and recommending equipment, a refer-
ral to an outside agency, clinic, or therapist may be helpful 
to determine needs and equipment to meet those needs. 
Whether the child is referred to a children’s hospital, a 
wheelchair clinic in a medical center, or directly to an equip-
ment vendor’s establishment, the provision of  appropriate 
apparatus depends mainly on detailed and accurate informa-
tion about both the child and the child’s environment.19 If  
possible, the primary therapist should be present during the 
evaluation for equipment to give an accurate assessment of  
the child’s needs. In lieu of  the physical therapist’s presence, 
a detailed report with an assessment of  the child’s needs and 
recommendations for equipment should be included in the 
referral.

An initial assessment of  the child may include a thorough 
mat assessment, a movement assessment, an interview of  
the child (when developmentally appropriate) and parents, 
an environmental review, and an assessment of  the child in 
relation to a specific piece of  equipment.19 Because of  time 
restrictions, the assessment may concentrate on one specific 
type of  equipment or functional need (e.g., sitting), and ad-
ditional assessments may be required for other equipment 
needs. Once the proper equipment has been ordered and re-
ceived, the primary therapist should examine the child with 
the equipment to ensure that the apparatus suits the child, 
and that it meets the identified goals. Also the child, if  devel-
opmentally able, and the caregivers helping the child use the 
equipment must be instructed in its correct use.

Evaluation and Assessment of the Child

The parameters to be considered when evaluating a child’s 
need for adaptive equipment are similar to those of  most 
other evaluations. The goal of  such an evaluation, however, 
is to direct the therapist to the most appropriate equipment 
options available. A number of  assistive technology assess-
ment tools (AT) have been developed.15,20–25 Depending on 
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the AT, the child, family, home, school, and other natural 
environments are assessed, along with the child’s current 
medical status and medical history. Many of  these AT are 
available on the internet. A therapist may want to consult 
some of  the existing tools and use them in part or totality as 
guidelines. Although every child is unique, using an AT can 
strengthen the clinical decision-making process. The follow-
ing specific items summarize what should be considered in 
the evaluation and assessment of  the child.

Range of  Motion
Range of  motion (ROM) is important in selecting most 
equipment because accommodation of  the patient in most 
apparatus will depend on adequate ROM and joint mobil-
ity. The device being considered will dictate the motions and 
ranges necessary for success.

Critical ranges of  motion to be addressed when using 
various adaptive devices include adequate head and neck 
rotation to bring head to midline, trunk rotation to achieve 
trunk symmetry, a minimum of  90 degrees hip and knee 
flexion for functional sitting, and plantigrade feet (neutral 
dorsiflexion/plantarflexion) for standing and for using foot-
rests or the floor when sitting. If  the child has knee or hip 
flexion contractures, care must be taken to ensure that a 
particular device will accommodate the contracture while 
still preserving good functional alignment. For example, 
a prone, supine, or vertical stander (covered later in this 
chapter) will not facilitate adequate weight-bearing align-
ment if  a contracture(s) is too extreme. In some cases, 
surgical correction of  hip and knee flexion contractures 
may need to be considered before ordering a stander for 
 long-term use.

Muscle Tone, Motor Control, and Strength
Muscle tone, control, and strength deserve careful consid-
eration when selecting equipment. The degree of  strength 
and motor control needed for functional use of  the device 
must be determined. For example, use of  a manually con-
trolled wheelchair requires strength, motor control, and 
coordination of  the upper extremities. If  the child does not 
have adequate upper extremity function, or if  the child is 
functioning asymmetrically, a standard manually controlled 
wheelchair is an inappropriate choice for independent func-
tion. A motorized device that does not require the strength 
and motor control needed for a manually controlled chair 
may be more useful for the child. A motorized chair also has 
options for control that do not require any upper extremity 
function. A specific, detailed assessment by an experienced 
technician can help the therapist identify alternative meth-
ods for optimal management of  the equipment. In choosing 
a motorized device, the strength and motor control of  the 
upper extremities or alternative body parts to control the 
device are only two considerations. One must also evaluate 
cognitive, sensorimotor, and coping abilities, as discussed 
later in this chapter.

A child’s muscle tone is a particularly important fac-
tor in equipment decisions for children with sensorimotor 
impairments such as children with a diagnosis of  cerebral 
palsy. Positioning devices such as standers, side-lyers, and 
adaptive seats and chairs often have a modifying effect on 
muscle tone in these children. For example, the child’s ori-
entation to gravity may have a significant bearing on muscle 
tone when the child tries to assume an upright position. 
This influence may indicate that a prone stander is a bet-
ter choice than a vertical stander or supine stander for that 
particular child. The therapist must assess patterns of  move-
ment with regard to decreased or increased muscle tone, 
tone dominance, and dyskinesias (uncontrolled, involuntary, 
extraneous movements). Does the child exhibit hypotonus 
or hypertonus and to what degree? Are the dyskinesias of  
mild, moderate, or severe magnitude? Does the patient have 
cortical control, manifested by a voluntary ability to initi-
ate a pattern of  movement? Does the child’s body exhibit 
attempts to compensate, whether volitional or not, for un-
comfortable positioning and/or movement?

Examples of  the effects of  tone on the appropriateness of  
a piece of  equipment for a particular child follow. A child po-
sitioned in a prone stander with too much forward tilt from 
the vertical position may show increased abnormal extensor 
tone in a compensatory attempt to achieve a more upright 
position against the force of  gravity. In contrast, another 
child in a prone stander may demonstrate increased flexor 
tone, influenced by a tonic labyrinthine reflex in the prone 
position. In a child with extensor hypertonia, increased scap-
ular retraction and hyperextension of  the neck may occur 
secondary to positioning the child in supine, reclined sitting, 
or in a supine stander. These patterns will interfere with op-
timal upper extremity function. Another child with extensor 
hypertonus may attempt to counteract the body’s pull into 
extreme extension when sitting, by protracting the shoulder 
girdle, posteriorly tilting the pelvis, and holding the head 
forward. Any position the child exhibits must be assessed for 
the contributing causes, including compensations.

Reflexes
A change of  position with respect to gravity will also affect a 
child whose motor patterns are influenced by developmen-
tal reflexes. The prone or supine position may increase or 
decrease the impact of  the tonic labyrinthine reflex on the 
child’s posture or movement. Side-lying may facilitate the 
asymmetric tonic lumbar reflex. Because inadvertent fa-
cilitation of  primitive or pathologic reactions may create a 
block in the normal developmental pattern, each piece of  
equipment should be evaluated for its effect on reflexes. For 
example, some devices for mobility, such as tricycles and 
bicycles, may aggravate a persistent asymmetric tonic neck 
reflex. As the child pushes the pedal with the right foot, the 
head is turned toward the right side to enhance the effective-
ness of  the push. The child reverses this pattern when push-
ing with the left foot. Only in unusual circumstances would 
a therapist choose to use a technique that encourages using 
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obligatory primitive reflexes. The use of  devices to restrict 
or inhibit the influence of  primitive reflexes is more com-
mon, thus providing an opportunity for the development of  
more normal and symmetric patterns of  movement.

Sensation
Children with myelomeningocele, or other pathologies 
with compromised sensation, offer tremendous challenges 
to the therapist attempting to develop a program involving 
the use of  adaptive equipment. Priorities for the child with 
myelomeningocele include providing safe, pressure-tolerant 
seating and upright positioning. The therapist must have a 
thorough knowledge of  the patient’s sensation to achieve 
these goals. The patient and family should be consulted with 
regard to sensation, as they usually have a keen awareness 
of  the sensory loss, as well as potential danger zones. This 
situation is especially true for the older child. Particular at-
tention must be paid to the skin over the spinal cord lesion 
and to bony prominences, including the ischial tuberosities, 
greater trochanters, sacrum, femoral and tibial condyles, 
tibial tuberosities, fibular heads, and malleoli. These bony 
prominences must also be monitored in a child with intact 
sensation but limited ability to reposition because of  poor 
motor control, weakness, or severe spasticity.

Cognitive, Sensorimotor, and Social/Emotional Skills
Many physical therapists are not trained specifically to assess 
cognition, some sensorimotor skills, or social/emotional de-
velopment; as a result, these areas are often ignored. This is 
a serious omission with the pediatric patient, whose prog-
nosis for function with adaptive equipment often depends 
less on physical abilities and more on cognitive function, 
psychosocial skills, and sensorimotor abilities, including per-
ception, motor planning, and reaction time. Neurosensory 
development and stimulation are integral to the develop-
ment of  motor skills as well as cognitive skills in the typi-
cally developing infant.26 Although IQ is not considered to 
be a good determinant of  ability to use power mobility, for 
example, other cognitive skills are key, including judgment, 
problem-solving abilities, and the ability to understand 
cause and effect, direction, and spatial relationships.13,17 
Motivation, intelligence, and normal perception often over-
come even severe physical impairments. The opposite is also 
true. Limitations in cognition, perception, or social/emo-
tional skills may result in function that is lower than would 
be predicted by physical findings alone. To develop realistic 
goals for a child, the physical therapist must know the whole 
child and must integrate information obtained from the 
teacher, social worker, occupational therapist, and psycholo-
gist into the therapeutic plan.

Functional Skills
Assessing functional skills requires integration of  all avail-
able information, in an attempt to determine why a child 
behaves in a certain manner. The physical therapist must 

discover what functions the child is able to perform and 
how, what functions he or she is unable to perform and why, 
and why the child does not do more. For example, some 
children tend to bunny hop rather than creep. It is important 
to know if  this tendency to bunny hop is merely a developed 
habit without any physical foundation or is secondary to a 
strong symmetric tonic neck reflex, muscle weakness in the 
extensors of  the hips and/or knees, or both. Determining 
appropriate physical therapy interventions is based on this 
type of  analysis and understanding.

A similar thought process should be used when deciding 
whether or not the child needs equipment. For example, if  a 
2-year-old child is not rolling or exploring the environment, 
is a device aimed at the goal of  assisted mobility an appro-
priate acquisition? The therapist must first assess why the 
child does not move and explore. Does the child have a cog-
nitive disability that limits the natural curiosity to explore 
the environment? Is the child afraid of  moving because of  
visual, hearing, or other sensory impairments? Does the 
child exhibit a strong asymmetric tonic neck reflex that acts 
as a physical limitation to rolling? Is abnormal muscle tone 
in certain body segments a barrier to movement? Has the 
child been placed in devices at home that limit the oppor-
tunity to develop independent mobility? Once a determi-
nation has been made as to why a child has delayed motor 
skills and decreased mobility, realistic recommendations 
for equipment can be offered. Only when working with a 
child who is severely limited in his or her mobility, with-
out reasonable short- or long-term expectations of  gaining 
device-unaided mobility, would it be appropriate to opt im-
mediately for adaptive equipment for remediation of  the 
problem(s).

The child with profound cognitive deficits may not 
use equipment that is provided because he or she lacks 
the motivation to explore his or her environment. For 
the child with visual or hearing impairments to learn to 
manipulate his or her environment, methods for explora-
tion of  that environment need to be improved by first ad-
dressing the specific sensory impairment. If  a child lacks 
experience in exploring the environment owing to lack of  
opportunity, the therapist must offer as much freedom of  
movement and equipment-free mobility as is possible and 
educate the family about the importance of  providing the 
child with opportunities to move. Although equipment 
may eventually play a role in each of  these situations, 
adaptive equipment should not be the first type of  treat-
ment used. Adaptive equipment should supplement and 
complement function with the least amount of  restriction 
of  the child.

The child who is physically limited may show great im-
provement in cognitive ability, social interaction, and inde-
pendence when mobility is improved.11–13 When adaptive 
equipment or devices are used judiciously, the improvement 
in mobility should occur without increases in abnormal re-
flexes or patterns of  movement in children with sensorimo-
tor impairments.
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Evaluation of  a child’s ROM, muscle tone, motor con-
trol, strength, reflexes, sensation, perception, cognition, 
social/emotional skills, and function abilities is an integral 
component of  the assessment of  the child. Only when these 
parameters are considered and it is understood why a child 
has particular motor behaviors, can goals and appropriate 
intervention strategies be planned for the child, including 
recommending appropriate adaptive equipment.

Assessment of the Family, Home, and School

After the child has been assessed, goals have been estab-
lished, and appropriate equipment has been identified, 
at least in theory, the therapist should evaluate the family, 
home, and school environments. The home environment, 
opportunities in the home, and parental expectations have 
been shown to influence the development of  a child, in-
cluding motor development.27–30 It stands to reason that the 
development of  a child with disabilities is also influenced 
by these factors. Moreover, acquiring, learning to use, and 
following-through with adaptive equipment for a child will 
be highly influenced by the child’s home and other natural 
environments and the family. Overall physical therapy goals 
for the child using adaptive equipment must be compatible 
with the goals of  the caregivers at home and school. This 
is essential for enabling a child to participate well in both 
domains.2 Because adaptive equipment is often used not 
only in both home and school settings but in several other 
settings as well, problems sometimes arise from conflicting 
needs and disparities in caregiver thinking in the differing 
environments. These conflicts over adaptive aids may arise 
in particular for the child who is institutionalized because 
the collaboration of  several different caregivers on a rotating 
staff  is needed.

Useful information can be obtained by asking the family 
members about their expectations for the apparatus being 
considered. This opportunity for family members to express 
their opinions promotes a dialogue between family and 
therapist, allowing the therapist to determine whether the 
family goals are realistic or if  compromises are necessary. 
Objective data about the family and home include the fol-
lowing categories and questions:

 1. Physical layout of  the home
•	 Is the dwelling a house or an apartment?
•	 How many steps are found in the home?
•	 Is there easy access to the home from the outdoors 

(i.e., no stairs, availability of  an elevator, etc.)?
•	 How large are the rooms?
•	 Are the structure and size of  the home adequate for 

equipment to be used in the home, particularly mo-
bility equipment?

•	 Is there space for equipment use and storage?
•	 How wide are the doorways and hallways?
•	 Are the floors carpeted?
•	 Are bathrooms, tubs, and toilets accessible?

 2. Community factors. The therapist should determine 
whether the family lives in an urban, suburban, or rural 
community to assess the availability of  and options for 
transportation and socialization within the community. 
The availability of  privately owned vehicles and/or 
public transportation is important when the therapist is 
considering the type of  mobility equipment to be pur-
chased. Issues such as the weight of  mobility equipment, 
its versatility on various surfaces, and its ease of  trans-
port are important considerations.

 3. Socioeconomic factors. The cost of  equipment may have a 
serious impact on the final decision regarding adaptive 
equipment for the child with a disability. When making a 
decision about buying adaptive equipment, the therapist, 
often in conjunction with a social worker, must examine 
insurance coverage, other third-party payment systems, 
funding agencies within the community, and potential 
rental options. Before equipment is ever ordered, it is 
essential that the availability and source of  funding is de-
termined. Size of  the family, daily routine, and the time 
available to spend with the child with special needs, as 
well as potential options for others to help the family, 
must be considered. Compliance with the suggested use 
of  adaptive equipment may ultimately be the main issue 
to be considered in the decision to obtain the equipment. 
If  there is little realistic expectation that the child will 
benefit from having the equipment or that the equip-
ment will be used by the family, there may be little justi-
fication for its purchase.

 4. Other cultural factors. In addition to socioeconomic fac-
tors, other cultural factors must be considered and re-
spected.31 Increasingly, physical therapists and other 
health care professionals find themselves working with 
patients and clients with cultures different from their 
own. It is imperative that physical therapists become not 
only culturally sensitive but also culturally competent. 
Some cultural issues that need to be addressed when ob-
taining equipment for children include the following:

•	 Who makes the decisions in the family?
•	 Are there cultural sensitivities regarding receiving 

 financial aid to purchase equipment?
•	 Does the equipment being considered violate any 

 religious beliefs of  the family?
•	 If  there are language barriers, do the family and 

child understand the need for the equipment and the 
 process for acquiring the equipment?

•	 Will language differences interfere with teaching the 
family and the child proper use of  the equipment, and 
can these problems be overcome?

•	 Is the home structure amenable to safe and easy use 
of  the equipment being considered?

•	 Are there cultural beliefs that preclude the use of  
certain equipment? For example, in some cultures, 
an infant is never placed on the floor.32–35 Therefore, 
a positioning device used on the floor may be 
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unacceptable to the family. Another example is that 
technology such as electricity or computers is not 
used in some cultures. These beliefs may affect the 
use of  power wheelchairs, home-suctioning equip-
ment, and some communications aids.36,37

All of  these questions obviously apply to obtaining equip-
ment for any child. However, they are worth special men-
tion in regard to a child whose culture differs considerably 
from the dominant culture of  the community. It is the thera-
pist’s responsibility to learn enough about a child’s culture 
to effectively and competently provide interventions, includ-
ing recommendations of  adaptive equipment.

When assessing a child’s need for equipment, the physi-
cal therapist must consider the school setting in which the 
child may spend a large portion of  the day. It is important 
to determine whether the child is enrolled in a special 
school for children with disabilities or mainstreamed into a 
 regular school and/or classroom. In a special school, teach-
ers and staff  are usually very open to suggestions and are 
well equipped to handle any devices being considered. It is 
often these teachers who initiate the purchase or procure-
ment of the equipment and they are eager to learn and work 
with the child.

Whether in a special school or regular community 
school, a child and family may encounter some barriers to 
acquiring and using adaptive equipment. If  the therapist is 
able to anticipate some of  these potential issues, conflict be-
tween the family and the school staff  may be avoided, and 
the process will proceed more smoothly and more likely to 
the satisfaction of  all involved. Of  course, the primary goal 
is to address the child’s needs sufficiently and to optimize the 
child’s functional performance in all of  his environments.

A 2004 review of  the literature by Copley and Ziviani de-
scribed some of  the foreseeable sticking points regarding the 
use of  assistive technology in school environments, includ-
ing the following8:

 1. Failure to do a multidisciplinary assessment; failure to 
do an assessment in the child’s natural environment; or 
failure to reassess the child and the equipment over time

 2. Failure to include the child and family in the decision-
making process and the choice of  equipment

 3. Lack of  adequate planning for use of  adaptive equip-
ment in the child’s school environment, including lack 
of  realistic goals, failure to include the specific equip-
ment in the Individualized Educational Plan (IEP), or 
failure to specifically define the link between adaptive 
equipment and achievement of  educational goals

 4. Inadequate education of  school staff  about the equip-
ment, the needs of  the child, or the specific goals for 
using the equipment

 5. High cost of  adaptive equipment; high cost of  maintain-
ing equipment, including repairs, updating technology, re-
placement, and changes necessitated by the child’s growth

 6. Lack of  funding and funding sources

 7. Length of  time to receive equipment once it is ordered 
and lengthy repair time, both of  which may leave child 
without needed equipment

 8. Lack of  timely onsite support for troubleshooting equip-
ment problems

 9. General time constraints, including time to train staff, 
time to learn how to use the equipment, time to obtain 
the equipment, and time troubleshooting

 10. Insufficient formal training and educational experiences 
about adaptive equipment for physical and occupational 
therapists

 11. Teacher resistance to and/or rejection of  adaptive tech-
nology, particularly high-tech devices for communication

 12. Incompatibility of  hardware and software; lack of  avail-
able software to more directly meet a child’s specific needs

 13. Device-specific problems, including lack of  portability, 
slow operation, or space requirements for storage

 14. Storage of  equipment so that it is difficult to access
 15. Sharing equipment among children so device is not read-

ily available for a given child

Suggestions for overcoming many of  these barriers are also 
reported by Copley and Ziviani. Readers are encouraged 
to consult this excellent review, although it is somewhat 
dated, and other more recent literature for practical ways to 
 prevent and address these common problems.8

When the child is mainstreamed into a regular school, 
teachers and staff  may be reluctant to accept adaptive equip-
ment because of  their limited experience with special ap-
paratus. This reluctance may be related to the health and 
developmental needs of  the child, but also to concerns 
about time, space, liability, and acceptability of  these devices 
in a classroom of  mostly nondisabled children. A thought-
ful compromise is often necessary to meet the physical, 
educational, emotional, and social needs of  the child with 
a disability.

The Individual with Disabilities Education Improvement 
Act (IDEA, 2004), Part B, provides for assistive technology 
and assistive technology services deemed necessary for a 
child to access an education. The IEP should include the 
specific device and its features, the educational goals for use 
of  the device, and the specific assistive technology services 
needed for a child to achieve the goals of  the IEP, as well 
as definitive outcome criteria to measure the child’s prog-
ress. Any equipment that is included in the IEP must be paid 
for by the school, unless parents choose to purchase the 
 device.6,38 The IDEA laws are more completely presented in 
Chapter 21.

Examples of  equipment that might be recommended for 
use in the classroom to address physical impairments and 
disabilities include the following:

 1. Special chairs, seating devices, or adaptations to the reg-
ular desk chair

 2. Wheelchair lapboards
 3. Wheelchair or desk easels
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 4. Standing frames, standing tables, and prone standers
 5. Integrated wheelchair standing devices
 6. Wedges for seating in chairs
 7. Wedges or bolsters for positioning on the floor when 

same-age cohorts are on the floor, such as in a reading 
circle

The physical therapist can be a valuable resource person 
for teachers and other staff  by making suggestions and 
helping procure equipment that can enhance a child’s edu-
cational experience. Often, a piece of  adaptive equipment 
can make the difference between a child feeling fully in-
cluded in, rather than excluded from, classroom work and 
activities.12

 Equipment selection

When the child’s evaluation is completed and goals are es-
tablished, the types of  equipment available, or alternatively, 
the practicality of  making equipment, are determined. 
Equipment can be purchased, rented, borrowed, or in some 
cases, where only simple adaptations are needed, fabricated 
by the child’s family or others who have the skill and are 
familiar with the child.

Purchasing Equipment

Many companies make devices and equipment that are iden-
tical in concept. Criteria that must be considered in choos-
ing a specific device include the following:

 1. Dimensions of  the apparatus. The device should not only 
be adequate when purchased, but should also, if  feasi-
ble, allow for some future growth of  the child. Some 
pieces of  equipment have a built-in system for extending 
or  enlarging the device. The therapist must determine 
which company makes the particular size best suited for 
a given child.

 2. Availability of  optional adaptations. Are there parts that 
help improve the fit and specificity of  the device? Are 
these options cost-effective, easily adjusted, and durable?

 3. Reputation of  the manufacturer. Is the product covered 
by a guarantee? Has the company previously provided 
support when problems with equipment have arisen? Is 
service readily available, and is equipment for trial use 
available? Will a company representative instruct the 
therapist and other appropriate staff  in optimal use of  
the device?

 4. Promptness of  delivery. Is the product kept in stock by 
most local vendors or medical supply houses? Is there a 
backlog of  orders that will delay the equipment’s deliv-
ery? Is the product custom-made?

 5. Cost. Is the price reasonable or will less-expensive alter-
natives provide the same benefits?

 6. Aesthetics. Is the device cosmetically acceptable to the 
child and family or might it be rejected on this basis?

 7. Weight, size, and manageability. Is the device easy to use, 
and can it be stored? Can it be transported if  necessary? 
Does it fold or disassemble in some way that makes stor-
age and transport easier?

Brochures or catalogs available from the manufacturer or 
vendor will provide much of  this information. Most vendors 
of  adaptive equipment also have websites with continually 
updated descriptions of  equipment and information about 
new equipment and pricing. Local vendors with extensive 
experience with the equipment can help in answering many 
questions. Physical therapists in local hospitals or in the 
community can recommend vendors or specific salespeople. 
The therapist should not feel obligated to order from any 
vendor or person in particular. Although one salesperson 
might be knowledgeable about wheelchairs, another person 
may have more experience with positioning devices or ADL 
equipment.

Paying for Equipment
The cost of  adaptive equipment and other aids for accom-
plishing ADLs can be an obstacle to a child’s achievement 
of  maximum functional potential. Limited living space and 
storage in most homes underscores the obvious impractical-
ity of  a child getting every promising piece of  equipment 
available. Also, some assistive devices may have a limited 
period of  usefulness for a particular child owing to growth 
or the child’s making progress or, in some cases, regressing. 
However, the greatest limiter to acquiring adaptive equip-
ment in most cases is probably the cost.39

Funds available to pay for health care for children, with 
or without special needs, as well as eligibility require-
ments to access those funds, vary greatly among the states. 
Likewise, the ability of  a family to get health care or pur-
chase equipment for a child may depend on whether they 
have private or public insurance. It is known that raising 
children with special needs and complex medical conditions 
requiring lifetime medical care is more costly than raising 
children without chronic pathologies, impairments, or dis-
abilities.40,41 However, according to 2005–2006 data, the high 
costs of  raising children with special health care needs are 
mitigated if  the family has a primary care medical home, 
which has a strong care coordination component. Families 
with this type of  service coordination were significantly less 
likely to incur out-of-pocket expenses with either private 
or public insurance, and out-of-pocket expenses incurred 
tended to be 32% and 15% less, respectively, compared with 
families that did not have a medical home type of  care coor-
dination.40 Mitchell and Gaskin studied access to health care 
for children with special needs who receive Medicaid, com-
paring fee-for-service plans with the managed care option. 
Children in managed care programs had fewer unmet health 
care needs and were more likely to have consistent care by a 
primary care physician than the fee-for-service cohort.42

When one considers lifetime health care costs for families 
of  children with special needs, it is easy to see how adaptive 
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equipment, some very costly, can be difficult to obtain, 
maintain, and replace with growth and change in the child. 
Many children with congenital pathologies and impairments 
require new equipment frequently, over many years in a life-
time, in the presence of  other exorbitant and rising medical 
expenses.

The physical and occupational therapist should work in 
concert with the child and family, the physician and other 
health care professionals, the medical home care coordina-
tor (often his primary physician), an assistive technology 
professional (ATP), and teachers. The process of  equipment 
procurement must include prioritizing equipment needs, 
and sometimes opting for a less-expensive or less complex 
device, or even sacrificing some adaptations to enable the 
family to acquire another device to meet a second func-
tional need.

While renting, borrowing, trading, and fabricating some 
equipment may be options, in some cases purchasing equip-
ment is the best or only option. How does a family pay for 
equipment? What resources are available to help parents pay 
for adaptive equipment?

A number of  resources are available to pay for adaptive 
equipment but will vary depending on certain conditions 
and qualifications. Briefly, the following resources will pur-
chase or help a family purchase equipment for children, 
some through the age of  21 years38,43–46:

 1. Private medical insurance44

•	 If  the equipment is medically necessary
•	 If  prescribed by a physician
•	 If  the family’s policy covers adaptive equipment
•	 Depends on policy; some limit number of  devices in a 

lifetime or limit frequency of  replacement
 2. IDEA44

•	 Under Part B of  IDEA, equipment in the child’s IEP is 
paid for by the school district

•	 Under Part C, district pays for the equipment if  it is in 
the IFSP (Individual Family Service Plan)

•	 Part C will not pay if  other private or public resources 
are available

•	 If  state or federal law says parents have to contribute 
something in the Early Childhood Program, perhaps 
on a sliding fee basis, parents may pay part; however, 
the child cannot be denied the equipment or service 
if  parents are unable to pay

 3. Medicaid (Title XIX)44,3

•	 For families with low income; Medicaid eligibility 
 requirements are determined by each state; age of  eli-
gible children varies by state

•	 Financial eligibility is typically based on some per-
centage of  the federal poverty level

•	 Jointly funded by the state and federal government; 
coverage varies by state44

•	 A state must fund according to minimal federal stan-
dards, but may elect to fund more than the minimum

•	 Equipment must be medically necessary

•	 Federal contribution will pay for assistive technol-
ogy; depending on the state, state may pay for durable 
medical equipment (DME)

•	 Prior Approval (PA) for services may be required by 
the state47

 4. Early and Periodic Screening, Diagnosis and Treatment 
(EPSDT) program44

•	 Included in all state Medicaid programs, required by 
federal government

•	 Requires states to provide for children 0 through 
21 years of  age

•	 Physical therapy and DME services not included in 
the standard state Medicaid plan may be reviewed for 
Medicaid coverage under EPSDT policy47

•	 Family must meet state’s financial eligibility require-
ment for Medicaid

•	 Covers assistive technology, but is an often over-
looked resource

 5. Katie Beckett Waiver/TEFRA state plan option (Tax 
Equity and Fiscal Responsibility Act)47

• Waiver program for medical assistance for children who 
do not qualify for Medicaid because of  parents’ income

•	 Waiver was enacted to support home and community 
care instead of  institutionalization for children who 
need long-term, institutional-level care

•	 For eligibility, only the child’s income is considered
•	 Policies vary among states; not available in all states*

 6. Children’s Health Insurance Program (CHIP) [formerly 
SCHIP]46

•	 Provides health coverage to children in families with 
incomes too high to qualify for Medicaid, but can’t af-
ford private coverage

•	 Jointly funded by federal and state governments, with 
matching federal funds to states to provide this coverage

•	 Administered by the states
 7. State Assistive Technology (AT) Loan Programs

•	 Loan program available in many states, via Assistive 
Technology Act of  2004.

•	 Low interest loans and long repayment schedules
 8. National AT Reuse Center44,48,49

•	 Centers nationwide that sell safe recycled equipment
 9. Community Philanthropic and Service Organizations 

and Clubs and National Organizations
•	 Local community service organizations such as the 

Lions, Masons, Shriners Hospital for Children, Kiwanis 
Clubs, Civitan, Rotary Clubs, Knights of  Columbus, 
and local churches, synagogues, and mosques43,44

•	 National organizations such as Easter Seal Society, 
Muscular Dystrophy Association, United Way, 
United Cerebral Palsy Association, Juvenile Arthritis 
Association, and March of  Dimes

 10. State Assistive Technology Projects44,50

*At this writing, less than half  of  the states have TEFRA or Katie Beckett 
Waiver for children.45
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The Section on Pediatrics of  the American Physical 
Therapy Association (APTA) publishes a fact sheet that lists 
numerous sources that can provide a therapist with addi-
tional information about funding for adaptive equipment.43

Many funding sources, especially private insurances, 
require a physician’s prescription if  they pay for assistive 
technology.44,51 Regardless of  requirement for prescription, 
having one at the beginning of  the process usually helps en-
sure a smoother process and improves the likelihood of  se-
curing funding. Sometimes in educational settings, a child’s 
care becomes fragmented because of  disagreement among 
health care professionals about the role of  the child’s phy-
sician in recommending or prescribing rehabilitation thera-
pies and DME. This is particularly true in states that allow 
physical therapists to practice without referral. However, in 
the best interests of  the child, it is imperative that all who 
are involved in the child’s health care and education work 
together to optimize the child’s potential. Collaboration be-
tween the child’s therapists and physicians, including having 
a physician-written prescription for adaptive equipment, can 
improve coordination of  care, avoid duplication of  services 
and conflicting recommendations, and prevent unnecessary 
expenses.51

In addition to a prescription, a letter of  medical necessity 
is often required when ordering adaptive equipment. The 
letter of  medical necessity must be written by the certified 
or licensed professional who performed the assessment on 
the child (physician, PT, or OT). Once again, a shared ef-
fort is probably most helpful.51 If  the letter was not written 
by the child’s physician, a prescription from the physician 
should accompany the letter. If  funding for equipment is de-
nied, an appeal letter should be written. Examples of  letters 
of  medical necessity for assistive technology and appeal let-
ters can be found on the internet.52–54

As a child ages there may be increased need for adaptive 
equipment, yet funding for this equipment may decrease, 
particularly at the postsecondary school level.55,56 This de-
creased funding is due to several factors, including health 
insurance policies that deny or limit reimbursement for 
certain services (such as adaptive equipment), age limita-
tions on government entitlement programs for children’s 
health care, age limitations on dependent child coverage by 
health insurance policies, and changes in Medicaid eligibil-
ity as the child ages, as it relates to financial assets.56 These 
practices not only limit the accessibility of  adaptive equip-
ment for many older children, but they frequently make a 
child’s transition to adulthood more difficult. One initiative 
by the American Academy of  Pediatrics (AAP) Committee 
on Child Health Financing is an attempt to remediate some 
of  the assistive technology funding problems of  the older 
child and the young adult. The AAP issued a policy state-
ment advocating health care benefits for children through 
age 26. This policy recommends that all public and pri-
vate health plans provide comprehensive benefits for chil-
dren across the span of  life from birth through 26 years of  
age, including “Rehabilitative and habilitative services and 

devices” and “Rental, purchase, maintenance, and service of  
DME.”57(p189)

Issues surrounding the funding for adaptive equipment 
must continue to be a topic of  conversation, study, and 
research for physical therapists and other professionals in-
volved in the care of  children with disabilities, particularly 
in light of  changing health care policy. As suggested by 
advocates for the current model of  a primary care medi-
cal home, children with long-term disability and complex 
medical problems deserve “appropriate educational and 
therapeutic strategies including: . . . adaptive and assistive 
 technology.”58(p1111)

Renting or Borrowing Equipment

Some types of  equipment for short-term use can be rented. 
However, if  particular customized features are needed in 
a device, the likelihood of  finding the precise, appropriate 
apparatus is decreased. Often, concessions can be made re-
garding some equipment options, if  renting the equipment 
proves to be highly cost-effective. Compromising correct fit 
and safety for the sake of  cost-effectiveness should not be an 
option.

Some communities have what is commonly referred to 
as an equipment closet or equipment lending library. These 
closets, usually run by not-for-profit organizations or agen-
cies, are repositories for used equipment in good repair that 
are no longer in use. This equipment is made available for 
other children and parents to borrow for the period of  time 
needed, often until the child outgrows the equipment.

Also, in today’s internet-connected world, it is not un-
usual, through social media, personal websites, or support 
groups, for parents to make contact with other parents who 
have adaptive equipment that is no longer being used. These 
parents with unused devices are often willing to sell or give 
away useful equipment or trade for another piece of  equip-
ment. However, the same exceptions and cautions men-
tioned regarding renting equipment also apply to borrowing 
or buying used equipment from equipment closets or other 
individuals.

Fabricating Equipment

An abundance of  commercially available equipment today 
offers therapists, families, and children numerous options. 
Not only is there a wide variety of  types of  equipment that 
help a child function in multiple environments, but con-
siderable competition exists among manufacturers and 
vendors regarding proprietary variations in similar types 
of  equipment. Consequently, the need to make equipment 
instead of  purchasing commercially available equipment 
has declined considerably. Nonetheless, fabricating instead 
of  purchasing a simple piece of  equipment is sometimes 
a practical choice, especially when limited financial re-
sources may be better spent purchasing highly complex 
equipment.
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The decision to make equipment is based on many vari-
ables that must be considered carefully, including who will 
build the equipment, the cost of  building the device, who 
will pay for the equipment, and liability issues. Asking some 
carefully framed questions may help the therapist make a 
decision about whether or not to advocate homemade adap-
tive equipment.

 1. Will the physical therapist be building the equipment, 
or be serving as a consultant to other builders? Other 
people who might build equipment for children include 
commercial woodworkers, woodworking hobbyists, 
volunteer organizations with appropriately skilled mem-
bers, and the child’s parents.

 2. Is making the equipment cost-effective? Items that must 
be accounted for include tools, space needs, building 
materials, time for planning and designing, and time for 
measuring and building. In making a decision, the ad-
vantages of  customized homemade equipment must be 
weighed against the expense of  designing, planning, and 
building the apparatus. Will adapting a commercially 
available device be a better compromise?

 3. Will parents pay out-of-pocket, or will insurance compa-
nies pay for the cost of  homemade equipment?

 4. Who will pay for potentially costly errors if  the equip-
ment is fitted incorrectly or is inappropriate when 
completed?

 5. Who assumes liability for the correct and safe use and 
performance of  equipment made by a therapist, hobby-
ist, or volunteer? This is an important consideration in 
today’s society wherein manufacturers are liable for the 
safe use of  their products. If  a child is injured or oth-
erwise harmed using noncommercial equipment, the 
person who made the equipment may be legally and fi-
nancially responsible.

Materials commonly used for homemade equipment in-
clude wood, ABS Plastic, Ethefoam, PVC Pipe, and tri-wall 
(triple wall) cardboard. Tri-wall consists of  triple-thickness 
corrugated cardboard that is lightweight, firm, and inex-
pensive. Tri-wall is fast and easy to use, although its use 
requires an electric saw, glue gun, and hand tools, such as 
a hammer, screwdriver, and utility knife. Although it is not 
waterproof, tri-wall can be treated with acrylic latex paint 
or fabric for sealing and preservation. Tri-wall is less durable 
than wood, which makes it most appropriate for temporary 
or trial pieces of  equipment, or for children who are grow-
ing rapidly (Fig. 12.1). Like wood, tri-wall is a firm, solid 
medium and may require padding for comfort. Many thera-
pists consider tri-wall useful for making customized chairs 
that must be measured precisely for the child. A bolster-type 
chair available commercially and a similar chair made from 
tri-wall are shown in Figures 12.2 and 12.3. Although selec-
tion of  a design and measuring the child and the tri-wall 
are time-consuming chores, actual building with tri-wall is 
a fast process. Working with this material is noisy, messy, 
and potentially dangerous because of  the tools. A separate 

FIGURE 12.1 Umbrella-type stroller with a tri-wall insert and 
foot support.

FIGURE 12.2 Commercially made bolster chair.

workplace is recommended. As with wood, family mem-
bers and volunteers can be recruited to make apparatuses 
from tri-wall. Special training is usually necessary, and many 
parents are reluctant to try because of  fear of  mistakes and 
failure. Some judicious support and praise for the fam-
ily member can help overcome reluctance, and the parent 
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who is growing rapidly or for the child whose need is only 
temporary. In each of  these situations, a simply made piece 
of  equipment could satisfy the short-term needs of  the pa-
tient. The child could use the fabricated equipment until it is 
outgrown, at which time another piece could be made, or if  
growth has slowed, a commercially available piece could be 
substituted. One of  the main reasons for building equipment 
in the past was that commercially available equipment often 
did not satisfy the needs of  a child with unique problems. 
However, meeting the unique needs of  people to enhance 
function has become the primary emphasis of  professionals 
in the rehabilitation field, including those who design and 
manufacture adaptive equipment. This recent emphasis has 
resulted in a wider variety of  and improvement in commer-
cially available devices.

 Equipment for positioning

General uses for equipment as adjuncts to treatment have 
been presented, but benefits can also accrue with proper 
equipment and frequent changes in position. Among those 
benefits are temporary inhibition of  pathologic tone and 
movement, temporary reduction of  abnormal reflexes, re-
duction of  asymmetries, improved circulation, improved 
bone health, improved upper extremity functioning, preven-
tion of  soft tissue contractures and decubiti, and improved 
communication, cognitive and personal–social development. 
Some of  the issues involved in providing children with 
equipment to support various activities as well as the sitting, 
standing, and side-lying positions will now be addressed.

Sitting

General Considerations
The sitting position is optimal for upper extremity func-
tion and is therefore important for the child and the adult. 
Maintained sitting posture is a goal achieved by most typical 
infants before 1 year of  age, and sitting is required for many 
functions throughout life.

By watching children in preschool and kindergarten, 
it is apparent that a goal of  many teachers is sitting for a 
reasonable amount of  time for group activities. Children in 
the early school years younger than 7 years of  age also re-
quire frequent changes in position. They prefer to play and 
work in the prone position, standing by a table, and in other 
positions that allow for easy transitional movements and 
change. Sitting, as a position for optimal function, occurs 
only after the children learn to sit for prolonged periods of  
time. Sitting is defined as “. . . a position in which the weight 
of  the trunk is transferred to the support area mainly by the 
ischial tuberosities and surrounding tissues.”59 Proper align-
ment in sitting is thought to enhance overall functioning by 
providing an adequate and secure base of  support, inhibit-
ing abnormal tone, providing a stable base from which the 
upper extremities can function, and improving perception 

FIGURE 12.3 Tri-wall alternative to the commercially made 
bolster chair shown in Figure 12.2.

FIGURE 12.4 Tri-wall seat insert.

may become an essential part of  the team that is making 
the adaptive equipment for the child. A seating insert made 
from tri-wall is shown in Figure 12.4.

In spite of  the potential drawbacks, some therapists still 
choose to fabricate equipment themselves or have a parent 
do so. This may be particularly useful for the young child 
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of  the environment. There are also significant social benefits 
to being upright in sitting and being able to move.

Although a body of  literature is devoted to seating for 
children, much of  the literature reports clinical experience 
and empirical data rather than controlled scientific studies. 
The result of  this lack of  scientific documentation is poor 
standardization when evaluating and providing adaptive 
seating devices. Conflicts regarding the value of  various 
positioning options could be more easily and completely re-
solved if  a scientific basis existed for each option. Because 
the literature on pediatric seating is limited, the adult lit-
erature has been examined and applied to the pediatric age 
group.

The first consideration when selecting a chair or other 
seating device is the intended purpose of  the chair. Chairs 
can be function specific. A lounge chair is uncomfortable 
when a person is eating a meal, yet a straight-back chair with 
little padding is undesirable for relaxation. Similarly, a physi-
cal therapist must consider function when recommending 
chairs for children with special needs.

A child’s sitting ability without devices helps define the 
basic purpose of  a chair or wheelchair. A child who is a 
hands-free sitter needs a chair to provide a comfortable and 
stable base of  support for functional activities. The purpose 
of  a wheelchair for this child is to provide mobility in ad-
dition to the stability. A child who depends on his upper 
extremities for support so as to sit independently, a hands-
dependent sitter, needs seating that effectively stabilizes, 
centers, and supports his pelvis and trunk so the child can 
use the arms and hands for functional skills rather than sup-
porting sitting. A child unable to self-support at all for inde-
pendent sitting is considered a propped sitter and needs more 
complex seating that will provide total body support.5

Many therapists believe customized seating is always 
preferable, especially a wheelchair. In lieu of  a totally cus-
tomized chair, the following parameters, established for 
adults and modified for children, should be considered, 
whether choosing a conventional chair, a commercially 
available adaptive seat, a custom-constructed chair, or a 
wheelchair.

Seat
HEIGHT The height of  the chair seat should allow the feet 
to be placed flat on the floor or a foot rest. Height should be 
such that with feet flat, hips are flexed to at least 90  degrees. 
Slightly more hip flexion is even more desirable to pre-
vent some children from going into extensor posturing. 
Comfortable placement of  the feet should prevent exces-
sive pressure from the front edge of  the seat on the popliteal 
fossae.59,60

DEPTH The seat should be shallow enough to provide for 
flexion of  the knees without pressure in the popliteal area 
and without slouching. Slouching occurs when the child 
goes into a posterior pelvic tilt to allow the knees to flex over 

the edge of  a seat that is too deep. Slouching causes sacral 
sitting, as the child transfers weight to the chair seat through 
the sacrum rather than the ischial tuberosities. Also, normal 
sitting posture requires anterior pelvic tilt, whereas slouch-
ing caused by too much seat depth enhances a posterior 
tilt of  the pelvis. The seat should be deep enough to allow 
maximal distribution of  weight.60 If  the seat is too shallow, 
weight is borne over a smaller area of  the body, thereby in-
creasing pressure per square inch on the posterior thighs and 
increasing the risk of  skin breakdown. Also, a seat that is too 
shallow decreases the hip flexion to less than 90 degrees be-
cause the distal aspects of  the thighs are not supported by 
the seat. This increased extension at the hips may cause the 
child to slide out of  a chair. In a child with extensor hyper-
tonus, increased extension of  the hips may also trigger in-
creased extensor tone throughout the body. A good rule of  
thumb for determining seat depth for children is to have one 
finger width between the edge of  the seat and the popliteal 
space. Keep in mind that as the child grows, the length of  
the femur will increase and the space between the edge of  
the seat and the popliteal fossae will naturally increase.

PADDING Padding helps to limit pressure on the 6-mm2 
surface of  each ischial tuberosity that normally bears most 
of  the weight in sitting, which allows for increased sitting 
 tolerance.61,62 However, surfaces that are too soft increase 
the difficulty with which postural changes are made dur-
ing sitting, and this lack of  postural change can lead to back 
strain and potential skin breakdown. Akerblom judged 
movement while sitting to be the most important require-
ment of  a comfortable chair.61 He designed a chair that al-
lowed for various conditions (i.e., the trunk away from the 
back support, sitting with lumbar support, or reclining back 
with both lumbar and thoracic support). These options re-
duce muscle strain and increase tolerance.61

Backrest
Trunk musculature and spinal ligaments must be considered 
when sitting to avoid back discomfort. The anterior and 
posterior longitudinal ligaments of  the trunk provide their 
best support with the back in neutral position. Increasing 
the normal lordosis may stretch the anterior longitudinal 
ligament, whereas exaggerated kyphosis will stretch the pos-
terior longitudinal ligament and may cause posterior pro-
trusion of  degenerating intervertebral discs. These changes 
produce low back pain and may cause difficulty in achiev-
ing adequate thoracic and lumbar extension needed to rise 
from sitting. The chair backrest should accommodate ad-
equate movement while in the chair, to help offset muscular 
fatigue and for pressure relief. However, the backrest should 
also provide adequate support of  the trunk to prevent mus-
cular fatigue. Support for the weight of  the trunk reduces 
the muscular work of  sitting. The height of  the backrest 
must be appropriate for the individual child. The child who 
needs extensive head, neck, and trunk support needs a tall 
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backrest that extends above the head. Such a child may also 
benefit from a reclining backrest, which can provide peri-
odic relief  for muscles to combat fatigue.63 The height of  
the backrest need not extend above the shoulder in many 
clients. Freedom to change position and improved mobil-
ity are available when limiting the height of  the backrest to 
shoulder level.64 In fact, for patients with excellent trunk sta-
bility and balance, the top of  a wheelchair backrest is often 
just below the inferior angles of  the scapulae. This shorter 
backrest allows great mobility of  the upper trunk, use of  the 
upper extremities, and general freedom of  movement while 
in a wheelchair. These shorter backrests are usually seen on 
wheelchairs used by very active young people and wheel-
chair athletes.65 Other considerations for wheelchair seating 
will be discussed later in this chapter. Finally, support for the 
lumbar curve and allowance for the posterior protruding sa-
crum and buttocks need to be taken into account in effective 
seating.

Seat to Backrest angle
The angle formed between the seat and the backrest of  
a chair is arguably most comfortable between 95 and 
110  degrees. However, this angle may cause the person to 
slide forward, particularly those with increased extensor 
tone in the hips and back musculature. Using a wedged 
cushion, with the greatest height in the front, may help 
counteract this problem. Bergan suggests that chairs will 
provide a child with the best sensory feedback when the 
child’s spatial orientation is that of  sitting with a slight in-
clination backward.66 The word dump in wheelchair seating 
refers to the number of  inches closer to the ground the back 
of  the wheelchair seat is, compared with the front of  the 
wheelchair seat, thereby providing a slightly backward spa-
tial orientation as described by Bergan. Wheelchair dump 
for adults is usually 1 inch, but for children, a 2-inch dump is 
more appropriate. Dump can be accomplished or enhanced 
in any chair by using a wedged cushion as described above, 
or the dump can be built into the chair63 by decreasing, to 
less than 90 degrees, the angle between the seat and the 
backrest.

Orthopedic and biomechanical needs of  all children must 
be considered when planning seating. While most therapists 
use an empirical or trial-and-error approach in determining 
a good seating position for a particular child, most agree 
that a stable pelvis serves as the keystone for seating, espe-
cially for children with neurodevelopmental disorders. Once 
the pelvis is aligned properly, the trunk, head, and extremi-
ties have a more stable base. This often means that fewer 
assistive devices and wheelchair options are necessary for 
optimal function.

The specific approaches to, options for, and adaptations 
of  seating are too numerous to review here and are con-
stantly evolving. However, providing seated weight bearing 
on the ischial tuberosities, maintaining a slight lumbar lor-
dosis, positioning the hips and knees in at least 90 degrees 
of  flexion, and maintaining plantigrade feet are principles 

that are fairly consistently applied to seating most children 
with impairments and disabilities. Variations of  these basic 
concepts may be applied, based on a child’s diagnosis and his 
individual clinical presentation.

Armrests
Armrests should be positioned to bear approximately 50% 
of  the weight of  the child’s arms. Armrests are also used to 
move from a sitting to a standing position and vice versa, to 
do transfers, and to do sitting push-ups for regular and fre-
quent pressure relief  for the buttocks. Armrests that are too 
low or too high decrease the mechanical advantage of  the 
flexed elbow when the individual performs sitting push-ups 
and transfers.

Seating Considerations for Specific  
Diagnoses and Impairments
The criteria and limits described for seating are applicable to 
all types of  seating systems and for all diagnoses and impair-
ments. The emphasis may change with the diagnosis and 
impairments, but the concepts are constant.

Appropriate seating for the child with cerebral palsy and 
similar neuromuscular disorders must consider the effects of  
various seating or wheelchair components on muscle tone, 
abnormal reflex activity, and function. Increase in extensor 
tone in the lower extremities, with increased hip adduction 
and internal rotation, thought to accompany the sling effect 
of  most standard wheelchair seats and backrests is a com-
mon problem associated with wheelchair seating of  a child 
with cerebral palsy. A solid seat and solid backrest can re-
duce this sling effect.

Hip flexion slightly greater than 90 degrees is advocated 
by many physical therapists when seating the child with ce-
rebral palsy. The increased hip flexion resulting from the in-
creased dump of  the seat tends to break up strong extensor 
patterns due to hypertonia. The reduction in extensor tone 
reduces the likelihood of  a compensatory posterior pelvic 
tilt that may result in increased dorsal kyphosis, scapular 
protraction, and hyperextension of  the neck. Avoiding these 
postures by good hip positioning facilitates more normal 
upper extremity function and flexor–extensor balance of  the 
cervical muscles. This change may produce positive conse-
quences for swallowing, breathing, and stability and motor 
control of  the neck and trunk. Hip flexion greater than 
90 degrees may also decrease the probability of  the child’s 
lower extremities thrusting into an extension pattern and 
keep the child from sliding out of  the chair.

In addition to altering the hip angle, the chair itself  may 
be tilted anteriorly or posteriorly, relative to the floor, as de-
scribed previously, until the desired results of  positioning are 
achieved. Issues of  concern with these adjustments, whether 
through chair dump or tilt, include pelvic alignment for 
stability while sitting and the effects on tone of  the vari-
ous angles of  the hip and of  the seat itself. Nwaobi and col-
leagues, using electromyograms, found that orientation of  
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the body and head in relation to gravity plays an important 
role in controlling extensor activity in children with exten-
sor  hypertonus.67 Perception and hand function will also be 
altered as differing angles and positions are used. Therefore, 
an individualized approach examining the effects of  each 
change in position is necessary to determine optimal seating 
arrangements for children.

Once it appears that the various angles of  hips, seat, 
and chair have been established and pelvic stability has 
been achieved in the child with cerebral palsy, the therapist 
must consider the trunk, head and neck, and the lower ex-
tremities. Ninety degrees of  knee flexion and good weight 
bearing on the feet should be encouraged to enhance sta-
bility. Too much weight bearing on the plantar surface can 
result in a primitive extensor thrust pattern in children 
with neuromotor impairments that will significantly re-
duce stability. Alignment of  the trunk should encourage 
maximal symmetry, yet provide for movement and ac-
tive postural adjustment. A headrest or support should be 
used only if  needed to improve positioning or to protect 
the child when transported. The ultimate goal of  the sit-
ting position should be to align the child without restrict-
ing the movements and postural adjustments available to 
the child. Reassessment of  the seating device is necessary 
when the patient’s postural tone improves and new skills 
are acquired.

The seating concerns are different for children with pro-
gressive or nonprogressive weakness, paresis, or paralysis, 
as seen in muscular dystrophy, spinal muscular atrophy, my-
elomeningocele, or traumatic spinal cord injury. The height 
of  armrests, type of  footrests, dump, tilt, and recline are 
important factors for successful transfers, mechanically ef-
ficient wheelchair push-ups for pressure relief, sit-to-stand, 
and stand-to-sit. The ability to recline a chair or wheelchair 
is particularly helpful for children with extreme or progres-
sive weakness because it is easier to achieve periodic rest in 
a recumbent position. This is true both for the relief  of  gen-
eral fatigue as well as changing and sometimes limiting the 
gravitational influence on various muscles. Also, as strength 
declines in progressive disorders, muscle imbalance in the 
trunk may lead to an asymmetrical sitting posture, which 
can be alleviated by strategically placed pads for position-
ing, appropriate height armrests, and lapboards or tabletops 
to provide and encourage postural symmetry when seated. 
A child with myelomeningocele or traumatic spinal cord 
injury may benefit from seating cushions and the ability to 
perform pressure relief  measures due to inherent sensory 
deficits.

There are potential negative effects of  using seating de-
vices across disability groups. These effects include reduced 
joint motion secondary to static positioning, disruption 
of  skin integrity as a result of  prolonged use of  a seating 
device, limited ability to change position thus risking skin 
breakdown in a child with impaired sensation, and reduced 
independent functional mobility resulting from overuse of  
seating devices.

Seating Devices that Facilitate/Accommodate  
Specific Postures
Various specialized chairs are available commercially or can 
be constructed for particular seating problems. Chairs that 
incorporate the basic principles of  seating as discussed in 
this chapter can have special adaptations that facilitate or ac-
commodate a specific posture.

Two examples of  specialized chairs that are available 
are the corner chair and the bolster chair. The corner chair 
(Fig. 12.5) is a chair that has lateral supports for the upper 
trunk. These supports position the child in shoulder gir-
dle protraction, a strategy that tends to decrease extensor 
spasticity in children with tone problems such as cerebral 
palsy. Bolster chairs are chairs with a bolster-type seat (see 
Figs. 12.2 and 12.3). These chairs also aid in inhibiting exces-
sive extensor tone in children with cerebral palsy by flexing 
and abducting the hips.

Many other specialized chairs and seating aids can be 
found by perusing equipment company catalogs and web-
sites. Products are continually evolving, and often a commer-
cial device is available to meet a child’s specific seating needs.

Standing

The upright standing posture is the foundation for many 
functional activities in addition to bipedal locomotion. 
Standing and bearing weight on the lower extremities also 
can promote circulation, bone mineral density, respiratory 
endurance, gastrointestinal function, integumentary health, 
improved/maintained lower extremity ROM, modulation 
of  spasticity, upper extremity function, vertical access (ver-
tical reach), and social interaction with others.12,68-70 For a 
child with limited options and opportunities for moving, 
appropriate adaptive equipment for standing provides an-
other alternative for positioning throughout the day to help 
reduce or prevent skeletal deformities.12

FIGURE 12.5 Corner chair. The angled sides aid in protraction 
of the shoulder girdle, inhibiting extensor hypertonia.
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Equipment for assisted standing is commercially available 
in a variety of  forms. Some standers allow sit-to-stand move-
ment, some can be used to both stand and to locomote, and 
some standers have casters so that the child can be moved 
easily from place to place by an adult. Standing devices can 
be static or dynamic. Some offer both kinds of  loading in 
the erect or semierect standing position.

Dynamic standing is thought to more effectively increase 
the loading effects on the long bones for maintaining or in-
creasing bone mineral density.68–70 Dynamic standing can be 
achieved several ways. Some standers have a vibrating foot-
plate that produces a continuously changing stimulus to the 
weight-bearing bones. Other standers have separate foot-
plates that can shift horizontally and vertically to simulate 
the weight-bearing changes similar to loading and unloading 
the extremities during gait. Although appropriate body sup-
port is maintained, some standers allow body sway during 
standing, creating a dynamic weight-bearing environment. 
Mobile standers create a vibration type of  dynamic input as 
the stander moves over various surfaces and thresholds.

Prone Standers
Prone standers are used frequently for children who require, 
but cannot achieve, the position of  hands-free upright stand-
ing or its approximation. The child is placed in prone on the 
device. The trunk, buttocks, and lower extremities are all 
supported. The angle of  the board is then increased toward 
a vertical position, depending on the child’s tolerance and the 
therapist’s goals. When the board is at its maximal angle, usu-
ally slightly less than 90 degrees to the floor, weight bearing is 
optimal through the lower extremities and feet. A knee-stand-
ing position can also be used. A prone stander is shown in 
Figure 12.6. The patient benefits from the physiologic changes 
associated with weight bearing, the freedom to use hands 
while upright, and the social and perceptual opportunities 

afforded by an upright position. As the angle of  the prone 
stander decreases to less than upright, the benefits of  lower ex-
tremity weight bearing are diminished because more weight 
is borne increasingly by the anterior structures of  the trunk.

In addition to providing weight bearing in the lower ex-
tremities, a prone stander can be used to facilitate upper ex-
tremity functional skills. A child can experience and practice 
upper extremity weight bearing functions if  his prone stander 
is approximately 45 degrees or less above the horizontal to 
enable activities requiring upper extremity weight shifting, 
unilateral weight bearing, and reaching as well as bilateral 
upper extremity weight bearing. As the angle of  tilt of  the 
stander increases, his upper extremities are gradually freed 
for mobility functions, with completely hands-free standing 
available to the child in an upright position. Opportunities to 
experience hands-free standing are important for optimizing 
upper extremity use in socially appropriate contexts.

Use of  a prone stander can also facilitate control and 
strength of  the muscles of  the neck and trunk. The demands 
on these muscles from body weight and gravitational forces 
will vary significantly with different angles of  the stander. 
For example, as the patient approaches an upright position, 
the effort required of  the cervical extensors for head righting 
will decrease. The therapist must assess the quality of  move-
ment shown by the child in the prone stander. The function 
of  the head, neck, scapulae, and upper extremities should be 
included in this assessment, as should trunk alignment and 
positioning of  the lower extremities. Hyperextension of  the 
neck, exaggerated retraction of  the scapulae with the upper 
extremities in the high-guard position, and poor symmetry 
and midline position of  the trunk secondary to muscle im-
balance are all common secondary postural problems when 
a child is placed in a prone stander.

The therapist must bear in mind the proper lower extrem-
ity alignment for weight bearing when considering the use of  
a prone stander for a particular child. Correct weight bearing 
for normal standing requires dynamic pressure through the 
heels, with the center of  gravity passing slightly posterior to 
the ankle joint; this position is not feasible in a prone stander. 
Therefore, the use of  the prone stander must be evaluated 
carefully. The prone stander is useful if  the physiologic bene-
fits of  weight bearing are the major goal or if  it is being used 
to accommodate hands-free standing. If  the prone stander is 
considered for preambulation skills and conditioning, its use 
may be inappropriate and counterproductive.

When the prone stander is introduced into a child’s pro-
gram, the entire treatment regimen should be reevaluated. 
Although the child may appear to adapt well to the prone 
stander for 1 hour each day, its overuse may cause undesir-
able changes, particularly in children with hypertonicity. 
Increased abnormal extensor tone is an example of  a change 
sometimes seen with prolonged use of  a prone stander. 
The increased tone may affect the previously adequate po-
sitioning for sitting and may decrease function at home and 
school. This negative effect might require adjustments in the 
amount of  time spent in the prone stander, or it may require 

FIGURE 12.6 A tri-wall prone stander covered with enamel 
paint is used for kneeling.
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a different approach to positioning in the stander or a differ-
ent kind of  stander.

Providing the opportunity for a child to interact with 
peers in play or school situations is an important benefit of  
using a prone stander. Being able to work at a table or play 
at an elevated sandbox with peers has important social and 
emotional benefits. Prone standers usually have casters so 
the child can be moved by an adult to different places for dif-
ferent activities while still standing. This is especially helpful 
in a classroom setting. A prone stander may be incorporated 
into a multi-position stander.

Supine Standers
A supine stander is an alternative to the prone stander and 
may better meet the needs of  children with a goal of  achiev-
ing an upright position. Similar to a standard tilt table, a su-
pine stander allows weight bearing through the trunk and 
lower extremities, with the degree of  weight bearing pro-
portional to the angle of  the supporting surface. The child 
is secured around the trunk, hips, and knees, with these 
areas as close to erect standing alignment as possible. With 
those criteria achieved, the supine stander is angled toward 
a 90-degree upright position. Unlike the prone stander, the 
supine stander does not provide for weight bearing for the 
upper extremities, and lower extremity weight bearing oc-
curs through the heels rather than the forefeet. This makes 
the supine stander a better option when working toward 
weight-bearing alignment for ambulation. The supine 
stander also affords the child the numerous physiologic 
benefits of  upright weight bearing provided by the prone 
stander and allows the child to perceive and interact with 
the environment from an upright posture. Variations of  the 
supine stander are shown in Figures 12.7 and 12.8.

As with all adaptive devices, the supine stander must in-
clude a careful assessment of  the child for compensations, 
some of  which may be pathologic. Commonly noted devia-
tions with use of  a supine stander include thoracic kypho-
sis with forward protrusion of  the head, hyperextension of  
the cervical spine, and asymmetry secondary to imbalanced 
muscle control. If  tolerance for an upright position is limited 
and the child is reclined, increased evidence of  asymmetric 
tonic neck reflex and the Moro reflex may be seen. These 
abnormal reflexes may occur in a supine or semi-reclined 
position for any child with poorly integrated developmental 
reflex activity, and the child will fix into gravity (progravity). 
Because normal development requires the acquisition of  
antigravity control, the increased reflex activity in a supine 
or semi-supine position may be counterproductive. Upper 
extremity function for the child in a supine stander usually 
requires a special table or easel, thus restricting the child’s 
participation in group activities. The supine stander has be-
come increasingly popular in recent years. As with other 
pieces of  adaptive equipment, periodic evaluation is neces-
sary to determine the long-term benefits and hazards asso-
ciated with the supine stander with a given child. A supine 
stander may be incorporated into a multi-position stander.

FIGURE 12.7 Supine stander made of tri-wall.

FIGURE 12.8 A Supine stander made of wood. It is padded for 
comfort and was designed and built entirely by parents.

Standers with Sit-to-Stand Option
Children can be transferred from a wheelchair to a seated 
position in some standers, and the stander, equipped with 
power, can raise the child to a standing position. This 
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device increases the ease of  a child attaining a standing po-
sition, with or without assistance, and decreases the poten-
tial risks to the child during difficult transfers into a stander.

Standing Tables
Traditional standing tables are also available and although 
stationary, they may be all that is needed for a particular 
child’s standing program. Standing tables have a built-in 
work surface and are therefore not compatible with use at 
other surfaces such as countertops, tables, or school chalk-
boards/dry erase boards. Another disadvantage of  standing 
tables is that they usually require an adult to get the child 
into the device and standing.

Integrated Wheelchair Standing Devices
A wheelchair standing device is a standing device integrated 
into the child’s personal wheelchair. It can be manually or 
power controlled, and it can be part of  a manual or power 
wheelchair base. The advantage of  the wheelchair stander 
is that the child can stand without having to be transferred 
to another device.12 The child may stand more frequently 
and randomly, may be more independent in achieving the 
standing position, can accomplish functional reach at differ-
ent heights, and has increased vertical reach, in addition to 
the other benefits of  erect standing. Also, the risks involved 
with transfers to a standing device are eliminated, and the 
child and family have one less piece of  equipment to deal 
with.12

Integrated wheelchair standers provide dynamic loading 
of  the lower extremities and the benefits of  dynamic weight-
bearing during the rise to standing and stand-to-sit activi-
ties. Dynamic loading also occurs with the child in different 
standing/semi-standing positions, due to changing skeletal 
alignment and varying amounts of  weight bearing in diverse 
positions. A child can move in the environment while standing 
in the wheelchair stander, thereby gaining increased functional 
opportunities and dynamic loading through the vibration ef-
fects by moving across different surfaces and thresholds.12

Side-lying

Side-lyers
Side-lyers are particularly useful for young children or large 
children with low developmental function who require an 
alternative to sitting, lying in bed, or lying on the floor. Side-
lyers can be elaborately constructed or can be very simple 
devices with pillows, straps, and other commonly available 
items. A typical fabricated side-lyer is shown in Figure 12.9. 
When using a side-lyer, the objective is to place the child in a 
side-lying position according to the following criteria:

 1. The trunk should be as symmetric as possible.
 2. The head should be supported, in neutral alignment 

with the trunk.
 3. Weight-bearing limbs (upper and lower extremity touch-

ing the surface) should be slightly flexed.

 4. Non–weight-bearing limbs should be free to move. This 
position encourages play in midline, dissociation between 
the limbs, and symmetric and neutral head and trunk align-
ment. It is also a position that is neutral regarding most ab-
normal reflex activity. Straps are commonly used to support 
the trunk, the pelvis, and, occasionally, the weight-bearing 
lower extremity. Pillows or pommels usually support the 
thigh in a neutral position for hip abduction/adduction and 
internal/external rotation. The device should accommo-
date the child on either side unless circumstances prevent 
the child from freely lying on each side. Frequent reassess-
ment is required to prevent compensations while using or 
after being removed from the side-lyer.

 5. Areas of  potential problems include neck hyperexten-
sion from pushing against the head support and flexion/ 
retraction of  the shoulder on the non–weight-bearing side. 
These problems may occur with a child who exhibits ex-
tensor hypertonicity. When using a side-lyer, the therapist 
must be careful when aligning the child with chronic hy-
perextension of  the neck or with a tracheostomy. Improper 
positioning in either of  these cases could cause airway ob-
struction and compromise the child’s ventilation.

Although the side-lyer provides easy manipulation of  toys 
and objects because one hand is stabilized against the sur-
face in good midline alignment, the position is not optimal 
for perceptual development because the child must play 
with objects in a horizontal plane when the environmental 
backdrop is vertical. That is, toys are rotated 90 degrees with 
respect to the usual, functional visual field. This ironic oc-
currence is not a contraindication to using a side-lyer unless 
the child has obvious or suspected difficulties with percep-
tion or cognition. Most children compensate easily for the 
problem, especially when sides are alternated, and enjoy 
these changes of  position.

Overall Considerations for Positioning

Although not a complete list of  positioning devices, exam-
ples have been provided to illustrate the issues to be consid-
ered in choosing and using equipment for positioning, the 
benefits of  various positioning devices, and some of  the pos-
sible negative consequences. Negative consequences can be 
minimized by periodic reassessment of  the child and educa-
tion of  the family and staff. When caregivers are aware of  the 
potential negative effects of  the equipment, they are more 
likely to anticipate and recognize early signs of  those effects.

FIGURE 12.9 A commercially available side-lyer.
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Physical therapists who work with children and adaptive 
equipment will be required to suggest the frequency and 
duration of  use and endurance. Unfortunately, a uniform 
answer rarely exists. Endurance depends on variables that 
change daily. Rather than suggesting specific lengths of  
time for use, the therapist may choose to let the warning 
signs of  fatigue guide the usage. Those warning signs in-
clude difficulty maintaining the desired posture, increased 
asymmetry, complaints of  discomfort, facial expressions 
signifying discomfort or displeasure, and verbal requests 
to be moved. The therapist can recommend using a device 
until any one of  those warning signs is apparent or a maxi-
mum time limit has been reached. Depending on the child 
and the type of  equipment, 20 to 30 minutes is a recom-
mended maximum for a child who can make few, if  any, 
postural adjustments. For a child who is able to make pos-
tural adjustments while in the equipment, varying the dis-
tribution of  weight bearing, for example, 1 hour at a time is 
probably a maximum. It may be worthwhile to encourage 
attempts to increase endurance gradually over the course 
of  several weeks or months, realizing that minor variations 
in tolerance will occur daily. Because daily variations in ac-
tivity level are normal for everyone, we should acknowl-
edge these variations in the child with physical disabilities.

Prolonged positioning in any one posture is contraindi-
cated. In addition to fatigue, negative effects of  prolonged 
positioning include pressure ulcers, joint stiffness, and de-
creased passive and active range caused by hypertonus and/
or immobilization.

 Mobility equipment

In addition to providing assistance with positioning, adap-
tive equipment can supplement a child’s existing manner of  
independent locomotion or offer mobility to children who 
otherwise have no means of  locomotion. Some devices, 
such as a scooter board, pre-wheelchair device, and other 
devices used on the floor, are appropriate only within the 
home or classroom. Other devices such as wheelchairs make 
it possible for the child to be mobile within the community.

Scooter Boards

A scooter board is a flat, padded board with casters 
(Fig. 12.10). While prone on the board, a child propels by 
using hands on the floor. Scooter boards are especially help-
ful for the toddler or young child who has no prone locomo-
tion and is limited in floor play and exploration. Sometimes 
a scooter board is incorporated into a prone stander, such 
that the child can be mobile on the floor and then elevated 
in the stander without changing equipment.

Prewheelchair Device

These devices allow children 18 months to 5 years of  age 
to play on the floor at peer level. Sometimes referred to as 

carts, these are hand-propelled devices on which a child as-
sumes a long-sit position and propels the cart by moving the 
large wheels with the upper extremities, similar to propel-
ling a manual wheelchair. Several commercial designs are 
available (Fig. 12.11). Sometimes this type of  device is used 
for a toddler-aged child who will inevitably get a manual 
wheelchair and will learn how to self-propel in a wheeled 
device using the hands.

Wheelchairs

Providing a wheelchair for a patient requires an understand-
ing and application of  all of  the criteria previously discussed 
about proper alignment and positioning in sitting. It is also 
beneficial to know about the options available when pur-
chasing a wheelchair and the compromises involved when 
selecting certain options.

Before continuing, it is worth stating that the wheelchair 
industry is in constant flux. This is why a well-informed 
and capable vendor or manufacturer’s representative and a 
certified ATP are important to the rehabilitation team. The 
representative can provide information about changes and in-
novations in DME and discuss the comparative adaptability, 
durability, cost, and features of  wheelchairs and other equip-
ment supplied by competing manufacturers. It may be easiest 
to discuss options by looking at a typical order form for a pe-
diatric chair (see Display 12.1). These forms are traditionally 
completed by the vendor, patient, patient’s family, and physi-
cal therapist working together to meet the patient’s needs.

FIGURE 12.10 The scooter board is a wheeled mobility device 
that allows the child to locomote on the floor with his or her peers.

FIGURE 12.11 The pre-wheelchair device allows the child to 
be mobile on the floor and teaches the use of the upper extremities 
for propelling the wheelchair.
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A Sample Order Form for a Pediatric Wheelchair

DISPLAY

12.1

Effective July 5, 1993 ORDER FORM
Date: P.O.#: 
Buyer: Customer#:

Bill To:
Name 
Mailing Address 
City State Zip 
Phone ( )

▫ Drop Ship/Ship To:
Name 
Street Address 
City State Zip 
Phone ( ) Marked For 

QUICKIE 2 ▫ Adult ▫ Kids

COLOR ▫ Blue ▫ Black ▫ Red ▫ Midnight Purple ▫ Silver
▫ Sky White ▫ Teal ▫ Hot Pink ▫ Ultra Yellow ▫ Lavender
▫ Blue Sapphire ▫ Blk Diamond ▫ Candy Red

FRAME DIMENSIONS
Frame Width ▫ 11˝* ▫ 12˝ ▫ 13˝ ▫ 14˝ ▫ 15˝ (Seat Width: 1/2˝ Narrower)

▫ 16˝ ▫ 17˝ ▫ 18˝ ▫ 19˝ ▫ 20 ˝ (*11̋ Wide by Upholstery)

Sling Depth ▫ 10˝ ▫ 11˝ ▫ 12˝ ▫ 13˝
▫ 14˝ ▫ 15˝ ▫ 16˝ ▫ 17˝ 1 ▫ 18˝ 1

Cushion ▫ 2˝ ▫ 3˝ ▫ 4˝
▫ Solid Seat3 ▫ Omit Cushion ▫ Omit Seat Sling

BACKREST (Push Handles Std.) ▫ Low (8 1/2˝–12˝)17 ▫ Med (12˝–15 1/2˝)17 ▫ Tall (15 1/2˝–19˝ )17

Backrest Options ▫ 8° Bend (Med & Tall)17 ▫ Omit Push Handles17 ▫ Depth Adjustable18,11

▫ Omit Depth Adj Solid Back & Hardware ▫ Omit Depth Adj Solid Back Include Hardware
▫ Swing-Away Adj Stroller Handles (Avail w/ Depth Adj Back Only) ▫ Solid Back3,17

▫ Backrest Cushion17 ▫ Adj Upholstery (Avail w/ 14˝–20˝ Frame Widths and Med or Tall Back Heights)17

▫ Omit Back Upholstery17 ▫ Omit Back Post & Upholstery17

FRAME SPECIFICATIONS
Frame Length ▫ Kids ▫ Reg ▫ Long ▫ Hemi5 ▫ Long Hemi (17˝–18˝ Deep)5

Hanger Type ▫ 60° ▫ 70° ▫ 90° ▫ 70° V 19 ▫ Hemi (60°) ▫ Omit Hangers
▫ Articulating-Adult (15˝–20˝ Widths)2

▫ Articulating-Kids (11˝–16˝ Widths; Std w/ 2˝ footrest Ext Tubes and Adj Flip-Up Footplates)2

▫ Impact Guards—Plastic ▫ Impact Guards—Neoprene

Footplates ▫ Composite 9 ▫ Plastic Cover ▫ Reverse ▫ High Mount6

▫ Foam4 ▫ Angle Adj9 ▫ Angle Adj High Mount9 ▫ Omit Footplate
▫ 90° Adj Flip-Up4,8 ▫ 90°/90° Footboard4,7 ▫ Extended9

▫ Heel Loops ▫ Omit Leg Strap

Footrest Ext Tubes20 ▫ Short (14˝–16 1/2˝; N/A w/Articulating Legrest) ▫ Med (16 1/2˝–19˝) ▫ Long (19˝–21 1/2˝)
▫ Omit Ext Tubes

CASTERS ▫ 8˝ Pneumatic ▫ 8˝ Polyurethane ▫ 5˝ Low-Profile Polyurethane
▫ 6˝ Pneumatic ▫ 6˝ Polyurethane ▫ Aluminum Caster Rim

Caster Options ▫ 3/4˝ Longer Fork Stem Bolt ▫ 1 1/2˝ Longer Fork Stem Bolt
▫ Caster Pin Locks ▫ Omit Caster Wheels ▫ Quick-Release Caster Stems21

ARMRESTS ▫ Padded Swing-Away17 ▫ Omit Armrests
▫ Adult—Height Adjustable w/Std Pad (10˝) ▫ Adult—Height Adjustable w/Full-Length Pad (14˝)
▫ Kids—Height Adjustable w/Std Pad (10˝) ▫ Kids—Height Adjustable w/Full-Length Pad (14˝)

Stroller Handles ▫ Stroller Handles (Reg)10,17 ▫ Stroller Handles (Tall)10,17

AXLE PLATE ▫ Std ▫ Amputee11 ▫ Quad Release Axle Nuts
▫ One-Arm Drive (Attach One-Arm Drive Supplemental Order Form)

REAR WHEELS
Rim ▫ Mag12 ▫ Spoke ▫ Omit Rear Wheels/Axles

Size ▫ 20˝ ▫ 22˝ ▫ 24˝ ▫ 26˝ (3/4˝ Stem Bolt Std w/26˝ Wheels)

Tire ▫ Pneumatic ▫ Full-Profile Polyurethane12 ▫ Airless Insert12

▫ Low-Profile Polyurethane13 ▫ Kevlar13 ▫ High-Pressure Clincher (24˝, 26˝ Only)18

Handrim ▫ Aluminum ▫ Plastic Coated ▫ Long Tabs ▫ Omit Handrims

Projections ▫ Vertical14 20˝/22˝ 24˝/26˝
▫ Oblique ▫ 6 ▫ 8 ▫ 10 ▫ 12

WHEEL LOCKS ▫ High-Push ▫ Low ▫ Omit
▫ High-Pull ▫ Do Not Mount

Wheel Lock Options ▫ 6˝ Ext Handles ▫ 9˝ Ext Handles
▫ Grade Aids (N/A w/ Polyurethane High-Pressure Clincher Tires or Kids Length Frames)

ACCESSORIES
▫ Anti-Tip Tubes
▫ Armrest Pouch (Hgt Adj)
▫ Caddy
▫ Crutch Holder
▫ Front-End Stabilizer
▫ Leg Strap
▫ Leg Strap-Double
▫ Spoke Guards
▫ Transfer Board
▫ Tool Kit

Backpack & Seat Pouch 
(Specify Color)

▫ Adult 
▫ Kids 
▫ Seat Pouch 

Clothing 
(Specify Color and Size)

▫ Long Sleeve Shirt 
▫ Sweatshirt 
▫ Golf Shirt 
▫ T-Shirt 
▫ Jacket 
▫ Barrel Bag
▫ Hat 
▫ Eyeglass Holders 

Lifting Straps
▫ Q2 Low10,17

▫ Q2 Medium10,17

▫ Q2 Tall10,17

Positioning Bolts
▫ Long Velcro® Style (67˝)
▫ Short Velcro® Style (57˝)
▫ Long Buckle (64˝)
▫ Short Buckle (54˝)

Side Guards
▫ Fabric Kids
▫ Fabric Regular
▫ Plastic Kids15

▫ Plastic Reg15

Touch-Up Paint
▫ Color: 

Wheelchair Tray Table
▫ Extra Small 10˝–12˝
▫ Small 13˝–14˝
▫ Medium 15˝–17˝
▫ Large 18˝–20˝

Special Instructions

Items in Bold Italic Print are Standard
1. Available only on long frame.
2. N/A w/high-push wheel locks.
3. 8° bend not available: 11˝–15˝ wide, 10˝–15˝ deep only.
4. Not available with heel loops: single leg strap standard.
5. Hemi hangers only.
6. Only available on 60° hangers and hemi hangers.
7. Available only with 11˝–16˝ frame widths.
8. Available only with 11˝–16˝ frame widths and 90° hangers.
9. Available on 14˝–20˝ widths.

10. Omit push handles.
11. Not available with swing-away armrest; height adj. available at 

swing-away price.
12. Not available on 26˝ wheels.
13. Only available on 24˝ wheels.
14. Not available with low-profile polyurethane tires.
15. Not available with height adjustable armrests.
16. Not available with mag wheels.
17. Not available with depth adjustable back.
18. Standard with 20˝ solid back height and stroller handles.
19. Available with 16˝–20˝ frame widths and composite footplates only.
20. Not available with 90° hangers or articulating legrest-kids.
21. Not available with caster pin locks; not available with 3/4˝ , or 1 1/2˝ lock

stem bolt.

Specifications Subject to Change without Notice
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The first decision when matching a child with a wheel-
chair for mobility is determining whether the child needs 
dependent or independent mobility.71 Exclusively depen-
dent wheelchair mobility should be reserved for children 
who, for some reason, cannot attain independent mobility 
with a wheelchair—either manually propelled or powered. 
Dependent mobility may be the goal for children unable to 
operate a manual or powered wheelchair because of  insuf-
ficient upper extremity function, limited fine motor control, 
lack of  judgment, insufficient cognitive skills, or profound 
and multiple physical impairments and disabilities. Some 
children may have to be dependent in mobility because of  
environmental or societal barriers such as lack of  funds for a 
power wheelchair, lack of  means to transport a power chair, 
or inaccessibility of  the home. Wheelchairs for dependent 
mobility of  children include strollers, transport or travel 
chairs, manual wheelchairs, and reclining and tilt in space 
wheelchairs.71 Since the goal of  enhancing a child’s indepen-
dent function is paramount, feasible options for achieving 
some degree of  independent mobility should be explored 
prior to deciding upon dependent mobility.

If  a child can attain independent wheeled mobility with 
an appropriate wheelchair, will reaching this goal be most 
likely attained by a manual or powered wheelchair? Reasons 
for opting for a powered chair include: (1) severe upper ex-
tremity weakness, (2) paresis, paralysis, or dyskinesias that 
preclude manual wheelchair propulsion,(3) inadequate upper 
extremity control, (4) extreme fatigue, (5) respiratory com-
promise, (6) function in more challenging environments such 
as outdoors or in the community, (7) high metabolic costs 
of  propelling a manual wheelchair, and (8) concerns about 
secondary impairments from overuse injuries acquired from 
long-term manual propulsion of  a wheelchair.11,13,17,18,72–76 
Well-meaning health care professionals may suggest that se-
lecting a powered wheelchair will lead to the child gaining 
weight or losing muscle strength owing to lack of  exercise. 
This is not a good rationale for choosing a manual chair. As 
stated above, the choice of  a primary mobility device should 
be determined to provide optimal independence. A child who 
uses powered mobility should get exercise to prevent disuse 
weakness and weight gain, but his ability to be mobile in the 
community should not be connected to his exercise habits.13

Wheelchair design is the first consideration in choos-
ing a manual wheelchair. For independent mobility, two 
basic options exist in a manually driven wheelchair: a rigid 
frame and a cross-braced (X-frame) folding wheelchair. Most 
people are familiar with a cross-braced folding wheelchair 
and often choose this type as it appears easier to transport 
in cars and store in the home. Although the rigid-frame 
chair does not fold, the wheels are removable and the back 
folds forward, leaving a small box-type structure. The rigid-
frame chair offers increased stability and ease of  rolling, and 
it is always the chair of  choice for sports and recreation. In 
many instances, once the child adjusts, families find the rigid 
chair to be as manageable as the traditional folding chair. 
A disadvantage of  the rigid-frame wheelchair is its limited 

adjustability for growth; as a result, it is sometimes over-
looked for the pediatric population. If  properly fitted, the 
rigid-frame chair can provide years of  use.†

For children who are not independently mobile with 
a manual wheelchair because of  any of  the previously de-
scribed impairments or disabilities, a motorized device 
may be considered. A vendor and certified ATP should be 
consulted regarding alternatives, which include powered 
wheelchairs, three- or four-wheeled scooters, and segways. 
A scooter (Fig. 12.12) is much less expensive than a standard 
motorized wheelchair (approximately $1500 to $3500 com-
pared with $4,000 to $12,000).‡ It can be disassembled into 
components that are lighter and easier to load into a car or 
public transport vehicle and is relatively simple to learn to 
operate and maintain. Also, scooters are often preferred by 
a child and parents because scooters may be more readily 
accepted by peers. Any seating system, from a simple stan-
dard molded plastic seat to the most elaborate custom-made 
wheelchair seating system, can be adapted to the scooter. It 
must be noted that the patient must have bilateral hand use 
and some degree of  reach to hold the scooter’s handlebars, 
push the accelerator, and steer. Also, the child needs at least 
fair sitting balance.

Traditional power wheelchairs are extremely heavy, do 
not disassemble easily into component parts, and generally 

FIGURE 12.12 A three-wheeled scooter.

†Modified rigid wheelchairs have now been devised that combine rigid-
ity but allow for some growth. Additional information can be obtained 
from an informed vendor.
‡Prices vary dramatically, based on the seating and positioning options 
required and the need for additional electronic options.
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require a van for transport and ramps or a stair-free entrance 
to the home. Additionally, they are usually quite sophisti-
cated electronically, which may mean frequent fine-tuning 
and adjusting. However, they can usually accommodate 
environmental control systems and augmentative com-
munication technology, can allow for changes in position 
(e.g., reclining, tilting), and can be operated using a variety 
of  switches or other types of  controls. Traditional motor-
ized wheelchairs require more of  a trial-and-error approach 
to perfectly fit and train the patient, and maintenance may 
be more involved.

The Segway® is a relatively new motorized device being 
used by some people with disabilities. This personal trans-
porter is a two-wheeled, dynamically stabilized device that 
runs on large format batteries.77 Although not originally de-
signed for persons with disabilities, teens, young adults, vet-
erans who are disabled, and others have found the Segway® 
to be a transporter that provides safe access into small in-
door spaces and outdoors, even on rugged terrain.77–81 Also, 
for some, such as college students, it is a safe and efficient 
means to get around campus without automatically being 
seen as disabled. The original Segway® requires being able 
to stand on the device, but new accessories are being de-
veloped, including seats.82 The scooter or Segway® may be 
preferred for an older marginal ambulator who requires a 
device for long distances. A traditional motorized wheel-
chair is usually reserved for the individual who requires a 
more extensive mobility system for full-time use. Specialists 
in power wheelchairs should be consulted if  a traditional 
power wheelchair system is being considered.

Power Mobility for Young Children
The use of  power mobility was formerly reserved for older 
children under the mistaken impression that a child needed 
to be older to have sufficient cognitive development to learn 
to control a power wheelchair. However, a 2001 study by 
Botos et al. found children with an IQ of  less than 55 could 
be trained to use a power wheelchair.17 As a result of  the 
Botos study and others, the current notion is that readiness 
to use a power chair depends on cognitive abilities other 
than IQ, such as understanding the concepts of  cause and 
effect, direction, spatial relationships, and problem solv-
ing.13,17,72,83–85 These cognitive abilities begin developing 
quite early in a child’s first year of  life, and independent mo-
bility is a powerful positive factor for a child’s psychosocial 
and cognitive development.13,17,72,73,84–88

Children as young as 11 months of  age have demon-
strated the ability to control a power wheelchair.13,89 Other 
studies have revealed that children aged 14 months,72 
20 months,11 and 36 months86 can learn to use power wheel-
chairs. Huang and Galloway report on a modified powered 
riding toy as an inexpensive and novel means of  introduc-
ing power mobility to a very young child. These low-tech 
commercial toys are readily available and can be an excel-
lent learning environment for children under 3 years of  
age to experience independent mobility.87 The integrated 

development of  locomotion, cognition, and perceptual-mo-
tor abilities in infancy and toddlerhood and studies of  very 
young children with impairments support the consideration 
of  power mobility for very young children as a means of  
achieving independent locomotion.

Suggestions for Wheelchair Fitting and Options
Once a wheelchair style has been selected, whether manual 
or power, the size, fit, and options must be determined. The 
physical therapist should consider the following criteria for 
wheelchairs, as well as the principles of  good seating dis-
cussed earlier in this chapter:

 1. Seat width should allow for growth and should be able to 
accommodate outerwear for cold winter climates. Most 
vendors consider 1 inch on each side to be appropriate. 
Too much room makes it very difficult to propel a manual 
wheelchair effectively, especially when armrests are used. 
In most pediatric models, chairs can be ordered in 1-inch 
increments to custom-fit any child. In an X-frame wheel-
chair, growth in width is provided by replacing the cross 
braces and upholstery of  the wheelchair. No growth ad-
justment is available in a rigid-frame wheelchair. Almost 
all children are provided with a solid seat, used with a cush-
ion, to avoid the slinging effect of  upholstery. Cushions 
of  various types of  foam or gel as well as air-filled are 
available. Cushions are used not only to protect skin from 
breakdown, particularly over bony prominences, but also 
to change the patient’s placement and alignment within 
the chair. Increasing the cushion height lowers the func-
tional height of  the wheelchair backrest and armrests, 
lowers the foot plates relative to the patient, and changes 
the patient’s effective arm length and access to the wheels. 
This technique is often used to extend the use of  a chair 
for several months for a patient who is growing tall but 
who has not outgrown the width of  the chair. It is impor-
tant, when measuring a chair, to remember to account for 
changes relating to cushion use (Fig. 12.13).

 2. Seat depth should permit comfortable knee flexion with-
out popliteal pressure. A solid seat back with hardware 
placed between the uprights often allows for several 
inches of  growth in a child. The insert is placed forward 
of  the uprights and is moved back as the child grows. 
However, the most energy-efficient alignment of  a pa-
tient for manual propulsion places the greater trochan-
ter over the axis of  the back wheels and only 40% of  
the combined weight of  the wheelchair and occupant 
on the front casters.75,76,90 It is, therefore, unwise to use 
cushions behind the child to temporarily decrease the 
seat depth or use inserts to accommodate an excessive 
increase in seat depth. Axle plate adjustments that adjust 
both horizontally and vertically are available, but the ex-
tent of  modification depends on many factors, including 
the frame size of  the chair. Other recommendations for 
wheelchair seat depth were discussed previously in this 
chapter under general seating principles.
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 4. If  it does not compromise good positioning or align-
ment, a sling wheelchair backrest can improve mobility, 
increase sitting tolerance, and decrease the weight of  the 
wheelchair by eliminating heavy inserts and hardware. 
The preferred backrest height for maximum indepen-
dent propulsion of  a manual wheelchair is below the 
scapulae, for optimum freedom of  movement, as dis-
cussed previously. However, some children require addi-
tional support provided by a higher backrest and even a 
head support, and these chairs should be equipped with 
a solid back. A dilemma arises when a head support is 
needed only during transport, such as bus transporta-
tion to school. Automobile safety standards require head 
restraints during transit.91 Children are often more func-
tional without a head support and need a headrest for 
transportation only (i.e., the patient who has fair head 
control when in a static position but who experiences 
fatigue or becomes compromised with excessive move-
ment). It is difficult to mount a headrest on a sling-type 
backrest. Therefore, a need for a removable headrest 
usually implies changing to a solid wheelchair backrest. 
In certain instances, this combination may be a barrier 
to a child’s customary independent and energy-efficient 
mobility. This problem can be resolved by having the 
child transfer into a federally approved car seat or wheel-
chair when being transported, thus negating the need 
for a headrest mounted on the child’s primary wheel-
chair itself.

 5. Selection and placement of  wheelchair footplates and leg 
rests are dictated by a child’s impairments and size and the 
size of  the wheelchair frame and caster wheels. Individual 
footplates are available for each foot or one single plate 

 3. As stated previously, wheelchair dump can be accom-
plished by a wedged cushion, with the cushion thicker 
in the front than at the back—where the seat meets 
the wheelchair back. Another way of  increasing dump 
is to tilt the seat and backrest unit of  the chair slightly 
backward in relation to the wheelbase and floor. This 
change allows gravity to push the child back into the 
chair to avoid sliding forward. This approach involves 
a tilt system in wheelchairs, both manual- and power-
driven, which maintains the seat-to-back relationship but 
changes the angle of  the seat-back unit relative to the 
ground.63 Tilt systems, whether operated manually or 
powered, allow a child to have frequent changes in body 
position, while maintaining optimal postural alignment. 
Tilt in a wheelchair provides gravity-assisted positioning 
and has been shown to be effective for addressing a va-
riety of  issues that can compromise the child’s comfort, 
health, and well-being, including problems associated 
with physiology, alignment, biomechanics, transfers, 
and deformity prevention.63 When using a tilt system, 
particular attention must be paid to avoiding pressure in 
the popliteal spaces.59 A reclining wheelchair does not 
maintain the seat-to-back angle as a tilt system does, but 
the reclining chair is an option for children who need to 
change positions frequently and/or need to rest in a near 
recumbent position. For children who need frequent 
rest periods, the reclining chair allows rest wherever the 
child happens to be and also reduces the risks of  fre-
quent transfers into and out of  the wheelchair. A power 
reclining chair makes it possible for a child to achieve a 
rest position independently and therefore more timely 
throughout the day.

FIGURE 12.13 (A) Patient is accommodated without cushion. (B) Use of a cushion will change: (1) position 
of arm on armrest; (2 ) relative leg length; (3 ) relative arm length in relation to the wheel; and (4 ) the amount of 
back support (decreased).

A B



448 PART II    NEUROLOGICAL DISORDERS

for both feet. Although 90 degrees of  knee flexion is op-
timal for weight bearing through a flat foot, this position 
may not be feasible. Vendors are the best resource for 
determining which options are available considering the 
frame size, the wheel size, and the patient. Multiple-angle 
foot plates allow change to accommodate a child’s braced 
and non-braced foot, depending on the circumstances. 
Removable leg rests are desirable in most cases, to allow 
ease of  transfer and to decrease the weight of  the chair 
when disassembling for transport. If  recline is available 
in the chair, elevating leg rests are necessary. However, 
elevating leg rests should only be requested if  medi-
cally needed, because the added weight to the chair can 
make maneuverability of  the chair more difficult. Also, 
elevating the legs when sitting in a wheelchair for pro-
longed periods should not occur unless medically advised. 
Elevation of  the leg rests shifts the body weight posteri-
orly, increasing the amount of  weight borne directly on 
the ischial tuberosities, thereby increasing the risk of  skin 
breakdown. If  leg rests are needed only to maintain foot 
placement on the footplates, an alternative is a single calf  
strap with one footplate or heel loops at the back of  each 
footplate. Velcro-fastening straps around a child’s feet at 
the ankles can also be used to keep the feet on the foot-
rests, but should not be used if  the child can transfer 
independently. If  straps closing over the child’s foot are 
used, their placement should be at the ankle rather than 
across the ball of  the foot and toes, since toe straps can 
elicit increased spasticity in those with lower extremity 
spasticity.

 6. Wheel size is critical to achieve the most energy- efficient 
propulsion. Ideally, the elbow should be in 100  to 
120  degrees of  extension when the child grasps the push-
rim at its highest point.75,92,93 This optimal elbow angle 
is a product not only of  wheel diameter but also of  seat 
height, including the height of  the appropriate wheel-
chair cushion, armrest position, and placement of  the 
rear axle. Pneumatic tires give a smoother ride (adding 
some shock absorbency) but require considerable main-
tenance for consistent and proper inflation pressure. 
Underinflated tires increase the effort of  manual pro-
pulsion. For small children, the child’s weight may not 
justify the need for pneumatic tires considering the extra 
maintenance required, but in older, heavier children, rid-
ing on rough terrain is clearly better on pneumatic tires.

 7. Stability of  a manual wheelchair depends on the height 
of  the person’s center of  mass (affected by individual’s 
height and height of  wheelchair seat), placement of  the 
rear wheel axle relative to the center of  gravity, and the 
width of  the base, that is, the distance between the two 
rear wheels at the floor. Improved lateral stability can be 
achieved by increasing rear wheel camber. Wheel cam-
ber refers to the vertical orientation of  the wheels. By 
angling the wheels inward at the top, the distance be-
tween the wheels at the floor becomes greater, thereby 
enlarging the base of  support and increasing lateral 

stability. This increased camber also improves the ease 
of  manually propelling the wheelchair. The one dis-
advantage to rear wheel camber is that it increases the 
width of  the wheelchair, overall making it difficult to go 
through doorways and into small spaces.71

 8. Caster wheel size is the ultimate compromise. In the 
small-framed chair, horizontal adjustability of  the 
rear axle is lost if  the casters are too big, as the clear-
ance between the wheels and casters is minimal. Small 
caster tires add maneuverability but get stuck in cracks, 
ditches, and the like. The author recommends the small-
est caster that will still allow wheelchair management 
on the terrain that is most often navigated. The options 
range from 2- to 8-inch diameter caster tires.65

 9. Armrests can improve symmetrical body alignment and 
deter a child from falling out of  the chair. Armrest height 
should be comfortable, should allow reduced weight-
bearing in the shoulders, and should allow easy access 
to the wheels for propulsion.75,93 Essentially, the type 
of  armrest should be dictated by ease of  management. 
Many experienced wheelchair users prefer to be without 
armrests; however, bus drivers, parents, and other care-
givers often rely on them as an aid in transferring the 
chair into and out of  vehicles. Removable armrests can 
provide the benefits of  armrests when needed but can be 
removed for ease of  some types of  transfers and for mov-
ing the wheelchair into close proximity to a table or desk.

 10. Wheel locks (brakes) should be positioned for easiest 
management and can be operated either by pushing or 
pulling, depending on the patient’s preference and abili-
ties. Many companies also offer high- or low-mount op-
tions for brakes.

 11. A seat belt is essential on a child’s wheelchair. The belt 
should originate at the angle of  the seat and backrest 
on both sides, closing over the child low on the pelvis. 
It should not come around the child from the middle of  
the backrest of  the wheelchair.

 12. Anti-tippers are also a must on a child’s wheelchair, espe-
cially for the young child and novice wheelchair user.

 13. Lap desks or trays are particularly helpful for children, 
especially the school-aged child. The lap desk, if  used, 
must be carefully fitted to the chair so as not to increase 
the overall width of  the chair. Lap desks of  clear Lucite 
or a similar material are preferable to opaque lapboards. 
The see-through lapboard helps facilitate positive body 
image by allowing the child to see the lower extremities 
and the lower trunk. Likewise, the ability of  others to 
see the whole child through the lapboard tends to have a 
positive impact on the child’s interactions with others.

 14. Manual wheelchairs for young and/or small children 
who are independent in wheeled mobility can be outfit-
ted with an extended push handle that allows a parent 
or other caregiver to push the child, when needed, in 
a wheelchair that is close to the ground. They can also 
be equipped with attendant-operated brakes and wheel 
locks for added safety.
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 15. Lightweight and ultralight manual wheelchairs are 
preferable for children, unless the child’s weight makes 
propulsion of  a lighter-weight wheelchair difficult. The 
weight of  the wheelchair during use is affected by its 
construction, the weight of  accessories and options, 
and the child’s weight, and will impact the child’s en-
ergy demands. Weight is also a factor when lifting the 
wheelchair into a vehicle for transport. A case study of  
two children with spina bifida with myelomeningocele, 
by Meiser and McEwen in 2007, found that children and 
parents preferred the ultralight rigid frame chair over the 
lightweight folding frame wheelchair.94

Children with special needs such as a deformity that must be 
accommodated in the wheelchair will benefit from a wheel-
chair custom-molded to the child’s shape in one of  several 
ways. One method uses a fluid foam-like product. The child 
sits on, or back against, a container filled with this fluid ma-
terial allowing it to form around the deformity and solidify 
after several minutes. Once hardened, the foam is padded as 
necessary and covered (Fig. 12.14).

Once a wheelchair prescription is complete, the child’s 
therapist and certified ATP should be satisfied that the deci-
sions are best for a given child. Any misgivings should be 
discussed with more experienced therapists, another vendor, 

FIGURE 12.14 (A) Child with myelomeningocele with gibbus on back may require a custom-fitted wheelchair 
back. (B) (1 ) Solidified foam that conforms to child’s back during fitting; (2 ) soft foam for added protection from 
pressure; (3 ) wheelchair back upholstery. (C) (1 ) Solidified foam, (2) soft foam, (3) wheelchair back upholstery. 
(D) Finished wheelchair with custom-conformed back.
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or a manufacturer’s representative. Therapists should always 
remember that equipment is expensive and, more impor-
tantly, will affect the quality of  the child’s life for the next 
3 to 5 years.

Tricycles

Tricycles are a fun and functional way for some small chil-
dren to locomote. Specially adapted tricycles are avail-
able commercially, or a standard tricycle can be modified. 
Modifications may include vertically turned handgrips (to 
inhibit flexor hypertonia of  the trunk and facilitate antigrav-
ity trunk extension in children with tone disorders), abduc-
tion pommels, back supports, and foot straps. Foot straps 
are usually applied at the angle of  the foot and lower leg, 
rather than across the toes, similar to ankle straps on wheel-
chair footplates. This placement prevents a stimulus to the 
ball of  the foot that might cause uncontrolled plantar flex-
ion and increase abnormal extensor tone in the lower ex-
tremities and trunk. Tricycles, although sometimes awkward 
to transport, are appropriate for use within the community 
and can be an important adjunct to a child’s independence 
and peer interaction.

Bicycles

Bicycles for older children provide functional mobility and 
recreation. Adapted bicycles are available commercially, and 
many can be further modified. Typical seating adaptations 
include seatbelts and backrests, pedal and brake modifica-
tions, and wheel modifications that include a third or fourth 
wheel. Also, the method for propelling the bike can be mod-
ified, including hand cycling. For some children, adapted bi-
cycles offer longer-distance mobility, energy conservation, 
and exercise opportunities. Because a bicycle is a mode of  
transportation and recreation for children without disabili-
ties, using a bike can help a child to fit in with peers more 
readily.

Gait Trainers or Support Walkers

Gait trainers, also referred to as support walkers, are de-
vices for children who need more support when walking 
than is supplied by traditional handheld and maneuvered 
walkers. Children using these devices typically need partial 
body weight support, trunk support, and forearm support 
to walk.68 Gait trainers may be used on a long-term basis to 
provide a means of  independent ambulation, or they may be 
a step in the continuum of  developing independent ambula-
tion with less support such as a wheeled walker or forearm 
crutches.68,95 In a 2011 nationwide survey of  clinicians, Low 
et al. found many clinicians using support walkers with chil-
dren, and one-third to one-half  of  the children progress to 
ambulation with a handheld walker.68,95 Several gait trainers 
are available commercially.96-98

Support walkers are not only a means of  independent 
ambulation for some children, but are beneficial in other 
ways: they make possible upright position for social interac-
tion and upper extremity function and offer many benefits 
of  lower extremity weight bearing (discussed earlier in this 
chapter). The weight-bearing benefits are considered note-
worthy because the weight bearing is dynamic and comes 
from intermittent loading, a strategy that has been found to 
improve cortical bone mineral density.69,70,99

Other Mobility Aids

A variety of  other mobility aids may be used, depending 
on the child’s impairments and degree of  involvement. 
Mobility aids commonly used with adults can be used with 
children and include the following:

 1. Forearm (Lofstrand), platform, or axillary crutches
 2. Canes ( J-cane, T-cane, quad-cane)
 3. Walkers (wheeled, reverse wheeled, platform, walkers 

with up-turned handgrips)
 4. General lower extremity orthoses (supramalleolar ortho-

sis [SMO], ankle-foot orthosis [AFO], KAFO, HKAFO)
 5. Specialized orthotic devices (parapodiums, reciprocating 

gait orthosis)
 6. Manual or power lifts to transfer nonambulatory 

children100

 7. Wheelchair lifts100

 8. Sport wheelchairs and all-terrain wheelchairs

 Transporting children with disabilities

Age-appropriate restraints and seating a child, with or with-
out special needs, in the back seat significantly reduces 
serious injury in automobile accidents.101,102 The AAP recom-
mends that all children under the age of  13 years ride in the 
rear seat. As of  2011, the AAP recommends that children be 
placed in rear-facing car seats until age 2 years or until they 
reach the maximum height and weight for that particular car 
seat and then they graduate to a forward-facing car seat until 
height and/or weight reach the manufacturer’s limit. The 
AAP further recommends that a belt-positioning booster 
seat should be used when any child has outgrown a forward-
facing car seat and should be used until the child is 8 years 
of  age, has reached approximately 4 feet 9 inches in height, 
according to the manufacturer’s instructions. The child who 
has not yet reached the suggested height at age 8 should con-
tinue to use the booster until reaching the height require-
ment. The AAP maintains a current list of  approved car seats 
along with recommendations for selecting an appropriate car 
seat and the correct and safe usage of  car seats.102 Children 
who need to lie flat during transport because of  impairments 
or disabilities should be in a crash-tested car bed.102

In the United States, vehicle safety restraints for the 
transport of  all infants and young children are required in 



  CHAPTER 12    ADAptIvE EqUIpmENt AND ENvIRONmENtAL AIDS fOR ChILDREN wIth DISAbILItIES 451

all 50 states. In spite of  this requirement, nonuse of  vehi-
cle restraints for young children with disabilities remains 
a problem. A 2007 study by Korn et al. in Israel found fre-
quent misuse and nonuse of  child safety restraints in fam-
ily vehicles with children who had complex special needs, 
both physical and behavioral. Reasons for incorrect or 
misuse of  restraints included the high cost of  equipment, 
child’s refusal to use equipment, child’s crying, lack of  pa-
rental knowledge about the importance, appropriateness, 
and technical modifications of  restraints for children with 
special needs, and a lack of  availability of  appropriate re-
straints.103 This study emphasizes the need for education of  
parents and the need for manufacture of  approved restraints 
designed to accommodate children’s complex physical im-
pairments. Although a study by O’Neil et al. in 2009 found 
a higher percentage of  use of  restraints compared with the 
Israeli study, frequent errors in use and misuse of  restraints 
still occurred, in nearly 73% of  study cases.104 Demographic 
and cultural differences between the two study populations 
may account for the difference in nonuse. Nonetheless, the 
degree of  misuse in both studies indicates a need for educa-
tion of  the public and the continued development of  vehicle 
safety restraint systems for children with medical, physical, 
and behavioral special needs.

Parents may ask a physical therapist, familiar with their 
child’s impairments and needs, for advice or suggestions 
regarding appropriate and safe car seats. A physical thera-
pist with special training in car safety restraint systems and 
their application to children with impairments is best able 
to advise parents. The AAP guidelines for safety restraints 
for children with special health care needs, first published in 
1999 and reaffirmed in 2006, include a standard car safety 
seat that meets federal motor vehicle safety standards if  pos-
sible; using rolled towels to give lateral support in the safety 
seat if  needed, without interfering with the seat’s harness 
system; not modifying the car safety seat restraints; turning 
off  air bags if  child must ride in front seat; moving seat back 
as far as possible if  child must ride in front seat; securing all 
medical equipment under the child’s seat or on the floor; 
and having an adult ride in the back seat with medically 
fragile child.104 Simple modifications, such as adding an ab-
duction pommel, a small seat wedge, or lateral supports to 
a standard car seat, can be made, as long as the integrity of  
the seat and safety are not compromised by the adaptation.

Although an appropriately appointed standard child 
safety seat should be used if  it meets the child’s safety needs, 
for children with complex involvement a medical car safety 
seat is needed. These seats tend to be more expensive than 
standard safety seats but should be used when the standard 
safety seat cannot adequately provide for the child’s safety.104 
A number of  vehicle safety restraints for children with spe-
cial health care needs are currently available, including the 
Britax Traveller Plus EL, Special Tomato MPS Car Seat, 
Roosevelt Car Seat, Snug Seat Pilot Special Needs Booster, 
Hippo (Spica Cast) Car Seat, Recaro Monza Reha Adaptive 

Car Seat, Columbia Medical Spirit Adjustable Positioning 
System (APS) Car Seat.105 The physical therapist should 
check with adaptive equipment vendors regarding seats that 
could meet specific needs for a child with a disability.

A child being transported in a wheelchair should have a 
head support,91 and the wheelchair should be secured with a 
four-point tie-down device. Lap desks and other equipment 
attached to the wheelchair should be removed and secured 
separately. Another option is to transfer the child from a 
wheelchair to a certified transit wheelchair.106,107 However, 
these chairs are frequently not available for a given child.

If  a child is able to transfer from a wheelchair to a safety 
equipped bus seat, that should be done. For a child sitting 
in a school bus seat equipped with seat belts, safety vests 
are available that can be worn by the child and secured to 
a specially installed tether mount in the bus, providing ad-
equate upper body restraint with the bus seat belt providing 
lower body restraint.106,108 Federally developed safety guide-
lines for school buses that transport children with special 
needs are available on the National Highway Traffic Safety 
Administration website.109,110

Medical equipment, such as a ventilator, is often trans-
ported with the child. Any medical equipment, including 
unoccupied wheelchairs, also needs to be secured within the 
vehicle for the safety of  all occupants, whether in private or 
public transportation.106,111

 Equipment for infants and toddlers

When considering the needs of  the infant and the toddler 
and the availability of  devices, one must remember that 
these younger children are often undiagnosed, or may have 
a developmental delay that may not result in long-term dis-
ability. Children who are developing typically who require 
long periods of  hospitalization for cardiac, pulmonary, gas-
trointestinal, and other disorders may benefit from types of  
apparatus that enhance motor development.

Standard high chairs and strollers can be used with 
many infants and toddlers with disabilities. Specially de-
signed adaptive high chairs and strollers are also available. 
However, they should be used sparingly for the child with 
sensorimotor impairments so as not to discourage or im-
pede the child’s development of  functional skills. Seating 
equipment for feeding may offer a stable, symmetrical posi-
tion that allows for optimal oral motor function, head right-
ing and control, and freedom of  movement of  the upper 
extremities. A good feeding posture for all infants includes 
being semi-upright or sitting upright and in slight trunk and 
neck flexion, to avoid hyperextension of  the trunk and neck 
to aid in swallowing.

Concepts of  seating and positioning already discussed in 
this chapter should be applied to strollers and high chairs. 
For example, the toddler who is able to sit in a high chair or 
stroller should have adequate hip flexion (90 degrees) and 



452 PART II    NEUROLOGICAL DISORDERS

support to facilitate trunk symmetry and midline use of  the 
hands. The original umbrella or sling-style strollers encour-
age adduction and internal rotation of  the hips and poste-
rior tilt of  the pelvis, which are not components of  good 
postural alignment for sitting and are not suitable for many 
infants and toddlers with disabilities. Some contemporary 
strollers called umbrella strollers have a solid seat and back, 
which does not create the same kind of  postural deviations 
as the original.

Physical therapy interventions for the infant and toddler 
should concentrate on encouraging normal development of  
controlled motor patterns, and assistive devices should not 
predominate. The therapist working with the young child 
should recommend the parents facilitate movement and 
avoid static positioning when the child is left alone to play. 
As these children grow older, some may no longer have a 
disability, but others will develop additional manifestations, 
and a diagnosis may become more evident. Children in the 
latter group are likely to have continued treatment and 
equipment needs, and should be evaluated when appropri-
ate, as previously outlined.

Hospitalized Children

Normal motor development is an integrated process that 
requires sensory input and freedom to respond to that 
input through general motor output, exploration, and play. 
Normal patterns of  movement develop when agonist and 
antagonist muscles learn balanced and synergistic coopera-
tion. Because equipment may disrupt or interfere with this 
process by limiting or restricting sensory input as well as 
movement, using equipment for infants and toddlers is al-
most always discouraged.

Movement in hospitalized children is often restricted 
by monitors, telemetry devices, and therapeutic medical 
equipment. It would be counterproductive to the child’s 
motor development to add apparatus to these medically 
necessary devices. The objective for the hospitalized child is 
often to provide optimal freedom of  movement within the 
limits imposed by medical interventions and equipment. 
Physical therapy for hospitalized children should encourage 
increased activity, if  safe, and should facilitate movement 
patterns that, because of  the external limitations, are dif-
ficult for the child to initiate. As the child’s medical status 
improves, or when the child returns home, equipment use 
should still be limited, except when indicated to promote 
physical control or safety.

Ventilator-dependent children represent a small but 
growing population with major equipment needs. With in-
creasing frequency, the physical therapist is asked to assist 
in the discharge planning and management of  ventilator- 
dependent children. Technologic advances have prolonged 
life expectancy for many children with chronic illnesses, 
including, for example, those with myelomeningocele with 
symptomatic Arnold-Chiari malformation. Portable venti-
lators and third-party funding have aided in transforming 

these once chronically hospitalized children into active 
members of  the community. They often return home, at-
tend local schools, and participate in recreational and social 
activities in the community. Such participation requires a 
transport system for essential life-support equipment, which 
may include a portable ventilator and battery, humidifier, 
oxygen source, airway suction unit with catheters and hoses, 
a bag valve mask (manual resuscitator), a bag of  supplies, 
and other items.

An innovative approach must be taken with this popu-
lation to address developmental, orthopedic, and respi-
ratory needs. It is essential to find a vendor interested in 
working with the family by being able to tailor the needed 
apparatus to the child’s unique requirements. Much trial-
and-error effort may be expended to resolve the problems 
presented by the weight of  the ventilators, unusual balance 
points, difficult maneuverability, and the child’s need to be 
in close proximity to these devices. The two systems shown 
in Figures 12.15 and 12.16 were designed to meet the spe-
cific needs of  both child and family. Figure 12.15 shows a 
commercially available double stroller reinforced to house 
the ventilator in the rear seat with the battery suspended 
between the seats. The child can recline or sit upright using 
an age-appropriate and cost-effective mobility device that is 
aesthetically pleasing and manageable. Figure 12.16 shows a 
portable ventilator adapted for a Snug Seat with the battery 
on the front footplate and the ventilator positioned behind 
the seat. The child is positioned high enough to allow easy 
access to the equipment underneath and to accommodate 
caregivers who may perform suctioning and other proce-
dures. The Snug Seat tilts 45 degrees in space and allows 
for easy adjustments for postural changes or growth. As 
the child grows and independent mobility becomes likely, 
manual or motorized wheelchairs can be adapted for the 
child’s use.§ 

FIGURE 12.15 A commercially available double stroller.

§A very special thank you to the DME Shoppe and Joe Thieme 
(Naperville, IL) for creating these units and many more similar devices.
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environment. Also, the increasing incidence of  positional 
plagiocephaly in infants has a relationship to pressure on 
the posterior skull. Nonessential containment of  children in 
devices that place sustained pressure on the skull, such as 
swings and infant carriers, should be limited.

Jumpers are devices suspended from doorways by large 
cables, springs, and clamps. Some freestanding jumpers are 
now available and are suspended from a stand or support. 
The jumper enables the child to bounce up and down by ex-
tending the lower extremities and pushing against the floor. 
Although the child may enjoy the vestibular stimulation 
provided during such an activity, caution must be exercised. 
The child must be supervised constantly to prevent falling, 
banging against the doorframe or supporting structure, or 
becoming entrapped in the cables or springs when reaching 
out for a toy. Even restricted use of  the jumper may lead 
to the patterns of  exaggerated extensor activity with com-
ponents of  strong internal rotation of  the hips and plantar 
flexion of  the ankles. As a result, some children may develop 
a tendency to toe-walk. Also, the repetitive high impact 
loading on the child’s lower extremities may be injurious 
to cartilage and growth plates of  the immature skeleton. In 
addition to these potential hazards, the jumper, like other 
devices, impedes development of  normal motor skills by 
eliminating the opportunity to make transitions from one 
pattern to another and by restricting free movement and 
learning new sequences of  movement. For reasons of  safety 
and to reduce the potential of  abnormal movement pat-
terns, physical therapists generally discourage the use of  
these jumpers by all children.

Walkers have been used for children with ambulation dif-
ficulty by parents under the mistaken impression that these 
devices aid walking skills. Not only are baby walkers poten-
tially dangerous, but they do not facilitate the development 
of  normal walking and may actually impede motor develop-
ment.112 Ridenour studied the effects of  frequent and regu-
lar use of  a baby walker on bipedal locomotion in human 
infants. She found that walkers modified the mechanics of  
infant locomotion in several ways. Infants who used walkers 
were able to commit numerous mechanical errors while still 
succeeding in bipedal locomotion.113 Patterns of  locomotion 
with an infant walker are neither normal nor advantageous. 
Children who use these walkers have poor weight-bearing 
alignment and hold their trunk and lower extremities in con-
siderable flexion. They also have frequent asymmetry due to 
leaning and commonly toe-walk. Additionally, a 1986 study 
by Crouchman found prone locomotion delayed in many 
normal babies who spent excessive time in infant walkers114; 
Garrett et al. reported similar findings in 2002.112 Infants 
who spend a large portion of  their days in containers of  
various types are probably not experiencing adequate age-
appropriate neurosensory stimulation26 or “tummy time” 
and are not developing a variety of  options for moving. 
The exercise saucers, in lieu of  baby walkers, put the child 
in a similar disadvantageous posture, depending on the rela-
tive heights of  the child and saucer seat, and using exercise 

FIGURE 12.16 A Snug Seat adapted for a ventilator.

Infants and Toddlers without  
Physical Impairments

Let us consider the equipment used frequently for babies 
and toddlers without physical impairments, including in-
fant swings, jumpers, baby walkers, and exercise saucers. 
It is common practice for families to purchase these de-
vices despite little knowledge about their advantages or 
disadvantages.

Swings are probably the most benign device of  the four 
just mentioned. There is little evidence to indicate that 
swings are unsafe during the first year of  life, as long as they 
are used with supervision. Swings provide vestibular stimu-
lation through linear movement. Vestibular stimulation is 
important for development of  normal balance and postural 
responses, especially during the first 2 years of  life. The reg-
ular rhythm of  the swinging action can also be calming to 
an infant. Although swings are pleasant and convenient for 
the child and family, they should be used sparingly to avoid 
limiting the child’s opportunities to move and explore the 
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saucers invites similar bad habits. They are, however, safer 
for the child because they are not on wheels.

These observations suggest that walkers and exercise 
saucers may have an adverse effect on motor development, 
although the adverse effects may be of  short duration once 
walker use is discontinued.99,112–115 Further study is needed 
to confirm findings relative to infant walker and exercise 
saucer use and the development of  motor skills, particularly 
ambulation, but most physical therapists discourage the use 
of  walkers by all infants, and strongly discourage their use in 
infants with documented or suspected neurologic deficits or 
other physical impairments. Therapists discourage the use 
of  baby walkers because of  their inherent dangers as well 
as because their use may promote postures and motor be-
haviors that can interfere with or delay the development of  
typical motor skills. Exercise saucers, if  used, should be used 
only for short periods, and the parent is advised to make sure 
the child’s size and abilities are appropriate for the saucer.

Baby jumpers, walkers, and exercise saucers have been im-
plicated in thousands of  injuries and numerous fatalities. In 
1993, more than 23,000 baby walker–related injuries, mostly 
to children between the ages of  5 and 15 months, were seen 
in hospital emergency rooms according to the U.S. Consumer 
Product Safety Commission.92,116 A 2006 study by Shields and 
Smith revealed 197,200 baby walker– related injuries among 
children under 15 months of  age in the United States for 
the years 1990–2001.117 In 1994, a stationary activity center 
(exercise saucer), similar in design to the original walker but 
without wheels, was developed. Since that time, the number 
of  walker-related injuries and deaths has decreased dramati-
cally, but the use of  secondhand walkers manufactured prior 
to that time continues, with resultant injuries.117

Although the incidence of  injury associated with nurs-
ery products has declined in the United States over the 
past 20 years, injuries continue to occur. During the period 
2001–2011, injuries to children under the age of  5 years as-
sociated with the use of  baby walkers, jumpers, and exer-
cisers totaled more than 43,000.118 The number of  injuries 
is most likely higher when one considers those injuries that 
are never reported or are treated in clinics or at home rather 
than hospital emergency rooms. During the period of  1989 
through 1993, 11 walker-related deaths occurred.92,116 From 
2001 through 2009, there were 13 deaths associated with 
walkers, jumpers, and exercise saucers used by children 
under 5 years.118 Most injuries from baby walkers have been 
the result of  the walker tipping over, falls down stairs, walker 
collapse because of  poor structural design, and finger en-
trapment. Injuries have included abrasions, lacerations, frac-
tures, burns, poisonings, severe head trauma, and death.92

 Activities of daily living

Although not strongly emphasized in this chapter, ADLs 
should be mentioned briefly. ADLs are not major concerns 
for infants or toddlers with impairments, but they grow 

increasingly important as these children grow older and 
become more capable of  caring for themselves. Because 
families can usually manage the ADL needs of  a young 
child, the issue of  ADLs as a therapeutic goal may be over-
looked or not considered as the child grows older.

Toileting and Bathing

Equipment for ADLs, particularly for toileting and bathing, 
should be assessed according to guidelines similar to those 
used for other pieces of  apparatus as previously described. 
Attention to good toileting positioning increases a child’s 
comfort. Lack of  appropriate positioning and equipment 
can be a barrier to healthy bowel and bladder function and 
may also lead to delays in toilet training.4

Criteria for good seating apply to seating a child on a toi-
let. Toilets may be modified by adding abduction pommels, 
vertical handgrips (to keep the child symmetric and decrease 
flexor hypertonia), corner-style backrests, and footrests. 
Essential to good positioning on the toilet is for the child’s 
hips and knees to be flexed to 90 degrees with feet flat on 
the floor, footrests, or a stool. This position helps limit ex-
tensor spasticity in those children affected by hypertonia and 
also helps all children relax their abdominal muscles and feel 
secure. If  the child feels secure, confident, and relaxed, toi-
leting may proceed more rapidly and easily.

Although achieving good positioning for toileting may 
be as simple as using a footstool with some children, many 
children need more support and therefore more complex 
seating arrangements. Various toileting aids and equipment 
are available, ranging from a bedside commode to wheel-
chair adaptations to make transfer to a toilet easier. Consult 
equipment catalogs and websites and confer with equip-
ment vendors for devices appropriate for a particular client.

When choosing a bathtub seat, general principles of  
good seating should be considered, and ease of  management 
in the tub and safety of  the child are the major objectives. 
Although many bathtub seats exist, completely satisfactory 
seats for both practical use and safety are difficult to find for 
all children, but even more so when the child becomes older 
and heavier. Vendors should provide sample bathtub seats 
for both inspection and mock usage trials. The family must 
decide which tub seat provides the safest and most suitable 
solution depending on the particular environmental barriers 
of  the home and the physical needs of  the child.

Feeding

Keeping a growing child nourished in the face of  physi-
cal impairments can be very challenging for parents and 
a source of  great frustration for child and parent alike. As 
with bathing and toileting, good positioning is the first 
rule of  order for feeding a child, whether for independent 
self-feeding or assisted feeding. Applying basic principles 
of  good seating as discussed earlier, whether in a standard 
high chair, a regular kitchen or dining chair, or with the help 
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of  an adaptive seating device, can (1) make it possible for a 
child to be an independent feeder, (2) improve the caregiv-
er’s ability to feed the child, and (3) limit the need for other 
extensive feeding aids. Feeding aids can be found in rehabili-
tation catalogs and websites.

Playing

Toys are the tools of  children’s work, which is to play. 
Playing with toys enhances a child’s sensorimotor, cognitive, 
psychosocial, and motor development. Often children with 
impairments will need help with positioning for play. Play 
positions should vary and be developmentally appropriate, 
and the support for positioning can be from an adult or from 
simple equipment.

Children with certain impairments may be unable to play 
with many commercially available toys. With a bit of  cre-
ativity, many toys can be adapted for children, perhaps by 
changing the switching mechanism on a toy or adapting a 
toy so a child can grasp it more easily. In addition to adapting 
toys, consideration of  a child’s developmental level and abili-
ties is important when selecting toys. Parents and therapists 
should not overlook toys made especially for children with 
special needs; these can be found on the internet or in spe-
cial needs catalogs. Also, with the growing emphasis on uni-
versal design, more toys found in traditional toy stores, both 
today and in the future, may be age- and ability- appropriate 
for children with various impairments. Therapists can help 
parents find the best toys for their children. After all, provid-
ing children with suitable toys and objects for play is an im-
portant aspect of  nurturing children and helping them learn 
in all domains of  development.

 Access technologies

Access technologies are described as “Technologies that 
translate the intentions of  the user with profound physical 
impairments into functional interactions such as commu-
nication or environmental control.”119(p204) A specific access 
solution consists of  the technology, a user and user inter-
face, a task, and an environment or access site that typically 
changes throughout the user’s day. Historically, the user 
interface for available access technologies has been a me-
chanical switch activated by changes in displacement, tilt, 
force, or air pressure and are controlled by a specific physi-
cal movement of  the user. These mechanical switches are 
reliable, available, and relatively simple to operate. However, 
a user must have a minimum of  one consistent movement 
to control a mechanical switch, and the switch is usually 
mounted such that its position precludes using different 
body parts to control it, making its use less than ideal for 
persons who have mental or physical fatigue.119

A 2008 literature review of  access technologies identi-
fied a number of  emerging technologies for persons with 
severe and multiple impairments, including infrared sensing; 

surface electromyography; oculography, using eye move-
ment or point of  gaze to move a computer cursor; com-
puter vision, a system that controls cursor movements by 
using a camera to track a specified facial feature of  the user; 
electrodermal activity; and electroencephalography, elec-
trocorticography, and intracortical recordings, three types 
of  brain–computer interface. Voice-activated switches and 
speech recognition–based technologies also continue to 
evolve.119

Modification of  the environments in which a person 
uses adaptive equipment (e.g., ramps, lifts, grab bars) can 
optimize a person’s interaction with the environment.4,120 
Combined assistive technology and environmental interven-
tions are sometimes referred to as AT-EI.120

Communication Systems

Communication systems are a subgroup of  access technolo-
gies. Although most of  this chapter has focused on adaptive 
equipment relative to positioning, mobility, and ADL needs 
(i.e., the physical needs of  the child), it is important that we 
give brief  consideration to communication devices. These 
devices may be equipment used by a child who is deaf  or 
hearing impaired or has primary speech deficits, partial 
sight, blindness, or motor impairments.

As physical therapists, we must be generally familiar with 
communication equipment for two reasons. First, our inter-
action with children in the therapeutic environment neces-
sarily requires our ability to communicate with them. This 
brief  synopsis is intended to broadly familiarize the reader 
with various types of  communication devices that may be 
encountered. A second reason for physical therapists to have 
an understanding of  adaptive communication systems is 
that many of  these strategies require controlled movement 
as the user interface. Knowing about these systems can help 
the physical therapist address movement issues to facilitate 
the child’s successful use of  a communication strategy. The 
physical therapist at times may work closely with a speech 
and language pathologist in developing appropriate motor 
control for a communication system.

Children with hearing impairment may need hearing 
aids, amplified telephones, or classroom amplification sys-
tems. They also use some of  the gestural communication 
systems described in the next section, such as American Sign 
Language, which do not require adaptive technology.

Devices that use visual or vibratory cues to alert a 
 hearing-impaired person to a telephone, doorbell, smoke 
alarm, alarm clock, or automobile horn are important aids 
for both function and safety. Using the telephone to commu-
nicate with persons who are non-hearing or hearing can be 
accomplished with a telecommunication device for the deaf  
(TDD) or video-relay technology via telephonic or internet 
connection.5,6

Persons with visual impairment use magnification de-
vices, recorded books and newspapers, computerized 
reading systems that scan printed materials and produce 
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synthesized speech or electronic Braille output, and braill-
ers. Braillers have evolved from mechanical devices to com-
puterized and computer-like devices that allow editing, read 
material back to the individual, and display in words and/or 
Braille.5,6

Augmentative communication strategies are classified as 
gestural, gestural assisted, or neuro-assisted.121

Gestural Strategies
Gestural strategies are unaided strategies, requiring no instru-
mentation, and therefore no adaptive equipment. Movement, 
generally of  the face and upper extremities, is used to trans-
mit messages visually. Smiling, nodding, shaking of  the head, 
and other head and eye movements and hand gestures are 
typically used gestural communication strategies.

Additionally, several gestural communication systems 
may be used. These include American Sign Language (ASL), 
American Indian Hand Talk (Amer-Ind), finger spelling, eye-
blink encoding, and gestural Morse code.5,121–124

Gestural Assisted Strategies
These aided communication strategies require adaptive 
equipment in the form of  a communication board or display 
of  a symbol system that is activated by gesture or move-
ment. Users of  this type of  strategy use gestures to select 
components on the display to transmit their messages.6,121,122

Gestures may be direct movement of  the head, upper ex-
tremity, or eyes. If  head movements are used, a head pointer 
is required. Indirect use of  movement occurs when the dis-
play is controlled by an electronic switching device activated 
by muscle contractions and includes the use of  microcom-
puters. Movements used to activate mechanical switches in-
clude finger, head, foot, and eyebrow movements. Switches 
may be controlled by joysticks, pushbuttons (such as key-
boards), pads, squeeze bulbs, and blowing or sucking on the 
end of  a tube (sip and puff  switches). Infrared sensing de-
vices can be used with movement to select visual symbols, 
such as an infrared transmission module mounted on a head 
stick or eyeglasses.119

Gestural-assisted communication aids may simply be vi-
sual symbol sets such as photographs, drawings, the alpha-
bet, and printed words on a display. This classification of  
communication strategies also includes several specific sys-
tems of  symbols such as Picsyms, Sigsymbols, Blissymbols, 
and Rebuses.6,121,122 Computerized communication boards 
known as voice output communication aids (VOCA) use 
gestural interfaces to directly select words, pictures, or sym-
bols, employing switches activated by touch, joystick manip-
ulation, a head pointer, eye gaze, or other available gestures. 
The output can be synthesized speech or digital speech.5,6

Gestural-assisted communication devices are available 
commercially. However, they are generally most effective 
for function when they are customized for a specific child. 
Computer software is now available to custom-create pic-
ture boards.6

Neuro-assisted Strategies
These aided communication strategies also use a display, 
but unlike the gestural assisted strategies that rely on ges-
tural manipulation of  a switching mechanism, this display 
is activated by bioelectrical or physiologic signals from the 
body. This type of  device is most needed in the child with 
motor impairments so severe that the child is unable to con-
trol body movements adequately for gesturing. The same 
displays are used as in the gestural assisted systems, but the 
switches are controlled by surface electrodes on the scalp 
(electroencephalogram) or a selected muscle (electromyo-
gram).121 The evolving technologies of  electrocorticogra-
phy and intracortical recordings, both with brain–computer 
interfaces where electrodes are implanted in the brain, are 
neural-assisted technologies. Electrodermal technology 
uses skin electrodes to detect changes in skin conductivity 
through the autonomic nervous system.119

Environmental Controls

A person with a disability needs to function in a variety of  
environments. Therefore, the ability to perform specific 
functions in everyday life must be considered relative to con-
text. Sometimes, a particular environment renders a person 
unable to effectively interact with and control the environ-
ment, making function more difficult or perhaps impossible. 
A person’s inability to function within a particular con-
text because of  architectural or attitudinal barriers within 
a society has been termed a handicap by the WHO.125 
Environmental contexts in which a child must function vary, 
depending on the individual child and the age, interests, 
and family culture. Broadly, children need to function in the 
home, at play, and at school, and the older teenager may 
need to function in a work environment.

Environmental control systems are another subgroup 
of  access technologies. Assistive technology appropriate to 
one environment can sometimes be modified to function in 
another environment. Alternatively, the environment can be 
modified to optimize a person’s interaction with the envi-
ronment with devices such as ramps, lifts, and grab bars.4,120 
Changing the environment may require architectural and/
or landscaping adaptations and use of  environmental ac-
cess technologies. Eliminating functional architectural and 
landscaping barriers is beyond the scope of  this chapter. 
However, an introduction to environmental control tech-
nologies is both fundamental and appropriate.

Depending on the age, a child needs a reasonable ability 
to control the home and play environment. The ability to 
control room lighting, television and radio, kitchen appli-
ances, toys, ambient temperature, doors, windows, and win-
dow shades can greatly increase a child’s independence and 
self-confidence. Controls can be separate for each device or 
integrated into an environmental control unit, a single de-
vice with switches to control multiple functions within the 
environment such as lights, kitchen appliances, and window 
drapes and shades.5
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Controls can be low-tech, mid-tech, or high-tech. 
Environmental controls can have a variety of  user inter-
faces, including movement of  a hand, finger, or mouth stick 
to directly select a switch; electronic scanning, which al-
lows the individual to select among choices; and coded ac-
cess, which uses a code-activated signal to trigger switches.5 
Although the access technologies described above, including 
the emerging brain–computer interfaces, have been used 
mostly as communication access technologies, they have po-
tential as means to control the environment as well.119

 Universal design

Universal design is a concept that refers to the development 
of  products and environments that are universally usable, 
that is, usable by all people with or without disabilities. This 
idea is based on an understanding that all people can find 
certain types of  equipment and environmental design to be 
helpful in daily life.5,6 Ramps, elevators, automatic doors, re-
corded books, and talking computer software are examples 
of  putting the concept of  universal design into practice in 
today’s society. As this concept continues to grow and be 
embraced by more people, the benefits for persons who 
have impairments and disabilities will also expand, improv-
ing access to better interactions with others and to more 
environments.

Tablet Computers, iPads, Androids,  
and Similar Devices

The growing industry of  high-technology equipment such 
as tablet computers, iPads, Androids, smartphones, and 
e-readers exemplifies how universal design has been em-
braced in today’s culture. These devices are developed and 
produced to increase the ease of, speed of, and access to 
communication, knowledge, and entertainment for people 
of  all abilities. Children with impairments and disabilities 
are using these high-tech devices with increasing frequency, 
mostly for communication and entertainment. Some of  
these devices can be used, however, for environmental con-
trol, and they are extremely helpful in the classroom. These 
devices are portable, readily available, relatively inexpensive, 
and adaptable to a child’s individual needs and abilities. Also, 
use of  these ordinary high-tech devices emphasizes the simi-
larities among children with and without disabilities. For a 
child, using devices that are used by peers rather than using 
medical devices can be empowering and motivating.

S U M M A R y

T he purchase, building, and use of  adaptive equip-
ment can be complex and time-consuming aspects 
of  pediatric physical therapy. These processes are 

further complicated by the lack of  strong evidence to help 

with appropriate and objective choice of  equipment. The 
available options are so numerous and ever changing that 
even the most experienced physical therapist is unlikely to 
feel that all equipment has been considered before mak-
ing a choice. The safest and most realistic approach to the 
selection of  adaptive devices for children lies in a theoretic 
construct based on: (1) careful evaluation of  the child, (2) as-
sessment of  the environments in which the child functions, 
and (3) assessment of  the family and other caregivers. The 
goals and abilities of  the child must be agreed upon before 
therapeutic needs can be met with various types of  equip-
ment. When this information is known, the therapist can de-
velop a therapeutic program that includes safe and effective 
use of  equipment without unwanted negative effects. When 
the child’s needs and goals are considered, the specific de-
tails of  the numerous devices available become less intimi-
dating and confusing. Frequent reevaluation by the therapist 
will ensure that the child receives continuing benefits from 
adaptive equipment. Input from teachers, aides, parents, and 
the child will provide valuable feedback regarding the child’s 
use of  the equipment. The scheme suggested in this chap-
ter provides the therapist with a framework for document-
ing the needs of  the child, selecting or making appropriate 
equipment, evaluating the effects of  the equipment, and re-
assessing the child’s status periodically.

Anyone procuring or fabricating equipment on a regular 
basis should keep records on the various devices, manufac-
turers, and vendors used. Records should indicate ease of  fit, 
wear of  the device (how well it holds up over time), accep-
tance or criticism from patients and families, and the effi-
ciency of  customer service, including the elapsed time from 
placement of  an order to delivery of  equipment. Records 
are a useful resource for future recommendations and or-
ders. In addition, the records may provide the basis for quan-
titative data regarding effectiveness of  and deficiencies in 
various adaptive devices. Perhaps the compilation of  these 
data can serve to help the profession evolve from an art to a 
science in the matter of  adaptive equipment.

Keeping abreast of  new developments and trends in the 
field of  adaptive equipment is essential to optimize function 
in the children whom physical therapists evaluate and treat. 
The professional literature and the internet are two of  the 
best resources to help therapists generate ideas for using 
adaptive aids and equipment and to stay informed.
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T he term orthopedics in pediatric physical therapy is 
often used to refer to a specific group of  pediatric di-
agnoses. Within the profession of  physical therapy, 

orthopedics refers to a subspecialty of  practice. As the pro-
fession has increased its focus on specialization and board 
certification, pediatric orthopedics has begun to emerge as 
a subspecialty within a specialty. Many medical professions 
have a tendency to compartmentalize their profession and 
the patients they see by body systems, such as children with 
orthopedic disabilities or children with neurologic disabili-
ties. This practice lends itself  to specialization or the devel-
opment of  clinical expertise in a well-defined area. However, 
this practice also may fragment the care of  patients and even 
the thinking of  the professionals involved.

The various systems of  the body are intertwined, and 
normal or atypical influences on one system almost always 
have an impact on other body systems. This is especially 
true of  a young child whose musculoskeletal system is im-
mature and susceptible to external and internal influences. 
The action of  muscles working within a normal neurologic 
system is necessary for the development of  joints and the 
shape and contour of  a child’s bones. When the neurologic 
or muscular systems are altered or impaired, many times 
secondary skeletal impairments develop.

This chapter discusses the growth and development of  a 
child’s musculoskeletal system and pediatric musculoskeletal 

assessment, introduces a classification system based on mor-
phogenesis, and provides an overview of  pediatric orthope-
dic diagnoses commonly encountered by pediatric physical 
therapists. This chapter contains the term orthopedic in the 
title and focuses on specific orthopedic diagnoses. However, 
the effects of  normal and atypical forces on an immature 
musculoskeletal system and the secondary impairments that 
may develop, as well as the discussion of  the components 
of  a pediatric musculoskeletal assessment, can be applied to 
many children seen in pediatric physical therapy. For exam-
ple, most children with a primary diagnosis of  neurologic 
origin present with impairments of  their musculoskeletal 
system that may impact their overall function.

 Musculoskeletal development

The formation of  the musculoskeletal system occurs dur-
ing the embryonic period (second to eighth week postconcep-
tion). The limb buds arise from mesenchymal cells and appear 
during the fourth week, with the upper limb developing 2 days 
ahead of  the lower limb. Mesenchymal cells begin to differen-
tiate into cartilage within 4 to 5 days of  the formation of  the 
limb bud. The formation of  a cartilaginous skeleton occurs 
rapidly and is completed during the first fetal month (3 months 
from conception). The cartilaginous template then begins to 
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direction. New bone then grows away from the physis in a 
spiral pattern resulting in a torsional deformity.

In summary, the growth and development of  the mus-
culoskeletal system is dependent on the normal interplay 
of  multiple factors, including hormones, nutrition, and me-
chanical forces.5,6 The immature musculoskeletal system is 
vulnerable to abnormal mechanical forces and pressures; 
alterations in the timing, direction, or magnitude of  forces 
may have a deleterious effect on the growing and developing 
musculoskeletal system. Congenital deformities and second-
ary musculoskeletal impairments that are seen in children 
with neurologic diagnoses are examples of  the vulnerability 
of  the immature musculoskeletal system to abnormal ex-
trinsic forces. However, the immaturity of  a child’s musculo-
skeletal system can also be an advantage and is often used as 
the rationale for many treatment interventions that will be 
discussed throughout this chapter.

 Musculoskeletal examination

A thorough musculoskeletal examination should be part 
of  a comprehensive evaluation of  a child seen by a physi-
cal therapist. Depending on the history or diagnosis, certain 
aspects of  the musculoskeletal examination should be per-
formed while other aspects may be omitted. However, for 
those children with a diagnosis that includes multiple joint 
or system involvement, a complete musculoskeletal exami-
nation should be performed beginning as a postural screen 
with a more in-depth examination dependent on the find-
ings of  the initial screening. The examination should be 
completed in a timely and organized manner in the order 
outlined in the following sections. The order may be altered 
depending on the comfort and interaction of  the child.

History

A thorough history should be obtained from the parents and 
the child if  the child is able to convey the information to the 
examiner. The history should include information regarding 
onset of  the presenting complaint, whether pain is present, 
what aggravates or alleviates the pain, any changes in align-
ment, activity or participation noted, and a comparison with 
normal routines. While talking with the parents, the physi-
cal therapist should be observing the child’s posture, play, 
spontaneous movements, and activities with relevance to the 
child’s posture, noted asymmetries, and difficulty with age- 
appropriate skills. For older children, questions regarding sex-
ual maturation including Tanner staging for males and females 
as well as age at onset of  menstruation should be considered 
to provide information related to bone age and development.7

Postural Screen

During the postural screen, the therapist examines skel-
etal alignment in a variety of  positions, including anterior, 

be replaced by bone with the appearance of  primary ossifica-
tion centers in the diaphysis of  the long bones. Secondary os-
sification centers appear near the end of  fetal development and 
remain until puberty, when skeletal growth is complete.1,2

Joint formation begins as the cartilaginous template is 
being formed. An area of  flattened undifferentiated cells 
forms between two areas of  cartilage. The flattened area 
transforms into three layers, and the peripheral layers main-
tain contact with the cartilage and eventually become the 
joint capsule. The middle layer cavitates and forms the joint 
cavity. The original cartilage at the interface of  the joint cap-
sule remains and becomes the articular cartilage.1,2

The extremities are susceptible to major morphologic ab-
normalities during the embryonic period when the limb buds 
are developing. For example, exposure of  the embryo to 
pharmacologic agents while the limb buds are forming may 
result in congenital limb deficiencies. During the fetal period, 
structures increase in size and cartilage begins to be replaced 
by bone formation; however, minimal bone remodeling oc-
curs. During this time, the fetus is more susceptible to minor 
morphologic abnormalities that are the result of  position 
constraints and abnormal mechanical forces.2 For example, 
torticollis or clubfeet may result from position constraints 
late in the pregnancy. Postnatally, much bone remodeling oc-
curs at a rapid rate of  50% annually in the infant and toddler 
and gradually slows to the adult rate of  5% annually.

Bone grows in length through the continuation of  the 
process of  endochondral ossification begun during the fetal 
period. Endochondral ossification is often referred to as 
epiphyseal growth because longitudinal growth occurs at 
the epiphyseal plate. Increases in the diameter of  bone or 
bone thickness occur through appositional growth or the 
laying down of  new bone on top of  old bone. These two 
types of  bone growth respond differently to mechanical 
loading and the forces associated with weight bearing and 
muscle pull. Appositional bone growth is stimulated by in-
creased compressive forces. Increased weight bearing results 
in increased thickness and density of  the shaft of  the tibia.3,4 
However, decreased weight bearing, as seen with immobili-
zation, results in atrophy of  the bone.3

The response of  epiphyseal growth to mechanical forces 
is dependent on the direction, magnitude, and timing of  
the force. Intermittent compressive forces applied parallel 
to the direction of  growth cause longitudinal bone growth; 
however, constant compressive forces of  excessive or high 
magnitude retard bone growth.5 A compressive force may 
be applied unevenly across the physis, resulting in slowing 
of  growth on one side only. The uneven growth produces 
an angulation of  the physis and changes the direction of  
growth.3 Mechanical loads or forces that are applied per-
pendicular to the longitudinal growth of  the bone result in 
a change of  direction or deflection of  bone growth. New 
growth is deflected and results in displacement of  the 
epiphysis if  the load is maintained. A torsional stress to the 
physis deflects columns of  cartilage around the circumfer-
ence of  the physis in either a clockwise or counterclockwise 
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Muscle length tests should also be included in the over-
all joint motion assessment. Specific tests and their proce-
dures do not differ from standard procedures used with the 
adult population. Hip flexor muscle length is assessed using 
the Thomas test or the prone hip extension test. Hamstring 
length is usually assessed in adults using the straight leg raise 
test; however, the popliteal angle (PA) measurement is com-
monly used in pediatrics (Fig. 13.1). The PA measurement 
can be used in the presence of  a knee flexion contracture; 
therefore, it is useful for children who present with involve-
ment of  multiple joints.12 Ankle dorsiflexion should be 
measured with the knee flexed and extended to determine 
soleus and gastrocnemius contributions to limitations. Care 
should be taken to maintain subtalar joint neutral during the 
measurement to minimize midfoot dorsiflexion contribut-
ing to an overestimated hindfoot measurement.

Overall joint mobility should be measured using tech-
niques such as the Beighton Score to determine the pres-
ence of  generalized joint hypermobility.12a

Strength

An accurate assessment of  strength requires careful con-
sideration in the pediatric population but yields important 
information regarding deficits and changes over time. A va-
riety of  methods to assess strength are available, and their 
use may depend on the age and ability of  the child. For in-
fants and children younger than 3 or 4 years, assessment of  
strength is most often accomplished through observation of  
movement and function. Compensatory movement, poor 
dynamic alignment, or asymmetric movement between 
sides may be indicative of  muscle weakness. A child must 
be able to follow the directions of  the testing procedure to 
ensure accurate results using either manual muscle testing 
(MMT) or dynamometry.13 Strength may also be reliably 
measured using isokinetic machines with some position-
ing modification to accommodate for small size or the use 
of  pediatric extremity attachments as seen in the Biodex 
System 4.14,15

posterior, and lateral views, depending on the age of  the 
child. This process should include head, spinal, and lower ex-
tremity alignment, limb length, and upper extremity position. 
The therapist looks for typical upright head, cervical lordosis, 
thoracic kyphosis, lumbar lordosis, pectis excavatum or cari-
natum, and anterior or posterior pelvic tilt relative to the age 
of  the child from a lateral view. From the posterior view, the 
physical therapist visually notes symmetry of  shoulder, scapu-
lae, pelvic height, and lateral rib asymmetries, such as a rib 
hump, that would indicate a rotational deformity of  the spine. 
An anterior view can help identify asymmetries in nipple 
height, lateral rib position, and pelvic height.

Lower extremity alignment should also be screened from 
a sagittal view as well as an anterior and posterior view. The 
therapist looks at symmetry of  pelvic height; rotational 
variations of  the lower extremities, such as the knees or 
feet pointing in or out; and a valgus or varus position of  the 
knees, forefoot, or hindfoot. From a sagittal view, the physi-
cal therapist assesses pelvic position and alignment of  the 
hip, knee, and ankle.

Limb length should be reviewed in both a weight-bearing 
and non–weight-bearing position using the accepted bony 
landmarks of  the anterior superior iliac spine and the medial 
malleolus. The posterior superior iliac spine may also be in-
cluded to determine the presence of  innominate bone up or 
down slip. The postural screen will direct the physical thera-
pist to where to focus the next portion of  a more in-depth 
musculoskeletal assessment.

Range of Motion

Although the goniometric techniques used to measure ac-
tive or passive joint range of  motion (ROM) in children and 
adults are similar, several factors must be kept in mind when 
assessing ROM in children. Age-related differences exist in 
ROM values between adults and infants and young children. 
For example, a full-term newborn will exhibit flexion con-
tractures of  the hips and knees secondary to intrauterine 
positioning.

Before any goniometric measurement is taken, atten-
tion must be given so that the child is relaxed and remains 
calm. Movements should be slow so as to limit anxiety and 
to avoid eliciting a stretch reflex in children with increased 
muscle tone. Slow movements should also be used if  pain is 
present or suspected and for those children who may have 
more brittle bones or recent fractures.

Reliability studies of  goniometry in children should 
guide physical therapists in their use of  goniometric mea-
sures to document ROM. Several researchers have investi-
gated the reliability of  goniometric measurement of  the hip, 
knee, and ankle of  children with cerebral palsy. High intra-
rater reliability was present in those studies, but interrater 
reliability was variable from moderate to high throughout 
the studies.8,9,10,11 Improved reliability is observed with strict 
measurement protocols and when the same therapist as-
sesses changes in ROM over time.

FIGURE 13.1 Popliteal angle measurement. Child is supine, 
hip is flexed to –90 degrees, and the knee is slowly extended until 
 resistance is felt. The angle between the anterior aspect of the 
lower leg and a vertical line corresponding to the thigh is recorded 
as a measure of hamstring contracture.
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listed in the following sections assist the clinician with iden-
tifying the contributing factors to the overall rotational pro-
file of  the child (Fig. 13.2A).

HIP ROTATION Medial and lateral hip rotation in prone are 
assessed to determine femoral torsion. The child is in prone 
with hips in neutral and knees flexed to 90 degrees, and me-
dial and lateral hip rotation measurements are then taken 
goniometrically. Soft tissue limitations may influence the 
final measure of  hip rotation as well as the degree of  femo-
ral torsion. Normal medial hip rotation is less than 60 to 65 
degrees (Fig. 13.2B, C).

The literature also describes a second test of  femoral tor-
sion referred to as Ryder test. The child sits or lies in prone 
with knees flexed to 90 degrees over the edge of  a table. The 
greater trochanter is palpated while rotating the leg. When 
the greater trochanter is palpated most laterally, which 
should correspond to the femoral neck being parallel to the 
examining table, the angle of  hip rotation (typically medial) 
is measured goniometrically. The measure of  medial hip 
rotation should correspond to the degree of  femoral ante-
version, although data compared to computed tomography 
(CT) suggest that the test may underestimate the measure-
ment by up to 20 degrees.8,23

THIGH–FOOT ANGLE The child is in the prone position with 
the hips extended, the knee flexed to 90 degrees, and the 
foot in a natural resting position; do not attempt to align 
the foot. The angle formed from the bisection of  the axis 
of  the thigh and the axis of  the foot is measured. This TFA 
is used to determine rotational variation of  the tibia and the 
hindfoot. If  the foot is in an out-toeing position, the value 
is positive; if  the foot is in an in-toeing position, the value is 
negative (Fig. 13.2D).

TRANSMALLEOLAR AXIS The child is positioned in prone, 
as previously described. A line perpendicular to the axis be-
tween the lateral and medial malleoli is drawn. The angle 
formed between the perpendicular line and the axis of  the 
thigh is measured. This angle assesses the contribution of  
the distal tibia to the rotational profile (Fig. 13.2E).

The contribution of  the foot must also be included when 
assessing rotational variations. Identifying the alignment 
of  the hindfoot and forefoot in subtalar joint neutral will 
 determine if  hindfoot or forefoot varus or valgus deviations, 
hindfoot equinus with midtarsal hypermobility, or meta-
tarsus adductus is contributing to the FPA.

Angular Alignment
If  the initial postural screening revealed suspected lower 
extremity alignment deviations, such as a varus or valgus 
posture, an objective angular measurement should be per-
formed. Expected values for genu varus and valgus will 
differ depending on the age of  the child. Genu varum is 
measured with the child in supine with legs extended and 

MMT has the same inherent weaknesses with the pedi-
atric population as with adults. The grades of  “good” and 
“normal” are very subjective and do not account for any 
changes that may occur in a child over time, secondary to 
maturation. Handheld dynamometry has been found to be a 
reliable and sensitive method of  assessing strength in various 
populations of  children.16–18 Gajdosik determined that hand-
held dynamometry could be used reliably with typical de-
veloping children between the ages of  2 and 5 years as long 
as they could follow the directions and understand the com-
mand to push as well as agree to participate in the process.19 
Normative and percentile values for isokinetic knee exten-
sion and flexion strength have been published by multiple 
authors for children aged 6 to 13 years.20,21 Along with func-
tional performance, these strength measures provide addi-
tional objective data to consider when determining a child’s 
readiness to return to recreational or competitive sports.

Lower Extremity Alignment 
(Rotational and Angular)

Normal skeletal development includes rotational or tor-
sional and alignment changes of  bones and joints. These 
normal developmental processes may be altered second-
ary to abnormal muscle pull or weight-bearing forces. 
Consequently, impairments that impact function often 
result from the combination of  abnormal forces on a de-
veloping skeletal system. The bones remain susceptible to 
deforming forces until growth is complete; therefore, the 
impairments may increase in severity over time.

Staheli et al. have developed a rotational profile to as-
sess lower extremity alignment and assist in determining 
which component of  the lower extremity contributes to the 
rotational variation. The rotational profile consists of  six 
measurements: (1) foot progression angle (FPA), (2) medial 
rotation of  the hip, (3) lateral rotation of  the hip; (4) thigh–
foot angle (TFA), (5) angle of  the transmalleolar axis, and 
(6) configuration of  the foot. Normal values have been es-
tablished for the first five measurements and can be used to 
determine whether the variation falls within the wide range 
of  normal or whether intervention is indicated.22

Rotational Profile

FOOT PROGRESSION ANGLE The FPA is defined as the angle 
between the longitudinal axis of  the foot and the line of  
progression of  the child’s gait. The FPA provides an overall 
summation of  the child’s rotation during gait, but does not 
identify the contributing factors. A positive sign denotes out-
toeing and a negative sign denotes in-toeing. The FPA can 
be objectively measured using a variety of  footprint mea-
sures, including ink or chalk on the feet or more expensive 
commercially available gait mats. Many times in the clinic, 
the FPA is assessed subjectively to give the clinician an over-
all view of  the child’s rotation during gait. The procedures 



  CHAPTER 13    orthopeDic ManageMent 467

Sensation testing is performed with children just as with 
adults and incorporates the same rationale for inclusion of  
testing. Sensory testing is indicated when nerve involvement 
is suspected, such as with fractures or after an amputation 
or application of  an external fixator.

Assessment of  a child’s developmental level is indicated 
if  the orthopedic condition is suspected of  delaying or inter-
fering with development as seen with dysplasias and torti-
collis. For the ambulatory child, this includes an assessment 
of  gait. Gait assessment is similar to assessing an adult and 
can be performed through systematic clinical observation or 
with more objective measures, ranging from video analy-
sis to an instrumented gait laboratory. The age of  the child 
must be considered when assessing gait, and knowledge of  

the patella facing upward and the medial malleoli touching. 
The distance between the femoral condyles is measured. 
Genu valgus is measured in the same position but with the 
knees touching. The distance between the malleoli is mea-
sured.24 The contribution of  angular variations must be de-
lineated from rotational variations.

Additional areas that may be included in the musculo-
skeletal assessment include assessment of  muscle tone, sen-
sation testing, and developmental skill level. An assessment 
of  muscle tone may reveal hypertonicity or hypotonicity of  
specific muscle groups and an imbalance of  muscle forces 
around specific joints. These unbalanced muscle forces may 
produce impairments over time that cause pain or interfere 
with the child’s functional abilities.

FIGURE 13.2 The five measurements in Staheli’s rotational profile plotted as the mean values plus or minus 2 stan-
dard deviations (SDs) for each of the age groups. The dark line indicates the mean values as they change with age, and 
the shaded areas indicate the normal ranges. (A) Foot progression angle (FPA). (B) Lateral rotation of the hip in males 
and females. (C) Medial rotation of the hip in females and males (separate). (D) Thigh–foot angle (TFA). (E) Angle of the 
transmalleolar axis.
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normal developmental process. Normal development is in-
terrupted at the cellular level by an external factor such as a 
teratogen, trauma, or infection. Transverse limb deficiencies 
historically seen with the use of  thalidomide are an example 
of  a disruption.

Deformations are abnormalities in form, shape, or po-
sition of  a body part caused by mechanical forces. The 
deforming forces may be extrinsic to the fetus, such as intra-
uterine constraint, or intrinsic to the fetus, such as fetal hy-
pomobility resulting from a neuromuscular defect. Examples 
of  deformations include torticollis and metatarsus adductus. 
Deformations can be delineated into prenatal and postnatal 
deformities versus pathologic processes. Examples of  postna-
tal deformities include tibial varum and rotational variations. 
Pathologic processes are usually deformities as the result of  
an insult to the physis or other area of  the bone. These pro-
cesses include the diagnoses of  Legg–Calvé–Perthes disease, 
slipped capital femoral epiphysis, and limb length discrepan-
cies resulting from insults or abnormal forces to the growth 
plate. Deformations can often be ameliorated with the ap-
plication of  forces in the opposite direction of  the deform-
ing mechanism. The application of  forces must be timed 
correctly with expected maturation of  the musculoskeletal 
system to allow for normal growth and remodeling to occur.

The final division in Spranger’s classification is dysplasia. 
Dysplasias result from an abnormal organization of  cells 
into tissues, which leads to abnormal tissue differentiation. 
OI and Ehlers Danlos Syndrome (EDS) are examples of  
dysplasias. Dysplasias usually involve whole systems of  the 
body with multiple impairments present that will lead to ac-
tivity limitations and possibly participation restrictions.

 Congenital limb deficiencies

Using the International Society for Prosthetics and 
Orthotics (ISPO) classification system, congenital limb de-
ficiencies are described as either longitudinal or transverse 
(Fig. 13.3A, B).27 Longitudinal limb deficiencies are described 
as reduction or absence of  an element or elements within the 
long axis of  the limb. There may be normal skeletal elements 
distal to the affected bone or bones.27 A longitudinal limb de-
ficiency is an example of  a malformation in which a morpho-
logic defect of  an organ or larger region of  the body occurs 
when normal organogenesis is interrupted. Any combina-
tion of  skeletal limb involvement is possible, but certain dis-
tinct entities are more commonly seen than others. For this 
chapter, congenital longitudinal deficiency of  the radius will 
be used as an example of  upper extremity involvement and 
proximal femoral focal deficiency (PFFD) as an example of  a 
lower extremity longitudinal limb deficiency. Both are exam-
ples of  congenital malformations and are more frequent in 
their incidence; they are also examples of  children with limb 
deficiencies typically seen by therapists.

Longitudinal deficiency of  the radius, often commonly 
referred to as radial clubhand, occurs in 1 per 100,000 live 

the characteristics of  early walking must be incorporated 
into the assessment (see Chapter 5 for gait).

 Classification of errors of morphologic 
development

The terminolog y adopted by the World Health 
Organization’s (WHO) International Classif ication of  
Functioning, Disability, and Health (ICF)25 will be utilized 
in this chapter when discussing various diagnoses and their 
impact on the functional ability of  the child. The ICF model 
also includes environmental and personal factors that will 
differ from one child to another and are not related to the 
child’s diagnosis or health condition but may impact his or 
her activity or participation levels.

To illustrate the ICF model, a child with osteogenesis im-
perfecta (OI) will be used as an example. For a child with OI, 
the pathophysiology is the abnormality in the connective tis-
sue at the cellular level. One of  the impairments that results 
is fragile bones susceptible to deforming forces and fracture. 
The child may sustain multiple lower extremity fractures re-
sulting in misalignment, short stature, weakness, and a slow 
labored gait. The slow labored gait is an activity limitation 
that may lead to an inability of  the child to keep up with his 
or her peers during play or at school. Participation restric-
tions may include not permitting the child to attend a day 
care of  peers or to play outside at recess owing to a fear of  
increased risk of  fractures. Environmental factors such as a 
teacher’s fears or a crowded recess area have contributed to 
the child’s ability to participate.

Spranger’s classification of  morphogenesis will also 
be used to introduce and discuss a multitude of  diagnoses 
that fall under the category of  pediatric orthopedics. This 
classification system provides a framework from which to 
understand the pathophysiology resulting in a particular 
diagnosis, the impairments that may develop as the child 
grows, the impact of  the impairments on the child’s activi-
ties and participation levels, and how physical therapy may 
have an impact. With an understanding of  the pathophysi-
ology, the reader will be able to identify impairments that 
may be present or may develop and the impact of  physical 
therapy on preventing or limiting the impairments, with the 
ultimate goal of  minimizing the activity limitations and par-
ticipation restrictions for the child.

Spranger’s classification of  disorders of  morphogenesis 
consists of  four divisions: malformations, disruptions, defor-
mations, and dysplasias.26 Malformations are morphologic 
defects of  an organ or body part from an intrinsically ab-
normal developmental process. Because the abnormality is 
intrinsic from the moment of  conception, the organ or body 
part never had the potential to develop normally. Examples 
of  malformations include longitudinal limb deficiencies, 
cleft lip and palate, and septal defects of  the heart.

Disruptions are morphologic defects of  an organ or body 
part resulting from the extrinsic breakdown of  an originally 
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births, with bilateral involvement present in 50% of  the 
children. Radial deficiencies can be defined as the failure of  
formation of  parts of  deficiencies on the radial side of  the 
upper extremity, including the radius, carpals, metacarpals, 
and phalanges of  the first ray and thenar musculature.28,29 

FIGURE 13.3 (A) Example of a longitudinal deficiency of the lower extremity. (B) Example of transverse 
deficiencies at various levels of the upper extremity.
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Heikel classified radial deficiencies into four types, ranging 
in severity from type I (consisting of  delayed appearance of  
the distal radial physis) to type IV (involving complete ab-
sence of  the radius).30 Type IV is the most common presen-
tation.24 Clinically, children with type IV radial deficiency 
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present with a shortened forearm of  no greater than 50% of  
the length of  the contralateral forearm, an elbow extension 
contracture, and radial deviation of  the hand with an absent 
or deficient thumb.

The incidence of  PFFD is 1 per 50,000 live births and is 
bilateral in 15% of  children with PFFD.31 Aitken first de-
scribed and classified four classes of  severity of  PFFD, with 
class A exhibiting the least involvement and class D being 
the most severe (Fig. 13.4).32 PFFD includes absence or hy-
poplasia of  the proximal femur with varying degrees of  in-
volvement of  the acetabulum, femoral head, patella, tibia, 
fibula, cruciate ligaments, and the foot. Clinically, infants 
with PFFD present with an abnormally short thigh held in 
hip flexion, abduction, and external rotation (Fig. 13.5). Hip 
and knee flexion contractures are often present along with 
anteroposterior instability of  the knee and a significant leg 
length difference, with the foot of  the involved leg often at 
the height of  the opposite knee. 

In transverse limb deficiencies, the limb develops normally 
to a particular level beyond which no skeletal elements exist.27 
Transverse limb deficiencies are an example of  a disruption 
using Spranger’s classification of  morphogenesis and resemble 
in appearance a residual limb after surgical amputation. Most 
transverse deficiencies are unilateral, with a frequently seen 
scenario being a transverse forearm deficiency (Fig. 13.6).28 
This type of  transverse deficiency occurs more frequently in 
females and exhibits a 2:1 left-sided predominance.33

Nonsurgical and Surgical Management 
of Congenital Limb Deficiencies

Children with longitudinal limb deficiencies often require 
multiple surgical procedures to obtain maximal function of  
the involved limb. Surgical procedures may include tendon 
transfers, realignment or repositioning of  the hand and/or 
fingers, and osteotomies for the upper extremity, and most 

FIGURE 13.4 Aitken classification of PFFD.
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realign the hand as centrally as possible over the distal fore-
arm. At the same time, therapy goals should also focus on 
increasing elbow ROM, especially elbow flexion. Stretching 
of  the soft tissues is necessary before any surgical proce-
dures. Between 6 months and 1 year of  age, centralization 
of  the hand by an orthopedic surgeon is often performed. 
The goal of  centralization is a stable wrist centered on the 
distal ulna while maintaining functional wrist motion.34

Postoperatively, the child’s hand is splinted in the 
newly aligned position on the distal ulna. Compliance 
with wearing of  the splint is crucial for long-term success 
of  the surgical centralization. The splint should be worn 
throughout the day and night during the healing phase. 
After the initial healing phase is complete, a splint should 
be worn at night until skeletal maturity is achieved. By 
skeletal maturity, the ulna has undergone epiphyseal ad-
aptation to accommodate the centralized carpus to ensure 
stability of  the wrist position, and use of  a night splint is 
no longer necessary.34

Centralization of  the hand is contraindicated in older 
children or adolescents who have adapted to their hand posi-
tion, when severe deformity of  the hand is also present that 
would limit hand function and when elbow flexion is less 
than 90 degrees. Adequate elbow flexion is needed prior to 
surgery so that when the hand is realigned, the child is still 
able to bring his or her hand to the mouth.

Lower Extremity: PFFD
Surgical intervention for children with PFFD is varied, must 
be individualized, and can include any combination of  am-
putation, reconstruction, fusion, or limb-lengthening pro-
cedures. Surgery addresses the issues of  the unstable hip 
joint and the inequality of  limb lengths, the two issues that 
interfere with the child’s overall functional abilities. Many 
children require multiple surgical procedures; thought must 
be given early to develop a long-term surgical plan for fam-
ily education and to condense surgeries into one procedure 
when possible. Surgery is generally not recommended for 
children with bilateral PFFD, because their limb length is 
equal or near equal and they are able to ambulate with or 
without extension prostheses.24,35,36

Surgical options can be divided into those that involve 
amputation and reconstruction for eventual prosthetic fit-
ting and those that involve limb-lengthening techniques. 
Three typical surgical scenarios include: foot amputation 
with proximal reconstruction, rotationplasty, and limb 
lengthening. Following foot amputation with proximal re-
construction, the child’s limb resembles and functions as 
an above-knee amputation. Using an extension prosthe-
sis on an existing residual limb is a nonsurgical approach 
to treatment that has been associated with greater patient 
satisfaction over amputation-type procedures.37 A rotation-
plasty, or the turnabout procedure, is a surgical technique 
that allows the child to function similarly to a child with a 
below-knee amputation. This complex procedure involves 

commonly include a combination of  amputation, fusion, 
limb lengthening, and osteotomies for lower extremity limb 
deficiencies. Surgical correction is rarely required for chil-
dren with transverse limb deficiencies.

Upper Extremity: Longitudinal Radial Deficiency
Shortly after birth, the child’s hand should be serially 
splinted or casted to stretch the shortened soft tissues and 

FIGURE 13.6 Child with congenital transverse below-elbow 
limb deficiency.

FIGURE 13.5 Radiograph of a child with bilateral PFFD with 
asymmetric involvement of each femur, tibia, and fibula.
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more than 60% of  predicted femoral length is present35,39 or 
the discrepancy in femoral length is predicted to be less than 
15 cm. An in-depth description of  limb-lengthening proce-
dures is provided later in this chapter under section Limb 
Length Discrepancies.

significant limb reconstruction, including 180-degree re-
alignment of  the lower leg. As a result, the child’s ankle then 
functions as a knee joint, with ankle plantar flexion acting 
as knee extension and ankle dorsiflexion acting as knee flex-
ion (Fig. 13.7).24,38 Limb lengthening may be indicated when 

FIGURE 13.7 An 11-year-old boy who underwent a rotationplasty procedure. (A) Ankle dorsiflexion. (B) Ankle 
dorsiflexion produces prosthetic knee flexion. (C) Ankle plantar flexion. (D) Ankle plantar flexion produces prosthetic 
knee extension.
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Upper Extremity Prosthetic Training
An infant’s first prosthesis has a terminal device that is soft 
and cosmetically appealing but nonfunctional (Fig. 13.8). 
A more functional terminal device is added when the child 
begins to engage in bimanual play. Functional terminal 
devices are either voluntary opening or voluntary clos-
ing. Voluntary-opening terminal devices open as the child 
reaches forward with the arm, whereas voluntary-closing 
devices mimic reaching and grasping and close as the child 
reaches forward to grasp an object.

The initial goals for an infant or young toddler are to 
wear the prosthesis, become adjusted to the weight of  the 
prosthesis, and begin to use the prosthesis for propping in 
prone or sitting and bimanual skills. By the age of  15 to 18 
months of  age, training on the use of  an active terminal de-
vice should begin (Fig. 13.9). The child is taught to open the 
terminal device, grasp an object, and then release the ob-
ject.41 If  the child has an above-elbow prosthesis, the elbow 
is locked when the child is initially learning to control the 
terminal device so that the child only learns one movement 
at a time. The child with an above-elbow limb deficiency ac-
tivates the terminal device through scapular movements and 
a cable connected to the terminal device.

Some clinicians and parents may opt to have a young tod-
dler fitted with an externally powered myoelectric device. 
Initially, the child is fitted with a myoelectric hand that opens 
when one electrode is activated through forearm muscle 
contraction. By 3 to 4 years of  age, the child’s myoelectric 
hand can be converted to two electrodes so that both open-
ing and closing of  the hand are controlled by the child.42

As the child progresses, the use of  the terminal device 
should include manipulation of  small objects and using the 
prosthesis as the helper hand to hold paper for writing or 
coloring, holding the handlebars of  a tricycle, feeding, and 
dressing. Expectations need to be reasonable, because the 
child will use the uninvolved hand as the dominant hand. By 
school age, the child should be independent with self-care 
activities including dressing, toileting, and eating. Activities 
should always focus on independence with age-appropriate 
skills. By the time the child is in high school, he or she may 
want to participate in various activities, including sports, 
driving, and social events. Various terminal device options 
are available to promote participation in numerous sports 
and to facilitate driving and control of  the steering wheel, 
and cosmetic terminal devices are available for social times 
when cosmesis may be more important than function. The 
child, teenager, and young adult should always be a part of  
the discussion for therapy goals and prosthetic options.

Lower Extremity Prosthetic Training
An infant or toddler younger than 2 years of  age may be fit-
ted with a prosthesis without a knee joint. The goals for ini-
tial prosthetic training are toleration of  the prosthesis and to 
begin standing weight-bearing activities. The prosthesis will 
interfere with the child’s method of  floor mobility and will 

Prior to surgical intervention, physical therapy should be 
initiated in early infancy to improve ROM at the involved hip, 
promote developmental activities (including symmetry of  
skills and weight bearing at the age-appropriate times), and 
assist with the development of  age-appropriate balance skills.

Postoperatively, acute physical therapy interventions 
will depend on the procedure and will involve improving 
or maintaining ROM, strength, and balance in prepara-
tion for prosthetic training. ROM and stretching activities 
of  the ankle (now the functioning knee) following a rota-
tionplasty are essential to ensure proper prosthesis move-
ment and functional lower extremity alignment. Maximum 
plantar flexion range is needed to promote knee extension 
in the prosthesis. Sitting and other activities involving knee 
flexion will require close to 20 degrees of  ankle dorsiflex-
ion. Strengthening of  these muscle groups is also important; 
ankle plantar flexion and dorsiflexion strength provides sta-
bility in stance and powers the prosthesis during gait. Recent 
literature has reported good long-term functional and 
 quality-of-life outcomes but with persistent gait deviations 
following rotationplasty procedures.40

Prosthetic Training

Physical therapy intervention should begin before the fitting 
of  the initial prosthesis. During infancy, physical therapy 
may be initiated on a weekly basis or a consultative basis, 
depending on the needs of  the child and the family. Infants 
with a longitudinal limb deficiency have contractures or 
ROM limitations that must be addressed before surgery 
or prosthetic fitting. The infant with a radial deficiency re-
quires stretching of  the soft tissues, including passive ex-
ercises and splinting before surgery. The infant with PFFD 
requires ROM exercises to increase hip extension and ad-
duction motions before surgery or prosthetic fitting. Infants 
with transverse limb deficiencies rarely exhibit contractures.

Infants with congenital limb deficiencies should also be 
monitored for their developmental skills. Symmetry of  skills 
is emphasized as well as weight-bearing skills through both 
the upper and the lower extremities. Early weight-bearing 
skills promote proximal joint stability that may be needed 
later to use a prosthesis. Children with an upper extremity 
transverse limb deficiency are usually fitted with a prosthesis 
by 6 months of  age when they begin simple two-handed ac-
tivities. Children with lower extremity limb deficiencies are 
generally fitted with a prosthesis between 8 and 10 months, 
when they begin weight-bearing skills.

When an infant or child first receives a prosthesis, the fit, 
alignment, and overall function are assessed. The child and 
family must be shown the proper donning and doffing tech-
niques, instructed in a wearing schedule, and shown how to 
check the skin for redness or possible breakdown. The ini-
tial goal is for the infant or toddler to accept wearing the 
prosthesis and gradually increase the wearing time through-
out the day. The prosthesis is usually removed for naps and 
should be removed when going to sleep for the night.
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initiated with an assistive device; the assistive device is often 
discarded voluntarily by the child when it is no longer neces-
sary. During the early preschool years, a prosthesis with a 
knee should be introduced to the child. Various prosthetic 
knee options are available that provide additional stability 
during the early years.

Several clinics now use articulated prosthetic knees for 
toddlers in their initial prosthesis. The prosthetic knee al-
lows more typical movements seen in toddlers such as 
crawling, squatting, and kneeling and promotes a more nor-
mal gait pattern (Fig. 13.10).43,44 Previously, it was difficult 
to fit an articulating knee in the small shank of  a toddler’s 
prosthesis, but advances in prosthetic design have enabled 
prosthetists to overcome this challenge.

Growth is an issue with children and lower extremity pros-
theses. Young infants and toddlers can outgrow their prosthe-
sis every 6 months. For this reason, many prosthetists will fit 
a child with a prosthesis that accommodates some growth, 
stage the introduction of  components, and utilize compo-
nents that can be replaced as the child grows. For toddlers, 
spacers can be added to increase the length of  the prosthesis 
and prolong the fit and use of  the prosthesis. However, chil-
dren will typically need to have their prosthesis replaced every 
9 to 12 months because of  growth and durability issues.

Some older children may require a second prosthesis or 
additional distal components for specific activities such as 
sports or water activities.

require an adjustment period by the child. Initial standing 
activities should include transitions in and out of  standing at 
a support, weight-shift activities in preparation for gait and 
balance reactions, and protective skills. Gait training may be 

FIGURE 13.8 Terminal device options: (A) Passive Infant Alpha Hand (TRS, Boulder, CO). (B) L’il E-Z Hand pro-
motes grasping when thumb is moved (TRS, Boulder, CO). (C) ADEPT voluntary closing hand (TRS, Boulder, CO).
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FIGURE 13.9 Child is wearing a left below-elbow prosthesis 
with an ADEPT voluntary closing hook. Therapist assisting child to 
operate the terminal device.
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of  the sternocleidomastoid (SCM) muscle. The infant with 
CMT presents with ipsilateral head and neck lateral flexion 
toward the shortened SCM, with contralateral head and neck 
rotation away from the shortened SCM. Facial asymmetry 
and plagiocephaly (flattening of  the skull) often develop sec-
ondary to the persistent asymmetric positioning of  the head. 
Table 13.1 summarizes the typical clinical presentation found 
in the head, neck, and face with CMT on each side. While 
the SCM may be the primary muscle involved, secondary 
shortening of  other cervical muscles such as scalenes, levator 
scapulae, or upper trapezius occurs (Fig. 13.11).

CMT is usually noted in the first 2 to 3 weeks after birth, 
with a reported incidence of  0.4% to 1.9%.45 The etiology 
of  CMT is uncertain. A mass or fibrotic tumor is often 
observed or is palpable within the belly of  the SCM mus-
cle and appears within the first few weeks after birth and 
then gradually disappears. The exact cause of  the fibrotic 
tumor within the SCM muscle is not known. Researchers 

 Prenatal deformations

A deformation is an abnormal form, shape, or position of  a 
part of  the body caused by mechanical forces. Deformations 
are normal responses of  the tissue to abnormal mechanical 
forces that may be extrinsic or intrinsic to the fetus. Intrauterine 
constraint is an example of  an extrinsic force, whereas fetal hy-
pomobility secondary to a nervous system impairment such as 
myelomeningocele is an example of  an intrinsic force. If  the de-
forming force is removed, normal development or maturation 
of  the body part would be expected to occur.

This chapter discusses congenital muscular torticollis 
(CMT) as an example of  an extrinsic deformation and club-
feet as an example of  either an extrinsic or intrinsic deforma-
tion. Both of  these diagnoses may also have other causative 
factors; abnormal mechanical forces are only one of  the pos-
sible contributing factors. Developmental dysplasia of  the 
hip (DDH) is an example of  a deformation that probably be-
gins prenatally, continues to progress if  the deforming forces 
are not altered, and may not be recognized until much later 
in postnatal life. Lastly, this section discusses arthrogryposis 
as an example of  an intrinsic deformation that begins very 
early in fetal development and consequently results in sig-
nificant deformations at birth and throughout later life.

Congenital Muscular Torticollis

The term torticollis comes from the Latin for twisted neck. 
CMT is a common form involving a unilateral shortening 

FIGURE 13.11 Infant with left congenital muscular torticollis. 
Note the facial asymmetry in the region of his mandible. (Used with 
permission from Taylor JL, Norton ES. Developmental muscular 
torticollis: outcomes in young children treated by physical therapy. 
Pediatr Phys Ther. 1997;9(4):173–178).

FIGURE 13.10 Toddler wearing bilateral transfemoral pros-
thesis with knee joint to promote age-appropriate ambulation skills 
and play activities on the floor.

Left SCM Torticollis Right SCM Torticollis
Left Cervical lateral flexion Right
Right Cervical rotation Left
Left Frontal flattening Right
Right Occipital flattening Left
Left Jaw retraction Right
Right Pseudo-facial droop Left

Head and neck features of CMT

TABLE

13.1
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low grade and gradually increase in duration to prevent 
microtrauma and further fibrosis.50,56 Pain responses such 
as crying may indicate stretching intensity that is too high. 
Shoulder stabilization should be considered for the side of  
the involved SCM to address other cervical muscle involve-
ment when stretching.

Active cervical ROM exercise including rotation to the 
involved side may be introduced in children younger than 3 
to 4 months old who can visually track objects or respond to 
stimuli to attend to the involved side. For children older than 
4 months, active cervical ROM and strengthening should be 
introduced via equilibrium and righting reactions47,48 and 
developmental play promoting upper extremity weight 
bearing, weight shifting, and reaching. Intensity may be 
progressed by gradually increasing active head movement 
against gravity and duration or amount of  unilateral upper 
extremity weight bearing during facilitation of  play. Midline 
position for head and trunk should be emphasized as the 
child progresses from supported sitting to independent sit-
ting and standing. Neutral shoulder girdle alignment should 
also be promoted with progression from supported to inde-
pendent prone, quadruped, and reaching activities.

A heavy emphasis should be placed on caregiver educa-
tion during each session with time provided for observation 
of  HEP activities. “Tummy time” is the term used to en-
courage play in a prone position to facilitate active cervical 
movement and developmental play. Positional and stretch-
ing recommendations are important to address and incor-
porate into daily activities such as diaper changes, feeding, 
naps, play and use of  equipment such as car seats, infant 
swings, and feeding chairs. For example, caregivers who bot-
tlefeed should be encouraged to bottlefeed on the side that 
promotes rotation to the involved side, or gentle prolonged 
stretching may be better achieved while an infant is asleep 
during a nap.

Cheng reported that the most important predictors of  suc-
cessful response to manual stretching are the clinical group, 
neck rotation deficit, and age at initial presentation.49 The 
POST type, neck rotation deficits of  less than 15  degrees, and 
presentation less than 1 month old were associated with inc-
reased success of  stretching protocols. Several other studies 
have demonstrated the success of  conservative management 
during the first year.47,48,56 None of  these studies included a 
control group to assist with determining the extent of  time 
and maturation on the resolution of  the CMT. A treatment 
strategy algorithm based on age and cervical ROM was de-
veloped by Van Vlimmeren and colleagues based on the evi-
dence currently available in the literature.50

Orthotic Devices
Plagiocephaly resulting from positioning should be treated 
in early infancy with a cranial orthosis aimed at correcting 
the cranial–facial asymmetry. There are a few band and hel-
met devices available commercially and through local ven-
dors and certified orthotists, such as the Symmetry Through 

have hypothesized that occlusion of  blood vessels with re-
sultant anoxic injury to the SCM muscle may produce the 
fibrotic changes observed within the muscle. Intrauterine 
malposition and birth trauma have been hypothesized as 
causative factors.46 Infants with CMT have a higher inci-
dence of  breech presentations47 and associated congenital 
musculoskeletal diagnoses, such as hip dysplasia and foot 
deformities.47,48

Several authors propose that fibrosis of  the SCM muscle 
is present in all children with CMT and ranges on a con-
tinuum of  no palpable mass to a firm palpable mass.47,48 
Consequently, CMT is often classified into three clinical 
groups: (1) sternocleidomastoid tumor (SMT), when a de-
finitive mass or tumor is palpable within the SCM muscle, 
(2) muscular torticollis (MT), when contracture of  the SCM 
muscle is present but no palpable mass is present, and (3) 
positional torticollis (POST), when both contracture of  the 
SCM muscle and a palpable mass are absent.49,50

The “Back to Sleep” program, initiated by the American 
Academy of  Pediatrics in 1992 to reduce the incidence of  
sudden infant death syndrome (SIDS), recommended sleep-
ing in supine for infants.51 Since the inception of  this pro-
gram, SIDS rates have declined more than 50%, but the 
incidence of  plagiocephaly and POST has increased dra-
matically.52–54 The torticollis associated with positional 
plagiocephaly develops as a secondary impairment from 
the plagiocephaly. This is the direct opposite of  what is 
seen with CMT, where the plagiocephaly develops second-
ary to the persistent asymmetric positioning of  the head. 
Ultimately, the treatment for POST would follow an ap-
proach very similar to that for other forms of  CMT.

A full systems review and a developmental screen are 
vital during the initial examination to rule out nonmuscu-
lar causes of  torticollis. Almost 20% of  cases of  torticollis 
involve a more serious underlying condition, so it is im-
portant to consider an expanded differential diagnosis.55 
Physician specialist collaboration and diagnostic imaging 
may be necessary to rule out atlantoaxial rotary instability, 
hemivertibrae, cervical subluxation, posterior fossa tumors, 
Chiari malformations, ocular and vestibular abnormalities, 
and Grisel syndrome related to recurrent nasopharyngeal 
infection.

Conservative Management
Conservative management of  CMT is generally recom-
mended for infants 12 months and younger. Conservative 
management with direct physical therapist intervention 
includes prolonged passive stretching of  the SCM muscle, 
active exercises to improve cervical ROM with subsequent 
strengthening exercises, and symmetric developmental ac-
tivities to correct the infant’s head, neck, and upper extrem-
ity position. Consistent caregiver education and a home 
exercise program (HEP) are essential to success. Passive 
SCM stretching can be achieved through positioning and 
handling techniques.47,48 Stretching should be gentle and 
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Fabricated or modified foam soft collars may be used for in-
fants that are unable to fit in a TOT collar. Cervical orthotic 
devices should be used only when the child is awake and 
supervised.

Persistent facial asymmetry, intermittent head tilt with 
fatigue or illness, and functional asymmetry resembling 
hemiplegia but with a normal neurologic examination have 
been observed in children with full resolution, indicating the 
complexity of  this disorder as well as possible long-lasting 
implications.47

Surgical Management
Surgical treatment is indicated for infants with CMT that 
does not respond after 6 months of  conservative treat-
ment, who present with a residual head tilt, and who exhibit 
deficits of  passive rotation and lateral flexion of  the neck 
greater than 15 degrees and have a tight band or tumor.49 
The need for surgical intervention can also be predicted on 
the basis of  classification of  CMT, neck rotation deficit, and 
age at initial presentation. Cheng and colleagues followed 
821 infants with CMT classified as SMT, MT, and postural 
torticollis (PT). Surgery was needed for 8% of  the infants in 
the SMT group, 3% in the MT, and none in the PT group. 
Infants with greater than 15 degrees of  neck rotation defi-
cit and older ages at presentation were more likely to need 
surgery.49

Surgical intervention usually involves release of  the mus-
cle distally at one or both of  the heads, depending on the 
severity; excision of  a portion of  the muscle may also be in-
dicated.24 Postoperatively, physical therapy is indicated for 
achieving and maintaining cervical ROM and for strengthen-
ing of  musculature to maintain newly achieved alignment 
of  the head.

ROM that fails to improve, worsening cranial asymmetry, 
and children older than 9 months at the time of  presenta-
tion are all cause for concern during treatment programs. 
If  left untreated, CMT may lead to increased facial and cra-
nial asymmetries secondary to abnormal growth of  soft tis-
sues, including the SCM muscle and surrounding fascia and 
vessels. The development of  a cervical scoliosis with com-
pensatory thoracic curvature as well as ocular and vestibu-
lar impairments have been reported in cases of  unresolved 
CMT.24,46

Congenital Metatarsus Adductus  
and Clubfoot Deformity

Metatarsus adductus is characterized by adduction of  the 
forefoot in relation to the midfoot and hindfoot. The lateral 
border of  the foot is convex with the curve beginning at 
the base of  the fifth metatarsal resulting in the classic bean 
shape.60 Metatarsus adductus is an example of  a deforma-
tion caused by intrauterine positioning and is associated 
with other positional deformations, such as CMT and dys-
plasia of  the hip.61

FIGURE 13.12 Infant wearing a STARband cranial orthosis to 
correct plagiocephaly. (Photo courtesy of Orthomerica Products© 
Inc; 2013)

Active Remolding (STARband®) orthosis, the Dynamic 
Orthotic Cranioplasty system (DOC band®), and other 
custom-molded helmets (Fig. 13.12). The cranial remolding 
devices apply pressure to the anterior and posterior promi-
nences of  the cranium, but allow growth in the flattened 
areas. A cranial orthosis is generally recommended between 
3 and 4 months and not for children older than 12 months 
of  age. The band or helmet is initially worn for 23 to 24 
hours per day and then only while sleeping once symmetry 
is achieved.

It is difficult to draw conclusions for the use of  helmets 
or cranial remolding orthoses to correct plagiocephaly as 
the population is not always defined and the studies often 
do not differentiate between plagiocephaly resulting from 
CMT or positional plagiocephaly.57,58 Variability is evident 
in the length of  the time for helmet versus no helmet in-
tervention and outcome measurements and scores. There 
is agreement that helmets achieve cranial remolding more 
quickly compared with conservative interventions without 
a helmet, although long-term benefit may not outweigh the 
excessive cost associated with the devices.

A cervical orthosis may be beneficial for infants and 
young children with torticollis that is not responding to 
conservative treatment. The goal for an orthotic device is 
to help maintain cervical ROM or limit the ability to tilt to-
ward the involved side. The TOT collar (tubular orthosis for 
torticollis) is a soft tubular collar with rigid struts of  varying 
lengths that are positioned to elongate targeted muscles and 
limit motion in the opposite direction. The TOT collar is 
recommended for infants at least 4 months old who have 
a consistent head tilt of  5 degrees or greater for more than 
80% of  the day and perform all movements with a head 
tilt. Appropriate candidates for use of  the TOT collar must 
also exhibit a minimum of  10 degrees of  lateral neck flex-
ion toward the noninvolved side or demonstrate the abil-
ity to laterally flex the head away from the involved side.59 
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developing. The surgical procedure is dependent on the age 
of  the child and the severity of  the deformity, but typically 
includes soft tissue releases of  the tight structures or an an-
terior tibialis transfer to promote realignment of  the foot 
and ankle.

Developmental Dysplasia of the Hip

DDH is a term used to cover a broad spectrum of  hip anom-
alies in infants and young children that result from abnormal 
growth and development of  the joint. The etiology of  DDH 
most likely includes multiple factors, such as malposition 
and mechanical factors in utero such as a small intrauterine 
space, hormone-induced ligamentous laxity, genetics, and 
cultural or environmental factors. The greatest risk factors 
for DDH are a breech position, female gender, first-born 
child, and a positive family history for DDH. The incidence 
of  DDH is very variable and is dependent on environmental 
factors, age of  diagnosis, and inclusion criteria for the diag-
nosis of  DDH.24 However, the incidence of  DDH increases 
in infants with other congenital deformations, such as torti-
collis or metatarsus adductus.61,70

During early fetal development, the acetabulum is very 
deep, and the femoral head is spherical. Consequently, 
the femoral head is well covered by the acetabulum, and the 
hip is a stable joint. With fetal growth and development, the 
acetabulum increases in diameter and becomes shallower, 
providing less coverage for the femoral head. The shal-
low acetabulum, less rounded femoral head, and increased 
femoral anteversion values present normally in infants at 
birth result in a very unstable hip. In the immediate post-
natal period, the depth of  the acetabulum increases relative 
to diameter, producing a more stable ball-and-socket joint. 
The increased movement available to the newborn creates 
modeling forces that deepen the acetabulum as growth oc-
curs. The most significant acetabular growth occurs during 
the first 18 months, and minimal acetabular growth occurs 
after 3 years of  age.2

Any interference with the normal growth and develop-
ment of  the hip joint may result in DDH. Interference can 
include abnormal forces resulting from positioning and con-
fined space in utero, positioning that restricts normal kick-
ing movements postnatally, and abnormal or absent muscle 
pull in utero and postnatally. The timing of  these factors 
impacts the severity of  the joint changes. DDH, which re-
sults from malpositioning late in the last trimester, shows 
less anatomic changes and responds quickly to intervention 
compared with an infant whose hip development was af-
fected early in fetal life. DDH in a newborn can be classified 
as subluxatable, dislocatable, subluxed, or dislocated (see 
Table 13.2).

Assessment
Newborn screening for DDH includes the Ortolani test 
and the Barlow maneuvers (Fig. 13.13A, B). Both of  these 
tests are more reliable before 2 months of  age and when the 

Metatarsus adductus is classified as mild Grade I with 
clinical correction of  the foot beyond the lateral border, 
moderate Grade II with correction of  the foot to a straight 
lateral border, or severe Grade III that does not correct to 
midline.62 Severe metatarsus adductus may also be referred 
to as metatarsus varus and may include medial subluxation 
of  the tarsometatarsal joint.24

Grades I and II metatarsus adductus resolve spontane-
ously without treatment by 4 to 6 months of  age and ac-
count for about 95% of  cases.63–65 Infants with moderate 
or severe metatarsus adductus should be treated with se-
rial casting until a flexible forefoot with proper alignment is 
achieved.63 The height of  the serial cast may need to extend 
above the knee to control any tibial rotation.

Clubfoot, or congenital talipes equinovarus, is a com-
plex deformity involving ankle plantar flexion, hindfoot 
varus, and forefoot adduction and pronation. The inci-
dence is 1 per 1000 live births, but the etiology is unclear.60 
Intrauterine positioning may be a causative factor in milder 
forms or when a primary neuromuscular impairment, such 
as myelomeningocele or arthrogryposis, is present. In the 
latter cases, decreased or absent fetal movement secondary 
to the primary neuromuscular impairment could lead to 
prolonged abnormal fetal positioning and the resultant club-
foot deformity at birth.

In the severe forms of  congenital talipes equinovarus, 
pathologic deformities in the anatomy and alignment of  the 
bony and cartilaginous structures of  the foot are present. 
The muscles are also hypoplastic, giving an overall smaller 
appearance to both the foot and the lower leg on the in-
volved side. The etiology may be a defect in the mesenchy-
mal cells forming the template for the cartilaginous model 
of  the hindfoot structures, indicating a dysplasia rather 
than a deformation.24 More recently, the genetic and chro-
mosomal abnormality links to idiopathic clubfoot are being 
uncovered.66,67

The goal of  treatment for congenital clubfoot is to re-
store alignment and correct the deformity as much as pos-
sible and to provide a mobile foot for normal function and 
weight bearing. Initial treatment is begun shortly after birth. 
The Ponseti treatment method has demonstrated great suc-
cess in reducing or eliminating the need for extensive correc-
tive surgery.68 It consists of  serial casting with manipulation 
to correct the forefoot adduction and pronation and hind-
foot varus along with percutaneous Achilles tenotomy to 
correct equinus. The cast extends above the knee to address 
medial tibial torsion that usually accompanies the foot de-
formity. Long-term post-correction brace use for up to 
4 years is necessary to maintain correction.68 Casting should 
continue until the foot achieves approximately 70 degrees of  
hyper abduction followed by 3 additional weeks to allow the 
Achilles tendon to heal. Children treated with the Ponseti 
method demonstrate minimally delayed achievement of  
gross motor milestones including ambulation.69

Surgical correction is usually performed before 6 months 
of  age to limit the extent of  secondary deformities from 
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Therefore, the Ortolani and Barlow maneuvers are much 
less reliable for infants older than 2 to 3 months of  age.24,63 
Additional signs that may be noted in the newborn period 
include asymmetry of  thigh or gluteal folds, limitation of  
hip abduction ROM or asymmetric hip abduction ROM, and 
apparent unequal femoral lengths, referred to as Galeazzi 
sign. These signs become strong indicators of  DDH in the 
older infant when the Ortolani or Barlow maneuvers are no 
longer reliable. In older children who are ambulatory, DDH 
is usually diagnosed by an abnormal gait pattern. Children 
with unilateral DDH exhibit a positive Trendelenburg sign, 
and children with bilateral DDH walk with a waddle.24,63

When DDH is suspected from your assessment, the in-
fant is referred for an ultrasound or radiography, depend-
ing on his or her age. Ultrasound is used for young infants 
when ossif ication of  the femoral head is minimal and 
would not be detected on radiography. Any time an infant 

infant is calm and not crying to facilitate soft tissue relax-
ation. As the infant grows, the unstable hip either remains 
in the acetabulum through normal development or remains 
outside the acetabulum and is prevented from relocating. 

Classification Criteria
Normal No instability of hip joint
Subluxatable Femoral head within the acetabulum but can be 

partially displaced out from under the acetabulum
Dislocatable Femoral head within the acetabulum but can be 

fully dislocated using the Barlow maneuver
Subluxed Femoral head rests partially out of the acetabulum 

but can be reduced
Dislocated Femoral head is completely out of the acetabulum

Classification of Newborn Infant’s Hips

TABLE

13.2

FIGURE 13.13 (A) The Ortolani maneuver. From a flexed and adduced position, the hip is abducted; the examiner 
feels a clunk as the femoral head moves into the socket. The examiner’s other hand stabilizes the infant’s pelvis. (B) The 
Barlow test. The examiner holds the infant’s hip in flexion and slight abduction. The infant’s hip is adduced while applying 
pressure in a posterior direction. Dislocation of the femoral head with pressure indicates an unstable hip.

BA
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SIX TO 12 MONTHS After 6 months of  age, it may become 
more difficult to relocate the femoral head in the acetabu-
lum. Traction for a period of  time may be attempted to 
relocate the hip and then institute wearing of  the Pavlik har-
ness. If  the child is ambulatory, an abduction orthosis may 
be more practical than a Pavlik harness. Closed reduction 
under anesthesia may be required with the application of  a 
hip spica cast to maintain the hip in the located position.24

AFTER 12 MONTHS Rarely will the child’s hip be able to be 
relocated without surgical intervention. Conservative meth-
ods, such as home traction followed by closed reduction, 
may be attempted before a surgical procedure. Surgical cor-
rection may include release of  tight soft tissue structures or 
osteotomy of  the proximal femur to allow the femoral head 
to move into the acetabulum. Older children may require re-
moval of  a portion of  the femoral shaft to reduce the forces 
on the femoral head when it is relocated in the acetabulum, 
femoral osteotomy, or acetabular osteotomy to aid in relo-
cating the femoral head.24,63

Arthrogryposis Multiplex Congenita

Arthrogryposis multiplex congenita (AMC), also referred to 
as multiple congenital contracture (MCC), is a nonprogressive 
disorder characterized by multiple joint contractures and mus-
cle weakness or imbalance. The reported incidence of  AMC 

is referred for physical therapy, regardless of  diagnosis, hip 
stability should be assessed. If  risk factors are present, such 
as breech presentation or other congenital deformities, 
and your assessment is normal, the infant may still benefit 
from a referral for an ultrasound to confirm that DDH is 
not present.

Management
The aim of  treatment is to return the femoral head to its 
normal relationship within the acetabulum and to maintain 
this relationship until the abnormal changes reverse.70 The 
earlier the treatment is initiated, the less abnormal changes 
are present in the structures of  the hip joint and the less 
time is needed for the structures to return to their normal 
relationship. Treatment regimens will vary slightly between 
facilities and preference of  the physician, but the same gen-
eral concepts are followed in the management of  infants and 
children with DDH.

NEWBORN TO 6 MONTHS The goal of  treatment is to main-
tain the femoral head within the acetabulum. An orthosis, 
typically the Pavlik harness, is used to maintain the infant’s 
hips in a flexed and abducted position.

The Pavlik harness consists of  a shoulder harness with 
two anterior and two posterior straps, stirrups for the legs, 
and booties to secure the feet (Fig.13.14). In the Pavlik har-
ness, the infant’s hips are flexed 90 to 100 degrees, which lo-
cates the femoral head in the acetabulum. With the infant in 
supine, the hips are allowed to fall into abduction; they are 
not forced into abduction. The abducted position stretches 
the hip adductor muscles and allows the femoral head to 
slide over the posterior rim into the acetabulum. The ante-
rior and posterior straps permit active hip flexion and abduc-
tion, but limit hip extension and adduction. Therefore, the 
Pavlik harness has a dynamic component that promotes ac-
tive movement and modeling of  the hip joint.

The Pavlik harness is worn 23 to 24 hours a day until the 
hip is stable; full-time use of  the harness is continued after 
stability is achieved, and then a period of  weaning out of  the 
harness is instituted. The child’s progress must be closely 
monitored to detect complications or decide alternative 
treatments if  hip stability is not developing.

Complications that can develop with the use of  the Pavlik 
harness include avascular necrosis of  the femoral head, fem-
oral nerve palsy, and inferior dislocation.24,71 These compli-
cations can be avoided through regular monitoring of  the 
child’s hips, parent or caregiver education, and proper fit of  
the harness. At many centers, the physical therapist works 
with the orthopedist and instructs the family in proper don-
ning and doffing of  the Pavlik harness. In an outpatient facil-
ity, an infant you are treating for another impairment may 
be wearing a Pavlik harness. It is imperative that the physical 
therapist be knowledgeable in the fitting of  the Pavlik har-
ness and recognize signs of  ill-fit when he or she is working 
with these infants.

FIGURE 13.14 The Pavlik harness maintains the infant’s hips 
in flexion and allows active movement of the hips into abduction. 
(Photo courtesy of RhinoPediatric Orthopedic Design, Inc.)
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varies from 1 in 3000 to 1 in 4000 live births.72,73 The disorder 
is related to a paucity of  movement early in fetal development, 
leading to multiple contractures at birth. The exact etiology 
is unknown, but is probably multifactorial with genetic muta-
tion causes currently being uncovered. AMC is associated with 
multiple neurogenic or myopathic disorders that exhibit a de-
fect in the motor unit, including the anterior horn cells, roots, 
peripheral nerve, motor end plates, or muscle, resulting in 
weakness and decreased fetal movement early in development. 
Fetal immobility results in multiple joint contractures, fibrosis 
of  muscles, and fibrosis of  the periarticular structures.73,74

There is much variability among infants with AMC; how-
ever, common clinical features are generally present. These 
features include: (1) featureless extremities that are often cy-
lindric in shape with absent skin creases, (2) rigid joints with 
significant contractures, (3) dislocation of  joints, especially 
the hips, (4) atrophy and even absence of  muscle groups, 
and (5) intact sensation, although deep tendon reflexes 
(DTRs) may be diminished or absent.73 The infant’s contrac-
tures are usually symmetric and typically include shoulder 
internal rotation, elbow flexion or extension, wrist flexion 
with ulnar deviation, hip flexion with either internal rota-
tion or a frog-legged posture, knee flexion or extension, and 
equinovarus deformities of  the feet (Fig. 13.15).24

FIGURE 13.15 Arthrogryposis multiplex congenita in an infant. 
The shoulders are internally rotated and adduced, and the elbows 
and wrists are extended. The hips are flexed, externally  rotated, and 
abducted, and the feet demonstrate talipes equinocavus.

Management
Intervention requires multiple disciplines working toward 
the same goal and timeline. The goal of  intervention is 
to achieve the maximum functional level for each child. 
Treatment techniques include passive stretching through 
positioning, casting and splinting, strengthening activities, 
developmental skills, surgical procedures, and the use of  
adapted or rehabilitation equipment. The family is crucial in 
planning the long-term goals for the child and assisting with 
the carryover of  activities.

INFANCY Positioning and passive stretching exercises should 
begin shortly after birth. Serial casting begins in the first few 
months for foot deformities (see Clubfoot section), knee 
flexion contractures, and wrist flexion contractures. Caution 
must be used to stretch only to the end range and main-
tain the stretch with a cast or a splint. Forceful aggressive 
stretching of  a rigid joint can result in damage to the joint 
capsule and surrounding soft tissues.24 Any gains in ROM 
must be maintained with a splint or positioning device, or 
the contracture will recur.

Usually between 6 and 12 months of  age, residual con-
tractures at the feet and knees are surgically corrected.63 
Surgical correction involves release of  the tight joint capsule 
and soft tissues. Surgical correction is maintained by splint-
ing, strengthening exercises, and active functional move-
ment. For example, a child who had a bilateral release of  
posterior structures of  the ankle to correct an equinovarus 
deformity should have a splint fabricated to maintain the 
ROM as well as begin a standing program with the use of  a 
standing device or ambulation aid.

The goals of  intervention for the child’s upper extremi-
ties must be well planned. For optimum function and in-
dependence with self-care skills, the child should have the 
ability to flex and extend the elbows. If  this is not possible, 
treatment should aim to ensure that one elbow is able to flex 
for feeding activities and that the other elbow is able to ex-
tend for reaching and toileting activities.

During this age range, the child should develop some 
mobility skills. Rolling is often difficult secondary to the 
lower extremity contractures. Some children may learn to 
scoot on the floor on their belly or their back initially. Most 
children can learn to sit but have difficulty achieving the 
sitting position independently. From sitting, floor mobility 
should be encouraged. Creeping on hands and knees is often 
difficult, and children often learn to scoot on their bottom. 
Pulling to stand may be limited by contractures of  the lower 
extremity. Surgical techniques should be timed to prepare 
the child to stand when the child is developmentally ready. 
Preambulation activities should begin before 1 year of  age.

12 MONTHS THROUGH PRESCHOOL The goal of  treat-
ment during this age range is to develop the maximum 
level of  independence with mobility and self-care skills. 
Ambulation is possible for many children with AMC and 
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rotation is approximately 100 degrees and slightly more in 
infants.75 Lateral rotation of  the hip is greater than medial 
rotation in infants secondary to tightness of  soft tissues from 
intrauterine positioning. Femoral anteversion is present in in-
fancy, but is not as noticeable because of  the infant’s position 
of  lateral rotation. Femoral anteversion is usually noticeable 
in young children, but continues to decrease from infancy 
throughout childhood. Persistent femoral anteversion may 
be classified as a rotational deformity when the following val-
ues exist: mild if  medial rotation is 70 to 80 degrees and lat-
eral rotation is 10 to 20 degrees, moderate if  medial rotation 
is 80 to 90 degrees and lateral rotation is 0 to 10 degrees, and 
severe if  medial rotation is greater than 90 degrees and no 
lateral rotation is present.22,75 The TFA increases from a neg-
ative angle in infancy to a positive angle throughout child-
hood. The angle of  the TMA also increases from infancy 
through childhood. The tibia is medially rotated in infancy 
secondary to intrauterine positioning. De-rotation of  the 
tibia toward the normal lateral tibial torsion values in adult-
hood occurs normally through growth and development.

Infants and young children exhibit greater femoral an-
teversion and medial tibial torsion that gradually decrease 
through normal growth and development. An in-toeing 
gait is most common during the second year after the child 
begins to walk. If  the measured values fall outside the two 
standard deviation values for normal, a rotational deformity 
exists. Intervention is necessary only if  the deformity in-
terferes with function or has the potential to interfere with 
function or development.75 However, if  a rotational defor-
mity is cosmetically unappealing for the child, adolescent, 
or parent, intervention may also be considered although not 
medically necessary.75

Previously, treatment has included exercise, bracing, shoe 
modifications, and orthopedic correction. Shoe modifica-
tions are ineffective in correcting in-toeing problems, and 
devices such as the Denis Browne bar or twister cables may 
actually cause secondary deformities at the knee as well.24,64 
Hip, knee, ankle foot orthoses (HKAFO) and knee, ankle 
foot orthoses (KAFO) constructed of  newer light polymer 
material shell and multiplane movement joints may have 
clinical benefits, but evidence is not more than anecdotal 
at this time. Orthopedic surgery consisting of  a femoral or 
tibial osteotomy may be indicated for children who exhibit 
deformities greater than 3 standard deviations from the 
normal values (i.e., femoral anteversion greater than 50 de-
grees) and when the deformity interferes with function or is 
a cosmetic concern.

 Dysplasias

A dysplasia is an abnormal organization of  cells into tissue 
that leads to abnormal tissue differentiation.6,26 Children 
born with a dysplasia exhibit widespread involvement be-
cause the abnormal tissue differentiation is present wherever 
the tissue is present.

should be considered a viable goal until proven otherwise. 
Upper extremity skills focus on feeding and dressing activi-
ties. Maintenance of  acquired ROM is crucial, as are con-
tinued gains in ROM. Strengthening exercises through 
age- appropriate activities, as well as specific mobility train-
ing, are incorporated into the program.

SCHOOL AGE The school-age time period often highlights 
the functional impairments that may exist for a child with 
AMC. The child’s ambulation speed may be slow compared 
with his or her peers, and fine motor difficulty may interfere 
with writing speed and clarity. Adaptive and rehabilitation 
equipment may be necessary to assist the child with func-
tioning independently in the school setting and maintaining 
social interaction with his or her peers.

 Postnatal deformations

Deformations can also occur postnatally secondary to the 
immaturity of  the musculoskeletal system of  a growing and 
developing child. The effect of  growth on the musculoskel-
etal system can be used to correct prenatal deformities, such 
as seen in the treatment rationale for CMT or metatarsus 
adductus. However, the effect of  growth can also produce 
additional deformities postnatally if  a force is abnormal or 
unopposed.

Rotational Deformities

The variation of  a child’s rotational profile that occurs with 
normal growth and development produces many questions 
for parents and subsequent visits to an orthopedist or a physi-
cal therapist. The child with a rotational variation presents 
with either an in-toed or out-toed gait. Clarification on what 
is a true normal rotational variation, when the rotation be-
comes a deformity, and appropriate assessment and interven-
tion are necessary to answer parents’ questions, recognize 
true problems, and possibly impact those problems. The 
causative factors of  the in-toeing or out-toeing must be evalu-
ated and the rotational components measured using Staheli’s 
rotational profile outlined earlier in the chapter. Staheli’s 
 rotational profile includes FPA as an overall measure, hip ro-
tation ROM to assess femoral torsion, TFA to assess tibial 
torsion and the hindfoot, angle of  the TMA (transmalleolar 
axis) to assess the distal tibia, and the configuration of  the 
foot. The measurements can then be compared with the nor-
mative values to determine whether the child falls within the 
range of  normal for his or her age and which component or 
components of  the lower extremity are contributing to the 
in-toed or out-toed gait pattern (see Fig. 13.2).

FPA shows the greatest variability in infancy before lev-
eling off  to a mean of  10 degrees with a range of  −3 to 20 
degrees in childhood. Hip rotation ROM is divided into me-
dial and lateral rotation of  the hip and is a clinical measure 
to assess femoral torsion. The sum of  medial and lateral hip 
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from 1 in 15,000 to 1 in 100,000.76,77 The musculoskeletal 
involvement is diffuse and includes osteoporosis with ex-
cessive fractures even at birth, bowing of  long bones, 
spinal deformities, muscle weakness, and ligamentous lax-
ity.76–79 In addition to the musculoskeletal involvement, 
other clinical features of  children with OI may include 
blue sclera in the eyes, dentinogenesis imperfecta, hearing 
loss, growth deficiency, cardiopulmonary abnormalities, 
easy bruising, excessive sweating, and loose or dislocated 
joints76,77 (Fig. 13.16).

In 1979, Sillence first described OI Types I through IV 
based on genetic, clinical, and radiographic findings with-
out regard for molecular involvement.76,80 Recently, the 
genetic complexity of  OI is becoming more transparent 
with approximately 2000 different type I collagen muta-
tions identif ied.80 The International Skeletal Dysplasia 
Society has recommended utilizing Sillence typing to 
classify the severity of  OI or phenotypic presentation. In 
addition, these classifications should not include direct 
molecular reference to eliminate typing that only reflects 
newly discovered genetic variants that have little distin-
guishing features in the clinic.81 Table 13.3 outlines the 
specific characteristics for OI Types I through VIII.

Binder et al.79 developed a classification system based 
on body size and limb proportions and their expected 
functional outcomes (Table 13.4). Consequently, physical 
therapy interventions can then be aimed at potential mus-
culoskeletal deformities that presently interfere with the 
child’s expected functional abilities or at preventing those 
deformities from developing.

FIGURE 13.16 Radiograph of a 13-month-old child with type 
III OI. Note the poor bone density, previous fracture sites, bowing 
of the bones, and the length of the femurs in relation to the tibias.

Typea Severity Inheritance Characteristics Mobility Status
I Mildest form of OI Autosomal 

dominant
Blue sclera, dentinogenesis imperfecta, fewer bone 
fractures and progressive deformity, mild short stature or 
normal height

Ambulatory—may use an orthotic device

II Lethal in perinatal 
period

Autosomal 
dominant

Severe bone fragility with multiple rib and long bone 
fractures at birth. Bones are “crumpled”; ribs may be beaded

Not applicable

III Severe form Autosomal 
dominant or 
recessive

Blue or normal sclera, dentinogenesis imperfecta, variable 
bone fragility but often severe, progressive skeletal 
deformity, scoliosis, very short stature

Variable; may be ambulatory with 
assistive device and orthotic devices, may 
use wheelchair for all or partial mobility

IV Moderate Autosomal 
dominant

Gray or normal sclera, dentinogenesis imperfecta, moderate 
fragility of bones, scoliosis, moderate short stature

Often independent at home and community, 
with or without assistive device

V Moderate Autosomal 
dominant

Normal sclera and teeth, frequent dislocation of radial 
head and calcification of forearm interosseous membrane, 
moderate-to-severe bone fragility, mild-to-moderate short 
stature

Ambulatory

VI Moderate Autosomal 
recessive

Normal sclera and teeth, vertebral compression fractures 
often seen, more fractures than seen in type IV but at birth, 
scoliosis, moderately short stature

May be ambulatory or use wheelchair

VII Moderate Autosomal 
recessive

White sclera, normal teeth, moderate bone fragility with 
fractures at birth, very short humeri and femurs with coax 
vara, mild short stature

May be ambulatory or use wheelchair

VIII Severe to lethal in 
perinatal period

Autosomal 
recessive

Severe growth deficiency and bone demineralization Variable to not applicable

aTypes I to IV are based on Sillence classification system. Types V to VIII are expanded types clinically distinguishable by bone histology or recessive inheritance.

Classification of OI

TABLE

13.3

Osteogenesis Imperfecta

OI is a congenital disorder of  type I collagen synthesis that 
affects all connective tissues in the body. The reported in-
cidence is dependent upon criteria used for OI and ranges 
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and IV.82,84,87 Future study regarding bisphosphonates should 
include further analysis of  how long the child should receive 
the medications, whether the results are reversed if  the med-
ication is stopped, and which groups should receive which 
medications. Other novel approaches currently under inves-
tigation include the efficacy of  gene therapy to silence allele 
mutations, bone marrow transplant, and selective mesen-
chymal stem cell transplant to treat OI.

ORTHOPEDIC Fractures are managed with a soft splint or 
fiberglass cast for immobilization. The period of  immobili-
zation is kept short to minimize the bone demineralization 
that normally occurs with inactivity. Frequent fractures can 
lead to further demineralization, refractures, and bony de-
formity, specifically bowing of  the long bones. Muscle pull 
on long bones can also cause significant anterior bowing of  
the long bones of  the lower extremity. Osteotomy, flexible 
intramedullary nails, and telescoping intramedullary rod fix-
ation may be used to correct bowing deformities or stabilize 
fractures.76,80 Surgical corrections facilitate orthotic use and 
standing programs as well as provide support to the bones 
to decrease the fracture rate.

Rehabilitation
Several practitioners from the Children’s Hospital Medical 
Center, Washington, DC, and the National Institutes of  
Health have developed and revised a rehabilitation proto-
col for children with OI.78,79,89 Much of  this information is 
now published in a book with clear explanations of  exer-
cises from early infancy through gaining independence for 

Management
PHARMACOLOGIC Several pharmacologic and vitamin sup-
plements have been studied in an attempt to decrease the 
fragility of  the bones of  children with OI. Agents such as 
calcitonin, fluoride, hormones, and vitamins C and D have 
all been shown to be ineffective in preventing fractures.82 
Calcium and vitamin D may be ineffective alone but can 
support greater efficacy in conjunction with bisphosphonate 
drug therapies.80

Medications from the bisphosphonate family such as 
pamidronate, alendronate, and zoledronic acid have been 
administered to children and adults with OI to improve their 
bone density. Bisphosphonates act to inhibit osteoclast ac-
tivity and have been used in postmenopausal women to de-
crease osteoporosis. Bisphosphonates can be administered 
orally or intravenously at cyclic periods. Intravenous (IV) 
administration has been found to be effective in improving 
bone density, especially vertebral body; decreasing fracture 
rate; decreasing back pain; improving sense of  well-being; 
and improving grip strength, mobility, self-care skills, and 
ambulation.83–86 Maximum bone density benefits are real-
ized with pamidronate in the first 2 to 4 years of  treatment, 
but maintenance therapy is suggested until bone growth 
is finished.80 Oral administration may not be as effective as 
IV administration. However, significant evidence supports 
that oral administration of  bisphosphonates is effective in 
improving bone density.84,87,88 Moderate-to-strong evidence 
suggests oral bisphosphonate efficacy in reducing the frac-
ture rate, improving the functional status of  some subjects, 
and improving quality of  life in children with OI types I, III, 

Type Physical Characteristics Functional Expectations Focus of Rehabilitation Interventions
A Most severely involved group

Large head relative to body, very short stature, 
bowing of long bones with joint contractures 
and weakness
May have severe scoliosis and/or vertebral 
compression fractures

Dependent for ADLs except for feeding
May use manual wheelchair; more likely 
to use power wheelchair

Positioning, including molded seating 
systems, therapeutic water activities
Soft tissue mobilization to increase shoulder 
and MCP joint ROM and soft tissue 
mobilization techniques to alleviate back pain

B Severe short stature, high incidence of femoral 
bowing, scoliosis, hip flexion contractures
Strength generally at least 3/5

Stand and/or ambulate with assistive 
devices and braces
Partial independence with ADLs
Contractures of hips and shoulders and 
limited forearm supination interfere with 
function

Posture and active ROM exercises aimed at 
limiting contractures
Strengthening with emphasis on abdominals, 
hip extensors and abductors, and quadriceps
Endurance through swimming and biking, 
developmental activities through normal 
sequence
Many children will not crawl but scoot in 
sitting

C Less growth deficiency, poor LE alignment 
including hip abduction and external rotation 
contractures
Joint laxity with LE valgus and pronation of 
the feet
Strength of 3/5 or greater, poor endurance

Community ambulation with or without 
orthotic devices
Independent with ADLs

Strengthening exercises with weights 
proximal on limb
Conditioning exercise to improve endurance 
and long-distance ambulation
May use orthotic devices for alignment, but all 
orthotic devices should be articulated

ADLs, activities of daily living; LE, lower extremity; MCP, metacarpophalangeal; ROM, range of motion.

From Binder H, Conway A, Gerber LH. Rehabilitation approaches to children with osteogenesis imperfecta: a ten-year experience. Arch Phys Med Rehabil. 
1993;74:386–390.

Functional Classification for OI and Focus of Rehabilitation

TABLE

13.4
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may not progress to independent ambulation without an 
assistive device. With ambulation and upright positioning, 
attention must be directed to the pelvic girdle. Hip flexion 
contractures often develop, and children with OI typically 
require ongoing strengthening of  their hip extensors and 
abductors.90

Children who do not develop independent functional am-
bulation should be fitted with a manual or power wheelchair 
as appropriate. Positioning remains key with any seating sys-
tem, and attention is given to head and trunk alignment.

In a 10-year follow-up report, Binder and colleagues em-
phasized the need for rehabilitation to focus on the child’s 
functional needs.79 These key rehabilitation strategies are 
outlined in Table 13.4. Binder et al. reported progress with 
functional skills in all groups of  children with OI, rang-
ing from improved head control to community ambula-
tion. Progress appears related to severity of  the disease, but 
should be expected for all children with OI if  the goals ad-
dress functional needs. Factors that impair independence 
include joint contractures and muscle weakness for those 
children with severe forms of  OI, and endurance capabilities 
for children with less severe forms of  OI.

Recent studies show that children with OI can participate 
in physical therapist–supervised exercise programs and dem-
onstrate improved aerobic and muscle performance with 
decreased fatigue.91 Detraining observed following the com-
pletion of  these programs emphasizes the need for ongoing 
therapist developed and safely monitored exercise programs 
as part of  a weekly routine. The use of  whole body vibra-
tion (WBV) systems has been incorporated into training 
programs to improve muscle strength and power in healthy 
and motor-impaired adults, demonstrating results beyond 
that of  training without WBV.92,93 WBV has shown promis-
ing results in improving mobility and function and decreas-
ing support devices needed for children with OI.93 Current 
equipment costs make treatment outside of  the clinical or 
research setting prohibitive, but further technological or 
home gaming system development will likely change this.

Joint Hypermobility Syndromes

EDS is another disorder of  collagen synthesis, primarily 
type V, with an incidence of  1:10,000.94,95 It is a clinically 
and genetically heterogenous group of  connective tissue 
disorders characterized by joint hypermobility, skin hyperex-
tensibility, and tissue fragility.94–96 Formerly divided into 14 
distinct variations, there are now 7 accepted general classifi-
cation types of  EDS.95 (Table 13.5) However, the Classic and 
Hypermobility type account for 90% of  all cases and involve 
mostly orthopedic complaints.96

In 1967, Kirk first described a similar condition known as 
benign joint hypermobility syndrome (BJHS), which is also 
characterized by generalized joint laxity with musculoskel-
etal complaints. It is called “benign” owing to the absence of  
a specific genetic, musculoskeletal or rheumatic disorder.97 
Examination and treatment approaches to EDS and BJHS 
are indistinguishable.

adolescents.90 In view of  wide variability among children 
with OI, the protocol is meant to serve as a guideline and 
must be individualized for each child and family. The goals 
for the child with severe OI are to: (1) prevent deformities of  
the head, spine, and extremities, (2) avert cardiorespiratory 
compromise by avoiding constant positioning in supine, and 
(3) maximize the child’s ability to move actively.78 These 
goals are based on the theory that muscle strengthening and 
weight-bearing programs for upper and lower extremities 
promote active earlier use of  the extremities and may lead 
to increased bone mineralization and less severe musculo-
skeletal deformities.78,89

Instruction in handling of  an infant with OI is crucial for 
all parents and caregivers. The infant should be held with 
the head and trunk fully supported. For infants with severe 
OI, caregivers may be more comfortable holding the child 
on a pillow. Careful positioning of  an infant with OI should 
begin in the first few days after birth with instruction from a 
knowledgeable physical therapist. Positioning aims to align 
the infant’s head, trunk, and extremities and to protect the 
infant from hitting hard surfaces with activity. Emphasis is 
on midline orientation of  the head and position changes to 
prevent the development of  a laterally tilted head and mis-
shapen skull. Active movement is encouraged as beginning 
strengthening exercises. Careful handling activities can be 
performed in straight frontal or sagittal plane movements. 
Rotary movements should be avoided to prevent rotational 
fractures.

Strengthening activities progress from active movement 
to playing with lightweight toys and rattles. Active move-
ment can be further encouraged in water either at bath time 
or in a swim program with the parent present. Standard 
 active-assistive and resistive exercises can be incorporated as 
the child becomes a little older. Emphasis is also placed on 
the development of  head control and head righting in a va-
riety of  positions because children with OI often have a very 
large head. Developmental activities such as prone skills 
and rolling are encouraged. Independent sitting is encour-
aged when developmentally appropriate, as is some type of  
floor mobility. Those children who do not have the ability 
to develop independent sitting skills should be fitted for a 
 custom-molded seat to promote head and trunk alignment 
and afford the child the opportunity to play in an upright 
position. Throughout the developmental progression, in-
creasing or maintaining ROM and strength, especially of  the 
pelvic girdle, is incorporated into activities.

Children should be fitted with orthoses when they have 
developed independent sitting skills and balance and are 
beginning to pull to stand. Those children who cannot sit 
independently but have developed head control should be 
fitted for a standing frame. Recent standing equipment de-
sign advances may eliminate the need for custom-molded 
frames. The orthoses recommended in the protocol are 
containment or clamshell HKAFOs.78,90 Clamshell orthoses 
are similar to standard HKAFOs except that a contoured 
anterior shell is present to support the thigh and lower leg. 
Gait training begins with an assistive device and may or 
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areas: targeted therapeutic exercise, self-care and home 
management, functional training for recreation, school, or 
work, and orthoses or adaptive equipment.12a

Therapeutic Exercise
Therapeutic exercise programs should include a combina-
tion of  strengthening, neuromuscular education, neuromus-
cular stabilization, and stretching usually of  the hindfoot 
only. Glenohumeral joint and scapular stabilization and 
strengthening are important to combat recurrent sublux-
ations. This reduction in subluxations also improves proxi-
mal stability to facilitate functional use of  the hand and arm 
without recurrent pain. However, this level of  achievement 
may be difficult for younger children, and goals for improve-
ment may be delayed until a child can follow more complex 
instruction. Foot and ankle strengthening will promote sta-
bility and preserve foot function. Full hindfoot ROM should 
be achieved, as Achilles tightness usually develops due to 
midfoot breakdown. Abdominal and trunk strengthening for 
overall proximal and lumbar stabilization is frequently nec-
essary as low back pain is a common complaint. Wrist and 

Examination
Examination procedures for patients with EDS and BJHS 
should include a hypermobility scale and lower extremity 
rotational profile. Multiple hypermobility scales exist but 
the Beighton Score is frequently used in clinical settings. 
The Beighton Score is a component of  the full Beighton 
Criteria used to diagnose hypermobility syndromes98 (Table 
13.6). Other areas of  specific concern include the shoulders, 
ankles, and feet. Complaints of  hypermobility are often 
accompanied by diffuse muscle and joint pain and general 
fatigue along with hand pain and fatigue with prolonged 
handwriting.

Management
Intervention focus and strategies will depend on the 
 patient’s age and severity of  joint involvement. Most pro-
grams should include a combination of  the following four 

Current 
Classification

Prior 
Classification Clinical Presentation

Classic EDS I and 
EDS II

Joint hypermobility
Skin hyperextensibility
Atrophic scars
Smooth velvety texture

Hypermobile EDS III Joint hypermobility
Mild skin hyperextensibility
+/– smooth velvety texture

Vascular EDS IV Thin skin
Easily bruised
Pinched nose
Appearance of premature aging
Rupture of medium and large 
arteries within uterus and bowel

Kyphoscoliotic EDS VI Joint hypermobility
Progressive scoliosis
Scleral fragility with rupture
Tissue fragility
Aortic dilation
Mitral valve prolapse (MVP)

Arthrochalasia EDS VII A
EDS VII B

Severe joint hypermobility
Joint subluxations
Congenital hip dislocation
Skin hyperextensibility
Tissue fragility

Dermatosparaxis EDS VII C Severe skin fragility
Decreased skin elasticity
Easily bruised
Hernias
Premature rupture of fetal 
membranes

Unclassified EDS V
EDS VIII

EDS X, EDS XI
EDS IX
EDS, Progeroid 
form

Classic features
Classic features and periodontic 
disease
Mild classic features, MVP (mitral 
valve prolapse), joint instability
Classic features, occipital horns, 
premature aging

EDS Classifications

TABLE

13.5
Major Criteria A Beighton score of 4/9 or more (either current 

or historic)
Joint Pain for more than 3 mo in four or more 
joints

Minor Criteria A Beighton score of 1, 2, or 3/9 (0, 1, 2, or 3 if 
aged 50+)
Joint pain (>3 mo) in one to three joints 
or back pain (>3 mo), spondylosis, 
spondylolysis/spondylolisthesis.
Dislocation/subluxation in more than one joint, 
or in one joint on more than one occasion.
Soft tissue inflammation >3 lesions (e.g., 
epicondylitis, tenosynovitis, bursitis).
Marfan-like symptoms (tall, slim, span/height 
ratio >1.03, upper: lower segment ratio <0.89, 
arachnodactyly (positive Steinberg thumb/
Walker wrist signs).
Abnormal skin: striae, hyperextensibility, thin 
skin, papyraceous scarring
Eye signs: drooping eyelids, nearsighted or 
anti-mongoloid eye slant
Varicose veins or hernia or uterine/rectal 
prolapse

Beighton Score 1, 2 – Passive 5th MCP extension >90 degrees 
(Right and Left)
3, 4 – Passive thumb apposition to forearm 
(Right and Left)
5, 6 – Elbow hyperextension >10 degrees 
(Right and Left)
7, 8 – Knee hyperextension >10 degrees (Right 
and Left)
9 – Standing trunk flexion with knees extended, 
palms flat on floor

Positive Diagnosis 
criteria

2 major criteria
1 major and 1 minor criteria
4 minor criteria

Beighton Criteria for Joint Hypermobility

TABLE

13.6
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varied in their origin and may include vascular, infectious, 
metabolic, mechanical, traumatic, or structural causes.

Legg–Calvé–Perthes Disease

Legg–Calvé–Perthes disease is a self-limiting disease of  
the hip initiated by avascular necrosis of  the femoral head. 
The precise cause of  the avascular necrosis that disrupts 
blood flow to the capital femoral epiphysis is not known. 
Microtrauma, transient synovitis, infection, insulin-like 
growth factor I pathway abnormalities, congenital or devel-
opmental vascular irregularities, and thrombotic vascular 
insults have all been theorized as producing the avascular 
necrosis, but recent evidence is strongly suggestive of  vascu-
lar abnormalities and dysfunction.100,101 The disease typically 
occurs between 3 and 13 years of  age, with boys affected 
three to five times more frequently than girls. However, 
Legg–Calvé–Perthes disease is most commonly seen in boys 
between 4 and 10 years of  age who are active yet small for 
their age. Bilateral presentation is seen in 10% to 20% of  
children with the disease.24

Legg–Calvé–Perthes disease progresses through four 
clearly defined stages: (1) initial, (2) fragmentation, (3) reos-
sification, and (4) healed.102 During the initial phase, a por-
tion or all of  the femoral head becomes necrotic and bone 
growth ceases. The necrotic bone is resorbed and frag-
mented; at this time revascularization of  the femoral head 
is initiated. During this second stage, the femoral head 
often becomes deformed, and the acetabulum becomes 
flattened in response to the deformity of  the femoral head. 
With revascularization, the femoral head begins to reossify. 
As the femoral head grows, remodeling of  both the femo-
ral head and the acetabulum occurs.100,102 The stage of  the 
disease at the time of  diagnosis, sex of  the child, and age 
at onset impact the final outcome and congruency of  the 
hip joint.

There are several classification systems aimed at as-
sisting with predicting outcomes of  children with 
Legg–Calvé–Perthes disease. Herring et al. developed a 
classification system based on involvement of  the lateral 
aspect of  the femoral head. They found this lateral pillar 
classification to demonstrate good-to-excellent reliability 
among users.102 The original A, B, C classification pro-
gressing from least to most lateral pillar deterioration is 
the most widely used. Modifications to include a fourth 
B/C border category have not demonstrated the same 
reproducibility.103

Clinically, children with Legg–Calvé–Perthes disease 
present with a limp and pain referred to the groin, thigh, or 
knee.24,104 If  the condition is undetected, hip ROM limita-
tions may develop with restrictions in hip internal rotation 
and abduction, a hip flexion contracture may be present, 
and a Trendelenburg-type gait is frequently observed.104 
Muscle spasm of  the hip adductors and iliopsoas may also 
be noted. Children who present to a physical therapist with 
the preceding symptoms and unknown etiology should be 
referred to a pediatric orthopedist.

hand work should focus on small intrinsic muscle strength-
ening without joint hyperextension to facilitate hand use in 
fine motor tasks especially for school and work.

Self-Care
Patients require education regarding the need for joint stabil-
ity and protection. End-range positions such as leaning on hy-
perextended elbows and standing for long periods with hips 
and knees hyperextended for comfort should be avoided.12a 
It is also common for patients with hypermobility to demon-
strate joint “tricks” such as contortion or shoulder popping. 
However, these movements can result in microtrauma, further 
exacerbating pain symptoms. Gym class limitations include: al-
lowance for rest periods, no somersaults, push-ups, arm hang-
ing activities, timed exercises, or unsupervised stretching that 
often occurs in large classes. Aside from these, activity modifi-
cation rather than elimination should be considered.

Functional Training
Patients with EDS and BJHS are at increased risk for ligamen-
tous and repetitive use injuries because muscles perform con-
stant double duty as joint stabilizers and movers.99 Training 
will vary with the age of  the child, but can include recre-
ational or organized play, school or work activity. Patients 
require assessment of  specific functional tasks with recom-
mendations for modification, optimization of  good body me-
chanics, and exercise prescription for injury prevention.

Orthoses and Adaptive Equipment
Primary equipment and device needs are related to the 
hands, ankles, and feet. These children benefit from wider 
grip pens and pencils or regular ones with grip-widening 
foam attached to them. Some children benefit from early 
use of  computer or laptop use for note taking. More wide-
spread academic use of  electronic tablets may provide even 
more hand symptom relief.

The foot and ankle should be protected as early as possi-
ble to prevent structural deformity associated with excessive 
pronation. A biomechanical foot exam should be performed 
with the foot in subtalar joint neutral to ensure that the 
hindfoot mobility is accurately measured before an orthotic 
or orthosis is prescribed. A bracing device should provide 
the maximum support with the minimal amount of  ana-
tomical control possible to facilitate maximal muscle activ-
ity and bone development. Children with EDS and BJHS do 
well with custom and semi-customized shoe orthotics and 
University of  California Biomechanics Lab (UCBL)–type 
orthoses for mild-to-moderate foot hypermobility and light 
weight supramalleolar orthoses in severe cases.

 Pathologic processes

Pathologic processes are a broad category of  conditions that 
are abnormal and may impact the developing and grow-
ing musculoskeletal system of  a child. These processes are 
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and after healing, physical therapy is often warranted to ad-
dress ROM limitations and strength deficits. After removal 
of  the orthotic device, children may continue to walk with 
a Trendelenburg-type gait because of  weakness of  their hip 
extensors and hip abductors. Physical therapy after surgi-
cal intervention focuses on gait training and restoration of  
hip ROM and strength. Knee and ankle strength and ROM 
should also be continually addressed due to long-term 
immobility.

Although multiple treatment methods exist for Legg–
Calvé–Perthes disease, decision making and outcomes are 
more correlated with certain factors such as age at onset, 
total amount of  femoral head involvement, Herring lat-
eral pillar classification, and the disease stage at the time 
of  diagnosis. Children under 6 years do well regardless of  
treatment protocol, and surgery may not be necessary.104–106 
Children who are under 8 years of  age at the time of  onset 
and have minimal involvement of  the lateral aspect of  their 
femoral head have very favorable outcomes regardless of  
the type of  treatment received.105,106 However, children who 
are over the age of  8 years at the time of  onset and have 
moderate involvement of  the lateral aspect of  the femoral 
head have improved outcomes with surgical intervention.105 
Children who have complete collapse of  the lateral aspect of  
their femoral head, more total femoral head involvement, or 
in later stages of  the disease at diagnosis typically have poor 
outcomes.104–106

Recent literature suggests a specific protocol that dem-
onstrated excellent outcomes over a 25-year period.107 This 
protocol included an adductor tenotomy as needed to 
achieve 35 to 40 degrees of  hip abduction, Petrie casting for 
6 weeks, followed by donning of  a custom A-Frame ortho-
sis for 20 out of  24 hours per day for up to 3 years, and a 

Management
The goals of  treatment are to relieve the symptoms of  pain 
and muscle spasm, prevent or minimize femoral head de-
formity, contain the femoral head in the acetabulum while 
bone remodeling occurs, and restore ROM. Treatment for 
relief  of  pain includes anti-inflammatory medications, trac-
tion, and partial weight bearing with the use of  crutches. 
Minimizing deformity and containment of  the femoral head 
may be achieved by using traction, orthotic devices such as a 
Petrie cast, Scottish-Rite orthosis, or A-Frame orthosis (Figs. 
13.17 to 13.19), or surgical procedures such as a femoral or 
innominate osteotomy.

If  an orthotic device is used as the method of  femoral 
head containment, it may be required for a prolonged pe-
riod of  time, up to 1 to 2 years. While wearing the orthosis 

FIGURE 13.17 Petrie cast.

FIGURE 13.18 Scottish-Rite orthosis. The abduction bar con-
tains a swivel joint that allows reciprocal motion of the legs.

FIGURE 13.19 A-Frame Orthosis. Custom-molded in: (A) ap-
proximately 30 degrees of bilateral hip abduction and (B) slight knee 
flexion. (Rich MM, Schoenecker PL. Management of Legg–Calvé–
Perthes disease using an A-frame orthosis and hip range of motion: 
a 25-year experience. J Pediatr Orthop. 2013;33:112–119).

B
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onset of  painful symptoms of  less than 3 weeks’ duration, 
whereas chronic SCFE is characterized by a gradual onset of  
symptoms for greater than 3 weeks. The third type is acute-
on-chronic SCFE with a history of  mild pain for greater than 
3 weeks and a recent sudden exacerbation of  symptoms.109 
Classification according to the severity of  the displacement 
of  the femoral head is defined as follows:

(a) Grade I, displacement of  the femoral head up to one-third 
of  the width of  the femoral neck;

(b) Grade II, greater than one-third but less than one-half  
displacement;

(c) Grade III, displacement greater than one-half  
(Fig. 13.20).24,108

Clinical presentation of  young adolescents with SCFE 
includes pain in the groin, medial thigh, or knee; limping; 
external rotation of  the leg; and limited hip ROM, especially 
flexion, abduction, and internal rotation.64,108 External rota-
tion is noted with attempts to flex the affected hip. With an 
acute onset, pain is often severe, and the adolescent is un-
able to bear weight on the affected lower extremity. History 
may include a traumatic or gradual onset. If  an undiagnosed 
young adolescent presents to physical therapy with the pre-
ceding symptoms, the therapist should consider immediate 
referral to a pediatric orthopedist for further workup.

Management
The goals of  treatment include growth plate stabilization 
to prevent further displacement and prevention of  com-
plications, including avascular necrosis, chondrolysis, and 
early osteoarthritis.24,108,109 Physeal stabilization is achieved 
through surgical pin fixation in situ.110,111 This may also 
include prophylactic fixation of  an uninvolved hip, espe-
cially in younger children.108,110 Additional arthroscopic 

hip ROM HEP performed twice a day. Good spherical hip 
congruency was developed with an overall rate of  93% of  
240 hips studied having congruency. This included 78% of  
the more involved B and C Herring Classification hips as 
well. During the bracing period, children were permitted 
to ambulate while wearing the brace, and they maintained 
a normal school schedule, thereby demonstrating minimal 
limitations to daily living participation.

Slipped Capital Femoral Epiphysis

Slipped capital femoral epiphysis (SCFE) is typically de-
scribed as occurring when the femoral head slips, or is dis-
placed, from its normal alignment with the femoral neck. 
However, it is actually caused by displacement of  the fem-
oral neck usually anteriorly and superiorly.108 Weakness 
of  and excessive stresses on the growth plate are thought 
to contribute to the displacement of  the femoral head. 
Increased shear forces may be caused by obesity and struc-
tural problems such as femoral retroversion and physeal 
obliquity.108,109 Testosterone in boys and hormonal imbal-
ances in boys and girls, and growth spurts may contribute to 
growth plate weakness or instability.108,109 SCFE is the most 
common hip problem of  adolescence but the incidence of  
SCFE varies according to age, sex, and race. The incidence 
is higher in males and the African American population, and 
is often associated with the onset of  puberty.108,109 Bilateral 
occurrence has been reported in at least 50% of  young 
adolescents.108–110

SCFE is classified by weight-bearing ability, duration of  
symptoms, and radiographic findings. Patients with stable 
SCFE (which represents greater than 90% of  cases) are able 
to bear weight with or without support, but patients with 
unstable SCFE cannot.108 Acute SCFE is defined as a sudden 

FIGURE 13.20 Classification of the three grades of SCFE.
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grows and develops. Other diagnoses that must be ruled out 
include various skeletal dysplasias, rickets or vitamin D de-
ficiency, or a fracture that involved the growth plate of  the 
proximal medial tibia. Juvenile or adolescent tibia vara may 
result from infection or trauma that disrupted growth of  the 
proximal medial tibia.

Management
Treatment is dependent on the age of  the child and the stage 
of  the disease. Langenskiöld differentiated tibia vara into 
six stages with guidelines for prognosis and intervention.114 
Stage I occurs between 18 months and 3 years of  age, and 
is characterized by beaking of  the medial metaphysis and 

osteochondroplasty may be utilized to treat femoral acetab-
ular impingement, which occurs in every hip with SCFE.111 
More significant procedures such as osteotomies are re-
quired for advanced and complicated cases. Nonsurgical 
treatment, including bed rest, traction, and casting, is not 
successful; long-term outcomes may include limited hip 
ROM, pain, and surgical procedures necessitated by early 
osteoarthritis.

Physical therapy includes gait training with an assistive 
device postoperatively; usually, a non–weight-bearing sta-
tus is recommended during the acute recovery period, but 
often increases within 4 to 6 weeks. Bilateral strength and 
ROM throughout the lower extremities should be main-
tained through open chain exercises and stretching, respec-
tively, during the non–weight-bearing phase. Care should be 
taken to maintain full knee and ankle ROM, which can de-
crease from minor amounts of  lower extremity immobility 
and previous surgery. In view of  the association with obe-
sity, strengthening of  the abdominal and trunk musculature 
is important preparatory work prior to return to bilateral 
weight-bearing activities and gait training post acutely. After 
weight-bearing advances, interventions should focus on in-
creasing lower extremity strength to restore proper gait pat-
terns and functional activity. Strengthening progress may be 
slow and complicated by excess weight or by a premorbidly 
decreased activity level.

Tibia Vara (Blount Disease)

Tibia vara, or Blount disease, is a growth disorder of  the 
medial aspect of  the proximal tibia, including the epiphysis, 
physis, and metaphysis.24,112 Tibia vara is classified as three 
types, related to the age of  onset:

 1. Infantile, less than 3 years of  age is the most common;
 2. Adolescent, between ages 6 and 13 years is often related 

to partial growth plate closure after trauma or infection;
 3. Late onset between the ages of  6 and 15 years, seen pri-

marily in obese, black males.113

Diagnostic radiographic changes include sharp varus an-
gulation in the metaphysis, beaking of  the medial tibial me-
taphysis, wedging of  the medial epiphysis, widening of  the 
growth plate, and the presence of  cartilage islands in or near 
the metaphyseal beak (Fig. 13.21A–B).114,115 This growth 
disturbance is thought to be the result of  asymmetric and 
excessive compressive and shear forces across the proximal 
tibial growth plate.24

The child with tibia vara presents with a bow-legged 
stance. Infantile tibia vara, which is typically bilateral, must 
be distinguished from normal physiologic genu varum and 
medial tibial torsion. Physiologic genu varum gradually de-
creases until a genu valgus alignment is present between 2.5 
and 3 years of  age. Toddlers with tibia vara are often obese, 
are often early walkers, and may exhibit a lateral thrust of  
the knee during stance.24,115,116 Tibia vara increases in sever-
ity, whereas physiologic genu varum decreases as the child 

FIGURE 13.21 (A) A 2-year-old child with varus on weight 
bearing. (B) Same child at 2 years of age and progression of 
the Blount disease; note the varus angulation and beaking of the 
 medial tibial metaphysis.
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that injure the physis, neuromuscular disorders, tumors, or 
trauma that results in overgrowth and disease processes. 
Injuries to the physes are often asymmetric and result in 
angular deformities in addition to the shortening of  the af-
fected limb. Leg length differences range from 1 to 10 cm or 
greater.

Measurements must be taken when a leg length differ-
ence is suspected. Functional measurements can be taken by 
placing blocks of  known height under the shorter leg until 
bilateral pelvic landmarks are level, assuming there is no 
pelvic deformity. Clinical measurement may be taken with 
the patient supine by measuring from the anterior superior 
iliac spine to the medial malleolus. Reliability of  this mea-
surement is affected by soft tissue asymmetries, excess fat 
tissue, and identification of  bony landmarks.119 More precise 

delay in growth of  the medial epiphysis of  the tibia. The 
stages progress in severity until stage VI. Stage VI is seen be-
tween 10 and 13 years of  age and is characterized by fusion 
of  the medial aspect of  the physis while growth continues 
laterally.24,114

Treatment options include orthotic devices or surgical 
procedures. Orthotic intervention is recommended for chil-
dren under 2 to 3 years of  age, with radiographic findings 
consistent with stage I or II.115,117 Of  this group, children 
with smaller angular deformity and unilateral disease often 
respond better to bracing.117 An HKAFO or KAFO used in 
full knee extension is recommended primarily while the 
child is weight bearing.115,117 Proper fit and valgus correction 
adjustment should be assessed every 2 to 4 months. Physical 
therapy intervention may include family instruction in or-
thosis donning, doffing, wearing schedule, as well as skin in-
spection during brace use. Gait training with or without an 
assistive device may be warranted.

After the age of  4 years, surgical options produce better 
outcomes than orthotic devices.112,115,116 Despite disease se-
verity, stage, and age of  presentation, there are ultimately 
two tibial osteotomy surgical categories116: tibial osteotomy 
with full angular correction using internal or external fixa-
tion; or tibial osteotomy with gradual angular correction 
using a multiaxial correction (MAC) monolateral external 
fixator device, or a circular device such as a Taylor Spatial 
or Ilizarov frame (see Fig 13.22).112,116 Gradual corrections 
are performed by the patient actually being responsible to 
turn the screws on external fixation devices at a set daily 
rate to correct angular deformities. Recently, MAC devices 
have demonstrated comparable outcomes to circular frame 
devices but with easier application and improved patient 
ROM and decreased interference with general mobility.112 
Guided growth procedures such as lateral hemiepiphysiode-
sis, stapling, or tension band plate (“8-plate”) placement are 
not indicated for correction of  angular deformity related to 
Blount disease.118

Physical therapy intervention includes lower extremity 
strengthening, knee and ankle ROM, and gait training. Loss 
of  knee flexion, terminal extension, and ankle dorsiflexion 
ROM can slow progress with functional activities during 
gradual correction procedures if  consistent stretching is not 
performed in an HEP. Infection is one of  the most common 
complications.112 Patients and families will need education 
in skin and pin care when external fixator devices are used 
to prevent pin site infections as well as tissue mobility. ROM 
and strengthening interventions may be complicated for the 
obese patient who presents with limited premorbid joint 
mobility and muscle strength.

Limb Length Discrepancy

A limb length discrepancy may be caused by shortening or 
overgrowth of  one or more bones of  the leg. Inequality of  
leg lengths may result from congenital conditions such as 
limb deficiencies or hemihypertrophy, infections or fractures 

FIGURE 13.22 (A). Ilizarov placement on right lower extremity 
(B) Left tibia with MAC device. 
(Used with permission from Clarke SE, McCarthy JJ, Davidson RS. 
Treatment of Blount disease: a comparison between the multiaxial 
correction system and other external fixators. J Pediatr Orthop. 
2009;29:103–109).
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uninvolved leg has undergone surgery, which can impact 
muscle performance and efficiency.

Limb-lengthening techniques are directed at the involved 
leg and allow for equalization of  discrepancies greater than 
5 cm.24 Limb-lengthening techniques are based on the con-
cept of  distraction osteogenesis, which means that new 
bone is formed as two segments of  bone are slowly moved 
apart. Despite the surgical technique or apparatus used, the 
procedures are most successful when based on the Ilizarov 
biologic principles and the Law of  Tension Stress.121 These 
principles are named for the physician who proposed them 
and include minimizing bone disturbance, delaying distrac-
tion, rate and frequency of  distraction, and the number and 
site of  osteotomies.

A corticotomy minimizes bone disturbance by only cut-
ting the cortex of  bone while keeping the periosteum and 
nutrient artery within the medullary cavity intact. Delaying 
distraction 5 to 10 days depending on the age of  the child 
allows the osteogenesis process to sufficiently initiate be-
fore the segments are pulled apart. The rate of  distraction 
is about 1 mm/day, but the process should be broken down 
into a frequency of  0.25-mm increases every 6 hours to 
boost the osteogenesis process. The patient or family per-
forms the distraction by turning bolts or knobs at set inter-
vals throughout the day. Corticotomies can be performed in 
the metaphyseal or diaphyseal region, but tend to do better 
with less complications when done in the metaphyseal re-
gion. And while two simultaneous corticotomy sites in the 
same tibia can produce satisfactory results, this is not recom-
mended in the femur.

The original Wagner technique, once popular in the 
United States, did not follow a majority of  these principles 
and had high rates of  complication.121 A complete diaphy-
seal osteotomy was performed with a monolateral frame ex-
ternal fixator placed. Distraction was immediately initiated 
at a rate of  1.5 to 2.0 mm/day performed at one interval. 
After full distraction was achieved, an iliac crest bone auto-
graft was implanted and plated to support the bone gap, and 
the external fixator was removed. After the graft was incor-
porated into the bone, the plates were removed. The entire 
process involved three operative procedures and could not 
be used to correct angular or rotational deformities.

Ilizarov introduced a circular frame external fixator with 
telescoping rods to employ his biologic principles during a 
metaphyseal lengthening procedure (Fig. 13.23).121 But the 
Ilizarov principles are successfully applied with the use of  
newer devices previously discussed with Blount disease. The 
Taylor Spatial Frame (TSF) is another circular frame with 
telescoping rods, while the Limb Reconstruction System 
(Orthofix®) and the Multiaxial Correction System (Biomet®) 
devices are monolateral frames used successfully for limb-
lengthening procedures. After the desired length is achieved, 
the external fixator device is kept in place for approximately 
1 month for every 1 cm of  distraction until the bone con-
solidation phase is complete.121 All of  these systems are used 
to correct angular and rotational components of  limb leg 

measurements are needed to predict the leg length discrep-
ancy that will be present at maturity, evaluate treatment 
options, and predict the timing of  surgical intervention if  
necessary. To assist with prediction of  future growth and 
treatment options, the orthopedist uses radiographic meth-
ods to obtain accurate measurements and determine bone 
age, and uses growth charts or mathematical prediction 
models to estimate future skeletal growth of  the child.120 
Leg length is generally assessed using plain film, computed 
radiography, or CT scanogram.119

Significant leg length discrepancies greater than 2 cm are 
a cosmetic as well as functional issue. Gait is less efficient 
and awkward, and postural compensations of  the leg, pelvis, 
and spine often develop. Postural compensations may not 
lead to a structural deformity, but they may cause discom-
fort in adulthood. Functional compensatory mechanisms in-
clude toe walking or foot and ankle supination on the short 
side or vaulting, circumduction, persistent knee flexion, or 
foot and ankle pronation on the longer side.120

Management
Treatment is dependent on the age of  the child, expectation 
of  remaining limb growth, severity of  the leg length differ-
ence, and preference of  the family and child. Intervention is 
usually not indicated for leg length differences of  less than 
2 cm.24 A lift inside the shoe or a custom-fabricated exter-
nal heel-sole lift may be used for differences of  1 to 2 cm. 
Surgical treatment options are suggested for discrepancies 
of  greater than 2 to 2.5 cm.120 These procedures fall into 
one of  two categories: shortening of  the longer limb or 
lengthening of  the shorter limb, but the approaches may be 
combined.

Shortening procedures are indicated for leg length dis-
crepancies of  2 to 5 cm.24,64,120 Limb shortening is com-
monly achieved through epiphysiodesis on the longer limb. 
Permanent physeal ablation methods include percutaneous 
drilling or curettage through the growth plate. Or “tempo-
rary” methods can be performed by staple or tension band 
(“8 plate”) fixation in the metaphysis and epiphysis across 
both the medial and lateral sides of  the growth plates of  the 
distal femur and/or the proximal tibia. The medial-lateral “8 
plate” approach has not been shown as effective as medial or 
lateral use for angular conditions. Percutaneous transphyseal 
screw implantation is a newer technique that is becoming a 
standard approach.120 Most physicians opt for lengthening 
the shorter limb when the discrepancy is greater than 5 cm.

If  the adolescent has reached skeletal maturity, then epi-
physiodesis is not an option. In these cases, shortening of  
the longer limb is accomplished through osteotomy involv-
ing removal of  a portion of  the bone to equalize leg lengths. 
The maximum for removal in the femur is 5 to 6 cm, and 2 
to 4 cm is the maximum for the tibia. The disadvantages of  
shortening by osteotomy are the reduction in overall height 
of  the individual, body proportions may be cosmetically 
unappealing, the amount of  equalization is limited, and the 
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dislocation (especially of  the proximal tibia), nonunion, and 
fractures. ROM limitations occur secondary to shortening 
of  the soft tissues and the rate of  soft tissue growth com-
pared with that of  bone.

Physical Therapy
Physical therapy intensity varies with the five phases of  the 
process: latency, distraction, consolidation, fixator removal 
and healing, and the rehabilitation phase. Immediately after 
surgery during the latency or delayed distraction period, 
the physical therapist is involved for gait-training activities 
and promoting early weight bearing, which further facili-
tates bone growth for most children who have undergone 
a lengthening procedure. Instruction in pin care must also 
begin immediately postoperatively to prevent infection. Pins 
can also be wrapped with gauze to provide soft tissue com-
pression, which reduces pain resulting from tissue move-
ment or microtearing around pin sites. Stretching can be 
initiated to minimize ROM limitations.

During the distraction phase, physical therapy should be 
frequent and focused on ROM and stretching along with 
corresponding strengthening activity. Decreased knee and 
ankle joint ROM are common and should be addressed 
consistently. Splinting can be utilized during this phase, es-
pecially for the ankle. Hip ROM may become limited to a 
lesser extent. It is important for the therapist to acknowl-
edge that maintaining the same ROM measurement over 
the duration of  the distraction phase actually represents 
increased muscle and soft tissue length, and this should 
be considered successful ROM intervention progress. 
Therapists should be considerate of  fixator pin placement, 
especially in the thigh and around the knee. Typical lateral 
pin placement, especially distal on the femur, will contribute 
to soft tissue impalement of  the tensor fascia lata and ilio-
tibial band complex, thereby limiting achievable knee ROM. 
As a result, ROM losses may occur during the distraction 
phase. But aggressive intervention is still necessary during 
the lengthening process. Strengthening can safely include 
modalities such as electric stimulation and aquatic therapy. 
Limited motion and muscle atrophy may also contribute to 
muscle adhesion. Tissue mobilization should be used to fa-
cilitate soft tissue movement and improved joint motion.

During the consolidation phase, strengthening and tis-
sue mobilization activities should be continued while pre-
viously achieved ROM should be at least maintained. This 
phase should include formal program supervision or weekly 
monitoring by the therapist. However, insurance restric-
tions may require the use of  a comprehensive HEP rather 
than supervised therapy sessions. A cast is placed following 
fixator removal to protect the new bone during continued 
healing. During this phase, an HEP is sufficient to promote 
continued allowable stretching and strengthening of  non-
immobilized joints.

The rehabilitation phase may last up to 1 year. During 
this phase, aggressive stretching is advanced to achieve as 
much functional ROM as possible. Flex casting and dynamic 

discrepancies as well. The pins can be removed in an outpa-
tient procedure. The disadvantages of  the Ilizarov and TSF 
are the multiple pin sites and bulkiness of  the apparatus. 
The overall length of  time required to achieve the desired 
length and keep the fixator in place are disadvantages of  all 
external systems.

The Intramedullary Skeletal Kinetic Distractor 
(Orthofix®) is an internally implanted device utilized for 
limb lengthening. The patient controls the lengthening pro-
cess through rotational movements of  the lower leg. These 
systems eliminate the spatial problems and extended dura-
tion of  external frames. Dror Paley introduced the length-
ening on nail (LON) procedure, which combines traditional 
external fixators with an intramedullary nail to decrease 
the overall duration of  external fixator placement and bone 
healing time.122 This procedure has been shown to result in 
a higher incidence of  treatable hindfoot equinus likely due 
to accelerated lengthening.122

Limb-lengthening procedures bring their own set of  
problems to the child, family, and professionals involved in 
the care of  the child. Families must be able to make multiple 
appointments over a period of  time, perform daily pin care, 
and carry out exercise programs. Problems that may be en-
countered during the course of  a lengthening procedure in-
clude infection at the pin sites, joint stiffness, subluxation or 

FIGURE 13.23 A 9-year-old boy with a diagnosis of PFFD who 
is presently undergoing an Ilizarov lengthening. The lengthening 
will provide a longer level arm when wearing his prosthesis and 
bring the height of his knees closer together.
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idiopathic; therefore, congenital or neurologic causes should 
be ruled out. The incidence of  idiopathic scoliosis greater 
than 10 degrees is approximately 2%, greater than 20 de-
grees is approximately 1%, greater than 40 degrees is 0.4%, 
demonstrating the uncommon nature of  large curves.124,125

Scoliosis is defined as either structural or nonstructural. 
Structural curves are fixed and do not correct with lateral 
trunk bending or traction. Structural curves have a rotary 
component that is visible when the trunk is flexed forward. 
Nonstructural curves correct on lateral trunk bending, and 
their etiology is often a pelvic obliquity, limb length discrep-
ancy, or medical factors such as a tumor or muscle spasm. 
Structural scoliosis is further identified by the location and 
direction of  the apex of  the curve. For example, a curve 
with the apex in the thoracic region and convexity toward 
the right would be labeled as a right thoracic curve. Most 
curves have a primary curve and a compensatory curve. The 
compensatory curve is the body’s attempt to keep the head 
and trunk aligned vertically. In the preceding example of  the 
right thoracic curve, there may be smaller compensatory 
curves in the cervical or lumbar regions with their convexity 
toward the left (Fig. 13.24A). More than 90% of  AIS is right 
thoracic or left lumbar, and an atypical presentation should 
be cause for further investigation.123

splinting are often utilized as a stretching adjunct to address 
knee flexion or extension and ankle plantar flexion contrac-
tures. ROM status often regresses, so the therapist should 
remain steadfast and utilize soft tissue mobilization tech-
niques to maintain progress. Strengthening activities are 
progressed as muscles and soft tissue is further lengthened. 
Functional activities and gait normalization can be imple-
mented as bone healing progresses and muscle strength 
and ROM increase. Postural reactions and balance training 
should be addressed as the body accommodates to the new 
limb length, limits of  stability, base of  support, and center 
of  gravity.

Scoliosis (Idiopathic)

Scoliosis is a lateral curvature of  the spine greater than 10 
degrees. Idiopathic denotes that the scoliosis is of  unknown 
origin—the most common form of  scoliosis. Idiopathic sco-
liosis can be further delineated by age of  onset: infantile oc-
curs in children from birth to 3 years of  age, juvenile occurs 
between the ages of  3 and 10 years, and adolescent develops 
after 10 years of  age.123 This section of  the chapter focuses 
on adolescent idiopathic scoliosis (AIS). However, the pe-
diatric therapist should be mindful that not all scoliosis is 

FIGURE 13.24 (A) Right thoracic, left lumbar scoliosis. (B) The degree of curvature is measured using the Cobb 
method. The end vertebrae, or the vertebrae that tilt toward the concavity the most, are identified. Lines are drawn ex-
tending the end plate of the top and bottom vertebrae for each curve. Perpendicular lines to the end plate lines are then 
drawn. The degree of curvature is defined as the angle of intersection of the end plate and perpendicular lines. 
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require treatment.123 Curves less than 25 degrees can be 
observed on a regular basis to monitor progression of  the 
curve. Curves between 25 and 40 degrees should be treated 
with nonsurgical methods. Adolescents with curves greater 
than 40 degrees are candidates for surgical intervention.123,127

NONOPERATIVE MANAGEMENT The goal of  nonoperative 
intervention is to maintain the curvature during growth, not 
to correct the curvature although improved alignment can 
occur.127 Nonoperative intervention methods have included 
exercise, electrical stimulation, and orthoses. Evidence sup-
porting the beneficial effects of  therapeutic exercise or elec-
tric stimulation in reducing or altering the progression of  a 
curvature is inconsistent and lacking supportive controlled 
studies.123 Exercise is still indicated to maintain strength of  
muscles when an orthosis is used.

Orthosis management has been used in the treatment of  
scoliosis for many years. A recently published randomized 
controlled trial was stopped early owing to the efficacy of  
bracing.128 Most orthotic devices operate on the principle of  
three-point pressure against the apex of  the curve and may 
also incorporate a traction component. The cervicothoracic 
lumbosacral Milwaukee brace was one of  the first orthoses 
developed for scoliosis. It incorporates a custom-molded 
trunk shell with metal uprights attached to a collar that sup-
ports the chin and occiput. Although it is effective, it is no 
longer a brace of  choice on account of  significant cosmetic 
concerns and patient preference.

Much slimmer and lighter-weight thoracic–lumbar–sacral 
orthoses (TLSO) (Fig. 13.26) that eliminate the chin and oc-
ciput component of  the Milwaukee brace are the gold stan-
dard for most curves. The Boston Brace or similar variations 
are the most common TLSOs used in North America.128 
The pelvic stabilization and lateral pressure pads are present 
in a TLSO. Adolescents are generally instructed to wear the 
orthosis until skeletal maturity or unless the curve continues 

Multiple structural changes occur with scoliosis and their 
severity is related to the severity of  the curve.24 Changes 
occur in the growing spine in response to compression and 
distraction forces that are altered in the presence of  a cur-
vature. The vertebrae become wedge shaped, higher on 
the convex side and compressed on the concave side, and 
muscles on the concave side become shortened. The ver-
tebral body rotates toward the convex side so that the spi-
nous process is rotated toward the concave side. Because 
the ribs are attached to the thoracic vertebrae, the vertebrae 
may rotate. The rotation of  the ribs produces a posterior 
rib hump, which is noted on the forward-bend test (Fig. 
13.25). Thoracic scoliosis can also decrease normal kypho-
sis, further exemplifying the three-dimensional nature of  the 
disorder.

Screening
School-based screenings for scoliosis are mandated in many 
states but have been a source of  controversy with recent 
conflicting recommendations from two major health policy 
groups.123 Screening should be targeted at girls aged 10 and 
again at 12 years and for boys at 13 or 14 years. A screen-
ing should include anterior and posterior views of  the trunk 
with the shirt removed and a forward-bend Adams test (Fig. 
13.25).123 On the anterior and posterior views, the examiner 
looks for asymmetries in shoulder, nipple, scapular, or pel-
vic heights; asymmetric inguinal or gluteal folds; and cur-
vature of  the spine. The adolescent is then asked to bend 
over, keeping the knees extended, and allowing the arms to 
dangle toward the floor. During the forward-bend test, the 
examiner looks for asymmetries in the contour of  the back 
(classic rib hump), indicating the rotary component of  the 
curvature.

When scoliosis is detected, the adolescent should be re-
ferred to an orthopedist. Accurate measurement of  the 
curve is performed through a variety of  methods. A com-
mon method of  measurement is a radiograph and the Cobb 
angle (Fig. 13.24A–B). To limit radiographic exposure, other 
measurement methods include Moiré topography and the 
Integrated Shape Imaging System 2 (ISIS2).126 Moiré topog-
raphy is a photogrammetric technique that visually depicts 
shadow patterns that identify asymmetries. ISIS2 utilizes 
computer images in the transverse, frontal, and sagittal 
planes to develop contours of  the adolescent’s trunk.126 The 
goal of  measurement is to determine a baseline and moni-
tor progression of  the curve.

Management of  Scoliosis
Treatment intervention is based on the sex, age, and skeletal 
maturity of  the adolescent and the severity of  the curva-
ture.123,127 Prepubertal children are almost certain to exhibit 
progression of  their curvature, especially when initially pre-
senting with a curve of  greater than 20 degrees. Females 
with a bone age of  15 years and males with a bone age of  
17 years with curves less than 30 degrees generally do not 

FIGURE 13.25 Forward-bend test. Rib hump is visible on 
bending forward.
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option has been further facilitated by the development and 
progression of  pedicle screw technology. Pedicle screws 
provide solid fixation through a majority of  the vertebrae. 
The screws are then connected by rods allowing deformity 
correction in all three planes. That is, primary curve in the 
frontal plane, vertebral rotation in the transverse plane, and 
kyphosis or lordosis restoration or stabilization in the sag-
ittal plane. Recent approaches target surgical correction of  
the primary structural curve allowing flexible compensatory 
curves to self-correct over time.127 This approach preserves 
as much natural spinal motion as possible limiting previous 
detrimental effects of  unnecessary lumbar spine anchoring. 
Pedicle screws and shorter segment rod fixation have re-
placed a majority of  hook, wire, and Harrington rod proce-
dures with good outcomes and less complication.

Physical Therapy
Ideally, physical therapy has been involved preoperatively 
with ROM and trunk-strengthening exercises as well as 
bed mobility instruction. Instruction in deep breathing and 
coughing exercises should be initiated preoperatively and 
adhered to immediately postoperatively. The adolescent is 
always encouraged to begin early mobilization, including 
transfers and gait training, to expedite healing and recov-
ery. Balance, vestibular, and field of  vision changes should 
be considered during gait training as the head position and 
height may be immediately altered and elevated following 
spinal straightening. Time frames for early mobilization and 
ambulation depend on the surgical technique, surgeon’s 
preference, and whether or not a supportive orthosis is 
needed, but in some cases can begin as early as postopera-
tive day one. Physical therapy is one of  the important inter-
ventions for the adolescent with AIS, regardless of  whether 
conservative or surgical care has been employed.

S U M M A R Y

T he growth and development and disorders of  a 
child’s musculoskeletal system were discussed in 
this chapter. The immature musculoskeletal system 

of  a child is susceptible to abnormal forces and stresses. 
Physical therapists must be alert to those forces and the con-
sequences they may have on the developing musculoskeletal 
system. Many orthopedic diagnoses that were discussed in 
this chapter are the result of  the effect of  abnormal forces 
on the developing child and morphologic defects occurring 
during fetal development. However, the examination and in-
tervention principles that were discussed and the assessment 
procedures that were outlined can be applied to any child 
seen by a physical therapist, not just those children with a 
diagnosis of  orthopedic origin. Identifying the underlying 
causes, estimating the risk of  further deformity or disease 
progression, and developing an evidence-based plan of  care 
based on your complete assessment is the challenging but 
very rewarding aspect of  pediatric physical therapy.

to progress and surgery is indicated. Recommended wear 
time is at least 18 hours. Published controlled data demon-
strate the positive correlation between success rate and in-
creased average wear time.128

Instruction in donning and doffing the orthosis, develop-
ing a wearing schedule, skin care, and an exercise program to 
maintain ROM and strength while wearing the orthosis are 
provided by a physical therapist. Exercise should be focused 
on maintaining flexibility and muscle strength of  the trunk. 
Hip flexion contractures can develop with use of  the ortho-
sis; routine stretching of  the hip flexors should be instituted 
when orthosis wearing is initiated. Muscle strength must be 
maintained while wearing the orthosis to prepare the trunk 
muscles for when the orthosis is discontinued. Exercise 
should include strengthening for abdominals, gluteal mus-
cles such as squats and lunges, and paraspinal musculature 
through traditional core and lumbar stabilization programs.

OPERATIVE MANAGEMENT Surgical intervention is war-
ranted if  the curve is greater than 40 degrees, the curve is 
progressing with conservative management, or there is 
decompensation of  the spine or thoracic cavity.123,127 The 
goal of  surgery is to obtain as much correction as possible 
and to stabilize the spine and maintain the correction over 
time. The Lenke Classification, which considers the curve 
type, relationship between lumbar and sacral alignment, and 
the sagittal curve profile, was developed to guide operative 
treatment decisions for orthopedic surgeons.127

Two main surgical approaches exist: the anterior and the 
posterior approach. The anterior approach goes through the 
chest cavity and has been associated with increased morbid-
ity due to decreased pulmonary function.127 The posterior 
approach is becoming the option of  choice for AIS. This 

FIGURE 13.26 Boston brace (thoracic–lumbar–sacral orthosis 
[TLSO]). 
(Sponseller PD. Bracing for adolescent idiopathic scoliosis in prac-
tice today. J Pediatr Orthop. 2011;31:S53–S60).
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 Introduction

It is currently estimated that nearly 38 million children and 
adolescents participate in youth sports each year in the 
United States.1 The participation in sports allows children 
to learn about teamwork, competitiveness, and sports-
manship. At the same time, it helps develop physical fit-
ness, promote improved self-esteem, lay a foundation of  a 
healthy active lifestyle, and, most importantly, allow them to 
have fun. Participation in any sport carries inherent risk of  
injury, and with the increased popularity of  youth sports has 
come a concomitant rise in youth sports injuries. Each year, 
more than 3.5 million children require medical treatment 
for sports-related injuries.1 Pediatric and adolescent ath-
letes differ from adult athletes in several ways and require 

a specialized treatment approach. The goal of  this chapter 
is to familiarize the reader with the physiologic differences 
between children and adults, describe specific injury pat-
terns commonly seen among youth athletes, outline rehabil-
itation for these injuries, and identify strategies to promote 
injury prevention within this population.

 Anatomic and physiologic differences 
of the skeletally immature athlete

Bone Composition

The anatomic or physiologic differences between children 
and adult bone growth and development lead to altered pat-
terns of  injuries. The presence of  epiphyseal growth plates 
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the weaker link of  the musculoskeletal complex and there-
fore more prone to injury. An apophysitis results from the 
cumulative effects of  repeated microtrauma to these growth 
centers, resulting in chronic irritation and inflammation at 
the bone–cartilage interface.3 Decreased muscle-tendon 
flexibility, which commonly occurs during the adolescent 
growth spurt, has been associated with an increased risk 
of  developing an apophysitis injury.4 If  the tensile force is 
large enough, it may create an avulsion fracture in which the 
entire apophysis is separated from the underlying bone.

Physiologic differences also give pediatric patients an 
advantage in bone healing when compared with adults. 
The bones of  children are more highly vascularized, which 
allows for improved availability of  healing factors after 
injury. Furthermore, the periosteum of  bone in children is 
thicker and stronger than adults, which makes it less likely 
to be fully disrupted during injury. Both of  these factors will 
lead to improved rates of  bone healing after fracture.

Juvenile osteochondritis dissecans (OCD) is a lesion of  
the subchondral bone that often results in articular cartilage 
softening, fibrillation, and fragmentation, which may result 
in loose bodies within the joint. Juveniles with OCD lesions 
have been shown to have improved healing potentials than 
those who have reached skeletal maturity.5 The pathogen-
esis of  OCD is not fully understood; however, many agree 
that repetitive stress to the subchondral bone results in 
cumulative microtrauma in a region with poor blood sup-
ply, resulting in damage.6,7 This hypothesis of  pathology is 
supported by study findings that note increased incidences 
of  juvenile OCD lesions in highly active populations.5 
Males are more affected than females, and the knee is the 
most commonly affected joint.8 Treatment of  OCD will 
depend on the lesion severity, location, and degree of  skel-
etal maturity. Conservative treatment will typically consist 
of  a period of  prolonged rest or immobilization, followed 
by rehabilitation and gradual return to sports over a 3-to-
6-month period. Surgical treatment is usually recommended 

FIGURE. 14.1 Schematic of pediatric bone.

Growth
plates or
physes

Diaphysis

Metaphysis

Epiphysis

FIGURE. 14.2 Salter–Harris classification of fractures.

Type I Fracture line extends through the physeal plate

Type II Fracture line extends through the physeal plate and 
metaphysis

Type III Fracture line extends from the joint surface through 
the epiphysis and across the physis, causing a por-
tion of the epiphysis to become displaced

Type IV Fracture line extends from joint surface through the 
epiphysis, physeal plate, and metaphysis causing a 
fracture fragment

Type V Crush injury to the growth plate

From Perron AD, Brady WJ, Keats TA. Principles of stress fracture 
management—the whys and hows of an increasingly common injury. Stress 
Fract Manage. 2001;110(3):115–124.

Salter–Harris Classification
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or physes is unique to the skeletally immature patient, and 
injuries to the physis are common due to its inherent vulner-
ability (see Fig.14.1).2 Physeal fractures are usually caused 
by falls, but can also occur as a result of  overuse. These 
fractures are commonly classified using the Salter–Harris 
scheme, which describes five distinct types of  fractures. A 
visual schematic and detailed written description are out-
lined in Figure 14.2 and Display 14.1.

Physeal fractures result in a risk of  premature physeal 
closure, creating a shorter limb or angular limb deformity as 
the patient progresses toward skeletal maturity. Type I and II 
fractures typically carry a lower risk of  growth disturbance; 
however, close monitoring by an orthopedic physician over 
time is typically recommended for all physeal fractures.

The presence of  secondary growth centers, known as the 
apophysis, is also unique to the skeletally immature patient. 
An apophysis is a prominence containing growth cartilage 
that is located on the bones and serves as an attachment site 
for muscle tendons.3 Apophyseal injuries occur owing to the 
large traction forces applied by muscles to the bone com-
plex. In the skeletally immature child, the bone interface is 
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for unstable lesions and those that fail conservative treat-
ment.5 Additionally, adolescent patients nearing skeletal 
maturity have decreased healing capacity, and early opera-
tive treatment is usually advocated to maintain the integrity 
of  the joint.8 A variety of  surgical techniques have been 
developed in an attempt to replace the articular cartilage 
defect. Drilling, abrasion arthroplasty, and microfracture 
procedures attempt to recruit pluripotential cells from mar-
row elements. The recruited cells will eventually differenti-
ate in fibrocartilage that restores the articular surface, but 
is weaker than the hyaline cartilage typically found in the 
joint. Rehabilitation principles specific to the affected joint 
will be covered in detail later in this chapter.

Muscular Properties

At one point in time, it was suggested that owing to the 
lack of  circulating androgens, prepubescent children would 
be unable to demonstrate increases in muscular strength 
in response to a resistance training program. However, 
recent reports have evidenced that children can demon-
strate strength gains with proper training programs. The 
physiologic mechanism of  strength gains in children is dif-
ferent than that of  adults. It appears that the strength gains 
observed in prepubescent children are more related to 
improving neuromuscular control, such as increased motor 
unit activation and/or coordination, rather than true mus-
cular hypertrophy.9 In summary, the scientific literature sup-
ports the safety and efficacy of  strength training in children, 
as long as they are properly supervised by adults.

Muscular flexibility has been shown to decrease during 
the adolescent growth spurt and may result in an increased 
potential for injury.4 A regular static stretching program is 
effective at producing gains in muscle flexibility. It has been 
advocated that a generalized flexibility program be incorpo-
rated before or after athletic activity in order to reduce the 
injury potential in this high-risk group.10

 Examination principles

The examination of  the pediatric or adolescent athlete will 
entail history taking, systems review, palpation, muscle per-
formance testing, range of  motion (ROM), flexibility, and 
special testing. Although these are common parts to most 
orthopedic evaluations, the child athlete examination differs 
from that of  a typical adult examination. Pediatric-specific 
injuries require selection of  alternative tests and measures, 
while differences in emotional maturity will also influence 
the examination.

History

The history-taking process is very important and serves 
many functions. Details regarding the mechanism of  injury 
and acute response to injury can give the examiner many 

clues regarding the nature of  injury (overuse versus trauma), 
the tissue involved, and help with initiating treatment plan-
ning. In addition, the history-taking process can serve as a 
period to help the child relax and become more familiar with 
the treating therapist. This may help decrease patient anxi-
ety and provide for a more effective physical examination. 
During historical questioning, the pediatric or adolescent 
patient will typically forget or gloss over details that may 
be important for the examiner. Utilizing very specific ques-
tioning, with age-specific terminology, is usually helpful in 
ascertaining a complete history. When available, the parent’s 
recollection of  injury specifics should also be inquired.

Determination of  the athlete’s sports-specific history is 
also important in order to judge possible contributing  factors 
of  overtraining and to initiate goal planning for treatment 
outcomes. The clinician should address what sports they 
participate in, positions played, level of  mastery (recreational 
or elite), whether they are currently in-season, volume of  
practice, how long they have participated in a certain sport, 
whether they play year round, and if  they are  currently 
 participating in any other outside training regimens.

Physical Examination

A complete review of  all physical examination procedures 
is beyond the scope of  this textbook. The practitioner 
should be familiar with standardized examination proce-
dures such as ROM, flexibility assessment, manual muscle 
testing (MMT), and commonly used injury-specific special 
tests. This section will focus on examination elements spe-
cific to the pediatric sports population. Special tests that are 
specific to pediatric injuries will be covered during the dis-
cussion of  that injury; however, for detailed descriptions of  
these tests, the reader is referred to special test-specific texts.

Generalized ligamentous laxity is a condition in which 
most of  the synovial joints of  an individual tend to have 
more than normal ROM.11 This condition is commonly 
encountered in the pediatric population and decreases with 
increasing age. There tends to be a familial predisposition, 
and females are more commonly affected.11 Determination 
of  ligamentous laxity is important as it may affect clinical 
decision making and play a role in injury pathogenesis in cer-
tain conditions such as patellofemoral pain, patella disloca-
tions, and shoulder instability. The Beighton–Horan ligament 
laxity scale is the most frequently utilized assessment scale. 
The index includes examination of  fifth-finger extension, 
opposition of  the thumb to forearm, and trunk and hip flex-
ion. One point is given on the basis of  performance of  these 
tasks, with a total of  9 points possible. The composite score 
gives an understanding of  the level of  laxity present, with 
a score of  5 to 9 typically utilized to indicate a high degree 
of  laxity.11 Refer to Display 14.2 for a detailed description of  
each test.

Muscle performance testing for the athletic population 
requires more detail than that elicited by MMT or dyna-
mometry alone. Functional movement testing, such as the 
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single-leg squat or lateral step-down test, gives the examiner 
much needed information regarding how the neuromuscu-
loskeletal system performs as a unit. In the lower extremity, 
the biomechanical contributions of  femoral internal rotation 
(IR), femoral adduction, tibial IR, and foot pronation lead 

to a position of  dynamic knee valgus that has been linked 
to knee injuries, such as anterior cruciate ligament (ACL) 
tears and patellofemoral dysfunction.12,13 During functional 
testing, the clinician is observing to determine whether the 
patient can maintain proper trunk, pelvic, and lower extrem-
ity positioning during the movement (Fig. 14.3) The subject 
should be able to maintain steady balance with an upright 
trunk. In the frontal plane, the knee should be kept in align-
ment with the second metatarsal (i.e., no dynamic valgus). 
In the sagittal plane, forward projection of  the knee in front 
of  the toes should be limited. Specific descriptive classifica-
tion schemes have been developed and have demonstrated 
adequate reliability.14 However, it is the author’s experience 
that written description of  the compensatory strategies is 
often adequate and may even prove more useful in terms of  
repeat testing to evaluate specific improvement. The clini-
cian should also seek information regarding pain associated 
with movement and whether any mechanical symptoms are 
present.

In athletes with injuries that involve low levels of  pain, 
more aggressive functional testing may be necessary in 

FIGURE. 14.3 Functional 
 assessment of single-leg squat. 
(A) Good lower extremity alignment 
and neuromuscular control with a sin-
gle-leg squat. (B) Poor lower extremity 
control with femoral adduction, femoral 
internal rotation, knee dynamic valgus, 
and foot pronation. A B

One point is given for each positive ligament laxity for total  
of 9 points:

Right and left elbow hyperextension >15 degrees (2 points)

Right and left knee hyperextension >15 degrees (2)

Right and left thumb to wrist (2)

Right and left fifth digit hyperextension >90 degrees (2)

Palms touch the floor with legs straight (1)

From Beighton P, Grahame R, Bird H. Assessment of hypermobility.  
In: Hypermobility of Joints. 3rd ed. London, UK: Springer Verlag; 1999: 
p. 9–22.

Beighton–Horan Ligament Laxity Scale
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order to stress their system adequately to identify impair-
ments. These athletes are typically suffering from overuse 
syndromes and report the onset of  pain after performing 
activity for several minutes or more. The Drop Vertical 
Jump is one clinical test that allows for the identification of  
pathologic lower extremity alignment during a more sports-
specific task.15 For this test, the patient stands on top of  a 
box approximately 12 inches in height and is instructed to 
jump directly down off  the box and then immediately per-
form a maximal vertical jump raising both arms overhead. 
The clinician evaluates for the degree of  knee valgus, lack 
of  pelvic or trunk control, and overall quality of  movement 
(Fig. 14.4). This test has been shown to be predictive for 
identifying female athletes at risk for ACL injury and may 
also provide a tool for the identification of  more subtle bio-
mechanical faults that may contribute to overuse injuries.15

Running athletes represent a specialized group of  
patients and require detailed analysis of  running mechan-
ics. Although there is no agreed-upon “perfect” style of  run-
ning, studies have identified biomechanical factors that may 
predispose a runner to certain injuries. Running analysis is 
most easily performed on a treadmill. The athlete should be 
viewed from the front, back, and side. From the side, the 
clinician should note the athlete’s cadence (steps per min-
ute), trunk position, degree of  knee flexion at loading, stride 
length, foot strike pattern (forefoot versus rearfoot), and 
the distance of  the foot at ground contact in relation to the 
body’s center of  mass (Fig.14.5). Posteriorly, the clinician 

FIGURE. 14.4 Drop vertical jump. Poor neuromuscular 
 control, asymmetrical weight acceptance, and right dynamic valgus 
collapse throughout lower kinetic chain.

FIGURE. 14.5 Running assessment lateral view. (A) Rearfoot strike pattern, over striding and con-
tacting anterior to base of support with knee extended; leaning forward from the hip. (B) Forefoot strike 
pattern contacting closer to base of support and greater knee flexion angle; upright posture.

A B
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should look to identify abnormal trunk lean, pelvic instabil-
ity during stance phase, presence of  dynamic knee valgus, 
position of  the foot at ground contact (degree of  supination 
and relationship to body midline), and the amount and tim-
ing of  foot pronation that occurs during stance (Fig. 14.6). 
Abnormalities identified during running analysis may lead 
to more detailed examination of  strength, ROM, or flexibil-
ity and will help guide treatment.

Upper extremity functional testing allows the clini-
cian to analyze an athlete’s performance on specific tasks 
and determine whether biomechanical flaws exist. Upper 
extremity testing is generally less defined in the literature. 
One commonly described test is the Closed Kinetic Chain 
Upper Extremity Stability Test.16 In the test, two lines are 
placed on the ground 36 inches apart. The patient assumes 
a push-up position with one hand on each piece of  tape. 
The athlete will have 15 seconds to reach across their body 
and touch the tape under the opposite shoulder, as many 
times as they can. The number of  touches can be compared 
with normative data for similar age and sports participants; 
however, the volume of  normative data available for the 
pediatric population is not large. The clinician can also uti-
lize this test to look for any compensatory patterns that 
may indicate weakness in the kinetic chain. The inability 
to maintain a neutral spine posture while in the push-up 
position could be related to core weakness. Scapular wing-
ing or asymmetries in shoulder positioning are also com-
monly seen compensatory patterns. Sport-specific func-
tional testing such as throwing for a baseball player can also 

be included as part of  the examination. Owing to the high 
speeds involved with this motion, video assessment utiliz-
ing slow motion replay or motion analysis software may be 
necessary and useful.

The assessment of  the entire kinetic chain is required for 
almost every injury treated by a sports physical therapist. 
Most sports activities involve the transfer of  energy from 
the lower extremities, through the trunk to some other dis-
tal segment such as the hand to throw or the foot to kick a 
ball. Deficits in kinetic chain function have been linked to a 
wide array of  overuse and traumatic injuries in the upper 
extremity, lower extremity, and trunk. The comprehensive 
evaluation should include assessment of  single-limb balance, 
core stability, and hip muscle function even if  the patient 
presents with a seemingly unrelated injury, especially if  the 
injury is of  the overuse etiology. Incomplete rehabilitation 
of  any kinetic chain deficits may predispose this patient to 
repeat injury or suboptimal outcomes.

 Upper extremity

Examination and Treatment Principles

Generally, the examination of  an athlete’s shoulder should 
begin with a detailed postural examination. In particular, 
the examiner should note resting scapular position, degree 
of  thoracic kyphosis, and general muscular bulk or appear-
ance. An excessive thoracic kyphosis is typically associated 
with a position of  scapular protraction and downward 

FIGURE. 14.6 Running assessment posterior view. (A) Maintenance of level pelvis 
during left midstance with good lower extremity alignment. (B) Contralateral left pelvic 
drop, excessive toe out, and poor lower extremity alignment during right midstance.

A B
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rotation. These factors have been linked to decreased shoul-
der mobility, increased likelihood of  shoulder pathology, 
and impaired muscle activation.17 When assessing muscular 
bulk, the clinician may be able to identify areas of  muscle 
atrophy, which may prompt further investigation during 
specific muscle performance testing. It is important to note 
that it is not uncommon for the athlete’s dominant shoulder 
to be slightly depressed relative to the contralateral limb. As 
discussed earlier, the patient should be screened for general-
ized ligamentous laxity, and pathology-specific special tests 
should be utilized to rule in or out specific diagnoses. These 
tests are outlined in Addendum B.

Scapular dysfunction is a common clinical problem in 
many athletes, and normal scapular motion and stability 
are crucial for optimal function of  the shoulder.18 The cli-
nician should observe the patient from behind while the 
patient actively elevates and lowers both shoulders. The 
scapulae should be observed, judging for an abnormal 
degree of  motion or altered pattern of  mobility. Several 
visual observation methods of  determining scapular dys-
kinesis have been described and shown to be reliable in dis-
tinguishing normal from abnormal motion.19–21 If  scapular 
dyskinesia is present, the surrounding anatomic structures 
should be evaluated in order to determine the cause. This 
should include assessment of  thoracic spine mobility and 
flexibility of  the pec minor, lattissimus dorsi, and teres 
major. In addition, isolated muscle performance testing 
of  scapular stabilizing muscles (serratus anterior, middle 
and lower trapezius) and rotator cuff  function should be 
performed.

Examination of  shoulder ROM is also a key concept that 
must be assessed. It has been shown that overhead athletes, 
particularly pitchers, are likely to develop unique shoul-
der ROM characteristics. When measured in 90 degrees of  
abduction, the throwing athlete will typically demonstrate 
limited IR with an excessive degree of  external rotation 
(ER) when compared with the nonthrowing shoulder. This 
unique ROM profile is considered normal and reflective of  
tissue adaptive changes that have occurred owing to the 
stress of  throwing. However, if  there is a relative difference 
of  greater than 20 degrees of  loss of  IR between sides, the 
patient is then considered to have developed a pathologic 
condition, thought to contribute to shoulder injury, known 
as glenohumeral internal rotation deficit (GIRD). GIRD has 
been linked to deficits in posterior shoulder tissue length, as 
well as alterations in bony alignment. The clinician should 
attempt to identify posterior tissue tightness that may con-
tribute to this pathology through examination of  cross-body 
adduction, spinal level reached behind the back, and degree 
of  posterior glenohumeral capsular laxity.17 Additionally, the 
concept of  total rotational motion (TRM) is important. The 
total arc of  IR+ER should be within 5 degrees of  the non-
throwing shoulder. Any differences greater than 5 degrees 
should once again prompt further evaluation of  anatomic 
structures to identify the cause of  asymmetry.

Examination of  the elbow, wrist, and hand should 
include general ROM, strength assessment, and careful 
palpation of  the involved structures. Injury-specific special 
testing can help confirm suspected diagnosis and should be 
conducted toward the end of  the physical examination out 
of  respect for the provocative nature of  these procedures.

The clinician should be aware that many upper extremity 
pathologies, both traumatic and overuse, may involve dys-
function at remote anatomic locations that would alter body 
function and contribute to the athlete’s symptoms. This con-
cept is commonly referred to as regional interdependence.22 
For example, the mechanics of  throwing involves a trans-
fer of  energy from the lower body and trunk to the upper 
extremity. Owing to the integrated nature of  this activity, 
an inclusive evaluation should also address any limitations 
in the entire kinetic chain that may alter biomechanics and 
contribute to injury. Balance, core stability, hip/leg strength, 
and ROM may all need to be evaluated and addressed in a 
comprehensive treatment plan.

As with all other areas of  physical therapy management, 
the findings on the initial evaluation will guide treatment 
decisions. It is important that the athlete be instructed and 
continually monitored to ensure that they are performing 
their exercises with proper form. One common mistake is 
allowing the athlete to perform upper extremity exercises 
in a position of  scapular protraction, which would reinforce 
pathologic mechanics. Visual demonstration, tactile cuing, 
and mirror feedback are all excellent measures to help 
ensure proper form.

Scapular stabilizing muscles function in an endurance 
role to provide proper alignment of  the scapula for optimal 
glenohumeral function. Therapists should keep this physi-
ologic role of  the muscles in mind while developing reha-
bilitation programs and implement a scapular stabilization 
program that emphasizes longer hold times and repetitions, 
as opposed to high-load exercises.If  deficits in posterior tis-
sue tightness are identified during examination, the clinician 
should implement exercises targeted at the restricted tissue. 
As demonstrated in Figure 14.7, the sleeper stretch, towel 
IR stretch behind the back, and cross-body adduction are all 
effective means of  increasing posterior soft tissue flexibility. 
If  posterior capsular tightness is limited, glenohumeral joint 
mobilizations should be implemented.

The shoulder is required to be utilized overhead for many 
of  the demands of  sports. With this in mind, the clinician 
should progress an athlete’s rehabilitation from less provoca-
tive positions below 90 degrees of  elevation to more sports-
specific activities involving overhead activity. Similarly, the 
exercise program should also be adapted to meet the mus-
cular demands of  the imposed stresses of  the athlete’s sport. 
For example, the rotator cuff  is responsible for deceleration 
of  the shoulder after ball release in throwing. The reha-
bilitation program should include exercises that focus on 
eccentric control from similar positions. Working with the 
athlete to develop working knowledge of  the biomechanical 
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inherently a very safe sport, the biomechanical stress placed 
across the throwing arm and the repetitive nature of  throw-
ing predisposes these athletes to specific patterns of  injury. 
The following sections will summarize the most frequently 
encountered diagnoses in the pediatric thrower. It should be 
noted that although this section is directed toward throwing 
athletes, other overhead athletes that participate in activi-
ties such as tennis, volleyball, or swimming are also likely to 
present with these diagnoses.

Little League Shoulder
Little league shoulder is an overuse injury caused by rota-
tional torque and stress across the proximal humeral physis, 
leading to a type of  Salter I fracture.3,7 Plain films may show 

FIGURE. 14.7 Methods of stretching posterior shoulder soft tissues. (A) Shoulder horizontal adduction with scapular blocking, 
(B) sleeper stretch, and (C) towel internal rotation stretch.

A B

C

demands of  their sport or position is important during the 
late phases of  shoulder rehabilitation.

As the throwing athlete regains function, a return- 
to-throwing program can be initiated. Typically, these 
 programs vary by position, consist of  many phases, 
and progress over several weeks. Typically, they include 
warm-up, throwing at progressively longer distances, and 
 significant rest periods between bouts of  throwing in a given 
session. The reader is referred to Axe et al.23 for a detailed 
description of  a return-to-throwing program.

The Pediatric Throwing Athlete

Baseball is one of  the most popular sports among children 
and adolescents in the United States. Although baseball is 
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a widening of  the proximal humeral physis, but may not be 
definitive. Clinically, the patient will complain of  throwing- 
or activity-related shoulder pain. The pain may resolve after 
rest, but quickly return upon resuming activity. The patient 
will typically have tenderness to palpation over the physis. 
The initial treatment for little league shoulder is rest from 
throwing for 6 to 12 weeks.24 Physical therapy treatment 
may begin during this period of  relative rest. Rehabilitation 
should be structured along the continuum, as previously 
discussed, with the latter phases of  rehabilitation includ-
ing plyometric exercises and return-to-throwing simula-
tion. Review and education of  proper pitching mechanics, 
suggested pitch types, appropriate rest intervals, and pitch-
ing volume limits should be reviewed as these have been 
identified as risk factors for shoulder injury in youth throw-
ing athletes.7 The latest recommendations for pitch count, 
pitch type progression, and rest intervals are summarized in 
Tables 14.1 through Table 14.3.

Superior Labrum Anterior-to-posterior Lesions
Superior labrum anterior-to-posterior (SLAP) lesions occur 
in adolescents as a result of  trauma and overuse. Traumatic 
injuries are typically related to a fall onto an outstretched 
arm or a traction injury. Throwing athletes are particularly 
vulnerable to overuse SLAP lesions because of  the high 
stresses that repetitive overhead throwing place on the shoul-
der. Several theories regarding the pathophysiology of  SLAP 
lesions in throwers have been proposed and include (1) a trac-
tion injury from the pull of  the biceps tendon on the labrum 
during the deceleration phase of  throwing, (2) contracture 
of  the posterior shoulder capsule resulting in a posterosu-
perior migration of  the humeral head, and (3) “peel back” 
mechanism where the biceps tendon imparts torsional forces 
to the posterosuperior labrum in the late cocking phase of  
throwing.25 SLAP lesions can result in laxity of  the shoulder 
since the structural integrity of  the shoulder is impaired. 
Typically a patient will complain of  vague shoulder pain 
with overhead or cross-body activities. Complaints of  pop-
ping, clicking, or catching are also common. Numerous 
physical examination tests for detecting SLAP lesions have 
been described and include O’brien’s active compression 
test, anterior slide test, resisted supination ER test, and crank 
test. Clinical diagnosis of  SLAP lesions is challenging as 
most studies have shown that these tests demonstrate a high 
degree of  sensitivity, but lack specificity.25

Initial treatment of  SLAP lesions typically consists of  a 
period of  rest followed by rehabilitation. The rehabilitation 
program will typically focus on restoring normal scapular 
mechanics, strengthening of  scapular stabilizers and rotator 
cuff  musculature, dynamic stabilization, and propriocep-
tive awareness. GIRD is typically present with SLAP lesions 
and should be addressed accordingly. If  the athlete is unable 
to resume their previous level of  activity after a proper 

Type of Pitch Age (yr)
Fastball 8 ± 2
Slider 16 ± 2
Changeup 10 ± 3
Forkball 16 ± 2
Curveball 14 ± 2
Knuckleball 15 ± 3
Screwball 17 ± 2

Source: Stop Sports Injuries. www.stopsportsinjuries.org/blog/entryid/96/
warnings-signs-for-youth-sports-burnout.aspx

Prevention and Emergency Management of  Youth Baseball and Softball Injuries. 
American Orthopaedic Society for Sports Medicine; 2005.

Little League Baseball. www.littleleague.org/ Assets/ old_assets/media/
pitchcount_faq_08.pdf

American Sports Medicine Institute. www.asmi.org

Recommended Pitch Type Progression for  
Youth Pitchers

TAbLe

14.3

Age (yr) Maximum Pitches Per Day
7–8 50
9–10 75

11–12 85
13–16 95
17–18 105
a2012 Little League pitch Count Limits and Mandatory Rest Rules

Source: Stop Sports Injuries. www.stopsportsinjuries.org/blog/entryid/96/
warnings-signs-for-youth-sports-burnout.aspx

Prevention and Emergency Management of  Youth Baseball and Softball Injuries. 
American Orthopaedic Society for Sports Medicine; 2005.

Little League Baseball. www.littleleague.org/ Assets/ old_assets/media/
pitchcount_faq_08.pdf

American Sports Medicine Institute. www.asmi.org

Pitch Count Recommendations for Youth Pitchersa
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Number of Pitches Thrown
Mandatory Days of Rest 
Between Pitching

Ages 14 and under Ages 15–18 Days
1–20 1–30 0

21–35 31–45 1
36–50 46–60 2
51–65 61–75 3
66 and over 76 and over 4

a2012 Little League pitch Count Limits and Mandatory Rest Rules

Source:http://www.stopsportsinjuries.org/blog/entryid/96/warnings-signs- 
for-youth-sports-burnout.aspx

prevention and Emergency Management of Youth Baseball and Softball 
Injuries. American Orthopaedic Society for Sports Medicine; 2005.

Little League Baseball. www.littleleague.org/ Assets/ old_assets/media/
pitchcount_faq_08.pdf

American Sports Medicine Institute. www.asmi.org

Recommended Rest Periods for Youth Pitchersa

TAbLe
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http://www.stopsportsinjuries.org/blog/entryid/96/warnings-signs-for-youth-sports-burnout.aspx
http://www.littleleague.org/Assets/old_assets/media/pitchcount_faq_08.pdf
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course of  conservative treatment, surgical intervention 
is then indicated as SLAP lesion likely will cause ongoing 
limitations. There are several surgical techniques described, 
ranging from simple debridement to labral reattachment.25 
Postoperative rehabilitation will vary depending upon the 
extent of  injury and procedure performed. However, the 
overriding principle that will apply to all SLAP rehabilitation 
programs is protection of  the healing tissue. ROM will be 
slowly progressed after an initial period of  immobilization, 
and comprehensive rehabilitation activities will progress in a 
graded fashion.

Elbow Injuries

Injuries to the elbow, especially amongst pitchers, appear 
to be on the rise. A recent review of  pediatric sports elbow 
injuries noted that 50% to 70% of  adolescent baseball play-
ers develop elbow pain yearly, with overuse being implicated 
as the major causative factor.26 Poor pitching mechanics and 
pitching too often with inadequate rest have been implicated 
as major risk factors for pediatric elbow injuries.7 Excessive 
pitching might not occur during a single game, but is often 
the summation of  pitches thrown during practice, while 
at home, or while playing on multiple teams in the same 
season. The mechanics of  the throwing motion place a sig-
nificant degree of  stress across the elbow. During late cock-
ing and early acceleration phases of  the throwing motion, 
valgus tension stresses are placed across the medial elbow, 
while the lateral aspect of  the elbow receives compressive 
forces. During deceleration, shearing forces occur across the 
elbow as the forearm fully pronates and the elbow extends. 
Medial elbow injuries commonly encountered in the pedi-
atric thrower include little league elbow, medial epicon-
dyle apophysitis, and medial epicondyle avulsion fractures. 
Lateral elbow injuries include Panner’s disease and OCD of  
the capitellum.

Little League Elbow
Little league elbow is a traction injury to the medial epicon-
dylar physis due to valgus distraction forces during the late 
cocking and early acceleration phases of  throwing. Players 
typically complain of  medial elbow pain during throwing 
activities. In hindsight, players or coaches may note a period 
of  decreasing throwing velocity or accuracy prior to symp-
tom onset. In highly irritable elbows, the pain may be pres-
ent during normal activities such as writing or lifting objects. 
Radiographs may reveal a widening of  the apophysis or an 
avulsion fracture in more severe cases. Comparison views of  
the contralateral limb are usually recommended because of  
a variation in the size of  normal growth centers between 
individuals.3 Treatment consists of  rest from throwing and 
activity modification until pain free, which may take 3 to 6 
weeks. Rehabilitation focuses on scapular and rotator cuff 
strengthening and endurance, addressing any limitations 
in shoulder ROM, localized pain-free wrist and forearm 

muscle strengthening, strengthening of  abdominal and hip 
musculature, and optimizing throwing mechanics. An inter-
val return-to-throwing program can be initiated after the 
resolution of  all impairments. The athlete should be closely 
monitored during this period for any return of  symptoms, 
and the program should be adjusted accordingly.

The influence of  pitch type on injury is a topic of  sig-
nificant debate. Recent studies have more highly correlated 
the volume of  pitching and poor biomechanics with an 
increased risk of  elbow injuries rather than the type of  pitch 
thrown.7 The therapist must emphasize the importance of  
early instruction in proper pitching mechanics and volumes 
to the athlete, parents, and coaches. The fastball should 
be the foundation for all young pitchers, and the mechan-
ics of  this pitch should be mastered early in a pitcher’s 
career.27 The increased volume of  practice and breakdown 
of  mechanics that occurs with attempting to learn break-
ing pitches may place the athlete at a higher risk of  overuse 
injuries, such as little league elbow. The changeup is recom-
mended as a safe secondary pitch that can be added only 
after fastball mechanics are mastered. The curveball can 
then be added in the later phases of  the athlete’s baseball 
participation (Table 14.3).

Medial Epicondyle Apophysitis
Apophysitis may develop at the medial epicondyle as a result 
of  repetitive tensile forces subjected to attachment of  the 
medial elbow musculature. Symptoms generally consist of  
pain with activity, pain with resisted muscle testing, and pain 
with palpation. In the case of  medial epicondyle apophysi-
tis, clinical exam is similar to that of  little league elbow, and 
imaging studies may be required for differential diagnosis. 
Treatment is consistent with previous outlined programs of  
activity modification and progressive resolution of  impair-
ments noted on evaluation.

Medial Epicondyle Avulsion Fracture
An acute valgus stress to the medial epicondyle may result in 
an avulsion fracture.28 This injury is most often seen in base-
ball pitchers and gymnasts. Nonoperative management for 
minimally displaced fractures consists of  a period of  immo-
bilization followed by rehabilitation. Recently, some reports 
favor operative management for these injuries owing to an 
increased understanding of  the detrimental effects medial 
elbow instability may have on high-demand sports.28

Elbow Ulnar Collateral Ligament Injury
Ulnar collateral ligament (UCL) tears have been an injury of  
high-level skeletally mature throwing athletes.28 However, 
recent reports indicate that UCL tears and surgical recon-
struction are being seen with increasing frequency in youth 
athletes.29 Evidence regarding this alarming trend incrimi-
nates cumulative trauma due to overuse in the throwing 
arm of  youth pitchers. High pitching volumes, pitching with 
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arm fatigue, and poor pitching mechanics appear to place 
the athlete at the most risk of  developing UCL injury.7,30 The 
patient will complain of  medial elbow pain typically noted 
during or immediately following a bout of  throwing. A pro-
longed trial of  rest may resolve symptoms initially; however, 
pain will return immediately upon resuming high-velocity 
throwing. Surgical reconstruction, commonly known as 
“Tommy John” surgery, is considered only after a failure 
of  at least 6 months of  conservative care.28 Surgical proce-
dures are similar to those used in adults and target return 
to throwing roughly 6 months postoperatively. Outcomes 
studies are limited in children, but similar success rates have 
been noted in adults and high school–age athletes.31

Panner’s Disease
Panner’s disease occurs generally in younger children aged 
4 to 8 years and is a self-limiting avascular necrosis of  the 
developing ossific nucleus of  the capitellum.28 It is associ-
ated with degeneration and necrosis of  the capitellum, fol-
lowed by regeneration and recalcification. It is a self-limiting 
disorder of  nontraumatic origin. Treatment consists of  rest 
with avoidance of  valgus stress and splinting for pain relief. 
Outcomes are typically good with resumption of  full activ-
ity common after treatment.

Osteochondritis Dissecans
OCD of  the capitellum typically affects the young adoles-
cent athlete involved in high-demand, repetitive overhead, 
or weight-bearing activities.6 OCD is most common in 
  12- to 17-year-olds involved in baseball, gymnastics, racquet 
sports, football, or weightlifting.6 The pathogenesis of  OCD 
is not fully understood; however, it likely results from cumu-
lative injury from repetitive microtrauma in a region with 
tenuous blood supply.6,7 During the late cocking and early 
acceleration phases of  baseball throwing, the lateral radio-
capitellar joint undergoes significant compressive forces, and 
repeated exposures may lead to subchondral bone fatigue 
fracture. The athlete typically complains of  localized lateral 
elbow pain and has swelling, decreased ROM, and tender-
ness to palpation over the radiocapitellar joint upon physical 
examination.

Conservative treatment involves complete elbow rest 
from offending forces for up to 6 months. Rehabilitation 
may begin with gentle ROM and strengthening exercises 
when the patient is asymptomatic. Repeat imaging studies 
and clinical examination will help determine readiness to 
progress back to sports.6 A gradual return to full activity 
may occur after 6 to 12 months.28

Several operative techniques exist for OCD lesions that 
fail to respond to conservative measures. Loose fragment 
removal with microfracture or drilling of  the lesion are 
the most commonly seen procedures.6,28 For microfracture 
procedures, postoperative rehabilitation typically begins 
after 6 weeks of  immobilization or protected use. Return 
to sports may begin as early as 3 to 6 months, but may be 

delayed depending upon the achievement of  necessary 
strength, ROM, and muscular endurance goals.

Other Shoulder Pathologies

Multidirectional Instability
Chronic multidirectional instability (MDI) of  the shoulder in 
the young athlete can be caused by an acute traumatic dis-
location or by an underlying capsular laxity. MDI is typically 
associated with generalized ligamentous laxity, and bilat-
eral involvement is common. Presenting symptoms usually 
consist of  bilateral shoulder pain with a loose or unstable 
feeling during activities such as overhead lifting, swimming, 
tennis, and throwing. The patient may also note shoulder 
subluxation during normal activities of  daily living such as 
rolling over in bed or lifting a backpack.

Clinical examination reveals increased glenohumeral 
translation during passive mobility testing, with a positive 
sulcus sign and increased anterior–posterior glide during the 
load and shift test. Associated injuries such as impingement 
syndrome or labrum tears should be investigated. Imaging 
is usually not indicated for MDI, except to rule out other 
possible diagnoses.3 Patients with MDI often present with 
scapular dyskinesis and weakness in the scapular stabilizing 
and rotator cuff  muscles. Physical therapy is the preferred 
initial management strategy for MDI.32 Patient education 
regarding avoiding provocative positions and subsequent 
dislocations is a key component to successful rehabilitation. 
Exercises should focus on normalizing scapular mechanics, 
regaining rotator cuff  strength, and dynamic shoulder sta-
bilization activities. These exercises should be performed 
in both open- and closed-chain positions in order to maxi-
mize active control of  the humeral head in the glenoid. 
The patient should begin these activities with the arm in 
low-stress positions and limited weight bearing, while the 
therapist ensures that the scapula is in a desired position. 
Progression should include higher-demand overhead posi-
tions and increased body weight in the closed chain while 
incorporating exercise principles to maximize local mus-
cular endurance. Return-to-sport training should include 
 exercises that replicate the forces the shoulder must endure 
during sporting activity. For example, throwing athletes 
would benefit from open-chain plyometric activities, while 
a wrestler’s program should include more aggressive closed-
chain upper extremity, weight-bearing activities.

Traumatic Shoulder Dislocation
Acute traumatic shoulder dislocations occur most com-
monly in the anterior direction, with male athletes involved 
in contact sports most at risk. The typical mechanism 
of  injury is a fall onto the arm while the shoulder is in an 
abducted and externally rotated position. Closed reduction 
is usually performed and radiographs used to rule out asso-
ciated fracture and confirm relocation. Neurovascular exam-
ination should be performed before and after relocation, as 
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secondary injury to vascular or neural structures can occur. 
A high risk of  associated injuries is seen including Hill–Sachs 
lesion, glenoid rim fracture, anterior inferior glenoid labrum 
tear or avulsion (Bankart lesion), and capsular avulsion frac-
ture. Advanced imaging with magnetic resonance imaging 
(MRI), magnetic resonance angiography (MRA), or com-
puted tomography (CT) scan may be indicated if  these inju-
ries are suspected. Identifying associated pathologies and 
directing proper initial treatment is important as young ath-
letes have been noted to be at high risk for recurrent dislo-
cations, with some studies reporting rates as high as 90%.33

Nonoperative management includes rest or sling 
 immobilization for 1 to 3 weeks. Rehabilitation should focus 
 initially on pain management, gentle ROM, and muscle acti-
vation. The provocative position of  90 degrees abduction 
and ER should be avoided until late phases of  rehabilitation. 
Treatment will progress on the basis of  symptoms and sta-
bility. Principles of  progression and return-to-sport training 
are similar to those discussed with MDI.

Because secondary injuries and recurrent instability 
are common after first-time dislocation, several open and 
arthroscopic procedures may be customized to the patient’s 
specific intra-articular pathology. Postoperative treatment 
will vary depending upon the specific procedure performed; 
however, most protocols share a period of  immobilization 
lasting 4 to 6 weeks. Rehabilitation will progress focusing on 
restoring ROM, strength, normalizing scapular movement, 
and dynamic stabilization of  the shoulder. Aggressive ROM 
techniques are contraindicated as they may violate the stabi-
lization procedure performed and lead to recurrent instabil-
ity. The patient progresses slowly to more stressful overhead 
and 90/90 positions over the course of  rehabilitation, using 
principles already discussed. Return to contact sports typi-
cally occurs after 6 months.

Acromioclavicular Joint Separations
Acromioclavicular (AC) joint separations also occur in this 
population and are often caused by a fall onto the shoulder. 
These injuries are generally treated nonoperatively with 
good results.34 The AC joint may not return to its normal 
configuration after injury, and a noticeable “bump” may 
result. This abnormality is cosmetic and will not affect func-
tion. Occasionally, this bump may be painful with direct 
irritation from equipment, such as football shoulder pads. 
A simple donut pad can be fabricated to relieve pressure. 
Rehabilitation is fairly uncomplicated and should focus on 
regaining lost shoulder mobility and pain-free strengthening.

Clavicle Fractures
Clavicle fractures usually occur as a result of  a fall onto the 
shoulder. Most clavicle fractures in children remain nondis-
placed or minimally displaced on account of  the thick peri-
osteum in a child and can be treated nonoperatively.35 The 
treatment of  displaced clavicle fractures remains controver-
sial; however, recent literature reports indicate that surgeons 

are favoring surgical fixation for completely displaced, 
comminuted, or open-type fractures.35,36 Nonsurgical treat-
ment consists of  2 to 4 weeks of  immobilization in a shoul-
der sling or a figure-of-eight brace, followed by ROM and 
strengthening exercises. Rehabilitation is usually minimal 
and return to sports activity is usual around 6 to 8 weeks. 
Following surgical management, the patient is immobilized 
in a sling for 3 weeks, after which they may begin progres-
sive ROM and strengthening exercises. Return to sports is 
allowed at 12 weeks if  there are clinical and radiographic 
evidence of  healing.36

Other Elbow Injuries

Pediatric athletic elbow injuries include traumatic frac-
tures and dislocations, as well as overuse injuries already 
 discussed. Traumatic injuries usually occur as a result of  
falling and are common in sports such as gymnastics, snow-
boarding, and football. An elbow fracture or dislocation may 
represent a medical emergency in view of  the possibility 
of  associated neural or vascular compromise. Commonly 
encountered injuries will be summarized in the following 
section.

Supracondylar Elbow Fractures
Supracondylar fractures commonly occur in children and 
carry a risk of  secondary neurovascular damage. This dam-
age can lead to long-term functional deficits in the upper 
extremity and, therefore, prompt treatment is required.37 
Treatment is based upon the severity of  fracture dis-
placement and identification of  any associated injuries. 
Nonsurgical immobilization is typically recommended for 
nondisplaced fractures, while most other injury patterns 
require surgical fixation.37 Elbow stiffness and loss of  elbow 
extension is a large concern after the initial management of  
supracondylar fractures and may take up to 1 year for elbow 
ROM to approach normal. Patients with more severe inju-
ries, surgically managed fractures, and younger age have the 
most difficulty regaining motion.38 The therapist should ini-
tiate progressive elbow ROM and upper extremity strength-
ening exercises when cleared by the surgeon. Methods such 
as dynamic splinting or serial casting may be necessary to 
regain motion in difficult cases.

Lateral Condyle Fractures
Lateral condyle fractures occur less commonly than supra-
condylar humeral fractures but have a similar mechanism 
of  injury. Stable, minimally displaced fractures have been 
treated successfully with cast immobilization; however, sur-
gical fixation is required for most displaced injuries.39 The 
healing of  lateral condyle fractures is slower than supra-
condylar fractures, and longer immobilization time may be 
required. As with supracondylar fractures, elbow stiffness 
is a serious concern after initial management, and physical 
therapy treatment will be similar.
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Monteggia Fracture
Monteggia fracture dislocations describe a radial head dis-
location with concomitant ulnar fracture. This rare injury 
accounts for fewer than 1% of  pediatric elbow fractures.40 
Complications of  Monteggia fractures can include poste-
rior interosseus nerve palsy, radial nerve palsy, and ulnar 
deformity. There is no agreed-upon optimal management 
strategy for Monteggia fractures with regard to surgi-
cal versus nonsurgical treatment. Conservative manage-
ment with closed reduction and immobilization has shown 
good results; however, open reduction internal fixation 
(ORIF) may be indicated if  anatomic reduction cannot be 
achieved.40 Rehabilitation time frames are based upon the 
method of  treatment and healing and will be directed by the 
surgeon.

Forearm, Wrist, and Hand Injuries

Forearm fractures occur as a result of  a fall and can occur 
in the distal, proximal, or midshaft of  the radius or ulna. In 
children, forearm shaft fractures are usually treated with 
closed reduction and cast immobilization. Indications for 
surgery include open fractures, unstable fractures, fractures 
that have failed closed reduction, and sometimes in the man-
agement of  older adolescents.41

Distal Forearm Fractures
Distal forearm fractures occur most commonly in the distal 
radius owing to bony architecture at the articulation with 
the wrist. Fractures of  the distal radius metaphysis rarely 
require surgery and are treated with cast immobilization for 
4 to 6 weeks.42 Most injuries of  the distal radius physis are of  
the Salter–Harris type II classification, and nonsurgical treat-
ment is usually successful. Injury to the physis can cause 
growth arrest with resulting angular deformity, and close 
monitoring by the physician is required. Torus or Buckle 
fractures occur at the diaphyseal–metaphyseal junction 
with impaction of  trabecular bone on the dorsal aspect of  
the radius creating a characteristic bulge on radiographs.43 
Similar to other injuries in the forearm, conservative man-
agement is the preferred treatment method.

Gymnast Wrist
Wrist pain is a common complaint among gymnasts, 
and “gymnast wrist” refers to an overuse injury caused 
by mechanical overload to the distal radius.44 The wrist is 
subjected to large amounts of  static and dynamic stress in 
gymnastics owing to the regular use of  the upper extremity 
to support body weight during activities such as tumbling. 
Symptoms include pain over the distal radius with wrist 
extension, especially with weight-bearing positions. Early 
detection is important in order to prevent physeal injury 
or premature physeal closure with resulting wrist defor-
mity.44 Typically, activity modification with restriction of  

painful activities is required for a period of  at least 4 weeks. 
If  pain occurs with normal activities of  daily living, bracing 
may help with pain resolution. Rehabilitation should focus 
on addressing local and systemic deficits that may impart 
increased stress across the wrist. The gymnast should be 
counseled regarding progressive return to weight-bearing 
activities and in variation of  training to reduce the risk of  
recurrent injury.

Scaphoid Fractures
Scaphoid fractures are the most commonly encountered 
carpal bone fracture, but account for only 0.45% of  all pedi-
atric upper extremity fractures.45 The most common mecha-
nism of  injury is a fall onto an outstretched hand. Although 
rare, accurate diagnosis and treatment of  scaphoid fractures 
is important in view of  the likelihood of  nonunion or avas-
cular necrosis with improper treatment.46 The patient with 
a scaphoid fracture will typically complain of  lateral wrist 
pain, which is increased with radial deviation and wrist 
extension. Point tenderness is typical with palpation of  the 
scaphoid in the anatomic snuff box, located between the 
abductor pollicis longus and brevis tendons. Treatment typi-
cally consists of  cast immobilization in a thumb spica cast 
for 6 weeks, followed by rehabilitation. If  the fracture is 
unstable or if  nonunion develops, surgical fixation may be 
indicated.47 Scaphoid fractures are sometimes difficult to 
diagnose as the fracture may not be evident on initial radio-
graphs. Owing to the severe consequences of  misdiagnosis, 
a suspected scaphoid fracture is typically immobilized for 2 
weeks followed by repeat examination.46

Fracture of  the Hook of  the Hamate
Hook of  the hamate fractures can occur during sports like 
baseball, golf, or hockey. The typical mechanism of  injury 
is a mistimed swing that contacts a solid object, translating 
excessive forces through the hamate.47 Acute tenderness will 
exist over the hook of  the hamate, and pain will typically be 
experienced when gripping a racquet or club. Conservative 
treatment consists of  cast immobilization for 6 weeks; 
however, surgical excision of  the fracture fragment may be 
necessary.47

Boxer’s Fracture
A boxer’s fracture involves the neck of  the fifth metacarpal 
and typically occurs as a result of  a closed fist striking an 
immovable object. Owing to the effect of  muscular attach-
ments, there is a resulting volar angulation of  the head of  
the fifth metacarpal.48 Treatment will typically consist of  
closed reduction with cast immobilization for 3 to 6 weeks.

Finger Fractures
Finger fractures and tendon injuries to the fingers also occur 
during sports participation. In general, the majority of  fin-
ger fractures in pediatric patients can be treated by closed 



514 PART III    MUSCULOSKELETAL DISORDERS

means with excellent outcomes expected.49 Mallet finger is 
an injury in which the extensor digitorum tendon is avulsed 
from the distal phalynx, causing an inability to extend the 
distal interphalangeal (DIP) joint of  the finger. This typi-
cally occurs owing to an unexpected flexion force such as 
jamming a finger on a ball or with sliding into a base. Jersey 
finger is an avulsion of  the flexor digitorum profundus 
(FDP) from the distal phalynx. This injury most commonly 
occurs in the ring finger, and may result from the force-
ful  contraction of  the FDP when the finger gets caught in 
another player’s jersey. Treatment for these mallet or jersey 
finger injuries typically consists of  splint immobilization.

 Pelvis, hip, and thigh injuries

Examination Principles

Pelvis, hip, and thigh injuries in youth athletes can be a 
result of  isolated traumatic events, overuse, and idiopathic 
origins. The pelvis is composed of  a series of  bones, includ-
ing the ischium, ilium, pubic bone, sacrum and femur, and 
their articulations. These bones serve as attachment sites 
for a number of  muscles and ligaments. Knowledge of  this 
anatomy is paramount in the understanding and diagnosing 
of  injury. With complaints of  hip, pelvis, thigh, or knee pain, 
careful examination must be performed to rule out patho-
logic disease processes and other orthopedic and nonortho-
pedic conditions (Display 14.3).

A detailed history is important in the diagnosis and treat-
ment of  injuries to the hip and pelvis. Mechanism of  injury, 
location and description of  pain, and aggravating activi-
ties will assist in ensuring proper diagnosis and direction 
of  examination. Inspection of  diffuse or localized swelling 
and bruising will help identify locations of  trauma. Careful 
palpation, with attention to localized swelling, pain, and 

tenderness, is crucial and should include bony landmarks, 
sites of  muscle attachments, and surrounding soft tissues. 
Active and passive ROM testing of  the hip in all planes will 
help identify any limitations when compared with the con-
tralateral limb. Selective tissue muscle tension testing and 
tests of  muscle performance will help discern involvement 
of  contractile tissues and their ability to function properly. 
It is important to screen the surrounding joints, including 
the lower thoracic spine, lumbar spine, and knee to rule out 
potential distant contribution of  hip pain.

Specific Injuries to the Pelvis, Hip, and Thigh

Pelvic Apophysitis
During periods of  rapid growth, the immature skeleton 
of  the pediatric athlete is at risk for overuse injuries. Bone 
growth exceeds the ability of  muscle tissue to sufficiently 
lengthen and stretch, thus increasing tensile forces across 
pelvic apophyses, the weakest point in the muscle-tendon 
unit of  a growing athlete.50 Repetitive pulling of  the muscle 
along the apophysis will cause microtrauma and progres-
sive weakness and inflammation at the cartilaginous mus-
cular attachment. With progression of  the injury, there is a 
slight widening of  the apophysis and may place the athlete 
at greater risk of  avulsion injury.

The most common sites for pelvic aphophysitis are the 
anterior inferior iliac spine (AIIS), anterior superior iliac 
spine (ASIS), and ischial tuberosity. The lesser trochanter, 
iliac crest, and greater trochanter are also possible, but less 
frequently encountered locations for apophysitis.3 The site 
of  the apophysitis is dependent upon the skeletal age and 
maturity of  the athlete as the apophysis will fuse during 
certain age ranges and will no longer cause pathology (see 
Table 14.4). The type of  activity performed may predispose 
athletes to apophysitis in particular locations. For example, 
soccer players often experience AIIS aphophysitis from bal-
listic rectus femoris contractions performed with repetitive 
kicking.

Causes of Hip Pain in Athletes
Apophyseal injury/fracture

Stress fracture

Slipped capital femoral epiphysis, septic/inflammatory arthri-
tis, Legg–Calve–Perthes disease

Femoral acetabular impingement, acetabular labral tears, loose 
body

Snapping hip syndrome, tendonitis or bursitis

Muscle strain

Traumatic hip dislocation

Osteitis pubis, osteomyelitis, sport hernia

Nerve entrapments

Lumbar radiculopathy

Differential Diagnoses of Hip Pain

DISPLAY

14.3

Apophysitis Site Muscle Attachments Age of Ossification
ASIS Sartorius, tensor 

fascia lata
14–16

AIIS Rectus femoris 14–16
Ischial tuberosity Hamstring group 21–25
Iliac crest Tensor fascia lata, 

deep abdominal 
muscles

16–18

Greater trochanter Gluteus maximus and 
medius, hip external 
rotator group

14–16

Lesser trochanter Iliopsoas 14–16

Hip Apophysitis Locations

TAbLe

14.4
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Well-localized, dull pain with activity at the involved 
location is the common complaint with apophysitis. Pain 
often worsens with increased activity and decreases with 
rest. Progression to pain with daily activities such as walk-
ing and stair negotiation, with or without a limp, may occur 
without adequate rest. Examination will find tenderness 
at the apophysis with possible inflammation. Tensioning 
the muscle attachment at the apophysis will reproduce the 
athlete’s symptoms. This can be done either by stretching 
or forcefully contracting the muscle of  interest. Owing to 
rapid growth, generalized bilateral muscle inflexibility is 
often noted along with limited ROM on the involved side. 
Distinction between avulsion fractures can be appreciated 
upon physical exam and diagnostic imaging, as radiographs 
in the presence of  apophysitis are generally normal.

Treatment of  a pelvic apophysitis begins with rest, activ-
ity modification, and management of  pain and inflamma-
tion. Weight bearing is permitted as long as it is pain free 
and the athlete demonstrates a nonantalgic gait. In some 
cases with significant pain, a short course of  protected 
weight bearing with crutches may be needed. Once pain 
is controlled, the focus of  treatment shifts to improving 
muscle flexibility and ROM. Muscle strengthening to the 
surrounding lumbopelvic musculature and lower extremity 
is also of  paramount importance to restore pelvic balance 
and lower extremity control. Return to sport should be in a 
progressive manner, depending on symptoms and quality of  
movement and may take up to 6 weeks for full, unrestricted 
participation.51

Pelvic Avulsion Fractures
Avulsion fractures may occur with the progression of  an 
unmanaged apophysitis in the pelvis and are found at simi-
lar locations. They most commonly occur in adolescent ath-
letes from 14 to 25 years old, as a result of  an acute injury 
with a distinct mechanism of  injury. Strong and violent con-
traction of  a muscle against its apophyseal attachment site, 
especially during the eccentric phase of  a sporting activity 
where higher forces are generated, contributes to failure and 
subsequent avulsion.52

The athlete will often recall the isolated event and 
time of  injury and will report feeling or hearing a “pop.” 
Symptoms include tenderness and swelling over the site of  
the avulsion. Weight bearing is usually painful and results 
in an antalgic gait. Associated bruising is also characteristic 
of  avulsion fractures. As occurred during the injury, pain is 
elicited upon a strong muscle contraction of  the associated 
muscle group. Radiographs can confirm diagnosis in the sus-
picion of  avulsion in most cases. Some smaller avulsions not 
seen on plain films may be diagnosed with CT scan. MRI is 
also available for soft tissue injuries and partial avulsions, but 
should be used when other more serious concerns exist.3,53

Treatment of  pelvic avulsion fractures depends on the 
degree of  widening and displacement of  the apophysis. 
Injuries with less than 2-cm displacement will respond to a 

conservative course of  management. The athlete is placed 
on relative rest from activity for the first 3 weeks and may 
include a short course of  protected weight bearing. Once 
pain has subsided and time has been allotted to allow for 
bony healing, regaining full pain-free motion is of  next con-
cern. A short course of  muscle strengthening is initiated, 
and once restored, a progressive return to sports-specific 
activities may begin 6 to 8 weeks following injury, barring 
no other complications.52

Surgical ORIF of  the avulsion has been more effective 
than conservative care when there is evidence of  greater 
than 2-cm or complete displacement of  the fragment or 
with involvement of  the ischial tuberosity.52

Snapping Hip Syndrome
Snapping hip syndrome is characterized by audible and/
or palpable “popping” of  the hip caused by tendons mov-
ing over bony prominences. It is usually accompanied by 
pain, and is consistently replicated with certain movements 
of  the hip. Snapping hip syndrome is classified as external 
and internal. “Intra-articular” snapping hip is no longer con-
sidered appropriate nomenclature owing to the improved 
accuracy, description, and diagnosis of  intra-articular hip 
pathology.54 Snapping hip is often seen in performing artists, 
distance runners, and hurdlers.

The friction of  the iliotibial (IT) band and/or anterior 
aspect of  the gluteus maximus passing over the greater tro-
chanter causes external snapping hip syndrome. A thickened 
portion of  the IT band, located posterior to the greater tro-
chanter, will pass over the anterior portion of  the trochan-
ter with hip flexion. When the hip is extended, the IT band 
will return to its posterior position, contributing to repeti-
tive snapping and clicking.54 Between the IT band and the 
greater trochanter lies the greater trochanteric bursa that 
may become inflamed with repetitive snapping, resulting 
in trochanteric bursitis. Tendinopathy, degeneration, and 
tears of  the gluteus medius tendon are also likely to develop 
owing to the mechanical irritation at its bony attachment.54

External snapping hip syndrome may present in ath-
letes in two different ways. True snapping hip syndrome 
is characterized by lateral hip pain and tenderness around 
the greater trochanter, and occurs with repetitive hip flex-
ion and extension. The snapping is located along the greater 
trochanter with standing from a chair, stair climbing, and 
athletic activities. An athlete may also report snapping with 
a description of  the “hip dislocating.” The sensation is often 
repeatable with pelvic tilting activities and not usually pain-
ful. This snapping does not usually contribute to altered 
athletic participation or performance.54 Dynamic ultrasound 
will help identify and confirm the snapping phenomenon.50

Treatment of  external hip snapping is usually conserva-
tive and varies depending upon the level of  irritability. When 
snapping is not painful, soft tissue techniques and stretch-
ing to the IT band, tensor fascia lata, and gluteus maximus 
will aid in decreasing friction and improve function. Activity 
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modification and pain control are of  primary importance in 
the symptomatic external snapping hip. As the level of  irrita-
bility in the tissue decreases, stretching and soft tissue tech-
niques can be progressed. In both cases, the normalization 
of  trunk control, stability, and balance is necessary for full 
recovery. With a failed course of  conservative management, 
surgical release is indicated and effective.55

Internal snapping hip occurs commonly in dancers and 
other performing artists. The snapping phenomenon occurs 
as the iliopsoas tendon chronically subluxes from lateral to 
medial while the hip is brought from a flexed, abducted, 
externally rotated position into extension with IR.56 Internal 
snapping hip may be present but asymptomatic in approxi-
mately 10% of  the population.54

An athlete with complaints of  symptomatic internal 
snapping hip describes a deep, often painful and audible 
clunking sensation in the anterior groin. Symptoms are eas-
ily reproduced with repeated flexion and extension, or mov-
ing from a position of  hip flexion, abduction, and ER to a 
position of  hip extension and IR.57 Though less likely, symp-
toms may also be reported as posterior achiness to the but-
tocks and sacroiliac (SI) region, owing to the origin of  the 
iliopsoas tendon on the lumbar spine. Examination elicits 
the snapping upon anterior hip palpation when performing 
incriminating motions. When the snapping occurs, the ath-
lete will likely become apprehensive owing to replication of  
pain. Direct pressure over the iliopsoas tendon may decrease 
the snapping phenomenon and aid in the diagnosis of  inter-
nal snapping hip. Dynamic ultrasound and bursography of  
the iliopsoas tendon may identify the snapping phenom-
enon and any associated pathologic changes of  the iliopsoas 
tendon and its bursa.58 Although MR arthrogram cannot 
detect the dynamic snapping phenomenon, it may be use-
ful in detection of  intra-articular hip injury. This may be 
important as nearly half  of  those with complaints of  inter-
nal snapping hip syndrome have an associated intra-articular 
pathology.59 Treatment of  internal snapping hip syndrome is 
similar in scope to external snapping hip syndrome. Activity 
modification and pain control is the primary goal to reduce 
irritability. Physical modalities, medication, and injection 
may be necessary. Stretching and soft tissue mobilization to 
the iliopsoas or anterior hip structures is utilized to normal-
ize mobility. Exercises should be directed at improving trunk 
control, stability, and lower extremity positioning.54 Again, 
in the failure of  conservative measures, positive responses 
have been associated with surgical release and muscle 
lengthening interventions.60

Femoral Stress Fracture
Stress fractures to the femoral neck are frequently associated 
with physically active athletes and long-distance runners. 
Abnormal compression stress along the medial aspect of  the 
femoral neck and excessive tensioning along the lateral side 
represent the two varieties of  fractures. Microtrauma during 
repetitive stress from successive foot strikes in long-distance 

runners is usually the mechanism for this type of  stress frac-
ture. Factors such as poor training regimens, bone compo-
sition, vascular supply, and anatomic alignment have been 
linked with femoral neck stress fractures. Female athletes 
have up to four times higher risk of  bone stress injury than 
their male counterparts.61 Females with menstrual abnor-
malities such as amenorrhea, delayed menarche, eating dis-
orders, and osteoporosis are at even greater risk.62,63

Athletes with femoral stress fractures will present with 
thigh, knee, or groin pain that increases with weight-bearing 
activities. Symptoms are often decreased or relieved follow-
ing inactivity and rest. Compensatory gait strategies are 
often used to decrease weight acceptance on the involved 
limb. Tenderness along the proximal femur and groin are 
consistent findings, along with limitations in hip ROM, 
especially hip flexion and medial rotation. Plain radiographs 
may not initially detect stress fractures for the first 2 weeks, 
though follow-up films may demonstrate sclerosis or evi-
dence of  fracture. MRI is more sensitive for early diagnosis.

Treatment of  suspected femoral stress fracture with 
 protected weight bearing and crutches should occur imme-
diately, regardless of  radiographic evidence. A compression-
side fracture is treated conservatively with protective weight 
bearing. A slow and progressive course of  care is expected 
and should be monitored with frequent repeat imaging. 
Tension-side fractures are at higher risk of  displacement and 
require surgical intervention and fixation. In the event that 
treatment is not initiated early, complications of  nonunion, 
avascular necrosis of  the femoral head, early-onset arthritis, 
and deformity are likely. Nutritional and psychological con-
sultation is also recommended with suspicions of  disordered 
eating.64 Only after the athlete is pain free, demonstrates evi-
dence of  radiographic bony healing, and maintains a satis-
factory clinical exam should a gradual running progression 
or sport-specific activities be initiated. This process will usu-
ally take several months.

Femoral Acetabular Impingement And Labral Tears
Femoral acetabular impingement (FAI) is a diagnosis that 
has been recognized recently as a source of  hip pain and 
sequelae of  hip pathology in the young athlete. FAI is the 
abutment and approximation of  the femoral head or neck 
with the acetabular rim. This pathology is more likely found 
in males and has been linked to hip osteoarthritis, slipped 
capital femoral epiphysis, and femoral neck fracture.65 FAI 
can be a result of  a cam lesion, pincer lesion, or a combina-
tion of  the two. Cam lesions are a result of  an abnormally 
shaped femoral head repeatedly impinging upon an acetabu-
lum that cannot accommodate this altered bone morphol-
ogy. More commonly found in the young athletic male, 
resultant increased shearing forces might result in labral 
and chondral lesions to the anterior superior acetabulum.66 
Pincer lesions occur with excessive coverage of  the acetabu-
lar rim, resulting in abutment of  the femoral head and neck 
when the hip is flexed. This is most commonly found in the 
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more mature athletic woman and will eventually lead to 
pathology along the anterior labrum and/or posteroinferior 
acetabulum. The hip labrum functions more like the menis-
cus in the knee, and with injury will result in decreased 
shock absorption, joint lubrication, pressure distribution, 
and hip joint stability.

Patients with FAI complain of  deep hip and groin achi-
ness, pain, and associated clicking that is reproduced with 
isolated or combined movements of  hip flexion, adduc-
tion, and IR. The athlete will often describe the location of  
pain by making a “C” with their hand (“C sign”), placing 
the thumb posteriorly and the remaining fingers anteriorly, 
surrounding the lateral aspect of  the hip. The athlete may 
complain of  pain with prolonged weight bearing, cutting 
and pivoting, impact activities, and sustained positions of  
hip flexion, such as sitting. As the condition progresses, the 
pain will become more constant and debilitating, affecting 
more of  the surrounding tissues including labrum, joint sur-
faces, and surrounding musculature. Clinical exam will often 
reveal a limitation in ROM to IR, especially with the hip 
flexed and adducted, and positive provocative tests for hip 
impingement. Reproduction of  the athlete’s pain with com-
bined hip flexion and IR is considered positive for anterior 
hip impingement. Posteroinferior hip impingement is tested 
with a reproduction of  pain with hip extension and ER.67 
Although these provocative tests have also been thought to 
be suggestive of  labral hip tears, specific labral stress tests 
do exist. The anterior labrum is stressed by moving the hip 
from a position of  flexion, ER, and abduction into  extension, 
IR, and adduction. Moving the hip from flexion, adduction, 
and IR into extension, abduction, and ER is diagnostic for 
posterior labral tears.68 Although plain radiographs will be 
able to detect bony abnormalities and adaptive changes, MRI 
is more commonly used in the detection of  FAI.69,70 When 
labral tear or chondral damage is suspected, MR arthro-
gram is the diagnostic test of  choice, with the  sensitivity and 
 specificity of  90% and 91%, respectively.71,72

Conservative treatment is attempted in the treatment 
of  FAI and labral tears, though it is usually not effective 
for long-term pain relief. Treatment includes a period of  
rest, activity modification, pain and inflammation control 
modalities, and trunk motor control and strengthening 
exercises.73 Attempts are made at regaining ROM with joint 
mobilization and stretching activities; however, because of  
the mechanical nature of  the pain, surgical measures are 
more effective in regaining function in the highly active, ath-
letic populations. Surgical intervention involves either open 
or arthroscopic reshaping of  the associated lesion and can 
occur simultaneously with labral debridement, direct repair, 
osteotomy, and/or chondroplasty. Physical therapy follow-
ing surgical interventions is dependent upon the performed 
procedure. In more simple arthroscopic procedures, such as 
labral debridement, the athlete may be permitted to weight-
bear as tolerated immediately. Initially, focus is placed on 
pain control, inflammation control, and gait normalization. 
Progression to exercises and interventions aimed at ROM 

restoration, muscle functioning, and faulty movement pat-
terns are performed in the subacute phases. Exercises that 
strain the anterior hip musculature, such as straight leg 
raises, sit-ups, and lunges, should be avoided early in the 
rehabilitation process to decrease the likelihood of  hip flexor 
tendinopathy.74 Gradual and slow return to sport should be 
initiated once the athlete no longer has significant impair-
ment, asymmetry, or pain with provocative testing upon 
clinical exam.

Muscle Strains
Muscle strains are not commonly seen in young athletes; 
instead, these athletes tend to incur more apophyseal 
avulsion injuries. However, in the older adolescent whose 
apophyses are beginning to ossify, muscle strains should 
be considered as a possible differential diagnosis. Muscle 
strains can occur in the same locations as apophyseal inju-
ries. Most common muscle strains to the hip and thigh 
include adductor, hip flexor, and hamstring strains. Strains 
are commonly a result of  extreme lengthening or force-
ful eccentric muscle contractions to the involved muscle 
group, contributing to overload and microtearing.75 These 
injuries are often seen in high-velocity sports, including 
track, football, and soccer, and activities requiring large arcs 
of  motion, such as dancing or kicking. Injuries can occur 
within the muscle belly or at the musculotendinous junc-
tion. Location of  the injury has a relationship with expected 
healing times. For instance, distal strains within the ham-
string muscles tend to follow a shorter, more predictable 
course of  recovery than injuries to the proximal tendon.75 
Classification of  muscle strains helps determine sever-
ity of  injury and is based upon pain, weakness, and loss 
of  motion. Muscle strains are graded as grade 1  (minimal 
muscle damage), 2 (moderate amounts of  microtears), or 
3 (complete muscle rupture). This classification will assist 
in injury prognosis and management.

Athletes with acute muscle strains will present with 
reports of  a sudden onset of  pain that can be attributed to a 
specific activity or event. They may report feeling a pull or 
a “pop” in the location of  the involved muscle-tendon unit. 
Pain will be present within the muscle or along the mus-
culotendinous junction and usually limits the athlete from 
continuing sport participation. Bruising and diffuse swelling 
over the injured muscle may be present in the more acute 
and subacute phases. An antalgic gait may also be pres-
ent in attempts to unload the involved extremity. Physical 
examination and palpation of  the muscle tissue may identify 
muscle spasm and a palpable defect within the muscle belly. 
Stressing the tissue with active contraction and extreme 
lengthening will help confirm the diagnosis. ROM and 
strength limitations occur commonly from muscle strains. 
MRI can assist in the diagnosis and help define the extent 
of  the muscle strain, but is usually reserved for more severe 
injury.75,76 Plain radiographs are usually not indicated, but 
may be helpful in differentiating between avulsion injury 
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and true muscle strain. Additional sources of  pain must be 
considered in the suspicion of  muscle strains of  the thigh, 
hip, and pelvic musculature. For example, adverse neural 
tension along the sciatic tract, due to adhesions and scar-
ring from reoccurring hamstring injuries, can contribute to 
posterior thigh pain and replicate symptoms of  a true ham-
string strain. Combined injuries to multiple muscle groups, 
such as the hamstrings and adductors, are possible due to 
their close proximity and related functions.75 Contusions to 
the iliac crest or greater trochanter, called “hip pointers,” 
are caused by a direct blow and are common in adolescents 
approaching skeletal maturity. Therefore, a complete and 
thorough evaluation is needed to determine the true nature 
of  the athlete’s complaints.

There is a high rate of  muscle strain recurrence in the 
athletic population. Recurrence is thought to result from 
persistent weakness in the injured muscle, reduced extensi-
bility of  the muscle-tendon unit due to residual scar tissue, 
and adaptive changes in the biomechanics and motor pat-
terns of  sporting movements following the original injury.75 
The primary objective for the treatment of  muscle strains 
is to return the athlete to the previous level of  functioning 
while decreasing the likelihood of  reinjury.

In the more severe, grade 3 complete ruptures, surgical 
repair or reattachment is warranted. However, most grade 
1 and 2 hamstring strains will respond to conservative care. 
Initial treatment of  acute muscle strains should follow a 
similar course. The principle of  PRICE (protection, rest, 
ice, compression, and elevation) should be used to assist in 
pain control and tissue healing. Protection of  the injured 
muscle is paramount at this time. Muscle stretching to the 
injured tissue should be avoided to allow for muscle regen-
eration and decrease the likelihood of  scarring. Instead, 
pain-free ROM activities are encouraged to the associated 
joint segments. Pain should be avoided and may require the 
use of  crutches or alteration of  gait (shorter strides with 
hamstring strain) until the athlete can ambulate pain free 
and normally. Therapeutic exercises may be initiated to the 
lumbar-pelvic, hip, and knee musculature, while avoiding 
isolated contraction of  the injured muscle or other painful 
activity. As the athlete progresses, attention to normaliza-
tion of  ROM and muscle strength should be of  concern. 
Neuromuscular control, balance, and trunk stability activi-
ties also become a focus. Eccentric muscle training should 
also be encouraged to enhance neuromuscular control and 
protection during muscle lengthening activities.75 Sports-
specific progression can be initiated once the athlete has 
a satisfactory physical exam without pain during muscle 
stretching, normal strength based upon symmetry to the 
contralateral limb, and proper control with functional 
activities.

Corticosteroid injection has been utilized in the adult 
population for the management of  muscle strains without 
any long-term side effects. This treatment is used mostly in 
professional athletes, but should not be a treatment option 
for the adolescent population.77

Traumatic Hip Dislocation
Traumatic hip dislocation is a high-velocity, high-impact 
injury during sports such as football, skiing, and motocross. 
The majority of  hip dislocations occur in the posterior 
direction as a result of  a high-energy, posteriorly directed 
force into a flexed knee. Associated fractures may occur in 
combination with a dislocation owing to abutment of  the 
femoral head against the posterior acetabular wall. With 
this injury, the athlete will have intense pain with the limb 
in a position of  flexion, adduction, and IR. Weight bearing 
and limb motion are unlikely due to the severity of  pain. 
Hip dislocation is an emergent situation and warrants 
immediate medical attention. On-field joint reduction is 
not often performed owing to the proximity and poten-
tial damage to neurovascular structures. Instead, splinting 
and prompt transport to a medical facility is recommended 
to allow reduction within a few hours of  injury. Standard 
radiographs will reveal the dislocated hip, and should coin-
cide with MRI and/or CT scan to assess the potential of  
associated injury. After relocation and repeat radiographs, 
the athlete is treated with non–weight bearing for 6 weeks. 
Following that time, repeat imaging studies are performed 
in view of  the risk of  the development of  avascular necrosis 
or chondrolysis. With an uncomplicated course of  recov-
ery including normalization of  hip mobility and strength, 
return to athletics can begin at 12 weeks following satisfac-
tory physical exam.77

Slipped Capital Femoral Epiphysis
Slipped capital femoral epiphysis (SCFE) is one of  the 
most prevalent hip disorders seen during adolescence. 
SCFE occurs with increased mechanical shearing forces 
across the physis of  the femoral head, resulting in pos-
terior slippage of  the proximal epiphysis, and is rarely 
associated with distinct traumatic event. SCFE is more 
prevalent in boys, especially those with an increased body 
mass index (BMI) and recent rapid growth. In females, 
the greatest incidence occurs around 9 years of  age, while 
in males the peak incidence is at 11 years. Early onset of  
SCFE usually manifests with an associated endocrine dis-
order.78 Despite a keen understanding of  the risk factors 
and symptoms of  SCFE, the diagnosis is still frequently 
overlooked or delayed. Early diagnosis of  SCFE helps 
decrease the likelihood of  subsequent hip pathology, 
including chondrolysis, femoral head avascular necrosis, 
and osteoarthritis.79

SCFE should be considered a differential diagnosis for 
any adolescent who presents with a significant limp. Pain 
may be described as insidious and gradual in onset to the 
groin, thigh, or medial knee that increases with physical 
activity. However, a more diffuse hip or thigh ache or com-
plete absence of  pain may coincide with an adolescent with 
SCFE. In acute cases, the limb of  interest may assume a 
resting position of  extension, adduction, and ER. In more 
chronic slips, the limb will likely fall into hip ER with painful 
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and limited combined flexion and IR. Radiographic or clini-
cal evaluation of  the contralateral limb may also be indi-
cated as the incidence of  bilateral involvement has been 
reported to range from 20% to 80%.80

Treatment of  SCFE is surgical with open fixation of  the 
slipped epiphysis immediately following diagnosis. More 
stable slips tend to fare better postoperatively, with less 
deformity and comorbidity. Following fixation, the athlete 
is treated with protected weight bearing on crutches for 6 
to 8 weeks. Physical therapy is initiated with the goals of  
maximizing ROM, muscle strength and endurance, bal-
ance, and proprioception. Most athletes are permitted 
a progressive return to sports once they are pain free and 
demonstrate symmetrical limb strength and function. 
However, some literature advocates restricting a return to 
contact sports until the physis has fully fused. More severe 
cases of  SCFE with associated loss of  motion, stiffness, and 
pain may require salvage procedures such as arthrodesis or 
osteotomy and will have difficulty returning to higher-level 
sport participation.81

Legg–Calve–Perthes Disease
Legg–Calve–Perthes disease (LCPD), or Perthes, is the 
eponym given to idiopathic osteonecrosis of  the capital 
femoral epiphysis of  the femoral head, usually presenting 
among males 4 to 8 years old. However, bilateral diagno-
ses are more commonly seen in girls and account for 8% to 
24% of  all cases.79 The lack of  blood flow and subsequent 
necrosis to the femoral head promotes a cascade of  events 
resulting in impaired growth and development of  the hip 
joint. Early onset, early diagnosis, and early intervention 
are favorable to allow more time for bone growth and 
remodeling.

Children with LCPD present with an insidious onset of  
a limp usually without any associated pain. However, with 
exercise, mild pain may be reported to the hip, groin, thigh, 
and/or knee. Limitations in hip IR and abduction mobil-
ity are classically associated with LCPD. Complete blood 
workup and radiographs are helpful in determining the 
presence of  infection and existence and/or degree of  disease 
progression.

The primary goals of  LCPD management include main-
tenance of  hip mobility, decreased pain with weight bear-
ing, and containment of  the femoral epiphysis within the 
acetabulum. The treatment remains highly controversial. 
However, in children with severe disease, surgical interven-
tion appears preferable compared with nonoperative treat-
ment, because surgery improves the shape and sphericity of  
the femoral head, providing greater acetabular coverage.79 
The two most common surgical methods for containment 
include the femoral varus osteotomy and the Salter innomi-
nate osteotomy. Once the femoral head demonstrates signs 
of  healing, the athlete is more than likely able to return to 
impact activities and sports, though the level of  participa-
tion may be limited.

 Knee injuries

Examination Principles

As with most other body-specific examination procedures, 
a detailed history gives the examiner good insight into the 
injury and guides the differential diagnosis. The mecha-
nism of  injury, via traumatic or insidious onset, and resul-
tant forces transferred to the joint during injury offer clues 
to what knee structure may be involved. The degree and 
timeline of  any edema should also be determined, with 
more acute swelling indicating injury to a highly vascular-
ized structure. With insidious onset, symptom response to 
activity should be explored in detail. A child may require 
more specific questioning regarding pain with activity than 
an adult, as children typically do not offer many details with 
open-ended questions. The painful area should be identified, 
and in cases where the patient cannot verbalize the extent of  
pain, it is sometimes helpful to have them point to the most 
painful area with one finger. The parents and patient should 
be questioned regarding any prior orthopedic injuries or 
predisposing factors such as W-sitting as a child, which may 
impact current functioning.

Physical examination should include special tests to rule 
in or out specific pathologies, ROM, and muscle testing. As 
discussed earlier in this chapter, functional testing of  the 
lower extremity to identify poor limb control and impair-
ments in balance or functional strength is important. Gait 
assessment also provides valuable information. It might be 
helpful to view gait pattern without patients being aware, 
as they may not walk “naturally” while you are watch-
ing. Another helpful technique is to distract them by ask-
ing them to count backward or tell a story while walking. 
Gait abnormalities such as trunk shifting, pelvic motion, 
decreased weight bearing, excessive femoral IR, knee val-
gus, and abnormal foot movements should all be noted and 
guide further examination.

Ligamentous Injuries

ACL Injuries
ACL injuries are among the most severe and frequent 
activity-related injuries sustained by children participating 
in sports.4 In the skeletally immature child, failure of  the 
ACL complex can occur at different sites. Intrasubstance 
tears may occur, but failure may also present as an avulsion 
fracture at the insertion site of  the ACL into the tibial spine. 
Tibial spine avulsion fractures are rarely seen after skeletal 
maturity. Some propose that a higher degree of  cartilage 
within the area of  the tibial spine, with the bone–tendon 
interface being weaker than the ligament itself, leads to 
failure of  the bone rather than ligament.82 This injury with 
the loss of  continuity of  the ACL results in an unstable 
knee complex. The mechanism of  injury is similar to that 
of  ACL tears, with failure typically during a deceleration 
or pivoting maneuvers with the knee undergoing valgus, 
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hyperextension, or rotational forces.83 The patient will typi-
cally present with a large and rapidly developing joint effu-
sion (hemarthrosis), decreased knee ROM, and decreased 
ability to bear weight. Owing to the resultant loss of  integ-
rity of  the ACL complex, joint laxity with increased ante-
rior translation of  the tibia on the femur may exist, which 
can be assessed utilizing a Lachman or anterior drawer test. 
Radiographs or MRI may be necessary to classify the injury 
and determine the extent of  any secondary damage.83

Treatment is based upon the degree of  fragmenta-
tion or displacement. Minimally displaced fractures can be 
treated nonoperatively with cast immobilization for 6 to 8 
weeks.82,83 Several options exist for arthroscopic or open sur-
gical fixation and vary depending upon injury specifics and 
surgeon preference. Rehabilitation goals are to restore knee 
ROM, strength, balance, coordination, and dynamic knee 
stability in preparation for return to sports.

Intrasubstance ACL tears are encountered with increas-
ing frequency in the skeletally immature population.84 
ACL injury typically occurs during sports or activities that 
involve running, cutting, jumping, or pivoting maneuvers. 
Sports that carry a high risk of  ACL injury include soccer, 
basketball, volleyball, and football. The youngster with an 
ACL tear will have a similar history and physical examina-
tion findings of  their adult counterparts. They will typi-
cally describe a “giving way” sensation of  the knee and 
possibly hearing a “pop” at injury. Hemarthrosis, decreased 
knee ROM, and increased laxity with Lachman or anterior 
drawer testing are also typical. Specialized devices, such as 
a KT-1000™ arthrometer, may help quantify the degree of  
translation between the tibia and femur. Children tend to 
have more available joint translation than adults, and com-
parison with the uninjured side is necessary for accurate 
assessment.

The natural sequelae of  the ACL-deficient knee in the 
young athlete typically include recurrent knee instability, 
cumulative intra-articular damage (meniscus tears or osteo-
chondral defects), and decreased activity levels.82,85 Owing to 
the ACL’s proximity to the physes of  the distal femur and 
proximal tibia, there is a risk of  damage when typical adult 
ACL reconstruction surgical techniques are performed. 
Damage to the physis could lead to limb-length discrepancy 
or angular deformity as skeletal growth continues. Pediatric-
specific ACL reconstruction techniques minimize this risk 
and are successful at restoring a stable knee complex. With 
the development of  these innovative techniques, surgeons 
are more likely to favor operative reconstruction over con-
servative management.86–88

Early postoperative rehabilitation should focus on 
 effusion management, maintaining full knee extension, 
regaining flexion ROM, and restoration of  quadriceps acti-
vation. Progression of  rehabilitation incorporates open- 
and closed-chain lower extremity strengthening. Initially, 
open-chain knee extension should stay within the safe limits 
of  90 degrees to 40 degrees of  knee flexion to protect the 
ACL graft from excessive strain, but can be progressed to 

full range after 8 to 10 weeks. Neuromuscular electrical 
stimulation (NMES) has been shown to improve quadriceps 
strength return after surgery89; however, some pediatric 
patients may not tolerate this modality well, and use should 
be on a case-by-case basis. Integrated lower extremity activi-
ties using balance exercises, perturbation training, and pro-
prioceptive exercises should be incorporated. Additionally, 
core stabilization and hip strengthening should be included 
as part of  an inclusive rehabilitation program.

Progression to jogging and bilateral jumping activi-
ties typically begin around 3 to 4 months postoperatively. 
Single-leg plyometrics, agility activities, and general condi-
tioning should be progressed after this period, with return 
to sports participation ranging from 6 to 12 months post-
operatively.82,90 A fusion of  time-based criterion and func-
tional performance testing has been advocated to determine 
the athlete’s readiness for high-level training and return-
to-sports integration.91 Typical requirements are 90% limb 
symmetry index in quadriceps strength testing and 90% 
symmetry with a battery of  single-leg hop tests.82,90,92

ACL Injury Prevention
Female adolescent athletes are the highest risk  population 
for a noncontact ACL injury, with injury rates ranging from 
two to nine times higher than male counterparts.91,93,94 
Similarly, trends have demonstrated that the risk of  ACL 
injury for any adolescent athlete, regardless of  gender, 
steadily increases from the age of  10 through adoles-
cence.95 Altered lower extremity movement patterns such as 
dynamic knee valgus, femoral IR, and limited hip/knee flex-
ion during jumping and cutting motions have been shown 
to increase stress on the ACL and increase the likelihood of  
rupture.12,93 Deficits in strength or neuromuscular control 
in the growing adolescent, especially females, predispose to 
these pathologic patterns and a higher risk of  injury. This 
recognition has led to the devlopment of  injury  prevention 
programs designed to retrain the athlete by improving 
dynamic limb control. Efficacy of  these injury preven-
tion programs have been studied and proven successful 
for athletes involved in many high-risk sports.94,96,97 There 
are several well-designed ACL injury prevention programs 
readily available, such as Sportsmetrics™ or Prevent injury 
Enhance Performance (PEP).

Medial Collateral Ligament Injuries
Medial collateral ligament (MCL) injuries usually occur 
from a valgus stress to the knee. The mechanism of  injury 
commonly reported is another athlete falling onto the lateral 
aspect of  the patient’s knee as occurs frequently in sports 
like football, soccer, and basketball. The athlete will typi-
cally present with a small effusion and tenderness localized 
to the medial knee, along the MCL.98 In the young patient 
with open physes, the possibility of  avulsion of  the MCL at 
its tibial attachment should be suspected. As a general rule, 
avulsion injuries should be suspected in the younger, more 
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skeletally immature patient, while older adolescents have a 
higher probability of  soft tissue MCL injury.98 Clinical exam-
ination will help discern between these two injuries, but 
imaging will likely be necessary. The patient with an MCL 
injury will have tenderness to palpation along the ligament, 
while the patient with avulsion injury will be more tender 
near the distal attachment on the tibia. Special tests, such 
as the Valgus Stress Test at 30 degrees and 0 degrees flex-
ion, will also help determine the degree of  laxity, structures 
involved, and severity of  injury. MCL injuries are graded 
1, 2, and 3 depending upon the degree of  laxity present, 
end feel, and degree of  fiber disruption. This classification 
system is commonly utilized to grade most ligamentous 
sprains throughout the body and is detailed in Display 14.4.

MCL injuries typically respond well to conservative man-
agement.99 A hinged knee brace may be utilized early after 
injury for protection against valgus forces. Early rehabilita-
tion is advocated with focus on ROM, early and pain-free 
weight bearing, strengthening, balance, and dynamic stabil-
ity activities. Grade 1 and 2 injuries typically do not require 
extended rehabilitation with an average return-to-sport time 
of  1 to 3 weeks and 4 to 6 weeks, respectively.100 Grade 3 
injuries are more complex and may require 9 to 12 weeks of  
rehabilitation.101

Posterior Cruciate Ligament Injuries
The posterior cruciate ligament (PCL) serves as the primary 
restraint to posterior translation of  the tibia on the femur. 
This ligament is typically injured from a direct blow to the 
anterior aspect of  the knee such as falling onto a flexed knee 
during activity or the knee contacting the dashboard in a car 
accident. Isolated injuries to the PCL are not common. The 
patient with a torn PCL will demonstrate posterior laxity 
on physical examination. Special tests, such as the posterior 
drawer or sag sign, will help identify instability; the dial test 
is helpful for determining isolated PCL or multiligament 
involvement.102

Most PCL injuries are treated conservatively. Avoidance 
of  activity is necessary, and a brief  period of  immobilization 
may be recommended. Initial rehabilitation focuses on resolv-
ing impairments related to the acute injury such as pain, effu-
sion, and gait abnormality. ROM exercises into the extremes 
of  flexion cause increased stress across the PCL and should 

be avoided until several weeks after injury as this motion may 
delay healing. Similarly, open-chain hamstring exercises are 
contraindicated as they may also stress the PCL complex.102 
A heavy emphasis is placed upon quadriceps strengthen-
ing and dynamic stabilization or proprioceptive training. 
Rehabilitation can range anywhere from 2 to 6 months. As 
with ACL rehabilitation, functional performance measures, 
such as quadriceps strength and functional hop tests, should 
be used to determine readiness for sports participation.

Lateral Collateral Ligament Injuries
Lateral collateral ligament (LCL) injuries are rarely seen 
in the pediatric athlete. An injury to the LCL is usually in 
conjunction with injury to the entire posterolateral corner 
(PLC) of  the knee and results from a high-energy blow to 
the medial aspect of  an extended knee.98 Once again, the 
ligament is not the weakest link in the pediatric athlete, and 
bony avulsion of  the LCL from the fibula can mimic the lax-
ity associated with an LCL injury. Surgery may be necessary 
to fixate a displaced fracture of  this nature.

Intra-articular Injuries

Meniscus Injury
Most meniscal injuries in children younger than age 10 
occur in the setting of  a congenital malformation known as 
a discoid meniscus.103,104 The discoid meniscus is shaped like 
a disc, instead of  the normal semilunar shape, and is more 
likely to develop tears. Discoid menisci occur most com-
monly in the lateral meniscus. The overall prevalence of  
discoid menisci in the United States has been reported to be 
between 3% and 5%, with male and female occurrence rates 
being similar.104,105 Younger, preschool-aged children with a 
discoid meniscus may be asymptomatic and only complain 
of  a snapping sensation in the knee. Symptomatic snapping 
with pain will usually be present in older, elementary-aged 
children. This pain may be accompanied by intermittent 
effusion, joint line tenderness, positive McMurray test, and 
gait abnormalities. The entire meniscus may also be unsta-
ble, in which a palpable prominence along the joint line may 
be seen with knee flexion and extension.

Treatment of  the asymptomatic discoid meniscus usu-
ally consists of  observation only. Although the likelihood 
of  developing meniscal tears is higher, currently it is unclear 
whether surgical intervention in this population would 
lessen this risk.103 Surgical intervention is recommended for 
the symptomatic discoid meniscus. Arthroscopic reshaping 
of  the meniscus is typically performed using a procedure 
called saucerization.104 Any associated meniscus tears are 
treated with partial meniscectomy or repair. Stabilization 
procedures are performed for unstable discoid variants. 
Rehabilitation programs and expected time for full recov-
ery will vary depending upon the procedure performed. 
A period of  limited weight bearing or ROM restrictions may 
be required and will be directed by the treating surgeon.

Grade Description

1 Pain with stress testing without associated joint laxity

2 Pain with stress testing with increased joint excur-
sion; presence of distinct end point

3 Complete ligament disruption with excessive excur-
sion; no distinct end point

Ligament Sprain Grading Scale

DISPLAY

14.4
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Traumatic meniscal tears, absent a congenital meniscus 
malformation, usually occur in older children or adolescents 
as a result of  a twisting injury in sports. The meniscus of  
the developing child is more vascular than that of  adults and 
has thus been noted to have better capacity for healing.103 
Clinical diagnosis is sometimes challenging with physical 
examination and special tests yielding somewhat limited 
diagnostic reliability.106 The most consistent findings dur-
ing meniscus tear physical examination include history of  
a twisting injury, joint effusion, and joint line tenderness. 
Other special tests such as McMurray test, Apley compres-
sion or distraction, Thessaly or Ege’s test may also aid in 
diagnosis. The patient may complain of  the knee becoming 
“stuck” or “catching” if  a fragment of  meniscus is blocking 
motion between the tibia and the femur. An MRI is often 
obtained to assist in diagnosis; however, it should be noted 
that the MRI is less accurate in diagnosing meniscus tears in 
children compared with adults.103

Treatment of  meniscus tears will vary depending upon 
the location of  the tear within the meniscus, tear orienta-
tion, and degree of  displacement of  the torn fragment. 
As mentioned earlier, certain characteristics of  the menis-
cus of  the skeletally immature patient allow for more 
healing potential than adults, and thus most tears in chil-
dren are managed using repair rather than meniscectomy. 
Postoperatively, a patient will typically be treated with non- 
or partial weight bearing for 4 to 6 weeks with use of  hinged 
knee brace. Knee flexion ROM is also typically limited from 
0 degrees to 90 degrees for the first 4 to 6 weeks, with pro-
gressive flexion permitted beyond that point. Rehabilitation 
should continue with addressing deficits in strength, coor-
dination, and limb control. Return to sports usually occurs 
around 3 to 4 months postoperatively.

Osteochondritis Dissecans in the Knee
As discussed earlier, OCD is a condition in which dam-
age to the subchondral bone causes secondary damage to 
the overlying articular cartilage. The knee is the most com-
monly involved joint, with the lateral aspect of  the medial 
femoral condyle being the most commonly affected site 
within the knee.8 Patients with OCD typically complain of  
activity-related anterior knee pain. Differential diagnosis 
should include patellofemoral pain, chondromalacia patella, 
and plica syndrome, as these may all have similar symptoms. 
With the knee in varying degrees of  flexion, the examiner 
may note a distinct area of  point tenderness at the medial 
femoral condyle where the lesion is located. Wilson’s sign 
is a special test that has been described, but may have lim-
ited diagnostic value.107 If  the lesion has progressed to being 
unstable, mechanical symptoms are more likely to be noted 
such as crepitus, knee effusion, and an abnormal gait.108 
Plain radiographs are typically part of  the initial diagnostic 
workup of  a patient suspected to have an OCD lesion. If  posi-
tive, MRI or other advanced imaging will typically be utilized 

to gain more information and improve decision making for 
treatment.109

Treatment will vary depending upon the extent of  the 
lesion. Nonsurgical treatment is advocated for the stable 
lesion. In the classic treatment protocol, the patient is non–
weight bearing with the knee immobilized in a brace for a 
period of  6 weeks.108 Recently, some authors have advocated 
that immobilization and weight-bearing restrictions are not 
necessary. In these cases, the patient may bear full weight, 
but should avoid any sports or impact activity for a period 
of  6 to 8 weeks.109 In either scenario, adherence is typically 
an issue and considerable education regarding the long-term 
risks associated with improper treatment of  OCD may be 
necessary. After this period of  immobilization or activity 
modification, rehabilitation is initiated and focuses on defi-
cits in strength, ROM, and other kinetic chain deficits that 
impact lower extremity control. Return to running, jump-
ing, and sports can usually begin around 3 months, with a 
progressive introduction of  activity, while continuing to 
monitor for return of  symptoms. When initiating plyomet-
ric training, proper lower extremity alignment and impact 
absorption during jump landing should be emphasized.

Surgical management is typically recommended for 
unstable lesions or those that do not heal with conserva-
tive measures. Several surgical treatment options exist and 
include antegrade or retrograde drilling procedures, frag-
ment removal, internal fixation, microfracture, autologous 
chondrocyte implantation, or osteochondral autograft or 
allograft transplantation.108,109 Rehabilitation protocols will 
vary depending upon the procedure performed; however, 
typical protocols will require an early period of  immobiliza-
tion and weight-bearing restrictions. Rehabilitation is simi-
lar in scope to most other postoperative knee procedures 
addressing local deficits about the knee as well any other 
noted kinetic chain deficits. Return to sports will typically 
not occur until 6 to 9 months postoperatively.

Acute Patella Dislocations and  
Osteochondral Fractures
Most acute dislocations of  the patella are caused by plant-
ing or twisting maneuvers, which usually occur while rap-
idly changing directions during sports. The patient will note 
the knee “giving way” and can occasionally recall seeing the 
patella located on lateral aspect of  the knee. Relocation is 
usually accomplished by simply straightening the involved 
leg. The knee will be swollen, generally tender, and ROM 
will typically be limited owing to guarding. Lateral dis-
placement of  the patella may evoke an apprehension sign. 
Radiographs or MRI will be necessary to rule out the pos-
sibility of  osteochondral fractures. If  no osteochondral 
damage is noted, acute patella dislocations are usually 
treated conservatively with immobilization in extension 
for 4 weeks, followed by progressive ROM and rehabilita-
tion. If  a patient continues to experience recurrent patella 
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dislocations, surgical intervention may be indicated. Medial 
patellofemoral ligament (MPFL) reconstruction is one pro-
cedure that is often seen and has been associated with good 
functional outcomes.110 Weight bearing is protected early 
with the knee locked in extension. Early ROM and quadri-
ceps activation are emphasized. Comprehensive rehabilita-
tion after MPFL reconstruction overlaps considerably with 
the principles discussed after ACL reconstruction with 
return to sports around 6 to 12 months.

Osteochondral fractures typically occur with an acute 
lateral patella dislocation, and are most frequently located 
in the medial patella facet and/or lateral femoral condyle. 
During relocation of  the patella, the medial patella surface 
shears across the lateral femoral condyle/trochlea, damag-
ing the articular surface.111 Although the frequency of  this 
injury is difficult to quantify, some reports have found occur-
rence with patella dislocations to be as high as 25% to 75%.111 
The presentation of  the patient with an osteochondral frac-
ture will be similar to that of  an acute patella dislocation; 
however, there may be palpable crepitus during movement 
or a mechanical, bony block to motion, due to a loose body. 
Plain films may not always detect the lesion, and MRI is typi-
cally the image of  choice.111 Surgical treatment is indicated 
in most cases of  displaced osteochondral fractures with 
arthroscopic fixation or removal of  the fragment. A resur-
facing procedure, such as microfracture, is performed when 
the fragment is removed.111 The microfracture procedure 
stimulates bone marrow, which causes bleeding, and a result-
ing fibrin clot forms that eventually differentiates into fibro-
cartilage to repair the defect.112 To protect the healing tissue, 
most surgeons recommend a period of  protected weight 
bearing and ROM restrictions postoperatively on the basis of  
lesion location and procedure performed. Rehabilitation will 
be similar to other knee disorders previously discussed. The 
projected time frame for return to sports is 4 to 6 months.111

Overuse Injuries

Anterior knee pain is a common complaint among skeletally 
immature athletes and can stem from a variety of  causes, 
many of  them related to overuse. Commonly encountered 
diagnoses that cause anterior knee pain are patellofemoral 
pain syndrome (PFPS), Osgood–Schlatter disease (OSD), 
Sinding–Larsen–Johansson disease (SLJ), inflamed synovial 
plica, and patella tendinopathy.

Patellofemoral Pain Syndrome
PFPS is a broad diagnosis that refers to pain in the patel-
lofemoral joint and the surrounding structures. PFPS is 
the most common cause of  all knee overuse injuries.3 
Biomechanical alterations in lower extremity function result 
in abnormal stress across the patellofemoral joint and tissue 
overload, which results in anterior knee pain. The interac-
tion among several intrinsic and extrinsic factors is thought 

to be responsible for causing PFPS. Structural abnormalities 
such as femoral anteversion, femoral trochlea dysplasia, and 
bipartite patella may contribute to the development of  PFPS. 
Flexibility limitations in the quadriceps, hamstrings, hip flex-
ors, IT band, and gastrocsoleus complex, as well as strength/
neuromuscular control deficits in the gluteus medius, glu-
teus maximus, and quadriceps have all been implicated as 
factors related to PFPS.113 Extrinsic factors related to PFPS 
include training errors such as inadequate rest, rapid pro-
gression of  training volume, and improper shoe wear.

The patient will usually complain of  a dull ache from 
underneath or around the patella that increases with activi-
ties such as squatting, ascending/descending stairs, running, 
or prolonged sitting. As mentioned above, proximal and distal 
factors may contribute to the development of  PFPS, and thus 
a comprehensive physical examination is required. Special 
attention should be paid to examination of  gluteus medius 
and gluteus maximus strength and the resulting coordination 
during closed-chain limb control, as there is a mounting body 
of  evidence that these deficits play a large role in the develop-
ment of  PFPS.113–115 Distal factors such as excessive foot pro-
nation and limited ankle dorsiflexion may also contribute to 
the pathomechanics involved in PFPS and should be assessed 
accordingly.116 Limb control can be assessed utilizing the 
Eccentric Step Down test, which may help identify limb con-
trol deficits. Locally, patella alignment and mobility should 
be assessed looking for evidence of  either restricted or exces-
sive patella mobility and abnormal tilting. The articulating 
surface of  the patella should be palpated as it will usually be 
painful in PFPS. Pain with compression of  the patellofemoral 
joint should also be noted (grind test). Radiographs are not 
necessary for diagnosing PFPS, but they may be helpful in 
ruling out any other possible diagnosis or related issues.3

Treatment must first focus on removing the offending 
forces during everyday activities. Relative rest from painful 
activities during sports should be advocated, and complete 
rest may be necessary in severe cases. All exercises in physi-
cal therapy should be closely monitored and should remain 
pain free. Correction of  biomechanical problems should be 
the primary goal of  all interventions. Close supervision and 
feedback are required during functional exercises to ensure 
proper lower extremity alignment. The multifactorial nature 
of  PFPS dictates a diverse and extensive treatment plan. 
Strength training, flexibility, balance, core strengthening, 
neuromuscular control exercises, and orthotic intervention 
have all been shown to be helpful in treating PFPS.113,117 
Adjunct treatments such as patellofemoral taping or bracing 
may be effective for pain relief  and may be used to enhance 
the patient’s ability to participate in corrective exercises. 
If  a patient fails to respond to conservative treatment and 
symptoms continue to limit function, surgical treatment 
could be considered. Lateral release and patellar realignment 
procedures for the correction of  PFPS have been described. 
Rehabilitation from these procedures is usually extensive, 
and a prolonged absence from sports is required.
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Apophysitis
OSD and SLJ are common overuse injuries that will cause 
anterior knee pain. Both are caused by traction forces from 
muscle contraction leading to increased stress across the 
apophysis. These repetitive forces lead to cumulative micro-
trauma, inflammation, and pain.3 OSD represents injury at 
the tibial tubercle, while SLJ represents an apophysitis at 
the inferior pole of  the patella. Symptoms typically present 
between the ages of  9 and 15 years in children who partici-
pate in activities that involve excessive running and jump-
ing. The symptoms include achy pain in the anterior knee 
that is aggravated by activity or with direct pressure, such 
as kneeling. Tenderness to palpation will exist at the loca-
tion of  apophysitis (tibial tubercle or inferior pole of  patella) 
and will help with differential diagnosis. Contractile testing 
of  the involved muscle attachments will also produce pain. 
Radiographs are helpful at ruling out any other possible 
diagnoses such as avulsion fractures.

OSD and SLJ are self-limiting processes with symptoms 
resolving at skeletal maturity. Acute management consists 
of  rest from aggravating activities, ice, and possibly non-
steroidal anti-inflammatory drugs (NSAIDs). Treatment 
should focus on normalizing lower extremity flexibility, 
especially to the quadriceps and hamstring muscle groups. 
Strengthening of  the quadriceps, hip abductors, and exter-
nal rotators may help improve lower extremity alignment 
and efficiency during functional activities, and should be 
employed. Exercises should not provoke symptoms.

Patellar Tendinopathy
Older adolescents with fused growth plates are more likely 
to develop a tendinopathy with overuse, as opposed to an 
apophysitis. Patellar tendinopathy or “jumpers knee” is 
commonly seen in adolescents who play basketball, volley-
ball, and running. This is a mechanical overuse syndrome 
due to the cumulative effects of  repetitive microtrauma 
within the patellar tendon.3 Patients report anterior knee 
pain aggravated by activity. Contractile testing of  the quad-
riceps will be painful, and tenderness to palpation along the 
patella tendon is common.

Treatment consists of  relative rest refraining from any 
painful activities, improving flexibility, strength training, and 
improving dynamic control of  lower extremity. Eccentric 
strengthening is an effective treatment for patellar tendi-
nopathy, and should be incorporated into a comprehensive 
rehabilitation plan.118,119 Lack of  flexibility in quadriceps and 
hamstrings has been implicated as a risk factor for lower 
extremity overuse syndromes; therefore, a long-term flex-
ibility program should be advocated for injury prevention.120

Plica Syndrome
Plicae are bands of  tissue in the synovial lining of  the knee 
that arise from remnants of  embryologic knee develop-
ment.121 Although plica can be found at multiple locations, 

the medial plica is most commonly symptomatic. A medial 
plica should be considered a normal variant in anatomy, as 
its presence does not always cause symptoms. A plica can 
become symptomatic when it rubs across the medial fem-
oral condyle with movement, causing inflammation and 
subsequent anteromedial knee pain. The patient will occa-
sionally complain of  “pseudo” locking episodes or snap-
ping sensation with flexion/extension of  the knee, making 
diagnosis difficult.122 Palpation of  a symptomatic plica is 
important for clinical examination, but can be difficult. The 
plica is usually felt as a painful, taut band, running from the 
medial patella to the medial femoral condyle and orientated 
perpendicular to the patella. Treatment is similar to that 
discussed for PFPS involving activity modification, inflam-
mation control, flexibility restoration, pain-free strengthen-
ing, and emphasis on dynamic limb control. If  conservative 
measures fail, arthroscopic excision may be recommended. 

 Lower leg injuries

The lower leg refers to the area of  the tibia, fibula, and all 
the surrounding tissues. The term “shin splints” is a generic 
term to describe pain to the lower leg. However, the lower 
leg pain can be due to various injuries to the lower leg tis-
sues. The lower leg is susceptible to both traumatic and 
overuse-type injuries in athletes. Common differential 
diagnoses of  lower leg pain include medial tibial stress syn-
drome, tibia and/or fibula stress fracture, chronic exertional 
compartment syndrome, acute compartment syndrome, 
muscle strains and tendinopathy, and traumatic tibia and/
or fibula fracture.

Shin Splints

Medial Tibial Stress Syndrome
Medial tibial stress syndrome (MTSS) is the most common 
cause of  pain to the lower leg. It is characterized by pain 
and inflammation along the anteromedial plane of  the distal 
to central one-third of  the tibia with running and jumping 
activities. Although not fully understood, MTSS was initially 
thought to be due to overuse of  the posterior tibialis and/or 
soleus muscles contributing to subsequent periosteal reac-
tion along the medial border of  the tibia. High, repetitive 
loads and rapid foot pronation will contribute to microte-
ars at the soft tissue and periosteal attachments. However, 
Moen recently suggested that MTSS is caused by bony over-
load, resulting in an osteopenic cortex and bone marrow 
edema, and not periostitis.123 Contributing factors to MTSS 
include decreased hip internal rotation ROM, excessive plan-
tarflexion ROM, excessive midfoot mobility, poor shock 
attenuation, rapid changes in exercise intensity, weakness or 
imbalance about the lower leg, and high BMI.123,124

An athlete with MTSS complains of  pain and tenderness 
to the distal to central one-third of  the lower leg along the 
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posteromedial border of  the tibia. Initially, the athlete may 
report pain with the start of  the run that decreases as the 
run continues. However, as symptoms worsen, pain will 
continue throughout the duration of  the run and may carry 
over into other activities. Physical exam may demonstrate 
weakness and imbalances about the lower leg  muscles, 
namely the posterior tibialis and flexor hallicus longus. 
Biomechanical deformities to the lower kinetic chain that 
contribute to excessive compensatory foot pronation are 
also likely. Diagnostic imaging will help discern MTSS from 
tibial stress fracture. Initially, plain radiographs will be nor-
mal. Bone scans may confirm the diagnosis of  MTSS by 
showing diffuse longitudinal area of  uptake, as opposed to 
a focal, transverse line that is indicative of  a stress fracture. 
MRI remains the most sensitive and specific test for diagnos-
ing and discerning between an MTSS and stress fracture.

Treatment for MTSS begins with a period of  active rest 
from painful activities such as running and jumping. Low-
impact activities such as swimming, cycling, and other 
modes of  cardiovascular training are recommended to main-
tain fitness levels and decrease the effects of  deconditioning. 
Pain control modalities including ice, compressive taping/
wrapping techniques, and NSAID may be helpful in allevia-
tion of  symptoms. A rehabilitation program should consist 
of  flexibility and strength training of  the lower leg muscu-
lature, with a special focus on the gastrocsoleus complex. 
Treatment should also restore balance and dynamic control 
of  the lower kinetic chain and trunk. A thorough functional 
evaluation should also be performed to identify any con-
tributory factors present during sport-specific movements. 
Shoes with adequate foot support and/or orthotic interven-
tion may be helpful during the initial phases of  treatment to 
control excessive foot pronation. With proper management, 
it may take 6 to 8 weeks before returning to running and 
impact activities. Return to running is performed with a pro-
gressive running program. Running distance, frequency, and 
intensity should not be increased simultaneously or more 
than 10% each week and should take into consideration 
patient fitness level, pain response, and goals.

Tibial Stress Fracture
Tibial stress fractures are common with activities that 
include repetitive loading to the lower leg, including run-
ning, basketball, gymnastics, and dance. Stress fractures are 
osseous fractures caused by repetitive bony overload and 
the inability to meet the demands of  the levels of  force. 
Contributing factors for tibial stress fracture are improper 
training regimens, poor bone health, high BMI, abnormally 
high or low medial longitudinal arch heights, and exces-
sive foot pronation.125 Owing to the high incidence in dis-
tance runners, certain characteristics of  running mechanics 
have been studied and linked to tibial stress fracture. These 
include high vertical loading rates, heel striking at ground 
contact, increased step length, decreased cadence, and high 
tibial accelerations.126–128

Tibial stress fractures will cause localized, acute, and 
sharp pain on the tibial surface. This can occur anywhere 
along the length of  the tibia, but is usually along the cen-
tral to upper one-third of  the anterior cortex. Focal tender-
ness and pain is reported along the site of  the fracture and 
may be associated with a palpable thickening. Pain will usu-
ally not be present at the start of  activity, but will gradually 
worsen as activity continues and may eventually occur at 
rest. Diagnosis may be confirmed with diagnostic imaging. 
Initially, plain radiographs may be normal, but will demon-
strate periosteal healing or callus formation identifying an 
area of  bony healing. Bone scan is not specific, but will dem-
onstrate a focal uptake along the anterior tibia. MRI is more 
specific and can better assist in the diagnosis and determine 
the severity of  the tibial stress fracture.

Initial treatment for tibial stress fractures is relative rest 
and activity limitation to allow for bony healing. Pain-free 
weight bearing, muscle activation, and flexibility activities 
can be initiated. In cases where weight bearing is painful, a 
walking boot or restriction of  weight bearing may be war-
ranted. Once there are signs of  radiographic healing, pro-
gressive weight bearing and a more advanced strengthening 
and flexibility program can be implemented. As strength 
is normalizing, sport-specific training can begin with an 
emphasis on quality of  movement and progressive return. 
Running gait retraining with the goals of  limiting vertical 
and torsional loading has also been effective in the manage-
ment of  tibial stress fractures.126,128 When the athlete fails 
to improve and continued limitation persists, or with a long 
history or bone health compromise, a more thorough medi-
cal workup may be warranted. This includes blood testing 
and nutritional consult.

Compartment Syndrome
The lower leg is comprised of  four compartments: anterior, 
lateral, superficial posterior, and deep posterior. Each com-
partment comprises muscle, vascular, and nervous tissues, 
all encapsulated by a facial membrane.

Acute compartment syndrome is an emergent condition 
that results from acute trauma to the lower leg. An increase 
in intracompartmental pressure is caused by soft tissue 
swelling and contributes to localized pain, parasthesia, and 
weakness. In suspicion of  acute compartment syndrome, 
immediate attention is required. Fasciotomy is performed 
to relieve the compartment pressure and prevent permanent 
tissue damage.

Chronic exertional compartment syndrome (CECS) or 
exercise-induced compartment syndrome is not an emer-
gent situation but can be functionally disabling to athletes 
and commonly seen in long-distance runners. Pain results 
from muscle ischemia, which occurs with exercise, due 
to significantly elevated intracompartmental pressures. 
During exercise, increased muscle contractions can lead to 
increased blood flow and volume within the affected lower 
leg compartment. Normally, the surrounding fascia will 
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adapt and expand to meet the demands of  the increased 
muscle volume. However, in CECS, the containing fascia 
is unable to expand, thereby constricting blood flow and 
resulting in ischemia. Complaints of  pain and tightness 
result, with or without neurovascular compromise. The 
location and presentation of  symptoms will vary depend-
ing on the affected compartment. The anterior and lateral 
compartments are the most commonly affected; however, 
any of  the four compartments of  the lower leg can be 
involved.

An athlete with CECS will commonly report aching pain, 
tightness, and/or squeezing sensations about the lower leg 
in the distribution of  the affected compartment. Commonly, 
the athlete will first report tightness or cramping, but 
may progress to altered sensation and motor weakness. 
Symptoms are usually predictable, exacerbated by a given 
exercise intensity and time, and relieved shortly after ces-
sation of  activity. Diagnosis of  the syndrome is confirmed 
with intracompartmental pressure testing. Conservative 
treatment of  activity modification, soft tissue mobiliza-
tion and massage, muscle stretching and strengthening, 
and orthotic prescription has not been very successful in 
the management of  CECS.129 However, research is emerg-
ing regarding success in altering the running mechanics and 
technique for the treatment of  CECS of  the anterior com-
partment.130 In the event that conservative treatment fails, 
surgical fasciotomy of  the involved compartments is recom-
mended, and often allows the athlete to return to full activ-
ity within 8 to 12 weeks.124

 Ankle injuries

The ankle is the most common site for athletic injuries, 
accounting for 20% to 30% of  all musculoskeletal injuries.131 
The ankle joint comprises the three main joint articulations. 
The talocrural joint is the bony articulation between the 
distal tibia and fibula and the proximal surface of  the talus, 
and is responsible for nearly all of  ankle plantarflexion and 
dorsiflexion. The subtalar joint comprises the talocalcaneal 
and talocalcaneonavicular joints. Inversion and eversion 
occur predominately at the subtalar joint. It is important to 
note that despite the dominance of  one motion occurring 
at a given joint, mobility occurs simultaneously in all three 
planes of  motion owing to joint axis orientation. Therefore, 
triplanar movement about the ankle is often described as 
“supination”—or combined plantarflexion, inversion, and 
adduction—and “pronation,” or combined dorsiflexion, 
eversion, and abduction.

More common differential diagnoses for ankle pain are 
lateral ankle sprain, syndesmosis sprain, distal physeal frac-
ture, peroneal longus subluxation, osteochondral fracture of  
the talar dome, Maisonneuve fracture or combination of  a 
distal syndesmosis tear and a proximal fibular fracture, and 
sinus tarsi impingement.

Ankle Sprains

Stability to the lateral ankle is due primarily to the lateral 
ligament complex consisting of  the anterior talofibular liga-
ment (ATFL), calcaneofibular ligament (CFL), and posterior 
talofibular ligament (PFL). All three ligaments aid in the 
restriction of  excessive ankle inversion, with the ATFL also 
resisting anterior translation of  the talus. The medial ankle 
ligaments are comprised of  the thicker and stronger deltoid 
ligament, and are responsible for restraining ankle eversion, 
pronation, and anterior displacement of  the talus. The tibia 
and fibula are connected distally by the anterior and poste-
rior distal tibiofibular ligaments and the distal interosseous 
ligament. Together, they comprise the distal portion of  the 
interosseous membrane that traverses the entire lengths of  
the shafts and contributes to lower leg stability and force 
transmission.

Eighty-five percent of  all ankle pathology is due to acute 
ankle sprains, and most often involve injury to the lateral lig-
aments. Mechanism of  injury is usually excessive inversion 
and plantarflexion. Deltoid sprains are also known as ever-
sion sprains due to their mechanism of  injury. Syndesmotic 
sprains, commonly named “high ankle sprains,” usually 
occur in conjunction with medial ankle sprains and are 
caused by forced eversion and ER of  the ankle causing 
a widening of  the distal tibiofibular joint. Injuries to the 
medial ankle or along the tibiofibular syndesmosis are less 
common on account of  their inherent strength.132

In examining an ankle injury, careful inspection of  foot 
position at the time of  injury, location of  tenderness, and 
mobility testing aid in the recognition of  the injured liga-
ments. The athlete will often report a distinct injury with a 
sudden pain or “pop.” With more severe sprains, pain will 
not allow continued participation in athletic activity. The 
athlete will initially present with pain, swelling, and ecchy-
mosis throughout the ankle and into the foot and toes. It 
should be noted that because of  gravity, swelling and bruis-
ing may not always correspond to the site of  injury. Weight 
bearing may also be limited and painful.

Physical exam should include careful palpation along 
the ankle ligaments to help discern the ligaments involved. 
ROM will be limited especially in motions that stress the 
involved ligament. Isolated ligamentous stress testing may 
also be beneficial in the diagnosis of  ankle instability. Lateral 
ligamentous stress testing includes the anterior drawer and 
talar tilt tests. The anterior drawer test assesses the stabil-
ity of  the ATFL. The talar tilt test assesses the integrity of  
the CFL. The Kleiger test, or forced foot eversion and ER, 
and squeeze test stress the medial ankle’s deltoid ligament 
and syndesmosis ligaments, respectively. All tests should 
be performed bilaterally to compare the amount of  excur-
sion, provocation of  pain, and appreciation of  a distinct end 
point to the uninjured ankle. In the acute stage, the ankle 
is often too swollen and painful to perform the tests with 
accuracy. Resistive muscle testing performed in midrange is 
usually pain free, except in the cases of  an associated injury 
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to a musculotendinous unit, such as concomitant peroneal 
tendon strain with a lateral ankle injury.

Like any acute injury, treatment of  ankle sprains ini-
tially follows the principles of  PRICE: protection, rest, 
ice, compression, and elevation of  the involved extremity 
(Table 14.5). A few days of  rest and immobilization may be 
necessary to allow for pain and swelling to subside; however, 
early joint mobility and weight bearing has been shown to 
be more favorable for functional return in comparison with 
prolonged immobilization.133

The severity of  ligament disruption will affect the treat-
ment plan design. Grade 1 ankle sprains may respond more 
quickly than grade 2 or 3 sprains. Owing to the higher 
chances of  the recurrence of  ankle sprain following previous 
injury,133 a rehabilitation program is recommended for all 
ankle sprains to assist in the restoration of  mobility, proprio-
ception, and muscle performance. ROM activities can begin 
in the acute phases of  injury, starting with ankle dorsiflex-
ion and plantarflexion. Progression to frontal plane inversion 
and eversion may be initiated in pain-free, limited ranges 
and monitored by pain response to facilitate tissue remodel-
ing and ligamentous healing. Straight-plane weight-bearing 
activities should follow a similar progression, with eventually 
challenging the athlete in multiplanar and unilateral activi-
ties on various surfaces. Careful attention to muscle activa-
tion, recruitment, and timing should be paramount owing 
to the associated increase in muscle latency following lateral 
ankle sprains.134 In the case of  continued ankle instability 
and impaired function following a rehabilitative course, espe-
cially in grade 3 injuries where there is complete ligamen-
tous disruption, surgical reconstruction of  ankle stabilizers 
may be warranted and yields favorable results.

Ankle Fractures

When evaluating the pediatric ankle following acute injury, 
it is important to discern between ligamentous sprain and 
growth plate injury due to the inherent weakness of  the phy-
sis. Ankle fractures in sports occur with deceleration or rota-
tional forces about a fixed foot. In children under 12 years 
with an immature skeletal system, a physeal fracture of  the 

distal fibula is highly probable with a lateral ankle injury.135 
Nondisplaced Salter–Harris type I is the most common frac-
ture of  the distal fibular physes. Pain on palpation is over 
the physeal growth plate, which is located about one finger 
width above the distal portion of  the lateral malleolus (Fig. 
14.8). Management is with cast immobilization for 3 weeks 
followed by a rehabilitation program similar to that of  a lat-
eral ankle sprain. Plain radiographs are able to assist in the 
diagnosis of  ankle fracture. The Ottawa ankle rules have 
been shown to be sensitive in detecting fractures to the foot 
in children over 5 years of  age and should be utilized in the 
clinical decision process and diagnosis of   traumatic ankle 
injuries in children136,137 (Display 14.5).

FIGURE. 14.8 (A) Location of distal fibular physis and lateral 
ankle ligaments (B) distal fibular physis location (arrow) with and 
an associated Salter-Harris II fracture of distal tibia.

A

B

Principle Management Options
Protection Splinting, bracing, walking boot, taping 

procedures
Rest Activity modification, altered weight bearing, 

cross-training
Ice Localized ice bath, cold pack, ice massage
Compression Ace wrap, open basket weave tape application, 

felt padding, compressive sleeve
Elevation Elevate injured area above level of heart to 

promote lymph drainage

PRICe Principles for Acute Injury Management

TAbLe

14.5

An ankle X-ray series is required only if there is any pain in 
 malleolar zone and any of these findings:
 1. Bone tenderness at posterior edge or tip of lateral 

malleolus
 2. Bone tenderness at posterior edge or tip of medial 

malleolus
 3. Inability to bear weight both immediately and in emergency 

room

Ottawa Ankle Rules

DISPLAY

14.5
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Triplane fractures and Tillaux fractures occur as the 
athlete approaches skeletal maturity, usually around 15 
and 17 years in girls and boys, respectively. Both fractures 
result from partially closed growth plates. The growth 
plate will first fuse centrally, followed by medial and lat-
eral closures, leaving the lateral portion vulnerable for 
injury. A triplane fracture occurs in three planes: coronal, 
sagittal, and transverse. A Tillaux fracture is a Salter–
Harris type III fracture of  the unfused anterolateral seg-
ment of  the distal tibial epiphysis caused by avulsion of  
the epiphyseal segment by the ATFL.135 Forceful ER of  
the foot is the common mechanism of  injury. Both frac-
tures are managed with a long leg non–weight-bearing 
cast for 3 to 4 weeks followed by a short leg walking cast 
for another 3 to 4 weeks. Once the cast is removed, physi-
cal therapy can be initiated to regain normal strength and 
mobility to the entire lower extremity.

Osteochondral fractures of  the talar dome can result 
from an ankle sprain if  the talus abuts the medial or lateral 
malleolus during the injury. Injury to the bone and overlying 
cartilage can produce a free-floating, painful fragment in the 
joint space and may limit motion. Osteochondral fractures 
are difficult to diagnose during the acute stage of  an ankle 
sprain, when much of  the surrounding tissue is inflamed. 
Persistent pain after the sprain with continued edema and 
intermittent clicking or locking may suggest an osteochon-
dral fracture.135 Casting and orthotic interventions are the 
treatments of  less severe lesions in the younger athletes, 
to provide a controlled environment for chondral healing. 
However, more severe lesions may require surgical interven-
tion with either arthroscopic drilling, loose body removal, 
pinning, or cartilaginous transfer or grafting.

Ankle Impingement

Ankle impingement can be the source of  anterior, antero-
lateral, or posterior pain. Anterior impingement is often 
seen in football, basketball, and dance, and is often caused 
by the formation of  an osteophyte on the distal tibia due 
to abnormal ankle joint mechanics. As the ankle is forced 
into maximal dorsiflexion, the osteophyte contacts the talus 
and causes pain. Anterolateral ankle impingement is often 
an area of  chronic pain, which persists after an ankle sprain. 
Possible causes are impingement of  the tibiofibular liga-
ment, impingement of  the synovium, or osteochondral frac-
ture.135 Pain is reported in the area between the fibula and 
the lateral talus, within the sinus tarsi, or near the ATFL. 
Treatment includes rest, NSAIDs, bracing, joint mobiliza-
tion, and possible arthroscopic debridement.

Posterior impingement is described as pain in the poste-
rior ankle when the foot is plantarflexed, and is commonly 
experienced by ballet dancers or athletes who repetitively 
point their foot. The pain is caused by a bony protrusion 
such as an os trigonum, a small, round bone behind the 
ankle joint. An os trigonum is found in about 5% to 15% 
of  normal, asymptomatic ankles near the posterior talus. 

When the os trigonum fails to fuse with the talus, it can 
impinge on the soft tissue during forced, end-range plan-
tarflexion.135 Management consists of  rest, NSAIDs, and sur-
gical excision of  the bony ossicle.

 Foot injuries

Overuse Injuries

Sever’s Disease
The cause of  foot and heel pain in the young athlete will 
vary depending on skeletal maturity. Achilles tendonitis 
and plantar fasciitis are observed more frequently in the 
skeletally mature athlete. However, in the skeletally imma-
ture athlete, atraumatic pain along the posterior calcaneus 
is likely due to Sever’s disease. Sever’s disease is a traction 
apophysitis of  the calcaneus at the site of  the attachment 
of  the Achilles tendon, plantar fascia, and intrinsic muscles 
of  the foot. This occurs during periods of  rapid skeletal 
growth in athletes 9 to 12 years old.138 Pain is reported 
along the heel, and will increase during sports such as 
soccer, gymnastics, and basketball with repetitive run-
ning and jumping. Pain is usually bilateral; however, it can 
also occur unilaterally, and can occur in conjunction with 
Achilles tendonitis.

A young athlete with Sever’s disease will complain of  
sharp or dull pain along the calcaneal apophysis. A patient 
history of  any rapid recent changes in activity levels, train-
ing errors, changes in shoe wear, and rapid skeletal growth 
will be consistent with Sever’s disease. Gently squeezing the 
lateral borders of  the calcaneus will often replicate pain-
ful symptoms. Musculoskeletal evaluation will often find 
muscle length restrictions to triceps surae muscle complex, 
excessive foot pronation, and possible swelling. In more 
severe cases, weight bearing and walking will also be asym-
metric and painful.3

Treatment of  Sever’s disease begins with pain con-
trol modalities, including activity modification, ice, and 
NSAIDs. This condition is benign and self-limiting without 
any long-term consequences. Therefore, continuation with 
normal athletic activities should be permitted if  tolerated. 
However, the presence of  gait and running asymmetries, 
pain at rest, and persistent debilitating pain following sport 
should exclude an athlete’s participation in the painful activ-
ity owing to the risk of  further injury. Interventions are 
aimed at the restoration of  flexibility and length to impaired 
musculature, and strengthening to calf  and foot muscula-
ture. The incorporation of  a gel heel lift in the athlete’s shoe 
may also be appropriate to unload the Achilles tendon and 
cushion the heel. In the presence of  an excessively dropped 
medial longitudinal arch, temporary use of  orthotics may 
assist in unloading the Achilles tendon and the apophy-
sis. The condition usually resolves within a few weeks or 
months with proper treatment. In persistent cases, casting 
and immobilization may be needed.
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Iselin’s Disease
Iselin’s disease, similarly to Sever’s disease, is a traction 
apophysitis to the proximal fifth metatarsal. This condition is 
seen in children 10 to 12 years old. Traction to the insertion 
site of  the peroneus brevis muscle on the proximal aspect of  
the fifth metatarsal and lateral aspect of  the foot will contrib-
ute to inflammation, irritation, and pain in adolescents who 
participate in sports with repetitive running and jumping.3

Upon examination, the athlete may present with local-
ized swelling and tenderness along the proximal physis 
of  the fifth metatarsal. Upon weight bearing, pain may 
increase. Resistive testing into eversion thus tensioning the 
peroneus brevis will replicate symptoms, along with end-
range plantarflexion, dorsiflexion, and inversion.

Treatment of  Iselin’s disease is similar to that of  Sever’s 
disease. A short period of  activity modification and pain 
control modalities are the initial treatment options of  
choice. Treatment should also include ankle flexibility to 
the evertors and plantarflexors, general ankle strengthen-
ing, and proprioceptive activities. In the more mild cases, 
the athlete can return to unrestricted activity within 3 to 6 
weeks. However, in those instances where the athlete is not 
responding and pain is limiting functional activity, a short 
period of  immobilization may be warranted, increasing 
recovery time.3

Tendonitis and Plantar Fasciitis
The diagnosis of  a tendonitis, though not as common in the 
young, skeletally immature athlete, can contribute to pain 
and disability. Achilles tendonitis is typically reported as pain 
along the Achilles tendon just proximal to the superior mar-
gin of  the calcaneus, often seen in ballet dancers, runners, 
basketball players, and other field athletes. Causative fac-
tors include rapid increases in training duration and inten-
sity, rapid skeletal growth, and excessive foot pronation.139 
Examination should include palpation along the entire 
length of  the tendon, starting proximally and continuing 
inferiorly to the heel pad, noting the area of  maximal tender-
ness. Swelling, decreased dorsiflexion ROM, and pain with 
resisted plantarflexion are common findings. Single-leg heel 
raise and hopping reproduces pain at the Achilles tendon.

Interventions should begin with rest, ice, NSAIDs, gen-
tle stretching of  gastrocnemius and soleus muscles, and 
changes in footwear. A temporary heel lift or orthotic may 
aid in tendon unloading and should be discontinued grad-
ually as pain subsides. As symptoms become less acute, 
strengthening of  the plantarflexors is initiated in non–
weight-bearing positions and progresses to weight-bearing 
postures. In treating the more chronic Achilles tendinopathy, 
eccentric weight-bearing exercises to the plantarflexors have 
been shown to be effective.140 Balance exercise, propriocep-
tion, and entire lower extremity and core strengthening are 
also recommended to control excessive compensatory foot 
pronation. Impact activities are added slowly with a gradu-
ated return to running and sport-specific training.

Other regions of  the foot and ankle are susceptible to 
tendonitis. Treatment of  tendonitis follows a similar course, 
including activity modification, pain control, normaliza-
tion of  mobility, and strengthening. Activity can be gradu-
ally increased in a progressive manner, once symptoms have 
resolved, on the basis of  quality of  movement and soreness. 
Posterior tibialis tendonitis can be seen in running athletes, 
skaters, and gymnasts. Pain is localized to the posterior 
aspect of  the medial malleolus. Flexor hallicus longus ten-
donitis is commonly seen in athletes who repetitively point 
their toes such as dancers working “on pointe,” gymnasts, 
and runners. Pain can be reported on the plantar aspect of  
the foot and/or along the posterior aspect of  the medial 
malleolus. Peroneal tendonitis is seen in skaters, dancers, 
and running athletes. Pain is typically located posterior to 
the lateral malleolus.

Traumatic Injuries

Lisfranc (MidFoot) Injury
The tarsometatarsal joint complex is more commonly 
known as the Lisfranc joint. This joint aids in the intrinsic, 
osseus stability of  the foot. The middle three metatarsal 
bases and the cuneiforms form the transverse arch of  the 
foot. Injuries to this joint complex include ligamentous 
sprains and/or fracture dislocations, with the ligament 
extending from the base of  the second metatarsal to the 
medial cuneiform being most commonly injured. Although 
commonly associated with high-energy motor vehicle acci-
dents, Lisfranc injuries are also seen in sports owing to a 
low-energy axial load on a plantarflexed foot with the knee 
anchored on the ground. This is often seen in football while 
a player is lying prone on the ground and another player falls 
on the athlete’s heel. Lisfranc injuries can often occur owing 
to excessive abduction stress to the midfoot, where the fore-
foot is abducted around a fixed hindfoot. This mechanism is 
commonly associated with sports that require the use of  a 
foot stirrup, such as equestrian and windsurfing.141

A Lisfranc injury can be difficult to identify because of  
the often subtle instability. More severe injuries, such as a 
fracture dislocation, present with noticeable foot deformity. 
An athlete with a Lisfranc injury often complains of  pain to 
the dorsum of  the foot following a specific mechanism of  
injury. Forefoot edema and bruising along the plantar arch 
are paramount findings of  a Lisfranc injury. Weight bear-
ing is painful and increases when asked to stand on their 
tiptoes.142 Physical exam reveals tenderness upon palpation 
along the tarsometatarsal joints and gapping between the 
hallux and second toe when compared with the contralat-
eral limb. Mobility testing will replicate pain upon abduc-
tion and pronation of  the forefoot, while maintaining a 
fixed hindfoot. Mobility of  the first and second metatarsals 
in all planes, along with their association with one another, 
should be assessed noting any pain and/or joint subluxation. 
It is important to discern between a stable, ligamentous 
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sprain and complete rupture that will contribute to a gross 
midfoot instability.141 Radiographs with the athlete standing 
that stresses the tarsometatarsal joints are helpful in diag-
nosis, as non–weight-bearing films may not capture a slight 
instability and appear normal.143

Stable Lisfranc injuries are managed conservatively. The 
athlete is immobilized with a CAM walking boot for 6 to 10 
weeks, and allowed to weight-bear according to pain toler-
ance. Physical therapy is recommended to aid in restoration 
of  normal gait, balance, mobility, and strength. A full-length 
insert is often helpful during the transition from the CAM 
boot to a supportive shoe. Complete recovery will take 
about 4 months, though some injuries may not permit an 
athlete to return to the prior level of  sports participation. 
Unstable Lisfranc injuries, even subtle ones, are treated 
surgically.141

Bony Abnormalities

Tarsal Coalition
Tarsal coalition is a congenital malformation where two or 
more of  the tarsal bones fail to differentiate, resulting in a 
cartilaginous, fibrous, or bony union. This often occurs 
bilaterally, involving the calcaneonavicular and talocalca-
neal articulations. Symptoms restricting mid- and hindfoot 
mobility begin to appear during the second or third decade 
of  life, as the coalition attempts to ossify. Fractures within 
the coalition will result in pain following fusion of  the asso-
ciated joints.

An athlete presenting with tarsal coalition typically 
complains of  an insidious onset of  foot or ankle pain. Pain 
is often exacerbated with sports requiring cutting, pivot-
ing, changing direction, and running on uneven surfaces. 
Recurrent and chronic ankle sprains are also reported owing 
to the lack of  available foot mobility, thus stressing the sur-
rounding tissues. Physical exam often reveals a fixed, hyper-
pronated foot type. Limited accessory joint mobility to the 
midfoot and/or hindfoot is a paramount finding with tarsal 
coalition. A suspicion of  tarsal coalition can be most accu-
rately confirmed with CT imaging.

Treatment for tarsal coalition is directed at controlling 
foot motion to decrease stresses about the fusing joints. 
Orthotics are recommended to help support the foot and 
control excessive mobility. Strengthening for the intrinsic 
and extrinsic foot musculature is helpful for dynamic support 
of  the foot and ankle complex, as are ankle joint flexibility 
activities, to decrease compensatory subtalar joint mobil-
ity. Advanced pain may respond more favorably to aggres-
sive immobilization in a cast. If  conservative treatment fails, 
referral for surgery prior to joint ossification is recommended 
and is successful in resolving pain and restoring mobility.

Accessory Navicular
Accessory navicular is the congenital formation of  a small 
ossicle adjacent to the navicular bone or within the tibialis 

posterior tendon. Also known as an os navicular secundum, 
this condition is not always asymptomatic upon diagnosis. 
However, when problematic, an athlete will present with 
localized pain and inflammation along the navicular tuber-
osity and medial arch. High-impact sports and activities are 
often painful, especially when wearing tight-fitting shoes or 
cleats. Pain is often replicated with resistive foot inversion 
owing to one of  the attachment sites of  the tibialias poste-
rior muscle. Both plain radiographs and CT scans will help 
confirm the diagnosis.

Conservative and surgical treatment options are available 
for an accessory navicular. Activity modification, NSAIDs, 
and orthotic interventions that control excessive midfoot 
motion are the primary nonsurgical options. However, a 
period of  more aggressive immobilization within a CAM 
boot or cast may be necessary in more painful cases. 
Padding along the navicular tuberosity within the shoe will 
also assist in pain control by alleviating direct pressure along 
the bony prominence. Surgical excision of  the ossicle is rec-
ommended when pain continues to limit activity following 
attempts at conservative management.

Forefoot Injuries

Forefoot Fractures
Metatarsal fractures in children are usually a result of  direct 
trauma, with the fifth metatarsal being most frequently 
injured.144 Metatarsal stress fractures are rare in children, 
but may be seen in dancers and runners owing to repetitive 
loading.145 Sites of  fracture include the physes, located dis-
tally in metatarsals 2 to 5, metatarsal shafts, and fifth meta-
tarsal styloid. Localized pain, tenderness, and swelling over 
the fracture site are reported, and can include deformity 
when the fracture is displaced. Plain radiographs of  the foot 
will assist in the diagnosis of  acute fractures. The Ottawa 
foot rules are sensitive in detecting fractures to the foot in 
children over 5 years of  age and should be utilized in the 
clinical decision process and diagnosis of  traumatic foot 
injuries in children136,137 (Display 14.6).

Nondisplaced fractures are treated conservatively with 
immobilization and closed reduction in a short leg walking 
cast, CAM boot, or postop walking shoe for 4 to 6 weeks. 
Management of  displaced fractures may require surgery. 
Once there is evidence of  bony healing, physical therapy 

A foot X-ray series is required only if there is any pain in mid-
foot zone and any of these findings:
 1. Bone tenderness at the base of the fifth metatarsal
 2. Bone tenderness at the navicular
 3. Inability to bear weight both immediately and in emergency 

room

Ottawa Foot Rules

DISPLAY

14.6
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may assist to normalize gait, improve balance, and manage 
the adverse effects of  prolonged immobilization.

In addition to shaft and physeal fractures, a fracture of  
the proximal diaphysis of  the fifth metatarsal is called a 
Jones fracture. Owing to a decreased blood supply to this 
area, there is a greater risk of  nonunion and refracture.146 
Athletes closer to skeletal maturity, ranging from 15 to 21 
years of  age, are most affected. This injury, often seen in 
basketball players and track athletes, is caused by hyper-
inversion of  the foot or by high-impact loading along the 
fifth metatarsal. Symptoms are tenderness to palpation over 
the proximal shaft of  the fifth metatarsal, localized swell-
ing, and decreased ability to bear weight. Management of  
Jones fractures in athletes has been much debated and will 
vary depending on the stability of  the fracture, the healing 
process, and the athlete’s functional goals. Conservative 
 management is typically longer than management for basic 
fractures. The athlete is placed in a non–weight-bearing cast 
for 6 weeks, followed by another 6 weeks in a weight-bearing 
cast, brace, or orthotic. With nonunion or in high-level ath-
letes, surgical ORIF with various techniques may be indi-
cated.146,147 Return to sport should be permitted once the 
athlete demonstrates radiographic healing of  the fracture 
site and has progressed through a comprehensive physical 
therapy program.

Turf  Toe
Turf  toe is a hyperextension injury to the first metatarso-
phalangeal (MTP) joint, resulting in damage to the plantar 
capsuloligamentous structures. Mechanism of  injury is a 
forceful, hyperextension of  the great toe, especially while 
playing on hard, artificial surfaces as in soccer, basketball, 
and football. This is a ligamentous sprain, and severity is 
classified with grades 1 through 3, as previously described. 
A patient will present with pain along the plantar surface 
of  the toe along with possible bruising and swelling. Pain is 
replicated with active or passive great toe extension.

Treatment is initiated with PRICE modalities and will 
progress on the basis of  severity of  the injury. Minor sprains 
can often be taped, allowing the athlete to continue with 
sports participation with or without a period of  rest. More 
severe grade 3 injuries will often be treated with a few days 
of  crutches and a steel spring plate shoe insert to limit and 
protect great toe hyperextension. Early mobility of  the first 
MTP joint is recommended owing to the high incidence 
of  long-term mobility loss (hallux rigidus). An athlete may 
return to play within 6 weeks once there is full, pain-free 
extension to the great toe.

 Spine injuries

Low back pain is a frequent complaint in young athletes. 
Characteristics of  the developing spine predispose these 
athletes to patterns of  injuries that are different than those 
in adults. While disc-related pathology is commonly seen 

in adults, it is relatively rare in the youth athlete. Similarly, 
children are more likely to present with pathology-related 
repetitive stress injury to the pars interarticularis (spondy-
lolysis), and the presence of  growth centers makes them 
vulnerable to developing apophyseal injuries.148 Young ath-
letes who present with low back pain are more likely to have 
structural injuries, and therefore full investigation, including 
imaging studies, will likely be necessary.148,149

General Examination

Examination begins with a thorough history via open-
ended questions to ascertain whether there was a traumatic 
onset, specific mechanism of  injury, previous injuries, and 
symptom behavior. The clinician should also question ath-
letes regarding the sports-specific history including sports 
in which they participate, level of  participation, volume of  
practice, how long they have participated in a certain sport, 
whether they play year round and outside training regimens. 
Symptomatic onset, duration, response to certain activities, 
and training/sports participation history will help the clini-
cian differentiate between possible diagnoses and improve 
clinical decision making for treatment.

Posture should be assessed from the front, behind, and 
to the side. The clinician should note postural abnormalities 
that may contribute to altered biomechanical forces during 
function. These may include scoliosis, rounded shoulders, 
excessive thoracic kyphosis, hyperlordotic lumbar spine, or 
anterior pelvic tilt. ROM should also be assessed in all planes 
of  movement (flexion, extension, lateral flexion, and rota-
tion), and the clinician should note not only the range of  
available motion, but also the quality of  the movement and 
symptomatic response during or after each movement. It is 
important to assess lower extremity and upper extremity 
flexibility, as decreased mobility in these structures may pre-
dispose the athlete to increased stress across the spine dur-
ing activity. The clinician should be sure to assess hip and 
shoulder ROM, flexibility of  the hip flexors, quadriceps, 
hamstrings, and adductors.

Palpation should identify areas of  localized tenderness 
in the spine or SI joints, as well as areas of  tenderness or 
muscle spasm in adjacent soft tissue. Segmental mobility of  
thoracic and lumbar vertebrae should be assessed, looking 
for areas of  hyper- or hypomobility. Special tests should be 
utilized to help rule in or exclude certain pathologies that 
may exist in lumbar spine, SI joints, or hips.

Spondylolysis and Spondylolisthesis

Spondylolysis
Spondylolysis is a fracture in the pars interarticularis of  
the lumbar spine, with the L5 segment most commonly 
involved.150 Spondylolysis is a common injury for young 
athletes, with one study indicating that 47% of  young ath-
letes with complaints of  back pain had spondylolysis.148 
Spondylolysis is often referred to as a stress fracture, and is 
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typically caused by repetitive stress within an area of  spine 
during hyperextension and rotational stresses. Certain ath-
letes, such as gymnasts, figure skaters, and dancers, are 
more prone to developing spondylolysis, as the demands of  
their sport predispose them to these typical injury patterns. 
The mean age for spondylolysis is 15 to 16 years. Diagnostic 
imaging is typically used to determine accurate diagnosis. 
Radiographs are performed first and may visualize the frac-
ture through the pars interarticularis, which is referred to as 
a “scotty dog fracture.”151 However, radiography has shown 
poor sensitivity in detecting spondylytic injuries, and fur-
ther diagnostic imaging is usually recommended.152 Single 
photon emission computed tomography (SPECT) is a very 
sensitive but nonspecific imaging procedure that will show 
increased uptake in areas where there is increased bone 
metabolism, such as a stress reaction or fracture.152 CT scan 
provides good visualization of  osseous anatomy and can be 
used in cases where SPECT is positive in order to provide 
an accurate diagnosis. CT scan is the most accurate imaging 
modality for detecting spondylolysis; however, its drawbacks 
include high exposure to radiation and decreased ability to 
detect early stress reactions when no fracture line is present. 
Recently, MRI has become an attractive alternative to CT 
scan owing to the lack of  radiation exposure and its ability 
to assess osseous edema at the pars, along with visualization 
of  soft tissues.152 The diagnostic utility of  MRI in identify-
ing spondylolysis varies in the literature, and most continue 
to refer to CT scan as the gold standard.152,153 Nonetheless, 
MRI may provide valuable information during the diagnos-
tic process without ionizing radiation exposure, and clini-
cians may find it used with increasing frequency.

Spondylolisthesis
Spondylolisthesis describes an anterior slippage of  one ver-
tebral body on another. This commonly occurs at the L5–S1 
level, and is often graded on a I to IV scale representing the 
amount of  anterior displacement relative to vertebral body 
width (see Display 14.7). Grades I and II spondylolisthesis 
respond well to conservative management, and sports par-
ticipation has not been shown to increase the degree of  slip-
page.154 Sports participation is more controversial in grade 
III or IV spondylolisthesis.

Clinical examination findings guide treatment of  the 
patient, and the general examination principles discussed 
earlier will apply. Additionally, it should be noted that most 

patients with spondylolysis or spondylolisthesis will typi-
cally demonstrate pain with spinal extension and combined 
extension rotation movements. Their pain is often aggra-
vated by activity, especially those that place the spine in an 
extended position. A “step-off ” sign of  adjacent spinous pro-
cesses may be palpated if  spondylolisthesis is present.

The mainstay of  treatment of  spondylolysis and spondy-
lolisthesis revolves around reducing the offending forces so 
the athlete can become pain free. The patient may utilize a  
custom-molded TLSO (Thoracolumbar sacral orthosis) or 
soft corset-type brace to aid pain relief  via partial immobili-
zation, protection from spinal extension, or hyperlordotic 
posturing. Bracing is controversial, but some studies have 
demonstrated improved rates of  bone healing with bracing in 
early treatment.155,156 As discussed earlier, the therapist should 
examine the spine to identify areas of  hyper- or hypomobil-
ity that may focus the stress of  movement to an isolated area. 
Owing to the effect of  tight lower extremity musculature on 
lumbopelvic motion, close examination of  flexibility is also 
required. In addition, the clinician should examine functional 
movements required by the patient’s sport activity and deter-
mine whether any dysfunctional movement would correlate 
with pathologic stress in the spine. Core muscle strengthening 
and endurance training are necessary during rehabilitation, 
and these principles will be discussed later in this chapter.

Other Spine Pathologies

Posterior Element Overuse Syndrome
Posterior element overuse syndrome refers to a constel-
lation of  conditions involving muscle tendons, ligaments, 
facet joints, and joint capsules that creates pain in the lower 
back.150 Symptoms may be similar to spondylolysis, and 
imaging is important in differential diagnosis. Treatment 
will usually consist of  rest, activity modification, and reha-
bilitation to address flexibility, strength, and motor control 
deficits. A trial of  bracing may be helpful for pain relief.

Apophysitis
Apophysitis is another common cause of  pain in the spine 
of  the young athlete. Clinically, it is marked by mechanical 
pain that is irritated with repeated motions of  the spine and 
improves with rest. In the spine, the apophysis is a ring at 
the vertebral end plates and is not palpable. Apophysitis can 
also occur at the iliac crest. If  this occurs, patients will typi-
cally be tender to palpation along this region and may have 
pain with resisted contraction of  the oblique muscles.

Stingers
Injuries to the cervical spine can occur from sports partici-
pation. A “stinger” or “burner” is a traction injury of  the 
brachial plexus that usually involves the C-5 and C-6 nerve 
roots, and occurs most commonly in collision athletes.157 
The athlete will often complain of  stinging or burning pain 
with parasthesias in the affected upper extremity. Muscular 

Grade I 0%–25% vertebral body width

Grade II 25%–50% vertebral body width

Grade III 50%–75% vertebral body width

Grade IV 75%–100% vertebral body width

Spondylolisthesis Grading System

DISPLAY
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weakness in shoulder abduction, ER, and flexion may be 
present. The symptoms usually resolve quickly and allow 
the athlete to return to play without significant loss of  
playing time. If  symptoms persist for more than 24 hours, 
further diagnostic workup including imaging studies is rec-
ommended. In more severe injuries, treatment consists of  
supportive rest in a sling and pain relief  modalities until the 
symptoms resolve. After resolution of  symptoms, rehabili-
tation for lost strength is required. The decision to return 
to sports is based upon normal imaging studies and satisfac-
tory clinical strength examination. The role of  electromyo-
graphic testing is usually minimal as it is not a valid tool for 
stinger diagnosis or an indicator of  recovery for return to 
play decision making.157

General Treatment Principles

Many injuries to the spine share common rehabilitation 
principles. The functional requirements of  the spine are 
somewhat paradoxical. The spine requires a high degree 
of  mobility for the performance of  functional tasks, while 
there is a concurrent need for stability. When treating 
the spine, the therapist must remember these requirements 
while treating deficits that may inhibit function in either 
realm.

Regional interdependence is evident in spine rehabilita-
tion, and deficits in upper extremity or lower extremity flex-
ibility, strength, or neuromuscular control may contribute to 
an athlete’s back pain. Similarly, any areas of  hypomobility 
in the vertebral segments above or below the injury should 
be examined to ensure adequate contribution of  movement 
throughout the spine as a unit.

Core stabilization is an essential component of  spine 
rehabilitation in the young athlete. An inclusive exercise pro-
gram should be developed to target important core stabiliz-
ing muscles, such as the multifidus, transverses abdominus, 
erector spinae, internal/external obliques, and gluteus mus-
cles. The therapist and athlete must incorporate the con-
cepts of  core stabilization training into functional activities 
that replicate the sport demands on the patient. Willardson 
has advocated that development of  core muscle endurance, 
not necessarily strength, be the primary goal of  rehabilita-
tion.158 Lumbar stabilizing muscles are composed mainly of  
type 1 muscle fibers and only relatively low loads are needed 
to improve their performance.159 Thus, the clinician should 
incorporate exercises with longer periods of  “hold” or 
higher repetition of  movement, as opposed to heavy-weight, 
low-repetition training. Finally, as many sports activities 
occur in standing or involve single-limb support, balance 
training should be incorporated as part of  an inclusive reha-
bilitation program.

Guidelines for resuming activity after spinal injury are 
not easy to generalize owing to the highly variable nature of  
athletic activities. Generally, resumption of  activity should 
occur in a graded fashion, beginning with less stressful and 
pain-free activities. Activities can be gradually progressed 

monitoring for response to increasing sport demands. 
Owing to the prolonged nature of  many spinal injuries, 
the athlete may require increased time to return to baseline 
level of  fitness prior to being ready to resume full sports 
participation.

 Sports-related concussion

Between 1.7 and 3.8 million sports-related concussion inju-
ries occur in the United States each year, accounting for 5% 
to 9% of  all sports injuries.160,161 Approximately 50% of  all 
concussions go unreported and undiagnosed.161 Concussion 
in sports is a growing problem that affects athletes at all 
ages, and numbers are likely to increase with heightened 
awareness. Concussion injuries in youth athletes between 
the ages of  5 and 19 are rising and comprise 30% of  all 
sports-related concussions. Though more common in con-
tact sports, such as football, rugby, soccer, and hockey, all 
athletes are potentially at risk of  a concussive event.

Pathophysiology

The American Medical Society for Sports Medicine (AMSSM) 
defines concussion, also termed mild traumatic brain injury 
(mTBI), as a “traumatically induced transient disturbance of  
brain function, caused by a complex pathophysiological pro-
cess.”161 They are a less severe form of  brain injury and are 
generally self-limited in duration and symptom resolution. 
Concussions are caused by a direct blow either to the head, 
face, neck, or elsewhere on the body, resulting in excessive 
linear and rotational forces transmitted to the brain. “Coup” 
injuries define the injuries when a stationary skull is hit by a 
moving object at high velocity (head being struck by a base-
ball). Conversely, “countercoup” injuries result from the sud-
den deceleration of  the skull moving at a high velocity (head 
contacting the ground/floor or goalpost).

When the brain sustains a concussion, microscopic axo-
nal injury occurs in conjunction with a complex cascade of  
ionic, metabolic, and pathophysiologic events.161 In order 
to regain ionic balance and normal brain metabolism, the 
brain requires increased energy. However, damage to mito-
chondria and a decrease in cerebral brain flow contribute to 
a shortage of  energy, and results in decreased overall brain 
function.161 If, during this time of  decreased function prior 
to full recovery, there is a second injury, the brain is at even 
greater risk for cellular metabolic changes and significant 
cognitive defects. This finding is more pronounced in youth 
where the immature brain is still developing, thereby plac-
ing this population at a greater risk of  repeat concussion 
prior to complete symptom recovery.161

Signs and Symptoms

Signs and symptoms of  concussion often vary with the indi-
vidual (Table 14.6). Headache is the most common sign of  
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concussion, followed by dizziness.161 Loss of  consciousness 
occurs in 10% of  concussions, but is not a reliable predic-
tor of  severity. Most symptoms are not specific to concus-
sion and may mimic other conditions, including but not 
limited to cardiac compromise, acute gastroenteritis, atten-
tion deficit disorder, and depression. Therefore, it is helpful 
to determine whether the symptoms were present prior to 
the concussion injury to allow for more accurate determina-
tion of  symptom resolution. In 80% to 90% of  concussions, 
symptoms resolve within 7 days following injury.161 Despite 
the resolution of  subjective concussive symptoms, complete 
cognitive impairment may still exist with further neuropsy-
chological testing.

Risk Factors

History of  previous concussion puts an athlete at a two to 
five times greater risk of  sustaining another concussion.161 
The more concussions sustained, the greater the severity of  
the concussion, and duration of  symptoms are all predictors 
of  prolonged recovery. In sports with similar rules, females 
are at greater risk of  concussion than their male counter-
parts. The type of  sport and position is also correlated with 
an increased risk. For example, athletes who are in frequent 
high-velocity-contact situations, such as football quarter-
backs, running backs, wide receivers, and defensive backs, 
are at greater risk of  injury than other position players such 
as linemen. History of  migraine headaches, learning disabil-
ities, attention deficit disorders, and mood disorders may be 
associated with increased cognitive dysfunction and a pro-
longed recovery following a concussion, and could poten-
tially complicate diagnosis and management.161

Physiologic differences exist between the adult and the 
youth brain. When dealing with the immature brain, it 
is important to understand their inherent increased risk 
of  sustaining a concussion in combination with a cata-
strophic injury and associated prolonged recovery times. 
For instance, one study reported that athletes 13 to 16 
years of  age take longer to return to their baseline levels of  

symptoms and normal neurocognitive function compared 
with athletes 18 to 22 years old.160

Diagnosis and Assessment

A health care provider specially trained and knowledgeable 
in recognition and evaluation of  concussions is best qualified 
to make the clinical diagnosis. Concussions are graded retro-
spectively following symptoms resolution. Therefore, grad-
ing a concussion at the time of  injury is considered unreli-
able and is no longer performed. Diagnosis should include 
thorough neurologic, balance, and cognitive assessments. 
A graded checklist should serve as an objective assessment 
tool for assessing the symptoms associated with a concus-
sion, while also tracking the severity, longevity, and changes 
over serial reevaluations. Other assessment tools include 
baseline symptom scoring, balance testing, sideline evalua-
tion tools, and computerized neurophysiologic (NP) testing. 
Some commonly used sideline measures include symptom 
scores, Maddocks Questions, Standardized Assessment of  
Concussion (SAC), and the Balance Error Scoring System 
(BESS).161 It is important to understand that certain tests are 
more appropriate at different times during the recovery time 
period. Balance testing is typically normal after 3 days, mak-
ing it a useful test for sideline management of  an athlete, 
and less useful for later follow-up. Baseline testing prior to 
sports participation may aid in the identification of  high-risk 
individuals and allow for comparison purposes following 
injury. This approach is somewhat controversial as the role 
of  preinjury baseline testing remains unclear and has yet to 
be validated.161 However, baseline testing may be most ben-
eficial in those with prior history of  concussion, confound-
ing medical conditions, and high-risk sports. Testing should 
be performed routinely with attempts to control certain 
variables, including the athlete’s age, fatigue level, mood, 
and testing environment, among other factors.

Neurophysiologic Testing
NP testing in athletes began in the 1980s, and its role has 
increased in recent years with the availability of  computers. 
NP tests are objective measures of  brain behavior, and are 
more sensitive than clinical exam for subtle cognitive impair-
ment. However, NP testing should be an adjunct to clinical 
assessment and as one component of  a comprehensive con-
cussion management plan, and not in isolation. NP testing 
will evaluate several domains of  cognitive function such as 
memory, cognitive processing speed, and reaction time.161,162 
There are two commonly utilized testing: paper and pencil 
and computerized. Owing to the ease of  administration and 
cost-effectiveness, there has been a shift toward the use of  
computerized testing.

NP testing has been shown to have moderate sensitivity 
in the detection of  post-concussive cognitive deficits,163 and 
is still recommended and used in high-risk athletes with and 
without prior concussion. NP tests aid in the return-to-sport 

Physical Cognitive Emotional
Headache Mentally “foggy” Irritable
Fatigue, nausea, 
vomiting

Got “bell rung” Sadness

Dizziness, balance 
disturbance

Feeling run down More emotional

Visual problems Difficulty concentrating Nervousness
Sensitivity to light, 
noise

Impaired memory

Numbness, tingling Confusion
Drowsiness Slowed responses
Sleep disturbances Loss of consciousness

Concussion Signs and Symptoms

TAbLe
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decision-making process, especially for athletes who deny 
symptoms with the desire to return to activity sooner than 
otherwise likely. However, the validity of  the tool has yet 
to be determined as it shows cognitive deficits longer than 
athletes are symptomatic, and should be a monitoring tool 
in the event of  a concussion.161

Management and Return to Play

The first step in the management of  concussion will usu-
ally occur at the time of  injury. The level of  consciousness 
should be assessed. In an unresponsive athlete, assessment 
of  airway, breathing, and heart function is of  primary con-
cern. Once established, physical evaluation of  the cervical 
spine and other more serious injuries should be performed. 
In the event of  even remote suspicion of  cervical spine 
injury, the athlete should be immobilized and transferred to 
the emergency department for advanced imaging and care. 
Other reasons for immediate emergency transport include 
deteriorating mental status, focal neurologic findings, and 
worsening of  symptoms. Only when serious cognitive and 
emergent medical situations are excluded can secondary 
concussion examination including symptoms, cognition, 
and balance be initiated.

If  sideline testing appears normal and concussion is not 
suspected, the athlete is permitted to resume playing. Serial 
evaluations should be performed during and following the 
event to ensure the decision was correct. When concus-
sion is suspected, the athlete should not return to play on 
that day. The athlete should be monitored incrementally 
over a period of  time, recognizing deterioration of  mental 
status, cognition, and/or consciousness. It was previously 
recommended to frequently wake up the concussed athlete 
throughout the night to ensure consciousness. However, 
this is no longer recommended as sleep is important in 
allowing the brain to rest and recover.161 Because of  the 
theoretical risk of  bleeding, aspirin and NSAIDs are gener-
ally avoided. Other medications that mask symptoms should 
also be avoided.

Athletes with concussion should have a medical follow-
up by a physician. The primary treatment includes physical 
and cognitive rest. Activities and environments that exac-
erbate symptoms should be avoided and moderated. Dim, 
quiet environments assist in moderating headache and 
symptoms of  phonophobia and photophobia. Youth athletes 
will require accommodations in school, including a reduced 
workload and extended time to take tests. In most cases, the 
athlete should be permitted to miss school or only attend 
part of  the day.

Return-to-play progression should be individualized, 
gradual, and progressive. The process should begin once 
the athlete is free of  symptoms at rest and demonstrates 
a normal neurologic exam when compared with baseline 
measures, including balance and cognitive function. Only 
then should the athlete begin a medically supervised step-
wise return (Display 14.8). The progression may take a few 

days to a few weeks to complete depending on the sever-
ity of  concussion and individualized response to physical 
demands. If  the athlete develops symptoms at any point 
during the progression, the aggravating activity should 
be stopped, symptoms allowed to subside, and eventually 
resume the previous phase of  the progression. A licensed 
health care provider specifically trained in the management 
of  concussions should be consulted for medical clearance 
prior to unrestricted activity.

Special Considerations

Second Impact Syndrome
A young athlete who returns to play while experiencing 
symptoms is at risk for persistent symptoms, more severe 
concussion, cerebral swelling, and second impact syndrome 
(SIS). SIS is the loss of  autoregulation of  the brain’s blood 
supply leading to vascular enlargement, increase in intracra-
nial pressure, brain herniation, and subsequent coma and/
or death.161 SIS is not fully understood; however, it is seen 
typically in those under the age of  18. Therefore, manage-
ment of  concussion in the youth athlete should be done 
carefully with the assurance that symptoms have resolved 
and all brain function has returned to baseline prior to per-
mitting the athlete to return to play.

Postconcussion Syndrome
Postconcussion syndrome is defined as the signs and 
symptoms of  a concussion that persist for longer than the 
expected time frame, such as weeks or months. Symptoms 
are similar to those initially following concussion, but are 
often more vague and nonspecific, making the diagnosis 
complicated. Factors associated with an increased likelihood 
of  postconcussion syndrome are not fully clear; however, 

Stepwise Return-to-play Protocol

Activity Level Examples

No activity/rest Dim environments, school accom-
modations, no television or radio

Light aerobic activity Stationary bike, elliptical trainer, 
brisk walking

Sport-specific exercise Shoot baskets, swinging a bat, 
running, submaximal resistance 
training

Noncontact training 
drills

Practice drills, complex sports 
movements 

Full contact drills/
practice

Incorporate live play and/or contact 
drills in practice

Return to play Scrimmages followed by games

Activity Progression Following Concussion

DISPLAY
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compared with other forms of  concussion, sports-related 
concussions are less likely to result in the condition.

Rest is the paramount treatment for postconcussion syn-
drome. As time progresses and symptoms continue, other 
multifactorial treatment options may be explored. These 
include cognitive therapy, integrated neurorehabilitation 
programs, supervised progressive exercise programs, and 
sleep disturbance programs. A physical therapist’s role may 
involve overseeing the progressive exercise program, includ-
ing having the athlete exercise until the onset of  symptoms, 
followed by exercising at 80% of  that symptom threshold 
every other day. Retesting of  the threshold should be per-
formed on a regular basis with progression being a slow and 
steady process, symptom permitting.

Prevention

Education and awareness are the hallmarks of  concussion 
prevention. Modification and enforcement of  rules in place 
to reduce the risk of  concussion should be strictly followed. 
Fair play and respect for opposing players and coaches have 
been shown to decrease the likelihood of  concussion in 
sports such as hockey.161 Coaches, parents, educators, and 
referees should be educated on the signs and symptoms of  
a concussion to allow for better detection and injury assess-
ment. They can also assist in the safety of  the youth athlete 
by teaching correct sport-specific techniques, emphasizing 
body control and proper movements, education on appro-
priate athletic behaviors, and limiting the number of  contact 
exposures in practice.

Proper protective equipment should be worn at all times 
during competition, and athletes should be monitored for 
correct size and fit. This includes helmets, shoulder pads, 
and mouthpieces. Despite the lack of  data to suggest that 
the use of  these pieces of  equipment can minimize the risk 
of  concussion and mTBI, they have been found to be an 
effective means of  limiting scalp lacerations, skull fractures, 
intracranial bleeds, and dental injuries.161

Strengthening of  neck musculature has been studied 
to determine its effectiveness on concussion prevalence. 
Some believed that increased strength of  neck musculature 
could enable an athlete to better attenuate the acceleration 
forces associated with a forceful blow to the head. However, 
because of  the unpredictable nature of  a sports concussion, 
no association between neck muscle strength and concus-
sion has been identified.161

 The female athlete

Special Considerations

As a female athlete progresses through sexual maturity, phys-
iologic and anatomic changes occur, which leave her vulner-
able to injury. Earlier in this chapter, we noted that female 
adolescent athletes are two to nine times more likely to suf-
fer a noncontact ACL tear than their male counterparts.91 

In addition, female athletes are more likely to suffer other 
knee pathologies such as patellofemoral syndrome or patella 
dislocations. A wider pelvis, increased femoral anteversion, 
increased ligamentous laxity, increased knee valgus postion-
ing, and altered neuromuscular firing patterns have all been 
implicated as factors related to the increased incidence of  
knee injuries in females. Measurements of  dynamic knee 
valgus during a jumping task have been shown to be predic-
tive of  knee injuries.12 Neuromuscular retraining programs 
that focus on reducing dynamic knee valgus, improving 
knee flexion during landing, and lessening ground impact 
forces have been effective at reducing this injury risk.94 The 
clinician should focus on identifying any female athletes 
exhibiting the noted biomechanically risky movement pat-
terns and provide instruction and training to help lessen the 
possibility of  injury.

Female Athlete Triad

The female athlete triad refers to a constellation of  three 
clinical entities: menstrual dysfunction, low energy avail-
ability from diminished caloric intake (with or without an 
eating disorder), and decreased bone mineral density.164 
Prevelance rates for individual factors involved in the triad 
vary widely in the athletic population, but studies have 
shown that 23% to 70% of  female athletes can be affected.164 
There is generally a higher rate of  presence in sports that 
require weight classes and those that emphasize aesthetics 
such as ballet and gymnastics. It is important to note that a 
female athlete need not demonstrate all three factors of  the 
triad in order to suffer negative health sequelae.

Menstrual dysfunction in the athlete includes a wide 
spectrum of  disorders, but amenorrhea is the most com-
monly discussed. Amennorrhea, defined as the absence of  
menses for 3 months or more, can be subcategorized into 
primary or secondary types. Primary refers to a delay in 
the age of  onset of  menarche, while secondary refers to a 
loss of  menses after menarche inception. Delayed or altered 
menarche can lead to decreased bone density associated 
with the female athlete triad. Normally, the greatest accu-
mulation of  bone mass occurs during the adolescent years, 
but compromised bone development during this period 
can have severe consequences. In the short term, low bone 
density places the athlete at an increased risk for stress frac-
tures, while long-term consequences can include suboptimal 
peak bone mass acquisition and higher risk of  premature 
osteoporosis.164

Energy availability refers to the amount of  dietary intake 
required in order to support the needs of  an athlete’s caloric 
expenditure. Low energy availability may result from a diag-
nosed eating disorder such as anorexia nervosa, bulimia ner-
vosa, or eating disorder not otherwise specified (EDNOS).164 
However, low energy availability can also occur without 
a diagnosed disorder in cases where the caloric deficit is a 
result of  poor dietary choices or lack of  nutritional knowl-
edge. The adverse effects of  disordered eating can include 
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cardiac dysfunction, gastrointestinal problems, hair loss, 
decreased sports performance, and decreased concentration.

Treatment of  the female athlete triad involves a 
 multidisciplinary team approach consisting of  a physician, 
 nutritionist, psychiatrist, team coach, and the athlete’s 
 family. A physical therapist or athletic trainer may become 
part of  the treatment team for resolving impairments to 
help the athlete make a return to sports. The primary goals 
of  treatment are to restore normal menstrual cycle, enhance 
bone mineral density, and improve psychological health 
related to body image and sports performance.

Prevention of  the female athlete triad should be of  para-
mount importance. Early recognition of  the female athlete 
triad allows for early intervention and limits the resulting 
damage. Screening for symptoms during regular sports pre-
participation physicals is an excellent opportunity for early 
recognition and should be encouraged. Furthermore, the 
education of  coaches, players, and families in recognizing 
the signs and risk factors may lead to increased reporting of  
issues and early treatment (Table 14.7).

S U M M A R Y

Developing good exercise habits earlier in life establishes 
healthier lifestyles throughout adulthood. There has been 
a dramatic increase in youth recreational and competitive 
sports participation over recent years. The choices are end-
less for most children, with gymnastics, dancing, swimming, 
field sports, running, skateboarding, rock climbing, riding a 
bike, and jumping rope all acting as modes of  physical activ-
ity. Sports can provide children with psychological, social, 
and physical benefits; however, it can also heighten the 
inherent risk of  sustaining an injury. Increased exposures, 
improper training methods, and early sports specialization 
have all been attributed to athletic injuries in the youth. 

Proper prevention strategies and education of  parents, 
coaches, and health care providers will allow children and 
adolescents to participate in sports and recreational activities 
in a safer and more enjoyable fashion.

Youth athletes will participate in sports similar to their 
adult counterparts, but anatomic, physiologic, and psycholog-
ical differences exist between adults and children. Despite the 
similar nature of  the sporting events, it is important to under-
stand that skeletally immature athletes are vulnerable to sus-
tain different kinds of  musculoskeletal injuries. The physical 
therapist working with these children must take these differ-
ences into account during rehabilitation of  the youth athlete. 
Awareness of  the special needs of  the youth athlete will allow 
a health care provider to diagnose and administer appropriate 
medical care, increasing the likelihood of  a safe return to full 
and unrestricted sports participation following injury.

REFERENCES
 1.  Mickalide A, Hansen L. Coaching Our Kids to Fewer Injuries: A Report 

on Youth Sports Safety. Washington, DC: Safe Kids World Wide; 2012.
 2. Musgrave DS, Mendelson SA.  Pediatric orthopedic trauma: prin-

ciples in management. Crit Care Med. 2002;30(11)(suppl):S431–S443.
 3. Hoang QB, Mortazavi M.  Pediatric overuse injuries in sports. Adv 

Pediatr. 2012;59(1):359–383.
 4. Caine D, Maffulli N, Caine C.  Epidemiology of  injury in child and 

adolescent sports: injury rates, risk factors, and prevention. Clin 
Sports Med. 2008;27(1):19–50, vii.

 5. Wall E, Von Stein D.  Juvenile osteochondritis dissecans. Orthop Clin 
North Am. 2003;34(3):341–353.

 6. Baker CL 3rd, Romeo AA, Baker CL, Jr.  Osteochondritis dissecans 
of  the capitellum. Am J Sports Med. 2010;38(9):1917–1928.

 7. Ray TR.  Youth baseball injuries: recognition, treatment, and pre-
vention. Curr Sports Med Rep. 2010;9(5):294–298.

 8. Kocher MS, Tucker R, Ganley TJ, et al.  Management of  osteochon-
dritis dissecans of  the knee: current concepts review. Am J Sports 
Med. 2006;34(7):1181–1191.

 9. Ozmun JC, Mikesky AE, Surburg PR.  Neuromuscular adaptations 
following prepubescent strength training. Med Sci Sports Exerc. 
1994;26(4):510–514.

 10. Carter CW, Micheli LJ. Training the child athlete for prevention, 
health promotion, and performance: how much is enough, how 
much is too much? Clin Sports Med. 2011;30(4):679–690.

 11. Boyle KL, Witt P, Riegger-Krugh C.  Intrarater and Interrater reli-
ability of  the Beighton and Horan joint mobility index. J Athl Train. 
2003;38(4):281–285.

 12. Hewett TE, Myer GD, Ford KR, et al.  Biomechanical measures of  
neuromuscular control and valgus loading of  the knee predict ante-
rior cruciate ligament injury risk in female athletes: a prospective 
study. Am J Sports Med. 2005;33(4):492–501.

 13. Powers CM.  The influence of  altered lower-extremity kinemat-
ics on patellofemoral joint dysfunction: a theoretical perspective. 
J Orthop Sports Phys Ther. 2003;33(11):639–646.

 14. Chmielewski TL, Hodges MJ, Horodyski M, et al.  Investigation 
of  clinician agreement in evaluating movement quality during uni-
lateral lower extremity functional tasks: a comparison of  2 rating 
methods. J Orthop Sports Phys Ther. 2007;37(3):122–129.

 15. Myer GD, Ford KR, Khoury J, et al.  Development and valida-
tion of  a clinic-based prediction tool to identify female athletes 
at high risk for anterior cruciate ligament injury. Am J Sports Med. 
2010;38(10):2025–2033.

 16. Roush JR, Kitamura J, Waits MC.  Reference values for the Closed 
Kinetic Chain Upper Extremity Stability Test (CKCUEST) for col-
legiate baseball players. N Am J Sports Phys Ther. 2007;2(3):159–163.

Signs and Symptoms of 
Female Athlete Triad

Signs and Symptoms  
of Disordered Eating

Weight loss Continued dieting in spite of weight loss
Absent or irregular periods Preoccupation with food, weight, and/

or exercise
Fatigue and decreased  
ability to concentrate

Frequent trips to the bathroom during 
and after meals

Stress fractures with or 
without significant injury

Use of laxatives

Longer healing times Always wearing baggy clothing
Muscle injuries Brittle hair or nails

Cold hands and feet
Dental cavities and eroding tooth 
enamel due to frequent vomiting
Heart irregularities and chest pain
Low heart rate and blood pressure

Female Athlete Triad

TAbLe

14.7



538 PART III    MUSCULOSKELETAL DISORDERS

 17. McClure P, Greenberg E, Kareha S.  Evaluation and management of  
scapular dysfunction. Sports Med Arthrosc. 2012;20(1):39–48.

 18. Ludewig PM, Reynolds JF.  The association of  scapular kinemat-
ics and glenohumeral joint pathologies. J Orthop Sports Phys Ther. 
2009;39(2):90–104.

 19. Kibler WB, Uhl TL, Maddux JW, et al.  Qualitative clinical evalua-
tion of  scapular dysfunction: a reliability study. J Shoulder Elbow Surg. 
2002;11(6):550–556.

 20. McClure P, Tate AR, Kareha S, et al. A clinical method for identify-
ing scapular dyskinesis.  part 1: reliability. J Athl Train. 2009;44(2): 
160–164.

 21. Uhl TL, Kibler WB, Gecewich B, et al.  Evaluation of  clinical 
assessment methods for scapular dyskinesis. Arthroscopy. 2009; 
25(11):1240–1248.

 22. Wainner RS, Whitman JM, Cleland JA, et al.  Regional interdepen-
dence: a musculoskeletal examination model whose time has come. 
J Orthop Sports Phys Ther. 2007;37(11):658–660.

 23. Axe M, Hurd W, Snyder-Mackler L.  Data-based interval throwing 
programs for baseball players. Sports Health. 2009;1(2):145–153.

 24. Wasserlauf  BL, Paletta GA Jr.  Shoulder disorders in the skeletally 
immature throwing athlete. Orthop Clin North Am. 2003;34(3): 
427–437.

 25. Knesek M, Skendzel JG, Dines JS, et al.  Diagnosis and management 
of  superior Labral Anterior Posterior tears in throwing athletes. Am 
J Sports Med. 2012.

 26. Greiwe RM, Saifi C, Ahmad CS.  Pediatric sports elbow injuries. Clin 
Sports Med. 2010;29(4):677–703.

 27. Fortenbaugh D, Fleisig GS, Andrews JR.  Baseball pitching biome-
chanics in relation to injury risk and performance. Sports Health. 
2009;1(4):314–320.

 28. Kramer DE.  Elbow pain and injury in young athletes. J Pediatr 
Orthop. 2010;30(2):S7–S12.

 29. Fleisig GS, Weber A, Hassell N, et al.  Prevention of  elbow injuries 
in youth baseball pitchers. Curr Sports Med Rep. 2009;8(5):250–254.

 30. Fleisig GS, Andrews JR.  Prevention of  elbow injuries in youth base-
ball pitchers. Sports Health. 2012;4(5):419–424.

 31. Petty DH, Andrews JR, Fleisig GS, et al.  Ulnar collateral ligament 
reconstruction in high school baseball players: clinical results and 
injury risk factors. Am J Sports Med. 2004;32(5):1158–1164.

 32. Guerrero P, Busconi B, Deangelis N, et al.  Congenital instability of  
the shoulder joint: assessment and treatment options. J Orthop Sports 
Phys Ther. 2009;39(2):124–134.

 33. Dumont GD, Russell RD, Robertson WJ.  Anterior shoulder insta-
bility: a review of  pathoanatomy, diagnosis and treatment. Curr Rev 
Musculoskelet Med. 2011;4(4):200–207.

 34. Shah RR, Kinder J, Peelman J, et al.  Pediatric clavicle and acromioclavic-
ular injuries. J Ped Orthop. 2010;30:S69–S72 10.1097/BPO.1090b1013 
e3181ba1099e1094.

 35. Caird MS. Clavicle shaft fractures: are children little adults? J Pediatr 
Orthop. 2012;32(suppl 1):S1–S4.

 36. Pandya NK, Namdari S, Hosalkar HS.  Displaced clavicle fractures 
in adolescents: facts, controversies, and current trends. J Am Acad 
Orthop Surg. 2012;20(8):498–505.

 37. Howard A, Mulpuri K, Abel MF, et al.  The treatment of  pedi-
atric supracondylar humerus fractures. J Am Acad Orthop Surg. 
2012;20(5):320–327.

 38. Spencer HT, Wong M, Fong YJ, et al.  Prospective longitudinal eval-
uation of  elbow motion following pediatric supracondylar humeral 
fractures. J Bone Joint Surg Am. 2010;92(4):904–910.

 39. Song KS, Waters PM. Lateral condylar humerus fractures: which 
ones should we fix? J Pediatr Orthop. 2012;32(suppl 1):S5–S9.

 40. Leonidou A, Pagkalos J, Lepetsos P, et al.  Pediatric monteggia 
fractures: a single-center study of  the management of  40 patients.  
J Pediatr Orthop. 2012;32(4):352–356.

 41. Weiss JM, Mencio GA. Forearm shaft fractures: does fixation 
improve outcomes? J Pediatr Orthop. 2012;32(suppl 1):S22–S24.

 42. Stutz C, Mencio GA.  Fractures of  the distal radius and ulna: 
metaphyseal and physeal injuries. J Ped Orthop. 2010;30:S85–S89. 
10.1097/BPO.1090b1013e3181c1099c1017a.

 43. van Bosse HJ, Patel RJ, Thacker M, et al.  Minimalistic approach to 
treating wrist torus fractures. J Pediatr Orthop. 2005;25(4):495–500.

 44. DiFiori JP, Caine DJ, Malina RM.  Wrist pain, distal radial physeal 
injury, and ulnar variance in the young gymnast. Am J Sports Med. 
2006;34(5):840–849.

 45. Elhassan BT, Shin AY.  Scaphoid fracture in children. Hand Clin. 
2006;22(1):31–41.

 46. Evenski AJ, Adamczyk MJ, Steiner RP, et al.  Clinically suspected 
scaphoid fractures in children. J Pediatr Orthop. 2009;29(4):352–355.

 47. Prosser R, Herbert T.  The management of  carpal fractures and 
dislocations. J Hand Ther. 1996;9(2):139–147.

 48. Haughton D, Jordan D, Malahias M, et al.  Principles of  hand frac-
ture management. Open Orthop J. 2012;6:43–53.

 49. Cornwall R. Pediatric finger fractures: which ones turn ugly?  
J Pediatr Orthop. 2012;32(suppl 1):S25–S31.

 50. Patel DR, Lyne ED. Overuse injuries of  the hip, pelvis and thigh. 
In: Patel DR, Greydanus DE, Baker RJ, eds. Pediatric Practice Sports 
Medicine. New York, NY: The McGraw-Hill Companies; 2009.

 51. Soprano JV, Fuchs SM.  Common overuse injuries in the pediatric 
and adolescent athlete. Clin Pediatr Emergency Med. 2007;8(1):7–14.

 52. Porr J, Lucaciu C, Birkett S.  Avulsion fractures of  the pelvis—a 
qualitative systematic review of  the literature. J Can Chiropr Assoc. 
2011;55(4):247–255.

 53. Anderson K, Strickland SM, Warren R.  Hip and groin injuries in 
athletes. Am J Sports Med. 2001;29(4):521–533.

 54. Ilizaliturri VM Jr, Camacho-Galindo J, Evia Ramirez AN, et al. 
Soft tissue pathology around the hip. Clin Sports Med. 2011; 
30(2):391–415.

 55. Provencher MT, Hofmeister EP, Muldoon MP.  The surgical treat-
ment of  external coxa saltans (the snapping hip) by Z-plasty of  the 
iliotibial band. Am J Sports Med. 2004;32(2):470–476.

 56. Byrd JWT.  Snapping hip. Oper Tech Sports Med. 2005;13(1):46–54.
 57. Allen WC, Cope R.  Coxa saltans: the snapping hip revisited. J Am 

Acad Orthop Surg. 1995;3(5):303–308.
 58. Cardinal E, Buckwalter KA, Capello WN, et al.  US of  the snapping 

iliopsoas tendon. Radiology. 1996;198(2):521–522.
 59. Byrd JWT.  Evaluation and management of  the snapping Iliopsoas 

tendon. Tech Orthopaedic. 2005;20(1):45–51.
 60. Taylor GR, Clarke NM.  Surgical release of  the ‘snapping iliopsoas 

tendon’. J Bone Joint Surg Br. 1995;77(6):881–883.
 61. Brunet ME, Cook SD, Brinker MR, et al.  A survey of  running inju-

ries in 1505 competitive and recreational runners. J Sports Med Phys 
Fitness. 1990;30(3):307–315.

 62. Lassus J, Tulikoura I, Konttinen YT, et al.  Bone stress injuries of  the 
lower extremity: a review. Acta Orthop Scand. 2002;73(3):359–368.

 63. Bennell K, Matheson G, Meeuwisse W, et al.  Risk factors for stress 
fractures. Sports Med. 1999;28(2):91–122.

 64. Goolsby MA, Barrack MT, Nattiv A.  A displaced femoral neck stress 
fracture in an amenorrheic adolescent female runner. Sports Health. 
2012;4(4):352–356.

 65. Fraitzl CR, Kafer W, Nelitz M, et al. Radiological evidence of  femo-
roacetabular impingement in mild slipped capital femoral epiphysis: 
a mean follow-up of  14. 4 years after pinning in situ. J Bone Joint Surg 
Br. 2007;89(12):1592–1596.

 66. Imam S, Khanduja V.  Current concepts in the diagnosis and 
management of  femoroacetabular impingement. Int Orthop. 
2011;35(10):1427–1435.

 67. Philippon MJ, Stubbs AJ, Schenker ML, et al.  Arthroscopic manage-
ment of  femoroacetabular impingement: osteoplasty technique and 
literature review. Am J Sports Med. 2007;35(9):1571–1580.

 68. Huffman GR, Safran M.  Tears of  the acetabular labrum in 
athletes: diagnosis and treatment. Sports Med Arthroscopy Rev. 
2002;10(2):141–150.



  CHAPTER 14    SpORTS InjURIES In ChILDREn AnD ADOLESCEnTS  539

 69. Crawford JR, Villar RN.  Current concepts in the manage-
ment of  femoroacetabular impingement. J Bone Joint Surg Br. 
2005;87(11):1459–1462.

 70. Ito K, Minka MA II, Leunig M, et al. Femoroacetabular impinge-
ment and the cam-effect.  A MRI-based quantitative anatomi-
cal study of  the femoral head-neck offset. J Bone Joint Surg Br. 
2001;83(2):171–176.

 71. Ferguson TA, Matta J.  Anterior femoroacetabular impingement: a 
clinical presentation. Sports Med Arthroscopy Rev. 2002;10(2):134–140.

 72. Czerny C, Hofmann S, Neuhold A, et al.  Lesions of  the acetabular 
labrum: accuracy of  MR imaging and MR arthrography in detection 
and staging. Radiology. 1996;200(1):225–230.

 73. Samora JB, Ng VY, Ellis TJ.  Femoroacetabular impingement: 
a common cause of  hip pain in young adults. Clin J Sport Med. 
2011;21(1):51–56.

 74. Groh MM, Herrera J.  A comprehensive review of  hip labral tears. 
Curr Rev Musculoskelet Med. 2009;2(2):105–117.

 75. Heiderscheit BC, Sherry MA, Silder A, et al.  Hamstring strain inju-
ries: recommendations for diagnosis, rehabilitation, and injury pre-
vention. J Orthop Sports Phys Ther. 2010;40(2):67–81.

 76. Koulouris G, Connell DA, Brukner P, Schneider-Kolsky M.  Magnetic 
resonance imaging parameters for assessing risk of  recurrent ham-
string injuries in elite athletes. Am J Sports Med. 2007;35(9):1500–1506.

 77. Cline S. Acute Injuries of  the hip, pelvis and thigh.  In: Patel DR, 
Greydanus DE, Baker RJ, eds. Pediatric Practice Sports Medicine. New 
York, NY: The McGraw-Hill Companies; 2009.

 78. Wells D, King JD, Roe TF, et al.  Review of  slipped capital femo-
ral epiphysis associated with endocrine disease. J Pediatr Orthop. 
1993;13(5):610–614.

 79. Kocher MS, Tucker R.  Pediatric athlete hip disorders. Clin Sports 
Med. 2006;25(2):241–253, viii.

 80. Riad J, Bajelidze G, Gabos PG.  Bilateral slipped capital femoral 
epiphysis: predictive factors for contralateral slip. J Pediatr Orthop. 
2007;27(4):411–414.

 81. Uglow MG, Clarke NM.  The management of  slipped capital femo-
ral epiphysis. J Bone Joint Surg Br. 2004;86(5):631–635.

 82. Hinton RY, Sharma KM. Anterior cruciate ligament injuries.  In: 
Micheli LJ, Kocher MS, eds. The Pediatric and Adolescent Knee. 
Philadelphia, PA: Saunders Elsevier; 2006.

 83. Anderson CN, Anderson AF.  Tibial eminence fractures. Clin Sports 
Med. 2011;30(4):727–742.

 84. Moksnes H, Engebretsen L, Risberg MA.  Management of  ante-
rior cruciate ligament injuries in skeletally immature individuals. 
 J Orthop Sports Phys Ther. 2012;42(3):172–183.

 85. Lawrence JT, Argawal N, Ganley TJ. Degeneration of  the knee joint 
in skeletally immature patients with a diagnosis of  an anterior cruci-
ate ligament tear: is there harm in delay of  treatment? Am J Sports 
Med. 2011;39(12):2582–2587.

 86. Wojtys EM, Brower AM.  Anterior cruciate ligament injuries in the 
prepubescent and adolescent athlete: clinical and research consider-
ations. J Athl Train. 2010;45(5):509–512.

 87. Milewski MD, Beck NA, Lawrence JT, et al.  Anterior cruciate liga-
ment reconstruction in the young athlete: a treatment algorithm for 
the skeletally immature. Clin Sports Med. 2011;30(4):801–810.

 88. Vavken P, Murray MM.  Treating anterior cruciate ligament tears in 
skeletally immature patients. Arthroscopy. 2011;27(5):704–716.

 89. Kim KM, Croy T, Hertel J, et al.  Effects of  neuromuscular electri-
cal stimulation after anterior cruciate ligament reconstruction on 
quadriceps strength, function, and patient-oriented outcomes: a sys-
tematic review. J Orthop Sports Phys Ther. 2010;40(7):383–391.

 90. Greenberg EM, Albaugh J, Ganley TJ, et al.  Rehabilitation consid-
erations for all epiphyseal acl reconstruction. Int J Sports Phys Ther. 
2012;7(2):185–196.

 91. Logerstedt DS, Snyder-Mackler L, Ritter RC, et al.  Knee stability 
and movement coordination impairments: knee ligament sprain.  
J Orthop Sports Phys Ther. 2010;40(4):A1–A37.

 92. Noyes FR, Barber SD, Mangine RE.  Abnormal lower limb sym-
metry determined by function hop tests after anterior cruciate liga-
ment rupture. Am J Sports Med. 1991;19(5):513–518.

 93. Myer GD, Chu DA, Brent JL, et al.  Trunk and hip control neuro-
muscular training for the prevention of  knee joint injury. Clin Sports 
Med. 2008;27(3):425–448, ix.

 94. Hewett TE, Ford KR, Myer GD.  Anterior cruciate ligament inju-
ries in female athletes: part 2, a meta-analysis of  neuromuscu-
lar interventions aimed at injury prevention. Am J Sports Med. 
2006;34(3):490–498.

 95. DiStefano LJ, Blackburn JT, Marshall SW, et al.  Effects of  an age-
specific anterior cruciate ligament injury prevention program 
on lower extremity biomechanics in children. Am J Sports Med. 
2011;39(5):949–957.

 96. Mandelbaum BR, Silvers HJ, Watanabe DS, et al.  Effectiveness of  a 
neuromuscular and proprioceptive training program in preventing 
anterior cruciate ligament injuries in female athletes: 2-year follow-
up. Am J Sports Med. 2005;33(7):1003–1010.

 97. Hewett TE, Myer GD, Ford KR, et al.  The 2012 ABJS Nicolas 
Andry Award: the sequence of  prevention: a systematic approach 
to prevent anterior cruciate ligament injury. Clin Orthop Relat Res. 
2012;470(10):2930–2940.

 98. Shea KG, Apel PJ, Pfeiffer R. Injury of  the medial collateral ligament, 
posterior cruciate ligament, and posterolateral complex in skeletally 
immature patients.  In: Micheli LJ, Kocher MS, eds. The Pediatric and 
Adolescent Knee. Philadelphia, PA: Saunders Elsevier; 2006.

 99. Miyamoto RG, Bosco JA, Sherman OH.  Treatment of  medial col-
lateral ligament injuries. J Am Acad Orthop Surg. 2009;17(3):152–161.

 100. Derscheid GL, Garrick JG. Medial collateral ligament injuries in 
football.  Nonoperative management of  grade I and grade II sprains. 
Am J Sports Med. 1981;9(6):365–368.

 101. Indelicato PA, Hermansdorfer J, Huegel M.  Nonoperative manage-
ment of  complete tears of  the medial collateral ligament of  the knee in 
intercollegiate football players. Clin Orthop Relat Res. 1990(256):174–177.

 102. McAllister DR, Petrigliano FA.  Diagnosis and treatment of  posterior 
cruciate ligament injuries. Curr Sports Med Rep. 2007;6(5):293–299.

 103. Kramer DE, Micheli LJ.  Meniscal tears and discoid meniscus 
in children: diagnosis and treatment. J Am Acad Orthop Surg. 
2009;17(11):698–707.

 104. Stanitski CL. Discoid meniscus.  In: Micheli LJ, Kocher MS, eds. The 
Pediatric and Adolescent Knee. Philadelphia, PA: Saunders Elsevier; 2006.

 105. Jordan MR.  Lateral meniscal variants: evaluation and treatment.  
J Am Acad Orthop Surg. 1996;4(4):191–200.

 106. Konan S, Rayan F, Haddad FS. Do physical diagnostic tests accu-
rately detect meniscal tears? Knee Surg Sports Traumatol Arthrosc. 
2009;17(7):806–811.

 107. Conrad JM, Stanitski CL.  Osteochondritis dissecans: Wilson’s sign 
revisited. Am J Sports Med. 2003;31(5):777–778.

 108. Ganley TJ, Flynn JM. Osteochondritis dissecans of  the knee.  In: 
Micheli LJ, Kocher MS, eds. The Pediatric and Adolescent Knee. 
Philadelphia, PA: Saunders Elsevier; 2006.

 109. Pascual-Garrido C, Moran CJ, Green DW, et al.  Osteochondritis 
dissecans of  the knee in children and adolescents. Curr Opin Pediatr. 
2013;25(1):46–51.

 110. Buckens CF, Saris DB.  Reconstruction of  the medial patellofemoral 
ligament for treatment of  patellofemoral instability: a systematic 
review. Am J Sports Med. 2010;38(1):181–188.

 111. Kramer DE, Pace JL.  Acute traumatic and sports-related osteo-
chondral injury of  the pediatric knee. Orthop Clin North Am. 
2012;43(2):227–236, vi.

 112. Lewis PB, McCarty LP 3rd, Kang RW, et al.  Basic science and treat-
ment options for articular cartilage injuries. J Orthop Sports Phys 
Ther. 2006;36(10):717–727.

 113. Davis IS, Powers CM.  Patellofemoral pain syndrome: proximal, distal, 
and local factors, an international retreat, April 30-May 2, 2009, Fells 
Point, Baltimore, MD. J Orthop Sports Phys Ther. 2010;40(3):A1–A16.



540 PART III    MUSCULOSKELETAL DISORDERS

 114. Robinson RL, Nee RJ.  Analysis of  hip strength in females seeking 
physical therapy treatment for unilateral patellofemoral pain syn-
drome. J Orthop Sports Phys Ther. 2007;37(5):232–238.

 115. Dierks TA, Manal KT, Hamill J, et al.  Proximal and distal influences 
on hip and knee kinematics in runners with patellofemoral pain dur-
ing a prolonged run. J Orthop Sports Phys Ther. 2008;38(8):448–456.

 116. Barton CJ, Bonanno D, Levinger P, et al.  Foot and ankle character-
istics in patellofemoral pain syndrome: a case control and reliability 
study. J Orthop Sports Phys Ther. 2010;40(5):286–296.

 117. Bolgla LA, Boling MC.  An update for the conservative management 
of  patellofemoral pain syndrome: a systematic review of  the litera-
ture from 2000 to 2010. Int J Sports Phys Ther. Jun 2011;6(2):112–125.

 118. Peers KH, Lysens RJ.  Patellar tendinopathy in athletes: cur-
rent diagnostic and therapeutic recommendations. Sports Med. 
2005;35(1):71–87.

 119. Larsson ME, Kall I, Nilsson-Helander K.  Treatment of  patellar 
tendinopathy—a systematic review of  randomized controlled trials. 
Knee Surg Sports Traumatol Arthrosc. 2012;20(8):1632–1646.

 120. Witvrouw E, Bellemans J, Lysens R, et al. Intrinsic risk factors for 
the development of  patellar tendinitis in an athletic population. 
A two-year prospective study. Am J Sports Med. 2001;29(2):190–195.

 121. Bellary SS, Lynch G, Housman B, et al.  Medial plica syndrome: a 
review of  the literature. Clin Anat. 2012;25(4):423–428.

 122. De Carlo M, Armstrong B.  Rehabilitation of  the knee following 
sports injury. Clin Sports Med. 2010;29(1):81–106, table of  contents.

 123. Moen MH, Bongers T, Bakker EW, et al.  Risk factors and prognostic 
indicators for medial tibial stress syndrome. Scand J Med Sci Sports. 
2012;22(1):34–39.

 124. Patel DR, Lyne ED. Overuse injuries of  the leg, ankle, and foot. 
In: Patel DR, Greydanus DE, Baker RJ, eds. Pediatric Practice Sports 
Medicine. New York, NY: The McGraw-Hill Company; 2009.

 125. Beck BR. Tibial stress injuries.  An aetiological review for the pur-
poses of  guiding management. Sports Med. 1998;26(4):265–279.

 126. Crowell HP, Davis IS.  Gait retraining to reduce lower extremity 
loading in runners. Clin Biomech (Bristol, Avon). 2011;26(1):78–83.

 127. Lieberman DE, Venkadesan M, Werbel WA, et al.  Foot strike pat-
terns and collision forces in habitually barefoot versus shod runners. 
Nature. 2010;463(7280):531–535.

 128. Heiderscheit BC, Chumanov ES, Michalski MP, et al.  Effects of  step 
rate manipulation on joint mechanics during running. Med Sci Sports 
Exerc. 2011;43(2):296–302.

 129. Diebal AR, Gregory R, Alitz C, et al.  Effects of  forefoot running on 
chronic exertional compartment syndrome: a case series. Int J Sports 
Phys Ther. 2011;6(4):312–321.

 130. Diebal AR, Gregory R, Alitz C, et al.  Forefoot running improves 
pain and disability associated with chronic exertional compartment 
syndrome. Am J Sports Med. 2012;40(5):1060–1067.

 131. Sharma P, Maffulli N.  Tendon injury and tendinopathy: healing and 
repair. J Bone Joint Surg Am. 2005;87(1):187–202.

 132. McCollum GA, van den Bekerom MP, Kerkhoffs GM, et al.  
Syndesmosis and deltoid ligament injuries in the athlete. Knee Surg 
Sports Traumatol Arthrosc. 2013;21(6):1328–1337.

 133. Tiemstra JD.  Update on acute ankle sprains. Am Fam Physician. 
2012;85(12):1170–1176.

 134. Knight AC, Weimar WH.  Effects of  previous lateral ankle sprain 
and taping on the latency of  the peroneus longus. Sports Biomech. 
2012;11(1):48–56.

 135. Chambers HG.  Ankle and foot disorders in skeletally immature 
athletes. Orthop Clin North Am. 2003;34(3):445–459.

 136. Runyon MS. Can we safely apply the Ottawa ankle rules to children? 
Acad Emerg Med. 2009;16(4):352–354.

 137. Plint AC, Bulloch B, Osmond MH, et al.  Validation of  the Ottawa 
ankle rules in children with ankle injuries. Acad Emerg Med. 
1999;6(10):1005–1009.

 138. Pontell D, Hallivis R, Dollard MD.  Sports injuries in the pediatric 
and adolescent foot and ankle: common overuse and acute presenta-
tions. Clin Podiatr Med Surg. 2006;23(1):209–231, x.

 139. Rowe V, Hemmings S, Barton C, et al.  Conservative management of  
midportion Achilles tendinopathy: a mixed methods study, integrating 
systematic review and clinical reasoning. Sports Med. 2012;42(11):941–967.

 140. Alfredson H, Cook J.  A treatment algorithm for managing Achilles ten-
dinopathy: new treatment options. Br J Sports Med. 2007;41(4):211–216.

 141. Watson TS, Shurnas PS, Denker J.  Treatment of  Lisfranc joint 
injury: current concepts. J Am Acad Orthop Surg. 2010;18(12):718–728.

 142. Mantas JP, Burks RT.  Lisfranc injuries in the athlete. Clin Sports Med. 
1994;13(4):719–730.

 143. Nunley JA, Vertullo CJ.  Classification, investigation, and manage-
ment of  midfoot sprains: lisfranc injuries in the athlete. Am J Sports 
Med. 2002;30(6):871–878.

 144. Zwitser EW, Breederveld RS.  Fractures of  the fifth metatarsal; diag-
nosis and treatment. Injury. 2010;41(6):555–562.

 145. Niemeyer P, Weinberg A, Schmitt H, et al.  Stress fractures in the 
juvenile skeletal system. Int J Sports Med. 2006;27(3):242–249.

 146. Hunt KJ, Anderson RB.  Treatment of  Jones fracture nonunions and 
refractures in the elite athlete: outcomes of  intramedullary screw 
fixation with bone grafting. Am J Sports Med. 2011;39(9):1948–1954.

 147. Murawski CD, Kennedy JG.  Percutaneous internal fixation of  proxi-
mal fifth metatarsal jones fractures (Zones II and III) with Charlotte 
Carolina screw and bone marrow aspirate concentrate: an outcome 
study in athletes. Am J Sports Med. 2011;39(6):1295–1301.

 148. Micheli LJ, Wood R. Back pain in young athletes.  Significant differ-
ences from adults in causes and patterns. Arch Pediatr Adolesc Med. 
1995;149(1):15–18.

 149. Rodriguez DP, Poussaint TY.  Imaging of  back pain in children. 
AJNR Am J Neuroradiol. 2010;31(5):787–802.

 150. Purcell L, Micheli L.  Low back pain in young athletes. Sports Health. 
2009;1(3):212–222.

 151. Leone A, Cianfoni A, Cerase A, et al.  Lumbar spondylolysis: a 
review. Skeletal Radiol. 2011;40(6):683–700.

 152. Kim HJ, Green DW.  Spondylolysis in the adolescent athlete. Curr 
Opin Pediatr. 2011;23(1):68–72.

 153. Yamaguchi K Jr, Skaggs D, Acevedo D, et al.  Spondylolysis is fre-
quently missed by MRI in adolescents with back pain. J Child Orthop. 
2012;6(3):237–240.

 154. Muschik M, Hahnel H, Robinson PN, et al.  Competitive sports and the 
progression of  spondylolisthesis. J Pediatr Orthop. 1996;16(3):364–369.

 155. Sairyo K, Sakai T, Yasui N, et al.  Conservative treatment for pediatric 
lumbar spondylolysis to achieve bone healing using a hard brace: what 
type and how long?: Clinical article. J Neurosurg Spine. 2012;16(6):610–614.

 156. Sys J, Michielsen J, Bracke P, et al.  Nonoperative treatment of  
active spondylolysis in elite athletes with normal X-ray findings: lit-
erature review and results of  conservative treatment. Eur Spine J. 
2001;10(6):498–504.

 157. Weinberg J, Rokito S, Silber JS.  Etiology, treatment, and prevention 
of  athletic “stingers”. Clin Sports Med. 2003;22(3):493–500, viii.

 158. Willardson JM.  Core stability training: applications to sports condi-
tioning programs. J Strength Cond Res. 2007;21(3):979–985.

 159. Arokoski JP, Valta T, Airaksinen O, et al.  Back and abdominal mus-
cle function during stabilization exercises. Arch Phys Med Rehabil. 
2001;82(8):1089–1098.

 160. Zuckerman SL, Lee YM, Odom MJ, et al.  Recovery from sports-
related concussion: days to return to neurocognitive baseline in ado-
lescents versus young adults. Surg Neurol Int. 2012;3:130.

 161. Harmon KG, Drezner JA, Gammons M, et al.  American medical 
society for sports medicine position statement: concussion in sport. 
Br J Sports Med. 2013;47(1):15–26.

 162. Ellemberg D, Henry LC, Macciocchi SN, et al.  Advances in sport 
concussion assessment: from behavioral to brain imaging measures. 
J Neurotrauma. 2009;26(12):2365–2382.

 163. Fazio VC, Lovell MR, Pardini JE, et al.  The relation between post 
concussion symptoms and neurocognitive performance in con-
cussed athletes. NeuroRehabilitation. 2007;22(3):207–216.

 164. Nazem TG, Ackerman KE.  The female athlete triad. Sports Health. 
2012;4(4):302–311.



   541

C H A P T E R

Criteria for Diagnosis and Classification of JIA
Incidence and Prevalence of JIA
Etiology and Pathogenesis
Pathology
General Goals of Management in JIA

Pharmacologic Therapies

Prognosis and Outcomes
Physical Therapy Examination and Evaluation

Examination of Activities and Participation
Examination of Body Structures and Functions

Evaluation, Diagnosis, Prognosis, and Plan of Care
Intervention

Coordination, Communication, and Documentation
Procedural Interventions
Issues Related to School Participation
Patient and Family Education and Support

Summary
Case Study

Juvenile Idiopathic Arthritis
Susan E. Klepper

15

J uvenile idiopathic arthritis ( JIA) is the most common of  
the rheumatic diseases of  childhood. It is characterized 
by joint inflammation, but can impact multiple body 

systems, causing impairments, activity limitations, and par-
ticipation restrictions in a growing child.

The purpose of  this chapter is to describe the role of  
the physical therapist in the management of  children and 
adolescents with JIA. The first section describes the criteria 
for diagnosis and classification of  JIA, prevalence and inci-
dence, etiology, pathology, and pharmacologic manage-
ment. The second section provides a framework, based on 
the Guide to Physical Therapist Practice and the World Health 
Organization’s (WHO) International Classif ication of  
Functioning, Disability, and Health (ICF) model, for physical 
therapist examination, evaluation, and plan of  care (POC). 
Standardized assessments and outcome measures developed 
for JIA are discussed. The third section describes interven-
tions to address common problems in JIA. Evidence for 
the efficacy of  interventions, where available, is presented. 
Issues related to home, school, and community participa-
tion are discussed. A case study illustrates the physical thera-
pist’s management of  an older child with JIA.

Other pediatric rheumatic conditions that may result in 
arthritis include connective tissue diseases like scleroderma, 
juvenile dermatomyositis, systemic lupus erythematosus, 
and various forms of  vasculitis. Rheumatologists also man-
age noninflammatory disorders in children such as benign 

hypermobility, localized and diffuse chronic pain syndromes, 
and heritable disorders of  connective tissue. The principles 
that guide physical therapist management for the child with 
chronic arthritis are applicable to these other diagnoses.

 Criteria for diagnosis  
and classification of JIA

Table 15.1 compares three systems historically used to diag-
nose and classify childhood arthritis, including the American 
College of  Rheumatology (ACR) criteria for juvenile rheu-
matoid arthritis ( JRA), the European League Against 
Rheumatism (EULAR) criteria for juvenile chronic arthri-
tis ( JCA), and the International League of  Associations for 
Rheumatology (ILAR) criteria for JIA. The term JIA and the 
ILAR classification system are now universally accepted and 
used in this chapter.

JIA is defined as definite arthritis of  unknown etiol-
ogy beginning before age 16 years and lasting for at least 
6 weeks. The ILAR system includes seven distinct disease 
onset types plus an eighth type, “undifferentiated,” which 
includes signs and symptoms that do not fit into one disease 
type or overlap more than one type.1 Table 15.2 lists the clas-
sification criteria and exclusion criteria based on signs and 
symptoms during the first 6 months of  disease, frequen-
cies, onset age, and sex distribution for each JIA type.2 In the 
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JIA Disease Type Diagnostic Criteria Frequency* Onset Age Sex Ratio
Systemic Arthritis Arthritis in ≥ one joints with or preceded by fever for ≥ 2 weeks 

that is documented to be daily for ≥ 3 days, and accompanied by 
one or more of the following:
 1. Evanescent erythematous rash
 2. Generalized lymphadenopathy
 3. Enlarged liver or spleen
 4. Serositis
Exclusions†: a,b,c,d

4%–17% <16 years F=M

Oligoarthritis Arthritis in one to four joints during the first 6 months of disease; 
two categories are recognized:
 1. Persistent: affecting no more than four joints throughout 

disease course
 2. Extended: Affecting more than a total of four joints after the 

first six months of disease
Exclusions†: a,b,c,d,e

27%–56% Peak: 2–4 years F>M (3:1)

Polyarthritis (RF positive) Arthritis affecting five or more joints during the first 6 months of 
disease; IgM RF detected in two or more tests at least 3 months 
apart during the first 6 months of disease
Exclusions: a,b,c,e

2%–7% Late childhood to early 
adolescence

F>M
2:1

Polyarthritis (RF negative) Arthritis affecting five or more joints during the first 6 months of 
disease; test for RF is negative.
Exclusions: a,b,c,d,e

11%–28% Early peak: 2–4 years
Later peak: 6–12 years

F>M
2:1

Psoriatic arthritis Arthritis and psoriasis t arthritis plus at least two of the following:
 1. Dactylitis
 2. Nail pitting or onycholysis abnormalities
 3. Psoriasis in a first-degree relative
Exclusions: b,c,d,e

2%–11% Early peak: 2–4 years
Later peak: 9–11 years

F>M

Classification Criteria, Frequency, Onset Age, and Sex Ratio for the ILAR Categories of JIA11

TAbLe

15.2

absence of  a specific laboratory test for JIA, the diagnosis is 
based on clinical presentation that may change over time. 
The ultimate goal of  classification criteria is for each disease 
type to be as homogeneous as possible and mutually exclu-
sive of  the other categories.

Systemic onset JIA (sJIA) can begin at any age, with an 
equal male-to-female ratio and represents approximately 4% 
to 17% of  all children with JIA. The diagnostic hallmark is a 
fever that spikes to 39°C once or twice a day, typically during 

the afternoon or evening, with a rapid return to normal or 
slightly below normal, for at least 2 weeks. A migratory, 
salmon-colored rash on the trunk or limbs accompanies the 
rash. Children may be quite ill while febrile, but feel well 
during other times. Other systemic signs that may precede 
onset of  arthritis by months or even years include pleuri-
tis, pericarditis, myocarditis, generalized lymphadenopathy, 
and enlargement of  the liver or spleen. Laboratory tests for 
rheumatoid factor (RF) and antinuclear antibodies (ANAs) 

Characteristic ACR (JRA) EULAR (JCA) ILAR (JIA)
Basis of 
classification

Clinical (onset and course) Clinical (onset only) and 
serologic (RF)

Clinical (onset and course) and serologic (RF)

Onset types Three
sJRA
polyJRA
pauciJRA

Six
Systemic JCA (sJCA) 
Polyarticular JCA (polyJCA) JRA 
Pauciarticular JCA (pauciJCA)
JPsA
JAS

Seven
sJIA
Polyarticular RF negative (RF-negative polyJIA)
Polyarticular RF positive (RF-positive polyJIA)
oligoJIA

Persistent
Extended

Psoriatic arthritis (JPsA)
ERA
Undifferentiated

ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; ILAR, International League of Associates for Rheumatology; RF, rheumatoid factor.

Comparison of Classification Systems of Childhood Arthritis

TAbLe

15.1
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JIA Disease Type Diagnostic Criteria Frequency* Onset Age Sex Ratio
ERA Arthritis and enthesitis, or arthritis or enthesitis plus at least two 

of the following:
 1. Presence or history of sacroiliac joint tenderness and/or 

inflammatory lumbosacral pain
 2. Presence of HLA-B27 antigen
 3. Onset of arthritis in a male older than 6 years
 4. Acute anterior uveitis
 5. History of AS, ERA, sacroiliitis with inflammatory bowel 

disease, Reiter’s syndrome, or acute anterior uveitis in a first-
degree relative

Exclusions: a,d,e

3%–11% Late childhood or 
adolescence

M: 2 to 1

Undifferentiated Arthritis that does not fulfill criteria in one of the above categories 
or fulfills criteria in more than one category

11%–21%

*Reported frequencies are based on percentage of all JIA disease types as reported in Ravelli A, Martini A., 20072

†Exclusion criteria reflect the principle of the ILAR classification that all JIA categories are mutually exclusive.
a. psoriasis or a history of psoriasis in the patient or first-degree relative
b. Arthritis in an hLA-B27 positive male beginning after the 6th birthday
c. AS, ERA, sacroiliitis with inflammatory bowel disease, Reiter’s syndrome, or acute anterior uveitis, or a history of one of these disorders in a first-degree relative
d. presence of IgM RF on at least two occasions at least 3 months apart
e. presence of systemic JIA in the patient

are both negative. Objective arthritis may be present ini-
tially or may not appear for weeks. The most common 
differential diagnoses for sJIA include systemic infection, 
malignancies, rheumatic fever, connective tissue disease, 
inflammatory bowel disease, and other autoimmune inflam-
matory conditions.

Disease course is variable. Systemic symptoms may sub-
side after several months to a few years or may occur in 
repeated episodes or persistent systemic disease. Some chil-
dren recover completely with arthritis in a few joints, while 
others follow a progressive course, with persistent arthri-
tis in an increasing number of  joints.3 A small percentage 
(5%  to 8%) develop a serious complication, macrophage 
activation syndrome (MAS), characterized by a sudden com-
bination of  fever and systemic and neurological symptoms 
that can be life-threatening. Early recognition and treatment 
of  the syndrome are essential to prevent or minimize the 
effects of  this multisystem involvement.

Polyarticular onset JIA (polyJIA) is defined as arthri-
tis in five or more joints during the first 6 months of  dis-
ease.  Figure 15.1 shows the hands of  a child with polyJIA. 
Onset is usually insidious with a progressive increase in the 
number of  joints involved. Systemic symptoms are gener-
ally mild and include a low-grade fever, slight-to-moderate 
enlargement of  the spleen and liver, and lymphadenopa-
thy. Clinically evident pericarditis or pleuritis is infrequent. 
The ILAR classification recognizes two types of  polyJIA, RF 
positive and RF negative. Children with RF-positive polyJIA 
meet the above criteria plus test positive for the RF on at 
least two occasions at least 3 months apart. This type occurs 
in 2% to 7% of  all children with JIA and affects mostly ado-
lescent girls. Disease course is similar to that seen in adults 
with RF-positive rheumatoid arthritis (RA), with early onset 
symmetric, aggressive, and erosive polyarthritis in the small 
joints of  the hands and feet, the potential for  classic bou-
tonnière and swan neck deformities, cervical spine, and 
 temporalmandibular joint arthritis.4–6 Knees and ankles 

may be involved in association with arthritis in the feet. 
Rheumatoid nodules are found on the forearm and elbow.

RF-negative polyJIA is defined as arthritis in five or more 
joints in the first 6 months of  disease and the absence of  IgM 
RF. It accounts for 11% to 28% of  all children with JIA and 
affects more girls than boys. There appear to be two peak 
onset periods, 2 to 4 years of  age and 6 to 12 years.2 Current 
research suggests there may be three subsets of  this disease 
type. The first is similar to early onset oligoarticular JIA with 

FIGURE 15.1 (A) General appearance, (B) Temporomandibular 
joint, and (C) Hands of a child with polyarticular onset JIA.

A B

C
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Screening frequency is determined by the expected risk for 
eye disease and may range from every 3 to 4 months to once 
a year.2,7

The ILAR criteria recognize two separate groups of  chil-
dren with oligoJIA, persistent and extended. Persistent oligo-
JIA is defined in a child who continues to have four or fewer 
joints involved after the first 6 months of  disease. Medical and 
functional outcomes for these children are typically very good; 
however, they remain at risk for eye disease. Extended oligo-
JIA is defined as arthritis affecting more than four joints after 
the first 6 months of  disease, although fewer total joints are 
involved than in polyJIA. The presence of  ankle, wrist, or hand 
arthritis, symmetric arthritis, arthritis in two to four joints, and 
the presence of  an elevated ANA titer or erythrocyte sedimen-
tation rate may be predictors of  extended oligoJIA.8

The remaining disease types were previously grouped 
under the category of  juvenile spondyloarthropathy or 
spondyloarthritis ( JSpA). Although the prototype for SpA in 
adults is ankylosing spondylitis (AS), children initially pres-
ent with less back pain and more hip and peripheral arthritis 
along with enthesitis.9,10 The ILAR criteria recognize three 
disease types within JSpA, enthesitis-related arthritis (ERA) 
and PsA, each with a frequency of  2% to 11% of  all chil-
dren with JIA, and undifferentiated arthritis, a category that 
includes children who meet criteria for no individual disease 
type or meet criteria for more than one type. This group 
represents 11% to 21% of  all children with JIA.10

The term enthesitis describes inflammation of  the enthe-
ses, the attachment sites of  tendons, ligaments, or joint cap-
sules to bone. Figure 15.3 shows the most common sites of  
tenderness associated with enthesitis in the knees, ankles, 
and feet. Inclusion and exclusion criteria for ERA are shown 
in Table 15.2. A diagnosis of  ERA requires arthritis and 
enthesitis or arthritis or enthesitis plus two of  the follow-
ing: presence or history of  sacroiliac joint tenderness and/or 
inflammatory low back pain; presence of  the HLA-B27 anti-
gen; onset of  arthritis in a male over the age of  6 years; acute 
anterior uveitis; history in a first-degree relative of  AS, ERA, 
sacroiliitis with inflammatory bowel, Reiter’s syndrome, or 
acute anterior uveitis.11 Ten percent to 20% of  children even-
tually diagnosed with AS show disease symptoms before 
16 years of  age and may be regarded as having “juvenile-
onset AS.”12 Children who meet the criteria for juvenile AS 
before the age of  16 years would be diagnosed as having 
AS.10 Although the ERA criteria do not address two accepted 
features of  SpA in adults, reactive arthritis and irritable bowel 
disease (IBD), a child with IBD who otherwise meets the cri-
teria for ERA would not be excluded from this diagnosis.13

Juvenile psoriatic arthritis ( JPsA) is defined in a child, 
younger than 16 years, with arthritis and psoriasis or the 
presence of  arthritis and two of  the following: dactylitis, 
nail pitting or onycholysis, and family history of  psoriasis 
in a first-degree relative. Dactylitis represents the combined 
effects of  arthritis and tenosynovitis and is characterized 
by swelling of  one or more digits that extend beyond the 
joint margins (Fig. 15.4). Children who are RF positive or 
have signs of  another form of  JIA are excluded from this 

asymmetric arthritis but with a rapid increase in the number 
of  joints involved. The second form is similar to RF-negative 
adult RA, with onset at school age, obvious synovitis of  
large and small joints, and variable outcome. The third form 
includes a dry synovitis with stiffness, and tendency for flex-
ion contractures and a potential joint destruction.2

Oligoarticular onset JIA (oligoJIA) is defined as arthritis in 
four or fewer joints in the first 6 months of  disease and rep-
resents the largest group (27% to 56%) of  children with JIA.2 
Arthritis is typically asymmetric and affects primarily the 
lower extremities, with the knees most commonly involved, 
followed by the ankles and elbows. Figure 15.2 shows a child 
with asymmetric arthritis resulting in a leg length discrep-
ancy (LLD). The hips are rarely involved, and the small 
joints of  the hands and feet are usually spared, although this 
is not true in all children. The disease may initially present in 
one joint, frequently a knee, and the physician must rule out 
infection or trauma as the cause.

Approximately 30% of  children with oligoJIA develop iri-
docyclitis, an insidious and often asymptomatic inflammation 
of  the eyes that leads to functional blindness if  untreated. 
ANA-positive patients are at the highest risk for develop-
ing eye disease, most within 5 to 7 years after the onset of  
arthritis. Some children with RF-negative polyJIA and psori-
atic arthritis (PsA) may also develop iridocyclitis, especially if  
they are ANA positive.2 Children must be screened periodi-
cally by an ophthalmologist using a slit-lamp examination. 

FIGURE 15.2 A child with asymmetric arthritis resulting  
in a LLD.
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States census indicated that there are 294,000 children with 
some form of  childhood arthritis.16,17 Worldwide incidence 
rates for all childhood arthritis range from 0.008 to 0.226 cases 
per 1000 children at risk.15 Studies representing North America 
and white European populations estimated between 2 and 
20 new cases per 100,000 children at risk per year.18

Clinic-based studies found the prevalence of  JIA by racial 
group in North America to be 32 per 100,000 for Caucasians, 
40 per 100,000 for North American Indians (NAI), 26 per 
100,000 for African American, and 26 per 100,000 for “oth-
ers.”14,19 No differences were found in the percentage of  
patients with systemic JRA (sJRA) among racial groups. The 
proportion with oligoJIA was higher than that for polyJIA 
among Caucasian patients.

Gender distribution and onset age vary by disease type. Boys 
and girls are equally affected in sJIA; however, girls outnumber 
boys in oligoJIA (3:1) and polyJIA (2.8:1). Boys are more rep-
resented in juvenile AS while more females are represented in 
JPsA. Peak age at onset also varies by disease type. One study of  
300 children with JRA reported peak age at onset was between 
1 and 3 years in the total group and for girls with pauci- or 
polyJRA.20 Two peak onset periods were seen in boys; one at 2 
years of  age for boys with polyJRA and another between 8 and 
10 years for boys later diagnosed with SpA. For JPsA, there was 
one peak period in the preschool years, mainly in girls, with a 
second peak during mid- to late childhood. Onset for juvenile 
AS usually occurs in late childhood or adolescence.

 Etiology and pathogenesis

The exact etiology and pathogenesis of  JIA is not fully under-
stood; however, there is agreement that these diseases are 
immune system disorders resulting in inflammation in joints 
and other body tissues. Disease onset appears to occur in a 
genetically predisposed host who encounters an external 

category. Arthritis may precede psoriasis by several years, 
and the disease at onset may appear more similar to asym-
metric oligoJIA than adult PsA.

 Incidence and prevalence of JIA

The reported prevalence and incidence rates for JIA vary 
widely on account of  differences in study design. Prevalence 
in North America and Europe varied from 132 per 100,000 
for population-based studies to 12 per 100,000 for clinic-based 
studies.14 Reports of  worldwide prevalence varied from 0.07 to 
4.01 cases per 1000.15 The most recent estimate by the National 
Arthritis Data Workgroup published from the 2005 United 

FIGURE 15.3 The most common sites of tenderness associated with enthesitis in the knees, ankles, and feet.

FIGURE 15.4 Dactylitis represents the combined effects of 
arthritis and tenosynovitis and is characterized by swelling of one 
or more digits that extends beyond the joint margins. (Courtesy of 
Thomas D. Thacher, MD.)
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Nutrition and Juvenile Idiopathic Arthritis
Megan Johnston Mullin, MS, RD, LDn
Clinical Dietitian, 
Children’s Hospital of Philadelphia

Impact on Nutritional Status

Children suffering from JIA, like any other chronic illness, are at increased risk for developing nutritional inadequacies and growth 
faltering. There are several factors that may impact the nutritional status of children with JIA.
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Possible Factors 
Influencing Nutri-
tional Status

 
 
Implications

 
 
Interventions

Increased caloric 
expenditure

Especially in children with 
systemic JIA, due to in-
flammation and fever

If poor intake or poor weight gain—increase calories/protein:
High-calorie additives (oils, butter, etc.)
Concentrate infant formula
Oral supplement/modulars
If chewing/swallowing concerns—modify textures
Consider multiple vitamin and mineral supplements or supplementation of indi-
vidual nutrients as needed.
Avoid food struggles or battles:
Educate parents about: what are the appropriate feeding roles of parent and child, 
how to provide meals and snacks at consistent times and in a relaxed and loving 
environment.
Consider tube feedings.

Limited motion/
physical activity

Causing an inability to 
consume adequate calo-
ries, muscle wasting, or 
weight gain

If poor weight gain or poor oral intake, follow guidelines for increasing calorie 
 intake (above).
If excessive weight gain or risk for obesity:
Encourage increase in physical activity.
Limit intake of high-calorie/fat foods.
Limit juices, sugar-added beverages.
Encourage fruits, vegetables, whole grains, lean meats, low-fat dairy products.

Anorexia Caused by chronic pain 
and/or due to medication

Attempt to control pain and minimize side effects of medications.
Maximize calorie intake (see above).
Other strategies for improving intake:
Encourage small, frequent meals.
Avoid hot meals that have strong odors.
Use colorful foods and foods with appetizing aromas to increase appeal.

Food fads and 
quackery

Fasting, experimental, 
or elimination diets may 
cause nutrient deficiencies

Identify potential nutrient deficiencies.
Educate patient and family on rich food sources.
Vitamin/mineral supplement as needed.

Drug interactions 
(Commonly used 
medications: 
Salicylates (As-
pirin), Tolmetin, 
Naproxen, Ibupro-
fen, Methotrexate, 
Corticosteroid)

Possible gastrointestinal 
side effects:
Decreased absorption 
of vitamin C and folate, 
increased or decreased 
 appetite, weight loss or 
gain, glucose intolerance

Attempt to minimize gastrointestinal side effects of medications.
Identify nutrient deficiencies.
Educate patient and family on rich food sources.
Provide supplementation as needed.
Follow guidelines for promoting weight gain or loss (see above).
If glucose intolerance:
Consistent eating pattern/meal schedule.
Limit juices/avoid sugar-added beverages.
Plan healthy, balanced meals to avoid excess carbohydrate content.
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of  joint inflammation include swelling, end-range stress 
pain, and stiffness. Changes within the joint include villous 
hypertrophy, hyperplasia of  the vascular endothelium, and 
intra-articular (IA) effusion, with swelling and distension of  
the joint capsule. The joint may appear enlarged because 
of  bony overgrowth caused by increased blood flow to 
the inflamed tissues. Distension of  the joint capsule from 
increased synovial fluid, stretching of  periarticular tissues, 
and protective muscle spasm results in pain and stiffness. 
The presence and duration of  morning stiffness is often an 
indicator of  disease activity.

Synovial cells multiply, forming a massive overgrowth 
called a pannus that spreads over the articular cartilage, 
causing it to soften and weaken. Degradative enzymes 
released from the cartilage matrix into the synovial fluid 
further disrupt the normal cartilage fiber network. IA 
adhesions and osteophytes occur later. Articular surfaces 
become irregular, and joint congruency, alignment, and 
stability are compromised as erosions occur in articular 
cartilage and subchondral bone. Fibrosis of  periarticu-
lar tendons and ligaments results in joint contractures. 
Subluxation may occur at the wrist and small joints of  the 
hands and feet. Posterior subluxation of  the tibia on the 
femur may occur in the presence of  long-standing knee 
flexion contractures. Muscle imbalance, quadriceps weak-
ness, and impaired mobility of  the patella contribute to 
joint stiffness and instability.

Early radiographic changes include soft tissue swelling 
and widening of  the joint space due to effusions, juxta-
articular bone loss, and periosteal new bone, especially 
in the phalanges, metacarpals, and metatarsals. In persis-
tent disease, radiographs may show joint space narrowing, 

stimulus that may be a viral or bacterial infection. While some 
parents report disease onset in their child following physical 
trauma, it is unclear whether the trauma is the cause or sim-
ply brings attention to the disease. Different etiologic factors 
may be responsible for each onset type, or a single pathogen 
may cause distinct clinical patterns as it interacts with the spe-
cific characteristics and vulnerabilities of  the child.

The presence of  altered immunity, abnormal immune 
regulation, and production of  pro-inflammatory cytokines 
may help explain the onset and persistence of  inflam-
mation in JIA. T-cell abnormalities and the pathology of  
inflamed synovium in affected joints suggest that there 
is a cell- mediated pathogenesis. Humoral abnormalities 
are evident from the presence of  multiple autoantibodies, 
immune complexes, and complement activation. The evi-
dence for genetic predisposition to many of  these condi-
tions is increasing, but is not completely understood. One 
study of  over 3000 children with arthritis found there was 
concordance between siblings with JRA for age at onset, 
clinical manifestations, and disease course.21 Although many 
suspected genetic characteristics are within the major histo-
compatibility complex (MHC) region of  chromosome 6, the 
pathogenesis may involve the interactions of  multiple genes. 
Correlation between HLA specificities and various types of  
JIA may have risk and protective effects that are age-related 
for each onset type and some course types.22

 Pathology

Figure 15.5 illustrates changes caused by inflammation 
within and surrounding a synovial joint. The cardinal signs 

Inflamed Joint Damaged Joint

Periarticular
osteoporosis

Inflammation
of synovium

Increased
synovial fluid

Loss of
cartilage

Erosion

Degeneration
of cartilage

Periarticular
osteoporosis

Erosion
of bone

Fibrosis of
synovium

Ligament
laxity

FIGURE 15.5 Changes caused by the inflammatory process within and surrounding synovial joints.
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 General goals of management in JIA

The overall goals of  management in JIA are to: (1) suppress 
inflammation using the most effective drug therapy with the 
least adverse effects, (2) preserve joint structure and func-
tion, (3) promote independence and competence in daily 
activities, and (4) provide education and support to the child 
and family. The child’s care is often managed at a tertiary 
center by a multidisciplinary team that includes a pediatric 
rheumatologist, rheumatology nurse, occupational thera-
pist (OT), physical therapist, social worker or psychologist, 
and laboratory and imaging specialists. Occasional consul-
tations with other specialists may be necessary. The child’s 
family, guided by the pediatrician, provides daily manage-
ment of  the child’s health. Children may receive physical 
therapist and OT at home, school, or an outpatient clinic.

Pharmacologic Therapies

The goal of  pharmacologic therapy in JIA is to eliminate 
all signs of  active disease with the least possible toxicity, to 
preserve joint structure and function, prevent deformity, and 
promote age-appropriate activities. Inactive disease is defined 
as having no joint with active arthritis and no systemic symp-
toms attributable to JIA. The ACR defines active arthritis as 
“a joint with swelling not due to bony enlargement, or if  no 
joint swelling is present, limitation of  joint motion along 
with pain on motion (POM) and/or tenderness.” Isolated 
findings of  POM, tenderness, or limited motion (LOM) 
may be found in the absence of  active disease as a result 
of  trauma or joint damage caused by arthritis now consid-
ered inactive. Display 15.1 shows the preliminary criteria for 
inactive disease and clinical remission in JIA.27 Display 15.2 
shows the ACR core set of  outcome measures that has been 

marginal erosions, and osteophytes due to thinning and loss 
of  articular cartilage. Fibrous or bony ankylosis may occur 
with severe or persistent inflammation. Pathologic changes 
in the apophyseal and sacroiliac joints in children with juve-
nile ankylosing spondylitis ( JAS) include endochondral and 
capsular ossification. In early stages of  the disease, the sur-
face of  the sacroiliac joints shows little change; subchondral 
inflammation results in granulation tissue with few inflam-
matory cells and no pannus formation. A balance of  ero-
sive synovitis and capsular or ligamentous ossification often 
occurs in synovial joints, although the ossification process 
usually dominates in joints of  low mobility.

The negative effects of  JIA on bone health are well 
known and include low volumetric bone mineral den-
sity (vBMD) and decreased bone strength compared with 
healthy children.23,24 Burnham et al. found significantly 
lower muscle cross-sectional area (mCSA) and bone strength 
in patients with polyJIA and SpA, aged 5 to 22 years, com-
pared with healthy controls. Trabecular vBMD was signifi-
cantly lower in these two groups as well as those with sJIA. 
Low bone strength was also seen in children with normal 
mCSA. Severe persistent arthritis was a significant predictor 
of  these deficits and also increases the risk of  fracture and 
failure to achieve optimal peak bone mass in adolescence 
and young adulthood. Other risk factors for poor bone 
development in JIA include delayed pubertal maturation, 
malnutrition, muscle atrophy and weakness, inadequate 
weight-bearing physical activity (PA), and long-term use of  
systemic corticosteroids.25 Periarticular muscles may atro-
phy as a result of  reflex inhibition from swelling and pain, 
disuse, and protein-energy malnutrition.26 Soft tissue short-
ens when joints are held in flexed positions to accommodate 
swelling and reduce pain, contributing to joint instability 
and compliance during loading under motion and increasing 
the risk for degenerative changes.

Abnormalities in skeletal maturation, with both local 
and generalized growth disturbances, are common in chil-
dren with JRA. Increased blood flow to the joint during 
active disease leads to bony overgrowth, seen most often in 
the humeral head and radial head of  the upper extremities 
and the femoral head, medial femoral condyle, and proxi-
mal tibia in the lower extremities. Active disease may also 
result in premature epiphyseal closure, as may be seen in 
the small hands and feet of  children with poly-JIA. Another 
example is micrognathia, or undergrowth of  the mandible 
that results from chronic arthritis of  the temporomandibu-
lar joints (Fig. 15.6).

Enthesitis is characterized by a nonspecific inflammation 
and localized osteitis, whereby granulation tissue replaces 
the normal bony and cartilaginous attachment of  ligament 
and tendon to bone (see Figure 15.3). During the healing 
phase, bony spurs may form, for example, at the insertion 
of  the plantar fascia into the calcaneus. Enthesitis at the 
attachment of  the outer fibers of  the annulus fibrosis to the 
anterolateral aspects of  the vertebral body may result in 
syndesmophyte.

FIGURE 15.6 Micrognathia, or undergrowth of the mandible, 
that results from chronic arthritis of the temporomandibular joints.
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in JIA are defined by treatment group, current drug treat-
ment, disease activity, and features of  poor prognosis.31 
A summary of  the guidelines is available at: http://www. 
rheumatology.org/Practice/Clinical/Guidelines/Juvenile_ 
Idiopathic_Arthritis_(Members__Only)/.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the 
most frequently used first-line therapy to control inflam-
mation and may be used as monotherapy in children with 
oligoJIA. Several NSAIDs approved for use in JIA, including 
naproxen, ibuprofen, meloxicam, and indomethacin, are 
available in liquid formulations, making it easier to admin-
ister to young children. NSAIDs reduce fever and inflam-
mation and have an analgesic effect, but do not alter disease 
course. Eight weeks of  therapy is considered necessary to 
determine the effectiveness of  an NSAID. NSAIDs are gen-
erally well tolerated, although some children may experi-
ence adverse effects including stomach pain and headache. 
Routine monitoring for possible toxicities is necessary for all 
children.

IA glucocorticoid injections are used to induce disease 
remission in children who have one or two joints with per-
sistent arthritis that has not responded to a trial of  NSAIDs. 
In some children with oligoJIA, this may be the first line 
of  therapy. Sherry et al. reported children who received IA 
steroid injections of  lower extremity joints within the first 
2 months of  disease onset showed significantly lower inci-
dence of  LLD, a major cause of  gait abnormalities in JIA.32 
Brostrom et al. also found decreased pain and improved gait 
parameters following lower limb IA steroid injections in 
18 children with polyJIA.33 The effects of  IA steroid injec-
tions are often immediate and long lasting. Zulian et al. 
reported that 70% of  patients showed no recurrence of  
arthritis in injected joints at a 1-year follow-up exam; 40% 
still had no symptoms after 2 years.34 Triamcinolone hex-
acetonide is the medication preferred by many rheumatolo-
gists.35 A joint may be injected up to three times in 1 year if  
disease signs and symptoms return.

Systemic absorption of  the steroid from multiple injec-
tions performed in a single session may result in a cushin-
goid appearance; however, this is usually temporary. Other 
potential problems, including steroid leakage and subcu-
taneous atrophy, can be reduced by following scrupulous 
administration techniques. Therapists should consult with 
the treating physician regarding weight-bearing precautions 
after lower extremity IA injection.

Most children with severe polyJIA will require a disease-
modifying antirheumatic drug (DMARD) or a biologic 
agent to achieve adequate disease control. Methotrexate 
(MTX), the most frequently prescribed DMARD in JIA has 
been used for over 25 years with demonstrated safety and 
efficacy. It is usually administered in a single oral dose of  
10 to 15 mg/m2 each week, although doses up to 30 mg/m2  
may be used in children with refractory disease. A subcuta-
neous injection may be useful for children who experience 
GI upset with the oral dose. MTX has been shown in con-
trolled trails to slow the progression of  arthritis and is more 

validated and used in clinical trials for JIA.28 Additional mea-
sures include the parent’s global assessment of  the child’s 
pain and arthritis using separate 100-mm visual analogue 
scales (VAS) and a child’s assessment of  discomfort using 
the facial affective scale.4 The definition of  improvement 
with intervention is based on the ACR Pedi 30 response that 
requires at least 30% improvement from baseline in at least 
3/6 variables, with no more than one of  the variables wors-
ening by more than 30%. The ACR Pedi 50 and 70 responses 
require 50% and 70% improvement, respectively, in 3/6 vari-
ables and no more than a 30% worsening in ≤ one variable. 
A disease flare is defined as worsening in any two of  the six 
CRVs (Core Response Variables) by greater than or equal to 
40% without concomitant improvement in more than one 
of  the other CRVs by less than or equal to 30%.26

Therapy is targeted to the child’s disease characteris-
tics and course.4,29,30 For children with severe persistent 
disease who are at risk for significant disability, early and 
aggressive treatment with a combination of  drugs may 
be used. The 2011 ACR guidelines for pharmacotherapy 

 1. No joints with active arthritis*
 2. No fever, rash, serositis, splenomegaly, or generalized 

lymphadenopathy due to JIA
 3. No active uveitis
 4. Normal erythrocyte sedimentation rate (ESR) or CRP 

(C-Reactive Protein)
 5. Physician’s global assessment of disease shows no disease 

activity based on activity

Clinical Remission
 1. Clinical remission on medications: criteria for inactive 

disease must be met for a minimum of 6 consecutive 
months while the patient is on medications

 2. Clinical remission off medications: criteria for inactive 
disease must be met for a minimum of 12 consecutive 
months while patient is off all antiarthritis medications

*As defined by the ACR, a joint with swelling not due to bony enlargement or 
if no swelling, limited motion with pain or motion and/or tenderness.27

Preliminary Criteria for Inactive Disease and 
Clinical Remission in JIA* Inactive Disease

DISPLAY 

15.1

•	 Physician	global	assessment	of	disease	activity	on	a	10-cm	
VAS anchored by the words “remission” and “very severe” 
(MD Global)

•	 Parent	or	patient	global	assessment	of	overall	well-being	on	
a	10-cm	VAS	anchored	by	the	words	“very	well”	and	“very	
poor” (Parent/Patient Global)

•	 Functional	ability
•	 Number	of	joints	with	limited	range	of	motion	(JC-ROM)
•	 Number	of	joints	with	active	arthritis	(NJAA)
•	 Erythrocyte	sedimentation	rate	(ESR)

Core Set of Outcome Measures in JIA27

DISPLAY 

15.2
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sJIA. Biologic therapies are costly, oral administration is not 
available, and long-term studies of  potential adverse effects 
are lacking. Because these agents inhibit the immune sys-
tem, there is increased risk for infection and response to 
vaccination. Before starting any biologic therapy, a child 
should be up-to-date on vaccinations and avoid all live vac-
cination while on these medications; treatment is tempo-
rarily discontinued in the event of  infection or exposure to 
varicella. Despite these limitations, biologic therapies have 
had a dramatic and positive impact on the lives of  children 
with JIA.

Systemic glucocorticoids are reserved for children with 
severe sJIA. They have potent anti-inflammatory effects, 
but do not alter disease course or duration. Long-term use 
is associated with serious adverse effects, including Cushing 
syndrome, generalized growth deficits, osteoporosis and 
fracture, diabetes mellitus, obesity, steroid myopathy, and 
increased susceptibility to infection. Low-dose or alternate-
day oral steroids or periodic intravenous pulsed steroid 
therapy may be used in severe polyJIA unresponsive to other 
treatments. Topical glucocorticoids are used to manage 
acute iritis and chronic uveitis.

 Prognosis and outcomes

Reports of  prognosis and functional outcomes in JIA are 
inconsistent and at times conflicting because of  differences 
in study design and the period of  time examined. Most stud-
ies report that children with persistent oligoJIA have the best 
prognosis for disease outcome, although they remain at high 
risk for eye disease and require regular examinations by an 
ophthalmologist. In contrast, children with polyJIA often 
experience persistent disease, achieve clinical remission 
at lower rates, and have a lower probability of  remission 
within 10 years.44 Of  this group, children with RF-positive 
polyJIA have the worst prognosis for clinical remission. A 
2002 study of  392 patients reported that the probabilities 
of  remission 10 years after disease onset by disease type 
were oligoJIA (47%), sJIA (37%), RF-negative polyJIA (23%), 
and RF-positive polyJIA (6%).45 A more recent study of  
437 patients with JIA followed for up to 4 years found very 
few (6%) episodes of  clinical remission off  medications that 
were sustained for more than 5 years.46 Predictors of  poor 
outcome include the presence of  a positive RF, symmetrical 
disease, severe or extended arthritis at disease onset, early 
signs of  wrist or hip disease, and persistence of  active dis-
ease.44,47,48 Children not in remission by age 16 years have a 
high probability of  active disease into their adult years.

Reports of  functional outcomes in JIA over the past 
decade are also inconsistent, although most studies conclude 
that children with persistent oligoJIA have the least physi-
cal limitations, while those with RF-positive polyJIA experi-
ence significant activity limitations that can have a negative 
impact on their QOL.49 A study of  young adults with a his-
tory of  JRA reported that 40% had no physical limitation 

effective than either a placebo or other DMARD.36–38 In one 
study, 86% of  children with polyJIA achieved an ACR Pedi 
70 response after 2 years of  treatment with MTX compared 
with another DMARD. Because it may take several weeks 
for MTX to reach a therapeutic effect, children with severe 
arthritis may require short-term treatment with corticoste-
roids to provide immediate disease control. When taken 
with folic acid, MTX is well tolerated and safe in children 
with JIA. General precautions include avoiding the use of  
live vaccines while taking MTX. Patients should abstain 
from alcohol and women of  childbearing age should be 
counseled to avoid pregnancy because of  the potential dam-
age to the fetus in the early stages of  gestation. Liver toxicity 
due to MTX has not been reported in children with JIA and 
pulmonary toxicity is rare. Blood counts and liver enzymes 
are monitored every 4 to 6 weeks; if  a child shows transient 
elevation of  liver enzymes, MTX may be discontinued until 
lab values return to normal.4 Research to determine the best 
time to stop treatment with MTX once a child achieves clini-
cal remission is ongoing to balance the risk of  relapse with 
the potential for adverse effects of  long-term use.38 Another 
DMARD, sulfasalazine, has been shown to be more effec-
tive than a placebo in suppressing disease activity in some 
children with oligoJIA, but the risk of  toxicity is high. Blood 
counts and transaminase levels are monitored before and 
frequently during therapy.4

Children who do not respond to MTX alone may be 
treated with one of  the biologic agents that target specific 
components of  the inflammatory cascade, alone or in com-
bination with MTX. The most frequently used agents target 
tumor necrosis factor-αlpha (TNF- α), a cytokine respon-
sible for many adverse effects of  inflammation. The most 
frequently used anti-TNF-α is etanercept (ETN) adminis-
tered by injection. Safety and efficacy data from an 8-year 
study of  318 children with JIA on continuous ETN ther-
apy alone or in combination with MTX found no serious 
adverse effects from the therapy. The most common serious 
adverse event beyond 4 years of  ETN therapy was disease 
flare.39 Several studies support additional benefits of  ETN 
therapy, including improved physical growth and quality of  
life (QOL) in children with JIA.40–42 Other  anti-TNF-α bio-
logic therapies used in inflammatory arthritis include inflix-
imab (Remicade) and adalimumab (Humira). Adalimumab, 
administered by subcutaneous injection, was FDA-
approved in 2008 for use in JIA after a multicenter, random-
ized study of  190 children with active polyJIA showed an 
ACR Pedi 50 and 70 response in 86% and 77%, respectively, 
of  children after 100 weeks of  treatment.43 Although not 
currently FDA-approved for use in JIA, intravenous inflix-
imab is often used “off-label” by rheumatologists because 
of  their personal experience in using the medication and 
data showing its efficacy.4 Two biologic agents that target 
different components of  the immune system have shown 
significant reductions in disease activity in children with 
JIA who do not respond to ETN. These include Abatacept 
for severe polyJIA, and both anakinra and tocilizumab for 
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 Physical therapy examination 
and evaluation

Display 15.3 shows the components of  the physical ther-
apy assessment. A top-down approach, beginning with the 
child’s activities and participation, allows the therapist to 
focus the physical examination on areas that most impact 
the child’s participation in home, school, and community 
settings. The therapist must be alert to changes in joint 
mobility and integrity or loss of  muscle bulk and strength 
that signal a disease flare or joint damage. The child’s age, 
cognitive and emotional development must also be consid-
ered as well as the amount of  support and resources avail-
able to the family.

Examination of Activities and Participation

The impact of  JIA on a child’s daily activities and participa-
tion depends on disease type, course, and severity. Lower 
extremity arthritis may cause difficulty in transitions from 
the floor to standing, community, and school ambulation, 
stair ascent/descent, and recreational activities. Children 
with disease onset at a young age may demonstrate subtle 
motor deficits, including impaired balance, coordination, 
agility, and speed.63 Chronic arthritis, pain, and stiffness in 
the cervical spine and upper limbs may cause problems with 

while 33% with poly- and sJIA had moderate-to-severe dis-
ability. Compared with national statistics for the same age 
group, fewer females with JRA completed postsecondary 
education, and unemployment rates in young adults with 
JRA were higher.50 A large multicenter study conducted in 
32 countries found that the strongest predictors of  poor 
health-related quality of  life (HRQOL) were high scores for 
physical disability and pain.51 Their findings were supported 
by a subsequent study by Amine et al.49

In contrast to these reports, several studies suggest that 
long-term functional outcomes in this population, includ-
ing educational and occupational status, as well as self- or 
parent-reported HRQOL have improved in recent years and 
are similar to same-age healthy controls.2,52–54 Reports on 
the effect of  disease type and duration on functional out-
comes have been inconsistent, with some studies finding 
no significant impact of  disease type, severity, or duration 
on educational or occupational status, while others indi-
cate lower HRQOL in patients with extended oligoJIA and 
polyJIA.55,56

Most of  these studies have been cross-sectional, assessing 
functional outcome at one point in time. The only longitu-
dinal study examined physical function in 227 children with 
JIA from 1987 to 2002 using a parent-completed measure of  
disability validated for JIA. Each patient was followed for at 
least 1 year, and one parent completed the questionnaire at 
least twice during that time. Although degree of  disability 
varied widely between and within patients during the study 
period, after a median follow-up period of  3.4 years, 75% 
had no disability, while only 3% had severe disability, sug-
gesting that most children with JIA have a somewhat good 
long-term prognosis for functional abilities. Baseline predic-
tors of  poor long-term functional outcome included age less 
than 7 years at disease onset, tender joint count ( JC) >8, 
limited JC > 10, and an initial level of  disability in either the 
mild-to-moderate or severe category. The authors suggest 
that children who fit this clinical profile might need more 
aggressive treatment to prevent disease progression and 
physical disability.57

The reported prognosis for ERA among studies is also 
inconsistent.10 One study found the presence of  HLA-B27, 
evidence of  arthritis rather than arthralgia, and disease 
onset after 5 years of  age predicted definite or possible 
SpA.58 Two other studies reported a poorer outcome in SpA 
than either oligJIA or RF-negative polyJIA, and a similar out-
come to RF-positive polyJIA.59,60 Predictors of  poor outcome 
included genetic risk factors for AS and ankle or hip arthri-
tis in the first 6 months of  disease.59 Disease onset younger 
than 16 years is associated with more severe hip disease, 
unlike adults who demonstrate more severe spinal disease. 
The presence of  HLA-B27 appears to be associated with 
older age at disease onset and an extended disease course 
within the first 3 years in boys.61 Frequency of  enthesitis 
increases during the disease course, and children must be 
monitored for subtle losses in joint motion and tissue exten-
sibility in the thorax and lumbar spine.62

•	 Clinical	observation
•	 Medical	history
•	 Examination	of	the	child’s	activities	and	participation	in	typi-

cal life settings (home, school, community) through stan-
dardized questionnaires, informal interview, or observation 
of child performing activities

•	 Examination	of	the	child’s	gross	motor	skills	for	daily	activi-
ties, play, and sports

•	 Systems	review
• Integumentary system
• Examine skin for presence of rash, nodules
• Examine nails for pitting, onycholysis

• Musculoskeletal system
• Joint status and integrity
• Joint range of motion
• Soft tissue extensibility
• Muscle bulk
• Muscle strength and endurance
• Postural alignment

• Cardiopulmonary system
• Resting and exercise heart rate
• Aerobic capacity or performance on field test

• Multiple systems
• Pain
• Gait pattern and parameters
• Postural control

Components of the Physical Therapist 
Examination in JIA

DISPLAY 

15.3
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Level of ICF Instrument Outcome Measured Reference
A&P, I CHAQ BADLs and IADLs, pain, overall health status Singh et al., 199465,67,68

A&P ASK BADLs, IADLs, play, transfers Young et al.*
A&P, I PODCI BADLs and IADLs, pain, overall health status American Academy of Orthopedic Surgeons (AAOS)§

A JAFAS BADLs, IADLs (observed performance of activities 
under standardized conditions)

Lovell et al., 198969

A&P, I JAQQ BADLs, IADLs, pain, HRQOL Duffy et al., 199770

A&P, I PedsQL BADLs, IADLs, pain, HRQOL Varni	et	al.,	200271

QOL QOML scale Overall and HRQOL Gong et al.72

I GROMS Joint ROM Epps	et	al.,	200279

I pEPM-ROM Joint ROM Len et al., 199980

I JC-LOM Joint ROM loss Klepper et al., 199283

I JC-Swelling Joint effusions
I JC-POM Joint stress pain
I JC-T Joint tenderness

ICF, World health Organization International Classification of Functioning, Disability, and health; A, activity; p, participation; I, impairment; ChAQ, Childhood Arthritis 
health Questionnaire; ASK, Activities Scale for Kids; pODCI, pediatric Outcomes Data Collection Instruments; JAFAS, Juvenile Arthritis Functional Assessment Scale; 
JAQQ, Juvenile Arthritis Quality of Life Questionnaire; pedsQL, pediatric Quality of Life Questionnaire; QOML, Quality of My Life Questionnaire; GROMS, Global Range of 
Motion Scale; pEpM-ROM, pediatric Escola paulista de Medicina Range of Motion Scale; JC-LOM, Joint Count-Limitation of Motion; JC-pOM, Joint Count-pain on Motion; 
JC-T, Joint Count-Tenderness; BADLs, basic activities of daily living; IADLs, instrumental activities of daily living; hRQOL, health-related quality of life.
*Available at: http://www.activitiesscaleforkids.com/
§Available at: http://www.aaos.org/research/outcomes/outcomes_peds.asp

Standardized Assessment Instruments in JIA

TAbLe

15.3

based on how much difficulty (0 = no difficulty, 1 = some 
difficulty, 2 = much difficulty, 3 = unable to do) the child 
had in performing the task during the previous week. An 
item is scored as “not applicable” if  the child is too young 
to perform the task. The highest scored item in each section 
dictates the score for that category; if  the respondent reports 
needing an assistive device or assistance from another per-
son to perform any task in that category, the minimum score 
for the category is 2. The global disability index (DI), cal-
culated as the average of  the eight category scores, has a 
range of  0–3, with higher scores indicating greater disability. 
Some studies employ a range of  DI scores to categorize lev-
els of  disability: 0 = no disability, 0–0.5 = mild, 0.6–1.5 = 
 moderate, and >1.5 = severe.65 Dempster et al. found that a 
minimum decrease of  0.13 in the DI significantly correlated 
with a parent’s assessment of  clinical improvement in the 
child’s functional abilities, while a minimum increase of  0.75 
correlated with parents’ assessment of  decline in function.67

Pain intensity during the previous week is rated on a 
15-cm VAS, anchored on the left side with a happy face and 
the words “no pain” and on the right side with a sad face and 
the words “worst pain.” The discomfort index ranges from 
0 to 3, with higher scores indicating greater pain. A sec-
ond VAS is used to report overall health status, with higher 
scores indicating poorer health.

An important limitation of  the CHAQ is its focus on dis-
ability rather than the entire spectrum of  a child’s physical 
function. With 0 as the best possible score, the CHAQ DI 
suffers from a ceiling effect whereby scores are often clus-
tered at the lower end of  the scale, making it less sensitive 
to subtle indicators of  the child’s true functional capability. 

basic activities of  daily living (ADLs), handwriting, carrying 
books, and other instrumental ADLs.

The child’s personality and drive to be independent, as well 
as the expectations of  caregivers and friends impact the child’s 
functional performance and adaptation to a chronic disease. 
Frequent disruptions to the child’s school day as a result of  
visits to the nurse for medications or rest periods, and late-
ness and absence due to illness or medical appointments can 
negatively impact the child’s education. Participation in physi-
cal education (PE) and sports may be limited or inconsistent 
owing to disease flares. Obtaining services to address these 
problems within the school setting can be difficult.64

Table 15.3 lists standardized measures used in JIA. Self- 
or parent- as proxy report questionnaires, including the 
Childhood Health Assessment Questionnaire (CHAQ), 
Pediatric Outcomes Data Collection Instrument (PODCI), 
and the Activities Scale for Kids (ASK) measure the child’s 
capability (what he or she was able to do) during a defined 
period of  time (e.g., previous 1 to 2 weeks). The ASK also 
measures the child’s performance (what he or she actually 
did during the defined time period). Only one measure, the 
Juvenile Arthritis Functional Assessment Scale ( JAFAS), 
assesses the child’s functional capacity or what he or she 
actually does under standardized conditions.

The CHAQ is the most frequently used measure of  
disability in JIA and has been translated and validated in 
more than 40 languages.65,66 The original CHAQ, shown in 
Display 15.4, targets children aged 1 to 19 years and includes 
30 activities organized into eight categories. A child aged 
9 years or older, or a parent as proxy for a younger child, 
may serve as the respondent who scores each statement 

http://www.activitiesscaleforkids.com
http://www.aaos.org/research/outcomes/outcomes_peds.asp
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In this section, we are interested in learning how your child’s illness affects his or her ability to function in daily life. Please feel free to 
add any comments on the back of this page. In the following questions, please check the one response that best describes your child’s 
usual activities (averaged over an entire day) over the past week. If your child has difficulty in doing a certain activity or is unable to do it 
because he or she is too young but NOT because he or she is restricted by arthritis, please mark it as “Not Applicable.” Only note those 
 difficulties or limitations that are due to arthritis.

Without Any 
Difficulty

With Some 
Difficulty

With Much 
Difficulty

Unable  
To Do

Not 
Applicable

Dressing and Grooming
Is your child able to:
•	 Dress,	including	tying	shoelaces	and	doing	buttons? ________ ________ ________ ________ ________
•	 Shampoo	his	or	her	hair? ________ ________ ________ ________ ________
•	 Remove	socks? ________ ________ ________ ________ ________
•	 Cut	fingernails/toenails? ________ ________ ________ ________ ________

Arising
Is your child able to:
•	 Stand	up	from	a	low	chair	or	floor? ________ ________ ________ ________ ________
•	 Get	in	and	out	of	bed	or	stand	up	in	crib? ________ ________ ________ ________ ________

Eating
Is your child able to:
•	 Cut	his	or	her	own	meat? ________ ________ ________ ________ ________
•	 Lift	a	cup	or	glass	to	mouth? ________ ________ ________ ________ ________
•	 Open	a	new	cereal	box? ________ ________ ________ ________ ________

Walking
Is your child able to:
•	 Walk	outdoors	on	flat	ground? ________ ________ ________ ________ ________
•	 Climb	up	five	steps? ________ ________ ________ ________ ________

*Please check any aids or devices that your child usually uses for any of the above activities:

Devices used for dressing (button hook,
 _____ Cane _____ zipper pull, long-handled shoe horn, etc.)
 _____ Walker _____ Built-up pencil or special utensils
 _____ Crutches _____ Special or built-up chair
 _____ Wheelchair _____ Other (specify: ______________________)

*Please check any categories for which your child usually needs help from another person because of arthritis

 _____ Dressing and grooming _____ Eating
 _____ Arising _____ Walking

Hygiene
Is your child able to:
•	 Wash	and	dry	entire	body? ________ ________ ________ ________ ________
•	 Take	a	tub	bath	(get	in	and	out	of	tub)? ________ ________ ________ ________ ________
•	 Get	on	and	off	the	toilet	or	potty	chair? ________ ________ ________ ________ ________
•	 Brush	teeth? ________ ________ ________ ________ ________
•	 Comb/brush	hair? ________ ________ ________ ________ ________

Reach
Is your child able to:
•	 Reach	and	get	down	a	heavy	object,	such	as	a	large	
game	or	books,	from	just	above	his	or	her	head?

________ ________ ________ ________ ________

•	 Bend	down	to	pick	up	clothing	or	a	piece	of	paper	
from	the	floor?

________ ________ ________ ________ ________

•	 Pull	on	a	sweater	over	his	or	her	head? ________ ________ ________ ________ ________
•	 Turn	neck	to	look	back	over	shoulder? ________ ________ ________ ________ ________

Health Assessment Questionnaire*
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Grip
Is your child able to:
•	 Write	or	scribble	with	a	pen	or	pencil? ________ ________ ________ ________ ________
•	 Open	car	doors? ________ ________ ________ ________ ________
•	 Open	jars	that	have	been	previously	opened? ________ ________ ________ ________ ________
•	 Turn	faucets	on	and	off? ________ ________ ________ ________ ________
•	 Push	open	a	door	when	he	or	she	has	to	turn	a	
doorknob?

________ ________ ________ ________ ________

Activities
Is your child able to:
•	 Run	errands	and	shop? ________ ________ ________ ________ ________
•	 Get	in	and	out	of	car	or	toy	car	or	school	bus? ________ ________ ________ ________ ________
•	 Ride	bike	or	tricycle? ________ ________ ________ ________ ________
•	 Do	household	chores	(e.g.,	wash	dishes,	take	out	
trash,	vacuum,	do	yard	work,	make	bed,	clean	room)?

________ ________ ________ ________ ________

•	 Run	and	play? ________ ________ ________ ________ ________

*Please check any aids or devices that your child usually uses for any of the above activities:

 _____ Raised toilet seat _____ Bathtub bar
 _____ Bathtub seat _____ Long-handled appliances for reach
 _____ Jar opener (for jars previously opened) _____ Long-handled appliances in

bathroom

*Please check any categories for which your child usually needs help from another person because of arthritis

 _____ Hygiene _____ Gripping and opening things
 _____ Reaching _____ Errands and chores

Pain
We are also interested in learning whether or not your child has been affected by pain because of his or her illness.
• How much pain do you think your child has had because of his or her illness in the past week?	Place	a	mark	on	the	line	below	to	indi-

cate the severity of the pain.
No Pain Very Severe Pain

0 100

Health Status
 1. Considering all the ways that arthritis affects your child, rate how your child is doing on the following scale by placing a mark on the line.

0 100
Very Well Very Poorly

 2. Is	your	child	stiff	in	the	morning?	 _________________	Yes	 _________________	No
	 	 If	YES,	about	how	long	does	the	stiffness	usually	last	(in	the	past	week)?	 Hours/Minutes	__________

*Adapted from Singh G, Athreya B, Fries JF, et al. Measurement of health status in children with juvenile rheumatoid arthritis. Arthritis Rheum. 1994;37:1761–1769.

Two revised versions of  the CHAQ, the VASCHAQ-38 and the 
CatCHAQ-38 have been proposed by Lam et al. to address these 
problems.68 Each contains eight additional items targeting 
more physically challenging tasks, eliminates the separate 
domains and the questions about aids or assistance, and cal-
culates the DI as the simple mean of  scores on all 38 items. 
Both versions provide the following instructions to the 
responder: “This section will ask you how well you were 
able to do activities on your own in the last week, compared 

with most other kids your age.” In the VASCHAQ-38, the child 
responds by placing a mark on a 10-cm VAS anchored on the 
left end by the statement “Much worse than most other kids 
my age” and on the right side by “Much better than most 
other kids my age.” The CatCHAQ-38 retains the original 0–3 
scoring system of  the CHAQ. Display 15.5 shows the addi-
tional eight items included in the revised versions.

The JAFAS is the only measure of  physical capacity 
designed for children with arthritis.69 The child is observed 
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 1. I think I could have done climbing activities by myself.
 2. I think I could have played team sports with others in my 

class.
 3. I think I could have played some sports by myself.
 4. I think I could have played team sports in competitive 

leagues.
 5. I think I could have kept my balance while playing rough 

games.
 6. I think I could have done activities I usually enjoy for a long 

time without getting tired.
 7. I think I could have run a race.
 8. I think I could have worked carefully with my hands.

Eight Additional Items Included in the 
CATCHAQ38 and the VASCHAQ38

68

DISPLAY 

15.5

and timed performing 10 common daily tasks (buttoning 
a shirt or blouse, putting on a shirt over the head, pulling 
on socks, cutting food with a knife and fork, getting in and 
out of  bed, rising to stand from sitting on the floor, picking 
up an object from the floor, walking 50 feet, and walking 
up a flight of  steps). The child’s time to complete each task 
is compared with a criterion standard based on a healthy 
control group. Items are scored 0 if  the time is equal to or 
less than the criterion, 1 if  the time is more than the cri-
terion, and 2 if  the child is unable to complete the task. 
Administration and score takes 10 minute and requires min-
imal training and equipment. The scale and directions for 
administering the test are provided in the original paper.69

Several measures have been developed to assess health 
status and QOL in children with arthritis. Three of  the most 
frequently used are the Juvenile Arthritis Quality of  Life 
Questionnaire ( JAQQ),70 Pediatric Quality of  Life Inventory 
(PedsQL) Rheumatology Module 3.0,71 and Quality of  My 
Life (QOML) Questionnaire.72 The QOML questionnaire 
consists of  two separate VAS that measure overall QOL and 
HRQOL in children and adolescents. The QOL scale asks, 
“Overall, my life is,” and the HRQOL scale asks, “Considering 
my health, my life is.” The respondent (child or parent as 
proxy) records their response to each question on the  100-mm 
VAS for each question stem; scoring ranges from  0 (“the 
worst”) to 100 (“the best”). Patients and parents also complete 
a 5-point ordinal measure of  change in QOL (much worse, 
somewhat worse, the same, somewhat better, much bet-
ter) since the last visit. A study by Gong et al. reported the 
minimal clinically important difference (MCID) that indicates 
improvement was 7 mm for the overall QOL and 11 mm for 
the HRQOL scale. The MCID that indicated deterioration 
was −33 mm for QOL and −38 mm for HRQOL.72

Two norm-referenced assessments that may be useful 
in JIA include the Peabody Developmental Motor Scales–2 
(PDMS-2) and the Bruininks-Oseretsky Test of  Motor 
Proficiency-2 (BOT-2). The School Function Assessment 
(SFA)73 and the informal school checklist shown in Appendix A 
can provide information on the child’s function in school.

Examination of Body Structures and Functions

Joint Motion and Integrity
Figure 15.7 shows one format used for recording findings of  
a joint examination, including swelling or joint effusion, joint 
tenderness, stress pain, and limitation of  motion.74 The signs 
of  active joint inflammation are swelling, tenderness, or stress 
pain. Limited joint motion alone does not indicate active dis-
ease, but may be the result of  long-standing disease. Joint 
effusions are detected by demonstrating fluctuation of  syno-
vial fluid from one area of  the joint to another (Fig. 15.8). In 
examining the fingers and toes, one should place the sensor 
fingers proximal to the base of  the middle phalanx and dorsal 
to the collateral ligaments to detect movement of  the syno-
vial fluid. Small effusions in the knee joint can be detected by 
eliciting a bulge sign. This is done by stroking in an upward 
direction along the medial aspect of  the joint to empty the 
synovial pouch, followed by stroking upward or downward 
on the lateral side of  the joint while using the other hand to 
detect a bulge of  fluid as the pouch refills. The joint is scored 
as normal if  there is not a clear indication of  effusion.

Firm pressure applied directly over the joint line may 
elicit joint tenderness. In active disease, tenderness felt by 
pressure over the joint line should be greater than that 
elicited by pressure on the bone adjacent to the joint. The 
amount of  pressure applied to detect joint tenderness is 
about 20% less than that needed to cause pain when squeez-
ing the triceps or lower calf  muscles. To assess stress pain, 
the therapist moves the limb to the end of  the available 
range and applies slight overpressure.

An examination of  joint motion provides valuable baseline 
information about joint integrity and function. Asking the 
child to perform a series of  functional movements directs the 
physical therapist’s attention to problem areas. In very young 
children, active motion can be elicited by playing games like 
“Simon Says.” If  screening suggests pain or limited motion, 
standard goniometric measurement should be used. Checking 
accessory joint motions may help determine the cause of  
impaired joint dysfunction. Limited motion, pain, and crepitus 
suggest joint damage. Radiographs will show joint damage in 
long-standing arthritis; however, ultrasound is more sensitive 
in identifying subclinical disease.75 Magnetic resonance imag-
ing (MRI) is more sensitive than either a clinical exam or the 
core outcome variables to detect hip damage in JIA.76

Common patterns of  joint impairments and subsequent 
activity restrictions in JIA are shown in Table 15.4. Although 
there is a bias toward arthritis in large joints, the small joints 
of  the hands and feet are frequently involved in polyJIA. Hip 
arthritis occurs in 30% to 50% of  children, primarily in those 
with an sJIA and polyJIA and often predicts greater disabil-
ity.48,77 Pain associated with hip disease is typically referred 
to the groin, buttocks, medial thigh, or knee. The child may 
exhibit a gluteus medius limp when walking due to pain 
or weakness. Hip flexion contractures occur subsequent to 
active joint inflammation as the child holds the joint in flex-
ion to relieve pressure and pain. Hip contractures may also 
occur secondary to knee arthritis or an LLD.
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of  subtalar eversion. Foot problems in polyJIA are underap-
preciated and have a significant impact on gait. Impairments 
include hallux valgus, hallux rigidus, hammer toes, and 
overlapping toes. Metatarsalgia and subluxation of  the 
metatarsophalangeal (MTP) joints cause pain during stance 
and ambulation.

Arthritis in the shoulder girdle results in pain, restricted 
motion, and altered biomechanics in shoulder rotation, 
flexion, and abduction. Elbow flexion contractures are 
common, occur early in the disease course, and are often 
accompanied by limited forearm supination. Wrist arthri-
tis is also seen in polyJIA with long-standing disease; the 

The knee is the joint most often involved in oligoJIA, but 
knee arthritis is common in all disease types. Limited joint 
mobility, spasm of  the hamstrings, and shortening of  the 
tensor fascia latae (TFL) and iliotibial band (ITB) contribute 
to loss of  knee extension and changes in postural alignment 
and gait. Chronic synovitis causes overgrowth of  the fem-
oral condyle, resulting in a valgus deformity of  the knee. 
Shortening of  the TFL and ITB exacerbate this impairment.

Ankle and foot arthritis occur in all JIA types, often 
resulting in limited dorsiflexion (DF) and subtalar motion. 
Although calcaneal eversion and forefoot pronation are 
common, many children exhibit a cavus forefoot and loss 

FIGURE 15.7 Example of the visual format used to record active joint count in a 
child with polyarticular disease. The left figure shows joints with an effusion (solid  circle) 
or soft tissue swelling (X ). The right figure shows joints with stress pain or tenderness 
(solid circle). (From Wright V, Smith E. Physical therapy management of the child and 
adolescent with arthritis. In: Walker J, Helewa A, eds. Physical Therapy in Arthritis. 
Philadelphia, PA: W. B. Saunders; 1996:211–244, with permission.)

FIGURE 15.8 Two ways of detecting joint effusions. (From Smythe H, Helewa A. 
Assessment of joint disease. In: Walker J, Helewa A, eds. Physical Therapy in 
Arthritis. Philadelphia, PA: W. B. Saunders; 1996:129–148, with permission from 
H. Smythe, MD, FRC[C].)

Pressor Pressor Sensor

Sensor Sensor

Ligaments
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Cervical Spine
• Most common in PoJIA and SoJIA
• Loss of extension, rotation
• Loss of normal lordosis
• May develop torticollis if asymmetric
• Chronic inflammation may lead to joint space narrowing with nerve 

root irritation
• Fusion of zygapophyseal joints—often occurs first in C-2–C-3 but 

may progress to other levels
• Dysplasia of vertebral bodies
• Instability of C-1–C-2 articulation may occur, but less common than 

in adult RA

Temporomandibular Joints
• Most common in PoJIA; less common in oligoJIA
• Restriction in opening mouth; pain on chewing
• Greater functional loss if cervical spine extension is limited
• Mandibular asymmetry if unilateral involvement
• Undergrowth of the mandible (micrognathia)
• Malocclusion of the teeth
• May require orthodontic treatment

Shoulder Complex
• Most common in PoJIA
• Limited glenohumeral ABD and MR noted first; limited shoulder 

flexion
• Shortening of pectorals and scapular abductors
• Overgrowth of humeral head with irregular shape
• Shallow glenoid fossa with increased risk of subluxation
• Functional loss increases if elbow and wrist arthritis is present

Thoracolumbar Spine
• Most common in ERA; sacroiliac arthritis common in JAS
• Motion may be limited by spasm of spinal extensors or short hip 

flexors
• Scoliosis secondary to long-standing LLD
• Kyphosis in association with neck and shoulder arthritis
• Excessive lumbar lordosis secondary to hip flexion contracture
• Long-term systemic steroid therapy contributes to osteoporosis, 

wedging vertebral bodies, small compression fractures

Hip
• Occurs in PoJIA and SoJIA; primary cause of disability
• Loss of extension, MR, and ABD
• Weakness of gluteus medius and deep hip LR; may cause 

Trendelenburg gait deviation
• Flexion contracture may be masked by increased lumbar lordosis
• May have marked pain on weight bearing; pain may be referred to 

groin, buttocks, medial thigh, knee
• Femoral head overgrowth
• Osteoporosis
• Limited weight bearing in young child contributes to poorly 

developed hip joint with shallow acetabulum and trochanteric growth 
abnormalities

• Lateral subluxation of femoral head, aggravated by short hip 
adductors

• Potential for protrusio acetabuli and AVN in persistent severe disease
• Potential for repair of articular cartilage with fibrocartilage during 

disease remission with improved weight bearing and mobility

Elbow
• Occurs in all types
• Involved early in disease course
• Loss of extension, forearm supination
• Overgrowth of radial head restricts ROM
• Proximal radioulnar joint involved
• Ulnar nerve entrapment possible

Wrist
• Occurs in all types; occurs early in disease course
• Accelerated carpal maturation
• Undergrowth of ulna; ulna may migrate dorsally
• Radial and intercarpal fusion
• Rapid loss of extension; shortening of wrist flexors; volar 

subluxation
• Wrist rests in flexion and ulnar deviation
• In older onset or RF-positive PoJIA, wrist may deviate radially
• Distal radioulnar disease causes loss of forearm pronation and 

supination
• Flexor tenosynovitis

Hand
• Involvement later in PoJIA and SoJIA than oligoJIA; small joints of 

hand least commonly affected in JAS
• Premature epiphyseal fusion and growth abnormalities
• MCP and CMC subluxation
• Flexor tenosynovitis
• Loss of MCP flexion, terminal extension
• PIP contractures more common than DIP
• Marked decrease in grip strength
• Boutonniere less common than swan neck deformities

Knee
• Most common joint involved early in all disease types
• Rapid weakness and atrophy of quadriceps, loss of patellar  

mobility
• Flexion contracture; may cause secondary hip flexion contracture
• Loss of hip flexion
• Overgrowth of distal femur contributes to LLD in unilateral disease
• Knee valgus aggravated by short hamstrings, TFL, and ITB
• Posterior tibial subluxation secondary to prolonged arthritis or 

aggressive stretching of shortened hamstrings
• Risk of femoral fracture associated with osteoporosis

Ankle and Foot
• Occurs in all disease types
• Altered growth causes bony changes in the tarsals, with potential 

for fusion
• Growth abnormalities due to early closure of epiphyses
• Early loss of ankle inversion, eversion; later loss of D-FL, Pl-FL, 

especially if standing and walking are limited
• Excessive hindfoot valgus or varus
• Excessive forefoot pronation or supination
• Loss of extension at MTP joints, with subsequent loss of push-off at 

terminal stance
• MTP subluxation
• Hallux valgus; hammertoes
• Overlapping of IPs
• Enthesitis at heel or knee is common in ERA

Common Patterns of Joint and Soft Tissue Impairments in JIA

TAbLe

15.4

ABD, abduction; Avn, avascular necrosis; CMC, carpometacarpal; D-FL, dorsiflexion; DIp, distal interphalangeal; ERA, enthesitis-related arthritis; Ip, interphalangeal; 
ITB, iliotibial band; JAS, juvenile ankylosing spondylitis; LR, lateral rotation; MCp, metacarpophalangeal; MR, medial rotation; MTp, metatarsal phalangeal; oligoJIA, 
Oligoarticular onset JIA; pIp, proximal interphalangeal; pl-FL, plantar flexion; polyJIA, polyarticular onset JIA; RF-positive, rheumatoid factor positive; ROM, range of 
motion; sJIA, systemic onset JIA; TFL, tensor fascia latae.
Data in this table are summarized from Cassidy JT, petty RE, eds. Textbook of  Pediatric Rheumatology. 4th ed. philadelphia, pA: W. B. Saunders; 2001. This listing is not 
inclusive, nor do all of the characteristics listed occur in every child with arthritis.
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both muscle groups equally. Children with JIA also perform 
poorly on standardized measures of  trunk flexor strength 
compared with age, sex, and size-matched healthy controls 
and age- and sex-based norms.83

Two recent studies examined anaerobic capacity in JIA. 
van Brussel et al. reported 94% of  their sample (N = 62, 
ages 7 to 16 years) had significantly lower mean and peak 
anaerobic capacity (65% and 67%, respectively) compared 
with predicted values.84 Deficits were larger in girls and 
were found in children in clinical remission off  meds as well 
as those with active disease. The largest impairments were 
in children with RF-positive polyJIA. Children with oligoJIA 
did not differ significantly from predicted values. Lelieveld 
et al. confirmed these findings in older adolescents. Strong 
negative correlations between anaerobic capacity, physical 
function, and overall well-being suggest that higher muscle 
fitness contributes to feeling better and being able to per-
form daily activities with less difficulty.85

Muscle bulk, strength, and endurance should be assessed 
at the initial and follow-up visits. Measures of  limb cir-
cumference (calf  and thigh) document any asymmetries in 
muscle bulk and changes over time. Manual muscle tests 
(MMTs) can be used to measure isometric strength in older 
children, but reliability is questionable for grades above 3 
(fair). Handheld or isokinetic dynamometers provide more 
objective and reliable measures of  strength in children with 
arthritis.88–90 Figure 15.9 shows a modified blood pressure 
cuff  used as an alternative to a commercial handheld dyna-
mometer. The rolled cuff  is placed distally as far as possi-
ble on the limb without crossing a painful joint. The tester 
applies pressure to the cuff  with a flat hand. The patient 
pushes against the cuff, while the tester increases pressure 

severity and pattern of  deformity varies based on age and 
skeletal maturation. In disease onset at a young age, wrist 
subluxation and undergrowth of  the ulna result in ulnar 
deviation. In those 12 years or older at disease onset, a pat-
tern of  radial deviation is more common. Persistent arthri-
tis in the joints of  the hands and tenosynovitis result in pain 
and limited motion in the carpometacarpal (CMC), meta-
carpophalangeal (MCP), and proximal interphalangeal (PIP) 
joints.

Joint motion can be recorded in standard chart format 
or on the stick figure shown in Figure 15.7. Specific gonio-
metric measurements should be used for initial and follow-
up physical therapist examinations. Therapists should be 
familiar with several standardized scales used in clinical 
studies to measure joint motion, although these are rarely 
used in clinical settings. The Articular Severity Index (ASS) 
scores global LOM for each joint, averaged for right and 
left sides, includes using an ordinal scale (0 = no LOM; 
1 = 1% to 25% LOM; 2 = 26% to 50% LOM; 3 = 51% to 
75% LOM; 4 = 75% to 100% LOM) to record joint motion.78 
The Global Range of  Motion Score (GROMS) includes all 
joints and provides a single score for global joint motion 
in children with arthritis.79 A reduced 10-joint GROMS 
includes only those joints weighted by experts as essential 
for function and most often involved in JIA. The Pediatric 
Escola Paulista de Medicina Range of  Motion (PEPM-ROM) 
scale includes 10 joint movements judged to be most often 
involved in children with arthritis and most important for 
essential functions.80

Muscle Structure and Function
Impairments in muscle structure and function are docu-
mented in children and adolescents with JIA. In the acute 
stage, muscles supporting affected joints show protective 
spasm and may be hyperreactive to stretch, although their 
ability to support the joint is diminished. Periarticular mus-
cle atrophy and weakness are more evident in subacute and 
chronic disease. Factors contributing to these impairments 
include the production of  pro-inflammatory cytokines, 
alterations in anabolic hormones, abnormal protein metab-
olism, high resting energy metabolism, and pain-induced 
inhibition of  motor unit activity.14,45,46 Early onset and per-
sistent disease impair muscle development near inflamed 
joints but also in distant areas that may persist even after 
clinical remission.47–50,81–90

Common patterns of  weakness include hip extension and 
abduction, knee extension, ankle plantar and DF, shoulder 
abduction and flexion, elbow flexion and extension, wrist 
extension, and grip. Weak ankle musculature negatively 
impacts gait in JIA.33,81,83 Brostrom et al., using a custom-
built isokinetic dynamometer to measure ankle strength, 
found that girls with JIA had 40% less plantar flexion (PF) 
and 50% less DF strength compared with age- and sex-
matched healthy controls.33 The ratio of  PF to DF strength 
was similar in both groups, suggesting the disease affects 

FIGURE 15.9 Use of modified blood pressure cuff to measure 
isometric triceps strength. (From Walker J, Helewa A, eds. Physical 
Therapy in Arthritis. Philadelphia, PA: W. B. Saunders; 1996: 
129–148, with permission from H. Smythe, MD, FRC[C].)

Manometer Observer
resists
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JIA, suggesting that they work at a higher percentage of  their 
peak exercise capacity than healthy children. This may partly 
explain the fatigue frequently reported by children with JIA.

Performance-related field tests have also been used to 
estimate aerobic fitness in children with chronic arthritis. 
Klepper et al.83 reported that children with polyJIA scored 
significantly lower on the 9-Minute Walk–Run Test than 
healthy matched controls. Unlike the controls, many chil-
dren with JIA were unable to maintain a steady running 
pace. Test scores did not correlate significantly with active 
JC or articular severity score (ASS), suggesting performance 
may have been limited by other impairments, including low 
aerobic and muscular fitness, low motivation, or inexperi-
ence in distance or timed run tests.

The cause of  impaired aerobic fitness is most likely mul-
tifactorial. Physiologic factors related to the disease process, 
including pain, mild anemia, and poor mechanical efficiency 
that results from muscle atrophy, weakness, and joint stiff-
ness, can impact the child’s willingness and ability to be active. 
These impairments particularly impact children who develop 
JIA at a very young age and those with persistent active dis-
ease. However, there is also evidence that hypoactivity, 
whether secondary to disease symptoms or a sedentary life-
style, contributes to poor fitness. Several studies of  school-age 
children found that neither active JC nor the ASS were signifi-
cantly correlated with aerobic fitness.83,89,93 However, studies 
using the JIA classification system and the PRINTO criteria 
for disease activity and remission report differences in aerobic 
fitness based on sex and disease type, although not on disease 
activity. The largest deficits in VO2peak were found in girls and 
children with RF-positive polyJIA, while no impairment was 
found in children with oligoJIA.84,85 Significant deficits were 
seen in children whose disease was in clinical remission off 
medications as well as those with active disease. It appears 
that aerobic fitness in JIA does not improve without direct 
intervention despite improvement in disease status.

Aerobic fitness should be assessed prior to the child’s par-
ticipation in a physical conditioning program. Test results 
can guide intervention and help to monitor the child’s 
response to overall management of  the disease. Recent work 
by Takken et al. reported a significant and strong correla-
tion (r = 0.95, p <.001) between peak workload (Wpeak) and 
VO2peak in children with JIA during a progressive exercise test 
on a cycle ergometer.95 This suggests that VO2peak can be pre-
dicted from Wpeak, weight, and gender using the equation:

VO2peak (L/min) = (0.008 × Wpeak [Watts]) + (0.005 × 
weight [kg]) + (−0.138 × gender [1=male, 2 = female]) + 
0.588

Alternately, simple inexpensive field tests like the 1-mile 
or 9MRW provide an indication of  the child’s aerobic per-
formance compared with published age- and sex-based 
health fitness criteria. The 6-minute walk test (6MWT) is 
another performance-related test developed to assess aero-
bic fitness in adults with severe cardiopulmonary disease, 
but increasingly used to assess functional walking capacity 

gradually for 5 seconds. Grip strength can also be measured 
by having the child squeeze the cuff.74

Measures of  dynamic strength in functional muscle group 
provide information about the child’s daily activities. Special 
attention is given to the antigravity muscles and those known 
to be weak in children with arthritis. In very young children, 
strength is estimated by observing age-appropriate motor 
skills. In older children, strength can be assessed using free 
weights to determine the repetition maximum (RM) for a 
muscle group. A 6 to 10 RM (maximum weight the child can 
lift through the available ROM, using proper form, for 6 to 
10 repetitions) is a sufficient measure of  strength to establish 
a baseline, determine a training protocol, and evaluate prog-
ress.91 Isometric testing performed at multiple joint angles 
provides an estimate of  dynamic strength and may indicate 
weakness at specific points within the ROM. Muscle endur-
ance is measured by having the child perform as many repeti-
tions as possible, lifting a specified percentage, usually 60% 
to 80%, of  the 6 or 10 RM. Tests of  strength and endurance 
are performed on different days to avoid fatigue. A warm-up 
light activity precedes testing.

Aerobic Capacity and Performance
A large body of  evidence shows that aerobic fitness is lower 
in children with JIA than in healthy peers (Display 15.6). 
84–87,92–94 In a recent study, van Brussel et al. measured peak 
oxygen uptake (VO2peak) during a progressively graded exer-
cise test on a cycle ergometer.84 VO2peak was significantly 
reduced (75% of  predicted values for healthy controls) in 
95% of  their sample of  62 children with JIA, aged 6.7  to 
15.9  years. Lelieveld et al. confirmed their findings in a 
sample of  adolescents with JIA, aged 16 to 18 years.85 These 
studies support an earlier meta-analysis that indicated mean 
VO2peak/kg body mass was 22% lower in children with JIA 
compared with age- and sex-matched healthy controls and 
reference values.92 In one of  the studies reviewed, Giannini 
and Protas also reported children with JIA had a lower peak 
workload and peak heart rate (HRpeak) during exercise and 
shorter exercise time than matched controls.93 Heart rate 
during submaximal exercise was also higher in children with 

Variable
Children with Arthritis 

Compared with Healthy Children
Peak VO2 ↓
Peak heart rate (HRpeak) ↓
Submaximal HR ↑
Peak workload ↓
Peak anaerobic power ↓
Performance-based fitness ↓
Muscle strength and bulk ↓

Comparison of Physiologic and Performance 
Variables in Children with and without 
Arthritis

DISPLAY 

15.6
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and intensity on a body map using different colors to rep-
resent levels of  pain intensity (Fig. 15.10). Children at least 
5 years old can report pain intensity on a numeric scale, a 
word graphic rating scale, or a VAS. The Varni/Thompson 
Pediatric Pain Questionnaire (PPQ) is a comprehensive pain 

in healthy children as well as those with limited mobility or 
chronic health disorders. In this test, the child is told to walk 
continuously back and forth along a straight path to cover 
as much distance as possible in 6 minutes. Standard guide-
lines for test administration have been published by the 
American Thoracic Society (ATS).96 Reference values or pre-
diction equations for the 6MW distance (6MWD) in healthy 
children living in the United States have been published.97 
Lelieveld et al. found a low correlation between 6MWD and 
VO2peak in children with JIA, indicating that the test is not 
a good surrogate measure of  VO2peak in this population.98 
However, another study reported that children with JIA 
worked at 80% to 85% of  their peak VO2 and HR during the 
test, indicating it is an intensive submaximal exercise test in 
children with JIA.99 Post-walk HR can be used to determine 
exercise intensity for an aerobic training program.

Pain
Acute pain occurs in active arthritis and during some rou-
tine medical procedures. Chronic pain is common despite 
improvement in medical control of  the disease.100 Anthony 
and Schanberg found that a high percentage of  children 
with JIA reported pain during clinic visits, many rating pain 
intensity in the higher range of  the measurement scale.101 
Data on 462 children from the Cincinnati Juvenile Arthritis 
Databank indicated that 60% of  children reported pain at 
disease onset, 50% had pain at 1-year follow-up, and 40% 
reported pain 5 years later.102 Pain is especially common in 
polyJIA and significantly impacts daily activities. Schanberg 
et al. studied 41 children who completed daily diaries over a 
2-month period to assess disease symptoms and function.103 
More than 60% reported having pain, described as “sharp,” 
“aching,” “burning,” and “uncomfortable,” on most days; 
31% rated their pain as severe. Symptoms were significantly 
associated with decreased participation in school and social 
activities. Pain is often associated with sleep disturbance, 
fatigue, and lower QOL.104

The source of  chronic pain in JIA is multifactorial. 
Children with JIA appear to have a lower pain threshold 
and tolerance compared with healthy peers. One cause may 
be prolonged activation of  peripheral and central nocicep-
tive systems, resulting in changes in pain processing and 
increased sensitivity to noxious stimuli.105–107 Other factors 
that may contribute to a child’s rating of  pain include family 
pain histories, fluctuations in mood, stressful events, coping 
mechanisms, and overall health status.

Pain assessment should be comprehensive and ongoing, 
and include a pain history, self-report for children over the 
age of  4 years, parent report, and behavioral observations. In 
very young children, the therapist should be alert for pain 
behaviors validated in JIA, including bracing, guarding, rub-
bing, rigidity, and flexing.108 Display 15.7 lists self-report 
instruments that are useful in young children, including the 
Oucher, Wong-Baker Faces Pain Rating Scale, and the Poker 
Chip Tool.109–111 The child can also indicate pain distribution 

Instrument 
(References) Description
Oucher Scale109 •	 Ages	3–12	years

•	 Measures	pain	intensity
•	 Includes	six	faces	and	a	scale	from	
0	to	100,	from	happy	to	very	sad,	
scored	as	0–5

Faces

RatingScale110

Poker Chip Tool111

•	 Suitable	for	children	aged	3	years	 
and older

• Scale includes six faces from happy  
to	very	sad,	scored	as	0–5;	record	
face number child chooses

• Child chooses face that best  
represents current feeling

• Measures pain intensity and affect
• Four red chips each representing a 

“piece of hurt”
• Measures intensity from 1 piece to  

4 pieces of hurt
• Used for 3- to 4-year-olds
• Correlates with Oucher

Pediatric Pain Assessment Instruments 
Useful in Children with JIA

DISPLAY 

15.7

FIGURE 15.10 Example of a body outline figure and rating 
scale used to assess pain intensity and location in children.

Front

Pain: Red

Back

Yellow Green Blue



  CHAPTER 15    JUvEnILE IDIOpAThIC ARThRITIS 561

JIA demonstrate decreased gait speed, cadence, and shorter 
step and stride length. Kinematic deficits include increased 
anterior pelvic tilt throughout the gait cycle, decreased 
peak hip extension at terminal stance, hip abduction dur-
ing stance, peak knee extension at the end of  single limb 
support, increased ankle DF throughout the gait cycle, 
decreased PF at initial contact, push-off, and throughout the 
swing phase. Data on ground reaction force during gait in 
JIA indicate lower heel-strike and push-off  force.115

Positive changes in gait kinematics and muscle func-
tion following IA steroid injections in children with JIA 
support the belief  that pain, stiffness, muscle weakness, 
and impaired joint mobility contribute to their gait devia-
tions.33,114 Hartmann et al. speculated that limited hip 
extension and ankle PF at the end of  stance may contrib-
ute to shortened step length in children with JIA and rec-
ommend intervention aimed at reducing these impairments 
and improving joint mobility.115 Foot pain and deformities 
from long-standing arthritis also negatively impact gait pat-
tern and activities. Dekker et al. found strong associations 
between foot-related impairments (active disease, limited 
joint motion, and pain), activity limitations, and participa-
tion restrictions in 31 of  34 children with JIA.116 The mean 
age of  the sample was 12.4 ± 3.7, 76% had polyJIA, and 
median disease duration was 1.5 years. Using the Juvenile 
Arthritis Foot Disability Index ( JAFI), 88% of  participants 
reported some foot problems, 82% reported activity limi-
tations, and 62% reported some restrictions in school and 
social participation related to foot impairments. These 
findings reinforce the need for standard screening for foot-
related impairments in JIA.117

Observational gait assessment using a standardized 
recording form can provide useful information. The child 
should be observed walking with and without shoes, 
although walking barefoot is often painful for some chil-
dren. The gait symmetry, step and stride length, and align-
ment of  the lower limb at heel strike, mid-stance, terminal 
stance, and swing are noted. Data from an instrumented 
gait mat provide a permanent record of  the child’s gait pat-
tern. A low-cost alternative is footprint analysis using craft 
paper and painting the soles of  the child’s feet.118 Velocity 
and cadence can be calculated by timing the walk. A video 
of  the child’s gait provides a permanent record and is useful 
to monitor change. A full assessment should include walk-
ing on level surfaces, inclines, stairs, and curbs, and while 
running. Use of  any assistive devices for mobility should be 
noted.

 Evaluation, diagnosis, prognosis, 
and plan of care

The ICF provides a framework to help the physical therapist 
synthesize findings from the examination and medical his-
tory, identify priority problems, formulate hypotheses about 
the causes of  those problems, and develop treatment goals 

assessment with both child and parent reports; however, 
because of  its length, it is used primarily in research.112

Growth and Postural Alignment
Height, weight, body composition, and posture should be 
included in the initial and follow-up physical therapy assess-
ment to monitor the effects of  the disease on growth and 
skeletal alignment. Potential problems include a forward 
head posture, kyphosis, excessive lumbar lordosis, scolio-
sis, lower limb flexion contractures, genu valgus, and ankle 
and foot deformities. Torticollis may occur in children with 
asymmetric cervical spine arthritis.

Leg length differences may cause pelvic obliquity and the 
appearance of  a scoliosis in standing. Leg length should be 
examined in supine, measuring from the anterior superior 
iliac spine (ASIS) to the medial malleolus. The length of  the 
femur and tibia should be measured separately if  the child 
has a hip or knee flexion contracture. When differences are 
found, recheck spinal alignment after placing small lifts of  
known thickness under the shorter leg to level the pelvis. 
Mobility of  the lumbar spine should be examined in children 
with ERA using the modified Schober test (Fig. 15.11). With 
the child standing, with feet together and pointing forward, 
draw a line between the two dimples of  Venus to mark 
the lumbosacral junction. Place a mark on the spine 5 cm 
below and 10 cm above this line and measure the distance 
between the two marks. The increase in distance between 
the marks from baseline to a position of  maximum forward 
flexion is used as an indicator of  spinal mobility. An increase 
of  less than 6 cm is considered abnormal. Assessment of  sit-
ting posture is also important to determine potential causes 
of  muscle pain and fatigue during functional activities. 
Habitually sitting in a “slumped” posture characterized by 
a posterior pelvic tilt, thoracic kyphosis, and forward head 
position contributes over time to shortening of  the anterior 
chest muscles and over-lengthening of  scapular stabilizers, 
resulting in limited and/or painful shoulder motion during 
reaching and other upper limb activities.

Gait
Gait deviations in children with JIA are not uncom-
mon.82,113–115 Their gait pattern is often described as 
“ cautious.” Compared with healthy controls, children with 

FIGURE 15.11 The modified Schober test of lumbar spine 
mobility. (Modified from Oatis CA. Kinesiology: The Mechanics and 
Pathomechanics of Human Movement. Baltimore, MD: Lippincott 
Williams	&	Wilkins;	2004.)
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from a pediatric rheumatology team in a tertiary clinic 
that may be several hours from the child’s home. The 
clinic physical therapist may perform the initial evalu-
ation and develop a POC with the child and family. 
Children with well- controlled disease who have no seri-
ous  physical impairments often receive a home exercise 
program (HEP), with suggestions for managing disease 
symptoms and participating in age-appropriate activities. 
Those who require ongoing or periodic physical thera-
pist may receive services in their home, a local clinic, 
or school. Working with the family, the community or 
school therapist can obtain information from the rheu-
matology team about the child’s diagnosis, disease status, 
medications, and precautions. The clinic nurse is often 
in the best position to facilitate communication among 
health care providers. Periodic physical therapist prog-
ress reports help the rheumatology team monitor the 
child’s response to medical therapies, physical function, 
and adherence to exercise recommendations. Therapists 
can f ind forms to guide an initial history and physical 
examination and to document follow-up in the book 
“Occupational and Physical Therapy for Children with 
Rheumatic Diseases: a clinical handbook” by Kuchta and 
Davidson. (Display 15.9)

(Fig. 15.12). Disease type and course, current and anticipated 
problems, as well as personal and environmental factors are 
considered. Because few studies provide strong evidence for 
the effectiveness of  any particular interventions, the physical 
therapist must often draw from literature in other areas to 
determine the best interventions.

 Intervention

Display 15.8 lists overall goals of  intervention in JIA. 
Treatment must be appropriate for the child’s age, cog-
nitive, and psychosocial development. Physical activities 
and exercise must be graded on the basis of  disease activ-
ity and severity. Developmentally based play can be use-
ful to encourage young children to be active; however, 
joints with active disease or limited motion require direct 
attention.

Coordination, Communication, 
and Documentation

Coordination of  services and communication among 
 individuals providing care for the child can be challeng-
ing. Often children with JIA receive disease-specific care 

FIGURE 15.12 The therapist synthesizes the examination findings and information from the medical history and 
interview with the parent and child, analyzes the data, and formulates hypotheses regarding the relationship between dis-
ease status, impairments, and activity limitations. BADLs, basic activities of daily living; HRQOL, health-related quality of 
life; IADLs, instrumental activities of daily living; QOL, quality of life.

Impairments in Body Structures & Functions Activity Limitations and Participation Restrictions

Signs of active disease / joint damage
• Joint swelling, pain on motion, tenderness
• Joint instability
• Systemic diseases signs/symptoms

Primary Impairments
• Pain / stiffness / limited joint mobility
• Decreased soft tissue extensibility
• Fatigue with minimal physical activity
• Muscle atrophy / weakness

Secondary Impairments
• Impaired aerobic and anaerobic capacity
• Impaired muscle strength, endurance, power
• Joint mal alignment
• Gait deviations
• Impaired balance, speed, agility, coordination

Activity Limitations
• Difficulty performing some basic ADLs and
  instrumental ADLS
• Delayed acquisition of complex motor skills for
  age appropriate play and sports
       Difficulty walking up and down steps
       Difficulty climbing playground equipment
       Difficulty running, jumping, hopping, and
       skipping
       Difficulty learning to ride a bike
       Difficulty performing vigorous physical
       activities with friends and family
Participation Restrictions
• Decreased ability to engage in age appropriate
  physical games/sports in school and community
• Decreased HRQOL
• Decreased overall QOL

Contextual Factors

Personal Factors
• Age
• Other health conditions
• Motivation, coping skills, 
  and resilience 

Environmental Factors
• Physical / social support
• Quality and consistency of
• Motivation, coping skills,
  medical and therapy services
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Procedural Interventions

Pain Management and Comfort Measures
The first line of  intervention to manage pain in JIA is ade-
quate disease control using one or more of  the systemic 
medications preciously discussed. IA steroid injections are 
effective in reducing inflammation, pain, and swelling in 
individual joints. Children with chronic pain despite ade-
quate disease control may benefit from non-pharmacologic 
treatments that provide temporary relief, give the child and 
parent some control over disease symptoms, and potentially 
increase adherence to exercise recommendations. A warm 
bath or shower can reduce morning stiffness. Exercising in 
a warm pool relieves pain and improves mobility. However, 
superficial or deep heat applied directly over inflamed joints 
is contraindicated because locally applied heat increases 
IA temperatures and may increase activity of  cartilage- 
degrading enzymes.119,120 In contrast, locally applied cold 
decreases IA temperature and is used to reduce joint pain 
and muscle spasm.121 Cold along with rest, ice, compression, 
and elevation (RICE) applied immediately after an injury 
reduces inflammation, swelling, and pain. Placing a dry or 
damp warm towel between the cold source and skin allows 
the cold to penetrate slowly without stinging.

Balanced rest and exercise are necessary to manage pain 
and maintain joint mobility and function. Studies suggest 
children with JIA have decreased pain after participating in 
water- or land-based exercise programs.122,123 Restorative 
sleep is also essential for adequate pain management as 

Reduce impairments in body structures and functions
•	 Maintain/improve	joint	range	of	motion
•	 Maintain/improve	muscle	bulk,	strength,	and	endurance
•	 Maintain/improve	health-related	fitness
• Reduce fatigue, improve stamina for physical activity
• Reduce postural deviations/improve postural alignment

Maintain/improve child’s activities and participation  
in the home, school, and community
•	 Basic	and	instrumental	ADLs
•	 Functional	mobility
•	 Gross	motor	skills	for	age-appropriate	play,	recreational	

activities, and sports
•	 Provide	information	and	support	to	the	child	and	caregivers
•	 Provide	information	on	the	effects	of	arthritis	on	the	body	

systems
•	 Explain	the	benefits	of	daily	exercise	and	provide	clear	

 instructions and illustration
•	 Provide	information	to	help	the	child	manage	pain	and	

stiffness
•	 Consult	with	school	personnel	to	ensure	child’s	full	

participation
•	 Assist	child	and	family	to	set	achievable	and	

meaningful goals
•	 Encourage	child	and	caregivers	to	actively	participate	in	

medical and therapy regimen

General Goals of Physical Therapist 
Intervention

DISPLAY 
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Organizations
arthritis Foundation (aF)
1330	West	Peachtree	Street

Atlanta,	GA	30309

1-800-238-7800

www.arthritis.org

Juvenile arthritis (Ja) alliance
This virtual community of parents, volunteers, health professionals, and anyone affected by JA is connected through the AF website and 
provides resources and opportunities for members to connect and share with others. An annual national conference brings together fami-
lies and health professionals for education and recreation.
http://www.arthritis.org/juvenile-arthritis.php

american College of Rheumatology/association of Rheumatology Health Professionals
The Association of Rheumatology Health Professionals (ARHP) is a multidisciplinary section of the ACR that provides education and re-
sources to all health professionals caring for individuals with rheumatic diseases. Educational products and programs include the slide col-
lection, online rehabilitation case studies, and training programs. The Annual Scientific Meeting brings together international researchers, 
clinicians, and educators with the purpose of sharing the latest research and clinical information related to the care of children and adults 
with rheumatic disease. The Pediatric Rheumatology Symposium (PRSYM) occurs every 3 years and is dedicated exclusively to the needs 
of pediatric rheumatology clinicians and researchers.
www.rheumatology.org

Resources for Children with Arthritis, Their Families, and Arthritis Health Professionals

DISPLAY 
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(continued)

http://www.arthritis.org
http://www.arthritis.org/juvenile-arthritis.php
http://www.rheumatology.org
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poor sleep and fatigue negatively impact daytime func-
tion.104,124 Simple measures to improve sleep and reduce 
morning stiffness include performing active ROM exercises 
before bed, using a sleeping bag to maintain body warmth 
during the night, and wearing resting splints to support 
joints in a functional position. Stretch gloves provide gen-
tle compression and may relieve wrist and hand stiffness 
and pain. A cervical pillow helps reduce neck pain. One 
study found that children who received a massage by a par-
ent before bed reported less pain and stress than control 
subjects.125

Camps
Several state AF chapters sponsor summer residential camps for children with arthritis or other rheumatic diseases. Contact your local AF 
chapter for information.

Arthritis Foundation Exercise Programs and Videos
Arthritis Foundation Exercise Program (land-based)
Aquatic Exercise Program—warm water exercise program
Take Control with Exercise—Thera-Band Combo
Tai Chi (DVD)

Water Exercise Programs for Children
The National AF, in conjunction with the national office of the YMCA, developed a recreational aquatic program for children with JA. Con-
tact the local AF chapter for information.

Range-of-Motion Exercise Program for Young Children
This video uses a story to engage young children in ROM exercises to maintain joint and soft tissue flexibility.
Carmen D.
Scottish Rite Hospital for Children
2222 Welborn
Dallas, TX 75219

Publications for Parents and Children

Raising a Child With Arthritis: A Parent’s Guide
Arthritis	Foundation,	2008

Kids Get Arthritis Too Newsletter
Arthritis Foundation periodic publication

Your Child with Arthritis—A Family Guide for Caregiving
Authors: Tucker Lori B., DeNardo Bethany A., Stebulis Judith A., Schaller Jane G. Baltimore: John’s Hopkins University Press, 1996

It’s Not Just Growing Pains
Author:	Thomas	J.	A.	Lehman,	MD:	Oxford	University	Press,	2004

The Official Patient’s Sourcebook on Juvenile Rheumatoid Arthritis
A Revised and Updated Directory for the Internet Age
Editors: James N. Parker, MD
Philip M. Parker, PhD
ICON	Health	Publications,	2002
ICON Group International, Inc.
4370	La	Jolla	Village	Drive,	4th	Floor
San	Diego,	CA	02122

Publications for Clinicians
Kutcha G, Davidson I. Occupational and Physical Therapy for Children with Rheumatic Diseases: a clinical handbook. New York: Radcliffe 
Publishing	2008
http://www.radcliffehealth.com/shop/occupational-and-physical-therapy-children-rheumatic-diseases-clinical-handbook.

Resources for Children with Arthritis, Their Families, and Arthritis Health Professionals (continued)
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Cognitive-behavioral techniques, such as progressive 
muscle relaxation (PMR), meditative breathing, hypnosis, 
guided imagery, electromyographic (EMG) biofeedback, 
and modification in pain behaviors, may help the child man-
age pain. Reductions in self-rated pain intensity and expres-
sion of  pain behaviors have been reported in children who 
participate in pain management programs that included 
PMR, EMG biofeedback, meditative breathing, and guided 
imagery.126,127 Distraction and imaginative play are useful 
in young children. Children with severe pain may require a 
multidisciplinary pain program.

http://www.radcliffehealth.com/shop/occupational-and-physical-therapy-children-rheumatic-diseases-clinical-handbook
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joints to maintain mobility. After lower limb surgery, the 
child is allowed to stand and walk with crutches or walker. 
Immobilization continues until there is radiographic evi-
dence of  successful fusion. Epiphysiodesis, or temporary 
surgical arrest of  the growth plate, may be useful in some 
children with bony overgrowth leading to LLD.129

Children with irreversible joint damage may be candi-
dates for total joint arthroplasty (TJA). Several factors are 
considered in the decision to perform TJA in a child with 
JIA, including the child’s age, skeletal maturity, physical 
status, upper limb function, and the potential ability of  
the child and family to complete the lengthy and inten-
sive postoperative rehabilitation. Ideally, surgery is delayed 
until the epiphyses have fused or there is little chance of  
further growth of  the limb, although TJA may be neces-
sary in younger children who have severe joint damage, dis-
abling pain, and loss of  function.130 Custom-designed hip 
prostheses that are porous are typically used to accommo-
date the smaller bones in children with JIA and allow for 
biologic fixation, because cemented prostheses are more 
susceptible to loosening after several years. Timing of  
procedures is extremely important in a child who requires 
multiple joint replacements. In children with severe upper 
limb arthritis, fusion of  a damaged or painful wrist may be 
necessary first to allow the child to use crutches after hip 
or knee surgery. When hips and knees must be replaced, 
the hip joints are usually done first. Both hips are replaced 
at the same time if  there is severe bilateral hip damage.131

Preoperative physical therapist includes a conditioning 
program to improve strength, ROM and general stamina, and 
gait training with crutches or walker. The child and parent 
also receive instruction in postoperative precautions to protect 
the implant during daily activities. Postoperative care for total 
hip arthroplasty (THA) is influenced by the surgical approach 
and type of  implant used. Protected weight bearing for several 
weeks is required for an uncemented implant. With a poste-
rior surgical approach, the child progresses from walking with 
crutches or a walker to a cane. To protect the abductor mus-
cles after an anterior lateral approach, the child must use an 
assistive gait device for 6 to 8 weeks and avoid active hip abduc-
tion for 12 weeks.132 The postoperative program includes 
active ROM exercises with precautions to avoid hip flexion 
past 90 degrees, adduction past neutral, and internal rotation. 
A foam abduction pillow is used for 6 weeks, alternating with 
a CPM (Continuous passive motion) machine and prone posi-
tioning. Submaximal isometric exercises of  the hip extensors 
and abductors and quadriceps may be started early. The child 
must also practice transfers and ADLs. Elevated toilet seats and 
dressing aids are used to help the child maintain hip precau-
tions. Gait training with an assistive device can begin during 
the first week. Active exercise in shallow water and ambulation 
in chest-deep water may begin as soon as wound healing is 
complete. Hip precautions are usually maintained for the first 
two to three postoperative months, although this may vary 
based on the surgeon. Activities that cause  high-impact loading 
on the lower limbs should be avoided.

Surgery and Postoperative Physical Therapy
Well-timed selective surgical procedures can relieve pain and 
restore joint health and function in young children when 
conservative measures have failed. Older children with joint 
damage may require reconstructive surgery to relieve pain 
and restore function. The decision to perform surgery is 
made by an interdisciplinary team on the basis of  an analysis 
of  the risks and benefits. The physical therapist is involved 
in the preoperative assessment and planning, as well as the 
postoperative rehabilitation.

Soft tissue releases (STRs) are performed to manage joint 
contractures that are unresponsive to conservative measures. 
Reduced IA pressure and increased joint mobility improve 
joint nutrition and healing of  the articular cartilage by fibro-
cartilage. The most common procedures include adductor 
and psoas tenotomies to reduce hip flexion contracture, ITB 
fasciotomy, hamstring lengthening, and posterior capsulot-
omy to relieve knee flexion contracture. Postoperative care is 
aimed at preserving muscle length and joint motion through 
splinting and ROM exercise. After STR at the hip, the joint 
is positioned in an abduction and extension splint; following 
STR for knee flexion contractures, the joint is positioned in 
extension. However, immobilization is kept to a minimum 
to avoid further loss of  motion, and ROM exercises begin 
within the first 48 hours unless there are problems with 
wound healing. Gait training begins as soon as possible. 
Strengthening exercises can begin when soft tissue inflam-
mation resolves. To maintain ROM following discharge, the 
child must lie prone for periods during the day and avoid pro-
longed sitting. The use of  splints may be discontinued after 
about 8 weeks, but the child must continue physical therapy 
for several months to achieve optimal results.

Supracondylar osteotomy may be performed in con-
junction with STRs for a severe flexion contracture at the 
knee or when there is a valgus deformity and evidence of  
joint damage. An arthrotomy is usually done at the same 
time if  there is a poorly formed or overgrown patella that 
is fixed to the femoral condyle, limiting joint motion.128 
Postoperatively, the leg is immobilized in a cylindrical cast 
with immediate weight bearing. The cast is removed when 
there is evidence of  adequate bone union.

Synovectomy is rarely performed in JIA because of  the 
risk for postoperative pain and spasm and poor long-term 
results. However, the procedure may be done in combina-
tion with STRs to treat hip flexion contractures. It may also 
be done arthroscopically for acute synovitis of  the knee, 
when effusion and overgrowth of  inflamed synovium stimu-
late the adjacent epiphysis, resulting in lengthening of  the 
limb.128 Tenosynovectomy may be indicated in a child with 
severe hand arthritis to prevent tendon rupture or reduce 
nerve entrapment from synovial proliferation.

Arthrodesis may be considered when a child has disabling 
pain and a high risk for natural joint ankylosis, for example, 
in advanced arthritis of  the wrist, interphalangeal joints, 
ankle or subtalar joints. Postoperative care includes immo-
bilization in a cast, exercise, and positioning of  adjacent 
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follow-up. The overall arc of  knee flexion also improved from 
a mean of  70 degrees to 81 degrees at follow-up.

The most common complications with THA include 
infection, dislocation, and biologic loosening of  the compo-
nents, especially with cemented THA. Improved outcomes 
have been reported for non-cemented procedures in chil-
dren with JIA, even in those with active disease and in chil-
dren as young as 12 years at the time of  surgery.133 Outcome 
from TJA may be complicated by several factors in children 
with JIA, including smaller bones, extent of  osteoporosis, 
and presence of  skeletal malalignment. Also, significant 
periarticular changes prior to the TJA may cause difficulty 
in regaining full ROM in the involved and adjacent joints. 
Additional procedures may be necessary to improve long-
term outcomes, including STRs, soft tissue transfers, and 
correction of  skeletal deformities.

Exercise
Daily exercise is essential to maintain joint health, remedi-
ate impairments, and achieve health-related physical fit-
ness (HRPF). Display 15.10 illustrates the components of  a 
physical conditioning program that is graded to accommo-
date disease activity. Specific exercise recommendations are 
reviewed below.

Total knee arthroplasty (TKA) is usually done using a 
cemented prosthesis, and may be accompanied by STRs to 
resolve a flexion contracture, release of  the lateral retinacu-
lum to prevent further valgus deformity, and resurfacing of  
the underside of  the patella. Postoperative therapy begins 
with ROM exercises on day 2. A CPM machine can be used 
immediately, with an extension splint worn at other times. 
Prone positioning is also encouraged to preserve knee exten-
sion. The goal is to achieve knee ROM from full extension 
to 100 degrees of  flexion. A program to strengthen lower 
extremity musculature is begun with isometric and straight 
leg–raising exercises. Aquatic exercise and stationary cycling, 
using a range limiter on the pedal to control the amount of  
knee flexion, may also be used. Full weight bearing, using a 
knee immobilizer, is begun on the second postoperative day. 
Ambulation without assistive devices is allowed when the child 
demonstrates at least 90º of  knee flexion and adequate lower 
extremity strength and endurance. Parvizi et al. studied long-
term clinical outcome of  TKA in 13 children (25 knees) with 
JIA using the Knee Society Score (KSS) that measures pain 
and function; each scale has a maximum of  100 points, with 
higher scores indicating less pain and improved function.130 
The KSS for pain improved from 27.6 preoperatively to 88.3 
at the last follow-up period, 10.7 years after surgery. Scores 
for function improved from 14.8 preoperatively to 39.2 at 

Disease State

Exercise type Acute disease Subacute and chronic disease
Inactive disease/Clinical 
remission on/off medications

ROM/flexibility Daily AROM or AAROM of all active 
joints and adjacent joints
• 1–2 reps, 1–2 times/day

Daily AROM of all active joints and 
adjacent joints
• 1–2 reps 1×/day
• Active flexibility exercise
• Modified yoga poses

Daily AROM of all active joints 
and adjacent joints

Aerobic activity Balance rest for active joints with 
low-intensity, low-impact PA to 
maintain physical stamina, reduce 
load on inflamed joints
• Exercise in warm pool
• Tricycle or bicycle

Increase weight-bearing PA to 
 promote bone health and lower limb 
muscle strength
• Walking, low-impact dance
• Use joint supports, splints, 

 orthoses as recommended

Accumulate	60	min/day	of	
moderate-to-vigorous PA
• Aerobic dance, “step” 

aerobics, Tai chi, biking, 
swimming, jumping rope*

Neuromuscular training
• Minimize muscle atrophy 

Muscle strength
• Muscle endurance
• Muscle power
• Neuromuscular control
• Proprioception
• Postural control
• Coordination
• Agility
• Speed

One set of 1–6 repetitions of 
 submaximal isometric muscle  
contractions performed at  
multiple points within the available 
pain-free ROM (performed several 
times/day)
• One rep includes “ramp”  

up contraction for 2 s, hold  
for 6 s, “ramp” down for 2 s

• 20s	rest	between	reps

Dynamic exercises
• Must	be	able	to	perform	8–10	

reps against gravity with good 
form and without pain before 
adding resistance

• Use functional movements
• To ⇑ muscle endurance, p erform 
15–20	reps	with	no	added	
resistance

• Use	light	weights,	0.5–2.5	Kg;	
(bottles filled with water or sand, 
handheld or cuff weights, elastic 
bands)

Resistance Training
• Determine starting weight 
based	on	a	6–10	RM	or	
targeted number of reps

• Include closed chain 
activities to promote 
bone health and improve 
proprioception

Include coordination, speed, 
and agility drills to promote 
motor skills for safe age- 
appropriate physical play 
and sports

Recommendations for Staging Physical Activity and Exercise in JIA

DISPLAY 

15.10
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Range-of-Motion Exercise and Stretching
Techniques to preserve or increase joint mobility and soft 
tissue extensibility include ROM exercise, positioning, and 
splinting. All joints with arthritis and adjacent joints should 
be moved through the available range for three to five rep-
etitions, preferably twice a day. Active ROM (AROM) is 
optimal to preserve muscle function as well as joint mobil-
ity. Active assisted ROM (AAROM) is used when the child is 
unable to perform AROM. Passive ROM is avoided during 
active disease to prevent overstretching and tissue trauma. 
Games that elicit functional limb and trunk movement pat-
terns are useful in very young children.

Daily positioning in prone for at least 30 minutes allows 
a low-load prolonged stretch on hip and knee flexors. The 
child can lie prone on a bed or other firm surface with legs 
extended and feet hanging off  the edge. A pillow placed 
under the abdomen keeps the pelvis level, while a small 
rolled towel placed under the forehead positions the cervical 
spine to accommodate limited neck rotation. Commercial 
or custom-made resting splints can support inflamed joints, 
maintain proper joint alignment, and apply a gentle low-
load stretch on the soft tissues. Figure 15.13 shows custom-
made resting splints for the hands and knees. A posterior 
“shell” keeps the knee extended and maintains hamstring 
length during the night; this may reduce stiffness and allow 
the child to stand more easily upon arising.

FIGURE 15.13 Custom-made resting splints for the hands and 
knees.

Gentle manual stretching to lengthen shortened soft tis-
sues can begin once arthritis is under adequate control. 
Although there is little evidence for the effectiveness of  any 
specific stretching regimen in JIA, research in adults indicates 
that holding a static stretch at the end of  available ROM for 
30 to 60 seconds is needed to increase muscle extensibility.134 
This may lengthen tissues prior to placing the limb in a splint. 
Neuromuscular stretching techniques that promote auto-
genic or reciprocal inhibition of  shortened muscle, includ-
ing contract-relax, agonist contraction, and a combination of  
both, are useful in treating limited joint motion. The amount 
of  resistance applied varies according to the child’s tolerance.

Stretching techniques and ROM exercises must be 
graded according to disease status of  individual joints. It is 
important to gain the child’s cooperation to minimize pain 
and reflex muscle spasm. Soaking in a warm bath prior 
to stretching facilitates relaxation and tissue extensibility. 
Aggressive passive stretching is avoided because of  the risk 
for damage to epiphyseal areas at the tendon–bone inter-
face. Using a long lever arm when stretching stiff  hamstrings 
may cause posterior subluxation of  the tibia. Stretching is 
always combined with active exercise to encourage active 
use of  the muscles in their new resting length and to actively 
use the joint throughout the new ROM.

Radiologic assessment is necessary to examine available 
joint space and rule out ankylosis prior to instituting any pro-
gram to reduce joint contractures. Conservative approaches 
that provide a static progressive low-load stretch include 
serial splints or casts and dynamic splints. Custom-made 
serial splints are convenient because the therapist can mold 
and modify the splint as needed to accommodate the child’s 
ROM. However, because these splints can be easily removed, 
their effectiveness depends on the child’s adherence. In con-
trast, serial casts require a considerable amount of  time 
and skill to apply and cannot be modified, but also cannot 
be removed by the child. Protocols vary across clinics; how-
ever, typically the child wears the cast for 48 to 72 hours, 
after which it is removed and bivalved. During the next 1 to 
2 weeks, the cast is worn for 18 to 24 hours a day, removing 
it only for exercise sessions. Active exercise in a warm pool 
helps the child move the joint in its new ROM. If  the child 
still has limited joint mobility, a new cast is applied, and the 
process is repeated until full functional ROM is achieved.135

Commercially available dynamic splints can be ordered 
to fit specific joints. The tension can be controlled by the 
physical therapist and set to patient tolerance. Figure 15.14 
shows a brace with a dial-lock knee joint that allows the 
physical therapist to adjust the degree of  extension as the 
child gains motion. Most patients will tolerate a dynamic 
splint for 1-hour periods during the day. However, this type 
of  splint is not generally used on a joint with acute arthritis.

Exercise to Improve Muscular Performance
The evidence supporting strength training in JIA is lim-
ited to several small nonrandomized studies. These sug-
gest that children with medically controlled arthritis can 
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Strengthening exercises target muscles supporting joints 
with arthritis, although any specific deficits identified during 
the assessment must be addressed. Exercise mode and total 
volume are graded to the child’s age, disease status, condi-
tion of  individual joints, and current muscle function. During 
active disease, the main concern is to maintain muscle bulk, 
strength and endurance, prevent deformities, and help the 
child maintain normal daily activities. Isometric exercise is 
used when movement is painful. Resistance can be provided 
manually or by a stable external object, nonelastic webbing, 
or heavy elastic bands placed close to and proximal to the 
joint. Prolonged maximal isometric contractions are avoided 
because this may increase the IA pressure and constrict blood 
flow through the exercising muscles.139 The child can be 
taught to regulate intensity by first contracting the muscle 
maximally, then letting go slightly and holding a submaximal 
contraction for about 6 seconds, exhaling during the contrac-
tion, and inhaling during the relaxation phase. EMG biofeed-
back may help the child isolate the muscle group and learn 
to regulate the intensity of  the contraction. Because strength 
gains with isometric exercise are specific to the joint angle, 
isometric contractions should be performed every 15 degrees 
to 20 degrees throughout the ROM. Five to ten repetitions 
daily may be sufficient to maintain muscle strength.140

Dynamic resistance exercise is initiated once the dis-
ease is under medical control and the child can move the 
limb against gravity for 8 to 10 repetitions without pain.140 
Training includes concentric and eccentric contractions and 
attempts to achieve appropriate balance between agonist and 
antagonist muscle groups. To increase dynamic strength, 
external resistance can be provided by the weight of  the 
body part, light free weights, or elastic bands. Young children 
and those with musculoskeletal impairments should use 
lighter weights and perform two to three sets of  10 to 15 rep-
etitions of  each exercise to build strength and muscle endur-
ance. Exercise intensity is based on the amount of  weight 
the child can move through the ROM for 6 to 10 repetitions 
without discomfort, maintaining proper exercise form. 
Progression is determined by the child’s performance at peri-
odic reassessment. If  elastic bands are used, lighter bands are 
used first, progressing to more resistive bands as strength 
increases, provided there is no joint pain or other signs of  
active disease. Resistance training twice a week appears to be 
sufficient for healthy prepubertal children to achieve gains in 
muscle strength.91 However, children with JIA may benefit 
from shorter sessions three times a week, with a day or two 
between sessions for recovery. Training sessions begin with a 
warm-up of  light aerobic activity and end with a cooldown.

The prescription should include diagrams of  all exercises to 
be performed. A useful resource is the Quick-Fit for Kids (SPRI 
Products, Inc., Buffalo Grove, IL) that includes clear, repro-
ducible diagrams and instructions for each exercise. Goals 
are established in collaboration with the child and parent, 
including increasing strength, reducing fatigue, and improv-
ing performance of  activities. Training in functional move-
ment patterns increases transfer of  strength gains to everyday 

improve muscle function through individualized progres-
sive resistance training, with no exacerbation of  disease 
symptoms.136–138 Oberg et al. found increased quadriceps 
strength in children with JIA following a 3-month program 
of  combined land and water exercise twice a week for  
40  minutes.136 A study by Fisher et al. published only in 
abstract form, reported significant improvements in quad-
riceps and hamstring strength and endurance, contrac-
tion speed, and performance of  timed tasks following an 
8-week (3×/week) program of  isokinetic strength training 
in 19 children with JRA, aged 6 to 14 years.137 The regimen 
was individualized and progressed based on the child’s initial 
tests and response to training. Muscle function in controls 
who did not exercise declined during the same period.

Specialized neuromuscular training has also been shown 
to be effective in improving neuromuscular control. Myer 
et al. described such a program in a single case study of  a 
10-year-old girl with quiescent oligoJIA who wished to 
return to competitive basketball.138 The regimen included 
treadmill walking to improve symmetry in lower limb 
muscle function, progressive core and lower limb strength-
ening to improve postural control and kinesthesia during 
jumping and landing. Resistance bands used during multi-
directional movements simulated unanticipated challenges 
during games and practice sessions. Outcomes included 
improved control in single limb stance, improved lower limb 
symmetry during gait and landing, and improved isokinetic 
strength ratio between lower limb flexors and extensors.

FIGURE 15.14 Example of a dial-lock knee joint.
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be as useful as aerobic exercise for children with JIA.150 The 
suggested exercise set is 15 bouts (15 to 30 seconds/bout) 
of  “all-out” cycling sprints with 1 to 2 minutes of  active rest 
(cycling with low resistance) between bouts. A single train-
ing session could include three to five bouts with active rest 
periods of  5 minutes between sets. The authors caution that 
this type of  physical training has not been studied in JIA; 
however, improvements in fitness and physical function have 
been reported in children with other chronic conditions.

Activities to improve proprioception, postural control, 
and coordination should be incorporated into the program. 
Teaching the child proper exercise form at the beginning of  
a training program and frequent monitoring are essential. 
Pain reported by the child should be carefully assessed for 
specific cause. Delayed-onset muscle soreness may occur 
early in the program but should resolve with time. Overuse 
injuries accompanied by joint swelling and pain should be 
treated with cold, elevation, and rest, and the exercise pro-
gram should be modified to reduce potential injuries. Several 
exercise programs developed by the Arthritis Foundation 
(AF) for adults may be suitable for older children with JIA 
(Display 15.10). Some commercial exercise videos for healthy 
children may be useful in JIA; however, the physical therapist 
should review programs to determine their suitability for a 
child with JIA. Physical therapists can also develop an indi-
vidualized exercise video for the child’s use at home. We cur-
rently use two videos developed at our center to provide a 
general conditioning program for children with JIA.

Maintaining an Active Lifestyle: Recreation and Sports
Multiple studies report that children and adolescents with 
JIA engage in less vigorous PA and fewer organized sports 
than their healthy peers.87,94,151–153 Significant associations 
between PA level and VO2peak, but not with disease activity, 
suggest a possible cause–effect relationship that provides 
direction for intervention.152,153 The Center for Disease 
Control and Prevention (CDCP) recommends 60 min-
utes of  moderate-to-vigorous physical activity (MVPA) 
on most days of  the week for all children to achieve and 
maintain optimal health. These recommendations apply to 
children with JIA, although the type and intensity of  activ-
ity may need to be graded to the child’s disease status and 
physical abilities. Low-impact activities like swimming, 
walking, dance, modified yoga, Tai chi, and cycling are the 
most appropriate choices when a child has active arthritis 
in weight-bearing joints. Bicycles can be adapted to lessen 
the stress to lower limb joints by setting seat height so the 
knee is at an angle of  10 degrees to 15 degrees of  flexion 
when the child’s foot is at the apex of  the downstroke.154 
Exercise in a heated (88° to 92°F) pool is recommended 
throughout the year for children who have limited or pain-
ful mobility on land. Cooler pool temperatures (82° and 
86°F) are more suitable for aerobic exercise.

Sports become more important as children reach 
school age. Safe and successful participation depends 
on the child’s motor competence as well as physical 

activities. Periodic reassessment of  the child’s activity perfor-
mance provides information about the impact of  training.

Aerobic Conditioning
A 2008 Cochrane review found only three published RCTs 
(Randomized control trial) that investigated the effects of  
aerobic training in JIA.141 These studies compared land-
based physical therapy with combined water and land-based 
exercise, aquatic training versus standard medical care, and 
high-intensity land-based exercise to qigong, a form of  gentle 
relaxation program similar to Tai chi.124,142,143 All three studies 
reported that there were no adverse effects from exercise, but 
none found significant improvement in VO2peak following aer-
obic training. Possible reasons cited by the authors included 
low exercise frequency, insufficient intensity, poor adherence 
to center-based sessions or failure to perform home exercise. 
However, several non-randomized studies found significant 
improvements in other indicators of  aerobic function, includ-
ing higher distance run scores (land-based exercise), lower 
submaximal VO2, increased exercise time (water, combined 
water, and land exercise), and decreased time to HR recov-
ery (water). Most studies also report decreased disease signs 
and symptoms following training. Several review papers that 
provide an overview of  exercise studies and recommenda-
tions for children with rheumatic diseases may be useful to 
clinicians in planning an exercise program for this popula-
tion.144–147 According to the literature, the recommendation 
for children with JIA who have impaired aerobic fitness is 
to train at least twice a week at an intensity of  60% to 85% 
of  HRmax for 45 to 60 minutes per session for at least 6 to 
12 weeks.144 Children who cannot tolerate a 30-minute ses-
sion can begin with frequent short bouts of  activity, increas-
ing duration as their endurance improves. The child can 
monitor exercise intensity by counting pulse rate for 6 to 10 
seconds, using a portable HR monitor, or estimating the exer-
cise intensity on a rating of  perceived exertion (RPE) scale.

The specific exercise mode appears to be less impor-
tant than the intensity, duration, and frequency. However, 
weight-bearing exercises should be encouraged to maintain 
or improve bone density. A 2007 review of  eight random-
ized trials reported improved bone density in healthy chil-
dren following repeated impact activities ( jumping rope) 
performed two to three times a week for 8 to 16 weeks.148 
Sandstedt et al. recently found a similar response in a con-
trolled trial of  children with JIA, aged 8 to 21 years.149 
Subjects were randomly assigned to a physical exercise  
(N = 33) or control (N = 21) group. The exercise program 
consisted of  100 two-footed jumps with a rope, core exer-
cises, and upper body strength training (3 sets of  10 rep-
etitions with a load of  0.5 to 2 kg) three times a week for 
12 weeks. Twenty-eight of  the 33 participants completed 
the exercise program without difficulty with a 70% adher-
ence rate. Bone mineral density increased significantly in 
the exercise group compared with the control group after 
3 months. A recent study by van Brussel et al. suggested that 
anaerobic training (high-intensity interval training) might 
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Children with wrist and hand arthritis should avoid weight 
bearing on the hands. Children with mild-to- moderate 
arthritis can participate in sports without disease exac-
erbation; however, high-impact loading on inflamed or 
damaged joints should be avoided.156 Sports with a high 
potential for collision, including football, hockey, and box-
ing, should be discouraged. Figure 15.15 illustrates a flow 
chart the physical therapist can use to determine whether 
the child’s preferred sport or recreational activity is a good 
“fit” for his or her physical abilities and motor skills. The 
activity should be analyzed to determine its collision or 
contact potential, demands for aerobic and muscular work, 
ROM, and neuromuscular skill. An exercise program 
designed to remediate specific problems may decrease 
the child’s risk for injury. If  the child chooses to play on a 
sports team, coaches should be made aware of  the child’s 
diagnosis and safety considerations, and allow occasional 
breaks from play during practice and games. The physical 
therapist can develop a preseason and in-season condition-
ing regimen if  none exists.

Self-care Activities
A primary goal for the child with JIA is to achieve indepen-
dence in age-appropriate activities in all environments. The 

FIGURE 15.15 A flow chart that the physical therapist can use to determine whether the child’s preferred sport or 
recreational activity is a good “fit” for his or her physical abilities and motor skills.

What are the requirements for
successful participation?
•   Collision/contact potential
•   Aerobic demands
•   Range-of-motion demands
•   Static and dynamic muscular demands
•   Neuromuscular demands

Explore other options

Is the activity available within a reasonable distance from family’s home?

Does the child have the necessary physical attributes for successful participation in
the activity?

Child’s Interests

YES NO

Explore activity further
•   Is there a “preseason” conditioning program?
•   Does the coach/activity leader understand the
    child’s condition?

Remediation for deficits
•   Range-of-motion exercise
•   Strengthening exercise
•   Endurance exercise
•   Static and dynamic muscular demands
•   Motor skills training

YES NO

stamina. Several studies report delayed motor develop-
ment in young children with JIA.64,155 The most recent, 
by van der Net et al. (2008), examined motor develop-
ment and functional skills in preschool age (PSA) and 
early school-age children (ESA) with JIA, using standard-
ized norm-referenced tests.156 They found 45% of  the 
PSA group, all with polyJIA, scored more than 2 standard 
deviations (SD) below the mean on the Bayley Scales of  
Infant Motor Development. Mean score for the ESA group 
on the Movement Assessment Battery for Children was 
within the normal range; however, 12% had severe delay 
and 20% were at risk for developmental delay. Functional 
skills assessed on the Pediatric Evaluation of  Disability 
Inventory indicated that 70% of  the ESA group scored 
greater than −2 SD on the mobility scale, suggesting that 
motor skill deficits become more evident as the demands 
for motor competence increase. Poor motor skills may 
limit a child’s ability to participate in age-appropriate 
sports and contribute to a child’s feelings of  being less 
physically competent than their peers.

School-age children should be encouraged to participate 
in PE class. The therapist can consult with the instructor to 
adapt activities for the child. Somersaults and headstands 
should be avoided to prevent injury to the cervical spine. 



  CHAPTER 15    JUvEnILE IDIOpAThIC ARThRITIS 571

and walking should be encouraged at the expected age. 
Young children should walk within the home and outside 
play area and for short distances in the community. Shoes 
should fit well and provide cushioning and support to the 
joints of  the foot. High heels, platforms, and wedges are 
discouraged because they place added stress on the ankles 
and feet and increase the risk of  falling. Sneakers with 
a flexible sole, good arch support, and deep heel cup are 
often a good choice for most children. A shoe with a wide, 
deep toe box may be needed for children with foot deformi-
ties such as hallux valgus, hammer toes, or claw toes. An 
off-the-shelf  full-length shoe insert or metatarsal pad may 
alleviate pressure and pain on weight-bearing joints; how-
ever, a study by Powell et al. supports the use of  custom-
made foot orthoses for children with active ankle and foot 
arthritis.158 They randomly assigned 40 children, aged 5 to 
19 years, with arthritis in the ankle, subtalar, and/or meta-
tarsal joints to one of  three intervention groups: custom-
made semirigid orthotics with shock-absorbing functional 
posts; prefabricated off-the-shelf  show inserts made of  
1/8-inch flat neoprene; or supportive athletic shoes with a 
medial longitudinal arch support and shock-absorbing soles 
worn alone. All children received new athletic shoes at the 
start of  the study. Outcome measures at baseline and after 
3 months of  intervention included self-reported pain (1-cm 
VAS), 50-m walk time, the self-administered Foot Function 
Index (FFI) that measures pain, activity limitations, and dis-
ability, and the Physical Functioning Scale of  the PedsQL. 
Assessors were blinded to group allocation. Children in the 
custom-made orthotics group showed significantly greater 
improvement in overall pain, walking speed, all subscales 
of  the FFI, and physical functioning compared with the 
other two groups.

Careful assessment of  the lower quarter, with empha-
sis on the foot and ankle, should be done to determine the 
orthotic prescription. Assess ROM at the ankle and subtalar 
and midtarsal joints, and the toes. Deformities that impact 
fit and comfort of  shoes include hammer toes, claw toes, 
overlapping toes. Examination of  the child’s shoes and sole 
of  the foot helps identify pressure points from weight bear-
ing or improper alignment. Palpation of  the foot can also 
locate problems such as tenosynovitis, enthesitis, or plantar 
fasciitis. The type of  orthosis varies based on whether the 
deformities are fixed or flexible. Flexible deformities may 
be managed by an orthosis that holds the joint in good ana-
tomic alignment. Fixed deformities require accommodative 
orthoses. For example, a patient with hallux rigidus, with 
loss of  great toe extension, may need a metatarsal bar added 
to the sole of  the shoe to create a mechanical means of  roll-
ing over in gait.

Few children with JIA require an assistive device for 
ambulation; however, when changes in gait pattern are 
observed, or the child refuses to walk, the cause should be 
determined and addressed immediately. LLD, found most 
often in children with oligoJIA, should be corrected within 
a quarter inch to prevent postural compensations, such as 

emphasis in young children is on basic ADLs and motor 
skills for play. Although these skills remain important, 
older children become more interested in sports and other 
social activities. Independence for an adolescent or young 
adult may revolve around the ability to drive, socialize with 
friends, and acquire a job.

The role of  the therapist is to: (1) assess the child’s func-
tional abilities using one of  the standardized assessments 
described previously, (2) provide education and direct 
training in self-care activities, mobility, and motor skills, 
(3)  suggest appropriate assistive devices, environmental 
modifications, and adaptive equipment, and train the child 
in their use, and (4) consult with school personnel and sug-
gest adaptations to the child’s educational program. A child 
with minimal physical limitations may only need advice 
about the most efficient method of  performing tasks, 
whereas a child with severe limitations may need instruction 
in the use of  adaptive equipment or environmental modi-
fications to promote independence. Dressing and hygiene 
aids that may be useful include Velcro closures on clothing 
and shoes, elastic shoelaces, a dressing stick, a buttonhook, 
a long-handled shoehorn, and a bath brush. Built-up handles 
on grooming items, eating utensils, and drawing and writ-
ing implements allow the child to be independent in these 
activities. The child with limited neck extension may need 
to use a straw to drink from a glass.

Parents and children need information on joint protec-
tion to reduce pain, muscle fatigue, and potentially deform-
ing mechanical forces on vulnerable joints during activity. 
Children should use large joints to perform tasks when pos-
sible, because they tolerate stress better than the small 
joints. For example, the child can carry large objects on the 
forearms instead of  grasping them with the hands, and use 
a backpack positioned close to the body’s center of  gravity 
or a rolling backpack to hold schoolbooks. Diagrams, dem-
onstration, and practice of  joint protection techniques may 
improve adherence.157 Functional wrist and hand splints 
may decrease pain with grasping, gripping, or manipulative 
activities. Splints may also be useful in minimizing deform-
ing mechanical forces during hand use.

Simple modifications in the home can increase a child’s 
independence. These include replacing traditional door-
knobs and faucets with levers, using a raised toilet seat, and 
installing safety bars in the bathtub or shower and addi-
tional handrails in stairways. The child should also have 
easy and safe access to the bathtub, toilet, and sink. More 
substantial modifications may be needed if  a child uses a 
wheelchair within the home, including widening doorways 
and adding a ramp or wheelchair lift at the entrance to the 
house.

Functional Mobility
Continued weight bearing and walking are necessary to 
increase bone density, improve muscle strength, and pre-
vent contractures for a child with JIA. Standing, cruising, 
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to understand the effects of  the disease and the benefits of  
medication, exercise, and other therapeutic procedures. 
Educational materials for families should be culturally 
appropriate and in the parent’s preferred language. Materials 
for children should be appropriate to the child’s cognitive 
and emotional development. Display 15.10 shows resources 
for children with arthritis, their families, and health profes-
sionals who care for them. HEPs should be individualized to 
target the child’s needs and limited to no more than seven 
simple exercises, requiring 20 to 30 minutes. The book 
Raising a Child with Arthritis: A Parent’s Guide provides illus-
trations and instructions for ROM and postural exercises.162 
Exercises can be incorporated into daily activities for young 
children. Older children should be encouraged to express 
their personal goals and participate in developing the exer-
cise program. Periodic reassessment and progression of  the 
exercise prescription provide encouraging feedback to the 
child and parent.

The effectiveness of  treatment is highly dependent on 
adherence to the plan by the child and caregivers. Studies 
indicate that adherence to medications is higher than 
for exercise and is associated with lower disease activ-
ity. Moderate-to-high adherence to exercise is associated 
with better physical function, lower pain, and parental 
perception of  global improvement. Parental adherence to 
exercise appears to be higher for younger children. Lack 
of  time and failure to see the benefits of  the prescribed 
activities contribute to lower adherence to exercise in 
older children and adolescents.163–165 Active participation 
in managing the child’s health care may be enhanced when 
both parent and child understand the effects of  the disease 
and benefits of  medication, exercise, and other therapeutic 
procedures.

Transition to Adult Healthcare
Effective self-management of  health care needs becomes 
especially important in late adolescence because estimates 
indicate that only 30% to 60% of  adolescents with JIA enter 
adulthood with their disease in clinical remission and many 
continue to report pain and activity limitations as a result 
of  their JIA. Hilderson et al. followed 44 patients with JIA, 
who were older than 16 years of  age, had left pediatric care, 
and did not participate in a structured program of  transi-
tional care (PTC). The majority of  patients (56.8%) who 
had persistent disease and associated activity limitations 
were still in specialized rheumatology care, 13.6% were 
followed by a general practitioner, and 29.6% were no lon-
ger in medical follow-up. Of  this latter group, 16.7% had 
disabilities and 42% reported persistent pain. The authors 
stress the need for interdisciplinary care programs through-
out follow-up of  children with JIA and structured transition 
from pediatric to adult health care.166 A multicenter study 
by McDonagh et al. supports the use of  an individualized 
PTC designed to reflect the developmental stages of  ado-
lescence. They found significant improvement in adolescent 

knee flexion of  the longer limb, pelvic obliquity, or scoliosis. 
A child with pain or weakness in one leg can use a cane on 
the opposite side to unload the involved limb. A walker may 
be necessary for a child who has significant bilateral lower 
limb impairments. Platform attachments can be added for 
the child who also has limited upper limb motion, although 
this is rarely necessary.

Some children will need to use wheeled mobility for 
long distances in school or the community to preserve 
energy. Tricycles or bicycles with training wheels are 
good options for young children. Older children can use 
a lightweight sports wheelchair or powered scooter to 
move around their school, college campus, or community. 
Some children with upper extremity arthritis find it eas-
ier to maneuver the wheelchair with their feet. The child 
should be encouraged to get out of  the wheelchair often 
during the day, standing and walking as tolerated to pre-
serve muscular function and prevent contractures. Powered 
wheelchairs are generally reserved for children with severe 
disability.

Issues Related to School Participation

Frequent absences due to illness or medical appointments, 
or decreased attention because of  pain, stiffness, and fatigue 
can cause problems in school performance.159,160 The school 
checklist (Appendix A) can be used to identify school-based 
problems. The physical therapist can provide information 
to school personnel about the potential impact of  JIA on 
school performance, and suggest adaptations to the educa-
tional program. Accommodations might include a second 
set of  books for home, adapted writing tools, laptop com-
puter for taking notes, and an easel-top desk for a child with 
cervical spine arthritis. Modifications in the child’s schedule 
may be necessary, including visits to the nurse for medica-
tions or rest periods during the day and allowing the child 
to stand and move periodically to prevent stiffness from 
long periods of  sitting, and using an elevator for transitions 
between floors.

Some schools provide these services and modifications 
voluntarily, but a formal evaluation by the school and devel-
opment of  an IEP (Individualized Education Plan) may be 
necessary. Children with arthritis may qualify for related 
services under the Individuals with Disability Act (IDEA) 
or under Section 504 of  the Vocational Rehabilitation Act. 
Educational and vocational counseling is beneficial for ado-
lescents and should begin no later than age 16 years to pre-
pare for the transition to postsecondary education or work.161

Patient and Family Education and Support

The demands placed on the family when a child is ill can 
be overwhelming. Successful management of  JIA depends 
to a great extent on the ability of  the child and caregivers 
to manage the medical and therapeutic regimen. The thera-
pist plays an important role in helping parents and the child 
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and parent ratings of  HRQOL, arthritis-related knowl-
edge, and satisfaction with rheumatology care. Although 
not statistically significant, improvements were also found 
for independent health behaviors (managing medications 
and independent medical consultations) in the 12-month 
assessment.167

Older children and adolescents who participate in set-
ting goals and making decisions about their own health 
care feel a greater sense of  control. A study by Stinson 
and colleagues described how adolescents developed effec-
tive self-management skills through a dual process that 
included “letting go” by adults who manage their health 
care and “gaining control” of  managing their own illness.168 
Common subthemes expressed by participants included 
“knowledge and awareness about the disease, listening 
to and challenging care providers, communicating with 
the doctor, managing pain, and managing emotions.”168 
Adolescents universally agreed on the need for more 
information and believed that web-based interventions 
could improve accessibility to this information. A study 
by Lelieveld et al. supports this belief. They found that an 
internet-based program directed at children with JIA, aged 
8 to 12 years, who had low daily PA, was safe, feasible, and 
effective in improving PA levels, endurance, and adherence 
to PA recommendations.169

S U M M A R y

T his chapter presents information on the heteroge-
neous disorders included under the umbrella term 
JIA. These conditions are classified on the basis of  

signs and symptoms during the first 6 months after dis-
ease onset, although the exact diagnosis may not be clear 
for some time. Seven disease types are recognized: sys-
temic, RF-negative polyarthritis, RF-positive polyarthritis,  
oligoarthritis-persistent, oligoarthritis-extended, ERA, and 
PsA. An eighth category, undifferentiated, includes disease 
signs and symptoms that do not fit into any one or fit into 
more than one specific disease type. Although the exact eti-
ology of  JIA is not entirely understood, great strides con-
tinue to be made. Most children with JIA do well with early 
diagnosis and appropriate medical treatment to manage the 
inflammatory process. However, some with severe and per-
sistent disease experience significant impairments, including 
joint pain and swelling, limited ROM, and muscle atrophy 
and weakness. Secondary impairments in aerobic fitness 
and exercise tolerance are common and may contribute to 
activity limitations and participation restrictions. The long-
term prognosis depends on the child’s age at disease onset, 
disease type and course, and the quality and consistency of  
health care. The goal of  management is for the child to lead 
as normal a life as possible. Physical therapists play an im-
portant role on the multidisciplinary team to help the child 
and family achieve this goal.

CASe STuDIeS

CASe STuDY 1 Sara Sara is a 13-year-old girl with RF-
negative polyJIA of 8 years’ duration. After several years of mild 
disease activity, Sara presents with swelling in multiple joints, 
most notably both knees and the right ankle. She complains 
of	 pain	 and	morning	 stiffness	 lasting	 30	 to	 60	minutes	 and	
neck pain during the day. She lives with her parents, an older 
brother, and sister and is in the eighth grade at a local public 
school.

Medical History
Sara was diagnosed with polyarticular JIA at 5 years of age. 
Her parents stated signs of the disease, including stiffness and 
irritability upon awakening, “bumps” on her elbows and shins, 
and altered gait pattern, were evident for at least a year before 
the diagnosis. At her first visit to the pediatric rheumatologist, 
she had active disease in most extremity joints and the cervical 
spine. Rheumatoid nodules were found on the extensor sur-
face of the ulna and tibial crest bilaterally. She was originally 
treated with naproxen; however, after 6 months, during which 
she continued to have active disease, MTX given orally once a 
week was initiated. Signs of systemic disease were not evident 
at this time.

During the next several years, Sara continued to have dis-
ease flares in both knees, both hips, and the right ankle that were 
managed by IA steroid injections. Following each injection, she 
reported significant pain relief and was able to return to her nor-
mal activities. At the age of 11 years, Sara’s JIA was determined 
to be in clinical remission on medication. However, her disease 
flared 6 months ago, with increased joint pain, morning stiffness, 
and fatigue that affected her school attendance and participation 
in PE and sports.

Current Complaints
Sara is seen in clinic today to review her medications and HEP. 
She	 takes	her	MTX,	but	misses	at	 least	30%	of	 the	prescribed	
dose of naproxen each week. She admits to poor adherence to 
the HEP, stating it doesn’t help. According to Sara’s mother, she 
has missed school or been late at least once a week for sev-
eral months owing to disease symptoms. She does not meet the 
school’s PE or sports requirement because of her JIA. She re-
ceives Physical therapy and Occupational therapy once a week 
in	school	and	several	accommodations	under	a	504	plan.	These	
include lockers at either end of the school, a set of books for 
home, laptop computer for class notes, extra time for written ex-
ams, and excuse from PE when she is unable to participate. Sara 
is also not bound by the school’s attendance policy.

The rheumatologist confirmed that Sara has active arthritis 
in both of her wrists, knees, and right ankle. Active and PROM 
is limited in the cervical spine, wrists, hips, right knee, and an-
kle; she has deformities of the toes in both feet. He added ETN 
once a week to Sara’s medication regimen, continuing the once/
weekly MTX and naproxen twice/day. IA steroid injections were 
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scheduled for her next visit in 1 week, and she was referred to 
physical therapist for an evaluation and review of her HEP, and to 
OT for revision of her wrist splints and suggestions for adaptive 
equipment to improve her hand function. Sara was also referred 
to the child life specialist for assistance in managing her own 
health care needs.

Sara’s Goals
Sara expressed two major concerns: (1) She would always have 
this disease and never be able to do the same activities as her 
friends; (2) She would not be able to keep up physically with the 
demands of high school. She stated her goals were to be like 
other kids, play on a sport team like basketball or soccer, and hike 
and ski with her family.

Physical Therapist Examination
QUESTIONS GUIDING THE EXAMINATION
 1. Are there specific activity limitations that negatively impact 

Sara’s participation and overall QOL and prevent her from 
achieving	her	current	goals?

 2. Are there specific impairments that contribute to these 
problems?

ACTIVITY AND PARTICIPATION FINDINGS
To answer the first question, several standardized assessments 
validated for children with JIA were used. The QOML question-
naire	 includes	two	100-mm	VAS	that	measure	overall	QOL	and	
HRQOL; higher scores indicate better QOL.73 Sara rated both her 
overall	QOL	and	HRQOL	as	40/100	mm.	Using	the	5-point	cat-
egorical scale (much better to much worse), Sara rated her life as 
“much worse” than at her last clinic visit 3 months ago, indicat-
ing her JIA has a negative impact on her QOL.

Sara also completed the CATCHAQ38; the Disability Index (DI), 
calculated	as	the	mean	score	for	all	38	items,	has	a	range	of	0	
to 3 where higher scores indicate greater disability.69 Her DI was 
1.50,	 suggesting	moderate	disability.	She	 scored	 the	 following	
tasks as “unable to do” during the previous week: “play team 
sports with others in my class,” “run a race,” and “perform activi-
ties for a long time without getting tired.” Pain during the previ-
ous	week	was	scored	as	60/100	mm	on	a	VAS	(higher	scores	
indicate greater pain).

To answer the second question, several measures were per-
formed, including a systems review, observational gait analysis, 
and two composites of the BOT-2, Body Coordination (Balance 
and Bilateral Coordination) and Strength and Agility (Running 
Speed and Agility and Strength). The tables below show Sara’s 
scores on the BOT-2.

Composite Score Profile (Normative mean on Standard 
Score =	50,	SD	=	10)

 
Composite

Standard 
Score

 
90% CI

Compared with 
Normative Values

Descriptive 
Category

Body 
coordination

36 32–40 >−1 SD Below 
average

Strength & 
agility

37 33–41 >−1 SD Below 
average

BODY STRUCTURES AND FUNCTION FINDINGS
 1. Signs of active joint disease

• Both wrists, knees, and ankles had effusions with loss of 
joint contours; swelling was also noted around the right 
Achilles tendon.

• Tenderness to palpation and mild withdrawal were noted 
at the above joints and at the right Achilles tendon.

 2. ROM: All joints showed PROM within normal limits (WNL) 
with these exceptions:
• Cervical spine rotation and lateral flexion to either side: 
limited	by	50%.

• Right shoulder flexion: 220	degrees	(0	to	160	degrees)
• Elbow extension: 220	degrees	(R),	30	degrees	(L)
• Wrist DF: (R) 225	degrees	 (0	 to	45	degrees);	 (L)	215 
	degrees	(0	to	55	degrees)
• Resting position of R wrist/hand: ulnar deviation, MCP, 

and PIP flexion (alignment corrected with passive motion)
• Pelvis in anterior tilted position; lumbar spine in exces-

sive lordosis
• Hip extension (modified Thomas test): 210	degrees	(R)	

and (L).
• Ober test: short Tensor Fascia Lata (R)
• Knee extension, measured in prone: 210	degrees	(R),	25 

degrees (L)
• Hamstring length test (supine): 245 degrees (R), 235 

degrees (L)
• Prudential Fitnessgram (PF) Sit & Reach score: 8″, be-
low	the	minimum	health	fitness	standard	(HFS)	of	10″ 
for her age and gender180

• Feet and ankles
• (R)	ankle	PF:	0	degrees	 to	30	degrees;	 (R)	ankle	DF	
with	the	knee	extended:	0	degrees

• Hindfoot	eversion:	0	degrees	(R)	and	(L);	inversion	WNL
• Pes cavus (R) and (L)

 3. Muscle strength
• Gross strength (MMT): lower limb = 4/5; upper limb = 

3+/5
• Functional ankle PF muscle endurance: able to perform 

eight bilateral heel rises
• Grip strength measured with a modified blood pressure 
cuff:	60/20	mm	Hg	(R)	and	80/20	mm	Hg	(L).	According	to	
Smythe and Helewa,74	a	rise	of	20	mm	Hg	from	the	base-
line	of	20	mm	Hg	is	equal	to	approximately	5 lb	(2.27 kg)	 

Subtest Profile (Normative mean on Scale Score = 15; SD = 5)

Subtest
Scale 
Score 90% CI

Compared with 
Normative 
Values

Descriptive 
Category

Bilateral 
Coordination

14 12–16 21 SD Average

Balance  3 0–5 >22 SD Well below average

R & A  8 6–10 >21 SD Below average

Strength  8 5–11 >2SD Below average
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of force; Sara’s grip strength, measured in pounds, was 
10	lb	(R)	and	15	lb	(L),	considerably	below	the	reported	
range of values for healthy, typically developing 13-year-
old females: (39 to 79 lb [R], 25 to 76 lb [L]).170

• PF curl-up test (abdominal strength and endurance) 
score: 8, below the minimum HFS of 18; PF modified 
pull-up test (upper body strength and endurance) score: 
1, below the minimum HFS of 4.171

 4. Aerobic performance/exercise tolerance
• 6MWD:	550	m,	less	than	mean	distance	of	663±50.8	m	
(95%	CI:	651.0	to	675.0)	reported	for	12-	to	15-year-old	
females172

• Post-walk	HR	 (170	bpm)	was	approximately	82%	of	
age-related HRmax and indicates a good effort and pro-
vides a target HR for exercise training

• Self-rated	 fatigue	 during	 the	 previous	 week:	 50	 on	 a	
	100-mm	VAS

 5. Body composition: Body mass index and skinfold thickness 
measures WNL for her age

 6. Gait pattern: Footprint analysis with video
• Decreased walking velocity: 75 cm/sec compared with 

138.8±4.7 cm/sec reported for a 12.6 y/o males and 
 females combined173

• Shortened right step length compared with left
• Majority of weight borne on lateral side of foot through-

out stance phase
• Lack of push-off at terminal stance: decreased active 

ankle PF ROM and decreased hip extension

Evaluation and Diagnosis
GUIDING QUESTIONS
 1. Which impairments contribute to Sara’s current activity and 

participation	problems?
 2. Which impairments must be addressed to prevent or 

minimize	secondary	problems?
 3. What strengths and resources does Sara have that could 

support	her	overall	QOL?

Participation 
Restrictions

Activity Limitations Impairments

- Frequent 
school 
absence and 
tardiness

- Inconsistent 
participation 
in PE

- Unable to 
participate in 
sports with 
friends or 
family

- Difficulty 
transitioning 
between sitting on 
floor and standing

- Difficulty 
negotiating steps

- Difficulty with 
reach, grasp, 
and manipulation 
activities

- Difficulty 
performing 
activities 
(complex motor 
skills) for PE and 
sports

Musculoskeletal
- Active arthritis (joint 

swelling and pain)
- Limited joint ROM / ↓ soft 

tissue extensibility
- Muscle weakness (hand 

grip, core trunk, and lower 
limb muscles)

Cardiopulmonary
- Impaired aerobic fitness
- Impaired anaerobic fitness 

(speed/power)
Neuromuscular/ 

Multisystem
- Gait deviations: Slow 

walking speed, uneven 
step, stride length

• Lower limb and foot pain 
when walking

• Poor postural control 
(steady state on narrow 
base of support; 
anticipatory)

• Poor bilateral coordination/
movement speed

The first two columns in the table above list the priority activity 
and participation problems identified by Sara and her parents on 
the basis of information from the CHAQ, JAQQ, and interview. 
Column three lists the impairments believed to contribute to 
these problems.

• Active arthritis contributes to pain, tenderness, and limited ac-
tive and passive ROM

• Limited joint motion and soft tissue shortening contribute to 
impaired movement patterns, fatigue, and pain during physical 
activities

• Muscle weakness, fatigue, and poor power contribute to gross 
motor deficits

• Impaired joint mobility and muscle performance contribute to 
gait deviations

• Impaired proprioception, coordination, and speed may con-
tribute to poor muscular control and postural stability during 
challenging physical activities

• Poor adherence to prescribed medications and HEP and Sara’s 
limited participation in her health care contribute to poor dis-
ease control and functional outcome

STRENGTHS AND RESOURCES
Although Sara’s adherence to her medical and therapy regimen 
has been inadequate, she now appears more interested in man-
aging her disease and improving her health status and functional 
capacity. Her parents are very supportive, and the school appears 
to be willing to accommodate her needs by making requested 
modifications to her educational program.

Prognosis
GUIDING QUESTIONS
 1. What would improve Sara’s active participation in her health 

care?
 2. What is the best POC with regard to medications and 

rehabilitation?

Question 1: The rheumatology team believed that inadequate dis-
ease control and poor adherence to her therapy regimen contrib-
uted to Sara’s current problems. They thought adherence would 
improve if Sara were more involved in her own health care. Sara 
stated she wanted to participate in PE and sports with her family 
and friends. She is also concerned about adjusting to the physi-
cal and work challenges of high school next year. The child life 
specialist helped her understand how she might achieve her 
goals if her JIA was under better control by regular use of medi-
cation and adherence to her exercise regimen.
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Question 2: The team believed that Sara’s arthritis and func-
tional status would improve following IA injections, the addition of 
etanercept (Enbrel™), and improved adherence to the NSAID pre-
scription and daily exercise regimen.31 Sara agreed to a 6-month 
contract, listing her goals, therapy objectives, and a POC aimed 
at achieving these. An interim reevaluation was scheduled for 
3 months. The contract included: (1) following her full medication 
regimen, (2) performing home ROM and strengthening exercises, 
and (3) participating in an aerobic conditioning program designed 
by the physical therapist. She also agreed to wear resting hand 
splints each night while sleeping. Sara and her parents agreed to 
a 3-month trial of direct physical therapist and occupational thera-
pist twice a week, with goals of improving ROM and strength, and 
her parents signed permission for the clinic physical therapist and 
OT to consult with the school PE instructor to discuss activity 
modifications so Sara could safely participate in PE.

Expected Outcomes (Goals to be achieved in 
6 months with progress toward the goals observed 
at the 3-month follow-up visit):
• Improved adherence to medication should result in improved 

disease control, reduced joint pain, improved physical func-
tion, and HRQOL.164–166

• Goal: Sara will show at least a 75% improvement in adher-
ence to her medication schedule based on a daily log, with 
entries verified by one parent.

• Goal: Sara will demonstrate improved capability to perform 
necessary and desired activities based on a reduction of 
≥ 0.13	on	her	self-reported	CATCHAQ38 DI.67

• Goal: Sara’s self-reported HRQOL score will show improve-
ment based on an increase of ≥ 11 mm in her score on the 
QOML VAS.72

• Sara’s gait pattern will improve following joint injections and 
supportive therapy
• Goal: Sara will demonstrate increased walking speed and 

symmetry in step and stride length based on observational 
gait analysis and footprint recording.

• Available evidence suggests that Sara can improve her  
performance-related physical fitness through a physical condi-
tioning regimen performed twice a week.144,174

• Goal: Sara’s 6MWD will increase by at least 48 meters, the 
minimal detectable change (MDC) reported for healthy chil-
dren on the 6MWT.97

• Goal: Sara will demonstrate decreased fatigue with physical 
activity	 based	 on	 self-report	 using	 a	 100-mm	VAS	where	
higher values equal greater fatigue.

• Daily ROM and flexibility exercises should improve joint ROM 
and soft tissue extensibility, resulting in decreased stiffness 
and pain.
• Goal: Sara will demonstrate improved passive joint ROM 

based on goniometric measurement of the shoulders, hips, 
knees, and ankles.

• Improved physical status should allow Sara to increase her 
participation in physical activities with her family and friends. 
Sara will record progress using a daily dairy.

• Goal: Sara will actively participate in at least 75% of all PE 
activities each week, with or without modifications.

• Goal: Sara will participate in at least one recreational PA with 
family or friends each week for at least 1 hour.

Intervention Plan
Following IA injections to the knees, right wrist, and right ankle, 
Sara was on non–weight bearing for 1 day. After 1 week of modi-
fied PA, she resumed all typical activities.

Coordination, Communication, and Documentation
The rheumatology team worked with Sara and her parents to de-
termine techniques that would improve her adherence to the treat-
ment plan. The nurse provided instruction to Sara and her parents 
to ensure correct administration of the weekly injections of etaner-
cept and reasons for following the exact prescription for taking the 
NSAID. The physical therapist provided written and oral instructions, 
demonstration, and illustrations of Sara’s exercises. The OT made 
new resting wrist/hand splints and gave Sara assistive devices to 
improve her ability to perform ADLs. The child life specialist helped 
Sara establish a schedule for taking medications and develop a daily 
diary to keep a record of her medications, use of splints, HEP, PE, 
and recreational activities. Each section of the diary included space 
for Sara’s comments. She was encouraged to contact the team 
with questions about her program or symptoms. The team, with 
the permission of Sara and her parents, sent a copy of the physical 
therapist and occupational therapist evaluations to the school and 
requested the PE instructor to consult with the clinic physical thera-
pist to adjust activities so that Sara could increase her participation.

Patient Education
The clinic physical therapist discussed the findings of the physical 
examination with Sara and her parents. She discussed the impact 
of arthritis on joints and muscles, the potential sources of pain and 
stiffness, and secondary problems, including poor exercise toler-
ance and impaired motor skills. She explained that Sara’s current 
functional problems were likely related to limited joint mobility 
and soft tissue extensibility, pain, and poor aerobic and muscular 
fitness. She explained that intervention would be directed toward 
reducing these impairments. The therapy program would also in-
clude practice of the activities that were difficult for Sara.

Procedural Interventions
• Direct	physical	therapy	30	to	45	minutes	twice	a	week	and	in-

struction in HEP.

INTERVENTIONS FOR IMPAIRED JOINT MOBILITY  
AND MUSCLE FUNCTION
Direct therapy: Initial instruction in maintaining control of the 
trunk and lumbar spine by engaging abdominal muscles during 
all activities

 1. AAROM for shoulder flexion, abduction in scapular plane, 
medial and lateral rotation, with attention to scapular 
position, movement, and scapulohumeral rhythm

 2. Prone scapular progression exercises; progress to standing 
scapular exercises against a wall; progress to using light 
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handheld weights when Sara can perform exercises without 
pain or compensatory movements

 3. AAROM and AROM for serratus anterior; progress to 
exercise against resistance

 4. Instruction in isometric exercise to improve neck stability
 5. Stretching of shortened latissimus dorsi, lateral shoulder 

rotators and posterior capsule, hip flexors, hamstrings, right 
gastrocnemius using autogenic and reciprocal inhibition

 6. Stretching of right TFL
 7. Strength training for hip extensors, deep external rotators, 

and abductors
• Begin with AROM to teach correct technique for each 

muscle group
• Progress to graded resistance exercise using light 

weights or elastic bands
• Closed kinetic chain (CKC) exercise, including graded 

squats, lunges, and “step” training to improve 
strength, endurance, and control of lower extremity 
musculature

 8. Gait training to improve lower limb weight bearing, step and 
stride length

INTERVENTIONS TO ADDRESS IMPAIRED MOTOR SKILLS
 1. Activities to improve proprioception, agility, and 

coordination once joint ROM and muscle strength improve 
and pain decreases

 2. Gait training to increase walking velocity, using timed walks
 3. Activity- or sport-specific training to ensure safe 

participation in physical activities and recreational sports

HOME EXERCISE PROGRAM
 1. Daily AROM exercises concentrating on cervical spine, 

shoulders, wrists, hips, knees, and ankles using 
illustrations from Raising a Child with Arthritis

 2. Daily aerobic activity (Sara’s choice), gradually increasing 
duration	to	at	least	30	minutes	a	day	and	intensity	to	at	
least 75% of her age-based HRmax

RECOMMENDATIONS/REFERRALS
 1. Referral to orthotist for custom insoles to accommodate 

pes cavus deformity and decrease pain under MTP joints
 2. Recommendation for semirigid cervical collar when riding 

in school bus and car, and easel top for desk to decrease 
neck strain when reading

Reexamination
Sara was seen by the clinic physical therapist at her 3-month 
follow-up rheumatology appointment. She reported receiving 
physical therapy twice a week at school before classes begin 
and OT once a week during school time. She also attends all PE 
classes	each	week	and	participates	in	approximately	50%	of	the	
activities with some modifications. The school PE instructor and 
physical therapist are working together to improve Sara’s gross 
motor skills and adapt difficult activities to allow her to partici-
pate with her classmates.

FINDINGS OF REEXAMINATION
Activities and Participation
 1. Sara’s CATCHAQ38	DI	decreased	from	1.50	to	1.30,	exceeding	

the reported minimal clinically important improvement of 
≥ 0.13

	 2.	 Her	self-reported	HRQOL	improved	from	40	to	70	mm,	and	
she reported her life as somewhat better since her last clinic 
visit

Body Structures and Functions
 1. Signs of active joint disease

• Mild swelling noted in the right knee, no tenderness or 
pain on passive motion

 2. ROM, flexibility, and joint alignment
• No change in cervical spine AROM, but no c/o POM
• (R)	shoulder	PROM:	0	to	170	degrees	with	stress	pain	at	

end range
• Wrist	DF:	0	to	60	degrees	(R),	0	to	60	degrees	(L)
• Passive hip extension limitation: 5 degrees
• Knee extension (examined prone): 2 5 (R); WNL (L)
• (R) Ankle PROM: PF =	 0	 to	40	degrees;	DF	with	 knee	

extended =	0	to	5	degrees
• Passive	calcaneal	eversion	increased:	0	to	5	degrees

 3. Standing posture
• Sara continued to stand with an increased anterior pelvic 

tilt and lumbar lordosis, although she could correct this 
upon request by engaging her abdominal muscles.

• Barefoot, Sara continued to stand with most of her 
weight over the lateral border of her foot; when wearing 
her  custom-made in-shoe orthoses and sneakers, her 
weight was borne more evenly over the plantar surface of 
the foot.

 4. Muscle strength and flexibility
• Grip	strength:	100/20	mm	Hg	(20	lb)	(R);	140/20	mm	Hg	
(30	lb)	(L)

• Score on the PF reported by Sara’s school physical thera-
pist improved
• Curl-up test: increased from 8 to 12 (HFS = 18)
• Modified pull-up test: increased from 1 to 5 (HFS = ≥4)
• Sit & reach test: increased from 8″ to 9″ (HFS =	10″)

	 5.	 6MWD	increased	from	550	m	to	610	m,	exceeding	the	MDC	
of 48 m.

	 6.	 Gait	velocity	increased	from	75	cm/sec	to	110	cm/sec.	Gait	
pattern showed improved heel contact, weight more evenly 
distributed over the plantar surface of the foot during mid-
stance, improved push-off on the medial side of the forefoot 
and hip extension at terminal stance, and increased step 
length.

Outcomes
 1. A review of Sara’s medication and activity diary indicated 

improved adherence to her medication regimen and HEP 
program; this was supported by Sara’s parents as well as 
decreased signs of active arthritis and improved ROM in 
most joints.
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Children with arthritis or other musculoskeletal disorders 
may experience difficulty performing some necessary or 
desired activities in school. These activity limitations may 
negatively impact the child’s participation in school pro-
grams. The list below includes many of  the typical tasks per-
formed in school. Please check any activity that is difficult 
for you/your child; please add any other activities that are 
difficult.

 School Attendance

School Activity and Participation Checklist

A
A P P E N D I x

_____ Getting to school on time is diff icult for me 
because:

• I am stiff  or hurt in the morning
• I’m too tired to get ready for school
• I need help getting dressed

_____ I am often absent, late, or have to leave school early 
often because:

• I do not feel well
• I have a doctor’s appointment
• I am tired

 Classroom Activities

_____ I have trouble taking off/putting on my coat, hat, 
gloves, boots, etc.

_____ I have trouble using a pen, pencil, or crayons in 
school because:

• My arm or hands (fingers or wrist) hurt or  get tired
• The pen, pencil, crayon is too small to hold

_____ I have trouble writing on the chalkboard
_____ I have trouble raising my hand to ask or answer a 

question
_____ I get stiff  sitting in my chair for a long time
_____ My teacher(s) will not let me stand up or walk 

around when I’m stiff
_____ I get tired during the day and need to rest

_____ I have trouble finishing my schoolwork on time
_____ I have trouble writing fast when I take a test or 

class notes
_____ My school doesn’t have the things that help me 

do things at home (splints, easel for writing, chair 
cushion, other)

_____ I have trouble opening my gym locker
_____ I have trouble changing clothes for gym
_____ I have trouble taking a shower after gym class
_____ I have trouble walking to the playground as fast as 

the other kids
_____ I have trouble doing the same things in gym/on 

the playground as the other kids in my class
_____ My gym teacher is afraid to let me do the same 

things as the other kids
_____ My gym teacher doesn’t understand that I can’t 

do some of  the things the other kids do. (List the 
things you have trouble doing.)

 Physical Education/Recess

 Getting Around School

_____ I have trouble getting around the school (I am 
often late for the next activity) because:

• My classes are too far apart
• The cafeteria or gym is too far away

_____ I have trouble standing in lines for a long time, like 
in the cafeteria or during assemblies

_____ I have trouble carrying my books, lunch tray, or 
other things while walking in school

_____ I have trouble opening my milk carton, lunch box, 
or using a knife and fork during lunch

_____ I have trouble opening heavy doors
_____ I have trouble going up/down stairs
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 Other Problems

_____ My teacher(s) don’t understand the problems I 
have because of  my condition

_____ My teacher(s) make a big deal of  my condition, 
and it makes me feel different

_____ Other kids make fun of  me or say things that make 
me feel bad

_____ I have trouble using the bathroom at school
_____ I have trouble during fire drills, earthquake drills, 

and other emergency drills
_____ I often miss field trips because I have trouble walk-

ing long distances

_____ I don’t want anyone to know that I have arthritis 
(other condition)

_____ I have hand splints but don’t want to wear them in 
school

_____ I sometimes forget to take my medicine because it 
is in the nurse’s office

Please add any other school-related problems you/your 
child have because of  their arthritis or other health condition
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________

Klepper S, Lopez R, Winn R, 2004
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This checklist is to help you prepare to move on to adult care. You can achieve independence in matters of  your health and future 
by actively participating in your care and planning transition to the next step: Care with an Adult Rheumatologist and Center.

Plan to Start
Needs 
Practice

Can Do 
Independently 
Already

Comments 
and 
Contacts

Describe and understand your chronic condition

Discuss concerns, any issues about transfer of  care

Participates in support group, camp, and teen programs. Interacts with 
teen, young adult “role models.”

Understands differences between pediatric and adult care, verbalizes 
 expectations for moving on

Prepares questions and speaks up at medical visit

Participates in “Teen Visits”; partial visits without parent

Takes medications, does exercises, treatment correctly

Keeps “diary” information – medication, doses, provider names, phone 
numbers, and tracks relevant medical info

Calls for prescription refilled, lab results, and schedules appointments; 
keeps contact numbers in cell phone

Calls to report change in illness, new symptoms, concerns

Knows insurance and has plans for continuous medical coverage after transfer

Continues primary care visits—plans for primary care after transfer

Understands and obtains reproductive health information and appointments

Independent with self-care, chores, uses devices for ADLs if  needed, 
 volunteers, works part time

Discusses how drugs, alcohol, cigarettes affect illness, pregnancy, and med-
ication toxicities

Contacts resources/agencies, i.e., Vocational Rehab, driving, college  office 
for students with disabilities, financial aid, other:_________________

Discusses and plans for time to transfer care

Chooses an adult physician—makes appointment

Adult Rheumatologist:_______________________Address:______________________________________________

Phone Number: FAX # First Appointment Date:

Comment:_____________________________________________________________________________________

patricia A. Rettig, MSn, Rn, CRnp, The Children’s hospital of philadelphia, revised 10/1/10

Rheumatology Transition Checklist 
for Teenagers

B
A P P E N D I x
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Arthritis Foundations
Atlanta, Georgia 30357-0669
(800) 283-7800

a. Decision Making for Teenagers with Arthritis brochure
b. JA Alliance/AF National and Regional Conferences for 

 families and professionals

RAP Journal for teens with JIA
Resource Handbook for Parents of  Adolescent s with JIA
Janet McDonagh MD and Karen Shaw MD, Rheumatology
Institute of  Child Health
Diana, Princess of  Wales children’s Hospital
Steelhouse Lane
Birmingham, B4 6NH UK
Tel: 0121 333 8743

On TRAC – Taking Responsibility for Adolescent/Adult Care
British Columbia Children’s Hospital
Room 2 D20 4480 Oak Street
Vancouver, B.C.
Canada 3V4
(604) 875-3472

a. Annotated Bibliography
b. Workshops, training, and consultation

Parent Training and Information Center
PACER Center, Inc.
4826 Chicago Avenue South
Minneapolis, MN 55412
(612) 827-2966

a. Speak Up for Health – handbook for parents
b. Living Your Own Life – handbook for teenagers writ-

ten by young people and adults with chronic illnesses 
or disabilities

 Healthcare Transition Resources

Visit the Health Care Transition Web site at:
http://hctransitions.ichp.edu/
This mailing list is a service of  the Division of  Policy and Program Affairs at the Institute for Child Health Policy
(www.ichp.edu)

http://hctransitions.ichp.edu
http://www.ichp.edu
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C H A P T E R

Common Types of Pediatric Cancer
Leukemia
Central Nervous System Tumors
Lymphoma
Neuroblastic Tumors
Sarcoma
Retinoblastoma
Wilms Tumor

Disease and Medical Intervention Factors that 
 Influence Physical Therapy Practice
Chemotherapy
Radiation Therapy
Surgery
Bone Marrow Transplantation and Peripheral Stem Cell 

Transplantation

Physical Therapy Examination and Evaluation
Systems Review
Medical and Social History
Tests and Measurements
Body Function and Structure (Impairments)
Activity (Activity Limitations)
Participation (Participation Restrictions)

Diagnosis, Prognosis, and Plan of Care
Physical Therapy Intervention
Coordination, Communication, and Documentation
Patient/Client Instruction
Procedural Intervention

Survivorship

Pediatric Oncology
Victoria Gocha Marchese

16

E ach year more than 11,000 children and adolescents 
in the United States are diagnosed with cancer.1 As 
a result of  improved diagnostic testing and medi-

cal interventions, survival rates of  young adults who had 
cancer in childhood are approaching 80%.2 It is estimated 
that 328,000 survivors of  childhood cancer are living in 
the United States, which means that approximately 1 in 
570 adults 20 to 34 years of  age is a survivor of  childhood 
cancer.3 Therefore, more young adults than ever before are 
now living with the short- and long-term effects of  the can-
cer and the medical interventions used to save their lives. As 
the numbers of  children with cancer and survivors increase, 
so does the need for physical therapists to learn more about 
early detection, treatment interventions for common types 
of  pediatric cancer, and the short- and long-term side effects 
arising from the cancer and its treatment. As physical thera-
pists, we have a responsibility to understand the continuum 
of  care for our patients, from the first indication that a diag-
nosis of  cancer is a possibility to appropriate types of  physi-
cal therapy interventions, to educating our patients about 
long-term complications they may experience as they relate 
to the scope of  physical therapy practice primarily in the 
areas of  the musculoskeletal, neuromuscular, integumen-
tary, and cardiopulmonary systems.

Physical therapists are in a unique position to assist 
 patients with their cancer care and advance the body of  
research, considering our education and training in those 
functional areas most adversely impacted by the disease 
and its treatment. These areas include disease prevention, 

education, and intervention, with a focus on a variety of  
impairments including range of  motion (ROM), strength, 
motor planning, balance and coordination, fatigue, assistive 
devices, prosthetics and orthotics, and functional mobility. 
The ultimate goal is to improve the patients’ quality of  life 
and ability to participate in family and community activities.

Cancer is the uncontrolled growth of  cells that do not 
function properly. As these cells increase in number, they 
tend to crowd out normal healthy cells or develop into a 
solid mass, causing signs and symptoms of  disease to ap-
pear. Typically, the cancer develops at a primary site, but it 
may metastasize or spread to other areas of  the body. The 
term cancer is often used to refer to various types of  can-
cer. In children, leukemia, brain tumors, lymphomas, Wilms 
tumor, neuroblastoma, retinoblastoma, rhabdomyosar-
coma, osteosarcoma, and Ewing sarcoma family of  tumors 
are the most common types.1 In contrast, adults most fre-
quently develop prostate, breast, lung, colon, and rectal 
cancer.4

 Common types of pediatric cancer

Leukemia

Leukemia is the most prevalent type of  pediatric cancer, 
accounting for 25% of  all cancer cases in children younger 
than 15 years of  age.5 The disease takes its name from 
 leukocyte (white blood cell) and the Greek word ending emia, 
which indicates a condition of  the blood. Normal leukocytes 
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infection, bone pain, fever, and enlarged lymph nodes and 
spleen.5,7

Medical intervention for children with leukemia includes 
multi-agent chemotherapy, which can be given for 2  to 
3 years, depending on the type of  leukemia and the pro-
tocol. It is typically only when ALL relapses, that is, when 
the cancer cells return, that children will receive a stem cell 
transplant. However, for children with AML, stem cell trans-
plantation is often the first choice of  treatment, if  a donor is 
available.6,7

Central Nervous System Tumors

Central Nervous System (CNS) tumors are the second most 
commonly diagnosed pediatric cancer and the most com-
monly diagnosed solid tumor in children (Table 16.1).13 
These tumors account for 25% of  childhood malignancies 
and most frequently occur in children during the first decade 
of  life.13 The most common types of  CNS tumors found in 
children and adolescents are astrocytoma, primitive neuro-
ectodermal tumors (including medulloblastoma), brainstem 
gliomas, ependymomas, and craniopharyngioma.6,13 Signs 
and symptoms of  brain tumors in children vary widely ac-
cording to the size and location of  the tumor. They may in-
clude headaches, seizures, drowsiness, dysphasia (impaired 
speech), dysphagia (difficulty with swallowing), impaired 
vision, behavioral changes, sudden vomiting, poor coordina-
tion, weakness, impaired balance, and paresthesia.6,14,15

Medical intervention for children with brain tumors 
depends on the type and location of  the tumor and may 
include surgery, radiation therapy, and chemotherapy.13 
Survival rates for children with CNS tumors vary depend-
ing on the type of  tumor, size, and location. Children and 
adolescents with a CNS cancer have an overall survival rate 
of  74%.13

Lymphoma

The third most common type of  cancer in children is lym-
phoma, including Hodgkin disease and non-Hodgkin lym-
phoma (NHL). Lymphomas account for 8% of  all pediatric 
cancers.1 These malignancies arise in the lymphoid cells 

are essential in helping the body remove foreign substances 
such as viruses, bacteria, and fungi. Leukemia, a malignant 
disorder of  the blood and the blood-forming tissues of  the 
bone marrow, is characterized by an overproduction of  
 abnormal leukocytes. There are several different types of  
leukemia and they are typically classified by the type of  cell 
that gives rise to the cancerous cells (lymphoid or myeloid) 
and by the speed at which the cells replicate, quickly (acute) 
or slowly (chronic).

The most common pediatric leukemia is acute 
 lymphoblastic leukemia (ALL), also known as acute lym-
phocytic leukemia or acute lymphoid leukemia. ALL ac-
counts for 72% of  all leukemia cases in children younger 
than 15 years of  age.5 It is most common in children 2 and 
3 years of  age. ALL is considered acute because immature 
lymphocytes proliferate rapidly and because the disease is 
fatal without treatment. However, with appropriate medical 
intervention, survival rates for children with ALL are now 
approaching 94%.6

The second most common pediatric leukemia is acute 
myeloid leukemia (AML), also referred to as myelocytic, 
myelogenous, or nonlymphoblastic leukemia; it accounts 
for 15% to 20% of  all leukemia cases in children younger 
than 15 years of  age.7 AML is the rapid proliferation of  im-
mature myeloid cells. The survival rate of  children with 
AML is less favorable than that of  children with ALL; how-
ever, recent survival rates have risen to approximately 71%.6 
In contrast to acute leukemias, chronic leukemia is less com-
mon in children, accounting for less than 5% of  the cases of  
pediatric leukemia.8

Genetic factors are assumed to play a role in causing 
the acute leukemia. For example, children with Down syn-
drome, Klinefelter syndrome, and neurofibromatosis are 
more likely to develop leukemia than are children without 
these conditions.9–12 Another possible factor in the develop-
ment of  acute leukemia is exposure to ionizing radiation 
and certain toxic chemicals.5,7

The signs and symptoms for leukemia are typically 
caused by an overproduction of  a specific cell type that 
crowds out normal healthy cells, causing anemia, thrombo-
cytopenia, and neutropenia and producing the identifiable 
side effects of  leukemia such as fatigue, bruising, bleeding, 

Type of Tumor Histology Location
CNS 

Occurrences (%)
Peak Age  

of Incidence
Astrocytoma (juvenile pilocytic astrocytoma, 
anaplastic astrocytoma, glioblastoma multiforme)

Astrocytes (glial cells) Cerebellum, cerebrum, 
thalamus, or hypothalamus

52 5

Medulloblastoma Neuroepithelial Cerebellum 20 1–10
Primitive neuroectodermal tumor (cerebral, 
neuroblastoma, cerebral medulloblastoma) 

Neuroepithelial Cerebrum 20 1–10

Brainstem gliomas Glial cells Midbrain/pons/medulla 10 5–10
Ependymoma Ependymal Fourth ventricle 6 <5

Common Pediatric CNS Tumors6,13–15

Table

16.1
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and adjuvant (after surgery) chemotherapy, surgery, and/
or radiation therapy. The primary goal of  medical treat-
ment is to improve survival of  the patient and to preserve 
as much function of  the affected extremity as possible. 
Factors used to determine the type of  medical intervention 
include the tumor’s size, location, and response to presur-
gical  chemotherapy and containment of  the disease to the 
primary site.20

Osteosarcoma
Also called osteogenic sarcoma, osteosarcoma is the most 
common bone tumor in adolescents.21 They occur most 
commonly in the long bones, primarily in the metaphy-
seal area of  the distal femur, proximal tibia, or proximal 
 humerus.21 Teenagers are at the greatest risk of  develop-
ing osteosarcoma; this is thought to be due to their rapid 
growth spurts.21 The primary symptom of  osteosarcoma is 
pain in the involved site with or without the presence of  a 
palpable mass or decreased ROM.6,21 Medical intervention 
for sarcoma includes neoadjuvant chemotherapy, adjuvant 
chemotherapy, and surgery—limb sparing (salvage), ampu-
tation, or rotationplasty (Figs. 16.1 through 16.4). Factors 
used to determine the form of  surgery include: the tumor’s 
size, location, and response to presurgical chemother-
apy and containment of  the disease to the primary site.20 
Survival rates for children with metastatic osteosarcoma 
(30%) are not as favorable as those for children whose dis-
ease is localized (75%).6

Ewing Sarcoma
Ewing sarcoma is the second most common type of  bone 
malignancy in children and adolescents.22 It is thought that 
Ewing sarcoma originates from neural crest cells; however, 
Ewing sarcomas are considered to be a tumor primarily of  
the bone or soft tissue.22 Common sites for Ewing sarcoma 
are the vertebral column, pelvis, rib, and long bones such as 
the femur, tibia, and fibula.22 Approximately 56% of  patients 
who develop Ewing sarcoma are 10 to 20 years old.22 Signs 
and symptoms include pain and/or swelling at the tumor 

and have their own biologic subtypes.16 Hodgkin disease is 
more common in older children and adolescents, whereas 
NHL is more prevalent in younger children.1 The signs and 
symptoms of  Hodgkin disease include painless supraclavic-
ular or cervical adenopathy, nonproductive cough, fatigue, 
anorexia, slight weight loss, and pruritus.16 NHL is typically 
classified into four subcategories16:

 1. Burkitt and Burkitt-like lymphoma (small noncleaved 
cell lymphoma)

 2. Lymphoblastic lymphoma
 3. Diffuse large B-cell lymphoma
 4. Anaplastic large cell lymphoma

The clinical signs and symptoms of  NHL may include 
changes in bowel habits; nausea; vomiting; swelling of  the 
abdomen, face, neck, or upper limbs; pain dysphagia; and 
dyspenia.17 The survival rate for children and adolescents 
with Hodgkin disease is 91% for low-stage disease and 
greater than 80% for advanced disease; for those with NHL, 
the rate is nearly 80%.6,17 Medical treatment of  lymphoma 
typically includes chemotherapy and radiation therapy.16,17

Neuroblastic Tumors

The neuroblastic tumors include neuroblastoma, ganglio-
neuroblastoma, and ganglioneuroma.18 These tumors 
develop from primordial neural crest cells and account 
for 50% of  infant malignancies.6 Two-thirds of  children 
 diagnosed with neuroblastoma are under 5 years of  age.3 
Neuroblastomas commonly develop in the adrenal glands, 
sympathetic nervous system, ganglia of  the abdomen, 
and sympathetic ganglia of  the chest or neck.1,18 The signs 
and  symptoms of  neuroblastoma depend largely on the 
location of  the tumor. These include a palpable fixed hard 
mass in the neck or abdomen area and pain and paralysis if  
the tumor involves the spinal cord or peripheral nerves.18 
Surgery, chemotherapy, and radiation therapy are used to 
medically manage cases of  neuroblastoma. The survival 
rate of  children with neuroblastoma depends on the child’s 
age at diagnosis, disease stage, and tumor histology.3,18 The 
younger the child is at diagnosis, the greater the chances of  
survival. Those who are less than 1 year of  age at the time 
of  diagnosis have a survival rate of  90%. The 5-year sur-
vival rate of  children 1 to 4 years of  age at diagnosis of  neu-
roblastoma is approximately 68%; for children 5 to 9 years 
of  age at diagnosis, the survival rate is 52%, and for those 
children 10 to 14 years of  age at diagnosis, the survival rate 
is 66%.3

Sarcoma

The word sarcoma means a malignant tumor arising from 
cells of  mesenchymal origin. These cells typically mature 
into skeletal muscle, smooth muscle, fat, fibrous tissue, 
bone, and cartilage.19 The medical intervention for sarcoma 
may include neoadjuvant (preoperative chemotherapy) FIGURE 16.1 Excised osteosarcoma.
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with rhabdomyosarcoma depends on the tumor size, loca-
tion, and cellular  composition, how successful surgical re-
moval was, and whether the tumor is contained to one site. 
Children younger than 15 years at diagnosis have a 5-year 
survival rate of  65% in contrast to those 15 to 19 years of  
age, who have a 47%  survival rate.1,3

Retinoblastoma

Retinoblastoma, a malignancy of  the retina that originates 
from multipotent precursor cells, accounts for only 3% of  the 
cases of  cancer in children younger than 15 years of  age; how-
ever, it accounts for 13% of  cancers in infants.3,6,23 The disease 
may be hereditary or nonhereditary; the  hereditary form pres-
ents primarily in infants.23 The nonhereditary form occurs 
when the gene spontaneously develops a new mutation and is 
more prevalent in children than in infants.23 The median age 
of  retinoblastoma is 2 years of  age.1 Three out of  four chil-
dren will have unilateral involvement, while one out of  four 
will have bilateral involvement.1 The two most common signs 
and symptoms of  retinoblastoma are leukocoria (lack of  the 
normal red reflex of  the eye) and strabismus (eyes cross).23 
Medical intervention for children with retinoblastoma is 
very multifaceted and may include  enucleation (removal of  
the eye), external beam radiotherapy, plaque  radiotherapy, 
laser photocoagulation,  cryotherapy, thermotherapy, and sys-
temic chemotherapy.23 The 5-year survival rate for infants and 
 children with retinoblastoma now exceeds 95%.6

Wilms Tumor

Wilms tumor, also called nephroblastoma, is the most 
common malignancy of  the kidney in children.24 Children 
younger than 6 years of  age are more likely to have Wilms 
tumor than are older children; it is commonly diagnosed be-
tween 3 and 4 years of  age.1,24 The primary signs and symp-
toms of  Wilms tumor are abdominal swelling or mass, fever, 

location.22 Medical intervention for children with Ewing 
sarcoma includes surgery, chemotherapy, and radiation 
therapy. The prognosis for Ewing sarcoma in children varies 
widely, depending on the tumor location. The overall 5-year 
survival rate for children with localized Ewing sarcoma is 
approximately 70%.1 The survival rate is lower for those pa-
tients who develop metastatic disease (15% to 30%).1

Rhabdomyosarcoma
The most common soft tissue sarcoma in neonates to 
children 14 years of  age, rhabdomyosarcoma is the sixth 
most common cancer in children and adolescents.1,19 
The most prevalent sites for a rhabdomyosarcoma are 
the head and neck, followed by the urinary and reproduc-
tive organs,  extremities, and trunk.6,19 Signs and symp-
toms of  rhabdomyosarcoma include the appearance of  
a mass or the disturbance in a normal body function such 
as a tumor in the nasopharynx that causes an obstruction 
and discharge.19 Medical treatment for children with rhab-
domyosarcoma includes surgical removal of  the tumor, 
chemotherapy, and radiation therapy.19 As was the case 
with the other sarcomas, the survival rate for children 

FIGURE 16.3 Gastrocnemius muscle flap covering the internal 
prosthesis before closing the surgical wound.

FIGURE 16.4 Surgically repaired lower extremity 
 approximately 3 months after repair with good wound closure.

FIGURE 16.2 Internal prosthesis in place during surgery.
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puncture may experience discomfort with movement or 
feel sore in these areas for a few days and take this into con-
sideration when performing the physical therapy examina-
tion and planning for that session’s intervention program. 
For  example, if  a patient has difficulty transitioning from 
a sitting position to standing, it may not be due to lower 
 extremity weakness but instead to discomfort in the hip or 
low back area, and in a few days the problem will resolve.

If  a patient presents with pain or swelling in an ex-
tremity, radiography, ultrasound, computed tomography 
(CT), or magnetic resonance imaging (MRI) is performed. 
Examination of  the imaging results is helpful in identifying 
the tumor’s location, but further testing, for example, of  a 
needle biopsy sample, is required to determine the type of  
tumor on the basis of  the cell’s morphologic characteristics. 
This information is important to the physical therapist be-
cause the location of  the tumor may have an impact on the 
surrounding tissues such as causing joint contractures or 
change the patient’s lower extremity weight-bearing status, 
thus limiting ambulation and functional mobility.

Before prescribing a course of  medical treatment, the 
oncologist will determine the tumor’s grade and stage by 
identifying the specific type of  cancer on a cellular level, its 
exact location, and whether the cancer has spread to other 
areas of  the body. The tumor’s grade, which indicates its 
degree of  malignancy, is determined on the basis of  the 
microscopic appearance of  the tumor cells, the tendency 
of  the tumor to spread, and its growth rate. A system fre-
quently used in the determination of  cancer grade is that of  
the World Health Organization (WHO).15 The system starts 
with grade I (a tumor that grows slowly and has a slightly 
abnormal appearance) and ends with grade IV (a tumor 
that reproduces most rapidly and has the undifferentiated 
cells).15 Staging classifications are used to describe whether 
the disease is contained to the primary site, and if  not, the 
extent of  its spread. Although the exact cause of  the cancer 
is often unknown, genetic and environmental factors have 
been linked to many of  the common pediatric cancers. It 
is important for the oncologist to understand these genetic 
factors because they may also affect the type of  intervention 

anemia, and hypertension.24 Medical intervention for Wilms 
tumor consists of  surgical resection, chemotherapy, and ra-
diation therapy.24 The 5-year survival rate for children with 
Wilms tumor is 92%.2

 Disease and medical intervention 
factors that influence physical  
therapy practice

When a patient presents with signs and symptoms sugges-
tive of  cancer, a physician orders specific diagnostic tests. 
A complete blood count test is very frequently performed 
to evaluate the function of  the bone marrow. The normal 
blood values listed in Table 16.2 are only a general range 
because these values vary slightly according to the child’s 
gender and age.25 The ranges listed as acceptable for par-
ticipation in exercise are a guideline only. Because children 
with cancer often have low blood counts, it is highly recom-
mended that the physical therapist contact the child’s phy-
sician and discuss these parameters. Physical therapists at 
the leading children’s oncology centers, with the approval 
of  physicians, may continue to provide physical therapy ser-
vices even when a child has low blood counts. For example, 
the physical therapist may encourage gentle active ROM 
exercises or a light game of  toss with a patient who has a 
platelet count less than 20,000 µg/L or slow walking for a 
child with a hemoglobin concentration less than 8 g/100/mL 
rather than no exercise. Therefore, the standard of  care must 
include structured activities with parameters guided by the 
blood count levels that were previously agreed upon.

A bone marrow aspiration or bone marrow biopsy is 
performed by direct insertion of  a needle into the bone, 
typically the iliac crest bone; the sample is then examined 
microscopically to detect the presence of  cancer cells. A 
lumbar puncture is performed by insertion of  a needle into 
the lumbar vertebrae area; cerebrospinal fluid is withdrawn 
to determine whether the cancer involves the cerebrospinal 
fluid. Physical therapists must understand that a child who 
has undergone either a bone marrow aspiration or a lumbar 

Red Blood Cells 
(Erythrocytes) Platelets (Thrombocytes) Hemoglobin

White Blood Cells  
(Leukocytes)

Function CO2 and O2 transport Clotting of blood CO2 and O2 transport Defense against infection
Normal values Male: 4.7–5.5 × 106/µL

Female: 4.1–4.9 × 106/µL

150,000–350,000/µL 10–13 g/100 mL 4500–11,000/mm3

Name of low value Anemia Thrombocytopenia Anemia Bacterial, viral, and/or fungal 
infection

Symptoms of low values Pallor
Fatigue

Bruising
Petechiae

Pallor
Fatigue

Infection

Exercise guidelines See Hemoglobin No exercise: <20,000
Light exercise: 20,000–50,000
Resistive exercise: >50,000

No exercise: <8
Light exercise: 8–10
Resistive exercise: >10

No exercise: <5000
Light exercise: >5000
Resistive exercise: >5000

blood Count, Symptoms, and exercise Guidelines26

Table

16.2
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combined with other treatment modalities such as surgery 
and radiation therapy. For example, children with osteosar-
coma or Ewing sarcoma often receive neoadjuvant chemo-
therapy for approximately 10 to 12 weeks before surgery to 
help shrink the tumor.26,27 They also receive adjuvant che-
motherapy to aid in elimination of  any cancer cells that have 
spread into other areas of  the body.

Chemotherapeutic agents are administered in a variety 
of  ways, including intravenous, oral, and intramuscular 
routes. Most do not readily cross the blood–brain barrier; 
therefore, to target disease in the CNS, these agents are in-
jected directly into the cerebrospinal fluid, typically through 
a catheter inserted in the lumbar area or in the brain.28 This 
mode of  administration, which is called intrathecal, is com-
monly used for administration of  methotrexate.

Chemotherapeutic agents cause secondary side ef-
fects (Table 16.3).29–41 Not all agents cause the same side 
effects, nor do they occur within the same period of  time. 
For  example, drugs such as vincristine are known to cause 
 sensory/motor peripheral neuropathy, primarily affecting 
the hands and feet, within weeks of  administration.29,40,42–45 
The earliest and most common clinical sign related to vin-
cristine toxicity is a decreased Achilles tendon reflex, which 
can occur within a month of  chemotherapy. The primary 
indication of  peripheral neuropathy is foot drop, decreased 
ankle dorsiflexion strength and active ROM, and neuropathic 
pain.35,40,46 However, the order in which the clinical presen-
tation occurs may vary; the physical therapist may observe 
weakness in a patient’s intrinsic muscle of  the hands and 
feet followed by weakness of  the anterior tibialis, or the pa-
tient may experience neuropathic pain without any signs of  

chosen for the patient. The physical therapist too must un-
derstand the grading and staging systems to tailor the physi-
cal therapy intervention program and plan of  care around 
the child’s specific needs. For example, if  a child has a lower 
extremity osteosarcoma and the therapist is working on gait 
training and the patient is becoming short of  breath with in-
creased work of  breathing, the therapist will want to know 
if  the patient has lung metastases, and modify the session 
accordingly.

Pediatric cancers are typically treated with multiple 
 modalities such as surgery, chemotherapy, radiation therapy, 
or stem cell transplantation. Medical intervention is based on 
the type of  cancer and the extent of  disease. There are differ-
ent phases of  treatment: induction, consolidation, and main-
tenance. During the induction phase, the patient receives 
high doses of  chemotherapy and possibly other modalities 
such as radiation therapy, with the goal of  achieving remis-
sion as quickly as possible (no cancer cells present). To elimi-
nate any remaining cancer cells, patients continue to receive 
high doses of  chemotherapy during the consolidation phase. 
During the maintenance phase, patients receive lower doses 
of  chemotherapy with the goal of  preventing disease relapse.

Chemotherapy

Chemotherapeutic agents are chemicals used to interfere 
with rapidly dividing cancer cells, thus resulting in cell 
death. Multi-agent chemotherapy is used to prevent re-
sistance to one drug and allows administration of  higher 
doses. Chemotherapy is the primary intervention for many 
types of  cancers such as leukemia and lymphoma. It is often 

Common Side Effects
Chemotherapeutic 
Agents Short Term Long Term Common Types of Cancer
Vincristine Hypertension, motor difficulties, CNS 

depression, peripheral neuropathy, 
alopecia, constipation, anorexia, jaw pain, 
leg pain, weakness, paresthesia,  
numbness, myalgia, cramping

Peripheral neuropathy, decreased  
gross and fine motor skills

Leukemia, Hodgkin disease, 
neuroblastoma, lymphomas, Wilms 
tumor, and rhabdomyosarcoma

Cisplatin Bradycardia, nausea, vomiting, bone 
marrow suppression, ototoxicity,  
peripheral neuropathy

Ototoxicity, nephrotoxicity Osteosarcoma, Hodgkin disease and   
non-Hodgkin lymphoma, brain tumors

Methotrexate Malaise, fatigue, dizziness, alopecia, 
photosensitivity, nausea, vomiting, 
diarrhea, anorexia, mucositis, glossitis, 
myelosuppression, arthralgia, osteopenia

Osteoporosis, bone fracture, 
infertility, renal toxicity, hepatotoxicity, 
neuropsychological-cognitive deficits

Leukemia, osteosarcoma, non-Hodgkin 
lymphoma

Dexamethasone Hypertension, increased susceptibility to 
infection, myopathy, increased appetite, 
mental changes

Growth suppression, bone 
demineralization, osteonecrosis

Leukemia, brain tumors, and other types 
of malignancy

Ifosfamide Somnolence, dizziness, polyneuropathy, 
alopecia, dermatitis, nausea, vomiting, 
anorexia, diarrhea, constipation, 
myelosuppression

Cardiotoxicity, nephrotoxicity Hodgkin disease and non-Hodgkin 
lymphoma, acute and chronic 
lymphocytic leukemia, sarcoma

Doxorubicin Alopecia, nausea, vomiting, mucositis, 
diarrhea, bone marrow suppression

Cardiotoxicity, myocarditis Lymphoma, leukemia, soft tissue 
sarcoma, neuroblastoma, osteosarcoma

Specific Chemotherapeutic agents and Common Side effects Pertinent to Physical Therapy35–49

Table
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Tumor Biopsy
Typically, before any medical intervention takes place, a 
biopsy of  a portion of  the tumor or a bone marrow aspi-
ration is obtained. These procedures are performed under 
general anesthesia, conscious sedation, or local anesthesia. 
Unfortunately, with some brain tumors, primarily those of  
the brainstem, a biopsy cannot be performed due to the 
high risk of  damage to surrounding tissue.

Central Line and Shunt Placement
Because most children receive intravenous chemotherapy 
agents over an extended period of  time, a surgically placed in-
dwelling catheter that leads directly into a major blood vessel 
near the heart may be required. These lines are often called 
a central line, Broviac, or Hickman catheter. The Broviac 
catheter is an external catheter that leads into a major vessel 
such as the external or internal jugular. An internal catheter 
is placed into the same major vessel, but it remains under the 
skin and is accessed with a needle each time the child needs 
to receive medication or to have blood drawn. A central line 
being pulled out accidentally constitutes a medical emer-
gency owing to the risk of  infection and bleeding. Therefore, 
special precautions must be taken to keep the area around 
the catheter clean, dry, and  protected from injury.

Surgical placement of  a ventriculoperitoneal shunt is 
often required when a brain tumor results in increased in-
tracranial pressure. It is important for physical therapists to 
know the following signs and symptoms of  increased cranial 
pressure owing to a brain tumor or a shunt malfunction: 
headaches, vomiting, diplopia, disturbances of  conscious-
ness, papilledema, and changes in motor function.14

Surgical Resection
Most solid tumors will require surgical resection. However, 
some are too large to be resected, or are located where 
surgical resection would be risky. Examples include brain-
stem glioma or neuroblastoma that extends into the spinal 
cord. However, for malignant tumors, surgical resection is 
typically the optimal choice. To increase the chance that the 
tumor does not return or spread to other areas of  the body, 
the surgeon will make every effort to completely resect the 

muscle weakness. As soon as the dose of  the vincristine is de-
creased or administration of  the drug is stopped, the symp-
toms of  neurotoxicity generally decrease; however, some 
researchers report residual deficits of  gross motor skills.34,43 
Drugs such as methotrexate cause problems such as myelo-
suppression within a week of  their administration and long-
term neuropsychological problems with memory deficits 
and visual-spatial and motor coordination impairments.47–49 
Myelosuppression is a process in which bone marrow ac-
tivity is decreased, resulting in low production of  platelets, 
red blood cells, and white blood cells and a corresponding 
 increase in the risk of  bleeding, fatigue, and infection.

Radiation Therapy

Radiation therapy uses ionizing radiation to disrupt the 
structure of  the tumor cells’ DNA, which limits the cells’ 
ability to further reproduce. Radiation therapy is delivered 
by an external radiation beam or internal placement of  ra-
diation material near the tumor. Radiation therapy is often 
used alone or more frequently combined with other treat-
ments such as surgery and chemotherapy.50,51 Radiation 
therapy delivered before surgical removal of  a tumor can 
shrink the tumor mass, thus decreasing the amount of  dam-
age to the surrounding healthy tissues.52 Radiation is used 
after surgery to destroy any cells that may have spread from 
the primary site.52 Total body irradiation is also combined 
with chemotherapy to destroy the child’s bone marrow in 
preparation for receiving a stem cell transplant. Radiation 
therapy may cause numerous short- and long-term side ef-
fects (Table 16.4), which are mainly related to the area and 
the surrounding tissues that received the radiation.50–57 Side 
effects from radiation are particularly severe in infants and 
children who are still growing. Their neuropsychological 
and musculoskeletal systems are affected.

Surgery

Surgical procedures typically performed for the pediatric 
patient with cancer include tumor biopsy, central line and 
shunt placement, and tumor resection, with or without ex-
tensive surgical reconstruction.

Short Term Long Term Implication for Physical Therapists
Skin Fibrosis Pain
 Redness Pathologic fracture Decreased ROM
 Blistering Bone growth abnormalities Decreased strength
 Hair loss Osteonecrosis/avascular necrosis Decreased endurance
Fibrosis Osteoporosis Decreased functional mobility
Fatigue Cardiac complications Decreased balance
Cognitive deficits Hypertension

Thyroid dysfunction
Decreased neuropsychological function

Motor accuracy, sensory integration,
Memory, concentration

Decreased quality of life and participation in community and family activities

Short- and long-term Side effects of Radiation50–57

Table
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the surgeon makes every effort to provide the patient with 
a residual limb that is conducive to the functional use of  a 
prosthetic device. The short-term complications of  an am-
putation may include psychological distress related to a dras-
tic change in body image, slow healing of  the surgical site 
if  the child is receiving chemotherapy, inadequate wound 
coverage, neuropathic pain, phantom limb sensation, and in-
creased energy expenditure for functional activities.61 Long-
term complications include psychological distress related to a 
drastic change in body image; skin blisters, redness, or bruis-
ing on the residual limb due to growth or weight changes; 
phantom limb pain and sensation; musculoskeletal pain; and 
increased energy expenditure for activities of  daily living.61

ROTaTIONPlaSTY This surgical procedure is sometimes 
performed in lieu of  an amputation; however, it is still con-
sidered a form of  amputation.61 Rotationplasty is not the 
standard of  care at many of  the children’s hospitals in the 
United States. Rotationplasty removes a femoral tumor 
while preserving the neurovascular bundle and the distal 
portion of  the lower leg and foot. The lower leg is turned 
180 degrees and attached to the proximal femur in such a 
way that the foot can serve as the functional knee joint and 
as a weight-bearing surface for a prosthesis. The resultant 
residual limb does not require multiple surgical revisions 
and it is longer than if  a below-knee amputation had been 
performed.20 This longer limb provides the patient with 
the chance for higher functional abilities.64 Furthermore, 
 patients who have undergone rotationplasty can participate 
in recreational activities and sports, as can patients who have 
had an amputation.65,66 In the short term, the wound heals 
poorly; and in both the short and long term, the  extremity 
appears odd. Researchers have studied quality of  life in 
 patients who have undergone a rotationplasty and deter-
mined that patients do not show reduction in psychosocial 
adaptation compared with the healthy population.67,68

Bone Marrow Transplantation and Peripheral 
Stem Cell Transplantation

Bone marrow transplantation (BMT) or peripheral blood 
stem cell transplantation (PSCT) is performed for children 

tumor with a clean margin of  tissue with no cancer cells. 
Because it is not always known whether any cells have 
spread beyond the primary tumor site, chemotherapy and 
radiation therapy may also be given to the patient.

Other Surgical Procedures
For patients with an upper or lower extremity bone or soft 
tissue tumor, surgical options such as amputation, rota-
tionplasty, and limb-sparing procedures are available.58–60 
Limb-sparing procedures may include the use of  a custom 
endoprosthetic device, allograft reconstruction, or auto-
graft reconstruction, or combine the use of  endoprosthe-
ses and bone grafts.20 For children who have not reached 
skeletal maturity, the lower extremity can be reconstructed 
by using an expandable endoprosthesis or contralateral 
 epiphysiodesis.20 Use of  the expandable endoprosthesis, 
also referred to as a repiphysis prosthesis, is the common 
choice.58 After the expandable prosthesis is implanted, the 
surgeon can lengthen the child’s leg without opening the 
surgical site. Use of  this noninvasive procedure decreases 
the risk of  infection and the time required for healing. 
The short-term limitations of  the limb-sparing procedure 
(Table 16.5) include slow wound healing due to use of  che-
motherapeutic agents, infection, and poor joint ROM61,62 
(Fig. 16.5). Long-term side effects include the need for fre-
quent surgical revisions due to loosening of  the prosthesis, 
leg length discrepancy, fractures, infection, poor joint ROM, 
extensive problems requiring amputation, and local tumor 
recurrence.20,58,61–63 Thus, it is important for physical thera-
pists to plan for these types of  complications and provide 
preventive measures if  possible, such as exercises to prevent 
contractures and activity recommendations to decrease the 
wear and tear on the prosthesis, recommending biking and 
swimming activities versus running and contact sports.

aMPUTaTION This surgical procedure results in removal of  
a portion of  an extremity; the extent of  the amount of  limb 
removed depends on the tumor’s location, type, and size. 
Amputation is typically performed when it is not possible to 
make a wide-enough excision to achieve clean margins, or 
when surgery is so extensive that the extremity is no longer 
functional.61 After deciding that a child needs an amputation, 

Limb-sparing Procedures Amputation Rotationplasty

Short term Long term Short term Long term Short term Long term
Slow wound 
healing
Infection 
Poor ROM
Increased energy 
expenditure

Multiple surgical revisions
Leg length discrepancy
Fractures
Infection
Poor joint ROM
Increased energy expenditure
Converted to amputation
Local recurrence

Slow wound healing
Infection
Inadequate wound 
coverage
Increased energy 
expenditure
Neuropathic pain

Body image difficulties
Skin blisters
Redness
Phantom limb pain
Muscle pain
Increased energy 
expenditure

Slow wound healing
Infection
Increased energy 
expenditure

Poor body image
Leg length discrepancy
Increased energy 
expenditure

Short- and long-term Side effects of limb-sparing Procedures, amputation, and Rotationplasty

Table
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Engraftment, the process by which donor marrow begins 
to produce healthy cells, typically takes 10 to 17 days.69 
However, until the body produces its own cells, the child 
will require antibiotics to prevent infection and transfu-
sions of  red blood cells and platelets. Children may require 
red blood cell and platelet transfusions for up to 6 months 
and may not have adequate white blood cells to fight infec-
tion for 6 to 12 months.69 Thus, physical therapists must be 
knowledgeable of  the patient’s blood count levels to plan for 
the physical therapy session.

Transplant recipients do not produce healthy bone mar-
row cells for a period of  time. Therefore, the recipient has 
an increased risk of  infection, bleeding, and severe fatigue. 
Children who receive allogeneic transplants may develop 
some form of  graft-versus-host disease (GVHD), a process 
by which the transplanted marrow (graft) starts to attack 
the patient’s (host) organs. There are two types of  GVHD: 
acute and chronic. Acute GVHD can begin as early as the 
first month after the transplantation, when the engraftment 
process is taking place. Acute GVHD most commonly af-
fects the skin, the gut, and the liver; the patient experiences 
a rash, itchy skin, skin discoloration, dry mouth, mouth 
ulcers, diarrhea, and weight loss. Chronic GVHD occurs 
months after the patient receives the transplant and affects 
the skin and gastrointestinal system. Specific complications 
may include changes in the skin pigmentation and texture; 
possible development of  joint contractures; dry mouth and 
ulcer formations; difficulty in swallowing and malabsorp-
tion, which may cause the child to lose weight; chronic liver 
disease; and problems with the eyes such as dryness, pain, 
and sensitivity to light.70 The drugs prednisone, cyclospo-
rine, and methotrexate are commonly given to patients to 
prevent GVHD or to decrease the severity of  the reaction.70 
Long-term complications include those that were previ-
ously listed under chemotherapy and radiation therapy. 
Physical therapists should evaluate and provide intervention 
for children with GVHD to assist in the prevention of  the 
development of  joint contractures, decreased strength, and 
functional mobility.

Stem cell rescue is a process by which the child’s own 
stem cells are extracted and stored. The child is then able 
to receive very high doses of  chemotherapeutic agents, 
after which he or she receives a transfusion of  his or her 
own cells. This procedure allows patients with cancer such 
as medulloblastoma and neuroblastoma to receive multiple 
rounds of  very high doses of  chemotherapy.

 Physical therapy examination  
and evaluation

Systems Review

Because patients with cancer are often fatigued before the 
physical therapy examination begins, it is important that the 
therapist identify areas of  concern immediately and focus 
the examination on those target areas. The systems review is 

with leukemia (relapsed ALL or chronic myelogenous leu-
kemia) or other hematologic diseases (e.g., aplastic anemia, 
severe combined immunodeficiency [SCID], and sickle cell 
disease) that involve the bone marrow. The purpose is to re-
place the patient’s bone marrow with his or her own marrow 
or donor bone marrow capable of  producing healthy cells. 
Bone marrow is typically harvested by the repeated insertion 
of  a large needle into the donor’s bone (e.g., the iliac crest) 
and withdrawal of  the marrow. The stem cells, the most im-
mature cell that further differentiates into mature cells, are 
obtained by taking blood from the donor via a process called 
apheresis. There are three common forms of  BMT or PSCT:

 1. Allogeneic transplants from a histocompatible donor
 2. Autologous transplants from the patient’s own cells
 3. Syngeneic transplants from an identical twin

The protocol being used and the policies of  the institu-
tion where the transplantation takes place will determine 
whether the child receives a BMT or PSCT. The more com-
mon procedure currently performed is the PSCT. Some 
institutions are also now performing umbilical cord blood 
transplants.

Children who receive a BMT or a PSCT first receive 
combination chemotherapy to achieve a state of  remission 
(no identifiable cancer cells in the body). The child is then 
admitted to the hospital for the conditioning phase. For 
 approximately 1 week, the child receives chemotherapeutic 
agents (e.g., thiotepa) and total body irradiation, depending 
on his or her age and the treatment protocol. The goal of  
the conditioning phase is to provide complete bone marrow 
suppression. Because the child’s white blood cell, red blood 
cell, and platelet counts drop, the child requires special care 
during this period to prevent infection and hemorrhaging. 
The child then receives an infusion of  bone marrow or pe-
ripheral stem cells. For approximately 6 weeks, the child 
stays in an isolated room equipped with a positive pres-
sure and an air filtration system to help prevent infection. 

FIGURE 16.5 Patient 3 months after a limb-sparing procedure 
for proximal tibia osteosarcoma, presenting with wound closure 
problems.
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a school bus or that he or she is frequently tripping when 
walking on grass or other uneven surfaces.

Tests and Measurements

Before the therapist conducts any tests or measurements, 
it is important that he or she plan the session. To make 
sure the examination is thorough and comprehensive, the 
therapist can use a disablement model such as the WHO’s 
International Classification of  Functioning, Disability, and 
Health (body functions/structures, activity, and partici-
pation) or the model of  the National Center for Medical 
Rehabilitation Research (pathophysiology, impairment, 
functional limitation, disability, and societal limitations).71 In 
this chapter, the WHO model will be used as a reference. 
According to the WHO, the term body function and structure 
refers to the physiologic functions of  body systems, includ-
ing the body’s psychological functions and anatomic parts, 
such as organs and limbs and their components. Activity re-
fers to the execution of  a task or action by an individual and 
participation refers to involvement in a life situation.71 The 
WHO model takes into account the interactions between 
all three components of  the model and the child’s individual 
environmental and personal factors. Each child will require 
an individualized examination based on the specific diagno-
ses and common side effects of  the medical intervention the 
child has received or is receiving. Table 16.6 outlines the key 
areas of  focus in each category. For individual patients, some 
areas will be more applicable and will require further testing.

Body Function and Structure (Impairments)

Musculoskeletal
The musculoskeletal component of  the examination is im-
portant for children with cancer because they oftentimes 
have problems with ROM, strength, and postural align-
ment. When performing the ROM examination, the thera-
pist should give particular attention to the joints above and 
below any area where a surgical procedure has recently 
been performed. Children will often guard the area around 
the surgical site because of  pain or fear. For example, im-
mediately after a brain tumor resection, a child may have 
decreased cervical spine ROM or may tilt his or her head lat-
erally to compensate for visual deficits. For a few days after 
a central line placement, a child may not want to perform 
full-shoulder flexion or trunk ROM because the chest area 
is sore. After an aggressive distal femur or proximal tibia 
limb-sparing procedure, a child’s hip, knee, and ankle ROM 
may be limited. Another important factor to consider when 
testing a child’s ROM is the type of  chemotherapy the child 
is receiving or has received because agents such as vincris-
tine cause a decrease in active ankle dorsiflexion ROM; over 
time, this decreased ROM can develop into a contracture. 
Therefore, the therapist will want to focus on the ankle and 
hand grip strength in patients receiving vincristine.

When performing the strength component of  the exami-
nation, the therapist must consider the child’s blood count 

a helpful way to guide the physical therapy examination. As 
soon as the therapist sees the patient, whether this occurs in 
the patient’s hospital room, the clinic, the child’s classroom, 
or home, he or she can identify key issues. Keeping a list of  
the essentials in mind helps with speed and thoroughness:

 1. Musculoskeletal: obvious joint contractures or foot drop
 2. Neuromuscular: signs of  pain such as antalgic gait pat-

tern, facial grimacing, guarding an area, increased or de-
creased muscle tone, facial paralysis, difficulty hearing 
when the therapist says “hello” ; neurocognitive deficits 
that will limit the child’s ability to follow directions; or 
impaired balance

 3. Cardiovascular and pulmonary: nasal flaring, increased 
work of  breathing or respiratory rate

 4. Integumentary: facial skin color that demonstrates pos-
sible low hemoglobin or liver function problems, for ex-
ample, bruising that signals a low platelet count

Medical and Social History

Obtaining a thorough medical and social history is one of  
the key components of  any physical therapy examination. 
This process helps the physical therapist select the types of  
questions to ask the patient, directs the specific types of  tests 
and measurements that are chosen, and ultimately guides 
the plan of  care. If  the patient’s chart is available, it is ideal 
to obtain the following information before meeting the 
patient:

 1. Diagnoses
 2. Disease grade and stage
 3. Medical history, including patient’s growth and 

development
 4. Current medical treatment, including the types of  che-

motherapeutic agents the patient is receiving and other 
medical treatments

 5. Current blood values, that is, hemoglobin concen-
trations, white and red blood cell counts, and platelet 
counts

However, physical therapists are not always fortunate 
enough to have the patient’s medical chart available before 
meeting the patient. If  the child or caregiver is unable to 
provide the therapist with the pertinent information, then it 
is most appropriate to call the physician or nurse.

After obtaining the required medical information, it 
is important for the therapist to build a rapport with the 
child and the family. This is when the therapist asks about 
the child’s social history. With whom does the child live? 
Does he or she have any siblings? What grade has he or she 
completed in school? What sports or other leisure activities 
does the child enjoy? The therapist will use the answers to 
these questions as a basis for discussing areas with which the 
child is having difficulty at home, at school, or in the hospi-
tal. Often, it isn’t until the therapist begins the examination 
that the child and family realize how much trouble the child 
is really having with a specific task such as climbing onto 
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Body Function and Structure Activity Participation

Musculoskeletal Integumentary Ambulation Quality of Life
ROM
 Goniometer
 Functional ROM 

Strengthening
 Manual muscle test
 Handheld goniometer
 Functional abilities

Postural alignment

Neuromuscular
Pain
 FLACC scale
 FACES scale
 Visual analog scale

Type of pain
 Neuropathic
 Nociceptive

Muscle tone and motor control
 Ataxia
 Spasticity
 Hypotonicity
 Clonus
 Paresis

Visual exam
 Vision
 Tracking

 Diplopia
 Eye–hand coordination

Sensation
 Light touch
 Sharp dull
 Two-point discrimination

Sensory integration

Skin
 Temperature
 Color

 Texture

Wound
 Healing
 Drainage
 Smell

Scar mobility

Cardiopulmonary
Endurance
2-, 6-, 9-minute run/walk tests

Rate of perceived exertion
 Physiological Cost Index
 Heart rate
 Respiratory rate

 Cervical and thoracic asymmetry
 Nasal flaring
 Belly breather
 Increased work of breathing

Quality of gait pattern

Assistance required

 Forearm crutches
 Axillary crutches
 Walker
 Wheelchair
 Orthoses
 Prosthesis
 Manual guidance

Locomotion and developmental skills
 Walking
 Sit-to-stand
 Stand-to-sit
 Pull to stand
 Creeping
 Crawling
 Rolling
 Stair climbing

Standardized tests
 Peabody Developmental Motor Scales
 Pediatric Evaluation of Disability Inventory

Balance and coordination
 Single-limb stance
 Timed up and down stairs
 Timed up and go
 Start/stop on oral cue
 Tandem walking
 Walking on uneven surfaces (grass, hills)
 Dual-task activities

School
Work
Play

Sports
Marriage
Travel
Palliative care
Talking

Questionnaires
SF-36
PedsQL

Recommended Tests and Measurements

Table
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levels. For children with a low platelet count, the typical 
manual muscle test and dynamometry is not appropriate. 
However, the therapist can observe the child’s functional 
strength abilities while performing activities such as walk-
ing, climbing stairs, and performing transitional movements 
such as sit-to-stand.

Neuromuscular
When examining a child’s neuromuscular system (i.e., con-
ducting tests of  pain, muscle tone, balance, motor control, 
vision, sensation, and sensory integration), it is important 
for the therapist to consider the complex interplay of  the 
neuromuscular system with all the other systems in the 

body, the environment, and the task. If  a child with a brain-
stem glioma presents with increased or decreased muscle 
tone or stiffness in the right lower and upper extremity, the 
therapist must consider how this impairment affects the 
child’s active and passive ROM, isolated muscle strength, 
proprioception, functional abilities, and activities of  daily 
living, while also taking into account the child’s cognitive 
abilities, age, family support, and motivation.

It is important that the physical therapist determine 
whether a child is experiencing pain, and if  so, to identify 
the location, intensity, quality, onset/duration, and aggra-
vating and alleviating factors. Pain is measurable in all in-
dividuals regardless of  age. Depending on the patient’s age 
and cognitive abilities, a variety of  tools are available: (1) the 
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and respiratory rates. Tools are available to examine the 
energy required to perform specific tasks. The physiologic 
cost index is an objective way to calculate a child’s energy 
expenditure. The rating of  perceived exertions scale is a sub-
jective scale of  how hard the child reports that he or she is 
working.77–82

Activity (Activity Limitations)

Ambulation and Locomotion
Children with cancer may experience difficulty with ambu-
lation and locomotion as a result of  the disease and treat-
ment effects. These deficits may occur due to the effects of  
drugs such as vincristine that cause foot drop, weakness due 
to nerve root impingement, bone pain from the buildup of  
blast cells in the bone marrow, or structural changes from 
a limb-sparing or amputation procedure. The therapist will 
first identify the child’s primary means of  mobility, whether 
it is walking, crawling, or using a wheelchair. Second, 
the therapist will identify the amount of  assistance or the 
type of  assistive device required for the patient to perform 
the task. Third, the therapist will examine the quality of  the 
gait pattern or other means of  mobility.

Balance and Coordination
Balance and coordination deficits are common in children 
who have had a CNS or peripheral nervous system tumor 
or who have experienced side effects of  chemotherapy or ra-
diation therapy, surgical alterations of  the skeletal system, 
or weakness from prolonged inactivity. As previously stated 
in the neuromuscular section, therapists must consider 
other systems (e.g., vision, hearing, sensation, muscle tone, 
and cognition) and environmental factors when examining 
a child’s balance and coordination abilities. A few common 
tests (Table 16.6) include eyes open or closed, single-limb 
stance, timed up and down stairs, timed up and go, dual-task 
activities, and tandem walking.83,84

Participation (Participation Restrictions)

The most important component of  the examination is iden-
tification of  how the child’s body structure/function and 
activity limitations are affecting the child and the family at 
home, work, school, or play. This can be achieved by using 
oral communication, observation, and structured question-
naires. Two commonly used pediatric-specific question-
naires are the PedsQL and the Short Form 36.85,86 Often, a 
therapist will ask children and parents how things are going 
at home and the reply is “just fine” ; however, it is the role of  
the physical therapist to focus the child and family on spe-
cific tasks such as getting in and out of  bed, eating at the 
dinner table with the family, bathing, going to the mall with 
friends, going to school, climbing stairs at school, walking to 
class at school, and participating in sports. It is also impor-
tant to discuss with the child and caregiver the child’s level 

FLACC (Face, Legs, Activity, Cry, Consolability) scale for 
infants to children 5 years of  age; (2) the FACES scale for 
patients 5 to 13 years of  age; and (3) self-reporting numeric 
scales (0 to 10) or a visual analog scale for children older 
than 13 years. A child may experience nociceptive pain and/
or neuropathic pain. Nociceptive pain, commonly described 
as aching or throbbing pain, is typically caused by bone, 
joint, muscle, skin, or connective tissue damage from the 
disease itself, from medications such as steroids, or from sur-
gery. In contrast, neuropathic pain is typically described as 
burning, tingling, or piercing, and it is caused by injury to 
a nerve, either from surgery, chemotherapeutic agents, or 
radiation therapy.72–74

Integumentary
Examination of  the integumentary system tells the thera-
pist a great deal about a child. The color and texture of  the 
skin alone may offer the therapist some information that 
will lead to further examination. For example, pallor sug-
gests anemia; jaundice, liver dysfunction; dry and itchy 
skin, GVHD; cold skin, poor circulation; hot skin, infec-
tion; drainage with a foul odor, infection; blisters, poorly 
fitted brace; red/blistered skin, radiation burns; and ulcers, 
pressure sores. Physical therapists will want to examine the 
mobility of  a scar and note any scar adhesions. Physical 
therapists play a critical role in the identification and man-
agement of  the integumentary issues that children with 
cancer may experience. The physical therapist must take 
the time to examine the integumentary system thoroughly, 
document the findings, and communicate and coordinate 
the plan of  care with the physician.

Cardiopulmonary
Children with cancer may experience cardiopulmonary 
complications due to the effects of  chemotherapy, radiation, 
prolonged bed rest, generalized fatigue, or skeletal abnor-
malities caused by a tumor, surgery, or radiation therapy. 
Therefore, the physical therapist must perform a compre-
hensive respiratory, skeletal (rib cage), and endurance ex-
amination. A good starting point is observation of  the child, 
which will reveal increased work of  breathing, nasal flaring, 
respiratory rate, and skeletal asymmetries that affect the 
cardiorespiratory system. More detailed assessments will in-
clude using a pulse oximeter to obtain a child’s resting heart 
rate before he or she performs an endurance examination 
and the therapist calculates his or her target heart rate range.

The child’s age and abilities will guide the type of  endur-
ance tests the therapist chooses. For infants and toddlers, en-
durance testing may include observation of  skin color, vital 
signs, and breathing patterns while the child is playing. For 
testing of  the older child and adolescent, more structured 
methods are available such as a treadmill test at a variety 
of  levels, step tests, and run/walk tests, including the 2-, 6-, 
and 9-minute tests.75,76 While the child is performing the 
endurance tests, the therapist can monitor the child’s heart 
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Medical Diagnosis Physical Therapy Diagnosis Possible Causes
Leukemia/lymphoma Pain Peripheral neuropathy, bone pain from buildup of blast cells in the bone 

marrow, joint, and bone mainly due to osteonecrosis
Decreased sensation Peripheral neuropathy, nerve root compression
Decreased strength Peripheral neuropathy, steroids, inactivity
Decreased ROM Peripheral neuropathy, osteonecrosis 
Decreased endurance and fatigue Inactivity, chemotherapy, radiation therapy, stem cell transplant
Decreased functional mobility Decreased strength, endurance, pain
Decreased participation in community 
activities

Self-confidence, fear, other social concerns such as friendships 
and previously listed impairments, limited handicapped-accessible 
accommodations

CNS and peripheral nervous 
system tumor

Pain Tumor impingement (spinal cord or peripheral nerve root impingement), 
peripheral neuropathy or surgical pain

Decreased sensation Peripheral neuropathy, CNS damage
Decreased strength Tumor impingement, surgical pain, fear, immobility, inactivity
Decreased ROM Surgical incision site, decreased motor control, abnormal muscle tone
Decreased balance and coordination Poor motor control, ataxia, paralysis/paresis, decreased vision, vestibular 

dysfunction
Decreased functional mobility Visual deficits, decreased strength, endurance
Decreased participation in community 
activities

Previously listed impairments and limited handicapped-accessible 
accommodations

Bone and soft tissue tumors Pain Tumor impingement, surgical pain, neuropathic pain, chemotherapy, 
osteoporosis

Decreased sensation Surgical nerve damage, chemotherapy
Decreased strength Immobility, nerve damage, CNS metastases
Decreased ROM Immobility, nerve damage, scar adhesions
Open wound Failure of incision site to close, infection

Possible Physical Therapy Diagnoses based on Medical Diagnosis

Table
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of  involvement in activities because the child may feel iso-
lated, lonely, and left out when he or she returns to school.87

 Diagnosis, prognosis, and plan of care

The physical therapy diagnosis and prognosis for pediatric 
cancer will vary depending on the specific type of  cancer, 
medical intervention, and family dynamics. The follow-
ing physical therapy diagnoses are common for patients 
with cancer: pain (neuropathic/nociceptive), fatigue, de-
creased ROM, decreased strength, decreased endurance, 
developmental delays, poor wound closure, decreased func-
tional mobility, and decreased participation in community 
 activities (Table 16.7). For each patient, the plan of  care and 
goals will require individual consideration depending on the 
child’s unique circumstances. The physical therapist’s role is 
to assist children with cancer in the prevention of  second-
ary complications of  the cancer and medical interventions; 
to promote health, wellness, fitness, and normal develop-
ment; to limit the degree of  disability; to promote reha-
bilitation; and to restore function in patients with chronic 
and  irreversible disease.88 To fulfill this role, the physical 
therapist should provide physical therapy intervention for 

children with cancer with an equal emphasis on body struc-
ture/function impairments, activity limitations, and par-
ticipation restrictions.89 The time line for physical therapy 
intervention and the child and caregiver’s goals will de-
pend on the individual child and the medical diagnosis and 
prognosis.

Physical Therapy Intervention

The evidence to support the need for physical ther-
apy services for children with cancer is overwhelming. 
Furthermore, our clinical experience has clearly demon-
strated that physical therapy intervention for children with 
cancer is beneficial on all levels of  care from body func-
tion/structure limitations to activity limitations to par-
ticipation limitations. Despite the documented cases of  
children with cancer who have had complications with 
ROM, strength, endurance, decreased balance, and func-
tional activities, the effects of  a comprehensive physical 
therapy program for children with cancer have not been 
well documented in the literature. The few studies spe-
cifically related to physical therapy intervention for chil-
dren with cancer have been focused primarily on children 
with leukemia. On the basis of  the results of  these studies, 
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participate in activities together, with the goal of  enhancing 
the child’s performance, functioning, and, ultimately, quality 
of  life.

Procedural Intervention

Each intervention session between the therapist and a child 
with cancer is unique because of  the complexity of  the dis-
ease, the medical intervention, and the individual needs of  
the child and family. A physical therapy session may require 
modifications because the child has a low blood count, fever, 
pain, headache, vomiting, diarrhea, generalized fatigue, or 
drainage from a wound, or because the child has a specific 
request. Therefore, the physical therapist should be pre-
pared to modify the intervention session on the basis of  the 
child’s needs at that moment, keeping in mind the short- 
and long-term goals of  the therapy. Physical therapy inter-
ventions (Table 16.8) may include nonpharmacologic pain 

children currently receiving medical intervention for ALL 
demonstrate significant improvements in lower extremity 
strength and ankle  dorsiflexion ROM when they participate 
in a physical therapy program.35,43,90 Furthermore, the lit-
erature also supports the following benefits of  exercise for 
adults with  cancer: improved hemoglobin concentrations, 
reduced duration of  neutropenia and thrombocytopenia, 
reduced severity of  diarrhea and pain, reduced duration of  
hospitalization,  reduced reports of  nausea, decreased emo-
tional distress,  increased lean body weight, improved physi-
cal performance, improved functional capacity, improved 
quality-of-life index, improved flexibility, decreased fatigue, 
 improved concentration, and increased skeletal mass.91–102

Coordination, Communication,  
and Documentation

Because of  the rapidly changing needs of  children with can-
cer, it is important that the physical therapist take the time 
to appropriately coordinate, communicate, and document 
all aspects of  the physical therapy care. Physical therapy 
coordination, communication, and documentation require 
different approaches, depending on the location of  services 
such as inpatient, outpatient, and school-based services. 
Regardless of  the location of  services, it is oftentimes chal-
lenging to coordinate appointment times around the child’s 
nap, a procedure that requires sedation, and other medical 
appointments; to identify the child’s blood counts before 
physical therapy; and to talk with the physician or nurse if  
changes are observed. To maximize the physical therapy ses-
sion, it is imperative that the physical therapist take respon-
sibility in all three of  these areas.

Patient/Client Instruction

A primary role of  the physical therapist is to provide infor-
mation, to educate, to motivate and inspire, and to instruct 
patients, caregivers, and siblings. Fulfillment of  this role is 
essential in optimizing the benefits of  physical therapy ser-
vices. Therefore, a responsibility of  the physical therapist is 
to empower the child and family to take an active role in im-
proving the child’s health and well-being. The physical ther-
apist must discuss with the child and family activities that 
are of  interest to them and offer positive encouragement for 
the activities the child can do.

Physical therapy interventions must be age appropriate 
and, most importantly, meaningful to the child and the care-
giver. Physical therapy instruction for a child with cancer 
may consist of  showing a child how to get out of  bed for 
the first time after surgery; helping him or her learn how 
to properly use an assistive device, orthosis, or prosthesis; 
or helping him or her perform specific therapeutic exercises. 
The physical therapist may deliver the instructions orally 
or by manual guidance, visual demonstration, or written 
handouts. Through child, family, and therapist collabora-
tion, ideas are generated on how the child and family can 

Area of Focus Intervention Frequency
Pain Modalities As needed

Ice, heat, massage
Positioning
Assistive device
Neuropathic pain
Compression stocking
Deep pressure
Physician-prescribed 
medications
Gabapentin, Elavil, morphine

Strengthening Therapeutic exercises 3–5 days a week
Functional activities
Stair climbing
Squats

Stretching CPM machine
Splinting, bracing, orthotic
Manual stretching,  
self-stretching

Five times a week 
to daily

Aerobic/endurance Walking 5 days a week
Treadmill
Bike
Stair stepper
Swimming
Dancing

Manual techniques Manual guidance As needed
Neurodevelopmental 
treatment
Self-directed

Motor learning 
principles

Knowledge of performance
Knowledge of results
Blocked practice
Random practice

As needed

Suggested Physical Therapy Interventions

Table

16.8
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demonstrated the ability of  exercise and physical therapy in-
terventions to moderate many of  the late effects reported by 
survivors.109–113 In summary, childhood cancer survivors and 
their families can benefit from physical therapy interven-
tions as they transition from diagnosis through active treat-
ment and to survivorship.

management, therapeutic exercise, aerobic exercise, gait 
training, or a fitting for an assistive device, wheelchair, or-
thosis, or prosthesis. Most importantly, the pediatric physical 
therapists must be creative.

 Survivorship

There are an estimated 328,000 survivors of  childhood can-
cer in the United States, 80% of  whom survived for at least 
5 years beyond diagnosis, largely because of  significant im-
provements in the medical management of  these cancers.103 
With this increase in life expectancy, three out of  five of  
these childhood cancer survivors will experience adverse 
late effects as a result of  the cancer itself  or the treatment 
received.104 Late effects are the complications or adverse 
events that occur months or years following the completion 
of  treatment and can impact any organ system in the body. 
Survivors often develop mild to severe long-term impair-
ments of  the musculoskeletal (muscle weakness, osteone-
crosis, osteoporosis, leg length discrepancy), neuromuscular 
(peripheral neuropathy, pain, poor motor control), cardio-
pulmonary (cardiomyopathy, pulmonary fibrosis, fatigue, 
decreased exercise tolerance, obesity) and integumentary 
systems (fibrosis, radiation dermatitis), as well as neurocog-
nitive dysfunction (memory and processing delays).105,106 
Both the risk of  developing late effects and their severity in-
creases as the time since completion of  treatment increases. 
Early recognition of  these late effects offers the best oppor-
tunity to provide appropriate treatment, thus minimizing 
the impairments associated with late effects.

Long-term follow-up by a multidisciplinary team is essen-
tial in providing the care required to optimize the health and 
quality of  life of  childhood cancer survivors. Unfortunately, 
long-term follow-up care is often not provided or accessed 
by these survivors. Physicians and physical therapists should 
routinely monitor these survivors for identifying the onset 
of  adverse late effects and initiating appropriate therapeutic 
interventions. It is critical that physical therapists obtain a 
detailed medical history from the patient, family, or physi-
cian regarding the diagnosis, treatments, and medications 
received during cancer-related care so as to more appropri-
ately evaluate and treat any identified late effects. Reports 
indicate that only 72% of  survivors of  childhood cancer can 
accurately report their diagnosis and only 35% understand 
the severity and risk of  impairments that might arise as a 
result of  treatment.106,107

The Children’s Oncology Group has developed guide-
lines that provide the physical therapist advice on appropri-
ately screening and managing this growing population of  
childhood cancer survivors in an effort to provide them with 
consistent care and reduce the long-term health risks they 
face. These Guidelines, as well as “Health Links”  (patient 
education on guideline-specific topics), are available at www 
.survivorshipguidelines.org.108 Research has demonstrated 
the effectiveness of  early intervention and education and has 

CaSe STUDIeS

CaSe STUDY 1 

ACuTE LyMPHOBLASTIC LEukEMIA

History
Three-year-old Emily presented to her pediatrician with excessive 
bruising, accompanied by reports of wanting her parents to carry 
her rather than having to walk. She had no significant past medi-
cal history and was performing all age-appropriate skills until 
3 weeks ago. Her white blood cell count was high. Analysis of bone 
marrow aspirate and cerebrospinal fluid from a lumbar puncture 
showed an overproduction of blast cells and CNS involvement. 
Emily’s disease was diagnosed as ALL, and she was referred to 
a hospital approximately 60 minutes from her hometown to re-
ceive treatment. She was enrolled on a standard risk protocol to 
receive combination chemotherapy (prednisone, dexamethasone, 
vincristine, daunorubicin, doxorubicin, l-asparaginase, metho-
trexate, cyclophosphamide, and cytarabine). Chemotherapy will 
last approximately 2.5 years and will be administered in four main 
phases: induction, CNS preventive therapy, consolidation, and re-
induction and maintenance therapy. Today, Emily’s blood counts 
were mildly low (WBC 4.6 [normal range, 4.9 to 12.9/mm3]; 
RBC 3.2 [normal range, 3.90 to 5.30/mm3]; Hbg 10.0 [normal 
range, 11.5 to 14.0]; platelet 98,000 [normal range, 190,000 to 
490,000]) (St. Jude Children’s Research Hospital normal blood 
value ranges for a 3-year-old child).

Emily lives at home with her mother, father, and two older 
brothers. She enjoys playing with her dolls, riding her bike, and 
going to the playground. She used to attend a preschool 2 hours 
a day, 3 days a week, before her diagnosis. Emily’s mother works 
out of the home and her father is an accountant. Emily’s parents 
report that their daughter has not attended preschool in 8 weeks.

Emily was referred to the physical therapy department 
3  weeks after her initial diagnosis, with the goal of increased 
functional mobility. Her parents were very concerned because 
Emily was not walking.

Physical Therapy Systems Review
Emily is bright and was very comfortable talking with the physical 
therapist when her father was holding her. She appeared fear-
ful of movement. Her muscle tone appears within normal limits 
to mildly low. Vision, hearing, and sensation appear intact. She 
doesn’t appear to have any pain while her father is holding her. 
She is mildly pale with a few healing bruises. Her respiratory rate 
and breathing pattern appear normal at rest.

www.survivorshipguidelines.org
www.survivorshipguidelines.org
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Physical Therapy Tests and Measures
Emily presented with full active range of motion (AROM) in 
her neck, trunk, upper extremities, and lower extremities. Her 
strength was examined while she was playing with toys and was 
grossly 4 (0 to 5 scale). Emily tracked right/left/up/down.

She followed directions when spoken to at a normal voice 
level. Her sensation was within normal limits (WNL) as mea-
sured by light touch, and her muscle tone was WNL. Emily had 
no pain, as measured by the FLACC scale, when she was sitting 
and playing; however, when she was in a standing position, her 
FLACC pain score was 5, indicating pain in her lower extremities. 
Emily’s skin color was mildly pale and she presented with three 
large bruised areas, which were healing. Emily’s skin around her 
central line was clean and dry. Emily presented with decreased 
endurance, as indicated by her increased work of breathing and 
increased heart and respiratory rates while she performed func-
tional tasks such as transitioning from sitting to standing and 
ambulating.

Emily ambulated independently for 2 feet, slowly with a short 
step length, and then began to cry. Emily stood independently 
with her hand on a bench and cruised right and left for 3 feet. 
Emily transitioned from sitting on a bench to standing with mod-
erate assistance, and from standing to sitting on the floor by 
half-kneeling with her hand on her knees and then on the floor, 
with minimal assistance for balance. She crawled on her hands 
and knees for a distance of 4 feet independently. She would not 
 attempt to ascend a step.

Physical Therapy Diagnosis

• Nociceptive pain caused by increased blast cell production in 
the bone marrow and arthralgia from high-dose methotrexate 
and intrathecal cytarabine

• Decreased strength from inactivity
• Decreased endurance from inactivity
• Decreased functional mobility due to pain, limited strength, 

and nausea
• Decreased participation in play and nonattendance at school

Physical Therapy Prognosis
Emily is expected to have a full recovery from her physical 
therapy diagnoses. After she receives chemotherapy for a few 
more weeks, she should have no more bone pain from her initial 
 disease. Over the next 3 months, Emily will increase her strength 
and endurance so she can participate in family activities.

GOALS AS DETERMINED WITH EMILy AND HER FAMILy

• At 1 week, ambulate independently with a rolling walker
•	 At 4 weeks, ambulate independently without assistance, tran-

sition from ring sitting to standing independently, ascend and 
descend three steps with one hand on a rail

•	 At 6 weeks, ascend and descend three steps independently, 
jump up independently with both feet leaving the floor 1 inch

•	 Ongoing goals, including family independently assisting Emily 
with the exercise program

Plan of Care
Emily will receive physical therapy three times a week for the first 
2 weeks. She is scheduled to be an inpatient for a week while she 
receives chemotherapy. The frequency of her physical therapy 
will then be decreased to two times a week for 2 weeks, and then 
once a week. As soon as Emily is ambulating independently and 
performing age-appropriate gross motor skills, she will receive 
physical therapy services on an as-needed basis only. The plan 
for physical therapy services with Emily will involve educating 
Emily and her family in the following areas: activities to regain 
function, normal development, resuming activities that are im-
portant to Emily and her family such as going to the park and 
riding their bikes together as a family, and future concerns such 
as the development of peripheral neuropathy or osteonecrosis. 
The physical therapist may find that Emily could benefit from a 
referral to occupation therapy to assist with fine motor skills or 
activities of daily living with a focus on age-appropriate develop-
mental skills.

Physical Therapy Patient-related Instruction

Activity: Ankle dorsiflexion passive ROM and family  instruction 
on signs and symptoms of peripheral neuropathy due to 
 vincristine (foot drop, tripping, poor grip strength)— 
Frequency: Five times a week. Intensity: Mild stretch.  
Duration: Hold for 30 seconds.

Activity: Strengthening exercises—Frequency: Five times a 
week. Intensity: Fun, functional, strengthening activities such 
as squatting to pick up a toy off the ground; tossing a ball 
overhead, from the mid-chest region, and underhand; paint-
ing a picture while standing at the kitchen table, squatting to 
pick up a different color marker; and doing ankle pumps while 
listening to music. Duration: Throughout the day, because she 
will not tolerate long periods of exercise at one time; therefore, 
three sets of 10 repetitions are recommended.

Activity: Ambulation with a walker—Frequency: When she 
needs to transition from one activity to another. Intensity: Short 
 distances to start and buildup. Duration: Throughout the day.

Activity: Aerobic exercise, tricycle riding—Frequency: 7 days 
a week. Intensity: Slow and controlled. Duration: 5 minutes 
to start and buildup to 10 minutes. She should be wearing a 
 helmet (Fig. 16.6).

Physical Therapy Procedural Intervention
The physical therapist will help Emily perform ankle dorsiflex-
ion stretching and review procedures for ensuring proper align-
ment with Emily’s parents. The therapist will encourage Emily to 
play a game such as basketball that requires her to transition 
from standing to squatting to pick up the ball, walking over to 
the basket, and tossing the ball into the basket. This activity will 
assist Emily with her upper and lower extremity strength and 
ambulation skills. While Emily rides a tricycle, the therapist will 
monitor her heart rate with a pulse oximeter and visually observe 
her respiratory rate, skin color, and breathing pattern. During the 
physical therapy session, the therapist will be able to determine 
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CaSe STUDY 2

OSTEOSARCOMA

History
John, a 14-year-old boy with no significant medical history, 
presented to his pediatrician with leg pain after a soccer injury. 
John’s physician referred him to the physical therapy depart-
ment for treatment of a left hamstring strain, three times a week 
for 6 weeks. After 2 weeks, the physical therapist noticed that 
John’s condition was not improving and called the physician. 
The physician ordered a CT scan of John’s left lower extrem-
ity; imaging results indicated a large mass. The physician then 
ordered a biopsy of the mass; on the basis of the results, he 
diagnosed John’s condition as osteosarcoma of the left distal 
femur. John had no signs of metastatic disease. John lives in 
a large metropolitan city with a well-known children’s hospital, 
where he is scheduled to begin 3 months of neoadjuvant chemo-
therapy (ifosfamide, carboplatin, and doxorubicin). John went to 
one session of physical therapy to review training on how to use 
forearm crutches for a non–weight-bearing left lower extremity. 
Previous physical therapy had consisted of training on use of ax-
illary crutches and left knee AROM exercises. A central line was 
surgically placed. After 10 weeks of chemotherapy, John was 
reevaluated by his orthopedic surgeon and oncologist. John, his 
family, and the doctors agreed that John would receive a limb-
sparing procedure, specifically an expandable endoprosthesis 
because John is still growing. After the surgical procedure, the 
physician requested that the physical therapist provide John 
with a continuous passive motion (CPM) machine in the surgi-
cal recovery room. The physician also requested that physical 
therapy services start on postoperative day 1 for functional mo-
bility training, left knee ROM therapeutic exercises, and family 
education.

John’s blood test results were WNL on postoperative day 1 
(WBC 10.2 [normal range, 4.2 to 12.2/mm3]; RBC 4.75 [normal 
range, 4.50 to 5.30/mm3]; Hbg 14.2 [normal range, 12.5 to 16.5]; 
platelet 250,000 [normal range, 170,000 to 430,000]) (St. Jude 
Children’s Research Hospital normal blood value ranges for a 
16-year-old boy).

Social History
John lives at home with his mother and two younger brothers. 
He is in the eighth grade in school and enjoys playing soccer and 
basketball and motorcycle riding. John’s mother has a full-time 
job outside the home, and he sees his father only once every few 
months.

Physical Therapy Systems Review
When the physical therapist arrived in John’s hospital room, 
he was in bed. A Foley catheter, central venous line, and pain 
pump had been placed. He was receiving an analgesic through 
an epidural catheter in his lumbar spinal area to assist with lower 
extremity pain management. His mom and both brothers were 
present. John was alert and oriented, but reluctant to begin 
 physical therapy.

FIGURE 16.6 Emily playing outside on her bike.

Emily’s improvements in ROM, strength, endurance, and func-
tional mobility, and then make recommended suggestions to 
Emily and her family on how to modify her home or inpatient 
exercise program.

Episode of Care
Three months after Emily received the initial diagnosis of ALL, she 
met all her previously set goals. However, 1 month later, she de-
veloped peripheral neuropathy, as indicated by frequent tripping 
while she was walking and running. The physical therapy exami-
nation indicated that Emily had weak intrinsic musculature in her 
feet and hands and decreased active ankle dorsiflexion strength. 
Emily’s doctors decreased her dose of vincristine to reduce the 
effects of the peripheral neuropathy, and the physical therapist 
provided Emily with bilateral solid ankle–foot orthoses to help 
prevent falls and to protect the alignment of her ankle structure. 
Emily continued to perform her ankle dorsiflexion stretching and 
strengthening exercises as previously recommended. Fourteen 
months after the diagnosis of ALL, she developed severe pain in 
her right foot. Emily’s mother was very concerned because this 
was the initial symptom of ALL; however, it did not signal a return 
of leukemia, but was a symptom of avascular necrosis that had 
developed in her calcaneus. Her physician modified Emily’s corti-
costeroid dose and recommended that she use her walker again 
for a few weeks. After 1 month, Emily no longer required the 
use of the walker to ambulate and was pain free unless she am-
bulated for long distances. When Emily completed her medical 
intervention, she no longer needed to use an ankle–foot orthosis. 
Emily has osteopenia due to the effects of chemotherapy with 
methotrexate and corticosteroids. She is now in kindergarten, 
riding her bike, and playing with her friends without difficulty. 
Emily still runs slowly and not as smoothly as her friends, but she 
is hopeful her running will improve.
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Physical Therapy Tests and Measures
John presented with full active ROM in his neck, upper extremi-
ties, and right lower extremity. John’s CPM had been set at 0 to 
45 degrees of motion after his surgery the previous night, and the 
settings had not been changed. The therapist removed John’s left 
leg from the CPM and performed gentle passive ROM exercises; 
the left hip and ankle demonstrated a full ROM and 50  degrees 
of left knee flexion. He had decreased trunk mobility due to the 
placement of his epidural catheter. His strength was 5/5 as mea-
sured by manual muscle testing in bilateral upper extremities and 
right lower extremity. John’s strength in the left lower extremity 
was limited because of pain and fear of movement. With moder-
ate assistance for support of John’s left lower extremity, he flexed 
his left hip to 90 degrees and actively dorsiflexed his left ankle to 
the neutral position.

He followed directions spoken at a normal voice level. He 
had lost sensation to light touch in his bilateral lower extremi-
ties owing to the effects of the epidural. John reported pain in 
his left lower extremity as a 3 on the 0 to 10 self-report scale. His 
 incision was covered with dressings.

John required minimal assistance to protect the epidural 
while transferring from a supine to a sitting position in his bed. 
He required maximum assistance for support of his left lower 
extremity to scoot to the edge of the bed. The physical therapist 
placed a hinged knee brace, which was locked in extension, on 
John’s left lower extremity before John got out of bed. With the 
brace locked in full-knee extension, John then transferred from 
sitting on the edge of the bed to standing by using his forearm 
crutches. He required minimal assistance for balance and maxi-
mum assistance for support of his left lower extremity to main-
tain non–weight bearing. John ambulated 5 feet to a chair in his 
room and transferred from standing to sitting with maximum as-
sistance for support of his left lower extremity.

Physical Therapy Diagnosis

• Nociceptive pain from the surgical site
• Neuropathic pain from nerve damage during surgery
• Decreased strength from change in alignment of the 

mu scle pull
• Increased energy expenditure with functional activities such as 

walking
• Decreased functional mobility due to pain, limited strength and 

balance, and nausea from the anesthesia
•	 Decreased participation in school, sports, and socialization 

with friends

Physical Therapy Prognosis
John’s strength and functional mobility are expected to improve. 
He may continue to lack full-knee extension secondary to the 
changes in the biomechanical alignment of his knee structure.

GOALS AS DETERMINED WITH JOHN AND HIS FAMILy
John will transfer from a supine position to sitting indepen-
dently (the same day his epidural catheter is removed). John 
will transfer from a sitting to a standing position with forearm 
crutches and non–weight bearing on the left lower extremity, 

with standby assistance (3 days). John and his mother are able 
to independently use the CPM and don and doff John’s lower 
extremity brace. John will independently ambulate 50 feet with 
forearm crutches and non–weight bearing on left lower extremity 
(4 days). John will ascend and descend 12 steps with one hand 
on the rail and one hand on a forearm crutch, non–weight bearing 
on left lower extremity with contact guard assistance for safety 
(6 days).

Plan of Care
John will receive physical therapy daily while in the inpatient unit. 
After he is transferred home, he will return for outpatient physi-
cal therapy five times a week for 1 month, and then be followed 
up once a week to make modifications to his home exercise 
program.

Physical Therapy Client-related Instruction
The physical therapist will provide John and his mother with 
 instruction on the use of his equipment, exercises, and safety.

Activity: Instruction on use of the CPM and how to increase the 
ROM by 10 degrees each day

Activity: Instruction on donning and doffing the lower extremity 
brace, which John is to wear when getting out of bed and dur-
ing ambulation

Activity: Instruction on active left lower extremity ROM exercises

Activity: Transfer training

Activity: Gait training on non–weight-bearing left lower extremity

Physical Therapy Procedural Intervention
The physical therapist will provide John with manual guidance, 
tactile cues, and oral instruction to achieve his goals.

Episode of Care
John was discharged from the hospital on postoperative day 5. 
He began outpatient physical therapy 2 days after his discharge 
from the hospital. He reported pain as a 6 on the 0 to 10 nu-
merical scale; therefore, the physical therapist called the pain 
team working with John, and the team increased his short-acting 
pain medication. He delayed resumption of chemotherapy until 
3 weeks after surgery to allow his surgical incision time to heal. 
Therefore, the physical therapist had to check the computer dur-
ing each session to check John’s blood counts to determine the 
appropriate physical therapy intervention for that day. For ex-
ample, if John’s platelet count was less than 50,000, he would 
not use weights for strength training in view of the increased 
likelihood of hemorrhage. Instead, he would perform active ROM 
exercises for stretching his left knee.

After 6 weeks of outpatient physical therapy that included 
strengthening and stretching exercises, John achieved 100  degrees 
of passive left knee flexion and 92 degrees of active left knee flex-
ion. He had a knee extension lag of approximately 20   degrees. 
John’s full active ROM in his left knee was 20 to 92 degrees of 
knee flexion.

His left lower extremity strength was hip flexion/extension and 
abduction/adduction 5/5, hip internal rotation 4–/5, hip external 
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rotation 4/5, knee extension 3+/5, knee flexion 4–/5, and ankle 
dorsiflexion/plantar flexion/inversion/eversion 5/5. John’s ortho-
pedist approved full weight bearing on his left lower extremity. 
Therefore, gait training and exercises to help John shift onto the 
left lower extremity were added to the physical therapy sessions, 
which continued to be focused on ROM, strength, and weight.

John used the CPM for 6 weeks at night only. When he was 
not performing his exercises during the day, he wore his knee 
brace unlocked to continue to work on increasing his knee flexion 
ROM. After he completed the use of the CPM, John wore his knee 
brace at night locked in full extension to assist him in preventing 
the development of a knee flexion contracture because he still did 
not have full active knee extension ROM.

After 1 month of physical therapy five times a week, John’s 
sessions were decreased to once a week because he was inde-
pendent in his exercise program and was showing signs of prog-
ress. He had achieved active knee flexion to 110 degrees and 
continued to lack 10 degrees of active knee extension to achieve 
full extension. He ambulated with a mild lateral trunk deviation to 
the left; however, with oral cues, he could ambulate with his trunk 
in the midline position. He could ascend and descend 12 stairs, 
alternating feet to step slowly with his hand on the rail for mini-
mal support. John now wore the lower extremity brace only to 
sleep in at night, and he wore a small knee brace during the day 
to provide tactile cues and comfort to his left lower extremity.

Eight months after John’s surgery, he completed his chemo-
therapy. John and the physical therapist noticed he had increased 
trunk flexion to the left. John had grown over the past 8 months. 
As a result, his prosthesis needed to be lengthened. After it was 
lengthened, John’s left lower extremity was sore, and he required 
gentle knee ROM exercises and the use of crutches for 2 days. He 
then returned to his normal pre-lengthening functioning.

Twelve months after John’s surgery, he came to the physical 
therapist once every 3 months for checkup visits. He had returned 
to school and was planning to swim on his high-school swim team.
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17

T he purpose of  this chapter is to provide a basic 
description of  pediatric burn care and to discuss the 
therapist’s role in providing interventions for a child 

with a thermal injury—from the acute phase through the 
rehabilitation phase.

Examinations and interventions for children with  thermal 
injuries are unique. Certainly, appropriate treatment for 
adults with burn injuries is not necessarily applicable to chil-
dren with these same injuries and vice versa. Moreover, the 
treatment for a 9-month-old baby may differ from that for a 
3-year-old child, which, in turn, may be different from the 
approach used for a 10-year-old child. The information pre-
sented will be applicable for the pediatric physical therapist 
across the continuum of  care.

The role of  the therapist is broadly addressed. The 
 specific role of  the therapist is defined, in part, by the indi-
vidual setting and may also be dependent on the particular 
facility’s medical and surgical techniques and approach.

 Epidemiology

According to the Centers for Disease Control and 
Prevention (CDC), unintentional injuries ranked as the 
number one cause of  death for children between the ages of  
1 and 18 years. Injuries sustained via fire or burns were the 
fourth leading cause of  unintentional fatal injuries.1 In 2011, 
the CDC reported over 140,000 fire- or burn-related nonfatal 
injuries in the United States.2 In addition, fire/burn-related 
injuries that were listed as violence-related/intentional inju-
ries ranked in the top 10 causes of  nonfatal injuries in chil-
dren from birth through 9 years of  age.3

The National Safe Kids organization publishes burn and 
scald safety information for children and their caregivers. 
They too track statistics regarding fire-related deaths and 
injuries as their program seeks to aid in prevention aware-
ness. In 2008, 366 children under the age of  14 years died 
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mechanism of  injury due to hot liquids, cooking oils, or 
bath water. As a single food item, they found hot noodles 
(microwaved) were responsible for a large majority of  burns 
reviewed. They also found that gasoline burns, electrical 
burns, and burns due to motor vehicle accidents were more 
likely in children older than 10 years. Non-accidental or 
child abuse accounted for 6.7% of  all the burns reviewed.8

Child Abuse and Neglect

According to the National Clearinghouse on Child Abuse 
and Neglect, in 2011, there were over 740,000 children con-
firmed to be victims of  child abuse in the United States. 
Overall, the national child victim rate continued a down-
ward trend.9 The National Center for Injury Prevention and 
Control lists fire/burn intentional injuries among the top 
nine causes of  nonfatal injuries for children under the age of  
9 years as of  2007.3 Shah et al. revealed that children under 
the age of  1 year were more likely to be burned by non- 
accidental causes, attributed to the demands of  a newborn 
on new or single parents.7

Up to 8% of  infants and children admitted to the hospi-
tal for burns are victims of  abuse. Suspicion of  abuse arises 
when the injuries are non–splash related, linear demarca-
tions (e.g., glove/stocking distribution), or burns to the 
buttocks and no other portion of  the body (i.e., dipped into 
hot water). Contact burns with symmetric shapes may also 
signify intentional burns (e.g., circular lines consistent with 
a stovetop burner). Children with inflicted burns are more 
likely to have burns on both hands, feet, and legs, and there 
may be a higher total body surface area (TBSA) involved.10 
To try to distinguish between an accidental and an inten-
tional burn, notation should include the pattern, location, 
and depth of  the burn. Certain burn patterns will raise sus-
picions including scald burns to the perineum, buttocks, 
and lower extremities, especially those with sharply defined 
lines between burned and unburned skin.11 In the hospital 
setting, suspicion of  abuse or neglect is investigated by an 
interdisciplinary team including physicians, nurses, social 
workers, psychologists, and physical therapists. Factors in a 
child’s case that may indicate abuse or neglect include:

•	 Child is brought for treatment by an unrelated adult
•	 An unexplained delay of  12 or more hours in seeking 

treatment
•	 Inappropriate parental affect: Parents appear inattentive 

to child; lack empathy; may appear to be under the influ-
ence of  alcohol or drugs

•	 Attribution of  guilt for injury to the patient’s sibling or to 
the patient

•	 An injury inconsistent with its description
•	 History of  injury inconsistent with the developmental 

capacity of  the patient
•	 History of  accidental or non-accidental injury to the 

patient or siblings
•	 History of  failure to thrive

of  fire or burn-related injuries. In addition, in 2010, children 
under the age of  14 accounted for 40% of  fireworks-related 
injuries, with burns accounting for more than half  of  all 
 fireworks-related injuries.4

 Etiology

There are numerous causes of  burns. They include thermal 
injuries attributed to residential fires, automobile accidents, 
playing with matches, improper handling of  firecrack-
ers, and scalds caused by kitchen or bathroom accidents. 
Chemical burns occur because of  contact, ingestion, inha-
lation, or injection of  acids, alkalis, or vesicants. Electrical 
burns happen when there is contact with faulty electrical 
wiring, electrical cords, or high-voltage power lines.5

The mechanism of  thermal injury may most closely 
correlate with the child’s age. For example, toddlers often 
sustain a scald burn from pulling hot liquids off  surfaces 
(e.g., boiling water off  a stove, hot tea off  a table); they also 
sustain unintentional scald burns from bathtub accidents, 
where the home’s water heater temperature is set too high. 
Hot tap water accounts for almost 25% of  all scald burns 
among children and correlates with more deaths and hospi-
talizations than any other hot liquid burns.4 Tap water can 
cause a full-thickness burn in under 5 seconds at the tem-
perature of  140° F. Hot liquids such as coffee, tea, soup, or 
cocoa can reach temperatures hot enough to cause a scald 
burn.6

Toddlers are also at risk for electrical burns due to put-
ting objects into uncovered electrical outlets or by chewing 
on wires leading to electrical products. Flame burns from 
playing with matches and contact burns due to touching hot 
objects (iron/stove/curling irons) happen with the school-
age group. As children grow and become more adventurous, 
the mechanism of  burn injury correlates with the risks these 
children and adolescents take.

Male children are at higher risk of  burn-related death and 
injuries than their female counterparts. Children under the 
age of  4 years and those with disabilities are at higher risk 
of  burns. The mortality rates from burn injuries for Native 
Americans and African Americans are two to three times 
higher than that for Caucasian children.4

Lorch et al. in 2011 studied the etiology of  burn injuries 
in infants brought for medical attention in the emergency 
department. They found that males outnumbered females 
(55% and 45%, respectively), and that African Americans 
comprise 47% of  the patients seen. Most burns seen in this 
study occurred in the home, and most commonly in the 
kitchen. Scald burns were the most common (hot liquids 
either in the bath or in the kitchen) followed by contact 
burns due to touching a hot appliance such as the stove, 
iron, or heater.7

Shah et al. in 2011 studied the epidemiology and profile 
of  pediatric burns looking at data from the national burn 
registry. They too found scalds to be the most common 
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•	 Historical accounts of  the injury that differ with each 
interview

•	 Injury localized to genitalia, perineum, and buttocks 
(because of  frequency with which injury occurs related to 
toilet training)

•	 “Mirror image” injury of  extremities (Fig. 17.1)
•	 Inappropriate affect of  child; child appears withdrawn 

with flattened affect
•	 Evidence of  unrelated injuries, for example, scars, bruises, 

welts, fractures

All states have laws requiring that certain professionals, 
including physical therapists and occupational therapists, 
report suspected cases of  child abuse. The physical therapist 
will aid in the determination of  abuse by doing a thorough 
examination and evaluation of  the burn mechanism, size, 
location, and depth of  injury.

 Prevention

Because of  the high incidence and common pattern of  
distribution of  types of  burn injuries among children of  
various age groups, prevention efforts have been directed 
toward educating parents, children, and others as to how 
these injuries occur and how they can be prevented. The 
National SAFE KIDS Campaign was the first national orga-
nization dedicated to prevention of  childhood injuries. It 
was founded in 1988 and has over 600 SAFE KIDS coalitions 
and chapters across the United States. Injury prevention 
efforts in the area of  thermal injuries include distribution of  
smoke alarms and assistance in amending plumbing codes 
to include “anti-scald” technology and a maximum water 
heater temperature of  120° F. Other prevention tips include 
using the back burner of  the stove and turning pot handles 
inward so as to avoid young children pulling down on the 
handles. For older children, cooking safety is imperative, 
including use of  the microwave. Safety training by parents 
may include not allowing children to use the microwave 
until they are tall enough to reach the items, using oven 
mitts to remove the item, and slowly opening the container 

after removing it from the microwave. For other household 
areas, parents should consider using a sturdy screen around 
a fireplace or outdoor fire pit, keeping candles away from 
anything that can burn, and placing matches and flammable 
liquids out of  the reach of  children.12

Injury prevention is commonly called the three E’s: edu-
cation, engineering (including environmental change), and 
law enforcement. Such prevention initiatives led to changes 
in the laws for children’s sleepwear, smoke detector use, and 
setting water heaters to less than 120° F.13

Several suggestions for preventing childhood burn inju-
ries include the following:

•	 Lowering water heater temperature settings to 120° F or 
lower

•	 Keeping cords to coffee pots and cups with hot liquids out 
of  reach of  young children

•	 Keeping young children in a safe place during food prepa-
ration and serving

•	 Turning pot handles toward the back of  the stove and 
cooking on rear burners when possible

•	 Supervising children in the bathtub and testing bath water 
with a liquid crystal thermometer before placing the child 
in the tub

•	 Keeping young children in a safe place when using appli-
ances such as a clothes iron or curling iron, and allowing 
these items to cool while out of  the reach of  children

•	 Discouraging the use of  infant walkers
•	 Placing safety caps on electrical outlets
•	 Teaching children that matches are tools, not toys
•	 Teaching older children and adolescents about: (1) the 

dangers of  high-voltage wires and (2) the dangers of  and 
safe use of  gasoline and other flammable liquids

•	 Teaching children about the dangers of  fireworks

Additionally, other prevention efforts have focused on 
federal regulations mandating the use of  flame-retardant 
fabrics and materials in such articles as children’s sleepwear 
and mattresses to help decrease the number and severity of  
burns resulting from the ignition of  these items. In April 
1996, the Consumer Product Safety Commission relaxed 
the standard for children’s sleepwear flammability, which 
became effective January 1, 1997. However, as of  June 2000, 
all manufactured or imported sleepwear must be flame resis-
tant or snug fitting, and a warning label must be attached to 
each item.14

 Structures and functions of the skin

The skin, like the heart and lungs, is a vital organ of  the body. 
In fact, it is the largest organ of  the body, varying in thickness 
from 0.5 mm in the eyelids to 4 mm in the palms and soles.15 
The skin is composed of  the more superficial and thinner (20 
to 400 µ) layer, the epidermis, and of  the deeper and thicker 
(440 to 2500 µ14) layer, the dermis. The dermis can be divided 
into two layers, the more superficial papillary dermis and the 

FIGURE 17.1 “Mirror image” burns to bilateral feet and lower 
legs, a pattern consistent with abuse via dunking in hot water.
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deeper reticular dermis. The depth classification of  the burn 
will be determined by the structures involved. In the basal 
layer of  the epidermis are granules of  melanin that give skin 
its color. The dermis is vascular, and the epidermis, although 
avascular, has its deeper layers nourished by fluid from the 
dermis (Fig. 17.2). Sweat glands, hair follicles, and sebaceous 
glands are contained in the skin, and nails are found on the 
fingers and toes. Sensory nerves and sympathetic fibers to 
vessels, to arrector pili muscles, and to sweat glands abound 
in the skin.15 The skin helps regulate body temperature, pre-
serves body fluids, protects against infection (by serving as a 
barrier and also by having certain bactericidal abilities), pro-
tects against radiation, and acts as a barrier to help protect 
vital organs and other body structures against external objects 
and fluids. Because of  nerve endings that sense touch, pain, 
and temperature, the skin aids in both protective and discrim-
inatory sensation. The skin also assists in vitamin D produc-
tion. The skin, along with its appendages, can help reveal an 
individual’s race, age, sex, and health. Ridges in the skin on 
the fingertips give each person a unique set of  fingerprints. 
The skin on the face, with fluctuations in blood flow (e.g., 
blushing) and with the action of  the underlying muscles, can 
express an individual’s emotions. Whenever the skin is signifi-
cantly damaged or destroyed, these functions may become 
impaired. Because skin is an organ, when skin is damaged or 
destroyed, there are both local and systemic effects.15

 Classification of burns

Burns can be classified by depth of  tissue involvement and 
by size via the percentage of  TBSA and by mechanism of  
injury. For purposes of  triage, burns are also classified as 
minor, moderate, or major.

Burn Depth

Burns can be classified according to the depth of  skin dam-
aged or destroyed (Fig. 17.3). Superficial burns (formerly 
referred to as first-degree burns) are most commonly sun-
burn. They will heal without scar formation or pigment 
changes. Deeper burns are classified as partial-thickness 
burns (formerly known as second-degree burns) or as full-
thickness burns (previously referred to as third-degree 
burns). Partial-thickness burns can be either superficial or 
deep. Superficial partial-thickness burns involve the epi-
dermis and the papillary dermis. Nails, hair, oil and sweat 
glands, and nerves are spared. They are painful, appear 
red, and frequently present with blisters. Superficial partial-
thickness burns will heal in about 2 weeks or less without 
scarring.16

Deep partial-thickness burns injure structures deep 
into the reticular dermis. Structures affected include nails, 
hair follicles, and the function of  sebaceous glands. These 
burns are waxy white in appearance and are pliable. Such 
burns may be insensitive to light touch but painful to 
deep pressure. If  they become infected, dry out, or have 
impaired circulation, deep partial-thickness burns can con-
vert to full-thickness wounds. Deep partial-thickness burns 
will heal spontaneously by epithelial cells from remaining 
dermal appendages, but the time required for healing may 
be 3 to 6 weeks or longer, and such burns heal with scar 
tissue that can hypertrophy and contract. Although deep 
partial-thickness burns will heal spontaneously without 
skin grafting, because of  the prolonged healing time and 
frequently poor functional and cosmetic outcome, as well 
as other reasons listed later, many surgeons elect to excise 
and apply skin grafts to these wounds when possible and 
indicated.

FIGURE 17.2 Structure of the skin.
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Full-thickness burns, by definition, destroy the full 
thickness of  the skin. Such burns can appear as cherry 
red, white, or brown and leathery, and thrombosed veins 
may be visible. Hairs can be easily extracted owing to the 
death of  hair follicles.16 Because the nerves have been 
destroyed, full-thickness burns are anesthetic to touch. 
(This does not mean that there is no pain associated with 
such burns. Activation of  the nerves around the periph-
ery of  the burn, exposure of  the wound to air by removal 
of  dead tissue, or manipulation of  the wound can cause 
extreme pain.) Full-thickness burns will not heal without 
skin grafting. Even with skin grafting, such burns may 
result in scar contraction and hypertrophy. Figure 17.4 
demonstrates both deep partial- and full-thickness burns 
to the shoulder and chest.

The actual depth of  injury may not be accurately or 
easily determined on the first day, even by the most experi-
enced clinician. Burn injuries frequently present with vary-
ing depths of  involvement and usually are not of  uniform 
depth; such factors as how the injury occurred, the thick-
ness of  body skin in the area of  the burn, and whether or 

not the individual was wearing clothes have a bearing on 
the depth of  injury. The skin of  infants and young chil-
dren is thinner than that of  adults, so, for example, a hot 
liquid that would cause a superficial, partial-thickness burn 
in an adult may cause a deeper injury in an infant or tod-
dler. Knowing the depth of  the burn is important in deter-
mining triage, resuscitation, wound care and closure, and 
prognosis.

Burn Size

Burns are also classified according to size or TBSA burned. 
The TBSA is counted as 100%. There are three widely 
accepted means of  determining the extent of  body surface 
area involved. The first is the palmar method, where the 
palm of  an individual’s hand is estimated to be about 1% 
of  the TBSA. A second method, more traditionally utilized 
in the triage of  adults, is the “Rule of  Nines.” According to 
this rule, in an adult, the head represents 9% of  the TBSA, 
each upper extremity counts as 9%, the trunk represents 
36%, each lower extremity represents 18%, and the geni-
talia are assigned 1%. However, a child’s head (especially 
that of  a baby) is larger in proportion to the body than an 
adult’s head, and a child’s lower extremities are smaller in 
proportion to the body than an adult’s lower extremities 
are. For example, the head of  a baby who is younger than 
1 year is counted as 18%, whereas each lower extremity rep-
resents 13.5%. Because of  such differences, modified ver-
sions of  the “Rule of  Nines” are used to calculate the TBSA 
burned in children. The most accurate measurement across 
the age groups and one that has been modified for the pedi-
atric population is the Lund and Browder chart.16 The Lund 
and Browder chart assigns different percentages to body 
parts, according to the patient’s age. Use of  a body diagram 
and the appropriate age-matched percentage will allow 
for more accurate triage and initial emergency care.17 The 
examination form in Figure 17.5 shows the body diagrams 
and surface area percentages associated with the Lund and 
Browder chart.

FIGURE 17.3 Depth of burn injury.

FIGURE 17.4 Deep partial- and full-thickness burns to right 
upper extremity and trunk. Darkened areas with no capillary refill 
and no pain sensation are signs of a full-thickness injury.
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The importance of  accuracy with burn size estimation 
has implications for proper fluid resuscitation in the acute 
medical treatment and overall morbidity and mortality due 
to the large inflammatory and hypermetabolic response. 
Attention to the changing body proportion size of  a grow-
ing child must be taken into account.18

FIGURE 17.5 Lund and Browder chart for burn size estimation.

Area:
*For all body parts except trunk, buttocks, and genitalia,
the number in the table represents only the anterior or
posterior surface of the body.  Need to double number if
both anterior and posterior are burned.
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BURN ASSESSMENT

Mechanism of Injury

A third way of  classifying burns is according to the mecha-
nism of  injury: scald, contact, flash, flame, chemical, radia-
tion, or electrical. Knowing the causative agent or method 
can be important in giving appropriate treatment. For 
example, if  an individual sustains a chemical burn, knowing 
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which chemical caused the burn is necessary in order to 
apply the correct antidote and in determining the need for 
copious water lavage, which would not necessarily be done 
for an electrical burn or a flame burn. Recognizing the 
mechanism of  injury and correlating the presentation of  the 
burn will aid in ruling out child abuse.

Minor, Moderate, and Major Classifications

Burns can be classified as minor, moderate, or major 
according to guidelines established by the American Burn 
Association (ABA) for purposes of  triage. For example, a 
minor burn for an adult might be a partial-thickness burn 
involving less than 15% of  the TBSA; such a patient could be 
treated as an outpatient. A minor burn for a child might be a 
partial-thickness burn involving less than 10% of  the TBSA, 
but hospitalization might be considered for such a patient. 
The ABA recommends that an individual with the following 
injuries be referred to a burn center:

•	 Partial-thickness burns greater than 10% TBSA
•	 Burns of  the face, hands, feet, genitalia, perineum, or 

major joints
•	 Full-thickness burns in any age group
•	 Electrical burns
•	 Chemical burns
•	 Burn injury in patients with preexisting medical disorders 

that could complicate management
•	 Burns in children at a hospital without qualified person-

nel or equipment
•	 Burn injury in patients that will require special social, 

emotional, or rehabilitative intervention.19

 Pathophysiology

Dimensions of Injury

Regardless of  the mechanism of  injury, each burn wound 
consists of  three zones that are identified concentrically 
around the center portion of  the injury. The most central 
area of  the burn is the zone of  coagulation; this is the area 
that had the most contact with the heat source. The cells 
in this zone have been permanently damaged. Extending 
outwardly is the zone of  stasis. The cells in the zone of  sta-
sis have decreased blood flow and respond to resuscitation 
to save viable tissue. The outermost zone of  burn injury is 
the zone of  hyperemia. These cells have sustained the least 
damage and should recover within 10 days.16

Burn Wound Healing

Burn wound healing can be categorized into three phases: 
inflammation, proliferation, and maturation/remodeling.

Inflammatory Phase
Once an injury has occurred, the disruption of  epidermal 
and dermal structures signals the healing process to occur. 

Platelets come in contact with the injured tissue, fibrin is 
deposited, more platelets are trapped, and a thrombus is 
formed. There is also a local vasoconstriction that occurs, 
and in combination with the thrombus, it blocks the injured 
tissue from systemic circulation, thus achieving hemostasis. 
The major goals of  the inflammatory phase are to provide 
for this hemostasis and breaking down and removing cellu-
lar, extracellular, and pathogen debris, which will in turn sig-
nal the repair process to start. Cytokines and growth factors 
attract responder cells and help regulate the repair process.20

Proliferative Phase
The proliferative phase, which is dominated by fibroblast 
activity, follows the inflammatory phase. The goals of  the 
proliferative phase are to assist wound healing and restore 
skin integrity. The main processes involved in this second 
stage are angiogenesis, collagen synthesis, and wound con-
traction. Collagen is deposited at the wound site as early 
as 48 hours after a burn. Type I collagen is seen by days 
4 to 7 after injury. Granulation tissue forms as endothe-
lial cells migrate to the wound and will continue until the 
wound is completely re-epithelialized. The cells migrate 
from the periphery toward the center of  the wound (i.e., 
the wound will heal from the outside toward the middle).20 
Reepithelialization is more rapid when the stratum granu-
losum layer of  the epidermis is intact, as with superficial 
partial-thickness burns. The burn wound will remain in this 
phase until epithelialization is complete or until the wound 
is surgically treated (e.g., covered with a skin graft).

Maturation/Remodeling Phase
The maturation or remodeling phase is the final phase of  
wound healing. This final phase actually began as granula-
tion tissue formed in the earlier proliferative phase. During 
the remodeling phase of  burn wound healing, collagen 
synthesis and lysis occurs, thus creating scar tissue. During 
the remodeling phase, the collagen is reorganized into a 
more compact area. An imbalance in collagen synthesis 
will result in a hypertrophic or keloid-type scar (discussed 
later).20

 Scar hypertrophy and contraction

As previously mentioned, there are two common, though 
often avoidable, sequelae of  deep partial-thickness and full-
thickness burns: scar hypertrophy and scar contraction. Scar 
hypertrophy and scar contraction can impede both physical 
and psychological functioning. Scar hypertrophy is a raised, 
thick, usually hard, often knotty-appearing area of  scar tis-
sue (Fig. 17.6) that results from an imbalance of  collagen 
synthesis and collagen lysis. A hypertrophic scar is raised, 
but does not exceed the original boundaries of  the wound. 
A keloid scar is raised and extends beyond the boundaries of  
the original wound. Factors that may predict scar formation 
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include depth of  the wound, extended healing time, wounds 
in individuals with more skin pigment, and young people 
who tend to scar more than the elderly.21

Hunt22 stated that increased tension, which promotes col-
lagen deposition and lessens collagen lysis, may contribute 
to the formation of  hypertrophic scars, evidenced by the 
appearance of  hypertrophic scars in areas of  motion, such 
as the joints (Fig. 17.7).

Chan et al. in 2012 examined the correlation of  the time 
to skin grafting and hypertrophic scarring. They acknowl-
edged that in addition to the age of  the patient and the 
mechanism of  the burn injury, factors that played a role in 
hypertrophic scar formation included race, genetic predispo-
sition, site and depth of  the burn. Other complications such 
as a prolonged inflammatory phase or wound colonization 
also increased the scarring process. They performed split 
thickness skin grafting in porcine models and concluded that 
early grafting of  deep dermal burns had better histology and 
clinical scar outcomes. They noted that contemporary surgi-
cal practice was to delay grafting until 14 to 21 days post 
injury, but their study advocated for earlier grafting as the 
best scar outcomes were observed in skin grafts performed 
within 14 days of  the injury.23

Scar contraction is the pulling or shortening of  scar tis-
sue, which can result in loss of  joint motion or skin mobil-
ity. Scar contracture is a fixed shortening of  the scar tissue 
that may be amenable only to surgery. Contraction may be 
attributed to myofibroblasts, cells with contractile proper-
ties, found in the healing burn wound.21 Scar contraction 
not located over a joint can lead to disfigurement, especially 
if  such contraction involves the face. Scar contraction over a 
joint can lead to loss of  joint range of  motion (ROM) or pos-
tural and gait deviations. Because of  the contracting force of  
scar tissue, which results in loss of  skin mobility, loss of  joint 
ROM can also result from contracting scar tissue adjacent 
to, although not covering, a joint.21 What is initially just loss 
of  motion from contracting scar can, if  left uncorrected, 
lead to a gradual shortening of  joint capsules, muscles, ten-
dons, and ligaments.

The processes of  scar contraction and hypertrophy begin 
almost as soon as the burn wound begins healing, although 
initially may not be readily visible. Collagen formation 
begins within 24 hours of  the burn injury. There is a high 
rate of  collagen synthesis in the wound,24 and such activ-
ity returns to a normal pace by 6 to 12 months.25 The scar 
is initially red because of  an increased blood supply, but it 
usually fades over time. When the scar is no longer actively 
hypertrophying and contracting, it is said to be mature. 
The period of  scar maturation for most children is approxi-
mately 12 to 18 months. For adults, this period may be 
shorter. While the scar is active, particularly during the first 
6 months, the processes of  hypertrophy and contraction can 
be controlled or corrected by nonsurgical approaches, such 
as pressure, splinting, and ROM exercises, which will be 
discussed later. As scar maturation progresses, these treat-
ments become less effective in altering scar. After the scar 
is mature, most nonsurgical treatments are no longer effec-
tive, and surgery, if  indicated, may afford the only treatment 
alternative.

 Burn center

In 1999, the ABA published guidelines for the development 
and operation of  burn centers, and updated the guidelines 
for verification for burn centers in 2006. To achieve verifica-
tion as a burn center, the center has to meet rigorous stan-
dards, and participate in onsite and ongoing review by the 
ABA. As of  2013, there are over 60 verified burn centers in 
the United States.26

 Burn team

In its guidelines for burn centers, the ABA specifies which 
personnel should staff  the burn center, as well as which 
specialists and personnel should be on call or available for 
consultation. (The criteria state that “both physical and 
occupational therapy should be represented in the burn 

FIGURE 17.6 Hypertrophic scarring along patient’s back 
 following split-thickness skin grafts.

FIGURE 17.7 Note the keloid scar at right side of neck. Notice 
the band-like formation.
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center staff.”) Within the ABA guidelines, each burn center 
establishes its own burn team. Personnel who comprise the 
burn team and their specific roles may vary from institu-
tion to institution or according to the individual needs of  
a given patient or the particular phase of  healing, although 
there generally is a core team.26 The pediatric burn team 
frequently includes a surgeon, a nurse, an occupational 
therapist, a physical therapist, a social worker, a respira-
tory therapist, a dietitian, a child life therapist, a hospital 
chaplain, a discharge planner, various specialists (pediatri-
cian, pulmonologist, psychiatrist, plastic surgeon, infection 
control specialist, etc.), and most importantly, the child and 
 family. Because many children do not have a traditional 
nuclear family, it is often necessary to determine who, in the 
child’s view, comprises the family.

 Initial treatment and 
medical management

The initial treatment and medical management of  the pedi-
atric burn patient depends, in part, on the depth, size, and 
location of  the burn; the presence of  other concomitant 
injuries, such as smoke inhalation; the age of  the child; and 
the premorbid health of  the child. The injury itself  will trig-
ger physiologic responses that, in turn, will affect treatment 
requirements.

 Systems review

Pulmonary System

Establishing and maintaining an adequate airway and 
breathing are the first concerns when treating a thermally 
injured patient. If  the patient has inhaled steam or noxious 
gases, intubation may be necessary because bronchospasm 
and upper airway edema27 may develop, possibly resulting in 
airway obstruction within hours. Oxygen is administered if  
the patient has inhaled high levels of  carbon monoxide. The 
endotracheal tube may be removed once edema has sub-
sided, usually within a few days.27 Patients with more exten-
sive airway or lung injuries will require sustained or more 
involved treatment.

Cardiovascular System

The circulatory changes that occur following a burn injury 
have been discussed earlier. These changes are termed burn 
shock. The loss of  fluid, increased capillary permeability, and 
vasodilation that occur all cause decreases in the circulatory 
volume and reduced cardiac output. Proper fluid resuscita-
tion is key to recovering normal cardiac output. Inadequate 
fluid replacement can lead to poor tissue perfusion, organ 
dysfunction, and death.16

Fluid Resuscitation
Because of  the inflammatory process and increased capillary 
permeability in patients with deep partial-thickness or full-
thickness burns, fluid leaves the blood and is dispersed into 
the interstitial spaces. Patients with burns of  less than 10% 
to 20% of  their TBSA, depending on other considerations, 
may be able to compensate for this fluid shift physiologically 
through such measures as vasoconstriction and urine reten-
tion.27 Patients with burns involving a greater percentage 
of  TBSA will develop hypovolemic shock and can die if  not 
treated. Replacement of  the circulating fluid loss is termed 
fluid resuscitation. Fluids cannot be administered orally to 
patients with larger area burns because of  ileus (obstruction 
of  the bowel), which occurs secondary to shock. Fluids, with 
electrolytes similar to serum, and colloid are given intrave-
nously. Patients with smaller burns may be able to take flu-
ids orally. However, children, in particular, may be unwilling 
to drink and may therefore require intravenous fluids. In a 
few days, with adequate fluid replacement, the fluid in the 
interstitial spaces returns to the intravascular spaces, and 
the patient will have a diuresis, signalling successful fluid 
resuscitation.27 After fluid resuscitation, the patient may 
still require replacement of  fluids because fluid is also lost 
through the burn wound and because the patient may be 
unwilling or unable to take sufficient fluids orally.

A urinary catheter is placed in patients with large burns 
so as to monitor urine output during resuscitation. Patients 
with perineal burns may also require catheterization to keep 
bandages dry or to protect newly placed skin grafts during 
the skin graft phase.

Renal System

As a result of  loss of  fluid from intravascular spaces, renal 
vasoconstriction can occur and may cause renal failure due 
to decreased renal blood flow and decreased glomerular fil-
tration. With electrical burn injuries, extensive tissue may be 
damaged, thus releasing myoglobin, which may occlude the 
kidneys, thus leading to renal failure.

Circulatory System

Full-thickness burned skin is inelastic. Because of  the body’s 
response to injury and fluid resuscitation, the patient will 
become edematous. This is a systemic response that also 
occurs in the unburned parts of  the body. In the case of  
 circumferential burns of  the extremities, the combination 
of  inelastic skin and increasing edema can cause a tourni-
quet effect, resulting in compromised circulation to the dis-
tal extremities. If  treatment is not initiated, ischemia and 
tissue damage or necrosis can occur. Signs of  compromise 
include pallor, decreased skin temperature, delayed capillary 
refill, numbness/tingling, and decreased chest wall excur-
sion in the case of  trunk burns. Compartment pressures of  
greater than 30 mm Hg also indicate the need for surgical 
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intervention. The trauma surgeon will attempt to relieve the 
pressure by performing an escharotomy, which is a surgical 
incision through the burned tissue. These incisions are usu-
ally along the lateral and medial sides of  the affected extrem-
ity. At the chest, longitudinal incisions are made along the 
anterior axillary lines and a transverse incision at the costal 
level.16 Figure 17.8 shows common sites for escharotomy.

In 2009, Orgill and Piccolo released practice guidelines 
for burn care clinicians regarding escharotomy and decom-
pressive therapies. Their review of  the burn care literature 
supports the implementation of  decompressive techniques 
following a burn injury to alleviate further tissue necrosis 
and preserve nerve function. If  pressure is still not relieved 
by an escharotomy, these incisions may need to be extended, 
and the fascia released as well via a fasciotomy.28

Musculoskeletal System

Owing to the association between fire and traumatic  injuries, 
it is not uncommon to have a burn injury and concomitant 
fracture. Examination of  the musculoskeletal injury will 
often be delayed while the potential life- threatening  injuries 
are assessed. Patients who are unresponsive or unable to 
report specific pain may be at risk for having fractures or 
other musculoskeletal injuries unnoticed upon primary or 
secondary surveys. The therapist may be the first  clinician 
to discover an undiagnosed  musculoskeletal injury. Children 
likely to have musculoskeletal injuries are those involved in 
an automobile accident with a resulting fire or those who 
jumped from a burning building. Both burns and fractures 
can cause soft tissue swelling, thus requiring an escharotomy 
in the case that circulation is compromised (see Circulatory 
system). Nonoperative management of  fractures includes 
using a splint or traction. Use of  a circumferential cast is dis-
couraged because of  swelling and the inability to examine 

the wounds properly. Internal fixation is also beneficial as it 
increases the rate of  fracture healing. Surgery for internal 
fixation should occur within 48 hours after injury; other-
wise, bacterial colonization is presumed. Surgical fixation of  
the fracture will allow for reduction in pain at the fracture 
site and for physical therapy interventions.29

 Nutrition

In response to the burn injury, the patient is in a hypermet-
abolic state, and caloric and nutritional requirements are 
greatly increased. The hypermetabolic and inflammatory 
response caused by a burn is demonstrated by an increase 
in protein, proinflammatory cytokine, and catabolic hor-
mone levels. These findings increase energy requirements, 
which can result in muscle wasting due to a catabolic state. 
If  this posttraumatic response is prolonged, it can lead to 
multiple organ dysfunction and death. Raising of  room 
temperatures and nutritional supplementation have been 
efficient in modulating the hypermetabolic responses.30 
Adequate nutrition is necessary to prevent wasting and to 
promote proper wound healing. The child with a burn may 
be unwilling to eat because of  the injury and a strange envi-
ronment. The severity or location of  the burns may make 
it difficult or impossible to eat. A patient with a larger burn 
may find it hard to consume the volume of  food necessary 
to obtain sufficient calories. Additionally, the patient will be 
prohibited from eating on days when a surgical procedure is 
scheduled. Because of  such factors, the patient may receive 
a large portion of  nutrition through enteral tube feedings 
or through peripheral vein infusions. Enteral nutrition is the 
preferred route of  nutritional support since it offers mainte-
nance of  the gastrointestinal (GI) mucosal integrity by deliv-
ering nutrients into the GI tract. A nutritional assessment 
should be done upon admission following a thermal injury. 
This will include review of  medical, nutritional, and medica-
tion histories, and laboratory data, and a patient examina-
tion. The clinician will evaluate plasma protein levels, more 
specifically, albumin and prealbumin. The normal range for 
serum albumin is 3.5 to 5 g/dL. Low levels of  albumin may 
signify poor potential to heal. Prealbumin is a transport pro-
tein for thyroid hormone. Normal serum prealbumin levels 
range from 16 to 40 mg/dL, with values greater than 16 
mg/dL associated with malnutrition. The half-life of  pre-
albumin is 2 to 3 days, thus making it a good predictor of  
nutritional status.31

 Pain management

Burn-associated pain is one of  the most relevant complaints 
in patients with burn injuries. Burn pain intensity can vary 
because of  the inflammatory response and the changes 
in levels of  inflammatory mediators. In partial-thickness 
burns, nerve endings are still viable and cause significant 

FIGURE 17.8 This diagram shows where surgical incisions 
(escharotomy) are performed in patients who have compromised 
blood flow due to circumferential full-thickness burns. The inci-
sions are made laterally and/or medially with the patient in the 
true anatomic position, as shown.
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pain, while full-thickness burns are less painful owing to 
the damage to the nerve endings. Medical and therapeutic 
interventions such as dressing changes, wound cleansing, 
and physical therapy can cause pain. Tengvall et al. in 2010 
did a retrospective study on patients’ memories of  pain 
after their burn injury. They found that patients remember 
pain throughout the recovery from the initial injury, to care 
within the hospital or burn center, and through transition to 
home with any new physical limitations.32

In 2003, Martin-Herz et al. investigated pediatric pain 
control practices in North American Burn Centers. Their 
study results were compared to a study completed in 1982, 
which revealed at that time that 17% of  burn units recom-
mended using no opioid analgesics and 8% did not use any 
analgesics during pediatric wound care.33 The newer survey 
revealed significant changes in the use of  opioids during 
pediatric burn dressing changes. Morphine appeared to be 
the “gold standard” for medicating the child before, during, 
and after a painful procedure.34 Twenty-five percent of  the 
responders in the survey utilized psychotropic medications 
in combination with opioids. Background pain control and 
breakthrough pain control was also best controlled by IV 
morphine. Only 8% of  centers responding stated that they 
routinely utilized an anesthesia-based pain service for help-
ing with pain management.35

In 2010, Bayat et al. studied analgesia and sedation for 
children undergoing burn wound care. They identified the 
different types of  burn pain experienced by children. These 
included background pain, which was relatively constant 
from the time of  injury through the initial healing period. 
Next was procedural pain, which was described as burning 
or stinging during wound cleansing and dressing changes, 
and often included significant anxiety and distress. Next was 
breakthrough pain, which was worsening of  background 
pain either due to a decrease in blood levels of  analgesia 
and may require additional medication or use of  a patient-
controlled analgesia (PCA) pump. The last type of  pain they 
looked at was postsurgical pain, which was longer lasting 
but less severe than procedural pain.36 Medications used for 
procedural analgesia or sedation should have a rapid onset, 
limited side effects, and allow for resumption of  activities 
and oral intake following the procedure. Common medica-
tions might include nonsteroidal anti-inflammatory drugs 
(NSAIDs), opiates (morphine, oxycodone, fentanyl), ben-
zodiazepines (for sedation and anxiety), and ketamine (for 
sedation and amnesia/analgesia).36

The services of  child life specialists and music therapists 
can aid with the nonpharmacological approach as well as 
with preparing the child for the procedure. The child’s pain 
and anxiety must be considered and treated appropriately 
throughout all phases of  healing. Age-specific distraction 
techniques can be seen in Table 17.1.

Medication for pruritus should also be considered, as itch-
ing can be a source of  discomfort and pain, and may limit 
patient tolerance for interventions. Antihistamines were 
the most commonly prescribed medications for pruritus. 

Opioids themselves can cause itching, so careful documen-
tation of  the occurrence of  itching and whether or not it is 
related to burn wound healing or medication is important.35

Besides specific medications and pain management tech-
niques, the facility and each professional should have a treat-
ment approach that has as a goal caring for the burn patient 
in a way that causes the least amount of  pain. Some sugges-
tions for minimizing patients’ pain are made throughout the 
chapter.

 Burn wound management

The primary goals of  wound management are to provide 
an optimal environment for wound healing, to provide a 
healthy tissue bed to receive a skin graft, and to protect heal-
ing tissue or a recently placed graft. Such goals are accom-
plished mainly through removing dead tissue, keeping the 
wound clean and minimizing bacterial invasion, preventing 
the wound or new skin graft from drying out, and protect-
ing newly healing tissue or recent skin graft(s) from disrup-
tive mechanical abrasion. There are nonsurgical and surgical 
interventions that comprise overall burn wound manage-
ment. Prior to any wound cleansing or dressing changes, the 
child should be premedicated.

Nonsurgical Interventions

Wound Cleansing
HYDROTHERAPY Hydrotherapy is used in some burn cen-
ters as a part of  wound management. Showering, immer-
sion, or use of  a spray table can accomplish it. The purpose 
of  hydrotherapy is to help remove the old topical antimi-
crobial agent, to clean the wound, to help superficially 
debride the wound (through the effect of  the agitator), to 
increase circulation to promote wound healing, and to pro-
vide an environment for exercise. Agitation may be used in 
the presence of  a highly necrotic wound (e.g., road burn). 
The drawbacks of  hydrotherapy are that it can spread infec-
tion, it can increase the length of  time required for a dress-
ing change, it can increase cost (because of  the additional 

Age Range
Participation Motivators/Distraction 
Techniques

Under 2 yr Use parents to help; rattles, bubble blowing, 
singing, videos

2–7 yr Singing, looking at a book, videos, magic wand
7–11 yr Allow them to participate as indicated; headphones 

for music, videos, sticker chart
11 yr and above Give precise information regarding the intervention; 

music, videos, video games, reward chart

Non-Pharmacologic Pain Management

TABLE

17.1



622 PART IV    Other Medical/Surgical diSOrderS

personnel required to perform the procedure and clean the 
equipment), it can increase edema (especially if  a limb is 
placed in a dependent position), and patients, particularly 
children, may find it traumatic, especially if  a bathtub was 
the mechanism of  original injury. Because of  the drawbacks 
of  hydrotherapy, some burn centers limit its use to specific 
wounds or to certain phases of  wound healing, or use hand-
held shower heads to help clean the wound.

In 2010, Davison et al. reviewed hydrotherapy in North 
American Burn Centers. The results of  their study showed 
a decrease in the use of  hydrotherapy from as high as 95% 
of  the burn centers using it in 1990 to 83%. With the trend 
toward early excision of  dead tissue and the increase in 
nosocomial infections, the use of  immersion hydrotherapy 
decreased from 81% to 45%, using showering methods 
instead.37

Dressing Changes
Most burn patients will undergo bandage (also called dress-
ing) changes from daily to every few days depending on the 
dressings used. Even very young children can participate in 
removing their dressings, which may help minimize pain 
and offer some sense of  control and independence in a situ-
ation in which they might otherwise feel helpless. Because 
some of  the pain experienced during a dressing change is 
caused by exposure of  the wound to air, such exposure time 
should be limited. Limiting the exposure time to air will 
help prevent the tissue from drying out and will also limit 
exposure to bacteria. To minimize the time required for a 
dressing change, bandages should be prepared ahead of  time 
so that they may be quickly applied. Health care profession-
als who wish to observe the patient’s wound should be pres-
ent at the time of  the dressing change so that the patient is 
not waiting with an undressed wound for them to arrive. If  
the parent desires, and if  appropriate, the parent’s presence 
during the dressing change can be beneficial for both the 
parent and the child. In some cases, however, children may 
cry more in the presence of  a parent because they expect the 
parent to “rescue” them from the dressing change.

In some burn centers, therapists are responsible for or 
may assist with daily wound care for both inpatients and 
outpatients. (It may also be the case that the therapist, 
before or during performance of  outpatient therapy, will 
need to change the patient’s bandage.) During a dressing 
change, the old bandage is removed and the wound may 
be superficially debrided (nonviable tissue removed). At 
the same time the wound is cleaned and examined, ROM 
is measured without the dressings in place to establish how 
much ROM the patient should work toward for the remain-
der of  the therapy day.

Topical Agents
In a burn injury, the protective barrier of  the skin is lost, and 
the burn wound becomes a host for bacteria. Topical antimi-
crobial agents play a vital role in helping minimize bacterial 

colonization of  the wound, decrease vapor loss, prevent 
desiccation, and control pain.38 Several topical antimicrobial 
agents may be employed depending on the specific wound 
and the organisms to be controlled.

Silver sulfadiazine (Silvadene) is the most commonly 
used topical agent.5 Silvadene is a white, opaque cream that 
is painless upon application, has fair eschar penetration, and 
has a broad antibacterial spectrum.38 Silvadene can’t be used 
by patients with sulfa allergies.5 Silvadene has also been 
shown to cause neutropenia when applied on large surface 
area burns.38 Mafenide acetate (Sulfamylon) is another topi-
cal agent available in liquid or cream form, is painful upon 
application, has excellent eschar penetration, and has a 
broad antibacterial spectrum. Mafenide acetate is utilized on 
burns of  the external ear to reduce suppurative chondritis.38 
Sulfamylon can be used on partial-thickness burns that are 
resistant to Silvadene and to increase eschar penetration/
separation. Sulfamylon is contraindicated for use in patients 
with metabolic acidosis.5 Other topical agents used in burn 
wound management include silver nitrate, which has broad 
antibacterial coverage and is applied as a solution on burn 
wounds or graft sites. Petroleum-based products such as 
neomycin and bacitracin are used on superficial burns or on 
areas where the skin is very thin (e.g., eyelids, scrotum).38

Acticoat dressing is another option to topical antimicro-
bial creams. It has been shown to be more effective than 
Silvadene and silver nitrate against gram-negative and gram-
positive organisms. Acticoat is a three-ply gauze with an 
absorbent rayon and polyester core. The coating to Acticoat 
is non-adherent to the wound and is flexible. The child 
would need to undergo debridement prior to Acticoat place-
ment. A bulky layer of  wet gauze is wrapped around the 
Acticoat and then covered with dry gauze. Daily dressing 
changes include taking down the gauze dressings, inspecting 
the Acticoat for slippage from the wound bed, and reapply-
ing wet gauze and dry gauze. Once adhered, the Acticoat is 
left in place until reepithelialization occurs. This process will 
decrease the risk of  infection (from daily wound cleansing) 
and discomfort associated with dressing changes.39

AQUACEL Ag Hydrofiber is a moisture-retentive topical 
dressing used in the acute management of  burns. It consists 
entirely of  carboxymethylcellulose, which forms into a gel 
upon contact with burn exudate. This gel promotes a moist 
wound healing environment while still managing moderate 
amounts of  burn exudate.40 This hydrofiber with 1.2% ionic 
silver releases silver within the dressing for up to 2 weeks. 
It can be applied on an acute burn and left in place until 
healing occurs, thus decreasing pain and length of  hospi-
talization.41 Caruso et al. performed a randomized clinical 
study comparing AQUACEL Ag and silver sulfadiazine for 
the management of  partial-thickness burns. Compared with 
silver sulfadiazine, AQUACEL Ag was associated with less 
pain and anxiety during dressing changes. Patients using the 
traditional silver sulfadiazine dressing had more flexibility 
and ease of  movement during use in comparison with those 
using AQUACEL Ag. Overall, in this study the AQUACEL 
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Ag group demonstrated greater benefits with fewer dress-
ing changes, less nursing time, and fewer pre-procedural 
opiate medications.42 These benefits clearly support imple-
mentation of  AQUACEL use in the pediatric setting where 
pain reduction and decreased length of  hospitalization are 
overall patient care goals. Al-Ahdab and Al-Omawi reported 
use of  AQUACEL Ag in a newborn with scald burns. They 
chose AQUACEL Ag due to the dressing being shown to be 
less painful as it required fewer dressing changes. The effec-
tiveness of  the dressing was noted by the rapid healing of  
the partial-thickness burns in their neonatal case study and 
absence of  wound infection.34

Functional Dressings
Dressings should not excessively inhibit motion. The thumb, 
for example, should not be wrapped into the palm, nor 
should bandages restrict chest expansion. However, ban-
dages can be used to help position the patient. For example, 
bulky bandages can be used in place of  splints to support the 
fingers and wrists in infants and toddlers.

Additionally, applying the topical antimicrobial agent 
to the gauze and then applying the gauze to the wound 
(instead of  applying the topical agent directly to the wound 
and then applying the gauze) will also help minimize pain 
during the dressing change. A non-adherent gauze such as 
Exu-Dry, Adaptic, or Xeroform will decrease the pain asso-
ciated with dressing removal. A bulky bandage is used to 
secure the topical agent and non-adherent dressing in place. 
Tubular netting is then placed over the bulky bandage to 
secure it in place. The tubular netting can be cut/fabricated 
into many styles (e.g., sleeve, shirt, stocking) for the specific 
body part. Figure 17.9 shows a functional dressing for the 
hand, which allows the child more use of  it for play or activi-
ties of  daily living (ADLs).

Positioning with dressing application should be adhered 
to. Burns across joints or at the hands or feet require special 
attention with dressing application. Positioning is utilized to 
protect the burn wounds, decrease edema, and counteract 

wound and scar contraction by putting the tissue in an elon-
gated position. For example, burns across the antecubital 
fossa should be wrapped and splinted into extension. Burns 
on the plantar/dorsal surface of  the foot and calf  should be 
wrapped and splinted into neutral dorsiflexion.33

Biologic Dressings
Advances in burn wound management surround the inven-
tion and improvements made in the area of  biologic or syn-
thetic dressings. Biobrane is a synthetic dressing that can be 
used on superficial partial-thickness burns, over autografts, 
on donor sites, and in the treatment of  toxic epidermal 
necrolysis (TEN). It is a nylon fabric that is combined with 
a silicone film, where collagen is incorporated. The nylon 
fabric comes into contact with the burn wound and adheres 
until reepithelialization occurs. It is placed on the burn 
wounds in the operating room and secured with staples or 
sutures, and once adhered to the wound, no other dressing 
is necessary.43

Surgical Management

Once burn size and depth estimations have been made and 
the initial burn wound management has commenced, fur-
ther wound management may include surgery.

Because a superficial partial-thickness burn will heal in 
approximately 2 weeks with normal skin, the goals of  the 
surgeon in such cases are to keep the wound free of  infec-
tion, to provide adequate nutrition and fluids, and to man-
age pain until the wound is healed. Depending on the size 
and location of  the superficial partial-thickness burn, the age 
of  the patient, and the ability of  the parent, many of  these 
burns can be treated on an outpatient basis and without 
surgery.

A deep partial-thickness burn can heal without surgi-
cal intervention if  adequate medical treatment and wound 
management are provided. The progression of  deep partial-
thickness burns will usually take one of  two pathways. The 
first includes the filmy eschar separating from the wound 
edges, allowing epithelial buds to resurface the wound. The 
other is following separation of  eschar, the wound heals 
by granulation tissue. The presence of  granulation tissue 
will increase the risk of  hypertrophic scarring. This situa-
tion, along with large TBSA of  deep partial-thickness burns, 
makes surgical intervention via grafting more probable. The 
surgeon may elect to graft the deep partial-thickness burn 
in a procedure called tangential excision and grafting.5 Such 
excision and grafting can be done within the first week of  
the burn injury and is ideally performed 2 to 5 days after the 
burn injury (termed early excision and grafting). Early exci-
sion and grafting may also apply to other wounds, particu-
larly full-thickness wounds, which may be excised to fascia. 
Tangential excision and grafting of  deep partial-thickness 
wounds during the first week shortens the patient’s hospital 
stay, lessens pain, decreases the incidence of  infection, and 

FIGURE 17.9 Functional wrapping of a hand burn. Individual 
finger dressings allow for easier movement and performance of 
activities of daily living.
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improves cosmetic and functional outcome (by minimizing 
the amount of  hypertrophic scar tissue development and 
scar contraction).44

There are drawbacks associated with early tangential 
excision and grafting of  deep partial-thickness wounds, 
however, and not all patients are candidates for this proce-
dure. Early excision and grafting of  deep partial-thickness 
burns usually involves significant intraoperative blood loss 
that may require substantial transfusion; this may not be 
recommended for medically unstable patients or those with 
inhalation injury.45 When a burn involves a significant per-
centage of  TBSA, and particularly when the burn area con-
sists of  both deep partial-thickness and full-thickness burns 
with a limited number of  donor sites for skin grafts, excision 
and grafting of  deep partial-thickness burns is often delayed 
or such wounds are allowed to heal spontaneously.

Skin Graft and Donor Site
There are several different types of  grafts, depending on 
the source of  the skin. An autograft is skin that is surgically 
shaved from an unburned part of  the patient’s body (called 
the donor site) and placed on the burned area. Removal of  
the skin to be used for grafting is called harvesting. In the 
case where infection may be present, or due to a large TBSA, 
autografting may not be possible. In that case, alterna-
tive grafts can be used, including xenografts and allografts. 
A xenograft is skin harvested from a pig that can help pro-
tect and facilitate healing of  partial-thickness burns as well 
as debriding exudative wounds. An allograft is a graft of  skin 
from a cadaver, which has been harvested within 24 hours of  
death and preserved via cryopreservation (at a skin bank). 
These are often used in preparation for autografting to test 
the “receptivity” of  the wound bed for an autograft.46

With an autograft, either a full thickness or partial thick-
ness of  skin can be harvested. If  a full-thickness piece of  
skin from the unburned donor site was taken and placed 
on the burned area, the burn would heal, but a wound of  
similar dimensions to the burn would remain at the donor 
site. Full-thickness skin grafts (FTSGs) (0.025 to 0.030 inches 
thick) are used mostly in reconstructive surgery, over pres-
sure points, or anywhere extra skin thickness is needed. 
More commonly, only a partial- or split-thickness (approxi-
mately 0.008-inch thick) portion of  skin is taken (STSG). 
Some areas of  the body are preferred donor sites because of  
the thickness, texture, or color of  the skin; because they are 
areas that will heal well; and because they are in a region not 
usually visible. Common preferred donor sites include the 
lateral thighs and buttocks. However, when these areas are 
burned, or in an extensively burned individual, almost any 
skin on the body can be used. A split-thickness donor site is 
similar to a superficial partial-thickness burn, with healing 
occurring within 14 days via reepithelialization. After the 
patient has been anesthetized, the skin is shaved from the 
donor site with an electric knife—known as a  dermatome—
with settings to adjust the thickness of  skin excised. The 

procedure is called a sheet graft when the skin is placed “as 
is” on the excised burned area (also known as the recipi-
ent or graft site) (Fig. 17.10). Alternatively, the skin may be 
placed in a skin mesher before its application to the recipi-
ent site. The mesher cuts small slits in the graft, after which 
the graft may be stretched or expanded before placement 
on the recipient site. Such a graft is known as an expanded 
mesh graft (Fig. 17.11). The main purpose of  meshing is to 
allow a skin graft to cover a larger area than could otherwise 
be covered using a sheet graft. The amount of  graft expan-
sion achieved is expressed as a ratio of  the expanded to the 
unexpanded size. For example, an expanded mesh graft that 
covers one and a half  times its original or unmeshed size 
would be referred to as a 1.5:1 mesh graft. One advantage 
of  a mesh graft is that compared with a sheet graft, there is 
less likelihood that hematomas or serous fluid will collect 
under the graft, causing the graft to be non-adherent. A dis-
advantage of  a mesh graft, particularly a large-ratio mesh 
graft, is scarring that occurs within the interstices or holes 

FIGURE 17.10 Example of a sheet graft to the dorsum of 
the hand.

FIGURE 17.11 Meshed split-thickness skin graft.
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and such scarring can hypertrophy and contract. The per-
manent meshed pattern of  the graft may also be cosmeti-
cally unattractive.47 Because sheet grafts provide a better 
cosmetic outcome with less contraction and hypertrophy, 
they are the graft of  choice in burns involving less than 30% 
of  TBSA that are not excessively colonized by bacteria and 
other microbes. Sheet grafts should also be used on the face, 
neck, and hands, and are often preferred for other functional 
areas of  the body, such as the feet and the axillae. The sur-
geon may secure the graft with surgical staples, stitches, or 
Steri-strips. The graft usually requires 4 to 7 days to become 
adherent or to “take.” The grafted area is protected during 
this period by bulky dressings. If  the graft site is over a joint, 
the joint is usually immobilized with a splint during this 
initial period, and exercise of  the joint is discontinued for 
that same period. Movement or shearing forces can result in 
graft loss. Infection, inadequate nutrition, a poor graft bed 
or inadequate debridement are other factors that can con-
tribute to graft loss or less than optimal graft take.

Once healed, donor sites can be “re-harvested,” up 
to three or four times in the case of  a large TBSA burn. 
Harvesting of  the skin over irregular surfaces can be 
achieved by injecting saline to contour such areas.48

Before the skin graft can be placed, the burned, necrotic 
skin, called eschar, must be removed. This is usually accom-
plished surgically, but enzymatic debrider may also be 
used on partial-thickness wounds. Surgical excision usually 
extends down to a level of  viable tissue. Excision of  eschar 
may occur immediately before placing the skin graft, or, 
depending on the depth and extent of  the wound, it may 
be done earlier, in a separate operation. If  an excised full-
thickness wound is not grafted during the same procedure, 
granulation tissue will develop that will help prepare the site 
for grafting.

In the case of  a burn involving a large percentage of  TBSA, 
even when multiple donor sites are available, the surgeon may 
elect not to graft the entire burn at once because of  the stress 
of  surgery to the patient, particularly if  the patient is already 
medically compromised or unstable. If  the grafts do not take, 
not only is there still a large TBSA burn, but the donor sites 
are now additional wounds that must be healed, and the 
donor sites cannot be reused for about 10 days.

Cultured Autografts and Dermal Substitutes

Several advances in wound healing and surgical techniques 
during the past two decades have improved the outcome and 
increased survival of  burn patients. Among these advances 
are two that increase survival in massively burned individu-
als who lack sufficient donor sites: cultured autografts and 
dermal substitutes.

In the 1980s, cultured epithelial autografts (CEAs) or 
keratinocytes were the newest advancement in wound clo-
sure of  the severely burned individual. In the case of  CEAs, 
a small piece of  unburned skin measuring approximately 
1 square inch is harvested from the patient and grown in 

a laboratory. Within several weeks or less, there is enough 
skin to cover an entire body, and this skin can be grafted 
onto the patient from whom the original sample was taken. 
However, there are drawbacks and problems with cultured 
autografted skin. Wound closure must be delayed until the 
skin is grown, and the rate of  graft adherence varies from 
15% to 80% depending on the occurrence of  graft site infec-
tion.49 Standard physical therapy regimens, in particular 
those involving ROM and mobilization, must be altered or 
their implementation delayed in many cases. Sood et al. in 
2009 performed a retrospective study of  pediatric patients 
with congenital nevi and burns who required CEA for 
wound coverage. They studied 29 children over 18 years old, 
with all participants surviving, and those with burns aver-
aging over 50% TBSA. The final CEA “take” success rate 
was over 75%, with a 99-day mean length of  hospitalization. 
Contractures were the major long-term complication in the 
majority of  the children. The CEA proved to be a durable 
wound coverage option in large TBSA burns.49

Several dermal substitutes or dermal analogs are now 
available for us after decades of  research. One such substi-
tute, Integra (Integra LifeSciences Corp., Plainsboro, NJ), 
is an artificial dermis composed of  two layers: a dermal 
replacement layer of  bovine tendon collagen and a substi-
tute epidermal layer of  silicone.33 Integra is placed on the 
excised wound. The porous dermal replacement layer 
serves as a matrix for the infiltration of  elements from the 
wound bed that construct a neodermis. While the patient’s 
own neodermis is being constructed, the bovine collagen 
dissolves. During the period of  neodermis construction, 
about 2 weeks, the silicone epidermal layer acts to control 
moisture loss from the wound. After neodermis construc-
tion is complete, the surgeon removes the silicone layer and 
replaces it with very thin autografts from the patient. One 
major benefit of  Integra is lack of  scar formation associated 
with its use. Other benefits are

•	 its immediate availability for use,
•	 provision for immediate post-excisional wound coverage,
•	 early ambulation and rehabilitation,
•	 delayed autografting of  the neodermis if  necessary,
•	 more rapid healing and better cosmetic outcome of  

donor sites because of  ultrathin autograft use, and
•	 ability to save certain donor sites for use on cosmetically 

sensitive areas.50

Some disadvantages of  Integra are that it lacks hair fol-
licles and sweat glands. However, sensory function returns 
at the same level and time course as with normal STSG 
autografting.51 Integra is expensive, but may be justifiable if  
its use can decrease morbidity and mortality and improve 
outcome. Also, the high cost of  the product may be offset 
by the lower costs associated as it can hasten wound closure 
and decrease the rehabilitation and future reconstructive 
needs of  the patient.

Allografted skin (AlloDerm, LifeCell Corp., The 
Woodlands, TX), is another dermal replacement product. It 
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is applied once the antigenic epidermis and antigenic cells 
from the dermis are removed. AlloDerm leaves a dermal 
matrix that will accept an ultrathin STSG. Less scarring and 
contraction result with AlloDerm and an ultrathin STSG 
than with an STSG alone, and the combination of  ultrathin 
grafts with AlloDerm results in quicker healing and less scar-
ring of  donor sites.33 The color of  the combined AlloDerm 
and STSG closely resembles the surrounding skin. As is the 
case with Integra, the high cost of  AlloDerm may be off-
set by the lower costs of  decreased length of  stay and fewer 
rehabilitation needs or future reconstructive surgeries.

 Physical therapy examination

The physical therapist plays a crucial role in the rehabilita-
tion of  the pediatric burn patient. The therapist’s goals for 
the child who has been burned are

•	 to assist with burn wound management,
•	 to maintain or increase active and passive ROM,
•	 to manage soft tissue contours,
•	 to maintain and increase strength and endurance,
•	 to promote normal development and function,
•	 to inhibit loss of  motion, deformity, hypertrophic scar-

ring, and contractures.

The physical therapist is involved in the continuum of  care 
for children with thermal injuries from the acute through 
the rehabilitative and reconstructive phases. The therapist is 
a member of  the burn team and consults with other team 
members, including the patient and parents, when providing 
interventions and assisting with the plan of  care.

Examination/Evaluation

Depending on the setting in which the physical therapist is 
working, the thermal injury will be in a different phase of  
healing (e.g., inflammation, proliferation, and maturation). 
You may be examining a new burn, one that has undergone 
excision and grafting, one that is healing following a graft, 
or one that has begun to demonstrate scarring months after 
the original injury.

History
Whether reviewing the patient’s chart or conducting a 
detailed patient/parent interview, there are key pieces of  
information needed. These include the date of  injury, the 
mechanism of  injury, what the child was wearing, what 
was done immediately at the scene prior to emergency ser-
vices arriving, and what medical or surgical interventions 
the child has had. The circumstances of  the injury and the 
pattern of  the burn will assist the team in ruling out child 
abuse. Knowing what the child was wearing may give a 
better idea of  the appearance of  the burn. For example, 
knowing whether a patient had clothing on that wasn’t fire 
retardant or had a diaper on that spared the groin area will 

assist the therapist in a full evaluation. If  there was clothing 
on, was it removed? Since there are still many home rem-
edies for burns, it is important to ask the family members 
what first aid was provided at the scene. Was water poured 
on the area? Was any ointment or other substance applied 
to the burn? Many people still put ice, oils, ointments, or 
even butter on burns as these remedies have been passed 
down through generations; however, these can affect the 
healing process and influence the evaluation of  the burn. 
A social and environmental history should be sought. What 
type of  structure the child lives in, who lives in the home, 
in what grade is the child, and what mode of  transporta-
tion the child uses are all questions to ask to assist with early 
discharge planning. If  the child was burned in a house fire, 
is the home inhabitable, or does the family need assistance 
to secure safe housing prior to discharge? For the patient in 
the rehabilitation setting, return to and reintegration into 
the school setting need early planning to assist teachers and 
students in what to expect upon their return. Past medical 
history or developmental history that may influence the 
patient’s recovery or physical therapy interventions is also 
important to document.

Review of  Systems
CARDIOVASCULAR PULMONARY The circulatory changes 
following a thermal injury are called burn shock. Cardiac 
output is decreased due to fluid losses, vasodilation, and de-
creased circulating volume. Fluid resuscitation is key to re-
gaining normal resting values of  cardiac output.16 Children 
with singed hair on the face or hairline, oral edema and blis-
ters, hoarseness, and carbonaceous sputum have signs and 
symptoms of  inhalation injury and need close monitoring 
of  their respiratory status. They often require 100% oxy-
gen or even intubation to protect their airway and provide 
adequate respiratory support.16 The physical therapist in 
the acute care setting must be aware of  normal vital signs, 
oxygen saturation, and the effects of  interventions on these 
parameters. Severe thermal injuries will result in decreased 
pulmonary function, which can last several years. The initial 
obstructive respiratory phase often develops into a restrictive 
pattern as seen on pulmonary function tests.52 Other fac-
tors that could influence pulmonary function include chest 
wall burns and the need for a tracheotomy. Suman et al.52 
reported increased pulmonary function in children who un-
derwent exercise tolerance interventions, recommending it 
to be a component of  a comprehensive outpatient interven-
tion program for children following thermal injuries.

NEUROMUSCULAR Depending on the burn depth, cir-
culatory compromise can result from edema formation. 
The patient is at risk for compartment syndrome (see 
Escharotomy), which can affect nerves and muscle viabil-
ity.16 The child is also at risk for peripheral nerve compres-
sion due to immobility and improper positioning (e.g., 
peroneal nerve compression with externally rotated lower 
extremities).
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MUSCULOSKELETAL If  the patient was involved in a motor 
vehicle accident with vehicle fire or jumped from a burn-
ing home, there is a fracture risk. The fractures may not be 
found initially if  the patient is unresponsive and the initial 
trauma survey is concentrated on the thermal injury. With a 
deep hand burn, flexor or extensor tendons may be exposed, 
requiring careful attention to prevent tendon rupture. 
Heterotopic ossification is a complication that often occurs 
most often at the elbow in children following a thermal in-
jury. Other joints affected due to immobility may be hip and 
shoulder, even if  not directly affected by the thermal injury. 
In the acute phase, a ramification of  heterotopic ossification 
is pain, while further into the child’s recovery, function is 
limited. Surgical intervention is often required to improve 
ROM and ADLs such as feeding and self-care.53

INTEGUMENTARY As discussed previously, examination of  
the integumentary system needs to include estimation of  
burn depth and TBSA involved. The physical therapist can 
utilize a body diagram to make notations on the areas that 
are burned, as well as graft sites or scars that are present. 
The Lund and Browder chart should be utilized to deter-
mine TBSA. Identifying structures of  the skin as well as tis-
sue type, capillary refill, and mechanism of  injury will aid in 
determining burn depth (see Burn Depth Estimation).

For a child following skin grafting, upon removal of  the 
postoperative dressings, examination of  graft adherence can 
be described in percentage of  graft “take.” For example, for 
an STSG that has completely adhered and with no signs of  
open wound, the graft has 100% take.

Scar-rating tools may be helpful in a more comprehen-
sive examination/evaluation of  burn scars. The Vancouver 
Scar Scale (VSS) is one such tool (Fig. 17.12). This visual 
examination tool rates the scar according to its pigmenta-
tion, vascularity, pliability, and height, assigning a score for 
each. The scores can then be compared over time.54 In addi-
tion to such tools, the patient’s perception of  the scar should 
be taken into consideration.55

Examination of  the non-burned skin is another com-
ponent of  the integumentary review. The acutely burned 
child may be immobile, due to medical instability, and care-
ful inspection of  non-burned skin must be done on at least 
a daily basis, as the immobile child is at risk for pressure 
ulcers. Contributing factors for pressure ulcers, in addition 
to immobility, are decreased nutrition, altered conscious-
ness, and altered sensory perception in the case of  compart-
ment syndrome. Areas at risk for pressure ulcers include the 
occiput, sacrum, and heels. Splints are used to maintain joint 
position and preservation. Splints can also cause pressure 
ulcers due to improper fit or application and due to volume 
shifts from edema. Daily inspection of  the skin and proper 
fit of  splints is part of  the acute care therapist’s examination 
and subsequent interventions. The Braden Q scale is a skin 
risk assessment scale utilized in the pediatric population. It 
was adapted from the Braden scale, which was established 
for determining adults at risk for pressure sores. This scale is 

often done by the bedside nurse, but can be implemented by 
any member of  the health care team.56

Photography is another important component to the 
integumentary examination. In addition to the body dia-
grams, a photo may allow for further evaluation, once the 
burn has been covered by dressings. A photograph will also 
allow another clinician, who missed the dressing change, to 
view the wound. This approach avoids subjecting the child 
to an unnecessary dressing change. Advantages of  digital 
photography (over 35-mm film) include image verification, 
immediate printing, and ease of  collecting a series of  pho-
tographs to document change. Photography can also be 
utilized as a communication tool between therapists and 
nurses in the case of  specific dressing or splint application.57

Tests and Measures
PAIN The child’s pain management should be a priority. 
Following an acute burn, children suffer pain not only from 
the original injury, but from daily procedures, including 
dressing changes and therapy. These procedures stimulate 
the nociceptive afferent fibers on a daily basis during their re-
covery.35 Before physically examining the child (or during in-
terventions), pain must be evaluated. Pain scales for children 
are readily available and valid measures. The Wong-Baker 
FACES scale is a self-reporting scale from which the child can 
pick from six different faces (no hurt to hurts as much as you 
can imagine) with a resultant score of  0 to 10.58 For children 
older than age 7, a self-reporting numeric scale of  0 to 10 can 
be used. For unresponsive children or those unable to use the 
self-reporting scales, a behavioral scale should be used. The 
FLACC (Face, Legs, Activity, Cry, and Consolability) pain 
scale is a behavioral pain scale that has been validated for the 
evaluation of  postoperative pain in children. FLACC is an ac-
ronym for five categories. Each category is scored 0 to 2, with 
a maximum score of  10. Analgesia should be considered for 
scores above 3, with narcotics utilized for scores above 7.59 
Documentation of  the pain score is done daily by the thera-
pist before, during, and after the interventions as well as peri-
odically by nursing in the acute care setting.

SENSATION Sensory testing is part of  examination for 
the acute burn. The patient’s ability to detect touch or 
pain at the burn site indicates the depth of  the burn. 
Insensate areas, which are not painful despite the burn, may 
indicate a full-thickness injury. As discussed earlier, edema in 
the acute phase of  a burn formation may be rapid and exten-
sive. Edema formation can be severe enough to compromise 
blood flow to the extremities and lead to compartment syn-
drome. Careful examination of  skin color, temperature, and 
the presence of  numbness/tingling are necessary.16 Children 
with increased lower extremity or groin edema may assume 
a position of  external rotation. This position can compress 
the peroneal nerve, causing numbness, tingling, or foot 
drop. For children in later stages of  healing, or in the scar 
maturation phase, careful examination of  sensation will aid 
in planning interventions. Children with foot burns, who 
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contraindicated over exposed tendons/joints owing to the 
risk of  rupture. Care must also be taken at the shoulder to 
avoid joint or brachial plexus injury.

During the remodeling phase of  healing, daily exami-
nation of  ROM with the bandages removed is a necessity. 
Seeing the ROM without the dressings allows the therapist 
to view healing structures and to examine any scar tissue for 
blanching. Blanching tissue signifies the end of  the ROM 
prior to tearing the skin.33 Once blanching is noted, the 
clinician has a clear idea of  what ROM to expect from the 
patient for the rest of  the day during all therapies. Pushing 
the patient past the point of  blanching can lead to a painful 
tearing of  the skin that will create an unnecessary new open 
wound that needs to be dressed.

lack normal sensation due to the depth of  the burn or fol-
lowing a graft on the plantar surface, need to be instructed 
in safety concerns of  going barefoot. Children and their par-
ents must be aware of  the dangers of  walking barefoot and 
need to carefully inspect the skin for any cuts or infections.

RANGE OF MOTION On initial examination of  the acute 
burn, careful attention should be given to examining ROM 
of  all joints—affected and unaffected. If  the patient can par-
ticipate, active-assistive ROM is beneficial to give the child 
some form of  control while also allowing you to get some 
idea of  the ROM limits. Passive range of  motion (PROM) 
can be performed with caution in the acute phase and es-
pecially in an unresponsive child. Aggressive PROM is 

FIGURE 17.12 Vancouver Scar Assessment Scale.

Date Scar # Pigmentation Vascularity Pliability Height Total OT init

Scale in mm

PIGMENTATION (M)
0 normal—color that closely resembles
 the color over the rest of one's body
1 hypopigmentation
2 hyperpigmentation

VASCULARITY (V)
0 normal—color that closely resembles
 the color over the rest of one's body
1 pink
2 red
3 purple

PLIABILITY (P)
0 normal
1 supple—flexible with minimal resistance
2 yielding—giving way to pressure
3 firm-inflexible, not easily moved,
 resistant to manual pressure
4 banding—rope-like tissue that
 blanches with extension of scar
5 contracture—permanent shortening of
 scar producing deformity or distortion

HEIGHT
0 normal—flat
1 < 2 mm
2 < 5 mm
3 > 5 mm

VANCOUVER GENERAL HOSPITAL
OCCUPATIONAL THERAPY DEPARTMENT

BURN SCAR ASSESSMENT
PATIENT NAME:
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For patients well into the scar maturation phase, ROM 
determination of  scarred joints needs to be done in multi-
ple planes of  movement to fully assess the ROM and scar 
blanching. For example, a child with a scar on the anterior 
shoulder may not show limitation in straight plane move-
ments, but may be limited with overhead activities such as 
throwing a ball. Taking the shoulder and subsequent scars 
through multiplanar motions provides a more thorough 
examination.

MOBILITY/GAIT If  the patient is allowed to mobilize, exam-
ine the level of  independence with transfers in and out of  
bed and a chair, and with ambulating. With lower extremity 
burns, the child may have an antalgic gait, and may need an 
assistive device. Following grafts, the child may have pain/
limitations at the donor sites, which are frequently on the 
upper legs, thus impeding mobility and gait. During the scar 
maturation phase, truncal and leg scars may inhibit normal 
walking or running patterns.

ACTIVITIES OF DAILY LIVING A thorough examination in-
cludes the child’s ability to participate in ADLs. Depending 
on the child’s age, the level of  baseline participation will be 
different. For example, the toddler may be able to remove 
clothes/shoes, but will need assistance with donning those 
items. The child’s ability to participate in ADLs may also 
include dressing changes in the acute phase, as well as scar 
management and donning compression garments during 
the scar maturation phase. The adolescent is expected to be 
independent with all ADLs.

 Interventions

Pain Management

Prior to any interventions for the child with a thermal 
injury, pain must be assessed. Use one of  the self- reporting 
or behavioral pain scales described earlier to assess the 
child’s pain level. There will be different types and causes 
of  pain including those associated with the injury itself, 
wound care techniques, debridement, grafting, and ther-
apies. Depending on the type and timing of  interven-
tions, pain assessment could determine a pharmacologic 
approach, nonpharmacologic approach, or a combination 
of  the two.60 Intervention strategies include premedicating 
the child prior to painful or anxiety-provoking procedures. 
Medications may include nonsteroidal anti-inflammatory 
agents, which reduce pain and modify the systemic inflam-
matory response. Opiates have been proven useful in alle-
viating burn pain. Benzodiazepines are effective for anxiety 
control. Ketamine, a dissociative anesthetic, is also widely 
used to provide comfort and has an amnesic effect so the 
child does not have memory of  the painful procedure.60

Nonpharmacologic interventions include cognitive-
behavioral therapy; relaxation training; hypnosis and guided 

imagery; biofeedback; distraction; and art, music, and play 
therapies.60 In 2011, Miller et al. in Australia studied differ-
ences in pain experiences of  children who used standard 
distraction techniques (TV, video games, stories, toys, and 
caregiver support) and those who used a multimodal distrac-
tion device (MMD). The MMD is a customized handheld 
device (console and content) that is interactive via move-
ment, touch screen, and multisensory feedback. There are 
two components to the device, one for procedural prepara-
tion and one for distraction. The MMD group demonstrated 
a reduction in pain experiences during burn care procedures 
and decreased treatment length.61

If  your institution has child life specialists, they should 
be included in either preparing the child for the procedure 
or aiding in distraction during the procedure. If  you do not 
have access to a child life specialist or music therapist, you 
should be prepared, prior to providing interventions, with 
age-appropriate distraction activities. These may include 
bubbles, books, and magic wands for younger patients and 
portable radio/compact disc players, video games, or DVDs 
for older patients.

Wound Care

Acute Management
Depending on the institution at which you work, the mode 
of  wound cleansing and dressing application will already be 
established. The physical therapist may play a primary role 
in wound care or an adjunctive role if  nursing has the lead 
role in cleaning the wounds and applying dressings. Daily 
or twice-daily dressing changes may be ordered in the early 
stages of  burn wound management.

Preparation for wound cleansing and dressing change 
includes premedicating the patient, coordinating staff  who 
need to examine the patient, and preparing the room and 
supplies. The room temperature should be at least 86° F 
to minimize heat loss and lower the metabolic rate of  the 
child.16 Local wound care can occur in a whirlpool setting 
or more commonly with saline. Wounds should be gently 
cleansed to remove old topical agents and devitalized tissue 
and to decrease pain.62 Wound beds should not be scrubbed 
to the point of  bleeding, although bleeding may occur in 
the healing epithelium. Removal of  intact blisters is contro-
versial. Some believe that the area under the blister is ster-
ile and can remain intact, unless it becomes very tense or 
erythematous. Others believe that remaining blisters may 
interfere with an ongoing examination process. Guidance 
from your trauma or plastic surgeon may dictate your insti-
tution’s policies.

Once the wound is cleansed, timely application of  the 
topical agents and dry dressings will aid in decreasing the 
child’s pain when the wounds are left open to the air for pro-
longed periods.

Ideal burn dressings will serve multiple functions. They 
will be non-adherent to the healing wound; absorb exudates; 
provide a warm, moist environment for healing; protect 
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the wounds from further damage; and allow for functional 
use of  the affected area.62 Functional wrapping of  the 
affected areas is often best done by the physical therapist. 
The physical therapist can suggest positions for placement 
or positioning of  extremities or affected joints and have the 
bandage applied so as to maximize function. Examples of  
this approach include wrapping the elbow into extension 
when a burn covers the antecubital fossa; individually wrap-
ping fingers and toes; and positioning the ankle in neutral 
dorsiflexion to avoid a plantar flexion contracture, thereby 
inhibiting movement.

There are several layers to a good burn dressing. The 
contact layer is just that—it comes in contact with the burn 
and is low to non-adherent. The topical agent (most com-
monly Silvadene) should be applied onto the contact layer, 
not directly to the burn site due to pain concerns. Examples 
of  commercially available contact layer dressings include 
Exu-Dry, Conformant, Xeroform, and Adaptic. The next 
layer is the intermediate absorbent layer and is usually dry 
gauze or absorptive pads (Exu-Dry). The outermost layer 
serves to hold the other two layers in place and includes rolls 
of  gauze or tubular elastic netting. The netting can be made 
into garments, thus securing the bandages from slipping 
and exposing the burns. Tape should be avoided as it makes 
removal of  the dressing more difficult and can also migrate 
onto good or burned tissue, thus creating pain and anxiety 
at dressing removal.62 Ongoing wound/skin management 
includes moisturizing cream, sunscreen, and occasionally 
dressings for an open wound.

Splinting and Positioning

The purpose of  splinting and positioning during the acute 
phase is to help control edema, provide support for edema-
tous extremities, and inhibit wound contraction and loss of  
motion. Splinting children during this phase of  care is often 
unnecessary, except in the case of  older children and ado-
lescents and those who are extensively burned. Care must 
also be taken to prevent pressure sores as these children are 
at high risk due to moisture and immobility. Pressure sores 
in the burn population can occur because of  hypovolemia, 
decreased oxygenation, prolonged bed rest, or poorly fitting 
splints. Causes of  pressure ulcers are attributed to shear, 
friction, and unrelieved pressure. The most common sites 
for pressure ulcers are the sacrum/coccyx and heels, with 
other areas at risk being the ankle, buttocks, and occipital 
area. The child who requires surgical intervention is also at 
risk during the operation if  appropriate pressure-relieving 
devices are not used.56

For positioning in bed during the first few days of  hospi-
talization, the child who is at bed rest must have appropriate 
devices in place. Heel and elbow protectors can be used as 
well as gel pillows for bony prominences. An interdisciplin-
ary approach to proper positioning is key to tackling this 
problem. Appropriate positioning programs and devices are 
effective only when implemented correctly. Education and 

communication between therapists and nurses will aid this 
process.

When using splints, the therapist must consider the skin 
integrity, edema formation, and proper fit of  the device. As 
noted earlier, the zone of  stasis lies immediately beneath the 
burn and has a compromised state of  circulation; this area is 
sensitive to increased pressure. If  splints or elastic bandages 
are applied too tightly, the zone of  stasis could convert to a 
deeper burn. Care must also be taken when using devices on 
non-burned areas as they too could cause skin breakdown. 
Splints made to prevent contractures or protect structures 
during the early phase of  wound healing must be moni-
tored daily to ensure proper fit. They may need to be adjusted 
daily to accommodate for edema formation or changes in 
dressings. As edema increases, splints or elastic bandages 
holding the splints in place can cause increased compression, 
leading to a pressure sore. Meticulous skin inspection during 
dressing changes must occur during the edema formation 
stage and as the burn heals so as to ensure proper fit.56

Proper bed positioning must begin as soon as the child 
is admitted, either to an intensive care unit or regular unit. 
For patients at bed rest, care must be taken to avoid shear 
forces. The Agency for Healthcare Research and Quality has 
made recommendations to minimize shear, including avoid-
ing elevating the head of  the bed higher than 30 degrees for 
a prolonged time. The skin and fascia of  the torso tend to 
remain static while the deep fascia and skeleton slide toward 
the bottom of  the bed when the head is raised. The skin on 
the scapula and buttocks is then put on traction, causing a 
shearing force. With sufficient traction, blood supply is com-
promised and a pressure ulcer can develop. Transferring the 
patient in/out of  bed to a stretcher should be performed via 
a lifting technique rather than sliding him or her across the 
support surfaces, again to further decrease the risk of  shear.

Repositioning the patient in bed should occur at least 
every 1 to 2 hours, if  the patient is medically stable. Keeping 
to the lower limits of  this time frame will be helpful as dif-
ferent tissues have different tolerances to ischemia from 
pressure.56

There is an axiom that states that the position of  
 comfort—flexion—is the position of  contracture for burn 
patients. Patients are therefore splinted or positioned to 
counteract contracting forces. As mentioned previously, it is 
often not necessary to splint children during the acute care 
phase, although the therapist may elect to begin splinting 
and positioning children with severe burns or older chil-
dren and adolescents later in this phase. The neck should be 
positioned in a neutral position or slight extension. Pillows 
under the head are prohibited because they promote cervi-
cal flexion. The shoulders should be positioned in approxi-
mately 90 degrees of  abduction and in slight protraction. 
Elbows should be placed in extension and supination 
(Fig. 17.13). Wrist/hands should be positioned in slight wrist 
extension, slight metacarpophalangeal (MCP) joint flexion, 
proximal interphalangeal/distal interphalangeal extension, 
and thumb abduction as shown in Fig. 17.14. Hips are placed 
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in neutral extension and slight abduction, neutral rotation. 
Knees are placed in full extension and ankles are in neutral 
dorsiflexion (no plantar flexion). Figure 17.15 shows rec-
ommended anti-contracture positioning. All of  these anti-
contracture positions can be attained either with towel rolls, 
splints, or other positioning devices that are commercially 
available.33 Splints are fabricated over a uniform layer of  
dressings to ensure proper day-to-day fit and are monitored 
closely due to the edema issues discussed earlier.

Specialized splints can be fabricated for specif ic 
body parts. Airplane splints are made for axillary burns. 
Microstomias are special devices to assist in mouth/lip 
stretching. A multi-ring collar is a flexible neck orthosis that 
allows circumferential pressure to the neck to assist increas-
ing ROM and is easier to fabricate than traditional thermo-
plastic splints.63

Casting

Casting may be used during both the acute and rehabilita-
tion phases to maintain position in pediatric patients when 

a splinted position is difficult to sustain. For example, it 
may be preferable to immobilize the MCP joints in flexion 
while allowing active use of  the distal joints. Serial casting 
is effective in correcting contractures in both pediatric and 
adult burn patients in whom other methods of  regaining 
motion have failed, in noncompliant patients,64 in patients 
whose splints easily slip or are removed, or in those for 
whom other methods, such as dynamic splinting, cannot 
be used. Once motion is regained through serial casting, it 
must be maintained through continued casting or splinting 
and ROM exercise. Depending on the particular patient and 
the phase of  healing, casts made of  either plaster or syn-
thetic materials may be used. Soft Cast, a synthetic casting 
material, is particularly useful for children because it sets 
quickly. In addition, although the child cannot remove it, the 
therapist can simply unwrap it rather than using a cast saw, 
which might frighten the child or cause skin disruption due 
to vibration over fragile skin.

Range of Motion

Active ROM (AROM) exercises during the emergent phase 
help control edema and initiate early motion. Muscle con-
traction serves as a pumping mechanism to aid venous and 
lymphatic return.65 As stated previously, ROM exercises 
should be performed during dressing changes when the ban-
dages do not restrict motion, the therapist can see the limi-
tations in motion resulting from edema, the wound can be 
viewed, and the patient has received pain medication.

Active ROM exercises should commence upon admis-
sion and continue throughout the rehabilitative and scar 
management phases. Active exercise will help decrease 
edema as well as preserve muscle, tendon, and joint func-
tion.65 Activities that are fun will motivate the child to 
participate in active exercise. Such activities could include  

FIGURE 17.13 Elbow extension splint to prevent or correct 
elbow flexion contracture.

FIGURE 17.14 Example of a hand splint to prevent contractures.

FIGURE 17.15 Positioning for contracture avoidance.
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catching/throwing a ball overhead for upper extremity/
shoulder burns, playing baseball (for trunk rotation), and 
riding a bike (for lower extremity burns). ADLs can also be 
implemented to gain active ROM. Stepping into/out of  a 
bathtub requires increased hip/knee ROM; reaching up onto 
a counter or into a cabinet requires good shoulder ROM. 
Those patients with true weakness due to deconditioning 
or nerve damage may require assistance with active ROM 
exercises. Both active and active-assisted exercises provide 
sensory feedback, increase circulation, maintain muscle func-
tion, and allow for preserving fine and gross motor skills.33

PROM exercises are implemented for children who are 
unable to move on their own. Children who are critically 
ill or heavily sedated/medicated may not be able to par-
ticipate in AROM exercises, and PROM exercises are then 
implemented. PROM exercises are an important part of  a 
postburn therapy program as they maintain elasticity of  
joint structures, muscle, and tendons and help to minimize 
the formation of  contractures.65 Stretching exercises can be 
achieved either via traditional PROM by the therapist or by 
the patient using a self-stretch premise. Self-stretching can 
be achieved by using overhead pulleys for shoulder ROM or 
a towel stretch for ankle dorsiflexion. Stretching, no mat-
ter when it is done, should be slow, gentle, and sustained. 
Remember that blanching of  tissue/scar is the sign of  the 
appropriate stretch. PROM could be performed in the oper-
ating room if  the child is undergoing a surgical procedure. 
For a child who is resistant to all stretching, active ROM, or 
positioning, the opportunity to examine ROM under anes-
thesia is invaluable. Caution must be taken, however, to 
protect joints from subluxation or dislocation during this 
exam.33

Massage

Massage of  scar tissue and skin grafts helps maintain motion 
by freeing restrictive bands and increasing circulation.66 
Massage may also be helpful in decreasing itching. Initially, 
only gentle massage should be employed, because the newly 
healed tissue is often too fragile to tolerate much friction. 
Many children enjoy massage because it decreases itching, 
but other children find massage painful or will not sit still 
for such treatment. Although all patients should have scar 
tissue and skin grafts lubricated by lotions—preferably two 
to three times each day—the therapist may select particu-
lar areas of  concern for massage and may also instruct the 
parent in massage of  these areas. Massage should be done 
before specific ROM exercises, especially passive ROM 
exercises.

Ambulation

Once cleared by the physician, mobility should commence 
as soon as possible. For patients with donor sites on their 
legs, premedication may reduce pain during mobility. For 
those patients with lower extremity burns or grafts, elastic 

bandage compression is necessary to give vascular support 
prior to ambulating. Following a lower extremity graft, 
the child may be at bed rest for up to 5 to 7 days to permit 
graft adherence. The recent trend is to mobilize patients as 
early as possible to avoid joint stiffness and risks of  immo-
bility such as deep vein thrombosis and pulmonary embo-
lism.65 Once cleared to get up (usually after the first dressing 
change), gradual mobility activities may begin. Wrapping 
or use of  an elastic cotton bandage (Tubigrip) should 
be applied to the lower extremities. To begin, the child is 
wrapped and then allowed to dangle the extremity for 
approximately 1 minute. The extremity is returned to an ele-
vated position, the wrap taken off, and the graft inspected 
for signs of  color change, bleeding, or breakdown. The child 
may progress with a dangling protocol, sitting at the edge 
of  the bed for up to 15 minutes four times a day prior to 
ambulating. This approach should decrease the risk of  blood 
pooling, which could cause graft failure. Once dangling has 
been successful, ambulation may begin, again with careful 
monitoring of  color, discomfort, tingling, edema, bleeding, 
or breakdown.

Exercise

Sakurai et al. studied the benefits of  exercise in children 
with burns. They found increased physical functioning, 
muscle mass, strength, and cardiovascular endurance.67 
Exercise that incorporates repetitive movement of  extremi-
ties and increased core body temperature, thus increasing 
blood flow, may alter scar elasticity and increase ROM. Celis 
et al.68 found that a supervised exercise program produced 
beneficial outcomes in children with thermal injuries. They 
reported a decreased number of  scar releases needed for 
functional improvement in comparison with their control 
group.68

Children with an inhalation injury as well as thermal 
injury are at risk for decreased exercise tolerance due to 
decreased pulmonary function. Children may have an initial 
obstructive pattern of  disease, which can last up to 2 years 
after the initial injury. This obstructive pattern then devel-
ops into a restrictive pattern for up to 8 years after burn. 
Suman et al.52 examined the effects of  an exercise program 
in severely burned children. The subjects did resistance and 
aerobic training 3 days per week. There were increases in 
pulmonary function and subsequent improved exercise tol-
erance due to the exercise program.52

Cucuzzo et al.69 compared the efficacy and effects of  an 
inpatient exercise program versus traditional outpatient 
therapy in burned children. The inpatient program included 
a general conditioning prescription for exercise. This pro-
gram included moderate intensity, progressive resistance 
training with aerobic and general conditioning exercises for 
1 hour three times per week. Strength training utilized free 
weights, and aerobic training included motorized treadmill, 
stationary bike, or independent walking. The results showed 
that severely burned children could participate safely in this 
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type of  supervised exercise program, as their study group 
showed gains in strength and functional outcomes.69

With the advent of  more sophisticated computer soft-
ware, video games have started to play a role in burn reha-
bilitation. In 2011, Yohannon et al.70 looked at the adjunctive 
use of  the Nintendo® Wii™ during sessions. Patients in this 
study received traditional PROM and exercises, and either 
designated Wii™ games or therapist-chosen interventions. 
Those in the Wii™ group showed less pain responses, 
decreased anxiety, and greater enjoyment.70

Scar Management

Following burn wound healing, or skin grafting, scar for-
mation may occur. Skin and scar care progresses from the 
initial open wound phase into the scar maturation phase as 
the wounds heal. Once the wounds or grafts have healed, it 
is important to keep the skin well moisturized. Application 
of  a moisturizer throughout the day will decrease the 
risk of  skin cracks and decrease itching. Massaging in the 
lotion with enough pressure to create blanching may assist 
in releasing the scar tissue and increase ROM.33 Avoid put-
ting too much pressure too soon on the scars as blisters can 
form, thus requiring massage to be discontinued. Massage 
may help break up collagen fibers, which in turn will soften 
the scar.71

Compression has also been used to combat the formation 
of  hypertrophic scarring. Early compression can begin once 
the wounds or grafts have healed. Compression can begin 
in the form of  Ace wrapping, elastic cotton tubular stock-
ings, or adhesive wraps (Figs. 17.16 and 17.17). Once edema 
has stabilized and the grafts or burns are completely healed, 
the child may be measured for a custom compression gar-
ment. Pressure garments have four main functions. They 
restore function, relieve symptoms, prevent scar recurrence, 

and promote an aesthetic appearance. Pressure results in 
the reduction of  intercollagen fibers, which helps to flatten 
the excessive collagen that is deposited during the prolif-
erative phase of  healing. Pressure levels for these garments 
should be 24 mm Hg or above and applied for a minimum 
of  12 months. Pressure garments are worn for 23 hours a 
day, allowing removal for bathing/skin care. Pressures 
over 24 mm Hg occlude vessels, which leads to hypoxia 
and fibroblast degeneration and altered collagen synthesis. 
This process then helps flatten the scar.71 Early application 
of  pressure is necessary for optimal outcomes. Pressure is 
applied as soon as reepithelialization has occurred and con-
tinues through the maturation phase. Children are issued 
two sets of  garments due to the constant wear and the need 
for the garments to be washed. They will need to be refit 
periodically due to wear from usage, growth, or surgical 
interventions.72 Several commercially available options are 
made for children, with a wider variety of  colors and appli-
qués to try to increase patient use (Fig. 17.18).

FIGURE 17.16 Example of a compression vest made out of 
tubular elastic netting.

FIGURE 17.17 Child wearing the temporary compression vest 
from Figure 17.16.

FIGURE 17.18 Example of custom compression mask and 
jacket.
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To apply uniform pressure over convex or concave areas, 
foam, rubberized materials, or thermoplastic splinting 
material may be used as inserts under the garments. Areas 
often needing more custom pressure include finger web 
spaces, the palm, the interscapular area, and the central 
face.33 Silicone linings and inserts have also been used as an 
adjunct to compression therapy. The mechanism of  action 
by silicone is hydration and occlusion of  the scar. Silicone 
elastomers (putty) were made to solve concavity problems, 
especially in web spaces. Benefits of  using silicone sheets 
include comfort in application and little to no hindrance 
of  movement. Disadvantages include frequent need to 
renew the sheets, loss of  mobility when used over a joint, 
and excessive sweating.73 Most manufacturers of  compres-
sion garments offer some form of  silicone lining that can 
be sewn directly into the garment over specified areas. Use 
of  compression and silicone combined was studied in 2009 
by Harte et al.74 Their randomized controlled trial included 
patients using compression garments with silicone sheet-
ing or compression garments alone for burn scar manage-
ment. There were no statistically significant changes in the 
VSS scores between the groups, but both groups showed a 
reduction in the scores with use of  both types of  garments.74

Facial burns require special attention, given the impor-
tance of  cosmetic appearance following a burn. Children 
with facial burns will have the social stigma of  looking dif-
ferent and may have a long-term psychological impact of  
disfigurement. Compression therapy for the face can occur 
in three different ways. Custom compression garments are 
available for the face, but usually cover the entire face and 
head, thus “hiding” the deformities. Clear plastic masks 
allow the clinician to see the pressure applied to the scars 
directly under the mask; however, the child’s face and scars 
are fully visible. A third option is a silicone mask held in 
place with a facial pressure garment.75

The transparent plastic face mask was introduced in 1979 
by Rivers et al. as an alternative to the elastic face mask to 
control facial scarring (Fig. 17.19).76 As its name implies, the 
transparent face mask is a piece of  hard, transparent plastic 
in the form of  a custom-fitting face mask secured to the face 
by means of  straps. The mask is constructed by forming 
heated plastic over a modified positive mold of  the patient’s 

face. In the past, the mold would need to be made in the 
operating room with the child anesthetized due to using 
plaster, which requires that the patient not move. New digi-
tal scanning technology has made that procedure obsolete. 
The Total Contact Scanner, by Total Contact Inc. (www.
totalcontact.com), is a digital surface scanner, which allows 
for noncontact scanning. This system uses a low-power 
helium-neon laser projected from the moving scanner head 
to the patient’s face. The scan is transmitted to a computer, 
which captures all the surface data. These data are then sent 
to the company, which produces a positive mold, over which 
a negative mold of  the plastic/silicone face mask is made. 
The therapist can then adjust the fit of  the mask by mak-
ing the necessary changes to the positive mold and reheating 
the mask. The time and resources saved by not having the 
patient undergo anesthesia are quite beneficial.

The advantages of  the transparent face mask versus the 
elastic face mask are as follows:

•	 The mask can be constructed and applied to the patient 
within 24 hours. (There is no waiting for the elastic gar-
ment to return from the manufacturer.)

•	 The therapist can see exactly where pressure is being 
adequately applied by observing blanching of  the scar. 
The transparent mask can be adjusted accordingly by the 
therapist to increase or decrease pressure in specific areas.

•	 The patient’s face is visible to other people and is not cov-
ered by a “mask.”

•	 The transparent mask usually does not require the con-
struction and exact placement of  inserts.

•	 The transparent face mask may cause fewer problems 
with head growth and malocclusion than the elastic mask.

There are also several disadvantages of  the transparent 
face mask, including the following:

•	 Although both types of  mask must be replaced as the 
child grows and the mask wears out, the cost of  a new 
transparent mask is probably greater.

•	 The plastic used to construct the transparent mask is 
rigid, permits little movement of  the facial muscles, and 
often limits mandible motion.

•	 The transparent mask may not cover as many areas on 
the head as the elastic mask. (However, the transparent 
mask can be used with a chin strap or alternated with an 
elastic mask.)

•	 Perspiration is increased underneath the transparent 
mask, and plastic may be more uncomfortable than 
elastic.

Patient/Client-related Instructions

Throughout the continuum of  care following a burn 
injury, the child and caregivers will need ongoing teaching. 
Initially, the parents may help with burn dressing changes, 
application of  splints, and exercises. As the child returns to 
home and school, caregivers must assume all care, including FIGURE 17.19 Transparent face mask for facial burn compression.

http://www.totalcontact.com
http://www.totalcontact.com
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skin and graft care, scar management, night splints, day 
splints, compression garments, massage, and, in many cases, 
being parents to other siblings. When possible, practic-
ing interventions in a controlled setting may help parents 
be more comfortable than carrying out the intervention 
on their own child. This can occur in a classroom-type set-
ting where parents can practice on mannequins or each 
other, gain confidence, and then work with their own child. 
Children who are old enough to follow directions and a 
schedule are able to learn their self-care and often prefer to 
have control over parts of  their care. A written home pro-
gram for exercises, splint application, and compression gar-
ment wearing schedules will aid in the caregiver’s carryover.

 Outcomes

Children who suffer a burn injury, especially one of  exten-
sive TBSA, have cosmetic and functional impairments that 
may never be completely corrected. Psychosocial implica-
tions for children include acceptance by their family, peers, 
and schoolmates, with potentially disfiguring and disabling 
effects of  their original injury. A study by Sheridan et al. in 
200077 showed that massively burned children do not neces-
sarily suffer from a poor quality of  life. Even though they 
can’t be returned to their pre-burn status, appearance, and 
function, their acute care team, support after discharge, and 
family support can produce satisfying long-term outcomes 
for children with massive burns.77

The child who sustains a burn injury undergoes long-
term hospitalization, painful procedures and rehabilitation, 
and lifelong disfigurement. Landolt et al. in 2002 looked at 
predictors of  quality of  life in pediatric burn survivors. Their 
results demonstrated an almost normal outcome concern-
ing health-related quality of  life. The family environment 
was one of  the main predictors of  quality-of-life outcome. 
The overall quality of  life and psychological adjustment 
were best predicted by greater family cohesion, higher 
expressiveness, and fewer conflicts within the family. Age at 
injury was the second most important variable to predicting 
quality of  life. Children burned at a younger age had a bet-
ter quality of  life at follow-up. Younger children may more 
easily deal with their scars and integrate disfigurement into 
their developing body image. Older children may have more 
difficulties with the need for changing their body image. 
Their study noted that there was a quality-of-life scale pend-
ing from the ABA.78

The impact of  a thermal injury on the family and siblings 
was reviewed by Mancuso et al. in 2003.79 Sibling research 
has shown that relationships among themselves are among 
the most significant in preparing a child for adulthood. The 
studies revealed that siblings had fewer signs of  internaliz-
ing problems and were less withdrawn and showed fewer 
depressive symptoms and fewer somatic problems than the 
control group. Compared with the control group, those sib-
lings of  children with moderate to severe injuries did have 

more difficulties with social competence. This finding cor-
responds with the severity of  injury causing an increased 
duration of  care, potentially more absence of  parents, and 
more family attention to the injured sibling. The siblings 
appeared to do well at school, and the social competence 
piece may have been related to their ability to have friends 
at their home, in light of  the disfigurement of  their sibling. 
Even under stressful events, the well siblings are adjusting 
socially, emotionally, and behaviorally.79

 Burn camp

Just as there are camps for children with various diseases 
or disabilities (e.g., diabetes camp, spina bifida camp, etc.), 
there are also about 40 burn camps in North America offer-
ing a variety of  programs for children who had sustained 
burn injuries. Several camps are coordinated or staffed by 
therapists, and therapists are encouraged to attend the camp 
to help with programs or to assist campers. The purpose of  
most of  the camps is to provide a safe, recreational environ-
ment in which children with burns can interact with one 
another, build self-esteem, learn new skills, and have fun.

S u M M A R y

P hysical therapists play a vital role on the interdisci-
plinary burn care team. They function in many dif-
ferent roles from acute burn wound management 

to positioning, splinting, ROM, and functional mobility, to 
scar management and return to home and school. Pediatric 
physical therapists in any setting across the continuum of  
care need to be prepared to provide interventions for these 
children as well as to be advocates for their psychosocial 
needs upon reentry into the community. Ongoing continu-
ing education and mentorship will provide the best experi-
ence to gain clinical competence in the area of  care for the 
child with thermal injuries.

CASE STUDIES

CASE STUDY 1 Jade Jade is a 6-year-old girl who was 
admitted to her local hospital following an accident at home. 
Jade was leaning over a candle in her mom’s bedroom when her 
braids caught fire and set her shirt on fire. Her mom put out the 
flames with a blanket and removed her shirt immediately, calling 
911 in the process. Jade received emergency care within minutes 
and was transported to the hospital. She was referred to physical 
therapy on postburn day 1.

Upon initial examination, she appeared to have superficial 
partial-thickness burns to her face and deep partial-thickness 
burns to her arm and chest, with some questionable areas of 
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his upper extremities. He underwent serial casting of both knees 
into flexion, which was quite successful in achieving functional 
ROM. He required occupational therapy and physical therapy to 
regain the use of his hands, ADLs, bed mobility, and preparation 
for prosthetic training. He began prosthetic training but had a 
setback as he developed an open wound at the end of one stump 
and accentuated growth of his fibula faster than his tibia on the 
other stump. This precluded gait training for several months.

Once his open wound had healed, new liners and sockets were 
developed to relieve pressure on both areas, and he was cleared 
to begin standing. He began a standing program both static at 
the edge of a mat and in a mobile prone standing frame. He had 
stubbies, which he tolerated well, and began ambulation about 4 
days after starting standing (Fig. 17.21). He progressed to plat-
forms on his pylons and quickly to SACH feet. He is ambulating 
200 feet with a rolling walker and supervision (Fig. 17.22). His 
lack of normal knee flexion is limiting his ability to transition as 
well as ascend and descend stairs. Owing to nerve damage to his 
left hand, he was unable to utilize Lofstrand crutches and worked 
toward independent ambulation without an assistive device. He 
continues to work on fine motor skills with occupational therapy 
(Fig. 17.23).

He has developed several sites of hypertrophic and keloid-
type scarring at his face, neck, upper extremities, trunk, and 
lower extremities (Fig. 17.7). He is utilizing custom compres-
sion garments with a mask, jacket, and pants. His new pros-
thetic liners are actually custom fit and are providing excellent 

deeper burns at her right upper chest and arm (Fig. 17.4). She 
received local wound care and ongoing burn depth estimation 
as structures evolved. On postburn day 2, the areas at the upper 
right chest and upper right arm appeared to have a brown col-
oration and no capillary refill and did not cause her pain upon 
palpation. It was determined at that time that these areas were 
full-thickness injuries, and the plastic surgeon decided upon 
skin grafting. On postburn day 6, she underwent excision of the 
eschar and split-thickness grafting with her right thigh as the 
donor site (Fig. 17.11). She was immobilized in the operating 
room with an airplane splint to protect the graft from shearing as 
well as to maintain preoperative ROM.

On postoperative day 5, the dressings were taken down with 
100% graft take (Fig. 17.20). She was allowed to mobilize on 
postoperative day 5, with pain limiting her right lower extremity 
ROM from the donor site. She required assistance with ambu-
lating short distances. She remained in the airplane splint until 
postoperative day 7, when she began gentle active-assisted ROM 
exercises. She was discharged on postoperative day 8 to home, 
with follow-up therapy for ROM and scar management. She was 
also seen by occupational therapy for ROM, splinting, and ADLs 
as well as compression garments.

CASE STUDY 2 Frankie Frankie is a 3-year-old boy 
who was involved in a house fire, sustaining 60% TBSA burns 
to his face, trunk, upper extremities, and lower extremities. He 
developed severe compartment syndrome, sepsis, and respiratory 
complications in addition to his massive burns. He was treated at 
a local burn center. During his acute hospitalization, he developed 
decreased circulation to both feet and required bilateral below-
knee amputations. He underwent local wound care and multiple 
grafting procedures to achieve wound closure. After a prolonged 
hospitalization, he was transferred to our rehabilitation hospital 
for further care.

Initially, he had multiple open wounds that required daily 
dressing changes as well as graft care. He had significant loss of 
ROM at both knees (stuck in extension) as well as limited ROM at 

FIGURE 17.20 Healed meshed split-thickness skin graft 
(same patient from Figure 17.4)

FIGURE 17.21 Patient attempting to stand, utilizing 
 stubbies as prostheses.
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FIGURE 17.22 Patient progressed to pylons and SACH feet 
and was able to ambulate with supervision with a rolling walker.

FIGURE 17.23 Patient using play to increase hand function.

compression for his lower extremities while being worn. While 
out of the prostheses, he has a custom compression garment 
that he tolerates well (Fig. 17.18). He has undergone injections 
of steroids at his keloid scar on his neck and had a Z-plasty done 
to release the neck scar. He participated in our day hospital reha-
bilitation program for 5 months and then transitioned to outpa-
tient care. He required scar revision surgery for the back and 
side of his head/neck. For this, he underwent tissue expander 
placement (Fig. 17.24) at his scalp. This enabled the surgeon to 
have enough non–burn/scar tissue to cover the previous defect 
(Fig. 17.7). Once the tissue expanders were removed, the scarred 
tissue was excised and the nonscarred tissue moved into its 
place (Fig. 17.25).

He is now independently ambulating community distances 
with new prostheses and Impulse feet by Ohio Willow Wood 
(Fig. 17.26). This energy-storing foot has allowed him to achieve 
better heel strike and push-off during the gait cycle. He can now 
ascend and descend a full flight of stairs and practice bus steps 
with supervision. He will receive school-based physical therapy 
services as well as continue with outpatient services to address 
his ongoing scar management and prosthetic needs. 

FIGURE 17.24 Patient with tissue expanders in his scalp.

FIGURE 17.25 Patient status after tissue expander removal 
and corrective surgery.
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 Children with obesity

Pediatric physical therapists can be found in a variety of  
practice settings. Whether practicing in early intervention, 
acute care, and educational or community settings,  the 
epidemic of  pediatric obesity can be appreciated. As this 
issue has become a health crisis, this chapter is dedicated 
to  increasing the knowledge base of  pediatric physical 
the rapists in the definitions, prevalence, trends, and health 
impacts as well as suggesting clinical paths that might be 
taken to begin halting this epidemic. As obesity has for-
mally been established as a diagnosis by the American 
Medical Association (AMA) in June 2013, the International 
Classification of  Functioning, Health and Disability (ICF) 
framework as well as the American Physical Therapy 
Association Guide to Physical Therapy Practice 2 will be 
considered in the call to action for pediatric physical thera-
pists to become primary service providers in health promo-
tion and wellness.1,2

 Scope of the issue

Despite the comprehensive efforts of  health policymak-
ers, industry, and media to bring to light the major health 

consequences related to obesity, research indicates that it 
remains an issue of  epidemic proportion. The American 
College of  Sports Medicine (ACSM) has defined obesity as 
“percent fat at which disease risk increases.”3 The Centers for 
Disease Control and Prevention (CDC) report that findings 
from the National Health and Nutrition Examination Survey 
(NHANES) 2009–2010 continue to suggest alarming statistics 
regarding obesity in the United States. Findings show that 
35.7% of  adults and 16.9% of  children and adolescents in the 
United States were found to be obese. This indicates that there 
are more than 78 million U.S. adults and 12.5 million children 
considered obese. Further data suggest that one in three chil-
dren and adolescents between the ages of  6 and 19 years are 
overweight or obese, with one in six within that age range 
found to be obese.4 While this survey did suggest that the rapid 
increases seen in childhood obesity in the 1980s and 1990s have 
not continued, current estimates by the AMA have suggested 
that rates of  childhood obesity have increased more than three-
fold in the last 30 years.5 Table 18.1 shows the increase in child-
hood obesity as described by NHANES in selected years.6

Another area of  concern for health care providers is the 
rise in the number of  young children, between 3 and 5 years 
of  age, who are now identified as overweight or obese. 
Estimates in 2007 to 2008 were that 21.2% of  these young 
children were overweight or obese.5,7 In addition to the 
prevalence information available regarding age variations in 
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In the adult population, obesity rates were inversely 
associated with income and educational level in women, 
that is, increased body mass index (BMI) was found 
in those adults with less income and education. However, 
the relationship between income and obesity in children 
is less consistent, with some indication of  the opposite 
relationship being true.8 This finding led to the recom-
mendation by the White House Task Force on Childhood 
Obesity in 2010 that “efforts to reeducate ethnic dispari-
ties in obesity must target factors other than income and 
education, such as environmental, social, and cultural 
factors.”8

obesity, it is important that health care providers recognize 
racial and ethnic disparities in obesity rates. Again, referring 
to the NHANES 2007–2008, obesity rates are highest among 
non-Hispanic Black girls and Hispanic boys. Furthermore, 
the highest rate of  childhood obesity was found in American 
Indian/Native Alaskan children when compared with rates 
in White or Asian children.8 This information can provide 
physical therapists with a profile of  at-risk populations 
whose children are seen for developmental, orthopedic, or 
other diagnoses that may decrease the child’s overall activity 
level. Table 18.2 further defines the disparity among racial 
and ethnic population data.

Age (in yr)1

NhANes  
1963–1965  
1966–19702

NhANes  
1971–1974

NhANes  
1976–1980

NhANes  
1988–1994

NhANes  
1999–2000

NhANes  
2001–2002

NhANes  
2003–2004

NhANes  
2005–2006

NhANes  
2007–2008

Total (3) 5.0 5.5 10.0 13.9 15.4 17.1 15.5 16.9
2–5 (3) 5.0 5.0 7.2 10.3 10.6 13.9 11.0 10.4
6–11 4.2 4.0 6.5 11.3 15.1 16.3 18.8 15.1 19.6
12–19 4.6 6.1 5.0 10.5 14.8 16.7 17.4 17.8 18.1

1Excludes pregnant women starting with 1971–1974. Pregnancy status not available for 1963–1965 and 1966–1970.
2Data for 1963–1965 are for children aged 6–11 yr; data for 1966–1970 are for adolescents aged 12–17, not 12–19 yr.
3Children aged 2–5 yr were not included in the surveys undertaken in the 1960s.

NOTE: Obesity defined as body mass index (BMI) greater than or equal to sex- and age-specific 95th percentile from the 2000 CDC Growth Charts.

Prevalence of Obesity (≥95th Percentile) among U.S. Children and adolescents6

TaBLE

18.1

Table 69 (page 1 of 2). Obesity among children and adolescents aged 2–19 years, by selected characteristics: United States, 
selected years 1963–1965 through 2007–2010
Updated data when available. Excel, PDF, more data years, and standard errors: http://www.cdc.gov/nchs/hus/contents2012.htm#069.
(Data are based on physical examinations of a sample of the civilian noninstitutionalized population)

Age, sex, Race and hispanic Origin1,  
and Percent of Poverty Level

1963–1965
1966–19702 1971–1974 1976–19803 1988–1994 1999–2002 2003–2006 2007–2010

2–5 years Percent of population
Both sexes4.......... --- --- --- 7.2 10.3 12.5 11.1
 Not Hispanic or Latino:
  White only.......... --- --- --- 5.2 8.7 10.8 9.0
  Black or African American only.......... --- --- --- 7.7 8.8 14.9 15.0
 Mexican.......... --- --- --- 12.3 13.1 16.7 14.6
Boys.......... --- --- --- 6.1 10.0 12.8 11.9
 Not Hispanic or Latino:
  White only.......... --- --- --- *4.5 *8.2 11.1 8.8
  Black or African American only.......... --- --- --- 7.7 *8.0 13.3 15.7
 Mexican.......... --- --- --- 12.4 14.1 18.8 19.1
Girls.......... --- --- --- 8.2 10.6 12.2 10.2
 Not Hispanic or Latina:
  White only.......... --- --- --- 5.9 *9.0 10.4 *9.2

Obesity among Children and adolescents in the United States by gender, age, and Ethnicity

TaBLE

18.2

http://www.cdc.gov/nchs/hus/contents2012.htm#069
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Age, sex, Race and hispanic Origin1,  
and Percent of Poverty Level

1963–1965
1966–19702 1971–1974 1976–19803 1988–1994 1999–2002 2003–2006 2007–2010

  Black or African American only.......... --- --- --- 7.6 9.6 16.6 *14.2
 Mexican.......... --- --- --- 12.3 *12.2 14.5 *9.9
Percent of poverty level:5

 Below 100%.......... --- --- --- 9.7 10.9 14.3 13.2
 100%–199%.......... --- --- --- 7.2 *13.8 12.7 11.8
 200%–399%.......... --- --- --- 5.6 *7.6 11.9 13.9
 400% or more.......... --- --- --- * * *10.0 *5.8
6–11 years
Both sexes4.......... 4.2 4.0 6.5 11.3 15.9 17.0 18.8
Boys.......... 4.0 *4.3 6.6 11.6 16.9 18.0 20.7
 Not Hispanic or Latino:
  White only.......... --- --- 6.1 10.7 14.0 15.5 18.6
  Black or African American only.......... --- --- 6.8 12.3 17.0 18.6 23.3
 Mexican.......... --- --- 13.3 17.5 26.5 27.5 24.3
Girls.......... 4.5 *3.6 6.4 11.0 14.7 15.8 16.9
 Not Hispanic or Latina:
  White only.......... --- --- 5.2 *9.8 13.1 14.4 14.0
  Black or African American only.......... --- --- 11.2 17.0 22.8 24.0 24.5
 Mexican.......... --- --- 9.8 15.3 17.1 19.7 22.4
Percent of poverty level:5

 Below 100%.......... --- --- --- 11.4 19.1 22.0 22.2
 100%–199%.......... --- --- --- 11.1 16.4 19.2 20.7
 200%–399%.......... --- --- --- 11.7 15.3 16.7 18.9
 400% or more.......... --- --- --- * 12.9 9.2 *12.5
12–19 years
Both sexes4.......... 4.6 6.1 5.0 10.5 16.0 17.6 18.2
Boys.......... 4.5 6.1 4.8 11.3 16.7 18.2 19.4
 Not Hispanic or Latino:
  White only.......... --- --- 3.8 11.6 14.6 17.3 17.1
  Black or African American only.......... --- --- 6.1 10.7 18.8 18.4 21.2
 Mexican.......... --- --- 7.7 14.1 24.7 22.1 27.9
Girls.......... 4.7 6.2 5.3 9.7 15.3 16.8 16.9
 Not Hispanic or Latina:
  White only.......... --- --- 4.6 8.9 12.6 14.5 14.6
  Black or African American only.......... --- --- 10.7 16.3 23.5 27.7 27.1
 Mexican.......... --- --- 8.8 *13.4 19.6 19.9 18.0
Percent of poverty level:5

 Below 100%.......... --- --- --- 15.8 19.8 19.3 24.3
 100%–199%.......... --- --- --- 11.2 15.1 18.4 20.1
 200%–399%.......... --- --- --- 9.4 15.7 19.3 16.3
 400% or more.......... --- --- --- * 13.9 12.6 14.0

Beyond racial, ethnic, and socioeconomic disparities, 
there exist regional disparities regarding obesity within 
the United States. The CDC released data from 2012 
suggesting that the prevalence of  adult obesity ranged 
by state from 20.5% in Colorado to 34.7% in Louisiana. 
While no state had a prevalence of  obesity less than 20%, 
higher prevalence was found in the Midwest (29.5%) and 
the South (29.4%). The Northeast (25.3%) and the West 
(25.1%) were observed to have lower prevalence. See 

Figure 18.1 for the CDC Self-reported obesity map of  the 
United States.

As a clearly identified national health crisis, obesity in 
both children and adults has taken a huge financial toll 
on the health care system. While specific health impair-
ments will be addressed later in the chapter, it is impor-
tant to point out here that obesity has been estimated to 
cause 112,000 deaths per year in the United States.8 The 
White House Task Force on Childhood Obesity Report to 
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the President in 2010 documents the financial burden to 
the health care system, with an estimated $1429 more in 
medical expenses incurred by adults with obesity as com-
pared with normal-weight peers. Medical spending esti-
mates attributed to obesity in adults topped $40  billion in 
1998, with an increased estimate to $147 billion in 2008. 
Direct medical costs due to excess body weight were 
 estimated at $3 billion per year for children. The  report 
also found alarming statistics on how overweight and obese 
children are more likely to become obese adults. A study 
was revealed which suggested that obese 6- to 8- year-olds 
were approximately 10 times more likely to become 
obese adults than those with lower BMIs. Moreover, the 
 association may be stronger for obese adolescents than for 
younger children.8

In 2000, the American Physical Therapy Association 
(APTA) House of  Delegates adopted its official vision 
statement for the future of  physical therapy entitled 
“Vision 2020.” The following excerpt relates to how this 
obesity epidemic is within the scope of  practice for physi-
cal therapists: “By 2020, physical therapy will be provided 
by physical therapists who are doctors of  physical therapy, 
recognized by consumers and other health care profes-
sionals as the practitioners of  choice to whom consum-
ers have direct access for the diagnosis of, interventions 
for, and prevention of  impairments, activity limitations, 
participation restrictions, and environmental barriers re-
lated to movement, function, and health.” Of  importance 
to the discussion of  the role of  physical therapists in the 
treatment of  pediatric obesity is the commitment to both 
prevention and health promotion. The vision statement 
went on to say:

“Physical therapy, by 2020, will be provided by physical 
therapists who are doctors of  physical therapy and who 
may be board-certified specialists. Consumers will have 

direct access to physical therapists in all environments for 
patient/client management, prevention, and wellness ser-
vices. Physical therapists will be practitioners of  choice in 
patients’/clients’ health networks and will hold all privi-
leges of  autonomous practice. Physical therapists may 
be assisted by physical therapist assistants who are edu-
cated and licensed to provide physical therapist directed 
and supervised components of  interventions. Guided by 
integrity, life-long learning, and a commitment to com-
prehensive and accessible health programs for all people, 
physical therapists and physical therapist assistants will 
render evidence-based services throughout the continuum 
of  care and improve quality of  life for society. They will 
provide culturally sensitive care distinguished by trust, 
respect, and an appreciation for individual differences. 
While fully availing themselves of  new technologies, 
as well as basic and clinical research, physical therapists 
will continue to provide direct patient/client care. They 
will maintain active responsibility for the growth of  the 
physical therapy profession and the health of  the people 
it serves.”10

Physical therapists must advance their position to be-
come the practitioners of  choice to maximize the preven-
tion of  impairments, activity limitations, participation 
restrictions, and environmental barriers related to move-
ment, function, and health of  children with obesity and 
who are overweight. Furthermore, proponents have de-
fined “integration of  prevention and wellness strategies 
into the physical therapy intervention” as a critical role in 
the practice of  physical therapy1 (Guide to Physical Therapy 
Practice, APTA, 2001).

 Definitions

The classification of  childhood obesity is distinct from 
that of  adult obesity, as it is dependent not only upon 
height and weight, but also age and gender, owing to the 
variations in a maturing body. The BMI, typically uti-
lized as the measure of  adult obesity, is defined by the 
CDC as a number calculated from the measure of  a per-
son’s height and weight. BMI expresses this relationship 
as a ratio of  weight (in kilograms) divided by height (in 
meters) squared. The ratio is considered to be a reliable 
measure of  body fat, as a relatively easy and inexpensive 
screening tool for weight categories that may be used as 
health indicators. Experts recommend BMI because it cor-
relates strongly with body fat percentage and is associated 
weakly with height. It also identifies the most obese indi-
viduals correctly, with “acceptable accuracy at the upper 
end of  the distribution.”11 For children and adolescents, 
BMI is calculated and compared with others of  the same 
age to determine the percentile for age. It is advantageous 
to use this body mass index–for–age (BMI-for-age) value 
as the indicator for nutritional status in children because 
it provides a guideline based on weight and height while 

FIGURE 18.1 CDC Self-reported obesity map of the United 
States. http://www.cdc.gov/obesity/images/brfss-self-reported- 
obesity-2012.gif (9)

15%–20% 20%–<25% 25%–<30% 30%–<35% 35%

http://www.cdc.gov/obesity/images/brfss-self-reported-obesity-2012.gif
http://www.cdc.gov/obesity/images/brfss-self-reported-obesity-2012.gif
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considering that interpretation depends on age, as nor-
mal body fat differs in boys and girls as they mature. As of  
April 2012, the CDC defined overweight children between 
the ages of  2 and 18 years as having a BMI at or above 
the 85th percentile and lower than the 95th percentile for 
children of  the same age and sex. Childhood obesity was 
defined as a BMI at or above the 95th percentile for chil-
dren of  the same age and sex using the 2000 CDC growth 
chart.12 See Figures 18.2 and 18.3 for males and females, 
respectively.

This more recent definition represents a departure from 
the original language used in describing overweight and 
obesity in children. The Expert Committee on Clinical 
Guidelines for Overweight in Adolescent Preventive 
Services had originally recommended in 1994 that the 
word “obese” be avoided in describing youth greater than 
or equal to the 95th percentile for BMI for age due to the 
inability of  the measure to quantify the total body fat spe-
cifically. Instead, they had suggested the term “at risk of  
overweight” be used to describe those between the 85th and 
up to the 95th percentile in BMI for age. Those children at 
or above the 95th percentile were categorized as overweight. 
In an attempt to show the breadth and urgency of  the issue 
of  pediatric obesity, the Institute of  Medicine elected in 
2005 to depart from that recommendation and began to 
refer to those individuals between 2 and 18 years of  age 
with a BMI for age greater than or equal to the 95th percen-
tile for age as “obese.” For those children 2 years of  age and 
younger, it was recommended to continue to refrain from 
use of  the term obese and utilize overweight to describe those 
children at or above the 95th percentile in BMI for age.11

To truly be practitioners of  choice for wellness, physical 
therapists must learn to integrate prevention and wellness 
strategies into interventions. It is also necessary for physi-
cal therapists to have a working knowledge of  the various 
aspects of  health-related fitness and wellness terminol-
ogy so as to increase the impact they might have working 
with the pediatric client with obesity. The ACSM clearly 
defines physical fitness as “a multidimensional concept” 
consisting of  “a set of  attributes that people possess or 
achieve that relates to the ability to perform physical ac-
tivity, and is comprised of  skill-related, health-related, and 
physiologic components.”3 Physical therapists are often in-
volved in return to skill-related component of  fitness, such 
as rehabilitation following a sports injury. Agility, balance, 
coordination, and speed are just a few of  the functional 
skills often included in treatment. Health-related fitness 
measures include the ability of  an individual to perform 
activities of  daily life with stamina. It precludes the effects 
of  inactivity, such as an overall state of  deconditioning. 
This type of  fitness may have the greatest impact in chil-
dren with obesity, as they are not able to perform many 
activities enjoyed by same-aged peers. The physical thera-
pist must understand that health-related fitness includes 
body composition, muscular strength and endurance, 

cardiovascular endurance, as well as flexibility, and should 
be considered in designing long- and short-term goals. 
To attain a role in promoting fitness, health, and wellness 
for the pediatric population, physical therapists must un-
derstand other components of  obesity and measurement. 
To review, body composition refers to the relative amount 
of  fat versus fat-free body mass. A healthy body compo-
sition in youth is associated with improved cardiovascular 
profile later in life and a decreased morbidity. A balance 
of  caloric intake and energy expenditure determines body 
composition. Recent studies have examined the question 
of  whether calories are weighted differently, with the con-
sumption of  certain types of  foods being better for burn-
ing calories and maintaining weight loss than others.13 (See 
Display 18.1 for more information) Waist circumference mea-
surements have also been used as a health indicator, along 

While pediatric physical therapists are not experts in the area of 
nutrition, some basic information is valuable in being an integral 
part of an interdisciplinary team working together to combat 
childhood obesity.

Recent evidence alters the long-held theory of “energy in 
equals energy out.”13,16,17 While it is still an undeniable truth that 
calories taken in through food must be burned through physical 
activity and basal metabolic functioning to avoid being stored 
in the body, just how this occurs is being called into question. 
Robert Lustig, MD, has done significant research in this area 
and is now suggesting the theory that the quality of the calo-
rie determines how much is burned and how much is stored. 
Breaking it down further, he describes four examples of calorie 
categories:

Fiber: Fiber delays absorption of calories; for example, 
eating 160 calories in almonds leads to the absorption of only 
130. Recent evidence suggests that bacteria in the intestine use 
some of the calories, therefore delaying the absorption of the 
remaining calories into the bloodstream.

Protein: Due to the thermic effect of food, metabolizing pro-
teins requires about twice the energy than with carbohydrates. 
This leads to proteins using more energy and therefore calorie 
burn in its processing. It is also stated that proteins reduce hun-
ger better than carbohydrates by reducing hunger hormones.

Fat: Fats release nine calories per gram when burned. Some 
fats, such as trans fats, can cause plaque development in arter-
ies and are considered “bad” fats. But other fats are considered 
“healthy” fats, such as Omega-3 fats, which are considered 
heart healthy.

sugar: Consists of two chemicals—fructose and glucose. 
Every cell in the body uses glucose for energy, while fructose 
is metabolized in the liver as fat and not used for energy like 
glucose. Fructose is the key ingredient in soda, candy, and pro-
cessed foods.

In keeping abreast of nutrition evidence and research, physi-
cal therapists may be able to dispel myths patients and their 
families may hold in developing a healthier diet.

Nutrition Updates

DISPLaY

18.1
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FIGURE 18.2 BMI-for-age for boys. http://www.cdc.gov/growthcharts/data/set1/chart15.pdf
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FIGURE 18.3 BMI-for-age for girls. http://www.cdc.gov/growthcharts/data/set1/chart16.pdf
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with BMI-for-age. Central adiposity, which is measured by 
circumferential measurement, is associated with hyper-
lipidemia, cardiovascular disease risk factors, and Type 2 
diabetes. Studies have suggested that an increased mea-
sure of  central adiposity at age 8 years could increase the 
risk of  cardiovascular disease in adolescence by four times 
over that of  children with smaller waist circumferential 
measurements.14 Muscular strength and endurance are often 
measured using standardized youth fitness tests, such as 
those used in physical education curriculum. Examples of  
such tests might include curl-up or push-up tests, as well as 
more comprehensive tests such as the FITNESSGRAM.15 
Pediatric physical therapists routinely measure strength 
as part of  the subtests of  gross motor tests such as the 
Peabody Developmental Motor Scales–2nd edition or the 
Bruininks-Osertesky Test of  Motor Proficiency 2nd edi-
tion, though these test items do use jumping, which re-
quires the children to overcome body weight to complete 
the task (see Chapter 3). In “typical” scenarios such as this, 
physical therapists must use their judgment to determine 
whether the risk for injury of  testing a young child who 
is obese balances the benefits of  the standardized testing 
results. Cardiorespiratory endurance is the ability of  the body 
to deliver oxygen to tissues at levels appropriate to the ac-
tivity. Children who are physically active have more high 
density lipoproteins, lower triglycerides, reduced low den-
sity lipoproteins, lower BMI, improved insulin sensitivity, 
and lower systolic blood pressure when compared with 
sedentary children.14 Flexibility is another aspect of  fitness 
often tested in children to help determine their overall fit-
ness level. The ACSM defines flexibility as the ability of  a 
joint to move through the full range of  motion. Many fac-
tors influence the flexibility of  a joint, including extensibil-
ity of  muscle, tendons, ligaments, and the joint capsule.3 
Education of  the physical therapist routinely includes 
measurements of  flexibility, such as use of  a goniometer 
or tape measure. In the fitness arena, field tests include 
sit and reach tests and the v-sit and reach. Both tests mea-
sure flexibility across multiple joints, and therefore offer 
more information to a more general state of  the flexibil-
ity of  the individual than joint specific goniometric tests. 
Furthermore, the field tests have normative data to com-
pare the children with their peers.14

The ACSM describes elements of  physiologic fitness 
as distinct from health-related f itness components “in 
that it includes nonperformance components that relate 
to biological systems influenced by habitual activity.”3 
Metabolic fitness, morphologic fitness, and bone integ-
rity may be included in this category. The previously 
cited APTA vision statement includes health promotion 
and wellness as integral to practice. This arena of  physi-
ologic fitness growth is necessary for youth with obesity. 
Tests and measures in the physical therapy evaluation will 
help to identify goals to maximize all fitness measures in 
children with obesity, even if  not directly related to the 
primary diagnosis for which physical therapy was sought. 

Applying the multifactorial concepts of  fitness within the 
treatment program for children with obesity and con-
tinuing to employ evidence-based research in the design 
of  such programs will help enhance the role of  physical 
therapists within the multidisciplinary team focused on 
decreasing the incidence of  pediatric obesity.

 Role of physical therapists 
in pediatric obesity

Physical therapists have been defined by the American 
Physical Therapy Association (APTA) as “health care prac-
titioners who maintain, restore, and improve movement, 
activity, and health enabling individuals of  all ages to have 
optimal functioning and quality of  life” and who “are in-
volved in promoting health, wellness, and fitness through 
risk factor identification and the implementation of  ser-
vices to reduce risk, slow the progression of  or prevent 
functional decline and disability.”10 Within this definition, 
the role of  a physical therapist within pediatric obesity is 
defined. The battle to combat the growing incidence of  
childhood obesity begins with the concepts of  active liv-
ing and healthy lifestyle. Considering the definition of  
“ active living” as a way of  life incorporating physical ac-
tivity into daily routine, there is a unique opportunity to 
promote this healthy living as pediatric physical therapists, 
whether in the educational setting, or community, or in 
a medically based facility. Because physical therapists are 
experts in the musculoskeletal system and gross motor 
development, and are practitioners who assist in health 
promotion and prevention of  impairment, their role is 
clear in the treatment of  pediatric obesity. Because pro-
moting the opportunity for independent movement and 
quality of  life are key objectives of  physical therapists in 
pediatric populations, their function within the care of  
children with obesity is multifactorial. Beyond interven-
tions for specific physical impairments, a physical thera-
pist should be part of  the multidisciplinary team working 
with families in the education and prevention of  comorbid 
impairments in virtually all professional settings. In 2008, 
the U.S. Department of  Health and Human Services es-
tablished the guidelines for physical activity to maximize 
healthy growth and development in children and adoles-
cents. Sixty minutes of  physical activity, or more, each day 
was recommended, including the components of  aerobic 
training, muscle strengthening, and bone strengthening. 
The daily hour of  physical activity should incorporate 
the concepts of  health-related fitness. The guidelines fur-
ther delineate aerobic recommendations to include at least 
 moderate- to vigorous-level activity most days and vigor-
ous level 3 days a week. Muscle- and bone- strengthening 
activities are also recommended at least 3 days a week.18 
These guidelines should be considered in developing a 
comprehensive home exercise program for all pediatric 
patients, especially those with increased weight status.
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diabetes, respiratory disorders, sleep disorders, chronic 
low grade systemic inflammation, orthopedic musculo-
skeletal issues, and psychosocial impacts. As noted above, 
studies have suggested that children with obesity may have 
diff iculty with developmental motor skill acquisition.7 
There is an increased risk for long-term consequences 
such as adult obesity, with over 50% of  overweight ado-
lescents now meeting the criteria for the metabolic syn-
drome (insulin resistance, hypertension, hyperlipidemia, 
and abdominal obesity), adverse socioeconomic impact, 
cardiovascular disease, and premature morbidity.21 Current 
estimates are that up to one-third of  the population of  the 
United States will develop Type 2 diabetes during their 
lifetime. There is a twofold increase in the mortality risk 
as early as the fourth decade of  life for those adolescents 
who are obese. This epidemic threatens to reverse the 
gains in life expectancy occurring through improvements 
in clinical treatments of  hypertension, hyperlipidemia, and 
smoking cessation. Most drastically, data suggest that this 
generation of  children will be the first not to outlive their 
parents.8,21

While many of  the secondary impairments of  pediatric 
obesity are beyond the scope of  the physical therapy prac-
tice, orthopedic and musculoskeletal dysfunction are often 
evaluated and treated by physical therapists. Blount disease, 
slipped capital femoral epiphysis, spinal dysfunction, and 
fractures are just a few of  the diagnoses that may be directly 
related to the child being overweight or obese. Treatment 
approaches for these various conditions are specifically ad-
dressed in Chapter 12. Research suggests that being over-
weight can impact the body’s response to weight-bearing 
activities that are a part of  regular physical activity. Gait 
dysfunction, including changes in velocity, cadence, energy 
usage, biomechanical changes leading to abnormal knee 
loading, and foot discomfort have also been linked to chil-
dren who are overweight or obese.22

In addition to comorbidities related to obesity, pediat-
ric physical therapists must also be aware of  those chil-
dren most frequently seen in therapy and the impact the 
primary dysfunction may have on their ability to be physi-
cally active. There is a paucity of  research into the area of  
physical activity behavior among children with a disability. 
The positive effects of  physical activity on overall health 
and well-being have been well documented; however, for 
people with a disability, an active lifestyle may be even 
more beneficial.23 As individuals with childhood-onset 
physical disabilities such as cerebral palsy (CP), myelome-
ningocele (MMC), or brain injury are living longer, health 
care is shifting focus for this group toward health promo-
tion and wellness to help prevent secondary conditions 
and improve quality of  life into adulthood.24 Buffart et al. 
found that overall health-related physical fitness was poor 
in youth with MMC. This is of  particular concern when 
considering that life expectancy of  persons with MMC has 
increased and lifestyle-related diseases such as cardiovas-
cular disease and diabetes will be of  increasing concern.25  

Physical activity refers to a movement of  the body by the 
skeletal muscles that result in energy expenditure. To dif-
ferentiate, exercise is physical activity that is planned, struc-
tured, and repetitive and has the purpose of  improvement 
or maintenance of  one or more components of  physical 
fitness.3,14 While physical therapists may be considered ex-
perts in therapeutic exercise as a key component of  the re-
habilitation, a research report in 2011 by Schlessman et al. 
suggests only one in three physical therapists “were think-
ing of  or preparing to incorporate wellness promotion 
into practice and only 54% were incorporating wellness 
into practice.”19 The increased attention to health promo-
tion and obesity prevention in postbaccalaureate physical 
therapy degree programs has strengthened the perception 
of  physical therapists as leaders in this area of  practice.19

The general public has not yet fully recognized the role 
of  physical therapists as leaders in health promotion and 
wellness. Studies of  parents of  preschoolers indicate they 
did not recognize weight concerns in their children, nor 
did they know what action to take when presented with 
the issue. This finding suggests a lack of  public knowledge 
and awareness of  the role physical therapists play in pe-
diatric health promotion and suggests a need for physical 
 therapists to explore the opportunities available in this 
arena. As important participants on the early intervention 
team, physical therapists are charged with increasing the 
gross motor skill acquisition of  the children and educa-
tion of  their families. As Nervik et al. suggested in a study 
in 2011, gross motor development in children aged 3  to 
5  years may be impacted by higher BMIs.7 The timing 
of  development of  fat tissue between the ages of  3 and 
7 years makes this a critical time for obesity prevention and 
recognition. physical therapists can begin the education of  
both parents and early education  professionals at preschool 
and day care centers about the importance of  physical 
activity for this young population.8,20 Barriers do exist in 
putting wellness promotion into practice, including a lack 
of  resources, time, and funding as well as difficulty with 
keeping the families and children engaged in programs.19 
Physical therapists often interact with children and fami-
lies in the course of  rehabilitation for the comorbidities 
of  obesity. This interaction offers a unique opportunity to 
begin promoting a healthy lifestyle choice and educating 
families in health-related fitness guidelines for children.

 Health consequences of obesity

The numbers of  children who are overweight and obese 
have increased at an alarming rate as have the health con-
sequences in this population, long and short term, being 
seen at hospitals and clinics throughout the country. The 
impact of  obesity not only exists in the medical arena, 
but can also be seen throughout the educational system. 
It is well documented that associated with primary child-
hood obesity are increases in high blood pressure, Type 2 
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 How obesity treatment fits 
within the ICF framework

The World Health Organization’s (WHO) ICF framework 
can serve as a guide to guide clinical pathways and critical 
thinking in the treatment of  impairments related to pediat-
ric obesity (Fig. 18.4).29 In contrast to the Guide to Physical 
Therapist Practice 2, the ICF offers a model of  health and 
functioning as opposed to a disability model. This classifica-
tion system describes human functioning within the daily 
lives of  individuals with a health condition. It is generally 
agreed that individuals with obesity experience disability in 
terms of  their ability to participate in activities within both 
daily and community functioning. In a pediatric population, 
these activities could include mobility in and around an edu-
cational setting, recreational activities, or even their ability 
to progress with self-care activities. Intolerance for physical 
activity could impede social development and lead to further 
issues. Looking only at the presence of  obesity, whether as 
a primary or secondary diagnosis, does not offer a clinician 

Pan and Frey published a study outlining the paucity of  
information surrounding the physical activity level of  chil-
dren with autism spectrum disorders (ASD). They found 
that youth with ASD might have less opportunity for 
physical activity as a result of  social and behavioral defi-
cits as well as difficulty with peer interaction. Although 
the authors found no consistent pattern in physical activity 
of  youth with ASD, findings suggested that increasing op-
portunities were needed to address extracurricular physical 
activity, particularly during adolescence.26 These findings 
present another opportunity for PTs in the educational set-
ting to provide assistance and adaptations to improve par-
ticipation of  the students with whom they work in physical 
activity opportunities. Children with CP may live the most 
sedentary lifestyles among those with pediatric disabili-
ties.27 In a study examining self-reported levels of  activity 
in adolescents with CP, the authors found that physical 
activity participation was related to level of  gross motor 
function and that physical activity decreased with increas-
ing age. The inverse relationship between physical activity 
level and age is consistent with data on the physical activ-
ity of  nondisabled peers. There was notable decrease in 
variation and intensity level of  the physical activity among 
those with CP when contrasted with their same-aged 
peers.28 A strategy of  lifelong fitness and physical activity 
should help focus the treatment approach, home exercise 
programs, and discharge planning in physical therapy with 
a goal to maximize the potential of  those patients with CP. 
Encouraging increased physical activity is important for 
health promotion and may help improve overall functional 
independence, social integration, and life satisfaction for 
all children, with and without childhood-onset physical 
disabilities.24 A qualitative study examined personal and 
environmental barriers to physical activity in young adults 
with childhood-onset physical disabilities. As with the gen-
eral population, perceived barriers to physical activity were 
related to attitude and motivation, particularly in conjunc-
tion with fatigue, injuries related to the condition, and lack 
of  information and professional support.24 This suggests 
yet another role physical therapists might have as health 
care providers who can promote physical activity in these 
pediatric patients. By helping alleviate barriers, educating 
clients and families about the recommendations for physi-
cal activity from the CDC, and helping determine the cor-
rect balance between activity and rest to reduce fatigue, 
physical therapists can begin to bridge the gap in activity 
levels for children with physical impairments. Studies have 
been reported documenting improved levels of  physical ac-
tivity for those with acquired short- and long-term physical 
disability. Future studies are warranted to determine the 
efficacy of  rehabilitation professionals to provide counsel-
ing and advice on physical activity and whether such inter-
vention would impact physical activity levels of  youth with 
childhood-onset physical disabilities.24 (See Display 18.2 for 
an example of  increasing opportunities for physical activity 
for those with special needs.)

Existing since 1968, the Special Olympics has strived to include 
all people, specifically those with intellectual disability, into an 
arena of competition to promote inclusion and camaraderie 
within the context of competition in sports and physical activities.

The mission of Special Olympics is “to provide year-round 
sports training and athletic competition in a variety of Olympic-
type sports for children and adults with intellectual disabilities, 
giving them continuing opportunities to develop physical fit-
ness, demonstrate courage, experience joy, and participate in a 
sharing of gifts, skills, and friendship with their families, other 
Special Olympics athletes, and the community.”

www.specialolympics.org

A Model for Inclusion: Special Olympics
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FIGURE 18.4 Visualization of the current understanding of 
interaction of various components of the International Classification 
of Functioning, Disability and Health (ICF).30
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exist as a comorbidity of  a more specific physical impair-
ment, such as back or knee pain. A comprehensive history 
and physical examination must include the patient’s entire 
body structure and impairments responsible for functional 
limitations of  the presenting diagnosis. Particular attention 
must be paid to risk factors, including ethnicity, cultural be-
liefs, family/caregiver resources, education, social interac-
tion, activities, and support systems. General health status 
questions will lead to information regarding physical func-
tioning, psychological functioning, level of  physical fitness, 
and general health perception. Physical functioning should 
include perceived mobility difficulty or sleep patterns and 
related issues. Psychological functioning might include ex-
isting conditions such as depression, anxiety, memory, or 
social issues related to weight status. The family history is 
important as it might relate to the overall home environ-
ment and health-related fitness. Intake information about 
medications currently being used by the child for comor-
bidities may also offer vital information regarding weight 
status in the patient. Knowledge of  the potential for weight 
gain as a side effect of  some antipsychotic drugs used to 
treat attention-deficit hyperactivity disorder or autism; 
mood stabilizers, antidepressants, and oral steroids are also 
important medications to note.32,33 In some cases, parents 
or educational staff  may need education regarding these 
side effects that may be contributing to changes in weight 
status of  a child.

Systems Review

Within a systems review, attention should be paid to 
 cardiopulmonary-related measures, as indicated above in 
the discussion of  health-related fitness measures. Blood 
pressure, resting heart rate, and respiratory rate are 

enough information on how the child’s participation in daily 
activities may be affected. The ICF can be used to  assess the 
dynamic impact obesity can have on the function,  activities, 
and participation looking at two distinct components. First 
are the impairments that might be present with the dis-
ability of  obesity on the body structures and functioning 
and the impact this might have on performance and par-
ticipation in activities. Second, the contextual component 
of  obesity is examined in the psychosocial views of  health 
and well-being and includes personal and environmental fac-
tors. This dynamic interaction between health conditions 
and environmental and personal factors moves away from 
the disablement models emphasizing the individual as being 
handicapped by the diagnosis (Fig. 18.5). The APTA has been 
clear in identifying the ICF as a means of  using the language 
of  function and health, understood by those both in and out 
of  the health care arena, which might be utilized to enhance 
communication between health care provider and patient, 
policy makers, and payers. By using this language, communi-
cation within the health care community might be enhanced, 
leading to a clearer picture of  the role physical therapists might 
play in the broader concept of  rehabilitation of  those children 
with obesity. Furthermore, conversations might be stimulated 
regarding interdisciplinary collaboration in research, result-
ing in overall improved clinical care.29–31 Figure 18.6 suggests a 
model related to the ICF format.

 Physical therapy history and 
examination of the child with obesity

In the case of  pediatric obesity, it is very important to rec-
ognize the patient may not be seeking physical therapy for 
diagnosis and treatment of  obesity; rather, obesity may 

FIGURE 18.5 ICF as model for pediatric obesity effects on health and functioning of a 
pediatric patient.
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the overweight youth, may offer another outcome area to 
improve overall wellness.

In assessing the circulatory system, measures should in-
clude the standard blood pressure, heart rate, and respira-
tory rate with the addition of  ECG or EKG if  the patient is 
morbidly obese and needs further medical clearance to par-
ticipate in endurance activities. Pulse oximetry, respiratory 
rate, rhythm, and pattern, Borg rating of  perceived exertion 
scale, and dyspnea visual analog scale are means for which a 
physical therapist can document baseline cardiorespiratory 
status and document improvement throughout the course 
of  physical therapy.

As discussed in health-related fitness testing, muscle per-
formance testing can occur in a variety of  ways. Beyond 
manual muscle testing, other functional tests might be uti-
lized such as sit-to-stand tests, sit-up tests, or squat testing, 
for example. Also noted is the strength portion of  standard-
ized tests such as the Bruininks-Oseretsky Test of  Motor 
Proficiency–2 subtest.

In the evaluation of  the child with obesity, particular 
 attention should be paid to posture and alignment to assess 
further risk factors related to weight status, such as increased 
genu valgus at the knees, or issues at the subtalar joint 
 resulting in pain with activity. An assessment of  self-care 
 issues may also be necessary with the patient population in 
the highest weight percentile for children to help with prob-
lem solving for the family in the area of  home management 
when the child cannot be safely lifted due to weight.

 Determining functional outcome 
expectations for the child with obesity

The physical therapist should focus interventions for chil-
dren with obesity and increased weight status on decreasing 
the risk of  cardiovascular, pulmonary, and musculoskeletal 
disorders. Therapeutic exercise, aerobic conditioning, func-
tional training, education and training of  patients and their 
families, and overall lifestyle modifications are all strate-
gies used to attain the overarching goal of  improved health 
status and well-being. Anticipated functional outcomes 
 affecting participation aspects of  activity could include the 
following:

•	 Improved ability to perform physical actions such as 
jumping activities is documented

•	 Awareness and use of  community resources is improved
•	 Behaviors that foster healthy habits, wellness, and pre-

vention strategies are acquired and documented through 
self-assessments

•	 Decision making is enhanced regarding patient health 
and use of  health care resources by the patient and family 
both at home and in school

•	 Patient and family knowledge of  personal and environ-
mental factors associated with weight status and obesity 
is increased

important factors to monitor when proposing an exercise 
plan for a child with obesity. Anthropometric measure-
ments must be recorded, including height, weight, and 
BMI-for-age determined in children who have weight-
related issues, even if  not the primary diagnosis. As pre-
viously noted, these measures will impact the return to 
maximal health and wellness in the pediatric client. A 
comprehensive review of  the musculoskeletal and neu-
romuscular systems must be performed, as impairments 
may occur in developing joints related to a child’s elevated 
weight status. Muscle performance, as it relates to both 
primary diagnosis and overall health-related fitness level, 
is important to measure through manual muscle test-
ing and other modes outlined above. Weight status can 
impact posture and alignment and must be assessed on 
evaluation. For the obese population, ventilation and res-
piration measures may also need to be assessed, to ensure 
safety with aerobic and strengthening activities within 
the treatment plan. As previously noted, gross motor 
skills and coordinated movements may also be impacted 
if  a child is obese. The child and family’s motivation for 
change and expectations for results must be measured as 
well to  determine goal-attainment strategies.

Tests and Measures

While the physical therapist may use a variety of  specific 
tests and measures in the evaluation of  a pediatric client for 
a specific diagnosis, it is important to address those mea-
sures that quantify the effect weight status may have on 
overall prognosis and outcomes. As previously noted, there 
are a variety of  tests to look specifically at both health- and 
skill-related fitness measures that may be useful in some pa-
tient populations. For other patients, the Guide to Physical 
Therapy Practice supplies a framework with which to spe-
cifically measure impairments in children with obesity. 
Aerobic capacity and endurance testing may necessitate 
standardized testing protocols such as arm, cycle, or wheel-
chair ergometer tests, step tests (such as the Harvard step 
test), or walk/run testing such as the 6-minute walk test. 
All of  these measures offer standards with which to com-
pare results.

Measuring anthropometric characteristics, including 
body composition and dimensions, has already been dis-
cussed. In the area of  arousal, attention, and cognition, 
it may be beneficial to assess motivation and expectation 
level as well as overall quality-of-life ratings by using a self-
assessment tool such as the Child Health Questionnaire.34 This 
type of  assessment may be necessary, because, as previously 
stated, severely obese children report lower health-related 
quality of  life. In view of  the fact that weight status can be 
associated with a stigma within the pediatric population, 
the child with obesity often displays lower self-esteem and 
reports feeling sad, lonely, and nervous more than typical-
weight peers.8 Although not always included in a physical 
therapy assessment, quality-of-life measures, particularly in 
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in this population to maintain a safe working zone. Patient 
and family education is often necessary to properly moni-
tor heart rate. Because of  the variation in resting heart rate 
in children, target heart rate for children under 18 years is 
not as reliable a measure as in adults. Rating perceived ex-
ertion is a safe way to monitor exercise intensity.35 There 
are options beyond the Borg for rating exertion in chil-
dren. The Pictorial Children’s Effort Rating Table (PCERT) 
and OMNI child scales are two other self-rating scales that 
offer a physical therapist the ability to grade exercise inten-
sity.36,37 In terms of  health-related fitness, aerobic capacity 

•	 Performance levels in self-care, school, play, community, 
or leisure activities are improved by self-reported measures

•	 Attendance at school is improved

More outcomes related to body structure and function re-
lated to obesity might include the following:

•	 Increased muscle performance, strength, and joint range 
of  motion

•	 Improved aerobic capacity and endurance
•	 Improved tolerance of  positions and activities both at 

home, in school, and within the community
•	 Improved sense of  well-being as documented through 

questionnaires or surveys
•	 Improved measures of  skill-related fitness
•	 Decrease in risk factors

Other secondary outcomes that are broader in spectrum 
would include decreasing utilization and cost of  health care 
services and optimizing use of  physical therapy services. 
This utilization of  physical therapy to include attention to 
weight status in pediatric patients who present with other 
primary impairments results in a more efficient use of  
health care dollars.

 Therapeutic interventions to address 
obesity in the pediatric population

Whether the child with obesity is receiving physical therapy 
in a medical setting or in the educational environment, par-
ticular attention must be paid to structuring therapeutic 
interventions in a safe and effective manner to meet goals. 
Increased monitoring of  perceived level of  exertion, respira-
tory rate, blood pressure, and heart rate may be indicated 

encourage Discourage
Fitness education for family 
members

Comparing child with physically 
active Peers

Having fun with activities
Begin with lower intensity 
exercises

Participation more important 
than winning

Include child/family in goal 
identification

Gradual progression of exercise 
program

Develop achievable goals that 
enhance quality of life

Maintain appropriate level of 
reinforcement
Do not be demanding, exercise 
should be its own reward

Give positive reinforcement 
as appropriate

Adapted from McWhorter JW, Wallmann HW, Alpert PT. The obese child: 
motivation as a tool for exercise. J Pediatr Health Care. 2003;17:11–17.

Recommendations to Motivate Children  
and Families to Exercise.
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In response to the growing obesity epidemic, some states de-
veloped school health initiatives to begin to gain control over 
the issue. In 2003, PA Department of Health initiated the Nutri-
tion and Physical Activity Plan to Prevent Obesity and Related 
Chronic Diseases. Parental awareness of the BMI-for-age mea-
sure as a tool to measure growth was set as one of the goals 
of the program. Over the course of three school years, the pro-
gram was mandated for all students in the kindergarten through 
twelfth grade to have BMI for age documented with notifications 
being offered to parents should the measure fall outside the 
norms for age. The procedure set forth by the state includes 
annual screening of height and weight, with attention given to 
the average growth velocity as a measure of normal growth, and 
use of the CDC growth charts to determine BMI for age statis-
tics for each student in the district. Interpretation of the findings 
fall into one of three categories:

Weight within acceptable range—Even when findings 
are within a normal range for testing, parent notification of 
results are recommended to decrease possibility of a student 
being singled out for being overweight.

Weight less that 5th percentile—includes both BMI for 
age <5th percentile and stature for age <5th percentile; 
recommendations include sending parent/guardian notifica-
tion home in a timely manner with additional recommenda-
tion for follow up by primary care provider for nutritional 
concerns and information on community-based food supple-
mentation programs.

Weight equal to or greater than 85th percentile—
includes BMI for age greater than or equal to 85th percentile; 
recommendations include parental notification, encouraging 
healthy eating and regular physical activity, and recommen-
dation for follow up with primary care provider for blood 
pressure, total cholesterol, family history, assess exogenous 
causes of overweight, and for Type 2 diabetes screening.

Furthermore, the PA Department of Health requests each 
school district to submit the data each school year. On the 
website, the Department of Health offer variety of handouts and 
resources accessible to both the districts and the families to 
increase knowledge base of healthy nutrition and living an active 
lifestyle.39

www.dsf.health.state.pa.us

Pennsylvania’s Growth Screening Program
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Through the Carol M. White Physical Education Program (PEP),  
the US Department of Education provides grants “to LEAs and 
 community-based organizations (CBOs) to initiate, expand, or 
enhance physical education programs, including after-school 
programs, for students in kindergarten through 12th grade. Grant 
recipients must implement programs that help students make 
progress toward meeting state standards.”40 In 2007, a physical 
therapist partnered with a community elementary school nurse 
and physical education department to procure a 2-year grant in the 
amount of 175,000 dollars. The physical therapist served as the 
project director and chief investigator for the grant, which opens up 
a new role in the wellness arena. The following is an excerpt from 
the grant report: “The purpose of The Healthy Kids/Healthy Com-
munity Program is to ensure students in a high risk population are 
healthier and therefore better able to learn and that the staff at Pen-
rose Elementary will be properly trained and supported to promote 
a healthy school environment. This has been a collaborative effort 
between (school) and (health system)with other community part-
ners, focusing on the needs of this underserved population, with 
particular attention to ensure specific needs are being met for those 
children already at risk for adult obesity. Specifically, three areas 
were identified as focal points for this project.
 1. Students will receive nutrition education both as a classroom 

based curriculum and as a component of after-school wellness 
programs.

 2. Children identified as overweight or at risk of overweight as 
per the established CDC guidelines of a BMI-for-age at or 
above the 85th percentile, will be eligible and encouraged to 
participate in after-school programming which will focus on 
teaching these children how to live an active, healthy lifestyle. 
For those children who have special needs, a separate 
program will focus on increasing their activity levels by 
adapting current PE/fitness programming or by establishing 
individualized fitness plans. Use of components of the 
Fitnessgram will be used to assess fitness changes as related 
to activity levels in random group of students.

 3. Promote comprehensive increases in moderate to vigorous 
activity throughout the school day by increasing the number 
of playground activities available to all students, and 

improving the organization of the recess yard. Fitnessgram 
measures as part of the PE program will be used to assess 
the overall fitness changes with increasing activity options 
at lunch recess. Furthermore, professional development of 
the staff, towards creating a healthy school environment will 
be available. As a final component in achieving an inclusive 
program, parents will be invited to participate in fitness nights 
to further their knowledge and experience of wellness.

Using a collaborative approach, exploring available resources from 
the (school district), an after-school program, nutrition education 
professionals, and utilizing and training the current staff on avail-
able low/no cost programs (such as professional student capital) 
has enabled (health system), a community-based health system 
with strong ties to the community, to assist (elementary school) 
to utilize its expertise in health and wellness to meet the current 
standards for Health, Safety and Physical Education. The overarch-
ing goal of the PEP program this year is to increase the activity 
levels of students in Kindergarten to 5th Grade to 150 minutes a 
week and those students in 6th through 8th Grade to 225 minutes 
a week.

Web resources for physical therapists, pediatric patients, and 
families as of October 2013:
Centers for Disease Control and Prevention (CDC), National Center for 

Chronic Disease Prevention and Health Promotion. BMI for children and 
teens growth charts. http://www.cdc.gov/growthcharts

Action for Healthy Kids. http://www.actionforhealthykids.org
American Dietetic Association. http://www.eatright.org
BMI-for-Age Calculator for Children. http://www.cdc.gov/healthyweight/

assessing/bmi/
National Institutes of Health. National Heart, Lung, and Blood Institute. 

Obesity education initiative. http://www.nhlbi.nih.gov/about/oei/ 
index.htm

President’s Council on Fitness, Sports & Nutrition. http://www.fitness.gov
The President’s Challenge. https://www.presidentschallenge.org
Shapedown: weight management for children and adolescents. http://www 

.shapedown.com
Shape Up America! Healthy weight for life. http://www.shapeup.org
Child and teen health and nutrition information. http://kidshealth.org/teen/

index.jsp?tracking5T_Home
Portion distortion information. www.kidnetic.com

Towards a Larger Wellness Community: A Physical Therapist Collaborates with a Community Elementary 
School in Securing a Federal Grant
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and endurance conditioning require specific attention. 
Interventions to improve cardiovascular endurance may in-
clude aquatics, walking or wheelchair propulsion programs, 
gait training on treadmills, cycle ergometers, as well as ellip-
tical training activities.

In the area of  flexibility, beyond the typical interventions 
such as manual and self-stretching, group activities such as 
yoga have become available to children both in the educa-
tional setting and in the community. Strength and endur-
ance for more skill-related fitness is also to be considered 
in the interventions for children with obesity. Beyond active 
assisted, active, and resistive exercises, more comprehensive 

exercise approaches have been used such as Pilates or 
Power Yoga.

Motivation is another key aspect of  therapeutic inter-
vention to be understood by the physical therapist working 
with a child with obesity. To encourage optimal effort in 
 exercises and interventions, it is necessary to properly mo-
tivate these youth who may already have a negative view of  
physical activity. Display 18.3 offers guidelines for increasing 
participation in therapeutic exercise in children.38

There are various approaches taken by physical thera-
pists who treat children with obesity. As with many patients, 
it is clear that interventions need to be individualized for 

http://www.cdc.gov/growthcharts
http://www.actionforhealthykids.org
http://www.eatright.org
http://www.cdc.gov/healthyweight/assessing/bmi/
http://www.nhlbi.nih.gov/about/oei/index.htm
http://www.fitness.gov
https://www.presidentschallenge.org
http://www.shapedown.com
http://www.shapeup.org
http://kidshealth.org/teen/index.jsp?tracking5T_Home
http://www.kidnetic.com
http://www.cdc.gov/healthyweight/assessing/bmi/
http://www.nhlbi.nih.gov/about/oei/index.htm
http://www.shapedown.com
http://kidshealth.org/teen/index.jsp?tracking5T_Home
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each client. Furthermore, as obesity in children has become 
a health problem of  epidemic proportions, it is also clear 
that an interdisciplinary approach provides a comprehensive 
means to achieving the goal of  reducing the incidence of  
obesity in general. Health care providers, such as primary 
care physicians and physical therapists, must partner with 
the community through the educational team, and those 
with an “environmental” stake in the effort such as local 
and state governments and health insurers who are in a posi-
tion to extend the reach of  strategies to promote a healthy 
lifestyle. Display 18.4 describes part of  a Commonwealth 
of  Pennsylvania growth screening program related to body 
weight determination. Taking advantage of  unique oppor-
tunities to be part of  a larger wellness community may be 
available to physical therapists as primary interventionists 
in the treatment of  pediatric obesity. Display 18.5 shows a 
recent report about a physical therapist-led project to part-
ner with a local school district. The physical therapist is this 
chapter’s author.

S U M M A R y

A s physical therapists strive to achieve the designa-
tion of  health care professionals who are experts in 
health promotion and wellness, it is imperative that 

clinicians achieve a level of  knowledge regarding assessment 
and intervention for pediatric patients who are obese. The 
role of  a physical therapist within the larger interdisciplinary 
team allocated to begin the process of  reversing the epidemic 
of  childhood obesity continues to be defined. As experts in 
the area of  gross motor development, and as part of  a larger 
response to optimize function and enhance movement in 
children with obesity, physical therapists have an opportunity 
to upgrade the overall quality of  life for these patients. There 
is an additional case to be made for physical therapists to be 
educators for families and the larger community in address-
ing pediatric health promotion and wellness.
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 Introduction

Congenital heart disease (CHD) occurs in varying severi-
ties, ranging from mild to severe.1 Moderate and severe 
CHD occurs in approximately 2.5 to 3 of  every 1000 births, 
whereas mild CHD can occur up to 10 per 1000.1 There are 
25,000 babies born each year with a CHD, and more than 
1,000,000 individuals have reached adulthood and are living 
in the United States with a functionally significant CHD.2 
The mortality rates in infants with CHD have declined dra-
matically as a result of  medical and surgical advances for 
their care, with up to 85% of  infants born with CHD sur-
viving to adulthood.2 As more children are surviving, more 
and more research is being done regarding many domains 
of  neurodevelopmental outcomes in children with all types 
of  CHD, including cognition, language skills, gross and fine 
motor skills, and quality of  life.3–11 Pediatric physical thera-
pists are likely to encounter infants, children, and adoles-
cents with a cardiac disorder in every setting in which they 
practice. A physical therapist may see a child with CHD in 
the acute care setting preoperatively and/or postoperatively, 
in rehabilitation settings, in schools and home care, or in 
the outpatient setting. When treating patients with CHD, 
physical therapists should be familiar with the basics of  the 

congenital heart defect, how it affects the child’s cardiovas-
cular system during exercise, and the complications that 
are prevalent in this population. It is also important to note 
that CHD commonly accompanies other genetic disorders 
linked to developmental delays, for which they may see a 
physical therapist.9

Most congenital abnormalities of  the heart can be de-
tected between 8 and 12 weeks of  gestation, and when the 
heart is no larger than a peanut, although some may not 
be diagnosed until further in gestation because of  imaging 
technique and growth.12,13 In most CHD, it is speculated 
that genetic factors play a role in the acquisition of  the de-
fect, but the patterns of  inheritance are not always clear, 
and likely multifactorial.9,14 There are several single gene 
mutations that have been identified in relation to genetic 
syndromes that include CHD (e.g. DiGeorge/22q11.2 mi-
crodeletion; CHARGE/CHD7 deletion/mutation).9 There 
are numerous types of  CHDs, each having its own inci-
dence. Table 19.1 lists the more common of  the congeni-
tal defects of  the heart and their incidence in the general 
population.

To understand the various types of  CHD, one needs to 
have a clear understanding of  normal cardiac development, 
anatomy, and physiology. It is beyond the scope of  this text 
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left ventricle, the secondary anterior field cells develop into 
the right ventricle and outflow tract, the tertiary field cells 
contribute to the atrial chambers and to portions of  each 
ventricle. The cardiac neural crest cells contribute to the 
aortic arch and coronaries. The component cells balloon 
and divide to connect to form the heart. Initially, there is 
a single ventricle leading into a large single vessel called 
the truncus arteriosus, and eventually the components 
bend and loop around to form two ventricles that separate 
as the septum grows vertically, and the truncus arteriosus 
separates into the aorta and pulmonary artery. The aortic 
and pulmonary valves develop, and the pulmonary artery 
loops around to lie in front of  the aorta and attaches to the 
right ventricle. The foramen ovale remains open to allow 
blood to pass between the two atria, and the ductus arte-
riosus (DA) allows a connection between the aorta and the 
pulmonary artery. The four-ventricle heart is complete by 
8 weeks of  gestation, at which point the atria come to lie 
near the embryo’s head and the ventricle toward the feet.12 
By 12 weeks, the heart is positioned normally in the fetal 
chest and is approximately 8 mm in length.12 Development 
is primarily complete between the 10th and 12th weeks of  
gestation; thus these first weeks are the critical period of  
cardiac development. Between 12 and 17 weeks, the heart 
doubles in size, and by 21 weeks’ gestation triples in size.12 
During life in the womb, the right ventricle is dominant, 
with most of  the fetal blood bypassing the lungs and reach-
ing the left ventricle through the foramen ovale or the 
DA17 (see Fig. 19.1).

Normal Fetal Circulation

The fetal heart does not depend on the lungs for respira-
tion, owing to high pulmonary resistance.17 Rather, the 
fetus uses the low-resistance circulatory pathway of  the 

to review cardiopulmonary physiology in detail; there are 
numerous excellent cardiopulmonary texts to which you 
can refer.15,16

 Cardiac system development

The heart begins to form with four main components: 
(1) primary cardiac tube, (2) secondary, anterior heart field, 
(3) tertiary field cells, and (4) cardiac neural crest cells.12 
These four components combine in a modular fashion 
to eventually develop into the basic four ventricles in the 
fetus. The primary cardiac tube forms the majority of  the 

FIGURE 19.1 Cardiac system development in the fetus.

Ventricular septal defects 1/1000
Patent ductus arteriosus (excluding preterm neonates) 1/2000
Coarctation of the aorta 1/2500
Atrial septal defects 1/3000
Tetralogy of Fallot 1/3500
Transposition of the great arteries 1/3500
Pulmonary stenosis 1/4000
Aortic valve stenosis 1/4500
Hypoplastic left heart syndrome 1/5500
Total anomalous pulmonary venous return 1/15,000
Tricuspid atresia 1/15,500
Truncus arteriosus 1/16,000
Pulmonary atresia 1/16,500

Wernovsky g, gruber P. common congenital heart disease: presentation, 
management and outcomes. in: taeusch h, Ballard r, gleason c, eds. 
Avery’s Diseases of  the Newborn. 8th ed. Philadelphia, Pa: elsevier Saunders; 
2004:827–872.
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the umbilical arteries.17 The blood travelling through the 
left ventricle to the aorta perfuses the brain and upper ex-
tremities.17 All of  the blood flowing through the various 
chambers of  the heart, as well as the arteries and veins, are 
rich in oxygen. In the fetus, the vessels of  the pulmonary 
circulation are vasoconstricted, leading to high pulmonary 
vascular resistance.17 Any blood travelling to the lungs, all 
of  which is oxygen rich, will be utilized to develop and 
nourish lung tissue.

Changes Associated with Birth

At birth, several changes occur within the circulatory sys-
tem. Figure 19.3 shows normal cardiac anatomy before and 
after birth. As the first breath is taken, the lungs expand 
with air, and lung pressure falls; this allows blood to flow 
more easily into the lungs.17 After reaching the lungs, the 
blood returns to the left atrium, which causes pressure to 
be higher on the left of  the atrial septum than on the right. 
This pressure differential and the increase in oxygen levels 
causes the foramen ovale, DA, and ductus venosus to func-
tionally close shortly after birth.17 The foramen ovale closes 
anatomically by 9 to 30 months, the DA by 2 to 3 months, 
and the ductus venosus by 7 to 14 days of  life.17 The body 
now relies on the lungs for obtaining oxygen and expelling 
carbon dioxide, and maintains separation of  oxygenated 
and deoxygenated blood.

Normal Circulation After Birth

The heart is now essentially two pumps working in unison 
to propel blood through the blood vessels to the body. The 

placenta to obtain oxygen and to get rid of  carbon dioxide 
(Fig. 19.2). In the fetus, the right and left ventricles exist 
in a parallel circuit. Blood travels through the umbilical 
vein through the ductus venosus to the fetal heart via the 
inferior vena cava to the right atrium, and through the 
foramen ovale to the left atrium. The superior vena cava 
leads to the right atrium, to the right ventricle, to the pul-
monary artery, to the lungs or DA, bypassing the lungs, 
into the descending aorta to perfuse the bilateral lower 
extremities and body, then travels back to the placenta via 

FIGURE 19.2 Normal fetal circulation.
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FIGURE 19.3 Normal cardiac structures (A) before and (B) after birth. (From Neill C, Clark EB, Clark C. From Birth 
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oxygen saturations in the blood to be decreased, it is con-
sidered a cyanotic lesion, while if  blood oxygen saturation 
is not affected, it is an acyanotic lesion. Acyanotic lesions 
can block the flow of  blood to the heart chambers (pressure 
issue) or alter the volume of  blood travelling through the 
heart (volume issue).

Acyanotic Congenital Heart Defects

Volume-related acyanotic lesions include patent ductus ar-
teriosus (PDA), atrial septal defects (ASD), ventricular sep-
tal defects (VSD), and atrioventricular canal defects (AVSD). 
Both ASD and VSD are pictured in Figure 19.4. An increase 
in the volume of  blood flowing to the lungs can be caused 
by a communication between the systemic and pulmo-
nary sides of  circulation in the heart, resulting in shunting 
of  fully oxygenated blood back into the lungs. This type of  
blood flow is referred to as left-to-right shunt, with too much 
blood to the lungs and no change in arterial blood oxygen 
saturations. The symptoms for defects that lead to increased 
pulmonary blood flow include rapid breathing, even when 
asleep, as a consequence of  congested lungs; delayed growth, 
as the extra calories are used by abnormal circulation and 
rapid breathing; sweating; heart failure; and severe difficulty 
in feeding.14 Pressure-related acyanotic lesions include coarc-
tation of  the aorta, aortic stenosis, and pulmonary stenosis, 
and lead to increased pressure as blood leaves either ventri-
cle. These lesions are demonstrated in Figure 19.5A–C. 

Patent Ductus Arteriosus
PDA is associated with maternal rubella and prematurity. 
It occurs when the fetal communication between the aorta 

right side of  the heart receives deoxygenated blood from 
the body and pumps it through the pulmonary artery to 
the lungs. The left side receives oxygenated blood from the 
lungs and pumps it through the aorta to the body. Blood en-
ters the right atrium via the inferior vena cava and superior 
vena cava and travels through the tricuspid valve to the right 
ventricle and then through the pulmonary valve. The pul-
monary valve consists of  three semilunar cusps and prevents 
blood from returning to the right ventricle from the lungs. 
The blood then travels through the pulmonary artery to the 
lung and back through four pulmonary veins, which enter 
the posterior wall of  the left atrium with no valves at the 
openings. The left atrioventricular valve, or the mitral valve, 
sits between the left atrium and ventricle and allows oxygen-
ated blood from the left atrium to pass into the left ventri-
cle. The left ventricle pumps the blood through the aortic 
valve, which also has three semilunar cusps leading to the 
aorta. The aortic valve is similar to the pulmonary valve ex-
cept that its cusps are thicker and placed slightly differently. 
The left ventricle has a greater amount of  pressure than the 
right ventricle on account of  higher systemic pressure of  the 
body versus the lungs. Figure 19.3B demonstrates normal 
cardiac anatomy.

 Congenital heart defects

At any point in the development of  the cardiac system, 
problems can arise leading to a CHD. It may be a persis-
tent fetal pathway or a problem due to development of  the 
heart. Congenital heart defects are traditionally classified 
by the direction of  altered blood flow (left-to-right shunt-
ing, duct dependent systemic flow, duct dependent pulmo-
nary flow, or other14), according to level of  severity (mild, 
moderate, or severe defects1), or according to whether the 
oxygenation process is affected. When the lesion causes 

FIGURE 19.4 Atrial and ventricular septal defects and PDA.
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mitral and tricuspid valves. The result is a large hole span-
ning the septum and the presence of  one large valve on both 
sides. If  the defect includes the entire septum, it is consid-
ered a complete common atrioventricular canal (CAVC). 
Blood flow shunts left to right because of  the greater force 
generated by the left myocardium. Signs and symptoms in-
clude lung congestion, pulmonary hypertension, increased 
work of  breathing, and feeding intolerance. AVSDs are as-
sociated with Down syndrome: 70% of  patients with CAVC 
have Down syndrome.14 This defect will require surgery in 
the first few months of  life.

Coarctation of  Aorta
In coarctation of  the aorta, the aorta is pinched or narrowed 
after it leaves the heart. This defect increases pressure in the 
arteries closest to the heart, the head, and the arms, caus-
ing upper body hypertension, with reduced circulation and 
diminished pulses in the lower extremities. Coarctation in 
newborns is not evident until the DA closes and the obstruc-
tion of  blood flow from the left ventricle results in heart 
failure and shock, requiring respiratory support and prosta-
glandin E1 to reopen the ductus.14 The problem occurs after 
DA closure because as the ductus closes, it shortens into a 
thin cord, and like a noose, this cord pinches off  the aorta, 
making it narrower where the DA was located. The left 
ventricle then has to pump blood directly through the con-
striction, often resulting in left ventricular failure and symp-
toms including increased work of  breathing, sweating, and 
wheezing. Symptoms in older children may include head-
ache, leg cramps, and a pale appearance. Blood pressure 
differs from upper extremities (high) to lower extremities 
(low). Most children require surgery to remove the constric-
tion and reconnect the aorta.14 In 10% to 15% of  children, 
re-coarctation occurs, requiring further intervention, often 
with balloon dilation via angioplasty.14

Aortic Stenosis
Aortic stenosis occurs when there is a fusion, thickening, 
or narrowing of  the aortic valve. This valve defect leads to 
obstruction of  flow from the left ventricle to the aorta, in-
creasing the work of  the left ventricle to pump to the body. 
Aortic stenosis is often identified at birth when an infant is 
critically ill with left ventricular failure and shock.14 If  found 
later, signs and symptoms may include fatigue, murmur, 
chest pain, fainting, or arrhythmia. Surgical intervention op-
tions include using balloon dilation via catheterization, per-
forming valvuloplasty to separate fused leaflets of  valve or 
artificial valve replacement.

Pulmonary Stenosis
Pulmonary stenosis occurs with a fused, thickened, or miss-
ing pulmonary valve or thickening of  the area below or 
above the valve. This stenosis leads to pulmonary valve ob-
struction, causing increased work of  the right ventricle to 

and the pulmonary artery (the DA described above) remains 
open after birth and allows blood flow between the two ves-
sels. When the shunt does not close as it should, this is a 
PDA, and the pressure differential between the left and right 
sides of  the heart causes too much blood to go to the lungs. 
The symptoms depend on the size of  the opening and the 
degree of  prematurity. A large opening can cause pulmo-
nary congestion, congestive heart failure (CHF), and edema. 
Indomethacin may be given to decrease prostaglandin pro-
duction to close the PDA in premature infants. In a full-term 
baby, surgery may be required if  prostaglandins are unable 
to close the DA (see Fig. 19.4).

Atrial Septal Defects
An ASD is a hole in the wall separating the atria. This is 
most often caused by a patent foramen ovale, where the 
oval-shaped hole in the atrial wall that should close soon 
after birth does not close. Many ASDs will close spontane-
ously in the first few years of  life. If  it does not close, over 
many years, an ASD causes low pressure at the atrium and, 
consequently, results in gradual enlargement of  the right 
atrium and ventricle. Symptoms include a heart murmur, 
an overactive right ventricle, and a large pulmonary artery. 
Surgery is usually performed if  the ASD does not get closed 
by 2 to 3 years of  age.14 Surgery generally includes placing a 
Dacron patch or inserting a clamshell device via a catheter. 
Some surgeons will anticoagulate up to 6 months postop-
eratively to prevent clotting.

Ventricular Septal Defects
The ventricular septum consists of  three distinct areas that 
fuse together to form the singular solid muscle wall of  the 
ventricles. A VSD occurs when there is a failure of  this fu-
sion. With a VSD, some of  the oxygen-rich blood in the 
left ventricle that should be pumped through the aorta is 
ejected directly to the right ventricle through a hole in the 
ventricular wall. Up to 50% of  small VSDs close spontane-
ously and never become symptomatic.14 With a large defect, 
excess blood goes to the lung and causes pulmonary conges-
tion, which leads to shortness of  breath. A large volume of  
blood returns from the lungs to the left heart, which, over 
time, becomes overburdened and enlarged. Heart failure 
may even occur causing a backup of  fluid in the lungs and 
other body tissues. For individuals with a large VSD, the 
signs and symptoms include dyspnea, feeding difficulties, 
poor growth, profuse perspiration, recurrent pulmonary in-
fections, cardiac failure in early infancy, respiratory distress, 
and growth failure. If  a VSD becomes symptomatic, it will 
require surgery, which is similar to that with the ASD with a 
Dacron patch to close the defect in the ventricle wall.

Atrioventricular Septal Defects
A complete AVSD involves the portion of  the heart where 
the atrial septum meets the ventricular septum as well as the 
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pump to the lungs. Signs and symptoms may include respi-
ratory distress, fatigue, murmur, or chest pain. Just as with 
aortic stenosis, surgical intervention options include using 
balloon dilation via catheterization, performing valvulo-
plasty to separate fused leaflets of  the valve, or using a ho-
mograft to replace the stenotic valve or artery.14

Cyanotic Heart Defects

A cyanotic heart defect causes a decrease in oxygen satura-
tion, which causes the lips, toes, toenail beds, and fingernails 
to appear blue (cyanosis is Greek for blue). The resulting 
chronic arterial oxygen desaturation stimulates erythropoi-
esis, increased red blood cell formation, which results in 
polycythemia, an overabundance of  red blood cells. This 
condition increases blood viscosity, which heightens the risk 
of  cerebrovascular accidents and microvascular problems. 
The cyanotic heart defects include tetralogy of  Fallot (TOF), 
double-outlet right ventricle (DORV), transposition of  the 
great arteries (TGA), and hypoplastic left heart syndrome 
(HLHS) as shown in Figures 19.6–19.9.   

Tetralogy of  Fallot
TOF is the most common cyanotic congenital heart de-
fect and has four components.14 The first basic compo-
nent is a large VSD with blood mixing freely between the 
ventricles. The second component is pulmonary stenosis, 
which causes a right ventricular outflow tract obstruction. 
The third component is an aorta positioned above the VSD 
(overriding aorta). Finally, hypertrophy of  the right ven-
tricle is caused by increased pressure due to the right ven-
tricular outflow obstruction. Blood flow to the pulmonary 
artery is obstructed, so oxygen-poor blood finds it easier to 
enter the aorta than the pulmonary artery. The resulting 

FIGURE 19.8 Double-outlet right ventricle.FIGURE 19.6 Tetralogy of Fallot.
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decreased oxygen levels in the arteries and tissues of  the 
body cause cyanosis with symptoms of  tiring easily, faint-
ing, and shock.14 Surgical correction to optimize outcomes 
is typically performed as early in a child’s life as possible.14 
Figure 19.6 depicts TOF.

TGA and DORV
TGA (Fig. 19.7) occurs when the aortic artery arises from 
the right ventricle and the pulmonary artery from the left 
ventricle.14 These errors cause deoxygenated blood to cir-
culate around the body and the already oxygenated blood 
returns to the lungs. In DORV (Fig. 19.8), the aorta and the 
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or Fontan surgery, is typically done between 3 and 6 years 
of  age.18,19 The inferior vena cava is attached directly to the 
pulmonary artery, and an opening or fenestration is made to 
allow extra blood to go back to the right atrium. Following 
the Fontan completion, all venous blood goes to the lungs. 
This staged repair is a palliative surgery and may have late 
complications.18,19 If  the palliation fails, heart transplanta-
tion may be suggested as an option.18

 Heart transplantation

Heart transplantation may be recommended for children 
with less than 2 years of  predicted survival due to heart 
failure, which may be associated with CHD, but may also 
be caused by cardiomyopathy. Congestive heart failure is a 
syndrome with many pathophysiologic and compensatory 
mechanisms in the body’s attempt to maintain the normal 
ventricular ejection of  blood from the heart to the vital or-
gans. Right heart failure presents with hepatomegaly, pe-
ripheral edema, and cyanosis. Left heart failure presents 
with pulmonary edema and poor perfusion. The clinical 
presentations of  CHF are listed in Table 19.2. Heart failure 
occurs in some children with CHD owing to the nature of  
their artificial circulatory systems. For example, the use of  
the right ventricle as the main systemic circulation ventricle 
may cause the right ventricle to fail, as it is not intended to 
pump against systemic pressures.19

Heart transplantation is generally considered for children 
with end-stage heart disease that is unresponsive to medical 
management or when conventional surgical intervention is 
not a realistic or viable option.20,21 Transplantation is truly 
the exchanging of  a set of  undesirable lethal circumstances 
for another set of  circumstances. Transplantation presents 
a lifelong risk of  graft loss (acute and chronic rejection), 
graft coronary disease, nonspecific graft failure, death from 
infection, oncogenesis, and other organ failure.21 Complex 
CHD and cardiomyopathy account for 90% of  pediatric 
heart transplantations; however, two-thirds of  infant heart 
transplants are due to CHD, while two-thirds of  adolescent 

pulmonary artery arise from the right ventricle. The only 
outlet from the left ventricle is via a VSD, which shunts 
blood into the right ventricle and causes mixing of  oxy-
genated and deoxygenated blood leaving the heart.14 Signs 
and symptoms include cyanosis, poor feeding, poor weight 
gain, decreased appetite, and increased respiratory rate. 
One-third of  children with TGA require urgent interven-
tion within hours of  birth to create an ASD to allow mixing 
of  blood. All children with TGA eventually have an arte-
rial switch operation to repair the defect a few days after 
birth.14

Hypoplastic Left Heart Syndrome
HLHS is the most serious of  the congenital malformations 
with the poorest prognosis (Fig. 19.9). In HLHS, the left 
ventricle is underdeveloped or absent, and the mitral valve 
and/or aortic valve is atretic or too small. The presence of  
a PDA keeps the child alive by allowing flow from the left 
atrium back to the right heart. Signs and symptoms include 
cyanosis, poor feeding, poor weight gain, increased work of  
breathing, lethargy, and ultimately shock and multiorgan 
failure. Symptoms are usually minimal until the DA closes. 
Keeping the DA open with prostaglandin E1 until surgery 
can be performed keeps the child alive. Children with HLHS 
typically undergo a three-stage repair.18 In the first stage, the 
Blalock–Taussig shunt or Norwood procedure, a shunt is 
placed between innominate or aorta and pulmonary arteries 
to balance blood flow between heart and lungs. This typi-
cally occurs in the first few months of  life. The second stage, 
the bidirectional Glenn procedure, occurs around 8 months 
of  age. In this operation, the shunt is taken down, and the 
superior vena cava is connected to the pulmonary artery, 
allowing more venous blood to be oxygenated. The infe-
rior vena cava still does not go to the lungs. The final stage,  

FIGURE 19.9 Hypoplastic left heart syndrome.

Onset of rapid breathing Change in behavior
Edema Irritability
Fatigue Excessive sweating
Poor feeding Vomiting
Oliguria Tachycardia
Pulmonary/systemic vein Peripheral vasoconstriction
Engorgement Wheezing
Tachypnea Nasal flaring
Chest retractions
Failure to thrive

Clinical Presentation of CHF19.2
TABLE
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Next, gather medical and surgical history, which may 
be very complex in children with CHD, including multiple 
surgeries, medical complications, or comorbidities. It is im-
portant to obtain a thorough and accurate history, as this 
provides a picture of  the child’s medical course. Medications 
the child is taking should be documented, including blood 
thinners (e.g., Lovenox/enoxaparin, Coumadin/warfarin), 
anti-arrhythmics, and immunosuppressives. These medica-
tions have side effects such as quick bleeding times, which 
should be noted for physical therapy treatment. Birth his-
tory should be obtained, including whether the child was 
born full term or premature and whether there was pre- or 
postnatal CHD diagnosis. Social history should be gath-
ered, particularly given the numerous family stresses in-
volved with a child who has CHD. Social history should 
include the living situation, including house setup (stairs, 
etc.), which family members live in the home, who will be 
involved in the care of  the child, and whether the child is 
attending school or day care, receives tutoring, or is home-
schooled or home with a caregiver. This information can 
help determine who needs to be involved in care, as well as 
discharge recommendations or education/training needs. 
Family history is also important information to gather, in-
cluding birth order, siblings or relatives with CHD, or other 
medical history. It may be important to discuss with the 
family that a child with a CHD is very different from, for 
example, an uncle who died from atherosclerosis.

Developmental history includes gathering information 
about developmental skill achievement and the age at which 
the child achieved various developmental milestones. Is the 
child or are siblings receiving early intervention services or 
have they ever received other therapies? A developmental 
history should also include questions regarding daily sched-
ules, sleep patterns, prior level of  function, and ability to 
perform activities of  daily living (ADLs).

A final component of  history gathering is the child and 
family’s chief  complaint. The chief  complaints for infants 
with CHD are generally poor feeding, failure to thrive, or 
delayed milestones. Chief  complaints for adolescents are 
often lethargy, fatigue, general malaise, and exercise intoler-
ance. It is important to understand what the family believes 
is the main reason for a hospitalization, episode of  outpatient 
therapy, or early intervention services. A thorough history of  
current signs and symptoms will assist the physical therapist 
in determining appropriate examination techniques.

Laboratory Values

Numerous laboratory values are important to the physi-
cal therapist. The most basic of  these is a complete blood 
count (CBC). A CBC gives information about hemoglobin 
levels, white blood cells, and other basic functions. Along 
with a CBC, some children may have International normal-
ized ratio (INR) or Anti-Xa levels that indicate how much 
the blood is thinned or thickened. A higher value indicates 
the blood is thinner and represents a higher risk of  bleeding, 

heart transplants are due to cardiomyopathy.21,22 In 2009 (lat-
est report), nearly 550 heart transplants were performed, 
with the distribution evenly spread between three age 
groups (infants, children aged 1 to 10, and adolescents).22 In 
the first year of  life, children with a single ventricle, such 
as HLHS and DORV, have the greatest risk of  requiring 
transplantation.21

A heart transplant operation involves excising the origi-
nal heart, inserting the donor heart, and then performing a 
re-anastomosis of  atria and great arteries to the donor heart. 
The vagus nerve is removed, and the sympathetic cardiac 
nerves are severed. This means that a transplanted heart is 
denervated. Without the vagus nerve there is loss of  sym-
pathetic control of  heart, which causes an altered heart rate 
response, higher resting heart rate, and lower heart rate in-
crease with exercise.20,23

Survival data continue to improve each year as tech-
niques and postoperative management is refined.21 The 
overall 5-year survival rate for pediatric cardiac transplant 
is about 70%. The median survival (the age at which 50% 
of  recipients are still alive) for children receiving transplants 
is 18.4 years in infancy, 16.4 years during childhood, and 
12.0 years during adolescence.22

Heart transplantation has its own set of  circumstances, 
of  which the physical therapist must be aware. Physical 
therapists mainly need to be aware of  the denervation 
of  the heart posttransplantation. Immediately after heart 
transplantation, patients have a higher resting heart rate, 
lower exercise heart rate, and a lower heart rate recovery.23 
One longitudinal study showed that each year following 
transplant, patients’ resting heart rate drops, and exercise 
heart rate and heart rate recovery increase, suggesting that 
pediatric heart transplant recipients may have the ability 
for long-term reinnervation.23 For the physical therapist 
this means that warm ups and cooldowns are vital for ex-
ercise, which we will talk about in more detail later in the 
chapter.

 Physical therapy examination

History

A physical therapy examination should begin with a thor-
ough history, including demographic information, medical/
surgical history, family and social history, developmental 
history, and chief  complaint. Demographics of  the patient 
and family include age, date of  birth, primary language, and 
race. It is important to recognize that families come from 
all over the world to centers that perform the delicate op-
erations for children with CHD. The family should be an 
integral part of  physical therapy intervention, so under-
standing the family structure, culture, and background will 
assist you in involving the family in all aspects of  the care of  
their child.24 A complete discussion of  family-centered care 
is found in Chapter 1.
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acidosis. Hyperventilation causes a shift to the left with a 
decrease in CO2 and an increase in pH, causing a respira-
tory alkalosis. A PaO2 of  60 to 80 mm Hg corresponds with 
a SaO2 of  90% to 95%, which is mild hypoxia. A PaO2 of  
40 to 60 mm Hg corresponds with a SaO2 of  60% to 90%, 
or moderate hypoxia. A PaO2 of  less than 40 mm Hg cor-
responds with a SaO2 of  less than 60% and is considered se-
vere hypoxia.

Vital Signs

Arterial blood gas determination often requires an invasive 
line and is not always indicated. Pulse oximeters may pro-
vide a proxy for saturations. Other vital signs to consider are 
heart rate, blood pressure, and respiratory rate. Consider 
these values for patients at rest, and observe how they 
change with position changes and activity to give an indica-
tion of  the child’s cardiovascular response to activity. The 
trends of  the vital signs are very important. If  possible, a 
resting cardiac rhythm strip should be examined for arrhyth-
mia. A sinus tachycardia is commonly found in response to 
low cardiac output. Be aware of  other conditions, such as 
transplantation, that may impact heart rate or rhythms as 
noted above. Be sure to monitor vital signs as you assess 
strength, functional mobility, and exercise tolerance.

General Appearance

During any physical examination of  a child, always discuss 
with the parents the best way to approach the infant or tod-
dler. For young children, begin with play when able. Let 
them explore the equipment you have with you, including 
stethoscopes or blood pressure cuffs. For adolescents, ex-
plain what your purpose is for being there, and explain to 
them and their caregiver what you will be doing. Utilize age 
and cognitively appropriate descriptions of  the activities that 
you will be performing. This explanation should precede 
the actual examination. While introducing yourself  and ex-
plaining your role, assess the child’s state of  consciousness. 
Some children with CHD will be very ill at initial examina-
tion. Some patients may be on musculoskeletal blockade, 
due to the inability of  their cardiovascular system to toler-
ate any movement or excitement, while others may be more 
lightly sedated or fully engaged. The state of  consciousness 

while a lower number represents a greater risk of  clotting. 
If  the child has had a recent cardiac catheterization, the val-
ues from that procedure identify the central pressures and 
oxygen saturations. These values provide a baseline for how 
much mixing between oxygenated and deoxygenated blood 
occurs, and the degree to which central pressures are al-
tered. As oxygen saturations decrease, there may be increas-
ing complaints of  fatigue, dizziness, lethargy, and general 
malaise. Figure 19.10 shows normal heart catheterization 
values for the various chambers of  the heart. The values in 
the circles are the oxygen saturations, and the other values 
are the normal pressures for the various chambers and ves-
sels of  the heart.

A cardiac catheterization is an invasive examination 
where catheters are inserted into a vein in the groin and 
threaded into the heart under fluoroscopic guidance. The 
catheter enters the systemic venous and arterial systems to 
measure hemodynamic pressures and oxygen saturations. 
Radiographic material may be injected through the cathe-
ters to take cine radiographs of  the heart and its structures. 
The right ventricle and pulmonary artery pressures are usu-
ally about one-fifth that of  the left ventricle and aorta be-
cause of  the high systemic pressure the left side of  the heart 
must overcome to pump blood out of  the aorta. The right 
heart is the deoxygenated side and generally has oxygen sat-
urations in the 60s; the left side is the oxygenated side with 
the oxygen saturations in the high 90s (98% to 100%).

Age-Appropriate Arterial Blood Gas Values
Arterial blood is the most reliable way to assess O2 transport 
(Table 19.3). Hypoventilation causes a shift to the right on 
the normal oxyhemoglobin dissociation curve with an in-
crease in CO2 and a decrease in pH, causing a respiratory 

FIGURE 19.10 Cardiac catheterization values in a normal 
heart.

pH PCO2 PO2

Preterm infant at 1–5 hr 7.29–7.37 39–56 52–67
Term infant at 5 hr 7.31–7.37 32–39 62–86
Preterm and term infant  
at 5 days

7.34–7.42 32–41 62–92

Children, adolescents,  
adults

7.35–7.45 35–45 80–100

Age-Appropriate Arterial Blood Gases

TABLE

19.3
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to continuously monitor blood pressure and blood gases. 
A central line, such as a Broviac catheter or port, is inserted 
into central circulation and is used to administer medica-
tions or fluids, or for drawing blood. A peripherally inserted 
central catheter is also a central line that is placed more 
distally to the heart, generally in an arm. Postsurgically, 
patients may have chest tubes in place to help drain fluid. 
Some children may have supplemental oxygen delivered by 
oxygen masks, nasal cannulas, or oxygen hoods. Those re-
quiring supplemental nutrition may have nasogastric or gas-
trotomy tubes.

As children require more support, other equipment 
or devices may be introduced, including pacer wires, me-
chanical ventilation, extracorporeal membrane oxygenation 
(ECMO), or ventricular assist devices (VAD). Pacer wires are 
centrally placed on the heart for emergent needs for elec-
trical intervention for the heart and are usually removed 
within 7 days postoperatively. These lines must be treated 
with respect and care, and patients with pacer wires in place 
may not be stable for out-of-bed activity.

ECMO is similar to a heart–lung machine, supplying an 
artificial heart and lung outside the body. The machine adds 
oxygen into the blood and removes carbon dioxide, giving 
the patient’s heart and lungs time to rest and heal. ECMO 
does not cure the disease; it just gives the child physiological 
support as he or she heals. Indications for ECMO include 
acute transplant rejection and respiratory failure. ECMO is 
generally used for short-term treatment and is considered a 
bridge to transplant or recovery.31 In Figure 19.11, a child is 
receiving ECMO. During ECMO, a physical therapist will 
provide a positioning program to maintain midline orien-
tation of  the limbs, especially positioning of  the lower ex-
tremities to prevent contractures. It is important not to kink 
the blood flow circuit; therefore, passive range of  motion 
of  some joints may be contraindicated. There are many se-
quelae of  ECMO including stroke, necrosis of  the extremi-
ties (especially distally), and thrombosis. It is important to 
be aware of  these sequelae as a child is being removed from 
ECMO.

will dictate the level to which the patient can cooperate with 
simple commands appropriate for age. Document the use or 
discontinuation of  any supportive equipment or devices to 
give you an idea of  the child’s current or past health status, 
as well as to begin to consider needs for positioning and scar 
management. These devices and lines will vary by setting 
and acuity, and will be discussed in more detail later in the 
chapter. Assess the child for edema or ascites, which may re-
sult from retained fluid or abdominal fluid overload when 
the heart becomes unable to maintain adequate cardiac out-
put. Note general coloring—anemia causes paleness, poly-
cythemia causes plethora, and oxygen desaturation causes 
cyanosis. Assess the individual’s body type as cachectic, 
obese, or appropriate for age.

Pain

Pain should be well documented with age-appropriate pain 
scales. For children who can verbalize and rate their own 
pain, a self-report of  pain is preferred using a visual analog 
scale (VAS) or the Wong-Baker FACES scale.25,26 An obser-
vational/behavioral pain scale may be used. These include 
the face, legs, activity, cry, consolability (FLACC) or the 
COMFORT scale, which have been validated for infants and 
young children,27 in postoperative cardiac care,28 and for crit-
ically ill children in intensive-care settings.29,30

A simple rating scale or VAS has a child rate their pain 
on a scale from 0 to 10 or to mark along a 10-cm line, with 
0 being no pain and 10 the worst pain.26 The Wong-Baker 
FACES is for children with a cognitive age of  3 to 7 years 
and uses a VAS from no hurt to hurts worst.25 The FLACC 
assessment scale is a behavioral scale that has the rater ob-
serve five categories: face, legs, activity, cry, and consolabil-
ity. Each category is scored from 0 to 2: A 0 is a relaxed and 
calm behavior, a 1 is an increase in pain behaviors noted, and 
a 2 is the most pain in each category. Therefore, a total score 
of  10 means the worst pain, and the range of  scores is 0 to 
10.27 The COMFORT scale, another behavioral scale, has 
the observer examine and rate seven areas: alertness, calm-
ness, respiratory response, cry, physical movement, muscle 
tone, and facial tension. Each area is rated 1 through 5, with 
1 being the least pain and 5 the most pain, with the highest 
score being 35.29 The management of  pain is very impor-
tant, as it impacts both movement and respiratory function. 
You will be better able to treat your patients if  there is good 
pain control. This may mean requesting a directed time 
for pain medication and scheduling therapy around pain 
medications.

Equipment and Devices

Most children in the inpatient setting with CHD will have 
cardiorespiratory monitors and pulse oximetry continuously 
monitoring their vital signs. Many children will have a pe-
ripheral intravenous line, arterial line, or central line. An ar-
terial line is placed directly into the artery and can be used FIGURE 19.11 A child receiving ECMO.
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to listening to breath sounds because the water may distort 
the actual sounds. If  physical therapists do not perform suc-
tioning in your venue, make sure a person who is able to 
suction the child is aware of  your interventions, should suc-
tioning be necessary during your treatment. Without a clear 
airway it is unlikely that gross motor skills will be optimal. 
Providing midline orientation, especially to prevent a head 
preference, is very important. Some children will pull away 
from the ventilator and will have a head preference facing 
away from the ventilator, while some will hold still facing 
the ventilator, afraid to move and pull the tubing. Less inva-
sive modes of  ventilation may include continuous positive 
airway pressure (CPAP), bi-level positive airway pressure 
(BiPAP), nitric oxide ventilation, or oxygen via nasal can-
nula. Children may require these modes of  ventilation con-
tinuously or intermittently while sleeping or with activity. 
It is important to communicate with the medical team to 
understand the reasons for noninvasive ventilation, as well 
as to monitor vital signs while working with children using 
these ventilator modes.

Integument

Examine the state of  the integumentary system, beginning 
with the general appearance of  the skin. Does it look glossy, 
turgid, loose, bruised, or broken down? Anticoagulation 
can lead to bruising and skin breakdown, and fluid reten-
tion can lead to glossy or turgid skin. Examine surgical sites 
and incisions, including clamshell, median sternotomy, tho-
racotomy, and small incisions for chest tubes, central lines, 
or other tubes. These sites may be sutured or stapled closed, 
but occasionally may be left open with a surgical dressing. 
Examine scar mobility in all directions. Document whether 
scars move well or are bound to the tissue underneath, as 
well as whether scars are painful. A typical chest of  a child 
following heart surgery is seen in Figure 19.14.

Digital clubbing should be examined, and is a sign of  pro-
longed hypoxia, where the tip of  the distal phalanx becomes 
bulbous and the nail of  the digit exits at an increased angle. 
Clubbing is common in patients with cyanotic CHD or 
chronic lung disease leading to hypoxia. An example of  club-
bing is presented in Figure 19.15. Examine capillary refill in 

A VAD is an external device that assists the right or left 
ventricle to pump blood. A left VAD will assist pumping to 
systemic circulation, while a right VAD will assist pumping 
to pulmonary circulation. Adults have been using VADs for 
many years and include internal device options. To date, 
only external VAD options are approved for use in children 
of  all ages, although internal options for pediatric popula-
tions are under development.31

VADs can be utilized over a long period, often as a bridge 
to transplantation, and they allow for exercise condition-
ing and training while awaiting transplantation.32 The VAD 
monitors heart rate, stroke volume, and cardiac output, but 
blood pressure and oxygen saturation are monitored manu-
ally. It is important to consider subjective reports of  exer-
tion, pain, and dyspnea.32 The literature suggests patients 
should participate in early mobilization as soon as medically 
stable following VAD placement.32 Exercise training should 
progress as tolerated while a VAD remains in place. A child 
with a left VAD can be seen ambulating in Figure 19.12. It 
may be helpful to have patients with a VAD use an athletic 
support or abdominal binder for upright activities.

Mechanical ventilation is utilized both pre- and postoper-
atively for children with CHD. Preoperatively, the ventilator 
is used to assist with breathing during respiratory distress. 
Postoperatively, it is used while returning to breathing in-
dependently. The ventilator may be connected to an endo-
tracheal tube or tracheostomy tube. An endotracheal tube 
may be placed in the nose or mouth to assist with breath-
ing. Figure 19.13 shows a postoperative patient with a naso-
tracheal tube. Airway suctioning to keep the child clear of  
secretions is of  the utmost value when a child is intubated. 
Always be sure to clear the ventilator tubing of  water prior 

FIGURE 19.12 A child with a left ventricular assist device 
 ambulating with a physical therapist.

FIGURE 19.13 An infant postoperatively with a  
nasotracheal tube.
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with positioning on hard surgical tables at awkward angles 
to access the necessary organs. Children should be exam-
ined after each surgical procedure to view their skin over 
bony prominences.

Edema should also be assessed. The most common 
method of  assessing edema is to apply pressure with one 
or two fingers to the affected area for several seconds, then 
observe how deep the area depresses and how long it takes 
to return to normal. The result is graded on a 1+ to 4+ 
scale, where 1+ is the least and 4+ is the worst. Edema 
may also be assessed using circumferential measure-
ments of  the affected area. This method may be helpful 
to compare changes in the amount of  edema over time. 
Peripheral and central edema may be evident with children 
with CHD. Peripheral edema is due to the inability of  the 
heart to maintain adequate cardiac output. The autonomic 
nervous system is attempting to increase cardiac output 
by retaining fluid from the kidneys. This makes the heart 
work even harder, and the fluid accumulates in the periph-
ery in the dependent extremities. Central edema or jugular 
venous distention results from fluid overload as the fluid 
is retained centrally because the heart’s ability to pump is 
compromised and fluid backs up into the lungs and venous 
system. Adolescents with Fontan circulation are at risk for 
lymphatic dysfunction due to increased pulmonary lym-
phatic pressures, which can result in peripheral or central 
edema.19

Thorax and Respiratory Examination

Thoracic deformities should be examined, including the 
pectus excavatum, pectus carinatum, barrel chest, rib flar-
ing, and mid-trunk folds. Pectus excavatum is where the 
chest caves inward, resulting in the tightening of  the upper 
chest musculature. Pectus carinatum is where the chest 
bows outward, resulting in a deformity of  the sternum. 
Both pectus excavatum and carinatum may be due to sur-
gical procedures or due to altered chest pressures due to 
respiratory status.33 Barrel chest deformities can be due to 
the overinflation of  the lung tissue, rib flaring is due to an 
imbalance of  the abdominal muscles with the diaphragm, 
and a mid-trunk fold is due to muscle imbalance of  the chest 
wall to counteract the diaphragm. Examination of  the rib 
angles and intercostal spaces for age appropriateness and 
mobility is important.33–35

To evaluate the thoracic cage of  a child with CHD, the 
therapist must have knowledge of  what an age-appropriate 
thoracic cage should look like. Newborns have narrow 
rib spaces, horizontal ribs, a triangular shape to the chest 
wall, minimal neck space, and chest separate from the ab-
domen.35 Three- to six-month-old children will have a nor-
mal pectus, more rectangular shape, and horizontal ribs. 
They will be normal upper chest breathers with only ante-
rior expansion possible. Six- to twelve-month-old children 
will have an even more pronounced rectangular shape, 
and lateral expansion will be added to their respiratory 

the extremities. Push down on the nail bed, which should 
blanch and rebound 1 to 2 seconds after pressure is relieved. 
Capillary refill ideally should be assessed by compression of  
the big toe. Children with CHD are at risk for wounds after 
their surgical procedures because of  long operative times 

FIGURE 19.15 A child with digital clubbing and cyanosis in his 
extremities.

A

B

FIGURE 19.14 A child following transplantation with  
numerous lines and surgical incisions.
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Children with CHD may present with respiratory issues 
as their primary complaint, given the integral relationship 
between the heart and lungs. Including respiratory examina-
tion as detailed in Chapter 20 will assist in your evaluation 
of  the patient’s status.

Musculoskeletal Examination

An examination of  range of  motion, postural alignment, 
and sensation is also necessary. Scoliosis, kyphosis, or a 
syndromic deviation of  the musculoskeletal system may 
be present and can impact the child’s posture, respira-
tion, and pain before, during, or after surgery for CHD. 
Figure 19.17 shows common postural deviations in a 
child with CHD. Flexibility can be examined by func-
tional range of  motion, a sit-and-reach test, and lateral 
flexion measurements. Measure from the axilla to the 
base of  the ribs and then the base of  the ribs to the pel-
vis; there should be a 1:2 ratio. Nerve palsies and signs 
of  thrombosis are also important to screen for as they 
can happen during prolonged positioning or with altered 
anticoagulation.

repertoire, giving them rib space opening as well as in-
creasing the length of  the neck. This is a significant stage 
in the respiratory development of  the thorax.35 There will 
be a more barrel-shaped appearance of  the chest. The rib 
cage is beginning to be pulled downward owing to a more 
upright posture and the more continuous effects of  grav-
ity on the thorax. This change provides the child a better 
length-tension relationship for the diaphragm and the in-
tercostal muscles. In this stage, the diaphragm and all the 
accessory musculature patterns of  breathing are available. 
This trend in the development of  the thorax continues for 
several more years as the rib cage gradually rotates down-
ward and the intercostal spaces widen.35 Figure 19.16A–C 
shows a newborn, a 3-month-old, and an 8-month-old with 
normally configured chest walls. An infant with CHD may 
have respiratory compromise, which may alter typical mus-
cular function of  the chest and, if  not addressed, may lead 
to chest wall deformities.

Examining thoracic cage mobility means ascertaining 
movement of  the ribs. Can the child flex laterally? Do the 
ribs move with respiration? How is abdominal and upper 
chest movement? Muscular development should be sym-
metric without hypertrophy of  accessory muscles of  respi-
ration. Chest wall movement can be examined by palpation 
and measurement. By placing your hands over the upper 
lobe of  the lungs with the heel of  the hand at the fourth rib, 
fingertips at the upper trapezii, and thumb at the sternal 
angle, you may examine symmetry, extent of  movement, 
and general movement. Measure the thoracic circumfer-
ence with a tape measure at three levels: axilla/3rd rib, 
xiphoid, and half  way from xiphoid to umbilicus. Wrap a 
tape measure around the thorax until it overlaps, then mea-
sure the change in circumference during normal inhalation 
and exhalation. Adult data suggest that during quiet breath-
ing, the chest wall should move approximately 2 to 3 mm 
at the upper chest, 3 to 4 mm at the lower chest, and 6 to 
7 mm at the abdomen; during deep inhalation, it should 
move 19 to 18 mm at the upper chest, 16 to 20 mm at the 
lower chest, and 17 to 25 mm at the abdomen.36 These val-
ues vary slightly by gender. No published data exist for pe-
diatric values.

FIGURE 19.16 (A) A newborn and a normal chest wall shape. (B) A normal 3-month-old’s chest wall shape. 
(C) An 8-month-old child with a normal chest wall.

A CB

FIGURE 19.17 A child with common postural deviations 
 associated with CHD.
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Strength

Measurement of  strength must consider children who are 
at risk for myopathy, osteopenia, and osteoporosis second-
ary to steroids preoperatively or following transplantation. 
Consider both manual muscle testing and dynamometry. 
Manual muscle testing may not offer an accurate measure 
of  the child’s strength, whereas dynamometry can pro-
vide an alternative, objective means to specifically assess 
strength. Be sure to teach breathing techniques while assess-
ing strength to avoid Valsalva maneuver during exertion. 
Consider using an eight-repetition maximum to fatigue, 
rather than a one-repetition maximum so as to determine 
initial level of  resistance.

Functional Mobility

Functional mobility examination includes bed mobility, 
transfers, balance, gait, and stairs, as well as developmen-
tally appropriate activities. These activities can be evalu-
ated on the first day postoperatively, and again as medical 
status improves, as well as in the outpatient and early inter-
vention settings. Timing various functional activities, such 
as transfers, ambulation over a specified distance, or stair 
climbing, provides useful test–retest data by which to mea-
sure progress and may also motivate children to improve. 
Developmental motor skills should be assessed as able and 
standardized assessment tools provide an objective assess-
ment of  gross motor skills.

Aerobic Capacity and Endurance

Aerobic capacity can be assessed using formal exercise test-
ing or timed walk tests. The 6-minute walk test is a self-
paced walking test designed to measure the submaximal 
level of  functional exercise, and is endorsed by the American 
Thoracic Society as the gold standard for assessment of  
functional exercise capacity.37 It has been validated in chil-
dren38 and for children with CHD,39 with normative values 
available for healthy children as young as 3 years old.40,41 
During a 6-minute walk test, the child is given specific 
and age-appropriate directions to walk as fast as possible, 
without running, for a total of  six minutes. Children are 
instructed to walk at their own pace, but to try to walk as 
far as they can to cover the greatest distance possible in the 
allotted time. Rest breaks are allowed, but the time keeps 
going. Patients should be instructed to inform you if  they 
have chest discomfort, dizziness, severe shortness of  breath, 
unsteadiness, or blurred vision. Record the distance walked, 
rates of  perceived exertion (RPE), dyspnea index (DI), and 
vital signs before, during, and after the testing. Six-minute 
walk distance correlates with oxygen uptake at maximal ex-
ercise (VO2max),38,39 which has been shown in children with 
CHD to be correlated with increased risk of  heart failure, 
hospitalization, and death when below 50% of  predicted val-
ues.42–44 Thus, the 6-minute walk test can give the physical 

Score
Breathlessness barely noticeable 1
Breathlessness moderately bothersome 2
Breathlessness severe, very uncomfortable 3
Most severe breathlessness ever experienced 4

Dyspnea Index

TABLE
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 6
 7 Very, very light
 8
 9 Very light
10
11 Fairly light
12
13 Somewhat hard
14
15 Hard
16
17 Very hard
18
19 Very, very hard
20

Borg Rate of Perceived Exertion Scale

TABLE
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therapist an idea of  functional capacity compared with 
peers, prognostic information, and assist in goal setting.

While assessing aerobic capacity, observe shortness 
of  breath and level of  exertion. Breathlessness can be as-
sessed using the DI (Table 19.4). Patients rate how breath-
less they feel with certain activities, and they respond with 
a number from a chart you show them. Breathlessness can 
also be examined by counting how many syllables they are 
able to speak per breath (8 to 10 syllables per breath is nor-
mal) or how long they can maintain a vowel sound with-
out taking a breath (10 to 15 seconds is normal). These 
measures provide a baseline value to reexamine over time 
to determine whether ratings, syllables, or time change. 
Perceived exertion can be monitored using the Borg RPE 
scale (Table 19.5). Ask the patient, “How hard do you feel 
you are working?” This is meant to include overall work, 
breathing, muscle exertion, and fatigue. You want the pa-
tient to integrate information from the peripheral work-
ing muscles and joints, the cardiovascular and pulmonary 
systems, and the central nervous system. A rating of  6 is 
analogous to no work at all, while a rating of  20 is the hard-
est work ever done. A newer Borg scale from 0 to 10 points 
is also commonly used.
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team will allow collaboration. In the outpatient or commu-
nity settings, establishing a relationship with the child’s care 
team will help to determine important medical information 
or change in status. Several tertiary hospital centers have ini-
tiated team-based neurodevelopmental follow-up programs 
for children with CHD to enable collaboration and regular 
follow-up on issues across disciplines.

 Physical therapy intervention

Patient- and Family-Related Instruction

Family and caregiver education should focus on the family 
unit as a whole, including the specific needs of  the child. 
It is important to emphasize the difference between CHD 
and adult coronary artery disease. The child should be able 
to explore and play within boundaries based on his or her 
specific CHD, not based upon fear of  participation as may 
happen in adults. Patient and family education should in-
clude discussion about sternal precautions, optimal position-
ing options for different ages, therapy outcomes and role 
of  early intervention, importance of  physical activity, and 
understanding self-limitation. Children and families should 
start to understand that exercise should be a lifelong habit. 
Health, wellness, and fitness programs including cardiac 
rehabilitation programs and YMCA programs are an im-
portant component of  lifelong health habits. In addition, 
literature has shown that long-term cardiac outcomes, mor-
tality, self-esteem, and emotional state are all improved with 
increasing exercise tolerance and motor skills.42–46

 Physical therapy evaluation,  
diagnosis, and prognosis

Following the physical therapy examination, the therapist 
must fit all the pieces together and integrate the findings to 
synthesize the individual’s physical therapy diagnosis and 
prognosis. This process helps to determine the plan of  care 
and the outcomes expected. The goals of  a physical therapy 
plan of  care are directly related to examination findings and 
may include improving the individual’s endurance, strength, 
range of  motion/flexibility, balance, functional mobility or 
gross motor skills, posture, respiratory/ventilatory status, 
scar and chest wall mobility, chest expansion, airway clear-
ance, and providing patient and family education (Table 19.6). 
The plan of  care should specify the anticipated frequency 
and duration of  physical therapy intervention, as well as the 
areas to be addressed. Frequency and duration will vary ac-
cording to individual needs, as well as the setting (e.g., acute 
care, outpatient, or community settings).

Coordination, Communication, 
and Documentation

Physical therapists should collaborate with other services, 
including cardiology, genetics, neurology, otolaryngology, 
orthopedics, social work, feeding team, occupational ther-
apy, or speech therapy, and recommend consults as needed 
for specialists not involved. It is important to advocate for 
the child to gain the services he or she deserves. In the in-
patient setting, participating in rounds with the medical 

Endurance
Patient will have improved endurance as evidenced by increased 
6-minute walk distance to at least 450 m to keep up with peers.

Range of motion/flexibility
Patient will have improved hip flexor flexibility with Thomas test to neutral 
to maintain upright posture for standing and walking.

Strength
Patient will have improved strength by at least 5 lbs on dynamometry  
in bilateral gluteus maximus and quadriceps to climb stairs  
independently.

Scar and chest wall mobility
Patient will have increased sternal scar mobility as evidenced by 
Vancouver Scar Scale score decrease by at least 3 points to allow full 
trunk rotation without pain.

Respiratory/ventilatory status
Patient will have improved respiratory coordination during functional 
mobility as evidenced by ability to coordinate inhale and exhale with  
sit-to-stand transfer while maintaining saturation >90%.

Chest expansion
Patient will have improved chest wall expansion while seated as evidenced 
by increased circumferential excursion by at least 0.5 cm at diaphragm 
level to improve oxygenation.

Balance
Patient will have increased balance as evidenced by increased score on 
the Pediatric Balance Scale to 56/56 to maintain safe functional mobility 
without falls.

Airway clearance
Patient will be independent with use of home airway clearance  
device with proper technique demonstrated on 3/3 trials without  
verbal cues.

Functional mobility or gross motor skills
Patient will have improved gross motor skills to at least 37th percentile 
on standardized gross motor testing to age-appropriately interact with 
environment.

Patient and family education
Patient’s family will be independent with home positioning program as 
evidenced by 100% return demonstration without cues.

Posture
Patient will have improved posture with ability to maintain scapular 
retraction, chin tuck, and shoulders back for at least 5 minutes while 
sitting without verbal cues.

Physical Therapy Goal Areas and Sample Goals

TABLE

19.6
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the outpatient or early intervention plan of  care to promote 
optimal lung function, developmental skills, and to allow 
engagement with the environment. These positions may in-
clude prone (as described above) and side lying to encourage 
reaching in a gravity-eliminated position. Other positioning 
should be specific to the child’s needs.

Postural Education and Awareness
Most therapeutic exercises and activities can begin with postural 
training and education. This may mean using elastic wrap or 
other tools for tactile cues during upright posture to minimize 
thoracic kyphosis and rounded shoulders. Other techniques in-
clude exercises to improve postural control, strengthen postural 
muscles, and hands-on interventions for postural education.

Flexibility
Flexibility exercises should also begin early and, depending 
on the patient presentation, commonly include stretches for 
muscles, including pectoralis major, Achilles/gastrocnemius/
soleus group, hip flexors, hamstrings, upper extremities, and 
chest expansion for thoracic cage mobility. Bolsters, balls, 
and towel rolls for thoracic cage stretching may assist in 
making stretching tolerable. Stretches may need to be held 
for long periods and may be completed as part of  a home 
program while a child watches television or reads. All flex-
ibility activities should consider sternal precautions that are 
present for 6 weeks postoperatively.

Breathing Exercises
Breathing activities should be incorporated into interven-
tion to foster deep breathing, help maintain ventilation, 
assist with pain control, and promote coordinated breath-
ing patterns. Breathing games such as blowing bubbles, 
air hockey, blowing a windmill, and sniffing stickers are 
an excellent start to improve the child’s respiratory status. 
Diaphragmatic breathing training, inspiratory muscle train-
ers, incentive spirometers, and deep-breathing techniques 
can be utilized in children as young as 18 months. Finding 
a strategy that works with the developmental level of  the 
child and one that the child finds “fun” is the goal. More ex-
tensive information about breathing exercises can be found 
in Chapter 20.

Procedural Interventions

Positioning
Providing and promoting varied positions will enable the 
physical therapist to begin to achieve goals related to prevent-
ing musculoskeletal abnormalities, improving pulmonary 
parameters, and promoting age-appropriate skills. Proper po-
sitioning can help provide midline orientation, prevent con-
tractures, promote development, and improve pulmonary 
status. Positioning may include turning schedules, special de-
vices or equipment, or recommendations for postures and po-
sitions. While a child is inpatient and has had a neuromuscular 
blockade or sedation, decreased mobility and in-dwelling lines 
and tubes, rotation schedules can reduce the possibility of  
skin pressure and breakdown. The therapist must coordinate 
changes in the infant’s position with other nursing procedures 
to avoid unnecessary stimulation. Positioning devices such as 
Multi-Podus boots help control plantar flexion contractures, 
enhance hip rotation, and protect the heel. Molded foot and 
ankle orthoses, towel rolls, and gel pillows will help prevent 
secondary integument issues for children with CHD who are 
not mobile. Scar massage can help prevent binding down of  
scars after skin healing, enhance skin movement to reduce 
range-of-motion limitations, and limit deformities from surgi-
cal scars. Scar massage can begin 6 weeks after a sternal inci-
sion to allow time for bone healing of  the sternum.

Positioning can also enhance oxygen transport and pul-
monary function. Infants, even those with endotracheal 
tubes, have increased oxygenation while in prone versus 
other positions, especially supine.47 A mismatch of  ventila-
tion and perfusion is a common cause of  arterial hypoxemia. 
Small children have better ventilation to the uppermost lung. 
Larger children have better ventilation to the dependent 
lung, similar to the adult pattern. Specific body positioning 
can allow matching of  ventilation and perfusion to a specific 
lobe of  the lung.48 Consider whether the lung has atelecta-
sis versus hyperinflation. Utilize a chart like the one shown 
in Table 19.7 to place the child in different positions and 
see where the best ventilation–perfusion matching may be 
so as to raise SpO2 and decrease heart rate, blood pressure, 
and respiratory rate. Prone positioning in infants with CHD 
can assist with maintaining hip extension range of  motion, 
chest expansion, trunk and head strength, and attainment of  
gross motor skills.49,50 Positioning should also play a role in 

breathing Patterns/Vital Sign Trends rr SpO2% Hr bP

Position Sequence 1 min 3 min 1 min 3 min 1 min 3 min 1 min 3 min
Supine 
Side lying 
Sitting/upright
Prone

BP, blood pressure; hr, heart rate; rr, respiratory rate.

Vital Sign Trends

TABLE

19.7
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shaking, and the high-frequency chest wall oscillation may 
require a short wait postoperatively, but other airway clear-
ance techniques, such as Acapella or autogenic drainage, can 
be utilized as appropriate.

Functional Mobility
Transfer training, gait training, balance training, and stair 
climbing are functional tasks that should be included as 
necessary in physical therapy intervention. Transfer train-
ing should include ways to move that decrease discomfort 
and improve independence. This may mean teaching log 
rolling postoperatively while using deep-breathing tech-
niques, or giving a child a “hug pillow” to hold over surgi-
cal sites. For small children this may mean teaching family 
members how to pick up and hold their child in such a 
way as to pose as little discomfort as possible. Gait train-
ing, balance training, and stair climbing should be initiated 
as soon as patients are able and medically stable. This may 
involve coordinating care with nursing staff, respiratory 
staff, or medical team members to allow safe completion. 
Once children are discharged to outpatient or early inter-
vention programs, gait training, balance training, or stair 
training may need to continue to improve speed, stability, 
or technique.

Developmental Activity
Play is the means by which young children explore their 
world. A child with CHD who is awaiting surgery or is very 
ill and hospitalized has little exposure to physical explora-
tion. Age-appropriate gross and fine motor play is very im-
portant for this population. Although there may be many 
tubes and wires to manage in the acute care setting, an 
infant should be exposed to all positions, including prone. 
Parent education and involvement of  early intervention per-
sonnel in the home should also promote position changes, 

Aerobic and Endurance Training
Aerobic exercise prescription should be individualized on 
the basis of  the previous testing during the physical therapy 
examination. An exercise regimen should include principles 
of  mode, frequency, duration, and intensity51 and identi-
fied precautions. Mode may be a bicycle, treadmill, ellipti-
cal, upper body ergometer (UBE), or may be over-ground 
exercise such as walking. The frequency should be a mini-
mum of  three times a week and up to seven times a week. 
When a child is very ill, the duration may be as little as short 
bouts of  2 to 5 minutes, with rest breaks between bouts. 
Lower-intensity stretching may be tolerated during rest 
breaks. Duration should progress to 30 to 45 minutes as 
the child improves or transitions to the outpatient or early 
intervention setting. Intensity can be determined from a 
stress or functional exercise test performed prior to training. 
Generally, intensity should begin at 60% to 65% of  the maxi-
mal level of  work. Intensity can also be prescribed on the 
basis of  RPE with the Borg scale, which should fall between 
11 and 15 on the 20-point scale. Very deconditioned children 
may need to start with lower-intensity activities or  alternate 
short-duration and higher-intensity activities with lower- 
intensity activities. During activity, the therapist should 
monitor the vital signs, including heart rate, blood pressure, 
RPE, DI, respiratory rate, and SpO2. Some children may 
benefit from electrocardiogram (EKG) monitoring during 
aerobic activity. During training, the therapist can instruct 
some patients to take their own heart rate, respiratory rate, 
RPE, and DI. Identifying their own vital signs will foster the 
independence necessary to continue exercise independently 
once they are ready to move to autonomous activity. It is im-
portant to remember that following heart transplant, a pa-
tient does not have normal exercise response due to loss of  
the vagus nerve, and therefore requires warm-up to increase 
the heart rate in order to have an effect from the circulating 
catecholamines in the blood, followed by a cooldown.

Strength Training
Strength training is an important component of  physical 
therapy for children of  an appropriate age. Following cardiac 
surgery, children generally have sternal precautions in place 
for 6 to 8 weeks, which may include lifting precautions for 
greater than 10 pounds. With this caveat, strength training 
is a valuable tool in the treatment of  children with CHD 
both pre- and postoperatively. Patients should always be 
taught proper breathing techniques with lifting to prevent a 
Valsalva maneuver and an unnecessary rise in blood pressure. 
Figure 19.18 shows a child participating in strength training.

Airway Clearance Techniques
These topics will be covered in detail in Chapter 20. 
Positioning, as discussed above, as well as postural drainage 
should be utilized immediately postoperatively. Mechanical 
airway clearance techniques such as percussion, vibration, 

FIGURE 19.18 A child with a congenital heart defect  
participating in strength training.
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the safety of  their airway. Children with chest tubes can also 
ambulate with little limitation, and ambulation may help to 
hasten chest tube removal. Higher-level motor skills may be 
delayed in children with CHD and should be promoted dur-
ing therapy sessions.3–6,10

Home Programming
Recommendations should be made for home exercise pro-
grams, according to the patient’s needs and age. Any of  
the above activities can be transitioned to home program 
activities as the patient is safe and stable to complete them 
without supervision. Parents should be encouraged to par-
ticipate in sessions, and to assist with carryover of  home 
activities.

 Neurodevelopmental outcomes of CHD

Children with CHD are at high risk for a myriad of  neuro-
developmental challenges, the causes of  which are multi-
factorial and not yet fully understood. Early developmental 
milestones, including cognition, language, and motor skills, 
are often delayed. One report found that 54% of  infants 
with any type of  single ventricle defect were receiving early 
intervention for any developmental domain by 6 months, 
62% by 12 months, and 67% by 2 years, while 45% of  infants 
with two ventricle defects were receiving developmental 
intervention by 6 months, 43% at 12 months, and 52% at 
2 years.6 Another study reported an overall rate of  develop-
mental delay of  25% for children following Fontan comple-
tion.10 Uzark et al. demonstrated that 46% of  children status 
post–heart transplantation present with language delay and 
63% with visual motor deficits.52 They also found a decrease 
in intelligence quotient (IQ), with the lowest IQs being in 
children with CHD as the primary reason for transplant.52 
Seventy-four percent of  children with single ventricle de-
fects and 29% of  children with two ventricle defects scored 
below the 5th percentile on specific gross motor testing at 
6 months.6 Up to 50% of  children with TGA present with 
decreased psychomotor skills at 1 year of  age3, up to 40% 
present with motor or gait abnormalities at 4 years of  age,5 
and by 8 years of  age, 54% present with gait abnormalities 
and 63% with motor abnormalities.4

While the factors causing neurodevelopmental chal-
lenges are not fully known, they likely involve an interac-
tion of  the preoperative, intraoperative, and postoperative 
events. Oxygenation levels following the first stage of  single 
ventricle repair have been found to be associated with com-
posite developmental score.53 Whether a child undergoes cir-
culatory arrest or low flow cardiopulmonary bypass during 
surgery may also impact outcomes, as children with TGA 
who underwent circulatory arrest have been shown to have 
up to 30% more delays at 1, 4, and 8 years of  age.3–5 In ad-
dition, several studies have found that length of  stay follow-
ing surgical intervention can impact neurodevelopmental 

prone position, and progression of  motor skills as tolerated. 
This effort may start with getting the infant accustomed to 
prone by starting with semi-prone positioning over a towel 
roll or prone on the shoulder of  the caregiver. Prone po-
sitioning is the forerunner for many early developmental 
skills, including creeping, crawling, and upper extremity 
weight bearing and will assist in promoting infant develop-
ment.49,50 This position is important for children with poor 
feeding, reflux, and respiratory issues. Families should be 
encouraged to promote prone positioning during awake, 
alert, and calm periods during the day to help the infant gain 
head control and feel comfortable in prone. It is unusual 
for a child to have difficulty in prone after practice. Prone is 
seldom a contraindicated position, with the exception of  a 
thoracic wound that is not closed or for the first 2 weeks fol-
lowing a sternal incision. Figure 19.19 shows an infant with 
a nasotracheal tube being placed in prone, and an infant fol-
lowing two cardiac surgeries working on prone skills in the 
home setting. Crawling should be encouraged in children 
with CHD as it improves upon all the muscle groups that 
are impacted by the surgical procedures done to correct or 
palliate CHD. Ambulatory children should be encouraged to 
ambulate postoperatively as soon as they are medically sta-
ble. Children receiving mechanical ventilation can ambulate 
with a team effort to maintain their ventilatory support and 

FIGURE 19.19 (A) An infant awaiting cardiac surgery with 
nasotracheal intubation working on prone skills in physical therapy 
with physical therapist and mother. (B) An infant with congenital 
heart defect following two surgeries working on prone skills in the 
home setting.

A

B
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outcome, such that each increased day of  length of  stay was 
shown to lead to a 1.4-point decrease in full scale IQ and a 
1.6-point decrease in math IQ.54,55 Increased length of  stay 
has been shown to be the greatest predictor of  decreased 
motor skills at 1 year for children with HLHS.7

Concern regarding the neurodevelopmental implica-
tions in children with CHD has become a significant focus 
of  cardiac management for these children. A recent scien-
tific statement from the American Heart Association rec-
ommends regular surveillance for neurodevelopmental 
delays in children with CHD with referral for full evalu-
ation and intervention when there is concern for delay.9 
While initial surveillance may often occur in the cardiol-
ogy or pediatrician visits, physical therapists should be 
involved for evaluation and monitoring of  motor skills in 
early intervention, outpatient, and hospital-based settings 
for children with CHD.

S u M M A R y

P hysical therapy is an integral component of  the care 
of  a child with CHD in the inpatient, outpatient, 
and community-based settings. Physical therapists 

are a vital component of  the care of  all children with cardiac 
disorders to improve posture, mobility, development, and 
ultimately ability to keep up with peers and participate and 
thrive in their family, school, and community environments.

CASE STuDIES

CASE STuDy 1 

TOddler wiTH HlHS fOllOwing TwO CardiaC 
SurgerieS

History of Present illness and Chief Complaint
Baby X is a 13-month-old male with HLHS who presents for de-
velopmental assessment in a multidisciplinary outpatient clinic 
setting. Baby X has a history of gross motor delay, and his par-
ents are concerned that he does not put his feet down to stand.

birth and medical History
Baby X was diagnosed prenatally with HLHS and was born full term 
in the Special Delivery Unit at a children’s hospital and transferred 
immediately to the Cardiac Intensive Care Unit for stabilization.

Surgical History
Baby X underwent a stage one repair with Blalock–Taussig shunt 
on day of life three (Fig. 19.20), which was complicated by left 
vocal cord paralysis and venous sinus thrombus. He had a bidi-
rectional Glenn procedure at 4.5 months.

Current medications
Lasix 0.8 mg 1/day; Lovenox 0.7 mg 1/day; Benefiber 1 tsp/day.

Social History
Baby X’s parents are very involved in his care, and his mother 
stays home with him. He has been receiving early intervention 
physical therapy weekly since 8 months of age.

Physical Therapy examination
General appearance/Lines/Tubes: Baby X presents with mild 

cyanosis and no external supportive devices or lines.

State of consciousness: He is awake, alert, and oriented and 
interactive with parents in the exam room.

Pain: FLACC score of 0 out of 10.

Vital signs at rest: Heart rate = 130, SpO2 = 87%, blood pressure 
in the right upper extremity = 92/59, respiratory rate = 30.

Integument/Skin integrity: Median sternotomy scar well healed 
with good scar mobility. Capillary refill: <3 seconds.

Thoracic Cage and respiratory examination
Baby X presents in no obvious distress, with a respiratory rate 
of 30 breaths/min. He uses primarily upper chest breathing, al-
though he has some diaphragmatic excursion. When working 
hard, he demonstrates increased cyanosis and mild intercostal 
retractions. He clears his lungs using cough and sneeze indepen-
dently. Baby X has a mild pectus carinatum with age-appropriate 
rib spacing and good chest wall mobility. He does not tolerate 
chest wall circumferential measurements due to age.

musculoskeletal examination
Baby X presents with full passive range of motion in bilateral up-
per and lower extremities, with mild hypotonia in bilateral lower 
extremities. Formal manual muscle test not performed due to 
age, but presents with decreased lower extremity strength evi-
denced by decreased standing skills detailed below. Functional 
skills are detailed under developmental assessment.

developmental assessment
Supine: brings feet to mouth, reaches across midline, and 

tracks bilaterally.

Prone: pushes up onto palms, reaches with either upper 
 extremity in prone, starting to move onto all fours.

FIGURE 19.20 Modified Blalock–Taussig shunt.
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Rolling: rolls bilaterally supine to prone, leading with hips.

Pull to sit: with + chin tuck.

Sitting: sits independently, reaches out of base of support, ma-
nipulates toys in sitting.

Transitions: per report transitions sit to prone, but not supine or 
prone to sit.

Standing: does not stand or place feet on ground, very resistant 
to lower extremity weight bearing.

The Peabody Developmental Motor Scales, 2nd edition was 
administered with scores at the 16th, 2nd, and 37th percen-
tile for stationary/balance skills, locomotor skills, and object 
manipulation skills, respectively. Gross motor quotient is 79  
(8th percentile).

Physical Therapy evaluation and diagnosis
Baby X is a 13-month-old male with HLHS s/p stage two repair. 
He presents to physical therapy with decreased leg strength and 
decreased weight bearing, impacting his standing and walking 
skills, leading to delayed gross motor skills. He presents with 
overall gross motor skills at the 8th percentile on the Peabody 
Developmental Motor Scales, 2nd edition, with performance at 
the 16th, 2nd, and 37th percentile for stationary/balance skills, 
locomotor skills, and object manipulation skills, respectively. 
This corresponds to the 7- to 12-month level. His delayed mo-
tor skills impact his ability to age-appropriately interact with his 
environment.

Plan of care
Early intervention physical therapy once per week, with a  focus 
on standing skills. Parent education for standing skills and 
shoe wear.

goals (for 12 weeks)
 1. Baby X will stand at a support surface when placed for 

5 minutes without loss of balance.
 2. Baby X will pull to stand at support surface independently.
 3. Baby X will cruise laterally for 5 feet each direction.
 4. Baby X will take steps for 10 feet forward with one hand held.

Procedural interventions
Parent education: Role of shoe wear, ways to encourage stand-

ing and walking, continue scar massage.

Developmental skills: Play activities to encourage standing, 
transfers to standing, cruising and walking.

Strengthening: Via standing and walking repetition activities.
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 Introduction

Pulmonary diseases and respiratory disorders continue 
to be major causes of  both mortality and morbidity for 
children in the United States and throughout the world. 
Respiratory viruses and bacteria continue to cause acute 
and sometimes fatal respiratory infections in infants and 
children. Vaccines against both bacterial and viral agents 
have decreased the incidence of  certain acute respiratory in-
fections and are commonly employed for children at risk for 
respiratory disease.

In the United States, up to 20% or more of   children 
younger than 18 years of  age have been reported to have 
a chronic respiratory problem such as asthma, wheez-
ing, bronchial hyper-reactivity, cystic fibrosis (CF) and 
 bronchopulmonary dysplasia.1 Chronic lung disease in 
children has  morbidity statistics that are staggering. An 
 estimated 7.1 million children (9.5%) in the United States 
have been diagnosed with asthma,2 which is responsible for 
missed days of  school in almost 50% of  those children diag-
nosed.3 It is also important to note that childhood asthma is 

most prevalent among those of  black and multiracial (non- 
Hispanic) ethnicity. In addition, respiratory illness is the 
most common reason for hospitalization in children with 
severe neurological impairment and is the most common 
cause of  death in these children.4,5 These statistics may seem 
surprising but not to health professionals who spend a great 
deal of  time treating children with primary pulmonary dis-
eases or respiratory problems secondary to other conditions.

This chapter provides background information to  enable 
readers to understand more completely the  fragility of  the 
neonatal and pediatric respiratory system, the  process of  
 development of  that system, and the need for  aggressive treat-
ment of  disorders of  the system. These introductory  topics 
include growth and development of  the respiratory tract, 
and predisposition to acute respiratory failure in  children and 
infants. Physical therapy examination and  intervention skills 
for infants and children with pulmonary disorders  follow. 
Medical information and a discussion of  physical therapy 
for four major respiratory problems of   children—atelectasis,  
respiratory muscle weakness, asthma, and CF—are next 
 presented, followed by questions about future research.
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appear late in the pseudoglandular period and continue 
their growth through the canalicular period. Branching and 
subdivision produces 8 to 32 bronchial generations, with 
the greatest number of  divisions occurring in those lung 
areas that are most distant from the hilum, or root of  the 
lungs. The bronchial tree is complete from the glottis to 
the terminal bronchioles by the end of  the pseudoglandu-
lar period, and the diaphragm is beginning to form. Similar 
development of  the pulmonary vascular system occurs 
concurrently.8

The major events that mark the 16th to 26th week, the 
canalicular period, are thinning and flattening of  the epithe-
lium that will become the type I pneumocytes or alveolar 
cells. Type II cells also begin to appear at this time and are 
the lamellar cells that ultimately produce surfactant. In ad-
dition, a critical occurrence is the appearance of  pulmonary 
capillaries. The capillaries, which protrude into the epithe-
lium, provide close proximity of  the blood supply to the 
airways. Thinning of  the epithelium and capillary develop-
ment provide the apparatus—the air–blood interface—for 
respiration. Gas exchange can take place by the end of  the 
canalicular period.8

At approximately 26 weeks, the energy of  the devel-
oping lung begins to form outpouchings of  the terminal 
bronchioles called saccules. This “terminal sac” or “saccu-
lar” period continues until about birth when the alveolar 
period begins, at which time the saccules have begun to 
branch into many alveolar pockets or ducts. These ducts 
are in continued proximity to the tiny capillaries formed 
during the canalicular period. Once sufficient numbers of  
alveolar/capillary units are present, life may be sustained, 
provided that the biochemical substance surfactant is 
 present within the alveoli.

Surfactant, as noted, is a phospholipid material secreted 
by Type II cells that line the pulmonary alveoli. Surfactant 
reduces surface tension within the alveolus, thus  allowing 
inflation of  the alveolus with smaller pressures and less 
work by the infant than would be needed to inflate a 
 surfactant-deficient alveolus. Surfactant appears at its ma-
ture chemical level at approximately 34 weeks of  gestation 
and indicates maturity of  the lung by allowing the mainte-
nance of  continuous respiration.9

The postnatal period is characterized initially by an 
18- to 24-month period of  rapid growth of  both surface 
area and volume of  lung tissue for gas exchange through 
continued subdivision of  the alveolar ducts to form alve-
olar sacs (i.e., the true alveoli). The current consensus is 
that alveolar number is largely completed by 6 months of  
age, although some development may continue through 
24 months.8 Of  note is that the vasculature grows to an 
even greater degree than the air spaces in this earlier of  
the postnatal phases. In the second of  the postnatal phases, 
there is more parallel growth in the alveoli and capillaries. 
From the 25 million alveoli present at birth, there is a  12-fold 
increase by 8 to 10 years, at which time the adult num-
ber of  approximately 300 million is achieved. Destructive 

 Growth and development of the lungs

A brief  review of  the major periods of  lung development is 
useful in discussing the interrelationship between lung and 
airway growth and specific childhood diseases. A description 
of  lung development also provides insight into some unique 
aspects of  the growth, particularly in number, of  pulmonary 
alveoli.

Four specific periods of  lung growth have been  confirmed 
and include the embryonic, pseudoglandular, canalicular, 
and saccular periods from post-conception weeks 0 to 6, 
6 to 16, 16 to 24, and 24 to 40(term),  respectively.6 Because 
 alveolar growth continues after birth, a 5th period, alveolar, 
is also noted. The earliest sign of  lung development occurs 
during the embryonic period, from 0 to 6 weeks’ gestation. 
Endodermal tissue of  the primitive foregut expands into 
an anterior lung pouch when the embryo is 4 mm long. 
During this period, in which there is a separation of  the 
trachea and esophagus, aberrations in development may 
lead to one of  several configurations of  tracheoesophageal 
 fistulae— abnormal communication between the two struc-
tures. (Fig. 20.1) Four days later, the future trachea differ-
entiates into right and left bronchial buds—the precursors 
of  each lung. Mesenchymal cellular tissue surrounding the 
developing bronchial buds will later differentiate to become 
muscle, connective tissue, and cartilage within the bronchial 
walls. Also developing from the mesenchyme is vascular tis-
sue that will soon connect the primitive pulmonary artery 
to the pulmonary veins. Noncellular tissue will provide the 
elastic and collagen fibers that support the lung structures.7 
Vascular development is congruent with bronchial buds and 
airway branching.8

The lung buds continue to grow and subdivide into 
smaller airways during the 5th to 16th week of  gestation, 
termed the pseudoglandular period because the lung tissue 
looks similar to glandular cells. During this period, many 
of  the early cells differentiate into specific types of  airway 
cells. Tall bronchial epithelium lines the primitive airways, 
and there is a burst of  growth between the 10th and 14th 
weeks. Mucus-secreting glands and supportive cartilage 

FIGURE 20.1 Tracheoesophageal fistula. (From Sadler TW. 
Langman’s Medical Embryology. 9th ed. Baltimore, MD: Lippincott 
Williams & Wilkins; 2002.)
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processes within the period of  alveolar multiplication 
may limit the potential for  achieving the adult number of  
 pulmonary alveoli.10

 Predisposition to respiratory failure

The following information is presented to describe more 
fully several mechanisms of  acute respiratory failure and its 
rapid development in children and infants. Although acute 
respiratory failure is not a disease, it is often the final com-
mon pathway for many diseases that affect the developing 
respiratory system.

Several structural and metabolic factors in the pediatric 
population, although entirely normal, predispose them to 
acute respiratory failure. Respiratory failure can be defined as 
a condition in which impairment of  gas exchange within the 
lungs poses an immediate threat to life. Downes and associ-
ates were among the first to state that clinical signs and arterial 
blood gas determinations should be used to monitor infants 
and children for the development of  acute respiratory failure.11 
The arterial blood gas levels compatible with respiratory fail-
ure are 75 mmHg of  carbon dioxide and 100 mmHg of  oxygen 
when the patient is receiving an inspired oxygen concentration 
of  100%. Respiratory failure exists when either of  these arte-
rial levels is reached in the presence of  any of  the following 
clinical signs—decreased or absent inspiratory breaths sounds, 
severe inspiratory retractions with accessory muscle use, cya-
nosis with inspiration of  40% oxygen, depressed consciousness 
and response to pain, and poor skeletal muscle tone.

The most important general factor predisposing infants 
and children to acute respiratory failure is their high inci-
dence of  respiratory tract infections. During the first several 
years of  life, when immunologic defenses are developing, the 
child is at risk for infections. This risk increases as the environ-
ment of  the toddler expands, particularly with early enroll-
ment in day care, preschool, and other similar exposures to 
various infectious agents transmitted by classmates, teachers, 
and other personnel. As the number of  children in day care 
programs has increased in recent decades, the concurrent in-
crease in the incidence of  respiratory infections has been pre-
dictable. Indeed, recent research has focused on the economic 
impact of  these infectious episodes and the economic benefits 
to developing and instituting infection control programs.12

Two major structural factors—airway size and poor 
 mechanical advantage for the respiratory muscles— 
contribute to respiratory failure in a young child. According 
to  calculations applied to the work of  Effmann, the diameter 
of  the tracheal lumen in children less than 1 year of  age is 
smaller than the diameter of  a lead pencil.13 A large percent-
age of  the young child’s peripheral bronchioles are smaller 
than 1 mm in diameter. A small amount of  mucus, broncho-
spasm, or edema can effectively not only occlude the periph-
eral airways but may also obstruct the larger, more proximal 
bronchi. With sufficient airway blockage, respiratory failure 
may quickly ensue.

Additional major structural issues that predispose  infants 
and children to respiratory failure involve several items 
that cumulatively cause poor mechanical advantage to the 
 respiratory bellows of  the child’s thorax:

 1. Type I fatigue-resistant muscle fibers are not present in 
adult proportions in the diaphragm or other ventilatory 
muscles of  the infant until 8 months of  age.14 This lack 
of  fatigue-resistant fibers allows the infant’s respiratory 
muscles to tire quickly, causing alveolar hypoventilation 
that may lead to respiratory failure.

 2. There is a greater work of  breathing cost that may reach 
10% of  basal metabolic rate when the preterm infant 
must use the diaphragm to distort its ribcage in times 
of  stressful breathing. Should the infant have lung dis-
ease as well, the increased metabolic demands of  the dia-
phragm may predispose preterm infants to fatigue and 
may contribute to respiratory failure.15

 3. Poor development of  the ability to cough either sponta-
neously or with direct laryngeal stimulation renders the 
infant’s airways susceptible to obstruction by mucus.16

 4. Horizontal alignment of  the infant’s rib cage and the 
round (rather than oval) configuration of  the chest provide 
poor mechanical advantage to the intercostal and acces-
sory muscles of  respiration. These muscles lift the ribs and 
sternum to increase thoracic diameter and lung volume.

 5. Increased chest wall compliance during infancy can 
result in sternal retractions associated with increased 
inspiratory effort during times of  illness. The rela-
tive lack of  stiffness in the infant thorax can simulate 
a flail chest. Intense inspiratory efforts may paradoxi-
cally decrease thoracic volume at a time when just the 
 opposite response is necessary, and ventilation is further 
compromised with the potential for hypoventilation. 
Developmental changes in the chest wall during the sec-
ond year of  life result in chest wall compliance similar to 
that of  adults.17

 6. The baby’s position may affect diaphragmatic excursion. 
The infant who is in a supine position works harder to 
ventilate because the abdominal viscera may impede the 
full descent of  the diaphragm.

A third important issue for the physical therapist is respi-
ratory metabolism. The high metabolic rate of  the child 
causes increased consumption of  oxygen, increased heat 
loss, and increased water loss secondary to a faster respira-
tory rate. The range of  normal respiratory rates for children 
is shown in Table 20.1.

In addition to having muscle fibers that are susceptible to 
early fatigue, as noted above, the young child or infant has 
a relatively poor muscle fuel supply. Glycogen supply in the 
muscle tissue is small in the infant, and is depleted quickly 
when muscular activity is increased, which occurs during 
 respiratory distress.18

The factors described above—general, structural, and met-
abolic factors—although developmentally and chronologically 
normal and appropriate, may combine to render the young 
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respiratory tract fragile and prone to failure during periods of  
stress, which are commonly seen in respiratory diseases.

 Physical therapy examination of 
children with respiratory disorders

Careful examination of  the infant or child with respiratory 
distress can offer useful information. The younger the pa-
tient, the more the therapist may need to rely on careful 
observation, because the infant or young child cannot par-
ticipate actively in a chest assessment. An age-appropriate 
description of  the activities that the therapist will be per-
forming should precede the actual physical examination. 
The following organization of  the examination is based 
upon the Guide to Physical Therapist Practice.19

History

A complete medical chart review should be the first aspects 
of  the physical therapy assessment of  a child. The review 
should provide information regarding the child’s medical 

history—the clinical course of  the child’s current  illness, 
 including signs and symptoms and their precipitating 
 factors; any previous treatment for the illness; and reasons 
for the referral for physical therapy. In addition to the infor-
mation in the chart, physicians and nurses can often provide 
invaluable and immediate information regarding the child’s 
current state. The chest radiographs and other forms of  
imaging are useful in identifying specific areas of  the lung 
or thorax that may be affected by the illness. A complete 
 radiographic interpretation is beyond the scope of  physical 
therapy practice.

Living Environment
Does the home or other discharge destination provide the 
space and resources needed for respiratory items such as 
oxygen, ventilator, and suction device?

General Health Status
Has the infant or child displayed a normal developmental 
history? Have motor milestones been reached at appropri-
ate times? Is there a history of  ongoing or recurrent medical 
problems?

Medical/Surgical History
Have there been recent hospitalizations, illnesses, or surgi-
cal interventions of  note? Does the patient or parent report 
comorbidities or past illnesses that may affect the current 
condition? Is there knowledge of  genetic diseases within the 
family?

Current Condition/Chief  Complaint
What is the recent concern leading to the request for physi-
cal therapy? Is this a recurrence of  a previous problem? Is the 
child receiving physical therapy, including airway clearance 
(AC), at home? What are the patient/family expectations for 
this episode of  care?

Functional Status/Activity Level
Has the child been functioning at an age-appropriate level? 
Chapter 3 presents numerous tests of  development.

Medications
What medications is the child taking, and is there any poten-
tial impact on the physical therapy regimen? (Aerosol medi-
cations such as bronchodilators, mucolytics, and hypertonic 
saline often precede AC.)

Other Clinical Tests
Review all laboratory values, including pulmonary function 
tests, arterial blood gas values, and pulse oximetry, all im-
aging information, exercise tests, and any other potentially 
informative studies.
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Review of Systems

The systems review is a brief  and gross examination, a 
“quick check,” used to gather additional information and to 
detect other health problems that should be considered in 
the diagnosis, prognosis, and plan of  care.

Cardiovascular/Pulmonary Systems
This brief  review of  the child should include blood pressure 
determination, measurement of  pulse and respiratory rate, 
and documentation of  any gross indications of  edema.

Integument
Are the color and integrity of  the skin normal? Are any old 
or new scars apparent? Are current wounds healing properly?

Musculoskeletal System
Measure and record the patient’s height and weight. 
Identify any obvious physical asymmetries. Assess gross 
muscle strength and range of  motion to the degree possi-
ble, depending upon the age of  the child and the ability to 
cooperate.

Neuromuscular System
Determine whether grossly coordinated and age- appropriate 
movement or movement patterns are seen.

Tests and Measures

Ventilation and Respiration/Gas Exchange
Of  all the tests and measures administered to the child with 
pulmonary disease, none is more important than those 
 assessing ventilation and respiration. Many signs and symp-
toms associated with ventilation and gas exchange have a 
direct bearing on the interventions that the therapist will 
choose. A traditional chest examination includes the four 
classic approaches of  inspection, auscultation, palpation, 
and mediate percussion.

The physical therapist has several objectives related to 
the chest examination:

•	 Identify the pulmonary problems and symptoms noted
•	 Assess coexisting signs of  pulmonary disease
•	 Determine the need for additional tests and measures 

such as exercise testing when appropriate
•	 Formulate a prognosis and a plan of  care
•	 Identify treatment goals.

Inspection
The inspection phase of  the chest examination documents 
clinical characteristics of  the presenting symptoms, which 
may indicate what other components of  the examination 
are necessary.

Inspection includes:

•	 Examining the child’s general appearance
•	 Inspecting the head and neck
•	 Observing the chest
•	 Considering the child’s breath, speech, cough, and sputum

GeneRal aPPeaRanCe First, the therapist should note the 
state of  consciousness of  the child and the level to which the 
child can cooperate with simple commands. Is the child’s 
body habitus normal, obese, or cachectic. Are there obvi-
ous postural issues such as kyphosis, scoliosis, and forward 
bent or unusual postures. Children who are dyspneic often 
assume a forward bent position.

During the extremity examination, the therapist notes 
digital clubbing, painful swollen joints, tremor, and edema. 
Clubbing of  the fingers or toes is associated with CF, as 
shown in Figure 20.2 A and B.20 Painful swollen joints may 
indicate pseudohypertrophic pulmonary osteoarthropa-
thy21 rather than the osteoarthritis or rheumatoid arthritis 
more familiar to physical therapists. Bilateral pedal edema 
may indicate cor pulmonale or right heart failure in those 
with long-standing CF and chronic lung  disease with 
hypoxemia.22

FIGURE 20.2 In clubbing, the angle between the nail plate and the proximal nail fold increases 
to 180 degrees or more. Clubbing of the fingers is seen in patients with cystic fibrosis and other 
respiratory and cardiovascular disease.
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>180°

Late clubbingBA
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The therapist also notes all equipment and monitor-
ing devices used in managing the patient and the impact 
of  those devices on planned interventions. (e.g., mechani-
cal ventilator, oxygen hood or mask, intravenous or arterial 
lines).

InsPeCtIon of the head and neCK The child’s face 
often shows signs of  respiratory distress and oxygen defi-
cit. Of  these signs, flaring of  the alae nasi and cyanosis of  
the mucous membranes are commonly seen in those with 
acute respiratory distress. Head bobbing that coincides with 
the respiratory cycle may be the result of  attempts to use 
the accessory muscles of  inspiration by an infant who has 
inadequate strength to stabilize the head and neck. Audible 
expiratory grunting is thought to be an effort by the infant 
and young child to maintain airway patency and prevent air-
way collapse during expiration. Grunting is most commonly 
heard during lower respiratory tract disorders.

eXamInatIon of the unmoVInG Chest In this portion 
of  the physical examination, the shape and symmetry of  the 
thorax are noted, as are any unusual characteristics of  the 
skin, including rashes, scars, and incisions. The thorax of  
the infant is more rounded in configuration than the adult 
thorax, and the ribs attach to the vertebrae almost at 90 de-
grees, which makes further elevation almost impossible.23 
The anteroposterior diameter of  the thorax in the infant is 
likely to be equal to its transverse diameter, whereas in the 
adult’s thorax, there is usually a much greater transverse 
diameter. Among the more common abnormalities of  the 
thorax are congenital defects, including pectus excavatum 
(or funnel chest) and pectus carinatum (or pigeon-breast); 
barrel-chest, usually associated with hyperinflation of  the 
lungs, in which the anterior-to-posterior measurement of  
the thorax is greater than the lateral measurement; and the 
several thoracic deformities associated with scoliosis. Muscle 
development of  the thorax should also be examined for sym-
metry and for the presence of  hypertrophy of  the accessory 
muscles of  inspiration, which suggests chronic dyspnea.

eXamInatIon of the moVInG Chest Respiratory rate is 
the first item assessed when examining the moving chest. 
Counting respirations should be done inconspicuously and 
is often done when counting the pulse rate. As previously 
noted, in Table 20.1, the younger the patient, the greater 
the normal resting respiratory rate. Tachypnea refers to an 
abnormally high respiratory rate and bradypnea refers to a 
low respiratory rate, while keeping in mind the normal vari-
ation in infant and childhood respiratory rates.

The pattern and regularity of  breathing should also be 
evaluated, particularly in neonates and in children with neu-
romuscular disorders. Short periods of  apnea are not partic-
ularly unusual and may be referred to as periodic breathing 
in neonates. True apnea exists when apneic periods exceed 
20 seconds. Apnea can be associated with respiratory dis-
tress, sepsis, and central nervous system (CNS) hemorrhage. 

In addition to the rate and regularity, the ratio of  inspira-
tion to expiration (I:E) should be determined. This I:E ratio 
is usually approximately 1:2. Infants and children with ob-
structive airway disease, such as asthma and bronchiolitis, 
may have a marked increase in expiratory time; as a result, 
their I:E ratio may become 1:4 or 1:5. Synchronous motion 
of  the abdomen and thorax should be observed. On inspira-
tion, both thoracic expansion and abdominal bulging should 
be noted. When this synchrony is lost, a “seesaw” motion of  
thoracic expansion with abdominal in-drawing occurs on in-
spiration, with the opposite movements being noted on ex-
piration. The presence of  chest wall retractions should be 
noted. Retractions, or in-drawing, may occur in supraster-
nal, substernal, subcostal, or intercostal areas. Retractions, 
seen more frequently in pediatric patients, occur as a result 
of  the compliant thorax of  the infant and young child and 
an increased respiratory effort. During respiratory distress, 
the muscles of  either inspiration or expiration, or both, 
place sufficient pull on the as yet largely cartilaginous thorax 
to cause an in-drawing in several areas. When retractions are 
severe, they may reduce effective inspiration.

Audible sounds during breathing can be heard and may 
be notable. Stridor, a crowing sound during inspiration, sug-
gests upper airway obstruction or possible laryngospasm. 
During expiration, one may also hear grunting sounds, 
particularly in infants with respiratory distress. Expiratory 
grunting may represent a physiological attempt to prevent 
premature airway collapse. Gurgling sounds heard during 
both ventilatory phases commonly indicate copious secre-
tions in the larger airways.

eValuatIon of CouGhInG and sneeZInG Infants proba-
bly use sneezing more than coughing as both a protective and 
a clearance mechanism for the airway. Older infants and chil-
dren must be able to cough effectively to clear secretions or 
other debris from their airway. It is important to determine 
the ability to cough in a child with neuromuscular disease. 
With neuromuscular disease and associated abdominal mus-
cle weakness the child may be at risk for secretion retention 
and aspiration of  feedings, which may require some mechan-
ical assistance for secretion removal, to be discussed later.

Auscultation
Auscultation—listening to the lungs with a stethoscope—is 
a useful method of  assessment. The stethoscope used for 
auscultation of  the infant and young child is a smaller ver-
sion of  that used for adults. The therapist should warm the 
stethoscope before using it, and, depending on the age of  
the child, the therapist may show how it is used by dem-
onstrating on a child’s doll or on a puppet. Because of  the 
proximity to the thoracic surface of  the child’s airways, as 
well as the thin chest wall in the young child and infant, 
sounds are easily transmitted, and anatomic specificity may 
be reduced. A particular sound, therefore, although heard 
in one area of  the thorax, may not correspond to the lung 
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segment directly below the area in which the sound is heard. 
As a result, auscultation, particularly in the neonate or pre-
mature neonate, may not be as precise as in the older child 
or adult. Nonetheless, the therapist should attempt to ascer-
tain the presence of  normal and abnormal breath sounds 
throughout the lung fields. The therapist should also try 
to identify adventitious sounds, such as wheezes, crackles, 
rubs, and crunches.

Wheezes are musical sounds thought to be produced by air-
flow through narrowed airways. They may be inspiratory 
or expiratory and may be monophonic or polyphonic. 
Expiratory wheezes are probably more common and rep-
resent airways obstruction from bronchospasm or secre-
tions.

Crackles (sometimes called rales) are non-musical sounds that 
may be heard during inspiration or expiration. They may 
represent previously deflated airways opening suddenly. 
Expiratory crackles often denote fluid in the larger air-
ways.

Rubs are coarse, grating leathery sounds that often indicate 
inflammatory tissues rubbing against one another.

Crunches are crackling sounds often heard over the mediasti-
num when air has leaked into that area.

The audible sounds of  stridor, and expiratory grunting were 
mentioned earlier. Because of  the ease of  transmission of  
sound through the infant’s thorax, the therapist should attempt 
to correlate auscultatory findings with roentgenographic 
changes and other physical findings during the evaluation and 
treatment planning portion of  the patient encounter.24

Palpation
Palpation of  the thorax in the infant or child can help to 
identify the following circumstances:

•	 Position of  the mediastinum via palpation of  the trachea
•	 Palpation for rhonchal fremitus (the feeling of  turbulent 

airflow around secretions) is also a useful means to local-
ize secretion in the larger airways.

•	 Palpation for local areas of  rib cage motion and the sym-
metry of  that motion as the chest expands is also useful in 
older children.

•	 The activity of  muscles of  inspiration can be determined 
via their direct palpation

Palpation can also be employed to help identify and localize 
areas of  chest pain in the child.

Mediate Percussion
This last of  the four skills in a traditional respiratory exami-
nation enables the therapist to identify areas of  abnormal 
lung density, and evaluate the extent of  diaphragmatic mo-
tion. The technique requires tapping the finger of  one hand 
against the nail of  a finger placed firmly in a rib interspace. 
The actual sound or percussion note can denote air-filled 
versus non–air-filled lung tissue. The more hollow/resonant 

the sound, the greater is the likelihood of  air-filled lung. 
The more dull or flat the sound, the more likely the lung is 
poorly aerated in that specific area.

In addition, percussion can also identify diaphragmatic 
motion. The percussion note changes from resonant (air-
filled) to dull (airless) at the base of  the lungs, where the 
diaphragm is located. The therapist percusses the rib inter-
spaces from lung apex to base. When dullness is encoun-
tered, the therapist has the patient exhale fully, causing the 
diaphragm to ascend. The therapist percusses to mark the 
highest level of  ascent. Next, the patient inspires completely, 
and percussion tracks the descending diaphragm until the 
limit of  descent is identified. Diaphragmatic excursion is the 
distance traveled between maximum ascent and maximum 
descent.

Aerobic Capacity and Endurance
Aerobic capacity and endurance are commonly defined by 
the term maximal oxygen uptake. This measurement is an 
indication of  (1) the ability of  the cardiovascular system to 
provide oxygen to working muscles and (2) the ability of  
those muscles to extract oxygen for energy generation. Such 
testing can provide much useful information about the pa-
tient such as the following:

•	 Identify the baseline ability
•	 Determine aerobic capacity during functional activities
•	 Predict the response to physiological demands during pe-

riods of  increased or stressful activity
•	 Recognize limitations in the face of  an increased 

workload.

Many modes of  testing are used that range from observa-
tion of  symptomatic responses during a standard exercise 
challenge to instrumented, technically sophisticated invasive 
aerobic testing in an exercise laboratory. Exercise testing in 
a laboratory typically involves progressive and incremental 
increases in exercise intensity while the patient is walking 
on a treadmill or riding a bicycle ergometer. Exercise testing 
sites should have the capacity for continuous electrocardio-
graphic monitoring, periodic heart rate and blood pressure 
measurement, cutaneous oximetry and arterial blood gas 
determination, and expired gas analysis; they should also 
have an oxygen source. In addition, a cardiac defibrillator, 
other emergency equipment and supplies, and proper per-
sonnel for their use must be immediately available in case 
of  cardiopulmonary emergency. Maximal and submaximal 
testing may be performed.

When a formal laboratory is not available or not prac-
tical, a 6- or 12-minute timed walking test,25,26 a shuttle 
walking test,27 or a step test28 are simple and well-studied 
alternatives to be discussed later in the chapter.

Anthropometric Characteristics
Assessment of  height and weight percentiles, body mass 
index, and peripheral edema are all important measures 
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of  anthropometric characteristics for children with pulmo-
nary disorders. Height and weight along with body mass 
index values are important in determining physical growth, 
stature, and nutrition in the child. Nutritional status has a 
significant impact on lung function and, hence, on exer-
cise capacity in children.29 Monitoring of  cor pulmonale—
congestive right heart failure—is an important reason for 
measuring edema in the child with chronic lung disease, 
particularly those with CF and severe asthma. Cor pulmo-
nale often results from long-standing arterial hypoxemia, 
hypercapnia, and respiratory acidosis, all of  which add to 
right ventricle afterload, leading to right ventricular hyper-
trophy.30 Right ventricular failure is associated peripheral 
edema, likely manifested as pedal and ankle edema. The 
physical therapist may use simple girth measurements, 
volumetric displacement, and figure-of-eight girth mea-
surements to monitor the early development of  periph-
eral edema and its progression.31 In addition, sudden gross 
weight gain may indicate a rapid onset of  cor pulmonale; 
therefore, periodic weight measurement is useful.

Arousal and Cognition
The child should be oriented to time and space and should 
be able to respond both to questions of  a cognitive nature 
and to varied environmental stimuli given the limitations of  
developmental age. The therapist should determine the gen-
eral state of  consciousness and ability to respond to ques-
tions and requests.

Assistive and Adaptive Devices
Assistive and adaptive devices such as crutches, walkers, 
wheelchairs, splints, raised toilet seats, environmental con-
trol systems, and the like are not inherent needs for most 
children who have acute or chronic pulmonary problems. 
Some pulmonary-related devices that children might use 
include nebulizers, supplemental oxygen by nasal cannula 
or mask, mechanical ventilator, tracheotomy tube, and in 
some cases a port for provision of  supplemental nutrition. 
A major exception to this pattern concerns children whose 
respiratory impairment is secondary to a musculoskeletal or 
neuromuscular disease for which such devices as walkers, 
wheelchairs, and others would be appropriate.

Environmental, Home, and Work  
( Job/School/Play) Barriers
Major environmental barriers of  importance for the child 
with pulmonary disease involve the physical demands of  at-
tending school and playing in various environments. In ad-
dition, the therapist should inquire about the presence or 
absence within the home or school environment of  dust, 
vapors, known or possible allergens or other inhalation haz-
ards. These can be evaluated through interviews of  the child 
and parent or caretaker regarding the home, school, and 
play environments.

Integumentary Integrity
The review of  systems above will have been useful to the 
clinician in identifying any existing or potential skin impair-
ments. Major findings are likely to involve pallor or cyanosis 
in individuals who are hypoxemic. Patients with CF are also 
likely to exhibit digital clubbing.20

Muscle Performance
Gross muscle performance should be documented in the 
review of  systems. However, because increasing evidence 
indicates that peripheral muscle dysfunction exists inde-
pendent of  ventilation limitations in persons with CF, the 
physical therapist must be particularly careful to document 
and follow strength measures. Studies indicate that chronic 
lung disease results in muscle weakness, placing voluntary 
maximal strength measures at about 80% of  similar persons 
without chronic lung disease. Mechanisms leading to this 
strength deficit have been identified as inactivity that leads 
to muscle deconditioning, malnutrition, and a myopathic 
process. Regardless of  their cause, it is clear that peripheral 
muscle strength deficits lead to exercise limitation and intol-
erance.32,33 More recently, a great deal of  attention has fo-
cused on physical rehabilitation of  patients in intensive care 
and the development of  intensive care unit–acquired weak-
ness.34,35 Although this recent work refers to adult care, it is 
likely that children suffer from similar deficits following long 
periods of  intensive care.

Muscle performance can be measured in many different 
ways, including manual muscle testing, dynamometry using 
handheld devices or more sophisticated technology-assisted 
systems, and functional muscle testing. Functional muscle 
testing often employs timed walking tests, a shuttle walking 
test, or a step test.20–24 Although these several approaches 
examine more than discrete muscle function, they offer 
a more practical examination of  muscle performance as it 
 occurs during a child’s daily activities.

Other Important Tests and Measures
Although this chapter deals with disorders of  the pul-
monary system, the therapist must consider all systems 
when assessing a child. A functional combination of  sev-
eral systems can be assessed by considering exertion and 
dyspnea.

eXeRtIon and dysPnea Perceived exertion is quantified 
commonly with the revised 10-point Borg scale and dys-
pnea is quantified by using various dyspnea scales. These 
 measures are described below. The Borg scale of  perceived 
exertion was originally designed as a scale with a range of  
scores from 6 to 20. The scale was later revised to a 10-point 
scale ranging from 0 to 10, with 0 equating to no exertion 
at all and 10 identifying very strong exertion. The  Borg 
scale correlates well with physiological measures of  maxi-
mal oxygen uptake and others. However, recent work has 
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questioned the strength of  validity for the Borg scales.36 
There is some indication that the Borg scale has validity in 
the pediatric and adolescent population, though perhaps not 
as robust a scale as in adults.37

Quantification of  dyspnea in children is a new endeavor 
with very little support in the literature. Prasad et al. 
 described a 15-count dyspnea test in which the child sim-
ply inhaled deeply and counted aloud to 15. The authors 
stated:

The 15-count score has been evaluated as an objective mea-
sure of  breathlessness. It is easy to explain and perform, and 
can be used by any child capable of  counting fluently to 
15 in any language. It is best used in conjunction with a sub-
jective score, and either the Borg scale or a visual analogue 
score is appropriate.38

A group of  visual dyspnea scales for children was published 
by McGrath et al. in 2005. The descriptive drawings dem-
onstrated and measured throat closing, chest tightness, 
and  effort in a group of  79 children, including those with 
asthma, CF and lung disease. The authors stated that the 
measures appeared to measure the three constructs built 
into the visual aids.39

Neuromotor development and sensory integration test-
ing is often necessary for a child who has experienced pe-
riodic or chronic episodes of  hypoxemia that often occur 
with pulmonary disorders. Inadequate oxygenation for a 
period of  time may cause minor or major CNS deficit, re-
sulting in a developmental delay. (Normal development and 
tests of  development are discussed in Chapters 2 and 3 of  
this text.)

Assessment of  pain—both its source and  perceived 
level—is an important part of  the examination. 
Identification of  painful areas of  the thorax is often accom-
plished via palpation and questioning the child or parent. 
If  a painful site is identified, it is appropriate for the clini-
cian to use some pain scale or pain diary to determine the 
patient’s level of  pain, its attributes, and its effect on daily 
activity, as well as methods of  reducing or modifying the 
painful stimulus. This issue of  an age and developmentally 
appropriate rating scale for pain in children has been ad-
dressed in the past two decades. The Faces Pain Scale, de-
veloped by Bieri, was an early and significant attempt to use 
a scale that was suitable for children but suffered from hav-
ing 7 faces on the scale and was difficult to correlate with 
the more commonly employed 5- or 10-point analogue pain 
scales.40 More recently, Hicks and colleagues revised the 
scale by Bieri in a manner that made it more easily compa-
rable with either a 5- or 10-point analogue pain scale. The 
revised Face Pain Scale was not significantly different from 
either of  the analogue scales previously noted.41 Figure 20.3 
shows the Faces Pain Scale.

Postural abnormalities can result from or can cause re-
spiratory disorders. Scoliosis with a primary curvature of  
greater than 60 degrees often results in thoracic restric-
tion and a decrease in lung volumes, as will severe pectus 

excavatum.42 Some chronic lung diseases, such as severe re-
curring asthma and CF, lead to hyperinflated, barreled chest 
with abducted and protracted scapulae. These possibilities 
must be considered in the assessment of  the child with pul-
monary disorders. Common orthopedic disorders, some 
of  which have respiratory complications, are discussed in 
Chapter 13.

Finally, an assessment of  the family’s knowledge and 
ability to participate in the child’s care is important when 
planning discharge from the hospital. Many pediatric pul-
monary disorders are chronic, and will require continuing 
and  effective care at home. The physical therapist is an 
important family educator and troubleshooter and must 
 participate in formal and informal teaching.

 Physical therapy for children with 
pulmonary disease and respiratory 
disorders

Physical therapy for the infant or child with pulmonary dis-
ease or respiratory disorder can be categorized into three 
general areas that often overlap:

 1. AC for removal of  secretions, either by traditional pos-
tural drainage with percussion and vibration (PDPV) or 
more contemporary techniques that will be discussed at 
some length.

 2. Breathing exercises and retraining.
 3. Physical reconditioning including aerobic exercise, 

strength training, and other types of  exercise for the 
thorax.

Of  course, the degree to which these three areas are used 
and the specific interventions employed will depend not 
only on the disease process, but also on the age and level 
of  ability and cooperation of  the child. Neonates and in-
fants will be treated almost exclusively with traditional AC 
procedures, including positioning to alter ventilation and 
perfusion. Simple breathing games and activities can be 
incorporated into the regimen as needed when the child 
becomes a toddler. As the child grows older, exercises for 
breathing retraining, physical reconditioning, and postural 
exercises become possible. Also, measures for AC that 
 depend on breathing control, such as autogenic drainage, 
active cycle of  breathing, and positive expiratory pressure 

FIGURE 20.3 The Wong-Baker FACES Pain Rating Scale.
(Reprinted with permission from Hockenberry MJ, Wilson D, 
Winklestein ML. Wong’s Essentials of Pediatric Nursing. 7th ed.  
St. Louis, MO: Mosby; 2005:1259.)
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devices become more applicable as the older child can 
 coordinate the necessary breathing maneuvers. The next 
section of  the chapter presents the more classic studies that 
helped to establish the efficacy of  the numerous types of  
intervention.

Airway Clearance

Removal of  secretions from the child’s airway is the main 
goal of  AC. Of  all types of  physical therapy treatment for 
patients with respiratory problems, AC in its many formats 
and approaches has been most extensively studied. Despite 
limited compelling evidence based upon controlled stud-
ies, AC is widely accepted and used universally. Perhaps the 
universal use of  AC suggests that “lack of  evidence does 
not mean lack of  effectiveness.” AC includes both tradi-
tional methods—positioning for gravity-assisted drainage 
of  the airways, manual techniques for loosening secretions, 
and removal of  secretions by coughing and suctioning 
of  the airway. AC has also come to include active cycle of  
 breathing techniques (ACBT), positive expiratory pressure 
(PEP) devices, oscillating PEP (Flutter® and Acapella®), 
 high-frequency chest wall oscillation (HFWCO), and intra-
pulmonary percussive ventilation (IPV). Each of  these tech-
niques will be described below.

Postural Drainage with Percussion and Vibration
PosItIonInG foR GRaVIty-assIsted dRaInaGe Using a 
working knowledge of  bronchopulmonary segment anat-
omy, the therapist can position the infant or child to drain 
areas of  the lung in which secretions are found during the 
chest examination. The positions place the segment or lobe 
of  lung to be drained uppermost, with the bronchus supply-
ing that lung area in as close to an inverted position as pos-
sible. In adults and older children, specific positioning for 
segmental drainage often involves the use of  treatment tables 
or tilting beds. In infants and young children, the therapist’s 
lap and shoulder serve as the “treatment table.” The infant or 
toddler can be held and comforted while in each of  the drain-
age positions (Fig 20.4A and B). When the child reaches 3 or 
4 years of  age, the transition may be made from lap to treat-
ment table, but many therapists and parents will continue to 
use the lap for children up to 4 or 5 years of  age. The older 
child or teen can use an exercise table or pillows for proper 
positioning.

One point of  caution must be raised regarding tipping 
infants into traditional head-down positions. In a series of  
well-designed studies over a period of  8 years, Button et al. 
clearly demonstrated that infants with CF had significant 
gastroesophageal reflux and resulting decreased long-term 
lung function associated with head-down positioning during 
PDPV.43,44 With this clear evidence, the use of  head-down 
positions for PDPV has become unpopular in CF centers 
around the world.

manual teChnIQues of PeRCussIon and VIBRatIons  
The manual techniques of  percussion and vibration are 
used to loosen or dislodge secretions from the bronchial 
wall, thus allowing easier removal when the child coughs, 
sneezes, or undergoes airway aspiration with a suction 
catheter. Although some obvious differences exist, the tech-
niques used are quite similar to those performed on adults. 
One of  the major differences is the amount of  force used for 
either percussion or vibration. Common sense should dic-
tate that minimal amounts of  force should be used on the 
thorax of  a premature infant who weighs 1 to 2 kg or less. 
Increased amounts of  percussion and vibration force can be 
safely applied as the infant grows and as the bones and mus-
cles of  the thorax become stronger.

As with adults, the percussion and vibration should be 
applied to the area of  thorax that corresponds to the lung 
and airways in which secretions are present. Another differ-
ence in the pediatric group is that a therapist’s percussing or 
vibrating hand often covers the entire thorax of  an infant or 
toddler. As a result, other implements have been suggested 
for percussion and vibration in the infant. Several items used 
for percussion are shown in Figure 20.5, and different hand 
configurations for percussion of  the infant are shown in 
Figures. 20.6 A–E. Contraindications for chest percussion in 
the neonate commonly include a significant drop in trans-
cutaneous (or arterial) oxygen level during percussion; rib 
fracture or other thoracic trauma; and hemoptysis.45 There 
are also various conditions in which percussion for a child 
should be used carefully: poor condition of  the infant’s skin; 
coagulopathy; osteoporosis or rickets; cardiac arrhythmias; 
apnea and bradycardia; increased irritability during treat-
ment; subcutaneous emphysema; and subependymal or 
intraventricular hemorrhage.46 Vibration, which may be 
used in addition to or in place of  percussion, is less vigor-
ous than percussion. There are few true contraindications 
to vibration with the exception of  hemoptysis and reduced 
oxygenation during treatment. Because vibration is usually 
done during the expiratory phase of  breathing, and because 
the infant with respiratory disease often has a rate of  40 or 
more breaths per minute, it is difficult to coordinate man-
ual vibration with the expiratory phase of  breathing. Some 
persons use various battery-powered vibrators that can be 
held against the infant’s thorax during expiration and then 
quickly removed during inspiration. The modifications and 
precautions for both percussion and vibration become fewer 
as the infant grows, and treatment begins to parallel more 
closely that used for an adult.

CouGhInG and suCtIonInG Infants and young chil-
dren will seldom cough on request. Toddlers and school-
aged children have the language skills to understand the 
request for coughing but will often choose not to cough. 
Imaginative means, including storytelling, coloring games, 
and nursery rhymes have been suggested to entice young 
children to cooperate.47 In addition, the author has found 



689

FIGURE 20.4 (A) Positions for gravity-assisted postural drainage in older children. (B) Positions for bronchial drainage 
for major segments of all lobes in infants and toddlers. Note that head-down positions may be contraindicated in children with 
gastroesophageal reflux. This procedure is most readily performed with the infant in your lap, with your hand on the chest over 
the area to be cupped or vibrated. (From Pillitteri A. Maternal and Child Nursing. 4th ed. Philadelphia, PA: Lippincott, Williams & 
Wilkins; 2003.)

A
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FIGURE 20.4 (continued)

that by prompting these young children either to laugh or 
cry (preferably the former), a useful and productive cough 
can often be elicited. External stimulation of  the trachea 
(“tracheal tickling”) using a circular or vibratory motion 
of  the fingers against the trachea as it courses behind the 
sternal notch may be another useful technique for remov-
ing loosened secretions (Fig. 20.7). However, given the 
relative small size and fragility of  the structures involved 
with this technique, great care must be employed to avoid 
injury. Coughing is particularly difficult for the child who 
has undergone thoracic surgery. Splinting the incision with 
the hands or with a doll or stuffed animal pressed close to 

FIGURE 20.5 Commercially available and adaptable devices for 
percussion. (Reproduced by permission from Irwin S, Tecklin JS. 
Cardiopulmonary Physical Therapy. St. Louis, MO: CV Mosby; 1985.)



  CHAPTER 20    PulmonaRy and ResPIRatoRy CondItIons In Infants and ChIldRen 691

A B

C D

E

FIGURE 20.6 (A) Fully cupped hand for percussion. (Reproduced by permission from Irwin S, Tecklin JS. 
Cardiopulmonary Physical Therapy. St. Louis, MO: CV Mosby; 1985.) (B) Four fingers cupped for percussion. 
(Reproduced by permission from Irwin S, Tecklin JS. Cardiopulmonary Physical Therapy. St. Louis: CV Mosby; 1985.) 
(C) Three fingers cupped for percussion with the middle finger “tented” (anterior view). (Reproduced by permission 
from Irwin S, Tecklin JS. Cardiopulmonary Physical Therapy. St. Louis, MO: CV Mosby; 1985.) (D) Three fingers cupped 
for percussion with the middle finger “tented” (posterior view). (Reproduced by permission from Irwin S, Tecklin JS. 
Cardiopulmonary Physical Therapy. St. Louis: CV Mosby; 1985.) (E) Thenar and hypothenar surfaces for percussion. 
(Reproduced by permission from Irwin S, Tecklin JS. Cardiopulmonary Physical Therapy. St. Louis: CV Mosby; 1985.)

the child’s chest promotes the development of  an effective 
cough (Fig. 20.8).

Airway aspiration by suctioning is often needed, particu-
larly in the neonate, to remove secretions. Suctioning must 
always be done carefully because it has significant risks, even 
when performed under the best circumstances. Despite the 
many protocols available, endotracheal suctioning is always 

a potential hazard, particularly in the pediatric and neonatal 
populations.48

Contemporary Approaches to AC
During the past two or three decades several new 
 approaches to AC were developed. The earlier of  the new 
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approaches included breathing maneuvers used to loosen 
and transport mucus as the common feature. In addition, 
the techniques were designed to eliminate the need for an 
individual other than the patient to perform necessary AC. 
These approaches were developed primarily for children and 
young adults with CF, although they are appropriate for all 
individuals with chronic lung disease that produces copious 
sputum. The 1990s saw the development of  several new 
AC techniques that employed various modes of  oscillation 
to  either the chest wall or the airway. These include oscilla-
tory PEP (Flutter® and Acapella®), intrapulmonary percus-
sive ventilation, and high-frequency chest wall oscillation 
(The Vest® and SmartVest®). Each of  these AC techniques 
will be discussed.

autoGenIC dRaInaGe This approach was introduced by 
Chevalier and described by Dab and Alexander:

 1. The child sits in an upright or sitting position.
 2. The child takes deep breaths at a “normal or relatively 

slow” rhythm.
 3. Secretions move upward as a result of  the breathing.
 4. When secretions reach the trachea, they are expelled 

with either a gentle cough or slightly forced expiration.

The authors recommend that slightly forced expiration 
be used because of  their belief  that the high transmural 

FIGURE 20.7 Placement of the finger for the tracheal “tickle” 
maneuver. (Reproduced by permission from Irwin S, Tecklin JS. 
Cardiopulmonary Physical Therapy. St. Louis, MO: CV Mosby; 
1985.)

A B

FIGURE 20.8 (A) Incisional splinting during coughing using a favorite stuffed toy. (B) Manual compression 
over the midsternum to facilitate expectoration of sputum. (Reproduced by permission from Irwin S, Tecklin JS. 
Cardiopulmonary Physical Therapy. St. Louis, MO: CV Mosby; 1985.)
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volume” has been clarified to mean taking a medium-
sized breath before initiating the huffing. The authors rec-
ommend that patients use FET while in gravity-assisted 
 positions, and further suggest that pauses for breathing 
control and periods of  relaxation are part of  the overall 
technique.48

Owing to continuing differences in interpretation of  
the FET, it was reconstituted by the Brompton group 
into series of  activities called ACBT. The ACBT employs 
a number of  individual skills, including controlled breath-
ing, FET, huff  coughing, and thoracic expansion exercises. 
As was the case for the FET, there have been no attempts 
at controlled research for the ACBT by the individuals 
who developed the technique but some data exist to sup-
port ACBT.44,45

PeP BReathInG PEP breathing was developed in 
Denmark in an attempt to maintain airway patency and 
employ channels of  collateral ventilation to provide air-
flow distal to accumulated secretions. Airflow in the distal 
portions of  the airway is presumed to dislodge and move 
secretions proximally toward larger airways. In addition, 
PEP provides expiratory resistance that appears to stabi-
lize smaller airways, thereby preventing their early col-
lapse during expiration and huff  coughing. PEP is thought 
to be effective in both reducing air-trapping and enhanc-
ing secretion removal. The original technique relied upon 
breathing through an anesthesia face mask but more re-
cent devices use mouthpieces.

When using PEP, the therapist attempts to have patients 
breathe with a level of  expiratory pressure of  approxi-
mately 15 cm H2O. Devices to provide PEP usually offer 
varied resistance and have some type of  indicator to iden-
tify when the 15 cm of  pressure has been achieved. The 
child attempts to maintain that level of  pressure through-
out the expiratory phase of  breathing for 10 to 15 breaths 
followed by ACBT with huff  coughing to clear the secre-
tions. Some recommend using PEP breathing while the 
child assumes each of  the several bronchial drainage po-
sitions.55 Figure 20.9 shows a commercially available PEP 
device. (Smith’s Medical, St.Paul MN).

flutteR® The Flutter is a small, handheld pipelike  device 
that produces an oscillating resistance during expiration. 
The oscillations are created by a small ball within the de-
vice that is moved out of  its seat during expiration but 
then rapidly moves back into its seat through the effects 
of  gravity. The ball is then moved out of  the seat again 
by the continuing force of  the expiratory airflow. This re-
peated movement of  the ball rapidly opens and occludes 
the orifice of  the device that results in the rapid oscilla-
tions or vibrations transmitted into the airway. These 
rapid oscillations are thought to loosen the secretions 
for ease of  removal. As with PEP breathing, airway col-
lapse is reduced by the PEP generated by the device. Use 

pressures that develop during coughing effectively cause 
airway collapse, thereby rendering the coughing effort 
ineffective.49,50

Current use of  autogenic drainage recommends tidal 
breathing at differing lung volumes rather than deep 
breathing. That is, the child will breathe at a normal vol-
ume but will begin this controlled breathing with most 
of  the resting lung volume previously expelled. After sev-
eral breaths at low lung volume, the child moves the tidal 
breathing to a midlung volume and then, following several 
additional breaths, to a higher lung volume. The move-
ment of  air through the smaller to the larger airways is 
thought to loosen secretions in the smaller more periph-
eral airways and move them proximally. The child should 
be taught to suppress active coughing until huff  coughing 
(controlled coughing with an open glottis) can clear the 
 secretions from the respiratory system. Although con-
trolled research is minimal, at least two studies have shown 
autogenic drainage to be effective and equivalent to other 
accepted AC techniques.46,51 In addition, evidence exists 
to support Autogenic Drainage (AD) as a well-accepted 
method of AC.52 The author has worked with many pa-
tients in whom this technique has been successful in clear-
ing the airways, particularly with copious thick secretions. 
A notion has circulated that autogenic drainage is a difficult 
technique to teach and learn. I believe that this is a highly 
overstated and essentially incorrect idea. Autogenic drain-
age is most commonly used for patients who are highly 
 motivated and old enough to control their breathing well.

foRCed eXPIRatoRy teChnIQue The forced expiratory 
technique (FET) was developed in New Zealand, but was 
popularized in the late 1970s and into the 1980s by Pryor, 
Webber, Hodson, and Batten, all from Brompton Hospital 
in London.53 As with autogenic drainage, the primary ben-
efit derived from FET is that it can be performed without 
an assistant. Because the Brompton group has expressed 
great concern about what they believed to be misinterpre-
tations of  their original description, their description of  
FET is provided here in a direct quotation from the original 
article.

The forced expiratory technique (FET) consists of  one or 
two huffs (forced expirations), from mid-lung volume to low 
lung volume, followed by a period of  relaxed, controlled 
diaphragmatic breathing. Bronchial secretions mobilized to 
the upper airways are then expectorated and the process is 
repeated until minimal bronchial clearance is obtained. The 
patient can reinforce the forced expiration by self  compres-
sion of  the chest wall using a brisk adduction movement of  
the upper arm.54

In a subsequent article that attempts to clarify the  various 
components of  FET, the authors place particular empha-
sis on huffing to low lung volumes in an effort to clear 
 peripheral secretions. In addition, the phrase “from midlung 
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of  the Flutter is followed by attempts to clear secretions 
by ACBT or huff  coughing. Figure 20.10 A–E shows the 
Flutter device (Vario Raw SA; distributed by Scandipharm, 
Inc., Birmingham, AL). Research has shown Flutter to be an 
 effective AC  treatment when compared with PDPV for hos-
pitalized patients with CF.56

aCaPella® This is another small handheld device capable 
of  providing both PEP and oral oscillation. Unlike Flutter, 
Acapella generates oscillation by using a special valve. 
A benefit of  the Acapella is that it is capable of  providing 

 oscillation in any position, thereby being less technique- 
dependent than the Flutter. There are two versions of  the 
device. I recommend the Acapella Choice®  because that 
model can be disassembled for more complete disinfec-
tion and cleaning. Figure 20.11 shows the Acapella Choice 
(Smith Medical, St. Paul, MN).

hIGh-fReQuenCy Chest Wall osCIllatIon (hfCWo) 
 HFCWO is a newer means of  AC that employs an air pulse 
generator and a garment—a vest—that has inflatable blad-
ders attached to the compressor by large, flexible tubing. 
The air pulse generator provides pulses at varying frequen-
cies (5 to 20 Hertz) and at varying pressures into the inflat-
able bladders. The air pulses entering the bladder produce 
oscillations that are transmitted to the chest wall. King’s 
work on dogs suggested that the bursts of  air produced 
a shearing force on secretions within the airways and ac-
tually increased airflow into and out of  the airways.57 At 
least one researcher has referred to this air movement as 
a “staccato cough.”58 These rapidly recurring bursts of  air, 
or staccato coughs, provide a shear force that cleaves the 
 secretions from the walls of  the airways. In addition to 
the shear forces, the air bursts reduce the viscosity of  the 
 secretions59 and move the secretions upward where they 
can be coughed or suctioned out.60 All lobes of  the lungs 
are treated at the same time and the patient may sit up-
right throughout the entire treatment without having to 
assume the 10 to 12 different positions required for PDPV. 
Figure  20.12 is the MedPulse Smart Vest® (Electromed-
USA, New Prague, MN).

Breathing Exercises and Retraining

Because many of  the commonly used breathing exercises 
require voluntary participation by the child, the classic 
methods for teaching improved diaphragmatic descent, in-
creased thoracic expansion, and pursed-lip breathing may 
not be useful in the infant or young child. Some therapists 
employ neurophysiologic techniques, such as applying a 
quick stretch to the thorax to facilitate contraction of  the 
diaphragm and intercostal muscles, to increase inspiration 
for the baby or young child.

The toddler can participate in games that require deep 
breathing and control of  breathing. Asking the child 
to breathe in time to music or to the beat of  a metro-
nome can present the skill of  paced breathing. Blowing 
bubbles from a bubble wand or blowing a pinwheel will 
help emphasize increased control and prolonged expira-
tion, which may be useful for the child with obstructive 
disease. Numerous types of  incentive spirometers are also 
useful for enhancing deep inspiration after either medical 
or surgical diseases. Incentive spirometry has been stud-
ied extensively and is generally considered to be a useful 
adjunct to postoperative pulmonary care and a means of  
strengthening respiratory muscles. Improving ventilation 

A

B

FIGURE 20.9 (A) An example of a positive expiratory pressure 
device (TheraPEP, DHD Healthcare, Canastota, NY). (B) TheraPEP 
device in use (compliments of A. Tecklin).
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to the lower lobes by using diaphragmatic breathing and 
lateral costal expansion may help reduce postoperative pul-
monary complications, but as with other breathing tech-
niques, evidence for efficacy is lacking in both adult and 
pediatric care.

Participation in and cooperation with breathing exercises 
usually improves as the child grows older. When appropri-
ate, the therapist may use manual contact to teach diaphrag-
matic breathing, lateral costal expansion, and segmental 
expansion. Depending on the findings from the assessment 

of  the moving chest, the therapist will choose one or more 
of  these types of  breathing exercises. The older child with 
severe, perennial asthma and the child or adolescent with 
advanced CF will often exhibit many of  the same character-
istics as adults with chronic obstructive pulmonary disease 
(COPD). Paced diaphragmatic breathing may be very use-
ful for these children and young adults. Reduced  energy 
expenditure of  breathing is often considered a benefit of  
diaphragmatic breathing. Because exercise intolerance 
 becomes a problem for children with asthma and CF, paced 

A

B

C

D

E

FIGURE 20.10 (A) Flutter device (VarioRaw SA, distributed by Scandipharm, Inc., Birmingham, AL). (B) Flutter 
device in use (compliments of A. Tecklin). (C) Cross section of Flutter device. (D) Cross section of Flutter device with 
 representation of oscillating ball. (E) Flutter device with oscillating ball.
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diaphragmatic breathing may improve the child’s ability 
to walk, climb stairs, and perform other vigorous physical 
 activities. Pursed-lip breathing may also be useful for breath 
control in the child with chronic lung disease. Relaxation 
exercise for the child with asthma is often suggested as a 
means of  reducing breathlessness. Although there is little 
or no scientific evidence of  any change in the pulmonary 

function of  these children with relaxation exercise, there 
is strong anecdotal evidence of  a reduction in the anxiety 
 associated with dyspnea.

Physical Development

Activities to improve physical function in the infant or child 
with a pulmonary disorder may begin in the neonatal nurs-
ery. When physiological conditions permit, physical ther-
apy interventions should be done with the infant removed 
from the isolette or warming bed. The handling and tactile 
stimulation provided by the AC session may be helpful ad-
juncts to the sensorimotor development of  the infant, who 
may spend great amounts of  time in a supine position. Of  
course, this type of  movement is not always possible, partic-
ularly for the critically ill baby. As the pulmonary condition 
improves, the infant should begin to receive, in addition to 
respiratory physical therapy, appropriate intervention to as-
sess and, if  necessary, to treat delays in motor development. 
Chapter 4, devoted to the high-risk infant, describes an ap-
proach to this type of  child.

Physical Training
Children with asthma and CF and those with respiratory 
disease secondary to neuromuscular or musculoskeletal 
problems represent two distinct groups for whom physical 
training is important. A case example of  each group fol-
lows in this chapter. Programs of  physical training usually 
include exercises to improve strength and range of  motion 
(ROM), posture, and cardiovascular endurance.

Strength training is helpful in both groups of  children. 
Children with severe asthma and moderately advanced CF 
are often limited in strength owing to inactivity and chronic 
or periodic hypoxemia. In addition, evidence in the past de-
cade has shown that children with CF have weakness in their 
peripheral muscles associated with diminished maximal 
workload, even without diminished pulmonary or nutri-
tional status.32 Darbee and Cerny advocated a strengthening 
program involving isotonic resistive exercise performed at a 
high number of  repetitions rather than high levels of  resis-
tance. They also recommended that exercise should stress the 
shoulder girdle and thoracic musculature as a means of  facili-
tating the respiratory pump.61 Orenstein et al. demonstrated 
increased upper-body strength and physical work capacity 
over a one-year training program for children with CF.62

Decreased ROM is more commonly a problem for 
those with neuromuscular/musculoskeletal problems than 
for those with asthma and CF. Nonetheless, children with 
asthma and CF have been found to have reduced thoracic 
motion associated with chronic hyperinflation, and may be 
at risk for both loss of  shoulder motion and development 
of  kyphoscoliosis. Exercises for deep breathing, thoracic ex-
pansion, segmental expansion, and upper extremity function 
can help either prevent loss of  motion or regain motion that 
has been lost.

A

B 
FIGURE 20.11 (A) Acapella Choice airway clearance device. 
(B) Acapella Choice disassembled for cleaning (Smith’s Medical, 
Watford, UK).

FIGURE 20.12 The MedPulse SmartVest Airway Clearance 
System (Electromed, New Prague, MN).
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Just as other skeletal muscles respond to training for 
both endurance and strength, the muscles of  inspiration 
and expiration will respond similarly. Studies of  children 
with chronic lung disease and groups with specific respira-
tory muscle weakness have shown that significant improve-
ment in respiratory muscle function accompanies breathing 
activities aimed at either endurance or strength, or both. 
Inspiratory muscle endurance training and strengthening 
have resulted in improvement in numerous physiologic 
indices and have also shown functional and psychosocial 
benefits.63,64 Expiratory muscle strengthening may benefit 
exercise tolerance and surely should enhance the force of  
expiratory maneuvers, including coughing.65 These exer-
cises are described later in this chapter.

The child with chronic lung disease will benefit from a 
program of  cardiovascular training or conditioning. Because 
running precipitates exercise-induced bronchospasm in 
children with asthma, this group of  young patients seems 
to respond much better to swimming programs.66 Children 
and young adults with CF participate throughout the United 
States in organized walking or jogging groups. The popu-
larity of  these groups can be traced to Orenstein and col-
leagues, who first popularized jogging for children with CF 
and who then studied the benefits for those children.67

Regardless of  the specific exercise or physical recondi-
tioning program, and regardless of  the pediatric pulmonary 
problem, there is a major role for the physical therapist in 
treating children with lung disease.

The next section of  this chapter describes four common 
disorders of  the respiratory tract in children and their physi-
cal therapy evaluation and treatment.

 Atelectasis

Atelectasis, or incomplete expansion of  a lung or a portion 
thereof, was first described by Laennec in 1819.68 Primary 
atelectasis occurs in the neonate as a result of  pulmonary 
immaturity, and at any age as a result of  inadequate respira-
tory effort. Secondary atelectasis occurs when gas in a lung 
segment is reabsorbed without subsequent refilling of  that 
segment. Common causes of  secondary atelectasis in chil-
dren include external compression of  lung tissue, obstruc-
tion of  the bronchial or bronchiolar lumen, and respiratory 
compromise secondary to musculoskeletal or neuromuscu-
lar disorders.69

Primary atelectasis in small areas of  the newborn lung 
is a common finding during the first few days of  life. The 
sick neonate with poor respiratory effort and generalized 
weakness may not fully expand all areas of  the lung for 
several weeks. Major areas of  secondary atelectasis may be 
the result of  abnormal thoracic content such as an enlarged 
heart or great vessels, congenital or acquired lung cysts, dia-
phragmatic hernia, and congenital lobar emphysema, each 
of  which compresses lung tissue or the airways. Atelectasis 
seen by the physical therapist is caused frequently by airway 

obstruction secondary to accumulation of  mucus or other 
debris, including meconium, amniotic content, foreign 
 bodies, and aspirated gastrointestinal contents. Various AC 
techniques as part of  pre-operative preparation followed by 
early post-operative mobility when possible can be an effec-
tive approach when treating atelectasis following surgery.70

Medical Information

Signs and symptoms of  atelectasis depend on the degree of  
involvement of  the lungs. Small areas may be asymptomatic, 
but common findings in larger areas of  atelectasis include 
decreased chest wall excursion of  the affected hemithorax, 
tachypnea, inspiratory retractions, and cyanosis if  the atelec-
tasis is large. The trachea, which can be palpated, will deviate 
toward the involved lung because of  volume loss, and a dull 
percussion note, which indicates an airless lung, will be pres-
ent. By auscultation, breath sounds will be reduced or absent. 
The radiograph will often demonstrate a sharply demarcated 
area of  consolidation, although patchy areas of  atelectasis 
are not uncommon in acute respiratory tract infection.

Medical management of  obstructive atelectasis is di-
rected toward removal of  the obstructing material or condi-
tion. When atelectasis is associated with an acute infection, 
therapy to treat the infection will often eradicate the atel-
ectasis. Good hydration may decrease the viscosity of  the 
mucus, thereby aiding in its removal. A bronchodilator may 
widen the bronchus, thus allowing air past the obstruction 
to enhance AC techniques, including PDPV, PEP, various 
forms of  oscillation—internal and chest wall and autogenic 
drainage. Finally, early patient mobilization while in bed is 
an important consideration.66

When an obstruction is caused by a neoplasm or other 
structure that occludes the airway or exerts pressure over 
the lung parenchyma, surgical removal of  the item may be 
indicated. Endobronchial aspiration using a suction cath-
eter may help remove airway debris, and repositioning of  a 
poorly placed endotracheal tube may correct atelectasis. If  
none of  these more conservative measures is successful, par-
ticularly in an acute scenario, bronchoscopy, using either a 
rigid or a flexible bronchoscope with administration of  gen-
eral or local anesthesia, is indicated to remove the intralumi-
nal mucus or debris.63

Prognosis is usually good if  the underlying disease pro-
cess is not life-threatening and if  the duration of  the atel-
ectasis has not been prolonged. Permanent damage to the 
bronchial architecture and lung parenchyma can occur with 
delayed or incomplete resolution of  atelectasis and related 
postoperative pulmonary complication.

Physical Therapy Examination

A thorough review of  the patient’s chart is necessary to 
fully understand the pathophysiology of  the condition and 
to identify the type and etiology of  atelectasis (primary or 
secondary). The treatment for each type will include similar 
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efforts to increase respiratory effort, but only secondary 
 atelectasis requires AC.

Review of  the radiographic findings will identify the loca-
tion of  the atelectasis. The therapist should use the roent-
genogram as a clinical tool when treating a patient with 
atelectasis. Lateral and posteroanterior exposures provide 
a three-dimensional view of  the lung fields to more accu-
rately locate the area of  atelectasis. Figure 20.13 A show two 
 radiographs with different types of  atelectasis. The patient’s 
chest configuration and breathing pattern should be noted. 
A large atelectasis narrows the rib interspaces and decreases 
excursion of  the involved hemithorax. The muscular pat-
tern of  respiration should be noted—diaphragmatic versus 
 accessory—and the patient’s respiratory rate should be de-
termined. Palpation may indicate a shift of  the trachea to-
ward the atelectasis owing to volume loss in the involved 
lung as noted in Figure 20.13 A. The airless lung area has a 
dull percussion note that helps the therapist locate the atel-
ectasis. Auscultatory findings will vary. The most frequent 
change is a diminution of  breath sounds in the involved area. 
Complete obstruction of  a large or main bronchus associ-
ated with the atelectasis may result in complete absence of  
breath sounds. With patchy or incomplete atelectasis, crack-
les may be heard for the first of  several deep breaths; how-
ever, with subsequent deep breaths, the alveoli may open 
and the crackles may decrease.

Other considerations in evaluating the child include the 
following:

 1. mobility—has the child been at bedrest for a long period 
of  time?

 2. pain—can the child take a deep breath and cough despite 
the level of  pain?

 3. cough—can the child cough, or is there insufficient 
strength or neurologic competence for an effective 
cough?

Physical Therapy Procedural Interventions

Several studies support physical therapy interventions 
for the prevention of  postoperative atelectasis in adult and 
 pediatric surgical patients. Therapeutic methods used in 
these studies included bronchial drainage, percussion, vibra-
tion, deep breathing71–73 maximal inspiratory efforts,74 and 
electrical stimulation of  the thorax with direct current.75 
The success of  each treatment regimen was unequivocal.

Finer and associates found a significant decrease in the 
incidence of  postextubation atelectasis in infants who were 
treated with bronchial drainage, vibration, and oral suction-
ing when compared with a similar control group treated 
only with bronchial drainage.76 A more recent Cochrane 
Review by Flenady and Gray found that AC techniques re-
duced postextubation atelectasis in a small group of  infants 
who were being extubated.77 A methodologically sound 
study by Wong compared traditional chest physical therapy 
techniques with a lung-squeezing approach. There was 
clear evidence of  decreased non-resolution of  atelectasis 
following lung-squeezing than with traditional treatment.78 
Atelectasis after extubation occurs commonly in infants, 
and is presumably caused by excessive bronchial secretions. 
These studies have not evaluated the treatment of  atelecta-
sis; however, they have evaluated its prevention, which is the 
best treatment.

Postoperative atelectasis is often a combination of  primary 
and secondary atelectasis. Secretions are more abundant 
owing to irritation of  the airway by the anesthetic gases and 
tube manipulations. With incisional pain, and with the gen-
eralized weakness that accompanies thoracic or abdominal 
surgery, the child has a less effective cough and the volume 
of  inspirations is decreased. Deep breathing to achieve maxi-
mal inspiration will often be sufficient to resolve small areas 
of  atelectasis. These efforts should be initiated early in the 
postoperative period—in the recovery room if  possible—to 

A B

FIGURE 20.13 (A) The chest film shows tracheal deviation and mediastinal shift, and compres-
sion atelectasis of the right lung due to hyperinflation of the left lung, which compresses the lung on 
the right side. (B) Sublobar atelectasis. Asthmatic child with acute asthma attack. Note area of apparent 
consolidation in the right paratracheal region (arrows). This represents collapse of one portion of the 
right upper lobe.
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prevent atelectasis. Coaching the child to breathe deeply, 
splinting the incision to reduce pain, and using propriocep-
tive techniques to facilitate the inspiratory musculature can 
help the child increase the depth of  respiration. Positioning 
the patient to drain the major lung fields and percussion/
vibration followed by attempts to cough will aid in the pre-
vention of  pulmonary complications. Incentive spirometers, 
used as a breathing game, will stimulate deeper inhalations. 
Percussion and coughing become critical components of  the 
treatment if  the patient develops atelectasis despite preven-
tive measures. Aggressive percussion of  the chest over the 
atelectasis and splinted coughing will work to mechanically 
dislodge and clear the obstructing mucus. Should percussion 
prove too aggressive and result in increased pain, vibration 
of  the chest is a good alternative intervention.79 Endotracheal 
suctioning to remove accumulated mucus and to further 
stimulate coughing is often employed for postoperative at-
electasis. Early mobilization of  the patient after surgery and 
the resultant need for increased ventilation may help mobi-
lize secretions by causing the patient to breathe deeply.

Children with medical chest conditions develop atelecta-
sis as a result of  retained secretions, and one of  the many 
types of  AC may be employed. These children without in-
cisional pain can often tolerate liberal and more aggressive 
use of  manual techniques. Bronchial drainage with local-
ized percussion will often dislodge the obstructing secre-
tions, and coughing will clear the airway. Other techniques 
such as ACBT, PEP, intra-airway oscillation and HFCWO 
are also likely to be effective in loosening the obstructing 
debris. Many physicians also suggest nebulized mucolytics 
and bronchodilators as well as bland aerosols to thin and 
moisten the secretions and to deliver a bronchodilator. The 
rationale for these procedures of  inhalation is that thinned, 
moist secretions will drain more easily from a bronchus that 
is maximally dilated. Primary atelectasis caused by respira-
tory muscle weakness can be resolved by deep breathing and 
strengthening of  the respiratory muscles and change in posi-
tion to afford better aeration to the poorly ventilated lung 
areas.

 Respiratory muscle weakness

Respiratory muscle weakness in children, as in adults, may 
result from any disorder affecting any link in the chain of  
neuromuscular events that produce contraction of  the re-
spiratory muscles. Weakness or paresis of  the respiratory 
muscles may be either mild and transient or severe and ir-
reversible. The underlying pathologic process is the primary 
determinant of  the duration and severity of  the weakness. 
The physical therapist should develop a therapeutic regi-
men to treat the muscle weakness and to prevent or treat 
the resultant pulmonary symptoms within the limitations 
imposed by the disorder.

In the past two decades, a growing population of  
 community-living ventilator-dependent children has arisen as 

a result of  improved technology and care for chronic ventila-
tory failure.80 A major improvement in the ability of  families 
and caregivers to maintain these children at home has been 
due to the acceptance and relative ease of  care through non-
invasive ventilation and improved secretion control.81,82 Many 
of  these children require physical therapy for deficits and im-
pairments associated with respiratory pump failure and for 
the delay in motor skill development caused by reliance on 
the mechanical ventilator be it invasive or non-invasive venti-
lation provided in a hospital, residential facility, or home.

Medical Information

Diffuse pathology of  the CNS (e.g., viral encephalitis or bar-
biturate intoxication) may lead to respiratory failure by par-
alyzing portions of  the respiratory muscle pump. Abnormal 
neural control mechanisms and reflexes may ablate or re-
duce the physiologic response to chemical and mechanical 
stimuli. These stimuli may occur within the lungs, the brain 
stem, the blood, and cerebrospinal fluid (CSF). Examples 
of  childhood disorders that result in a reduced response to 
respiratory stimuli are familial dysautonomia, sleep apnea, 
and obesity-hypoventilation syndrome. Focal lesions may 
affect many nervous system sites such as the medullary 
centers that generate the inspiratory drive and may cause 
marked changes in ventilatory patterns.

Spinal cord lesions in the high cervical region may result 
in total ventilatory paralysis. Because the phrenic nerve, 
which innervates the diaphragm, leaves the spinal cord at 
the C3 to C5 level, a lesion at or above that level will likely 
affect many muscles of  respiration. Injury to the high- 
thoracic or low-cervical cord often results in decreased lung 
volume and reduced chest wall compliance due to impair-
ment of  thoracic musculature. Coughing, which is critically 
important for removing debris from the airways, will be in-
adequate if  the abdominal muscles are paralyzed. These fac-
tors may cause respiratory insufficiency that may progress 
to respiratory failure, which may be an early sign of  neu-
romuscular disease.83 Acute respiratory care and long-term 
rehabilitation are essential components of  a treatment plan 
for the child with a spinal cord lesion or injury.

Diseases of  the neuromuscular system are not 
 uncommon in children, as was discussed in Chapter 9. 
Respiratory deficits can result from acute inflammatory 
polyneuritis (Guillain-Barré syndrome). Because recovery 
from Guillain-Barré syndrome is often complete, the respi-
ratory  weakness must be treated aggressively, and rehabili-
tation should  include acute and long-term measures. The 
 progressive loss  of  anterior horn cells seen in the spinal 
muscular atrophies may reduce respiratory muscle function, 
 leading to paralysis and death secondary to respiratory fail-
ure. Degenerative diseases of  the muscle (e.g., Duchenne 
 myopathy) are characterized by progressive deterioration 
of  pulmonary function later in the course of  the disease. 
Adequate arterial oxygen and carbon dioxide values are 
maintained only through active efforts. Death is often the 
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direct result of  respiratory failure, which often follows the 
development of  pneumonia. When these syndromes are 
fatal, it is usually attributable to respiratory failure.

The thoracic cage normally provides for adequate func-
tion of  the respiratory musculature. Abnormalities of  the 
thorax, such as idiopathic scoliosis, scoliosis secondary to 
neuromuscular disease, and other specific congenital abnor-
malities, may result in a loss of  mechanical advantage of  the 
respiratory muscles. In addition to specific abnormalities, 
chest wall compliance in individuals with chronic neuro-
muscular disease appears to decrease through the lifespan, 
which results in increased work of  breathing.84

The examples just mentioned can cause respiratory 
muscle weakness or mechanical disadvantage, which may 
also lead to the requirement for long-term management by 
mechanical ventilation, as noted above. Mallory and Stilwell 
identify the physical therapist as a member of  the typical 
team of  caregivers for these technology-dependent chil-
dren. In addition, of  the seven rehabilitation goals they have 
identified for the ventilator-dependent child, six are directly 
related to physical therapy knowledge, skills, and scope of  
practice. These seven goals follow:

 1. Increase in muscle strength
 2. Increase in attention and cognition
 3. Decrease in spasticity

 4. Increase in chest wall movement
 5. Accessory muscle breathing while upright
 6. Diaphragmatic breathing
 7. Assisted cough

All goals, with the possible exception of  the second one, are 
direct benefits derived from physical therapy.85

Physical Therapy Examination

The physical therapy examination for a child with respi-
ratory muscle weakness should follow the recommended 
sequence presented earlier.23 Specific attention should be 
paid to breathing pattern, respiratory muscle strength, 
chest and shoulder mobility, and AC (see Case Study, H. E., 
and Table 14.2).

Determining breathing pattern is a major part of  the 
examination. Minute ventilation—the product of  the respi-
ratory rate and the tidal volume—determines the arterial 
PaCO2. The respiratory rate can be counted for 30 seconds 
or 1 minute, remembering that the child’s normal respira-
tory rate at rest varies with age (a younger child will have 
a higher rate). Table 20.1 presents respiratory rates in chil-
dren. Tidal volume can be easily measured with a mechani-
cal or electronic handheld spirometer used at the bedside. 
Figure 20.14 shows a teenager using a handheld spirometer. 

Table 1: General Exercise and Training Recommendations

Patients with mild to moderate CF lung disease Patients with severe CF lung disease
Recommended activities Cycling, walking, hiking, aerobics, running, rowing, 

tennis, swimming, strength training, climbing, 
roller-skating, (trampolining)

Ergometric cycling, walking, strengthening exercise, 
gymnastics, and day-to-day activities

Method Intermittent and steady-state Intermittent
Frequency 3–5 times per week 5 times per week
Duration 30–45 minutes 20–30 minutes
Intensity 70%–85% HRmax; 60%–80% peak VO2; LT; GET 60%–80% HRmax; 50%–70% peak VO2; LT; GET
Oxygen supplementation Indicated, if SaO2 drops below 90% during exercise Indicated, if SaO2 drops below 90% during exercise 

(cave: resting hypoxia)
Activities to avoid Bungee-jumping, high diving, and scuba diving Bungee-jumping, high diving, scuba diving, and 

hiking in high altitude

Potential risks associated  
with exercise, and training

Dehydration
Hypoxemia

Bronchoconstriction
Pneumothorax

Hypoglycaemia*
Hemoptysis

Oesophageal bleedings
Cardiac arrhythmias

Rupture of liver and spleen
Spontaneous fractures**

hrmax: maximum heart rate; peak Vo2: peak oxygen consumption; lt; lactate threshold; get: gas exchange threshold; SaO2: oxygen saturation.

*Depending on the existence of an impaired glucose tolerance.
**Depending on the existence of untreated CF-related bone disease.

From Williams ca, Benden c, Stevens d, et al. exercise training in children and adolescents with cystic fibrosis: theory into practice. Int J Pediatr. 2010;2010:670640.

Recommendations for Varied types of exercise in Cystic fibrosis

taBle

20.2
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As with respiratory rate, tidal volume varies depending on 
the child’s height. A taller child has a larger predicted tidal 
volume. The pattern and symmetry of  muscular effort 
should be identified. Is the child using primarily the dia-
phragm, intercostal muscles, accessory muscles, or glosso-
pharyngeal muscles? Is the muscular pattern similar for each 
hemithorax?

The therapist has several methods available for evaluat-
ing respiratory muscle strength. The measurement of  maxi-
mal static inspiratory and expiratory pressures is simple and 
inexpensive, but requires the child’s full cooperation. These 
pressures can be measured with appropriate pressure ma-
nometers, and measurements can be repeated as often as 
necessary. Reference values for maximal static  respiratory 
pressures in children and adolescents were established by 
Domenech-Clar et al. In their conclusion, they state that 
both maximum inspiratory and expiratory pressures in-
crease with age and are consistently higher in males.86 
Infants have also been studied. Airway pressures during 
crying have been an index of  respiratory muscle function 
in infants for many years with differences in normal in-
fants clearly distinguished from infants with neuromuscular 
disorders.87,88

Evaluation of  chest wall mobility includes determining 
expansion of  the chest wall in anteroposterior, transverse, 
and vertical directions during inspiration. Thoracic dimen-
sions should be measured with a tape measure or chest cali-
pers during inspiration and expiration to document chest 
motion. Active range of  motion in the spine and the shoul-
der girdle should be examined, including glenohumeral, 
acromioclavicular, and sternoclavicular joints. Decreased 
motion at any one of  these joints may result in reduced tho-
racic expansion.

Auscultation of  the lungs of  a child with respiratory 
weakness will serve several functions. Decreased breath 
sounds will help identify areas that are poorly ventilated. 
Lung areas with decreased or absent sounds may correlate 
with decreased chest motion or muscular effort. Breath 
sounds are the most reliable clinical tool for ensuring good 
ventilation. Breath sounds can help the therapist evaluate 
the need for AC. If  crackles and wheezes are heard, AC and 
removal of  secretions are probably necessary. Breath sounds 
may indicate the resolution or progression of  pulmonary 
complications, such as pneumonia or atelectasis, and the 
therapist may choose to modify treatment accordingly.

The therapist should evaluate the child’s cough. Integral 
components of  a cough include several distinct phases. 
Stimulation or triggering of  a cough is related to some ir-
ritant in the tracheobronchial system, which activates a 
deep inspiration. Normally, the increased inspiratory vol-
ume flows into small airways behind secretions or debris. 
Coordinated glottis closure is followed by sudden contrac-
tion of  the expiratory muscles to markedly increase intra-
thoracic pressure, which can reach 300-mmHg pressure. 
The glottis opens, pressure is released, and secretions and 
other debris are sheared from the airway walls and moved 
proximally in the tracheobronchial tree. With neuromuscu-
lar dysfunction, the child may lack any or all cough-related 
function. Evaluation of  inspiratory effort and volume, and 
abdominal muscle strength is important in assessing cough-
ing and can be objectively done with maximal inspiratory 
and expiratory pressure measurements. The child must 
also coordinate the three components—inspiratory, glottis 
closure, and expiratory effort—into an effective, sputum- 
producing skill.89

Cough effectiveness can be determined by cough peak 
flow measurements. The child attempts to produce a cough 
after a maximal inspiration. The cough force is measured via 
a peak flow meter attached to the child by a mouthpiece or 
mask. Cough peak flows of  less than 160 L/min during re-
spiratory exacerbation are considered inadequate to protect 
against secretion retention and respiratory failure.90

Overall strength, mobility, and coordination, as well 
as the developmental level of  the child, must be evaluated 
to plan a realistic rehabilitation program. A child who can 
actively locomote in some manner is less likely to suffer 
pulmonary complications and may improve pulmonary 
function as a by-product of  the rehabilitative effort. An 
 aggressive therapeutic regimen is necessary, both to provide 

FIGURE 20.14 Use of a Spirometer to Evaluate Lung Function. 
Person being tested takes in a full breath, seals their lips over the 
mouthpiece of the spirometer, and then blows out as hard and as 
fast as possible for at least 6 seconds. Nose clips may be applied 
to ensure no air escapes through the nose. (Courtesy of Midmark 
Diagnostics, Versailles, Ohio.)
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early mobility and to strengthen the respiratory muscula-
ture, thus improving ventilatory function.

Evaluation of  oral motor function—swallowing and 
feeding—is beyond the realm of  physical therapy and often 
requires an interdisciplinary effort by physicians, physical 
therapists, occupational therapists, speech pathologists, 
other therapists, and nurses. Swallowing should be evalu-
ated for two reasons: eating is the best way for a child to 
thrive nutritionally, and aspiration of  feedings is a major 
cause of  respiratory problems in developmentally delayed 
and neurologically impaired children.91 It is clear that as 
muscle weakness progresses, swallowing dysfunction and 
aspiration of  saliva and food can be problematic.92

Physical Therapy Interventions

Physical rehabilitation for the child with neurologic im-
pairment should include an exercise program to improve 
or maintain respiratory function. The exercises should 
strengthen inspiratory and expiratory muscles, especially 
the abdominal muscles that are necessary for effective 
coughing. In addition, exercise, AC, and related techniques 
are among the recommendations of  the British Thoracic 
Society guideline for respiratory management of  children 
with neuromuscular weakness.93

A traditional method of  “strengthening” the diaphragm 
by using abdominal weights has not withstood rigorous 
scientific evaluation.94 More physiologically appropriate 
methods of  improving inspiratory muscle strength and 
endurance are currently used. Resistive breathing for im-
proving inspiratory and expiratory strength will improve 
maximal respiratory pressures. Endurance studies have simi-
larly shown the benefit of  repetitive inspiratory and expira-
tory exercise with increasing periods of  time and increasing 
resistive loads. Respiratory muscle training is a recognized 
approach to reduce the progressive decline in respiratory 
function in children with Duchenne myopathy and spinal 
muscular atrophy (SMA). Studies have shown continuing 
improvement over a period of  up to 6 months of  training, 
with much of  the improvement sustained at a point as long 
as 6 months following the cessation of  the formal exercise 
regimen.84,91 Training effects are dose-dependent but appear 
most effective in children who have more slowly progressive 
neuromuscular disease.95 Despite numerous studies show-
ing at least short-term benefit to respiratory muscle strength 
and endurance, there is little evidence on the functional ben-
efit of  this exercise in the long term.

Active and resistive exercises for the neck will strengthen 
the accessory muscles of  inspiration (i.e., the sternocleido-
mastoid muscles and scalene muscles). Although accessory 
muscle use increases the energy cost of  breathing, the ac-
cessory muscles may provide increased inspiratory volume 
to prevent respiratory insufficiency in the child with neuro-
muscular disease. Active and resistive exercises for strength-
ening of  the abdomen, which may help develop a strong, 
effective cough, are well known by physical therapists.

Improving the pattern of  breathing of  a child with neu-
romuscular disease may provide two benefits. First, an im-
proved ratio of  alveolar ventilation to dead space ventilation 
occurs when a slower, deeper pattern of  breathing replaces 
a fast and shallow mode. The therapist may have the child 
attempt a slower and deeper pattern of  breathing using 
various clinical cues, including counting, a metronome, or 
a spirogram. Avoiding inefficient or counterproductive mus-
cular effort is the second possible benefit of  changing the 
pattern of  breathing. A child with respiratory distress may 
appropriately use the accessory muscles to aid inspiration 
and may use the abdominal muscles to enhance full expira-
tion. This muscular pattern, however, can become habitual. 
If  the diaphragm provides adequate ventilation, unneces-
sary muscular effort is exerted if  the child continues to use 
the accessory muscles. Various training methods have been 
suggested, including relaxation exercises and neurosensory 
techniques, but no scientific data support these endeavors, 
nor do they suggest that short-term changes in muscular 
patterns during the therapeutic session have a residual effect 
or replace the inefficient patterns.

Although the importance of  maintaining or improving 
mobility of  the thorax in children has been identified and 
related treatment plans have been outlined, no controlled 
studies of  the techniques have been conducted. Active 
breathing exercises to improve thoracic mobility have been 
suggested for localized areas or for the entire chest. Manual 
stretching of  the chest wall has been advocated, but has not 
been tested. Active or passive exercise to improve shoulder 
girdle mobility in children with paralysis may also improve 
thoracic excursion. Clinical studies must be undertaken to 
justify the time-consuming procedures used in the name of  
respiratory exercises. This notion of  little evidence has been 
supported by a recent Cochrane Review96 and an indepen-
dent systematic review of  breathing exercises.97 The authors 
of  the Cochrane Review stated:

The results of  this systematic review cannot inform clinical 
practice as no suitable trials were identified for inclusion. 
Therefore, it is currently unknown whether these interven-
tions offer any added value in this patient group or whether 
specific types of  breathing exercise demonstrate superiority 
over others.98

AC is an important therapeutic regimen for hospital, 
 residential, and home treatment programs because many 
children with respiratory weakness and general inactivity 
accumulate secretions. If  the parent suspects an increase 
in secretions as a result of  a respiratory tract infection, AC 
techniques described above may prevent the development 
of  pneumonia or atelectasis. If  the child cannot cough well 
and if  secretions are problematic, oral or nasal suction-
ing may be necessary to maintain a clear airway. Parents 
should be trained in aspiration techniques and should 
have proper suctioning equipment in the home. Two ad-
ditional approaches may help evacuate secretions when 
a child with neuromuscular weakness is unable to cough 
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effectively. Manually assisted cough is achieved by helping 
the child inhale to maximal capacity by performing an “air-
stacking” maneuver, being insufflated via a bag and mask 
effort, or with a breath provided by a mechanical ventila-
tor. The caregiver then performs an abdominal thrust or 
thoracic squeeze as the child relaxes the glottis. The sud-
den expulsive thrust or squeeze attempts to mimic a cough 
by promoting a higher expiratory flow than is possible by 
the weakened musculature. The second approach uses me-
chanical insufflation/exsufflation (MIE). This mechanical 
device, originally described during the polio epidemics of  
the early 1950s, can produce positive pressure that will in-
sufflate the lungs followed by pressure reversal to an expira-
tory pressure that simulates a cough.99 MIE has been shown 
useful in children with neuromuscular disease and impaired 
cough in numerous studies including children with DMD, 
and SMA.100,101 Despite many articles and textbooks that de-
scribe detailed physical therapy programs for patients with 
neuromuscular weakness of  the chest, there is a dearth of  
well- substantiated clinical research to support many of  the 
suggested treatment procedures.

 Asthma

The following description of  asthma is a direct quotation 
from An Official American Thoracic Society/European 
Respiratory Society Statement.102

Asthma is a heterogeneous condition. Its natural history in-
cludes acute episodic deterioration (exacerbations) against 
a background of  chronic persistent inflammation and/or 
structural changes that may be associated with persistent 
symptoms and reduced lung function. Trigger factor expo-
sure combines with the underlying phenotype, the degree 
of  hyperresponsive- ness and of  airflow obstruction, and the 
severity of  airway inflammation to cause wide variability in 
the manifestations of  asthma in individual patients.

Medical Information

Asthma is among the most prevalent chronic childhood con-
ditions in the United States affecting approximately 7 million 
children, which accounts for 9.6% of  children. Asthma is 
more prevalent in non-Hispanic black children, with the per-
centage for this group at 16%.103 There is enormous morbid-
ity associated with the condition, including days lost from 
school, emergency room (ER) visits, hospitalizations, and 
health care costs. There are approximately 2 million yearly 
visits to the ER in the United States related to acute asthma 
among all ages.104 Further, from 6% to13% of  those with 
asthma exacerbations require hospital admission.13,14,105

Asthma in children is characterized by several factors. 
Boys seem to predominate over girls by as much as a 2:1 
ratio. Exercise-induced bronchoconstriction is common 
in most children with asthma, and may be a specific phe-
notype for some children, with a reported incidence of  up 

to 90%.106 Children with asthma are often allergic, with the 
inhaled or ingested allergen triggering a type 1 immuno-
globin E (IgE)–mediated response. Symptoms may also be 
provoked by viral infections and by dry, cold air in some. 
Finally, the increasing mortality and continuing high mor-
bidity associated with childhood asthma are attributable, in 
part, to an increasing incidence of  asthma in the inner city 
populations.104

The physiologic changes responsible for the signs and 
symptoms of  asthma are thought to be initiated when IgE 
in the sensitized child binds with receptor sites on mast 
cells. The IgE binding causes the release of  histamine and 
tryptase from mast cells in the airways. Histamine provokes 
bronchoconstriction, vasodilation within the bronchial 
walls, and mucous secretion. Tryptase has similar effects but 
also generates bradykinin a very powerful bronchoconstric-
tor. The activated mast cells begin to manufacture numer-
ous inflammatory mediators, including prostaglandins and 
leukotriene. These inflammatory mediators—histamine, 
prostaglandin D2, leukotriene C4, and others—stimulate a 
response that increases bronchial smooth muscle contrac-
tion, causes mucous secretions from the airways, and causes 
bronchial edema.107 The result of  these three processes is 
often an obstruction of  the airways. As airway obstruction 
progresses, expiratory airflow decreases, lung volumes and 
airway resistance increase, airway conductance decreases, 
and ventilation/perfusion inequality leads to arterial 
 hypoxemia. The various pathophysiologic aspects of  asthma 
appear to have a major hereditary component. However, 
asthma seems to have a complex genetic model without any 
clear pattern of  inheritance.

A fascinating aspect of  asthma in children is the 
 exercise-induced component. With strenuous exercise 
for a  period of  time, usually 5 to 10 minutes, a child can 
develop many manifestations of  asthma (e.g., dyspnea, 
wheezing, and airway obstruction) that may reverse spon-
taneously or with treatment.98 This exercise component is 
important to the physical therapist developing a condition-
ing program to increase exercise tolerance in the child with 
asthma. The response can be managed by having the child 
premedicate using appropriate oral or inhalation medica-
tions  before the exercise session to counteract the likely 
asthmatic response.

Medical Management

Medical management of  the child with asthma has two 
major phases—treatment of  the acute attack and control of  
chronic asthma.

Treatment goals for the acute attack in the ER include re-
versal of  hypoxemia, if  present; reduction in airway obstruc-
tion; and treatment of  airway inflammation. b2-agonists, 
which can be administered in several modes— including 
inhalation, subcutaneously, and intravenously—relax 
bronchial smooth muscle. Short-acting b2-agonists are 
the recommended first-line therapy for the acute asthma 
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exacerbation. Albuterol sulfate is the most commonly used 
b2-agonist for acute asthma.108 Anticholinergic medica-
tions, most commonly, ipratropium bromide, produce bron-
chodilation by blocking the effects of  acetylcholine on the 
parasympathetic autonomic nervous system in the airways. 
The parasympathetic response includes bronchial smooth 
muscle constriction. b2-agonists are often used with anti-
cholinergics in multiple doses for best effects.109 Systemic 
corticosteroids in the ER are recommended for patients with 
moderate or severe asthma to help reduce the inflammatory 
changes within the airways. A study of  almost 900 patients 
found a reduction in hospital admission rates when corti-
costeroids were given within 1 hour of  ER presentation.110 
Supplemental oxygen is used to maintain an O2 saturation 
of  approximately 95%.

The long-term medical management for control of  
chronic asthma has several components: pharmacologic, en-
vironmental, and immunologic. The pharmacologic agents 
used may include b2 sympathomimetic agents delivered 
orally or by aerosol; oral preparations of  theophylline; anti-
inflammatory agents including inhaled and oral corticoste-
roids; and cromolyn sodium delivered by inhalation. Two 
newer groups of  medication for long-term treatment of  
asthma include leukotriene receptor antagonists (LTRA) and 
long-acting b2-agonists (LABA). LTRA reduce the ability of  
certain leukotrienes—inflammatory mediators—to produce 
bronchial constriction by interfering with their attachment 
to receptor sites. LABAs have been in use for almost two de-
cades, but their safety and efficacy are still unsure. A recent 
Cochrane Review states: “The current systematic review se-
riously questions the benefit of  LABAs in children, although 
it also demonstrates that they appear safe when combined 
with inhaled corticosteroids.”111

Control of  environmental factors plays a major role in 
asthma therapy. A dust-free environment is imperative for 
the child, and special air-filtration units may be required 
for the child’s room. Several multifaceted, randomized 
controlled trials have shown that reducing multiple early 
allergen exposures with environmental controls is associ-
ated with a decreased risk of  asthma.112 Among the several 
major allergens noted for removal from the child’s envi-
ronment are dust mites, pets, cockroach, mouse, mold, to-
bacco smoke, endotoxin, and air pollution. If  the youngster 
chooses to be active in athletics, care must be taken either to 
avoid levels of  activity that may provoke bronchospasm or 
to use appropriate medication before engaging in asthma-
inducing levels of  physical exertion.

Immunotherapy (allergy shots) is another method of  
long-term therapy for allergic asthma. Once allergens are 
identified by skin testing, extracts of  these allergens are given 
in gradually increasing strengths via periodic subcutaneous 
injections. The rationale is that the child’s immunologic sys-
tem will respond to the small doses of  allergen by producing 
circulating antibodies. Once sufficient levels of  antibod-
ies are developed, environmental exposure to the allergen 
will result in no symptoms of  asthma because the acquired 

antibodies will alleviate the allergic response of  the child. 
A recent review has established the efficacy of  both subcu-
taneous immunotherapy and sublingual immunotherapy.113

Physical Therapy Examination

As with medical care, physical therapy examination and 
management of  children with asthma is largely based on 
the clinical situation at the time (i.e., whether the child is 
in an acute, subacute, or chronic stage of  the disease). The 
hospitalized child with status asthmaticus (intractable acute 
asthma) will not tolerate either AC or physical training. 
A notable exception for AC is when the patient is intubated 
and mechanically ventilated and control of  airway secre-
tions is part of  care.

The physical therapist’s examination of  a child receiv-
ing mechanical ventilation should include lung auscultation 
to identify the location of  bronchial secretions and to as-
sess whether areas of  the lungs are poorly ventilated. The 
pattern of  ventilation and use of  accessory muscles should 
be noted. Measurements of  the thorax, including thoracic 
index, should be made during inspiration and expiration to 
determine chest mobility. Several or all of  these evaluated 
items will be abnormal. The therapist must reevaluate these 
items with each treatment until the thoracic index, breath 
sounds, and pattern of  breathing have improved.

A long-term rehabilitation plan for the child with asthma 
must also examine exercise tolerance, strength, and posture. 
Exercise tolerance may be evaluated by several well-studied 
and easily performed tests. These commonly include the 
 six-minute walk test,114 the step test,115 and the 20-minute 
shuttle run test.116 Quantitative strength measurement of  
major muscle groups can be made with equipment that is 
readily available in the physical therapy department. Posture 
can be evaluated using a grid system.

Physical Therapy Intervention

As noted above under Examination, there is little, if  any, 
rationale for physical therapy for the child with status asth-
maticus.117 Status asthmaticus renders a child too dyspneic, 
anxious, scared, and physically unable to cooperate with the 
therapist for AC, breathing activity, posture and ROM evalu-
ation, or any rehabilitative endeavors.

When the severe bronchospasm begins to reverse, accu-
mulated secretions are often encountered in the previously 
narrowed airways. Aggressive AC is imperative during this 
subacute stage, but must be administered within tolerance. 
Secretions retained in the airways predispose the patient to 
atelectasis and bronchial infection. AC at this time is indi-
cated within the limits of  the youngster’s tolerance and 
endurance. Secretion volume, color, consistency, and the 
child’s vital signs including pulse oximetry before, during, 
and after treatment should be recorded.

In the long-term care of  asthmatic children, intermittent 
AC treatments may be useful when secretions are present, 
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but treatments are not used routinely as in other conditions, 
such as CF. Parents should use AC techniques at the first 
sign of  a respiratory infection or increased mucous produc-
tion and should know the drainage positions and manual 
techniques and the techniques of  use of  newer AC modali-
ties in order to treat the child at home. One of  the only re-
ported controlled studies of  the effects of  AC via bronchial 
drainage and percussion in children with asthma involved 
21 outpatients. These children, who had mild to moderate 
asthma, were divided into a treatment group and a control 
group. The mean FEV1 for the treatment group increased 
by 10.5% 30 minutes after therapy. The control group had 
a slight decrease in mean FEV1 during the same period. 
The difference in mean FEV1 values was significant at the 
0.05 level.118

In previous editions of  this chapter, various traditional 
breathing exercises for children with asthma were discussed. 
They are omitted in this edition owing to a complete lack of  
supporting evidence for their efficacy.

Relaxation techniques have also been advocated to re-
duce the anxiety and physical stress associated with an epi-
sode of  asthma. Many anecdotal and verbal reports lend 
support to the benefits of  relaxation techniques in patients 
with asthma, but controlled studies are lacking. Two sys-
tematic reviews have been published—one regarding re-
laxation exercises for asthma and the second, more recent, 
review on psychological interventions for children with 
asthma. Huntley et al. found some evidence for muscular 
relaxation exercises improving lung function, but no other 
benefits were noted owing to poor methodology and inher-
ent difficulties with this type of  study.119

The second systematic review found some data to sug-
gest relaxation therapy was beneficial, but in general, stud-
ies showed widely varied approaches and lack of  sufficient 
data.120

Physical rehabilitation to improve aerobic endurance, 
work capacity, and strength are major goals in the long-term 
management of  asthmatic children. Children with chronic 
asthma are often less physically active than their unaffected 
peers. Exercise-induced bronchospasm may restrict a child 
with asthma from participating in vigorous exercise, and 
the child may, therefore, be unable to respond to physical 
demands in daily life. Appropriate medication before vigor-
ous exercise may attenuate the bronchospastic response, and 
the child can derive the enjoyment, social interaction, and 
physiological benefits of  exercise.121 A formal physical train-
ing program should be preceded by quantitative evaluation 
of  the child’s response to strenuous exercise. The initial eval-
uation determines the level of  exercise needed to improve 
strength and endurance, and is a baseline against which the 
results of  subsequent studies can be compared to determine 
improvement or deterioration. Among the more commonly 
used methods of  physical training are free running, tread-
mill running, bicycle ergometry, and swimming.

There is conclusive evidence supporting physical training 
and exercise for individuals with asthma. Most significant is 

that physical training/activity does not exacerbate asthma 
symptoms or disease control.122,123 Mancuso et al. recently 
demonstrated an improved quality of  life following a one-
year program of  increased physical activity. Asthma Quality 
of  Life Quotient improved during the year of  activity from 
5.0 to 5.9, a clinically important difference. Although not 
specifically for children, there were children 12 years old 
and above who participated in the program.124 A Cochrane 
Review of  physical exercise in asthma found that many 
modes of  exercise—(running, walking, cycling, swim-
ming, and others)—were well tolerated without detrimen-
tal effects on symptoms. Cardiopulmonary and aerobic 
fitness levels improved along with quality of  life measures. 
However, as is also found in adults with COPD, physical 
training had no significant effect on resting lung function.125

In addition to traditional land-based exercise showing 
promise for improving physical status and quality of  life 
in individuals with asthma, swimming as a training mode 
also has been shown to have beneficial effects for children 
with asthma. Sly and associates studied the effects of  swim-
ming by assigning children to either a treatment group or a 
control group. The treatment group participated in a swim-
ming program for 2 hours three times a week for 13 weeks. 
Although no changes were recorded in pulmonary function 
or basic personality traits, a marked decrease in wheezing 
days was noted in the treatment group, as was also seen with 
land-based exercise studies cited above. The mean number 
of  days of  wheezing for the treatment group was 31.3 dur-
ing the 13 weeks before the training program; this figure 
declined to 5.7 days of  wheezing during the swimming pro-
gram. A similar control group of  asthmatic children had a 
mean of  10.1 and 13.2 days’ wheezing, respectively, before 
and during the 3-week control period.126

Fitch and associates published the results of  a 5-month 
swimming program in 46 asthmatic children compared with 
a control group of  10 non-asthmatic children. Outcome 
measures included asthma score (based on wheeze, cough, 
and sputum), physical work capacity at a heart rate of  170, 
drug score (based on the amount of  medication), FEV1 val-
ues, and response to an exercise challenge on a treadmill. 
A marked improvement in asthma score, drug score, and 
physical work capacity followed the training period. A con-
comitant improvement in posture was noted. No change 
was reported in FEV1 or the severity of  exercise-induced 
asthma. The authors concluded that swimming is an effec-
tive method of  physical training in asthmatic children.127

More recent studies include a 2009 report by Wang and 
Hung, who followed 30 children with asthma randomly as-
signed to a swimming group or usual care during a 6-week 
period. There was a significant improvement in peak expira-
tory flow rate in the experimental group compared with the 
control group (330 L/min, 95% CI: 309–351 vs. 252 L/min, 
95% CI: 235–269) after the swimming intervention. There 
was also a significant decrease in the severity of  asthma in 
the experimental group compared with the control group. 
The authors suggested swimming may be an effective 
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non-pharmacological intervention for the child or adolescent 
with asthma.128 A 2011 study using a prospective longitudinal 
examination of  data on 5738 children sought to find informa-
tion on recreational swimming pool attendance and asthma 
and allergy at 7 and 10 years of  age. The results showed that 
by 7 years of  age, more than 50% of  the children swam once 
a week or more. Children with high cumulative totals of  
swimming had a decreased likelihood of  developing asthma 
at both 7 and 10 years of  age and also showed a significant 
improvement in forced mid-expiratory flow of  0.2 standard 
deviations. As seen with land-based physical training, swim-
ming provided clinical and physiological benefits to a large 
cohort of  children as regards development of  asthma.129 
A recent systematic review supported swimming as a safe 
and effective means of  physical training for children with 
asthma. The authors stated that swimming is “well-tolerated 
in children and adolescents with stable asthma, and increases 
lung function (moderate strength evidence) and cardio- 
pulmonary fitness (high strength evidence).”130

It is very clear that children with asthma will benefit from 
physical training using the more traditional modes of  tread-
mill, bicycle, and running or jogging as well as swimming.

 Cystic fibrosis

Medical Information

CF is the most common life-limiting genetic disorder 
 affecting primarily Caucasians. The disease is inherited in an 
autosomal recessive pattern. It is estimated to occur in 1 of  
every 3500 births in the United States, and has a carrier rate 
of  approximately 1 in 29 persons. When two carriers have 
a child, there is a 25% chance that the child will have CF, a 
50% chance that the child is a carrier of  the gene, and a 25% 
chance that the child will be completely free from the CF 
gene. Accurate genetic testing is currently available when 
CF is suspected or when there is a high risk of  inheritance 
due to family history of  the disorder. CF is a generalized dis-
order of  the exocrine glands, which, in its fully manifested 
state, produces elevated sweat electrolyte concentrations, 
pancreatic enzyme deficiency, and chronic inflammatory 
and suppurative pulmonary disease. The clinical presenta-
tion of  CF varies, but usually includes combinations of  pro-
ductive cough, abnormally frequent and large stools, failure 
to thrive, recurrent pneumonias, rectal prolapse, nasal pol-
yposis, and clubbing of  the digits. Because of  its variable 
presentation, CF is often misdiagnosed as asthma, allergy, 
celiac disease, and chronic diarrhea. The well-informed 
health professional should consider CF when any of  these 
symptoms are encountered.

The gene for CF, the cystic fibrosis transmembrane con-
ductance regulator (CFTR), was identified in 1989 on the 
long arm of  chromosome 7.131 Although one mutation 
is responsible for approximately 85% of  all cases of  CF - 
F508del - more than 1000 mutations of  the CFTR gene are 

recognized. The major hypothesis of  CFTR dysfunction 
states that the absence of  CFTR is responsible for a decrease 
in chloride and water secretion and transport by airway 
epithelial and submucosal cells, thereby resulting in thick 
and dehydrated mucus.132 However, the diversity of  organ 
system involvement in CF suggests that other mechanisms 
are also associated with the CFTR. Regardless of  the spe-
cific mechanisms, it is agreed that all exocrine glands are im-
paired to some degree and the variable dysfunction results 
in a wide spectrum of  symptoms and complications for CF.

The incidence in the United States has been mentioned. 
CF is much less common in the black population, occurring 
in 1 of  about 17,000 births among African Americans. CF is 
considered uncommon in the Asian population. The course 
of  the disease, like its presentation, is variable. Although se-
vere lung and gastrointestinal disease can be fatal for chil-
dren with CF, survival rates have improved steadily over the 
last several decades with an increasing percentage of  indi-
viduals living beyond 40 years in developed countries.133

The pulmonary disease associated with CF causes the 
greatest mortality. Pulmonary involvement in CF begins 
with the production and retention of  thick, viscous, poorly 
hydrated secretions within the airways. These secretions 
provide a medium in which bacterial pathogens flourish. 
The resultant infections produce inflammation, more secre-
tions, additional obstruction, and a vicious cycle is begun. 
The earliest pathologic changes may be reversed with ag-
gressive treatment. With continued reinfection, bronchiolitis 
and bronchitis progress to bronchiolectasis and bronchiecta-
sis. The latter two processes, which are irreversible, destroy 
elements within the walls of  the airways.

In addition to these destructive processes, hyperplasia of  
mucus-secreting glands and cells occurs within the lungs. 
Large quantities of  thick, purulent mucus are produced, 
causing the airway obstruction that is common in CF. If  
the obstruction is partial, a ball-valve process may result in 
which airways that widen on inspiration allow air into the 
lungs. When those same airways narrow with expiration, 
the air becomes trapped, thereby producing hyperaera-
tion of  the lung distal to the obstruction. Complete airway 
 obstruction results in absorption atelectasis distal to the 
 obstruction. Small areas of  hyperaeration and atelectasis 
often exist in adjacent areas, and present a honeycomb pat-
tern on a chest roentgenogram. The rapidity of  pulmonary 
progression and success of  treatment play major roles in de-
termining the survival of  a child with CF.

Pulmonary complications often include massive hemop-
tysis, pneumothorax, lobar atelectasis, and pulmonary hy-
pertension with cor pulmonale. These problems have been 
discussed at length by others.134–137

Medical Management

Management of  CF is directed toward decreasing pulmo-
nary infection and airway obstruction, replacing pancre-
atic enzymes to help reverse the nutritional deficiency, and 
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providing appropriate psychosocial and emotional support 
to the child and family. Control of  pulmonary infection is 
the major therapeutic objective. Sputum culture and sen-
sitivity tests to identify pathogens and determine appro-
priate antimicrobial drugs enable the physician to plan a 
rational course of  medications. The most common bacteria- 
causing infections in patients with CF vary with patient age. 
Staphylococcus aureus, pseudomonas aeruginosa, and heamophi-
lus influenzae are the most frequently identified pathogens 
in the early years of  life. H. influenzae infection decreases 
as the child ages. Antimicrobial agents are used aggressively 
and may be given orally, parenterally, and by inhalation. In 
the past two decades, the bacterium Burkholderia cepacia has 
become recognized as contributing to infection in people 
with CF. B. cepacia is largely antibiotic-resistant and may be 
transmitted in epidemic-like fashion. Some strains of  B. cepa-
cia are associated with a syndrome of  rapid progression of  
lung disease, ending in death within several months. It must 
be noted, however, that not all B. cepacia infections react in 
this manner. The Cystic Fibrosis Foundation (CFF), in 2013, 
recommended isolating individuals with CF at CFF events to 
prevent or reduce the likelihood of  cross-infection.138

Reduction of  airway obstruction is the most time-
consuming aspect of  comprehensive treatment for CF. 
Reduction of  sputum viscosity by aerosolized or oral medi-
cations is thought to enhance physical efforts to loosen and 
drain mucus from the airways. Physical therapy is a major 
part of  the care and will be detailed later.

Replacement of  pancreatic enzymes is essential for the 
85% of  patients with pancreatic dysfunction. Traditionally, 
the recommended diet for patients with CF has included 
high-protein, high-carbohydrate, and low-fat foods. With 
more effective pancreatic preparations, many children have 
liberalized their intake of  fat. Despite apparent control 
of  pancreatic insufficiency with enzymes, patients with 
CF may need up to 50% more calories than their age- and 
weight-matched peers. Continually underweight children, 
or those who experience weight loss with a progression of  
disease, may benefit from commercial dietary supplements. 
Supplements must be chosen carefully and added to the 
diet, and a nutritionist’s counseling is necessary.

Psychosocial and emotional support for patients with 
CF and their families is the responsibility of  all profession-
als who work with this population. Issues that must be 
confronted include chronic life-shortening illness, genetic 
disease, cost of  drugs and care, time-consuming treatments, 
death of  a child, denial, and guilt. Other issues emerge as 
patients reach adulthood: marriage, occupations, and depen-
dence on others for treatment. A counselor or social worker 
plays a major role on the CF team. A large literature is avail-
able regarding psychosocial aspects of  the patients with CF 
and their families.

Two newer approaches to pulmonary treatment in-
clude lung transplantation and gene therapy. Lung trans-
plantation for those with end-stage disease has been 
successful. Unfortunately, there are major problems with 

transplantation, including an uncertain waiting time for 
donor organs and the development of  obliterative bronchi-
olitis following transplantation. A study published in 2007 in 
the New England Journal of  Medicine and a related editorial 
provide varied perspectives on this extraordinarily difficult 
treatment.139,140 More recent work by Thabut et al. shows 
a significant survival benefit after lung transplant, with 
 approximately 68% of  patients surviving at 3 years following 
transplantation.141 Lung transplantation for CF will continue 
to develop as a major treatment option for advanced lung 
disease in CF.

Gene therapy trials followed the identification of  the 
CFTR in 1989. Researchers attempted to introduce nor-
mal versions of  the CFTR into the airways, but successes 
were limited. One of  the biggest issues in gene therapy has 
been finding a way to introduce the normal genes into the 
airways of  patients. The most commonly tried approach 
was using a viral vector as a gene transfer agent to carry 
the genes into the lungs. To date, results have been limited 
owing to many different factors and lack of  an effective gene 
transfer agent.

A nationwide network of  centers is dedicated to the 
treatment of  CF. These centers are sponsored by the CFF 
and can reach almost every population center in the United 
States. The CFF sponsors research projects, fellowships, con-
ferences, fund raising, and other activities in its mandated 
task of  providing the best care for children and adults with 
CF. (See CFF.org) As a result of  the CFF Drug Development 
Pipeline, a medication developed by Vertex Pharmaceuticals 
was approved by the Food and Drug Administration for 
use in individuals with one specific mutation of  the CFTR 
gene – G551D - which represents approximately 4% of  the 
population with CF. The medication, called Kalydeco® (iva-
caftor), helps improve the function of  the specific CFTR in 
this group and improves pulmonary function values and 
reduces sweat chloride values.142 This medication is con-
sidered a proof  of  concept breakthrough with work on 
Kalydeco and similar possible medications continuing.

Physical Therapy Examination

Physical therapy examination for the child with CF is similar 
to the process described early in this chapter based upon the 
Guide to Physical Therapist Practice.23 Emphasis in CF must 
be placed on the bronchial secretions that cause the numer-
ous pulmonary problems and complications.

Auscultation for secretions must be done with the expec-
tation of  finding many areas with sonorous wheezes, harsh 
breath sounds, and crackles (all abnormal breath sounds), 
which are associated with secretions. Of  course, the findings 
will vary depending upon the degree of  lung impairment in 
the child. The sounds may not change for several days in a 
patient with advanced disease, and auscultation on an inter-
mittent, rather than daily, basis may be helpful.

A determination of  the child’s ability to cough and 
raise secretions is very important. An acutely ill child with 
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CF who cannot cough effectively risks further deteriora-
tion in airway function. The chest radiograph and other 
imaging are useful in identifying specific anatomical areas 
of  lung disease and infection. Many believe that the three- 
dimensional view of  the lungs afforded by posteroantero 
and lateral chest films provides specific information to help 
direct treatment.

Also, the child’s physical capabilities, including strength 
and aerobic fitness, should be a focus of  the examination. 
Children with CF participate in less physical activity than 
their healthy non-CF peers despite those with CF having 
good lung function.143 Therefore, strength testing and car-
diopulmonary exercise testing should be performed when 
appropriate to develop an exercise reconditioning program 
appropriate to the child’s tolerance.

The most valid and accurate manner for formal exer-
cise testing includes laboratory maximal exercise testing by 
treadmill for measurement of  peak oxygen consumption 
(peak VO2), which is considered the best index of  cardiopul-
monary function.144 Orenstein developed a group of  runners 
with CF in the late 1970s. He reported safe and beneficial 
results of  a three-month cardiopulmonary fitness program, 
which heralded more and more importance ascribed to car-
diopulmonary or aerobic “fitness” in the population with 
CF.67 In addition to enhancing exercise, fitness, and quality 
of  life, the concept of  exercise capacity has been shown to 
have prognostic features for survival in CF.145,146 Owing to 
limitations of  time, space, and financial concerns related 
to laboratory exercise testing, several widely used “clinical 
tests” of  exercise among physical therapists working with 
patients with CF have been popularized and included in ex-
ercise evaluation. The following are three commonly used 
clinical tests for exercise evaluation in CF.

 1. The 6-minute walk test is well known by physical thera-
pists. The patient is asked to walk as far as possible in a 
6-minute period, with the distance walked being the pri-
mary outcome. Other values can be measured but should 
not interfere with the time or distance. The patient walks 
alone at a self-paced speed on a straight, flat course of  no 
less than 30 meters with small traffic cones at each end of  
the course for a turnaround point. If  the patient is receiv-
ing supplemental oxygen, it should be used.147

 2. Subjects performing a step test are instructed to step up 
and down on a step at a height of  15 cm. The step fre-
quency is kept constant at a pace controlled by a met-
ronome. The duration of  the test is 3 minutes, with 
the subject maintaining a rate of  30 steps per minute 
for 3 minutes by stopwatch. The child is encouraged to 
switch the leading leg during the 3-minute test period. 
If  the test is aborted early, owing to muscle fatigue or 
dyspnea, the number of  steps taken must be counted.148

 3. The modified shuttle walking test may be performed in 
either 12-level or 15-level formats. Patients must move 
around two markers over a 10-meter course in cadence 
with “beeps” from a prerecorded tape. Work at each 

level—12 or 15—continues for 1 minute, and the speed 
of  the cadence increases by 0.61 km/h each minute. 
There are a maximum of  15 levels. The test ends when 
subjects have completed the required work, state that 
they are unable to continue, or fail to achieve the course 
marker on two consecutive beeps. Selvaduri et al. vali-
dated the 10-meter modified shuttle walk test in children 
with CF.149

Evaluation of  the child’s posture, including mobility of  
the chest wall, should be determined for several reasons. 
Children with CF often have hyperinflated lungs, so the 
chest wall may appear barreled and fixed, very similar to 
adults with COPD. Figure 20.15 shows a young child with 
CF and thoracic changes due to advanced pulmonary dis-
ease. A noncompliant thorax increases the work of  breath-
ing. If  chest wall changes occur, the child may have difficulty 
developing the necessary inspiratory and expiratory pres-
sures and flow rates to cough effectively and to increase 
ventilation during physical stress. Thoracic index, thoracic 
girth, and rib motion should be determined during full in-
spiration and full expiration.

The barrel-shaped configuration of  the hyperinflated tho-
rax will likely increase the normal thoracic kyphosis. Scapular 
protraction also becomes evident. With the anatomic 

A B C

FIGURE 20.15 Postural abnormalities in a child with cystic 
fibrosis. (A) Anterior view. Notice that the shoulders are held 
high, especially on the right. This posture appears to offer better 
mechanical advantage to the accessory muscles for breathing. The 
lower ribs are flared, and the thorax appears barreled and elongated 
because of the hyperinflation of the lungs. A full postural evalu-
ation might reveal other, less obvious abnormalities. (B) Lateral 
view. The thoracic kyphosis and barreled chest seen here are 
common findings in children with obstructive pulmonary disease 
and  hyperinflation of the lungs. (C) Posterior view. The shoulders 
appear high, with a protraction of the scapulae. Notice the enlarge-
ment of the thorax in relation to the rest of this patient’s body. 
Pronated feet are also noticeable. (Reproduced by permission from 
Irwin S, Tecklin JS. Cardiopulmonary Physical Therapy. St. Louis, 
MO: CV Mosby; 1985.)
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changes in the upper thorax that accompany hyperaeration, 
range of  motion of  the shoulder girdle must be measured 
too. A comprehensive examination should include those pos-
tural items that may affect both function and cosmesis.

Physical Therapy Management

Physical therapy for infants and children with CF begins 
 invariably with AC techniques taught to the parents of  
newly diagnosed children. This usually includes position-
ing for gravity drainage, and manual techniques of  percus-
sion and vibration, keeping in mind the concern previously 
noted regarding head-down drainage positions. As the child 
ages, other AC techniques can begin at age-appropriate 
times. Exercise for both aerobic fitness and strengthening 
will begin at differing times in a child’s life, depending upon 
the specific progression of  lung disease and activity levels of  
the individual.

Airway Clearance
A major role of  physical therapy for the child with CF is in 
the aggressive use of  AC—including bronchial drainage, 
chest percussion, vibration, and suctioning (if  necessary) 
and the many newer and effective techniques developed 
and popularized in the last three decades. Treatment should 
be generalized as needed because mucus is produced in all 
areas of  the lungs, but if  the examination identifies specific 
lobes or segments with advanced disease or that appear to 
have increased production of  mucus, emphasis for treat-
ment should center on these segments. Early studies of  
conventional bronchial drainage, percussion, and vibration 
in CF during the 1960s and 1970s helped document their 
 efficacy. Lorin and Denning, for instance, demonstrated that 
twice the amount of  sputum per cough and per treatment 
was obtained when a combined treatment regimen of  grav-
ity drainage, percussion, and vibration was compared with 
cough alone.150 Tecklin and Holsclaw found improvement 
in forced vital capacity and peak expiratory flow rate after 
bronchial drainage, percussion, and vibration in 26 children 
with CF.151 Feldman and associates have demonstrated re-
markable improvement in flow rates at low lung volumes 
45 minutes after treatment in nine patients with CF.152 In 
Feldman’s study, the isovolume flow rate near 25% of  forced 
vital capacity increased from baseline by 70% 45 minutes 
after treatment.153 These changes in small airway flow rates 
are consistent with the results of  Motoyama.154

Desmond and coworkers employed a crossover design to 
determine whether pulmonary function decreased over a 
3-week period during which physical therapy was withheld. 
There was a statistically significant decrease in flow rates 
reflective of  small airway function, forced expiratory flow 
(FEF 25% to 75%) and Vmax60 (total lung capacity [TLC]), 
each of  which declined by 20% after 3 weeks of  no therapy. 
These values returned to their prior levels shortly after re-
sumption of  physical therapy.155

Current AC Techniques
As individuals with CF have grown older to the point where 
the median age of  survival approaches 40 years, the impor-
tance of  independent treatment is now paramount. The con-
temporary techniques are used extensively throughout the 
world because they provide independence in self-care without 
the need for an assistant to provide the manual techniques.

autoGenIC dRaInaGe Autogenic drainage, described 
previously, improves pulmonary function and secretion 
removal when compared with several other AC tech-
niques.156–159 Autogenic drainage is most commonly used by 
teenagers and adults with CF owing to the need for good 
breathing control and personal motivation required. One of  
the drawbacks with autogenic drainage is that it requires in-
dividual training by the physical therapist, and some individ-
uals have difficulty learning and performing the technique. 
Those who are able to participate report good acceptance 
and use of  the procedure and independence in its use.

PeP masK The PEP mask, described earlier in the chapter, 
may hold the greatest promise in terms of  independent re-
moval of  excess secretions in children with CF and is used 
throughout the world. Two long-term studies of  PEP breath-
ing have been reported. McIlwaine et al., a long-time sup-
porter of  PEP, recently compared two groups of  subjects 
with CF who were assigned randomly to a PEP group or a 
HFCWO group. At the end of  12 months, the PEP group 
had a lower frequency of  pulmonary exacerbations, but there 
were no differences in lung function, health-related quality of  
life scores, or personal satisfaction with treatments.160 Darbee 
et al. found notable improvements in pulmonary function fol-
lowing low-PEP or high-PEP treatment in individuals with 
CF. In addition to increased lung function, including oxygen 
saturation, those using PEP had increased sputum expecto-
ration with high PEP. Darbee also discussed the physiologic 
rationale for PEP.161

flutteR and aCaPella The Flutter® was developed to 
offer a measure of  independence to young adults with CF 
and included an oscillatory aspect to PEP. Several studies 
of  the Flutter found no difference between the device and 
other modalities of  AC. It appears that the Flutter is well 
accepted by many patients and is equivalent to the effects on 
sputum clearance and pulmonary function of  other types 
of  AC.162 A negative aspect of  the Flutter is its dependence 
on gravity for proper use. The Acapella is a device with a 
specific valve that enables oscillation without regard to 
position, and for this reason may be easier to use than the 
Flutter. As with many AC devices, the Acapella provides AC 
effects similar to most other techniques.163

hIGh fReQuenCy Chest Wall osCIllatIon HFCWO 
has gained acceptance throughout many CF centers in the 
United States and internationally largely because of  its 
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ease of  application. Warwick and Hansen examined the ef-
ficacy of  HFCC in a long-term but uncontrolled study of  
16 subjects with CF. All but one of  those subjects showed 
improvement in their respiratory impairment during the 
trial.153 Subsequent evaluations of  HFCWO demonstrated 
that the technique was at least as beneficial to subjects with 
CF as conventional physical therapy and PEP breathing both 
in short-term and in long-term studies.164,165 The “vest,” 
as HFCWO is called by patients, has provided a useful, in-
dependent means for both children and adults with CF to 
perform daily AC without an assistant to provide manual 
techniques. The only drawback to the vest is its high cost, 
but many insurance carriers will provide excellent levels of  
support for this device.

In summary, gravity-assisted bronchial drainage with 
manual techniques as the “gold standard” for children with 
CF is no longer the case as numerous other interventions 
have been determined to be equally efficacious. When 
working with children and adults with CF, the therapist 
must consider many alternatives for AC and secretion re-
moval. Despite the publication and presentation of  several 
hundred comparisons of  the many AC techniques, I concur 
with the comments by Jennifer Pryor and Eleanor Main. 
Pryor stated in 1999:

If  objective differences are small, individual preferences and 
cultural influences may be significant in increasing adher-
ence to treatment and in the selection of  an appropriate 
regimen or regimens for an individual patient.166

Main, in 2013, reflected upon the lack of  conclusive evidence 
regarding AC in CF despite numerous Cochrane Reviews 
and several unsuccessful recent attempts at long-term com-
parative studies:

Strong patient preference, lack of  blinding and the require-
ment for effortful and demanding participation over long 
intervals will continue to derail efforts to find the best ACT 
for CF, unless they are addressed in future clinical trials.167

Given the current evidence, this author believes that the 
choice of  procedures should be based upon age, disease 
severity, caregiver availability, need for independence, and 
patient/family preference. The decision falls largely on the 
patient and family members who are ultimately responsible 
for this daily procedure.

modIfICatIons of aC PRoCeduRes Modifications of  
usual treatment procedures are often necessary for acutely 
ill children or for those with certain complications. There 
is little or no evidence to support one technique versus an-
other. In a patient with major hemoptysis, chest percussion 
and vibration should be discontinued temporarily because 
the physical maneuvers may dislodge a blood clot and pro-
long the bleeding. AC techniques that employ breathing—
PEP, autogenic drainage, Flutter and Acapella—may be 
useful in an attempt to remove accumulated blood from the 
airways.

Pneumothorax is a complication of  CF and is commonly 
treated with an intrapleural chest tube with suction. Gravity 
drainage is appropriate, although percussion and vibration 
at the site of  tube insertion are contraindicated. PEP and 
other breathing approaches to AC may enable continued 
treatment of  excessive secretion. With advanced lung dis-
ease, the child may benefit from any of  the techniques that 
they are able to use and find tolerable and acceptable.

Physical Exercise
There is little question about the benefits of  exercise and 
physical conditioning for children with CF. More than 30 
years ago, Cropp and associates showed that children with 
CF, excepting those with advanced lung disease, had a 
normal cardiovascular response to exercise. Children with 
advanced disease were likely to have arterial oxygen desatu-
ration during exercise due to ventilator limitations.168 Marcus 
and colleagues demonstrated that patients with advanced 
CF who exercised with an FIO2 of  30% worked longer, had 
higher maximal oxygen consumption, and experienced less 
oxygen desaturation than while exercising at room air. This 
suggested that patients with advanced disease were also able 
to improve their exercise tolerance with supplemental oxy-
gen during training.169 Muscle fatigue as a limiting factor in 
physical exercise was identified by Moorcraft et al. on the 
basis of  78 of  104 subjects with CF who reported needing to 
stop exercise owing to muscular fatigue.170

Treadmill walking or running, cycle ergometer training, 
free running or walking, and strengthening exercises are 
useful methods of  increasing cardiovascular fitness, endur-
ance, and general muscular strength. See Table 20.2.171

The relevance of  these findings is that physical training 
and reconditioning, in a formal or informal program, is safe 
and beneficial in all patients except those with severe lung 
disease. Even those with severe disease have been shown to 
benefit from an exercise program if  supplemental oxygen is 
provided.

S u M M A R y

T his chapter has attempted to provide a summary of  
unique characteristics of  lung disease in children, 
growth and development of  the respiratory system, 

and the reasons why children and infants are predisposed to 
acute respiratory failure. Assessment of  the child with pul-
monary disease and treatments aimed at reducing the sever-
ity of  pulmonary disease in infants and children have been 
reviewed. Four major respiratory disorders have been de-
scribed, along with a discussion of  appropriate physical ther-
apy assessment and management. Published evidence for 
the physical therapy methods has been reviewed. Physical 
therapy for children with lung disease has been shown to be 
efficacious, depending on the treatment employed and the 
problems addressed.
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Case study
H.E., a 14-year-old Caucasian boy with a history of Duchenne 
muscular dystrophy diagnosed at 4 years of age, was referred 
for pulmonary physical therapy evaluation. This case study will 
focus on the cardiovascular/pulmonary needs of this patient.

Examination
HISTORY
H.E. was a full-term infant who appeared to be developing 
normally until approximately 3 years of age, when his parents 
noted that he had difficulty rising easily from the floor and could 
not easily ascend stairs. Upon stating their concerns to the 
 pediatrician, H.E. was sent for laboratory testing and a muscle 
biopsy. The testing indicated abnormally high serum creati-
nine kinase, and a muscle biopsy was performed. The resulting 
 diagnosis of Duchenne muscular dystrophy was made. He was 
referred to a large children’s hospital for follow-up and continu-
ing care. As the years progressed, H.E.’s weakness became more 
pronounced, and he developed some of the classical physical 
characteristics including increasingly severe lumbar lordosis, 
several contractures including plantar flexion, and hip and knee 
flexion contractures. He was still ambulatory, although he and his 
mother reported that the distance was steadily decreasing and 
the speed was getting slower.

REVIEW OF SYSTEMS
Integument: There were no obvious or stated problems in this 
area.

Musculoskeletal: Numerous contractures in the lower extremi-
ties were obvious along with severe lumbar lordosis. Elbow con-
tractures were also noted, although not as severe as those of the 
lower extremities. There was obvious weakness, particularly in 
the shoulders and hip musculature.

Neuromuscular: Ambulation, balance, and transfers were all sig-
nificantly abnormal and limited. H.E. currently functions from a 
power wheelchair.

Cardiovascular/Pulmonary: Heart rate, respiratory rate, and 
blood pressure were all within normal limits.

Communication, affect, cognition, language, and learning style 
appeared unimpaired.

TESTS AND MEASUREMENTS
General Summary of Function: At the time of his referral, an 
examination of overall physical function revealed that H.E. could 
ambulate 25 feet in 20 seconds, roll from a prone to a supine po-
sition and back to a prone position, and had adequate sitting bal-
ance. He was unable to run, ascend or descend stairs, rise from 
the floor or from a chair, sit up from a supine position, or assume 
a posture on all fours. A modified manual muscle examination 
indicated strength that was graded from “poor” to “absent” for 
all isolated muscle groups, with the exception of wrist extensors, 
which were graded as “fair” to “good.” H.E. could function from 

an electric wheelchair, and he could ambulate slowly using a 
walker with supervision.

Ventilation, Respiration/Gas Exchange: H.E.’s breathing  pattern 
was examined and was found to be a diaphragmatic pattern 
with appropriate intercostal muscle use while at rest and  during 
 exertion; his accessory respiratory muscles became active during 
inspiration and expiration. His respiratory muscle strength was 
measured using maximum static inspiratory pressure (MSIP), 
inspiratory capacity (IC), and slow inspiratory vital  capacity 
(IVC). The MSIP was 60% of predicted values; the IC was 45% 
of predicted values; and the IVC was 45% of predicted values. 
His maximal static expiratory pressure, a measure of expiratory 
muscle strength, was 35% of predicted values.

Chest wall expansion was determined with a tape measure 
and found to be approximately 2.5 cm at maximal inspiratory 
effort. Passive motion was adequate at the glenohumeral joints. 
Coughing was evaluated as being weak and questionably func-
tional. As previously noted, his limited IC and reduced expiratory 
pressures were largely responsible for the impaired cough.

Evaluation, Diagnosis, and Prognosis
On the basis of the data gathered specific to his current pulmo-
nary issues, H.E. would receive a classification at cardiovascular/
pulmonary pattern 6E ventilatory pump dysfunction or failure. 
This would be a pattern specific to his respiratory muscle impair-
ment for which he was referred. His prognosis would be 8 to 
10 weeks of care with episodes of physical therapy two times per 
week for the first several weeks, and reduced to weekly thereafter.

Interventions
Coordination, communication, and documentation would fo-
cus upon interaction with the muscular dystrophy center at the 
children’s hospital where H.E. is followed. Patient instruction 
would focus on instruction of H.E. and his parents and other 
caregivers regarding a home exercise program to improve his 
respiratory muscle strength, enhance his coughing, and provide 
for AC as needed. In addition, they would be trained in proper 
AC and assisted cough techniques, including various devices to 
support AC.

PROCEDURAL INTERVENTIONS
Therapeutic Exercise: Active cycle of breathing to enhance di-
aphragmatic excursion, maximal inspiration, and FET to aid in 
improving ventilation to the lower lobes, maintain/improve chest 
expansion, and aid in secretion removal.

Continuing with ongoing strength training and range-of-
motion exercise with emphasis on thorax and shoulder girdle to 
maintain thoracic compliance.

Inspiratory muscle and expiratory muscle strengthening us-
ing simple handheld devices to maintain/increase respiratory 
muscle strength.

AC as needed using high-frequency chest wall oscillation with 
SmartVest or airway oscillation with either Acapella or Flutter de-
vice; should secretion removal become problematic, equipment 
for airway aspiration or insufflation–exsufflation recommended.
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the same educational requirements as teachers and had, in 
addition, “a course in physical therapy from an approved 
school.”2 Physical therapists practicing in educational environ-
ments were already addressing the benefits of  including chil-
dren with disabilities in activities with “normal” children. Ruth 
De Young (1932) describes an orthopedic school housed under 
the same roof  as the high school allowing a “complete cur-
riculum for little cripples.”3 Hutchinson (1944) comments that 
“it is easier for the crippled child to grow normally when he is 
in association with regular school children.”4 Yet, for approxi-
mately 30 more years, segregation for those with physical 
handicaps and exclusion for those with intellectual disabilities 
and/or severe physical disabilities was the prevailing norm.

In the 1960s and 1970s, parents and other advocates 
became active in the so-called normalization movement and 
found support from President John F. Kennedy’s adminis-
tration. Several landmark decisions in the Supreme Court 
in the early 1970s paved the way for subsequent legislation 
guaranteeing the rights of  those with disabilities. It is essen-
tial that physical therapists understand this legislation at 
both federal and state levels, because it has directed the pro-
vision of  special education for children and defined the role 
of  the physical therapist in the educational environment.

The first significant civil rights legislation for individu-
als with disabilities was PL 93-112, the Rehabilitation Act of  

 Introduction

Services for children with disabilities in the educational 
 setting are guided by comprehensive federal legislation, the 
Individuals with Disabilities Education Improvement Act 
(IDEA).1 In the legislation, physical therapy is considered a 
related service and may be required to enable a child with a 
disability to benefit from special education. The educational 
environment is a rewarding one and challenges  physical 
therapists to use the best of  their professional abilities 
within a unique context.

 Historical background

Physical therapists have been practicing in the educational 
environment in the United States since the 1930s. During 
those early years, children with physical disabilities were 
usually segregated in special orthopedic schools or in sepa-
rate classrooms within the school building. Typically, chil-
dren with intellectual impairment or more severe disabilities 
did not have access to public education.

Often, physical therapists were employed as “special teach-
ers, with the same privileges and responsibilities.”2 They met 
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to explore further the interesting progression of  federal 
mandates over time. However, the remainder of  this chap-
ter will focus on IDEA and the framework it provides for 
the education of  children with special needs. The full text 
of the IDEA legislation and related resources are available 
on the following Web site: http://idea.ed.gov/.

IDEA impacts the education of  almost 7 million 
American children with disabilities. The assumption under-
lying IDEA is that, on average, the cost of  educating chil-
dren with disabilities is twice the average cost of  educating 
other children. Congress determined that the federal gov-
ernment would pay up to 40% of  this additional cost, but 
with the exception of  a 1-year increase in 2009 from the 
American Recovery and Reinvestment Act, the actual federal 
allocation has always been less than half  the amount prom-
ised (16.5% in 2012), resulting in a significant burden for the 
states.17 In 2002, a large number of  professional organiza-
tions, including the National Education Association, formed 
the IDEA Funding Coalition and developed a proposal for 
full funding by the federal government that could be phased 
in over a predetermined time period.18 These organizations 
are still advocating increased federal support.

The overall purpose of  IDEA is to “ensure that all chil-
dren with disabilities have available to them a free appro-
priate public education that emphasizes special education 
and related services designed to meet their unique needs 
and prepare them for further education, employment, and 
independent living.”1 The purpose has changed little since 
PL 94-142, but what is notable is the inclusion of  all children 
and the emphasis on planning for a child’s lifetime.

IDEA has four major sections: (A) General Provisions, 
(B) Assistance for All Children with Disabilities, (C) Infants 
and Toddlers with Disabilities, and (D) National Activities to 
Improve Education of  Children with Disabilities (including 
personnel development).1

In substantiating the reauthorization of  IDEA, Congress 
noted the overall success of  the federal legislation to assure 
access to free appropriate public education and to improve 
educational outcomes for children with disabilities. Cited 
as impediments to the success of  the legislation were low 
expectations and “insufficient focus on applying replicable 
research on proven methods of  teaching and learning for 
children with disabilities.”1

The overall tenets supported by IDEA include:1

•	 having high expectations for children and “ensuring their 
access to the general education curriculum, to the maxi-
mum extent possible”;1

•	 strengthening the role and responsibility of  parents;
•	 providing appropriate special education and related 

services;
•	 supporting the development and use of  assistive technol-

ogy to maximize accessibility;
•	 supporting high-quality, intensive preservice preparation 

and professional development for all personnel who work 
with children with disabilities;

1973.5 Section 504 of  the Rehabilitation Act states that “no 
 otherwise qualified disabled individual would be excluded 
from the participation in, be denied the benefits of, or be sub-
jected to discrimination under any program or activity receiv-
ing federal financial assistance.”5 Section 504 paved the way 
for subsequent legislation impacting the provision of  special 
education for children with disabilities in the public schools.

In 1975, the U.S. Congress passed the Education for All 
Handicapped Children Act (PL 94-142),6 which was the tem-
plate for dramatic changes in the responsibility of  public 
schools to educate children with disabilities. PL 94-142 pro-
vided for a “free appropriate public education” for all children 
with disabilities from the age of  6 to 21 years (or from 5 years 
if  that was the age in a particular state when children normally 
began their participation in public school).6 Special education 
and related services provided in accordance with an individu-
alized education program were emphasized to address each 
child’s unique needs. Related services encompassed a broad 
range of  support services, including physical therapy.

Further provisions of  PL 94-142 described a number of  
important new concepts for the public education of  children 
with disabilities that remain part of  the current legislation.

 1. Zero reject: No child is excluded from receiving a free 
appropriate public education regardless of  the type or 
severity of  his or her disability.

 2. Least restrictive environment: School systems are required 
to ensure that “[t]o the maximum extent appropriate, 
children with disabilities are educated with children 
who are non-disabled; and that special classes, separate 
schooling or other removal of  children with disabili-
ties from regular classes occurs only when the nature 
or severity of  the disability is such that education in the 
regular classroom with the use of  supplementary aids 
and services cannot be achieved satisfactorily.”6

 3. Parent participation: Parents or primary caregivers are 
essential members of  the team approach to evaluation, 
planning, and intervention and are assured various rights.

 4. Nondiscriminatory evaluation: Evaluation of  a child is free 
from racial or cultural bias, no one test is used as the sole 
criterion for placement decisions, and the test is admin-
istered in the child’s native language.

 5. Individualized Education Program (IEP): Every child receiv-
ing special education must receive an individualized edu-
cation program. This is a comprehensive individualized 
plan developed by a multidisciplinary team in coopera-
tion with the parents that outlines the special education 
and related-service needs of  the child.

The government built into PL 94-142 the requirement that 
it be periodically reviewed, revised, and reauthorized. Over the 
past several decades, several amendments have been made to 
PL 94-142, and other legislation has been introduced that has 
impacted services for children with disabilities (Table 21-1).

The impact of  the legislation on the delivery of  services 
in the educational environment for children with a wide 
range of  disabilities has been dramatic. The reader is urged 

http://idea.ed.gov
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•	 recognizing the increasing number of  racial and ethnic 
minorities and the need for equitable treatment and for 
increased participation of  minorities in the teaching pro-
fession; and

•	 emphasizing the importance of  effective transition ser-
vices to promote independence and success in employ-
ment or further education after leaving public education.

 Service provision for children  
aged 3 to 21 (Part B)

Part B of  IDEA addresses the provision of  services for chil-
dren aged 3 to 21 years and includes a set of  operational 
definitions that are important to understand.1 A few key 
definitions are included below:

Educational Team

IDEA stipulates that assessment, planning, and service 
delivery must be provided by a “multidisciplinary team of  
qualified professionals and the parent of  the child.”1 More 
specifically, the IEP team must include the parent(s), a regu-
lar education teacher, a special education teacher, a repre-
sentative of  the local educational agency (LEA), and “at the 
discretion of  the parent or LEA, other individuals who have 
knowledge or special expertise regarding the child, including 
related services personnel as appropriate.”1

The federal legislation labels teams as “multidisciplinary,” 
although the description of  membership, roles, and respon-
sibilities is closer to what most would define as a transdisci-
plinary or collaborative team model. In the transdisciplinary 
model, team members jointly assess the child; parents are 
full and active participants; a primary service provider is 

Legislation Impacting Provision of Services for Children with Disabilities in Educational Environments

TABLE

21.1
Year Enacted Title of Legislation Impact
1986 PL 99-457

Education of the Handicapped Act 
Amendments7

Expanded the provisions of PL 94-142 to include infants and toddlers (Birth to  
3 years) and preschool children (3–5 years).

1988 PL 100-360
Medicare Catastrophic Coverage 
Act 8

Allowed Medicaid funds to pay for needed services identified in the formal education 
plan. The intent of this act was to improve access to therapy for children by allowing 
federal resources other than education to pay for some related services.

1988 PL 100-407
Technology-Related Assistance for 
Individuals with Disabilities Act 
(Tech Act)9

Mandated that states address policies, practices, and structures to promote access 
to appropriate assistive technology (AT). Public schools were obligated to provide 
needed AT services and/or devices.

1990 PL 101-336, The Americans with 
Disabilities Act (ADA)10

Extended comprehensive civil rights protection to individuals with disabilities. The 
law’s major impact on public education was the provision that all public buildings 
must be accessible.

1991 PL 102-119
Individuals with Disabilities 
Education Act Amendments of 
1991 (IDEA)11

Supported most of the provisions of PL 94-142 and PL 99-457 with amendments that 
expanded or modified the provisions of the law in other areas.

1997 PL 105-17
Individuals with Disabilities 
Education Act Amendments of 
199712

Reauthorization of IDEA
Supported most of the provisions of earlier legislation and expanded or modified 
other provisions.

1998 PL 105-394
Assistive Technology Act of 199813

Reauthorization of PL 100-407 (Tech Act)

2001 PL 107-110
No Child Left Behind Act of 200114

Addressed the quality of education for all children; included annual testing and 
mandate for adequate progress.

2004 PL 108-446
Individuals with Disabilities 
Education Improvement Act 
of 20041

Reauthorization of PL 102-119

2004 HR 4278
Assistive Technology Act of 2004 
(Putting technology into the hands 
of Individuals with disabilities)15

Reauthorization of PL 105-394

2009 American Recovery and 
Reinvestment Act16

Appropriated significant new funding (although for 1 year) to state and local 
educational agencies to implement statewide systems of coordinated, comprehensive, 
multidisciplinary programs for children with disabilities.
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assigned to implement the plan with the family; informa-
tion, knowledge, and skills are continuously shared among 
team members; and there is a commitment to teach, learn, 
and work together across disciplinary boundaries to imple-
ment a unified service plan.19 The collaborative model is a 
combination of  a transdisciplinary team functioning in an 
integrated service delivery model.20,21 Palisano conceptual-
ized a collaborative model of  service delivery as a frame-
work for evidence-based decision making.22

When the Education for All Handicapped Children’s Act 
was passed in 1976, there was suddenly a legal mandate for 
physical therapy services in the public schools. Therapists to 
provide those services were in high demand and short sup-
ply. The section on pediatrics was created, at least in part, to 
define the competencies required to practice in the educa-
tional environment and to establish a process for specialty 
certification in pediatric physical therapy.23

The qualifications of  personnel working with children 
who have disabilities received increased emphasis in the 
2004 reauthorization of  IDEA and is a matter of  increasing 
concern to various agencies and associations. An American 
Physical Therapy Association (APTA) task force initially 
established competencies for physical therapists in early inter-
vention that were published in 1991 and updated by Effgen 
and Chiarello in 2006.24 Effgen and Chiarello have also pub-
lished updated competencies for physical therapists working 
in schools (ages 5 to 21).25 The authors used a four-step pro-
cess to define the following nine major competency areas for 
physical therapists practicing in educational environments:

 1. Context of  therapy practice in education settings
 2. Wellness and prevention
 3. Team collaboration
 4. Examination and evaluation
 5. Planning

 6. Intervention
 7. Documentation
 8. Administration
 9. Research

Specific skills and competencies are outlined for each 
of  the nine competency areas that conform to the Guide 
to Physical Therapist Practice26 as well as the International 
Classification of  Functioning, Disability and Health (ICF) 
model.27 Clinicians desiring to practice in the educational 
setting, or students preparing for a clinical rotation in a 
school setting, can utilize this information to prepare for an 
interview, improve baseline knowledge of  educational ser-
vices, assess professional development needs, and prioritize 
a professional development plan.

The Association for Persons with Severe Handicaps 
(TASH), an international association of  people with dis-
abilities that broadly advocates inclusion, developed a 
Resolution on Preparation of  Related Services Personnel for Work 
in Educational Settings.28 The TASH resolution is aimed at 
the preparation of  related-service providers at the university 
level and addresses both entry-level and advanced competen-
cies in a comprehensive manner. In all of  the competency 
areas of  this resolution, emphasis is placed on maximizing 
participation and meaningful involvement at school and in 
the community for children with disabilities.

Referral

Referral for evaluation to determine whether a child is a child 
with a disability (as defined by the law) can be made by a 
parent, a state agency, or LEA. Referral for a related service, 
including physical therapy, can be initiated by anyone on 
the child’s team, but an IEP must be developed for the stu-
dent before initiation of  a related service. Physical therapists 

Child with a disability a child “. . . with mental retardation, hearing impairments (including deafness), speech or language impairments, 
visual impairments (including blindness), serious emotional disturbance, orthopedic impairments, autism, 
traumatic brain injury, other health impairments, or specific learning disabilities . . . who, by reason thereof, 
needs special education and related services.”1

Child with a disability for a child 
aged 3 through 9 (or any subset 
of that age range)

“. . . may, at the discretion of the State and the local educational agency, include a child experiencing 
developmental delays, as defined by the State and as measured by appropriate diagnostic instruments and 
procedures, in 1 or more of the following areas: physical development, cognitive development; communication 
development; social or emotional development; or adaptive development . . . who, by reason thereof, needs 
special education and related services.”1

Related services “. . . transportation, and such developmental, corrective, and other supportive services (including speech-
language pathology and audiology services, interpreting services, psychological services, physical and 
occupational therapy, recreation, including therapeutic recreation, social work services, school nurse services 
designed to enable a child with a disability to receive a free appropriate public education as described in the IEP  
of the child, counseling services, including rehabilitation counseling, orientation and mobility services, and 
medical services, except that such medical services shall be for diagnostic and evaluation purposes only) as 
may be required to assist a child with a disability to benefit from special education, and includes the early 
identification and assessment of disabling conditions in children.”1

Special education “. . . specifically designed instruction, at no cost to parents, to meet the unique needs of a child with disability.”1

Supplementary aids and services “. . . aids, services and other supports that are provided in regular education classes or other education-related 
settings to enable children with disabilities to be educated with non-disabled children to the maximum extent 
appropriate. . . .”1
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may screen a child as a preliminary step and help direct the 
process of  subsequent referral in that way. The referral pro-
cess can be cumbersome, especially for a child who is not 
already receiving special education services. Results of  sur-
vey research by Goodrich et al.29 indicated that developing 
a specific form, providing training on an education-based 
 decision-making process, and implementing a classroom-
based support service significantly increased the number of  
appropriate referrals for physical and occupational therapy 
over a 5-year period. If  a student is determined ineligible 
for special education, a physical therapist may (at the discre-
tion of  the LEA) offer limited consultation to the classroom 
teacher, physical education teacher, or parent.

If  the state practice act for physical therapy requires 
 physician referral for a client to access physical therapy, then 
it is necessary to obtain that medical referral in addition to 
the procedural steps outlined by legislative guidelines. In 
states with direct access, a physician referral is not necessary 
unless dictated by a third-party payer (e.g., Medicaid). A phy-
sician referral is recommended for students with complex 
medical needs to formalize a process for needed communi-
cation with the referring physician. Children with disabilities 
are frequently served by a variety of  professionals and social 
agencies. Communication with others involved in providing 
care for the child outside of  the educational environment is 
crucial regardless of  the decision about medical referral.

Assessment/Evaluation

IDEA requires a “full and individualized initial evaluation” 
to determine whether the child has a disability and, if  so, 
whether the disability limits in some way the student’s ability 
to benefit from special education or participate optimally in 
the educational environment.1 An evaluation requires paren-
tal consent and must be completed within 60 calendar days 
after receiving consent. IDEA requires the use of  a variety of  
assessment tools and strategies to gather functional, devel-
opmental, and academic information. Progressively more 
importance has been given in the federal legislation to using 
assessment instruments that are nondiscriminatory, adminis-
tered in the language and form most likely to yield accurate 
information, by appropriately trained personnel, according to 
the purpose for which reliability and validity were established, 
and in accordance with instructions specific to the instrument.

A physical therapy evaluation may be part of  the initial 
evaluation to determine eligibility for special education/
related services or may be a recommendation of  the team 
after eligibility has been established. A physical therapy 
evaluation should include traditional elements as suggested 
by the Guide to Physical Therapist Practice26 or other models. 
At least one standardized measure, either norm-referenced 
or criterion-referenced, is recommended. Summaries of  
assessment instruments available to use with children who 
have developmental delays are available in Chapter 3 of  this 
textbook and in other published materials.29 Instruments in 
common use in the educational environment are:

 1. Bruininks-Oseretsky Test of  Motor Proficiency, 2nd 
Edition30—a standardized, norm-referenced test for chil-
dren from 4 to 21 years of  age who range from those 
who are developing normally to those who have moder-
ate motor skill deficits. The complete battery includes 
eight subtests: (1) fine motor precision, (2) fine motor 
integration, (3) manual dexterity, (4) bilateral coordina-
tion, (5) balance, (6) running speed and agility, (7) upper 
limb coordination, and (8) strength. Together the items 
provide a comprehensive index of  motor proficiency 
plus separate measures of  both gross and fine motor 
skills. A test kit contains all items necessary for adminis-
tration. The complete battery requires approximately 45 
to 60 minutes to administer. A short form includes a sub-
set of  items from the complete battery and can be used 
as a screening tool. Clinical validity studies have been 
conducted on children with high-functioning autism, 
developmental coordination disorder, and mild to mod-
erate intellectual impairment.

 2. Children’s Assessment of  Participation and Enjoyment 
(CAPE) and Preferences for Activities of  Children (PAC)31—a 
student-rated questionnaire that looks at five dimensions 
of  participation: (1) recreational, (2) physical, (3) social, 
(4) skill-based, and (5) self-improvement. The CAPE 
documents the child’s daily participation, and the PAC 
explores the child’s preferences for activities. Both are 
intended for use with students 6 to 21 years of  age. The 
CAPE takes approximately 30 to 45 minutes to adminis-
ter and the PAC approximately 15 to 20 minutes.

 3. Gross Motor Function Measure (GMFM)32—a criterion-
based observational measure designed and validated 
for use by pediatric physical therapists as an evaluative 
measure for assessing change over time in gross motor 
function of  children with cerebral palsy. The GMFM has 
been validated for use with children and adolescents with 
traumatic brain injury33 and found to be reliable when 
administered to children with osteogenesis imperfecta.34 
It may be appropriate for other populations as well. The 
GMFM was designed for children whose motor skills are 
at or below those of  a 5-year-old child without motor 
disability. Motor function is assessed in five dimensions: 
(1) lying and rolling, (2) sitting, (3) crawling and kneel-
ing, (4) standing, and (5) walking, running, and jump-
ing. Performance with or without assistive device(s) 
can be assessed and compared. The option to delineate 
goal areas from among the five dimensions increases 
the test’s sensitivity to change in a particular individ-
ual. The GMFM-88 contains 88 items, while a more 
recent, shorter version, the GMFM-66, contains only 
66 items (taken from the original 88) and can be scored 
electronically.

 4. Mobility Opportunities Via Education (MOVE)35—a full cur-
riculum developed specifically for children with severe/
profound disabilities over the age of  7 who have not 
developed the physical skills necessary to sit indepen-
dently, bear weight on their feet, or take reciprocal steps. 
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The curriculum is designed as a comprehensive, inter-
disciplinary approach to teach students basic, functional 
motor skills needed for adult life in home and commu-
nity environments. The Top-Down Motor Milestone 
Test, part of  the MOVE curriculum, is an interview-
based assessment tool that rates a child’s performance in 
16 categories of  basic motor function.

 5. School Function Assessment36—a criterion-referenced stan-
dardized survey instrument that utilizes the responses of  
one or more individuals familiar with the child’s function 
in the educational environment as the basis for scoring. 
Items cover a comprehensive array of  functional behav-
iors categorized in five areas: (1) participation, (2) task 
supports, (3) activity performance, (4) physical tasks, and 
(5) cognitive/behavioral tasks. The content is specifically 
relevant for children with physical or sensory impair-
ments and can reveal patterns of  strength and weakness. 
Individual items on the test are worded in behavioral, 
measurable terms that allow them to be easily converted 
to IEP goals. Completing the whole assessment can be 
time-consuming (approximately 2 hours), but this is 
strongly recommended as a baseline. Individual sections 
can also be administered separately.

 6. School Outcomes Measure37—a minimum data set, com-
parable to the Functional Independence Measure for 
Children (WeeFIM)38 but specific to the educational 
environment, that can be used to measure population-
based outcomes data (demographic and functional abil-
ity information) of  primary and secondary students 
(ages 3 to 21 years) receiving school-based occupational 
or physical therapy. The authors have published informa-
tion on the content validity and inter-rater reliability and 
are continuing to determine psychometric properties of  
the measure.39

 7. Test of  Gross Motor Development 240—a norm-referenced 
measure of  gross motor skills in children aged 3 through 
10 years who are significantly behind their peers in gross 
motor skill development. Results produce standard 
scores, percentile scores, and age equivalents. Detailed 
descriptions/illustrations and the availability of  a test kit 
standardize administration. The test can be administered 
in about 20 minutes.

In addition to the standardized, norm-referenced or 
criterion-referenced component, the evaluation should 
include an ecological component, or assessment of  the stu-
dent’s ability to participate in and benefit from the educa-
tional environment and activities. An ecological assessment 
is an approach that focuses on the activities necessary for a 
student to function in various environments and the skills 
required to perform the specified activities. Examples of  
ecological assessment may include reporting on the level of  
assistance, time, prompts, and/or adaptations needed for 
the student to:

access transportation on the school bus;
enter and exit the bathroom, including toileting;

eat/navigate in a cafeteria setting; and
negotiate hallways, doors, and stairs.

As part of  the ecological assessment, the physical thera-
pist may have to complete a task analysis of  activities that 
the student performs routinely at school to identify the 
specific areas of  need that must be addressed in order to 
improve the student’s level of  independence.41 Ecological 
assessment may also provide baseline information from 
which goals can be set and measured (e.g., walking speed 
in elementary school hallways of  a student with a disability 
compared with walking speed of  nondisabled peers).42

It is especially important in an educational environment 
that the physical therapist interpret the results of  testing 
for other team members. Depending on their background, 
team members may have varying levels of  understanding 
about concepts and terms common to a physical therapist. 
Documentation of  the testing must also be written in lan-
guage that can be understood by nonmedical personnel.1

Eligibility for Related Services under IDEA

Determining who is eligible for related services in the educa-
tional environment is often a challenging process. Decisions 
about educational relevance are made by the team, not 
any one service provider. It is important to remember that 
related services support the educational process and not the 
medical well-being of  the child, and that related services 
are provided to help a child benefit from special education. 
Under the provisions of  IDEA, if  a child does not need spe-
cial education, he or she is not eligible to receive related ser-
vices. Eligibility determination can vary significantly from 
state to state, so the physical therapist in an educational set-
ting should be familiar with the eligibility standards set by 
the state in which he/she practices.

Faced with financial constraints, shortages of  physi-
cal therapy personnel, and legal accountability, many 
states struggle to improve the objectivity of  the process 
for determining eligibility without losing the mandate for 
individualized program plans. As a result, several states 
are developing clinical reasoning tools to assist IEP teams 
with determining educational needs for related services. 
A current example is the Considerations for Educationally 
Relevant Therapy (CERT) for Occupational Therapy and 
Physical Therapy.43 Tools such as the CERT are designed 
to be used by physical or occupational therapists in collab-
oration with the IEP team to help guide the decision as to 
whether physical or occupational therapy services are rel-
evant and necessary as well as to guide decisions regard-
ing the intensity and frequency of  services. Additional 
tools that are not specific to the school environment are 
also available to assist physical therapists with clinical 
reasoning. The Hypothesis-Oriented Pediatric Focused 
Algorithm (HOP-FA), for example, provides a framework 
or step-by-step guide with respect to clinical reasoning 
using the ICF model.44 While it does not yield the same 
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end information as the CERT, it does assist the therapist 
with identifying and prioritizing areas of  need and the 
development of  interventions to address those needs. 
Such tools are especially valuable to therapists who are 
new to pediatrics.

Eligibility under Rehabilitation Act

The Rehabilitation Act5 is a federal statute designed to 
assure that individuals with disabilities are provided equal 
opportunities. Provisions of  the Rehabilitation Act are gen-
erally broader than those in IDEA, and it is often used as a 
justification for expanding a student’s eligibility for related 
services within the educational environment and/or the 
scope of  intervention. It ensures that students with disabili-
ties receive an appropriate education even if  special educa-
tion is not required, and it is an important source of  support 
and funding for children who do not qualify for services 
under other legislative acts. Students who receive services 
under the provisions of  the Rehabilitation Act will have a 
504 Plan rather than an IEP.

Individualized Education Program

If  the team identifies the student as being eligible for special 
education services, then the process advances to IEP devel-
opment. An IEP must be developed within 30 calendar days 
of  the determination of  eligibility. In developing the IEP, the 
law emphasizes the importance of  considering the strengths 
of  the child, the concerns of  the parents for enhancing the 
education of  their child, the results of  the initial (or most 
recent) evaluation, and the academic, developmental, and 
functional needs of  the child. The written program must 
include the following:1

 1. Statement of  the child’s present levels of  academic 
achievement and functional performance, including 
how the child’s disability affects the child’s involvement 
and progress in the general education curriculum (or 
for  preschool children, the child’s participation in age- 
appropriate activities).

 2. Statement of  measurable annual goals, including aca-
demic and functional goals designed to enable the child 

to make progress in the general education curriculum 
and meet each of  the child’s other educational needs that 
result from the child’s disability.

 3. Description of  the child’s progress toward meeting the 
annual goals.

 4. Statement of  the special education and related services 
and supplementary aids and services (based on peer-
reviewed research to the extent practical) to be provided. 
Explanation of  the extent, if  any, to which the child will 
not participate with nondisabled children in the regular 
class and in other activities.

 5. Statement of  accommodations that are necessary to 
measure the academic achievement and functional per-
formance of  the child on state- and district-wide assess-
ments. Accommodations and modifications are typically 
included in the Supplementary Aids and Services portion 
of  the IEP.

 6. Projected date for the beginning of  the services and 
modifications described and the anticipated frequ-
ency, location, and duration of  those services and 
modifications.

 7. Beginning not later than the first IEP to be in effect when 
the child is 14, and updated annually, appropriate mea-
surable postsecondary goals based upon age-appropriate 
transition assessments related to training, education, 
employment, and, where appropriate, independent liv-
ing skills; and the transition services needed to assist the 
child in reaching those goals.

On the United States Department of  Education Web 
site is a sample form that outlines the IEP content required 
by IDEA (http://www.ed.gov/policy/speced/guid/idea/ 
modelform-iep.doc).45 Physical therapists are typically 
responsible for the following IEP input:

 1. A statement of  the child’s present levels of  functional 
performance (including a statement of  progress toward 
the prior year’s annual goal if  appropriate).

 2. Development of  (a) child-centered, measurable annual 
goal(s) if  indicated (Refer Table 21-3).

 3. Recommendations for service levels, including  frequency, 
duration, and location.

 4. Recommendations for supplementary aids and services, 
examples of  which are given in Table 21-2.

Examples of Recommendations for Supplementary Aids

TABLE

21.2
Adaptation Location Frequency Beginning Date Duration
Allow James to leave class 3 minutes early to avoid 
crowded hallways.

All classes Daily for hallway mobility 05/01/2014 04/30/2015

Use an adapted chair to compensate for decreased 
postural stability.

Classroom Daily for desktop activities 03/20/2015 03/19/2016

Modify distance and/or time allotted to complete tasks 
in PE class (e.g., run 40 feet instead of 100 feet).

Gym Weekly in PE class 05/17/2016 05/16/2017

http://www.ed.gov/policy/speced/guid/idea/modelform-iep.doc
http://www.ed.gov/policy/speced/guid/idea/modelform-iep.doc
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(4) social-emotional, and (5) adaptive behavior. Physical 
therapists would typically complete the Motor Scale.

 2. Peabody Developmental Motor Scales 248—a standardized, 
norm-referenced test of  motor skills in children from birth 
to 5 years of  age. Six subtests assess motor skills in the 
following areas: reflexes, stationary, locomotion, object 
manipulation, grasping, and visual motor integration. A 
motor activities program with instructional objectives, 
reasons for teaching the skill, examples of  related skills 
as they occur in the natural environment, and suggested 
instructional strategies supplements the assessment.

Evaluation under Part C

The same federal mandates and guidelines for evaluation 
apply under Part C. For this younger population, however, 
physical therapists may use other assessment instruments 
described in Chapter 3, including:

 1. Bayley Scales of  Infant and Toddler Development, Third 
Edition (Bayley III)47—a standardized, norm-referenced 
test that measures a child’s competency in five major 
developmental domains that correspond with those stip-
ulated in IDEA: (1) cognitive, (2) language, (3) motor, 

An IEP must be reviewed at least annually and revised 
as appropriate.1 IDEA provides the option to develop “a 
comprehensive multi-year IEP, not to exceed 3 years, that is 
designed to coincide with the natural transition points for 
the child.”1 These transitions include the transition from 
preschool to elementary, elementary to middle, middle to 
secondary, and secondary to postsecondary.

A number of  procedural safeguards are stipulated, and 
states must establish mechanisms for due process, media-
tion, and appeal. States are required to establish quantifiable 
indicators in specified priority areas and to report data on 
outcomes. A continuing area of  federal focus is evidence 
that education is occurring in the least restrictive environ-
ment and that no discriminatory activity is occurring in rela-
tion to minorities.

 Service provision for  
infants/toddlers (Part C)

Part C of  IDEA describes infants and toddlers with 
 disabilities and the services provided for them. IDEA recog-
nizes that significant brain development occurs in the first 
3 years of  life and that early intervention is important to 
enhance development, reduce educational costs to society, 
and maximize the ability of  individuals with disability to live 
independently.

The basic tenets of  IDEA are the same for this age 
group as for older children, but there are important differ-
ences. Since the providers of  early intervention services 
were much more diverse, the federal government allowed 

more discretion at the state level in Part C. Every state 
must use the federal assistance “to develop and implement 
a statewide, comprehensive, coordinated, multidisciplinary, 
interagency system . . .” coordinated by an Interagency 
Coordinating Council.1 The council must meet at least quar-
terly, and its composition must include parents (not less than 
20% of  the members), public or private providers of  early 
intervention services (not less than 20% of  the members), 
and at least one representative from the state legislature, 
the state Medicaid program, and the state welfare agencies 
responsible for foster care, children’s mental health, and 
homeless children.

IDEA mandates that states must develop specific poli-
cies and procedures for children under 3 years who have 
 experienced substantiated physical, emotional, or sexual 
abuse or neglect or who have been affected by the abuse 
of  illegal substances or withdrawal symptoms as a result of  
prenatal drug exposure. APTA has published a monograph, 
Guidelines for Recognizing and Providing Care for Victims of  
Child Abuse, and incorporated it into their Learning Center 
with the option of  earning continuing education credit with 
purchase.46 It is an important resource.

The services identified for early intervention are expan-
sive and include physical therapy; occupational therapy; 
speech therapy; assistive technology devices and services; 
psychological services; family training and counseling; diag-
nostic medical services; special instruction; social work; 
vision; hearing; and related transportation. As for older 
children, an important stipulation is that services should be 
provided in a natural environment, which for infants and 
toddlers is typically in the home or in day-care centers.

Important definitions in Part C include the following1:

At-risk infant or toddler “. . . an individual under 3 years of age who would be at risk of experiencing a substantial developmental delay 
if early intervention services were not provided to the individual.”

Infant or toddler with a disability “. . . an individual under 3 years of age who needs early intervention services because the individual is 
experiencing developmental delays, as measured by appropriate diagnostic instruments and procedures, in 
1 or more areas of cognitive development, physical development, communication development, social or 
emotional development, and adaptive development . . .” or “has a diagnosed physical or mental condition 
that has a high probability of resulting in developmental delay; and . . . may also include, at State’s 
discretion, at risk infants . . .”

Developmental delay Defined by each state
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 3. Pediatric Evaluation of  Disability Inventory49—a functional 
assessment instrument for the evaluation of  children 
with disabilities from age 6 months to 7 years. On the 
basis of  an interview with a primary caregiver, the inven-
tory measures functional status and change in three 
domains: self-care, mobility, and social function. Scoring 
is done to indicate functional skill level, the amount of  
caregiver assistance required, and modifications or adap-
tive equipment used.

Infant Family Service Plan

The Infant Family Service Plan (IFSP) is the equivalent of  
the IEP for older children. The IFSP must be developed by 
a multidisciplinary team that includes the parents and must 
include a description of  appropriate transition services (e.g., 
transition from Part C to Part B at 3 years of  age). The IFSP 
must be evaluated once a year but should be reviewed with 
the family at 6-month intervals or more often when appro-
priate. Timeliness of  assessment, IFSP development, and 
beginning of  services is crucial. The IFSP must include at a 
minimum the following elements:1

 1. Statement of  the infant’s or toddler’s present levels of  
physical development (vision, hearing, motor, and health), 
cognitive development (thinking, reasoning, learning), 
communication development (responding, understand-
ing, using language), social or emotional development 
(feelings, playing, interacting), and adaptive development 
(bathing, feeding, dressing, etc.) based on objective criteria.

 2. Statement of  family’s resources, priorities, and concerns 
related to enhancing the development of  the family’s 
infant or toddler with a disability.

 3. Statement of  the measurable results or outcomes 
expected to be achieved for the infant or toddler and 
family, the criteria, procedures, and timelines used to 
determine the degree to which progress toward achiev-
ing the results or outcomes is being made, and whether 
modifications or revisions of  the result or outcomes or 
services are necessary.

 4. Statement of  specific early intervention services based 
on peer-reviewed research necessary to meet the unique 
needs including frequency, intensity, and method of  
delivering services.

 5. Statement of  natural environments in which early inter-
vention services will appropriately be provided.

 6. Projected dates for initiation of  services and the antici-
pated length, duration, and frequency of  the services.

 7. Identification of  the service coordinator from the profes-
sion most immediately relevant to the needs of  infant or 
toddler and family.

 8. Steps to be taken to support the transition of  the tod-
dler with a disability to preschool or other appropriate 
services (which must include a formal plan and team 
conference 3 to 9 months prior to anticipated transition).

 9. Provision for parental consent.

 Program development/intervention 
under Parts B and C

Meaningful Collaboration with Parents

Parents’ involvement in the planning process facilitates focus 
on meaningful functional goals for the child and family and 
consideration of  the child’s unique needs within a broader 
context. Physical therapists share with other professionals 
the responsibility of  ensuring that parents are aware of  their 
rights and encouraged to be active participants in program 
planning for their children. Adherence to the principles of  
family-centered care requires that every effort is made to 
customize communication to the unique needs of  each fam-
ily partner. Parents and their children may feel overwhelmed 
by the planning process and may need guidance to facilitate 
their meaningful involvement in planning. Several instru-
ments are available that lend structure and guidance to 
the process: (1) McGill Action Planning System (MAPS),50 
(2) Choosing Options and Accommodations for Children 
(COACH),51 (3) Canadian Occupational Performance 
Measure,52 (4) Planning Alternative Tomorrows with Hope 
(PATH),53 and (5) Transition Planning Inventory-2.54

IEP/IFSP Goals and Objectives

IDEA requires “measurable annual goals” as part of  the IEP 
and a statement of  the “measurable results or outcomes 
expected to be achieved” for the infant or toddler and family 
as part of  the IFSP.1 Short-term objectives are not required 
by current federal legislation, although state regulations 
may vary. Ideally, IEP/IFSP goals are developed by the team 
in a collaborative process and not by specific disciplines in 
isolation. Writing meaningful goals is an important frame-
work for the delivery of  services but can be challenging. 
Well-developed goals and objectives should be55:

 1. Educationally relevant and linked with state standards.
 2. Functional (i.e., will increase a student’s ability to inter-

act with people and objects within the daily environ-
ment and would have to be performed by someone else 
if  the student could not).

 3. Stated as behaviors the student will demonstrate (i.e., 
not what will be done with or to the student or what the 
student may think or feel).

 4. Measurable, including performance criteria, conditions, 
frequency of  data collection, and time frame for achieve-
ment. Note: A skill is measurable if  it can be seen and/
or heard, can be directly counted (frequency, duration, 
or distance measures), and lends itself  to determination 
of  performance criteria. The conditions for performance 
should be clearly stated.

 5. Practical (i.e., work on the skill can be integrated into 
daily routines).

 6. Linked to assessment that is valid and reliable, when 
possible.
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 7. Generalizable (i.e., the identified skill represents a gen-
eral concept as opposed to a particular task, allows for 
individual adaptations and modifications for a variety of  
disabling conditions, and can be generalized across set-
tings, materials, and people).

Dole et al.56 utilized the Delphi technique to establish 
consensus among a sample of  expert occupational therapy 
and physical therapy practitioners on characteristics neces-
sary for IEP objectives to be educationally relevant, measur-
able, and appropriate in content (Table 21-3). Characteristics 
with 90% or greater agreement include the following:

 1. Measurability—IEP objectives should:
a. Use an identified method for measuring achievement
b. Describe an observable behavior or functional skill
c. Utilize valid and acceptable measurement strategies/

tools
d. Specify the level or amount of  assistance of  cuing 

needed
 2. Education Relevance—IEP objectives should:

(e) Enhance school function or the child’s ability in 
school

(f ) Be easily understood by all those involved
 3. Overall Content—IEP objectives should:

(g) Be well-defined, specific, clear, and without jargon
(h) Relate to a functional or educational skill
(i) Be realistic and achievable within the time frame
(j) Relate to the long-term goals
(k) Be child-focused

Inclusive Education

IDEA requires that states develop policies and procedures to 
ensure, to the maximum extent appropriate, that children 
with disabilities, including children in public or private insti-
tutions or other care facilities, are educated with children 
who are not disabled, and special classes, separate schooling, 

or other removal of  children with disabilities from the regu-
lar educational environment occurs only when the nature 
or severity of  the disability of  a child is such that education 
in regular classes with the use of  supplementary aids and 
services cannot be achieved satisfactorily. The terminol-
ogy used in Part B is “least restrictive environment” and 
in Part C is “natural environment.”1 The IEP or IFSP must 
identify the least restrictive or natural environment where 
services will be provided or justify why services might be 
provided in a more isolated environment.

Establishing the necessary support so that every student 
with a disability is able to participate to the maximum extent 
possible in the general education environment is beneficial 
to students with and without disabilities. It presents unique 
challenges, however, to all service providers. The most 
appropriate placement might be any of  the following: (1) a 
regular classroom with an aide, (2) a primary placement in 
a classroom for children with special needs but inclusion for 
music, mealtimes, and other activities as appropriate, (3) an 
alternative school with specialized services and processes for 
children with similar diagnoses (e.g., autism), or (4) home-
based services (e.g., a medically fragile child).

Models of Service Delivery

Various authors use different terminology to describe mod-
els of  physical therapy service in the educational setting, but 
categories commonly referred to are (1) direct, (2) indirect 
(monitoring), and (3) consultation.57 Although these are 
described separately below, they often occur together as 
complementary components of  a comprehensive interven-
tion plan for an individual student.

•	 Direct service involves hands-on intervention directly from 
a physical therapist or physical therapist assistant. Direct 
service can be offered in an isolated manner (e.g., in a sep-
arate physical therapy treatment area) or integrated (pro-
vided within the context of  normal routines/activities in 

Components of an IEP Goal and Examples

TABLE

21.3
Condition Student Activity Criteria Responsible Parties Baseline & Standard
Describe when and 
where the activity will 
take place

[Name] Describe the desired 
activity and the level of 
prompting-assistance

Indicate the 
performance level for 
achievement.

Who will collect and 
report on the data?

Current level of 
performance of the task

When transitioning 
between activities in 
the classroom,

Tiffany will stand from her 
classroom chair given 
only verbal prompts

in at least 3 out of 5 
daily trials per week 
across 4 consecutive 
weekly data collections.

Personal Care Assistant, 
Teacher, Physical 
Therapist

Minimal physical 
assistance(State Academic 
Standard #)

When walking in line 
from his classroom 
to the cafeteria,

Joey will maintain his walking 
speed to keep pace with 
peers with a maximum 
of one direct verbal 
prompt

in at least 3 out of 
4  trials across 4 
consecutive weekly 
data collections.

Teacher, Personal Care 
Assistant, Physical 
Therapist

4 physical prompts(State 
Academic Standard #)
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least restrictive or natural environments). The mandates in 
IDEA for service in inclusive environments make it prefer-
able for direct physical therapy to be integrated. The needs 
of  individual children, however, may be better served in 
an isolated area via a “pull-out” model of  service delivery. 
This might be true for a child who is easily distracted or 
in a classroom where the therapy might be distracting for 
other children. The need for special equipment or safety 
concerns may be other factors. Scheduling can be one of  
the limitations of  the pull-out direct service model, be-
cause if  a child is receiving physical therapy, he or she is 
not participating in the normal academic curriculum.

•	 Indirect service (monitoring) involves establishing a manage-
ment program for a student, instructing others to carry 
it out, and monitoring the process to ensure positive out-
comes. The indirect model requires physical therapists to 
teach others and “sell” their “product” (i.e., the functional 
importance of  the recommended intervention). A study 
by Otto and Effgen,58 although limited in scope, suggests 
that inactive, stability behaviors occur naturally at high 
rates and are easily integrated into a classroom routine, 
but that movement activities like walking, creeping, or 
transferring require more direct assistance before they 
will be integrated and practiced.

•	 Consultation involves an exchange of  information with a 
defined purpose and can be an effective preliminary step 
in determining the appropriateness of  a referral or collabo-
rating on resolution of  a problem. Bundy describes consul-
tation as “extraordinarily powerful” and recommends it as 
the primary form of  service delivery for most students.59

Decision making about the delivery of  physical therapy 
services is a complex process, guided by numerous consider-
ations. Kaminker et al.60 conducted a nationwide survey of  
pediatric physical therapists to explore their recommenda-
tions for the models, contexts, frequency, and intensity of  
service delivery and the factors that influenced their deci-
sion making. Therapists were asked to make clinical deci-
sions on the basis of  four clinical cases that varied by age, 
cognitive ability, and condition. Respondents had a strong 
preference for direct services, especially for the younger chil-
dren, and for services delivered in a combination of  natu-
ral (integrated) and isolated settings. Factors that strongly 
impacted their decision making were the students’ func-
tional levels and the students’ goals. Factors with minimal 
impact included administrative influence and budgetary 
constraints. A follow-up study by some of  the same authors 
investigated the impact of  geographic region on decision 
making, and results indicated considerable variability in rec-
ommendations across regions.61

In a survey of  pediatric physical therapists practicing in 
early intervention, Sekerak et al.62 found that in typical prac-
tice therapists selected an in-class model more often than 
an out-of-class model, but that physical therapists are less 
likely to select an in-class model than occupational thera-
pists, speech and language pathologists, or special educators. 

A more recent study by Nolan et al.63 surveyed pediatric 
occupational therapists and physical therapists and results 
indicated that 55.3% of  children received the majority of  ser-
vices in isolated settings and 24.7% received the majority of  
services in integrated settings, with the remainder equally 
blended between the two models.

Kingsley and Mailloux64 conducted a review of  literature 
to determine the effectiveness of  different service delivery 
models for occupational therapists providing early interven-
tion services and found little consensus. Parents were most 
positive about family-centered and routine-based approaches. 
A systematic review of  existing research indicated that ser-
vice delivery factors do not appear to have a significant effect 
on speech and language outcomes in young children.65 More 
evidence is needed to guide best-practice recommendations.

Role of the Physical Therapist Assistant

The section on pediatrics addressed the role of  the physical 
therapist assistant in the provision of  pediatric physical ther-
apy in a formal position statement that was approved by the 
APTA Board Review Committee in April 1997.66 The state-
ment supports the qualifications of  physical therapist assis-
tants to assist in the provision of  pediatric physical therapy 
services with the exception of  services for children who are 
physiologically unstable. The level of  supervision required 
for physical therapist assistants varies significantly from 
state to state, so it is imperative that physical therapist and 
physical therapist assistants are familiar with the supervi-
sion requirements outlined in their state’s Practice Act. For 
example, the Pennsylvania Practice Act states, “When care 
is provided to an individual [by a physical therapist assistant] 
in a preschool, primary school, secondary school or other 
similar educational setting, a licensed physical therapist shall 
make an onsite visit and examine the patient at least every 
four patient visits or every 30 days, whichever occurs first.”67 
The New Jersey Practice Act, however, states, “The licensed 
physical therapist supervisor shall be in the same building 
or, where physical therapy is rendered in several contigu-
ous buildings, in one of  the contiguous buildings, while the 
licensed physical therapist assistant is rendering care.”68

Assistive Technology

Appropriate assistive technology for individuals with dis-
abilities empowers those individuals to have greater control 
over their lives and to participate more fully in their home, 
school, and work environments and in their communities. 
As defined in IDEA, an assistive technology device is “. . . 
any item, piece of  equipment, or product system, whether 
acquired commercially off  the shelf, modified, or custom-
ized, that is used to increase, maintain, or improve func-
tional capabilities of  a child with a disability.”1 Assistive 
technology devices include such items as communication 
devices, adaptive equipment (e.g., standers, wheelchairs), 
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environmental control devices, adapted computers, and 
specialized software.1 The Assistive Technology Act (“Tech 
Act”), originally enacted in 1988, was most recently reautho-
rized in 2004 and will likely be revised to coincide with the 
next reauthorization of  IDEA.15

An assistive technology service is “. . . any service that 
directly assists a child with a disability in the selection, acqui-
sition, or use of  an assistive technology device.”1 Services 
include evaluation of  the child’s needs; acquisition of  
device (e.g., purchase or lease); selection, design, fit, adap-
tation, application, maintenance/repair; coordinating other 
 services/interventions; training or technical assistance for 
child/family; and service providers or employers.

Physical therapists are often involved with other team 
members in the selection and use of  assistive technology, 
and it is a crucial role. Thousands of  items are available 
from a variety of  vendors, and the cost is typically high. It 
is imperative that decisions about assistive technology con-
sider the individual needs of  a child and family; the envi-
ronment in which the equipment is to be used; sources of  
funding; training for caregivers; safety; evidence to support 
its use; and the potential for the technology to be used by 
other children. Therapists should be aware of  assistive tech-
nology resources in the state, which might include special-
ists to assist with evaluation and selection of  appropriate 
devices or centers that will loan equipment on a trial basis.

A physical therapist will need to be knowledgeable about 
many types of  assistive technology, but supported stand-
ing is a particularly important and somewhat controversial 
area. Supported standing programs are often recommended 
for students in the educational environment, but evidence 
to support effective dosing has been lacking. On the basis 
of  a systematic review of  687 studies and their clinical 
judgment, Paleg et al.69 in 2013 made the following clini-
cal recommendations: standing programs 5 days per week 
positively affect bone mineral density (60 to 90 minutes per 
day); hip stability (60 minutes per day in 30 to 60 degrees of  
total bilateral hip abduction); range of  motion of  hip, knee, 
and ankle (45 to 60 minutes per day); and spasticity (30 to 
40 minutes per day).

Transition Planning

IDEA identifies two critical transition periods for children 
with disabilities and mandates effective results-oriented plan-
ning by the IEP or IFSP team. The identified periods are the 
transition from early intervention services covered under 
Part C to the preschool programs covered under Part B and 
the transition from school to community living. Transition 
typically results in new personnel working with the child 
and family, a new environment, and a new lead agency with 
new policies and processes. It can be very stressful for both 
children and families. The transition to community liv-
ing can be especially challenging for students with severe/ 
profound disabilities because of  the lack of  resources.70

The goal of  transition planning should be to ensure con-
tinuity of  service, minimize disruption to the student and 

family, and promote optimum service delivery. For transi-
tion from early intervention (Part C) to public school, STEPS 
(Sequenced Transition to Education in the Public Schools) is 
a helpful model for facilitating interagency collaboration at 
both state and local levels.71 Components of  the STEPS model 
include creation of  a responsive administrative structure, 
active involvement of  families, preparation of  the child, and 
training for staff  so that they can effectively facilitate the pro-
cess. A Web site, Florida’s Transition Project for Infants, Young 
Children and Their Families, provides valuable resources.72

Physical therapists can and should play an active role in 
transition planning. A study by Myers and Effgen73 provided 
some preliminary data on physical therapists’ participation 
in early childhood transitions. In their survey of  pediatric 
physical therapists, they found varying levels of  participa-
tion across settings, but the majority of  respondents (54.8%) 
believed they were not participating fully in the transition 
process. Perceived barriers included a lack of  time and lack 
of  administrative support for their involvement. Only 16.6% 
of  the respondents had received training on transition.

Re-evaluation

General guidelines for re-evaluation of  a child with a dis-
ability are not more frequently than once a year and at 
least every 3 years unless the parent and LEA agree to a 
different schedule. Physical therapists must use their clini-
cal judgment to determine an appropriate schedule for re- 
evaluation. This will vary depending on the nature of  the 
child’s problems, the goals established, and whether a physi-
cal therapist assistant is involved in-service delivery.

Terminating physical therapy services for children in 
school settings can be challenging because multiple factors 
must be considered and the physical therapist must remain 
focused on the overall purpose of  related services under 
IDEA, to allow the child to benefit from special education. 
Effgen74 found that therapists generally based their decision 
to terminate physical therapy services on the child’s attain-
ment of  functional goals without influence from school 
administrators. Many of  the assessment and clinical reason-
ing tools described earlier can help guide decisions in regard 
to discontinuation of  school-based physical therapy services.

Documentation

Although requirements for documentation are not stipu-
lated in IDEA, and practice acts and Medicaid requirements 
vary substantially from state to state, therapists are encour-
aged to document every contact, especially if  a physical 
therapist assistant is involved in the provision of  care or 
Medicaid or other third-party payment is involved.  Using 
an electronic format and/or flowcharts may streamline the 
process. Documentation should contain a minimum of  the 
activities/interventions in which the student participated 
during the session, the student response to the interven-
tions, and the length of time for the session. It is essential 
that the school-based therapist become familiar with the 
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documentation guidelines of  their state’s practice act as well 
as Medicaid guidelines.

Extended School Year

The IEP team can consider the necessity of  related services 
outside of  the regular school year if  it is determined that a 
child served under Part B will experience substantial regres-
sion or loss of  functional abilities if  services are suspended 
(typically over the summer months) or if  the child failed to 
make adequate progress toward his/her annual IEP goals.

Reimbursement for Services

The mandate of  IDEA is to provide free and appropriate edu-
cation to qualified individuals with disabilities, but the cost 
can be staggering to LEAs. PL 100-360 was enacted in 1988 
to allow states to utilize Medicaid funds to supplement the 
cost of  providing related services for eligible children. Rules 
and regulations about Medicaid eligibility and allocation of  
funds vary significantly from state to state but are frequently 
restricted to direct service, which can limit the ability of  pro-
viders to select a delivery mode that is most appropriate and 
is the most efficient use of  resources. Private insurance may 
also be billed if  parents give informed consent to do so, but 
it is important that they are aware of  the specifics of  their 
policy so that they do not negatively impact long-term cover-
age (e.g., a policy that has lifetime caps on therapy services).

 Role of the physical therapist 
in program-related areas

The majority of  the functions and roles assumed by physi-
cal therapists in the public school setting that have been 
described so far have been student-related. Physical thera-
pists can also make significant contributions to program-
related needs. Physical therapists may assist others in the 
educational setting to:

•	 identify architectural barriers and plan for accessibility 
modifications;

•	 establish guidelines and child-specific modifications for 
the transport of  children with disabilities on school-
owned vehicles (e.g., buses);

•	 promote acceptance of  students with disabilities by both 
educational personnel and students;

•	 plan recreational areas for accessibility;
•	 contribute to the development of  safety procedures for 

emergency evacuation of  students with disabilities;
•	 collaborate with physical educators to develop “mutually 

supportive and effective motor programs”;
•	 participate with others in various prevention activities, 

including screening programs (e.g., musculoskeletal for 
athletes, scoliosis, and developmental); prevention and 
treatment of  sports-related injuries; prevention of  neck 
and back pain secondary to backpack use75; physical 

activity and fitness promotion76; and/or educational pro-
grams for coaches, parents, and students; and

•	 suggest general environmental modifications to promote 
independence.

Frequently, physical therapists are the liaison between 
the educational and medical communities. They may pro-
vide background information about various conditions, 
interpret medical reports, facilitate communication between 
educational and medical personnel, and assist with access to 
resources in the medical community.

Physical therapists may also be expected to provide edu-
cational personnel with information about physical therapy 
and topics related to intervention with children who have 
physical disabilities. Hardy and Roberts77 recommend con-
ducting a survey of  educators’ interests and needs to struc-
ture in- service education programs that are meaningful. 
Topics of  interest identified from the authors’ survey of  spe-
cial educators included specific student disabilities, classroom 
adaptations, referral guidelines, physical therapist roles and 
responsibilities, and the difference between an occupational 
therapist and a physical therapist. A helpful resource is an arti-
cle by Dole, Collaborating Successfully with Your School’s Physical 
Therapist, that was published by the Council for Exceptional 
Children.78 Physical therapists frequently provide training for 
support personnel; all trainings should be documented, and 
both the trainer and the trainee should sign an outline of  the 
training to verify that the training has been completed.

Management functions are important in the educational 
environment to ensure that decisions affecting job descrip-
tions, delivery of  care, supervision, and so on are compatible 
with best-practice models. It is not possible, as it was in the 
1930s, for physical therapists to have the same job descrip-
tion and qualifications as teachers. Shortages are common, 
and therapists must understand and communicate to school 
administrators recruitment and retention strategies for physi-
cal therapists that are often very different than those for edu-
cational personnel. In a survey, by Keppler and Effgen,79 of  
physical therapists practicing in educational settings, the areas 
of  job dissatisfaction most frequently mentioned were lack of  
continuing education opportunities, insufficient peer contact, 
lack of  an identified place to work, lack of  time allotted for 
administrative tasks and meetings, and too much travel.

A variety of  other management tasks are essential as a 
framework for best practice, and time should be negoti-
ated to ensure that they can be given adequate attention. 
Efficient systems should be in place for documentation, 
record keeping, and billing, and these components should 
be reviewed on a regular schedule. Job descriptions should 
be comprehensive, state essential functions, and may form 
the basis for annual performance evaluations of  individ-
ual physical therapists. Many states are also in the process 
of  developing standardized performance assessments for 
all educational personnel, including physical therapists.80 

North Carolina Dept. of  Public Instruction, Exceptional Children Division; 
Physical Therapist Performance Appraisal
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A  physical therapist should have his/her clinical perfor-
mance evaluated by another physical therapist, which may 
require special, formalized arrangements. Both the job 
descriptions and the performance evaluations should be 
reviewed annually.

A plan for program evaluation, quality assurance, 
and peer review should be in place and reviewed regu-
larly (at least annually). Agreement should be reached 
on reasonable caseloads and guidelines for determining 
eligibility for physical therapy as a related service. Lines 

of  communication and authority should also be clearly 
established.

Many references are now available to guide the physi-
cal therapist in the educational environment, including 
guidelines published at the state level. APTA’s Section on 
Pediatrics and the special interest group on School-based 
Physical Therapy within the section provide valuable 
resources on a variety of  topics that can be accessed on their 
Web page (www.pediatricapta.org). Table 21-4 lists some of  
the more applicable resources.

Selected Resources for School-based Physical Therapists

TABLE

21.4
APTA RESOURCES:
FACT SHEETS from APTA Section on Pediatrics:
•	 Clinical	Reasoning	in	Pediatric	Physical	Therapist	Practice
•	 FAQs	on	Response	to	Intervention	for	School-Based	Physical	Therapists
•	 List	of	Pediatric	Assessment	Tools	Categorized	by	ICF	Model
•	 Team-based	Service	Delivery	Approaches	in	Pediatric	Practice
•	 The	Role	of	School-based	Physical	Therapy:	Successful	Participation	for	Every	Student
•	 What	Providers	of	Pediatric	Physical	Therapy	Services	Should	Know	About	Medicaid
•	 Intervention	for	Youth	Who	Are	in	Transition	from	School	to	Adult	Life
•	 Assistive	Technology	and	the	Individualized	Education	Program
•	 Assistive	Technology	Resources
•	 Natural	Environments	in	Early	Intervention	Services
http://www.pediatricapta.org/members/member-fact-sheets.cfm
APTA Section on Pediatrics: List of Assessment Tools Used in Pediatric Physical Therapy (updated November 2011)
http://www.pediatricapta.org/members/pdfs/PedsAssessmentScreeningTools.pdf
APTA Section on Pediatrics School-Based Special Interest Group:
National organization working to provide opportunities for school-based physical therapists to confer, meet, and promote high standards of practice. 
Sponsors an annual meeting/conference.
www.pediatricapta.org 
APTA Section on Pediatrics School-Based Special Interest Group Brochure: Providing Services Under IDEA 2004 (2010)
www.pediatricapta.org 
McEwen I, Providing Physical Therapy Services under Parts B and C of the Individuals with Disabilities Education Act (IDEA)–2009
APTA Section on Pediatrics
www.pediatricapta.org 
APTA Pediatric Listserv: on-going email discussion forum for current issues in pediatric physical therapy:
http://www.pediatricapta.org/members/listserve.cfm
Pediatric Physical Therapy:	Quarterly	peer-reviewed	publication
http://journals.lww.com/pedpt/pages/default.aspx

RELATED ORGANIZATIONS/ASSOCIATIONS:
US Department of Education: Building the Legacy–IDEA 2004–provides resources for IDEA and its implementation.
http://idea.ed.gov 
National Education Association–A professional employee organization committed to advancing public education.
http://www.nea.org/ 
IDEA Partnership-reflects the collaborative work of more than 50 organizations, technical assistance providers, and organizations and agencies  
at state and local levels.
http://ideapartnership.org/ 
The National Early Childhood Technical Assistance Center–funded through the Office of Special Education Programs this website provides resources 
to promote evidence based practices to improve child outcomes.
www.nectac.org
National Early Childhood Transition Center promotes successful transitions from early childhood to school-age services.
www.igdi.uky.edu/nectc
TASH: Equity, Opportunity and Inclusion for People with Severe Disabilities TASH is an international organization that advocates for human rights  
and inclusion for people with severe disabilities.
http://tash.org/ 
CanChild: Center for Childhood Disability Research–a research and educational center focused on improving the lives of children with disabilities.
www.canchild.ca

http://www.pediatricapta.org
http://www.pediatricapta.org/members/member-fact-sheets.cfm
http://www.pediatricapta.org/members/pdfs/PedsAssessmentScreeningTools.pdf
http://www.pediatricapta.org
http://www.pediatricapta.org
http://www.pediatricapta.org
http://www.pediatricapta.org/members/listserve.cfm
http://journals.lww.com/pedpt/pages/default.aspx
http://idea.ed.gov
http://www.nea.org
http://ideapartnership.org
http://www.nectac.org
http://www.igdi.uky.edu/nectc
http://tash.org
http://www.canchild.ca
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 Points to ponder

The educational environment presents on going  challenges 
for the team of  professionals who serve children with dis-
abilities. Policies and procedures vary from state to state and 
even within districts. Therapists struggle on a daily basis to 
make the “right” decisions that most appropriately address 
the needs of  individual students within the context of  fed-
eral regulations. Below are examples of  some of  the kinds 
of  questions that therapists must address.

•	 Do we have evidence to support many of  the common 
recommendations in the school setting? For example:
•	 manual stretching to increase range of  motion or pre-

vent contractures
•	 supported standing in various types of  adaptive 

equipment
•	 Do we have reliable, valid assessment tools and evidence-

based intervention options for children with severe/pro-
found disabilities?

•	 For many children with severe/profound disabilities, 
acquiring basic motor skills (e.g., head control) may be a 
primary focus of  an educational plan. Do these children 
warrant more attention from physical therapists or less?

•	 Do we have evidence to support our prognosis for poten-
tial functional gains that can appropriately guide decisions 
related to frequency and duration of  intervention?

•	 Can life skills like riding a bicycle be justified within an 
educational program plan?

•	 Should a school-based physical therapist increase ser-
vices for a child on his/her caseload who receives surgical 
intervention?

 SUMMARY

T he educational environment is a challenging and re-
warding environment for the physical therapist. To 
be effective in the public school setting in the United 

States, a physical therapist must have an understanding of  the 
federal legislation that has shaped the delivery of  special edu-
cation for children from infancy to young adulthood. Most 
significant was PL 94-142, passed in 1975, which mandated 
physical therapy as a related service and created a variety of  
conceptually new ways of  thinking about the educational 
needs of  children with disabilities. Local, state, and federal 
rules and regulations must be understood and adhered to.

Physical therapists must be willing and able to participate 
actively as part of  a collaborative team and to consider par-
ents an integral part of  that team. They must acknowledge 
that their intervention is limited to the educational needs of  
the child. They must utilize models of  service delivery that 
most effectively address the individualized needs of  each child. 
Practice in the educational environment requires the knowl-
edge, skills, and abilities of  a specialist in pediatric physical ther-
apy, but with the grounding to always be able and willing to 

 CASE STuDIES

CASE STuDy 1 A 13-year-old student named Elizabeth 
has spastic cerebral palsy and multiple disabilities, including 
moderate to severe cognitive impairments and severely limited 
motor abilities. Her age-equivalent performance of motor skills 
is less than 12 months. While attending Elizabeth’s IEP meeting, 
her parents asked for physical therapy for 30-minute range of 
motion/stretching sessions three times per week to prevent 
dislocation of her hips.

•	 What	 factors	should	 the	 IEP	 team	consider	when	discussing	
the parents’ request?

The primary factor to be determined in consideration of the 
request is whether or not limitations in Elizabeth’s hip stability 
impact her performance at school or her ability to participate 
in her educational program. Therefore, the IEP team should 
 examine Elizabeth’s goals and performance at school in an 
effort to  examine the educational impact of Elizabeth’s hip sta-
bility deficits. If Elizabeth’s limitations are relatively minor, do 
not affect her ability to access her curriculum, have not pro-
gressed significantly, and do not predispose her to significant 
complications that could potentially impact her education, then 
the IEP team would likely conclude that addressing these issues 
would not be educationally relevant. If, however, the limitations 
are  more severe and interfere with Elizabeth’s school perfor-
mance (e.g., inability to assist with transfers), then the mainte-
nance of hip integrity may be deemed educationally relevant. In 
this case, the team would then progress through the IEP process 
and determine how the maintenance of hip stability can best be 
met in Elizabeth’s school environment.

•	 Is	 there	 evidence	 in	 the	 literature	 to	 support	 or	 refute	 this	
 requested service?

Evidence to support these intervention strategies is improving, 
and therapists must increasingly use the evidence to support 
their school-based interventions. In Elizabeth’s case, evidence is 
best for the use of a supported standing program in order to 
address her parents’ concerns. A supported standing program 
consisting of at least 60 minutes per day in 30 degrees of abduc-
tion is recommended.69 Continued research is needed if we are 
to advocate appropriately for children and make effective recom-
mendations to educational personnel.

interpret physical therapy intervention so that it is understood 
and appreciated by nonmedical personnel. The rewards include 
the benefits of  functioning as part of  a team, following a child 
long-term, and having the opportunity to observe the child in 
his or her daily functions within the school environment.

Below are examples of  translating evidence into practice 
in the school-based setting.
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following a medical intervention. For example, Rasheen might 
benefit from a neuromuscular electrical stimulation program 
established and monitored on an outpatient basis to maintain leg 
strength. The outpatient physical therapist might also assume 
a more active role in developing and monitoring a comprehen-
sive home program for prevention of contractures that would 
involve adaptive equipment for the home environment and night 
splinting81. Regardless of the circumstances, Rasheen’s parents, 
physician, and therapists should all work collaboratively to com-
prehensively address his needs.

•	 How	might	the	focus	of	Rasheen’s	services	change	as	he	pro-
gresses through middle school and high school?

As Rasheen approaches middle school and high school, plan-
ning for the school-to-adulthood transition will play a larger role 
in his educational programming. Exploring Rasheen’s vocational 
interests and linking them to his physical abilities will become  
increasingly important. Investigating potential living arrange-
ments, identifying community agencies, and examining recre-
ational options should be addressed via transition planning.
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Anterior superior iliac spine (ASIS), 561
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Aortic valve stenosis, 658t, 660, 661
Apgar scores, 123, 125, 125t, 140, 153, 190b
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normal cardiac circulation after, 659–660, 659
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Blalock-Taussig shunt, 663, 675, 675
Blindness (see Visual impairment)
Blood gas values, 665, 665t
Blount disease, 490–491, 490
Bobath approach (see Neurodevelopmental 

treatment)
Bobath, B., 211
Bobath, K., 211
Body composition, 645
Body mass index (BMI), 642, 644

and slipped capital femoral epiphysis, 518
Bonding, 18t, 114
Bone (see also Osteoporosis)

composition, skeletally immature athlete, 
501–503

density, spinal cord injury and, 343
marrow

aspiration of, 593
transplant of, 596–597

tumors of, 591–592, 593, 594t, 601t
Bony abnormalities, foot, 530
Borg Rate of  Perceived Exertion scale, 670t, 673, 

686–687
Boston brace, 495, 496
Both, Amy, 301–325
Botulinum toxin A (BTX-A) injection, 214

for equinus deformity, 229
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for knee flexion contracture, 227
and phenol, 222
for spasticity, 221–222, 336

Bowel continence/incontinence, spina bifida  
and, 253b

Boxer’s fracture, 513
BPD (see Bronchopulmonary dysplasia)
Brace(s) (see also Orthosis)

Boston, 495, 496
for spina bifida, 268, 270, 272–275, 279, 281
after spinal cord injury, 338–340, 338, 339

Brachial plexus injury, 123, 162
Brachycephaly, 392
Braden Q scale, 627
Brain (see also Hydrocephalus; Traumatic brain 

injury)
abnormalities, congenital muscular dystrophy 

and, 368
embryogenesis of, 115
herniation of, 305
intracranial hemorrhage of, 128–129,  

304–305, 383t
intraventricular hemorrhage of, 127, 134–136, 

135, 135t, 190
tumors of, 590, 590t, 594t, 595, 601t

Brainstem auditory-evoked response audiometry 
(BAER), 410

Brainstem auditory-evoked potentials (BAEP), 250
Brazelton, T. Berry, 104, 116, 122, 144t
Breath sounds, 685, 707
Bridgman, Laura, 380
Broader autism phenotype (BAP), 404t
Bronchial aspiration, Chiari II malformation  

and, 250b
Bronchopulmonary dysplasia (BPD), 146–147, 679
Broviac catheter, 595, 666
Brown–Séquard syndrome, 334b
Bruininks-Oseretsky Test of  Motor Proficiency 

(BOTMP), 71, 81, 411, 411t
brain trauma and, 314

Auditory system, 121
Augmentative technology, 424
Auscultation, 684–685
Autism, 86
Autism Diagnostic Interview–Revised (ADI-R), 405
Autism Observation Schedule (ADOS), 405
Autism Observation Schedule for Infants (AOSI), 

411, 411t
Autism spectrum disorders (ASDs), 403–419

case study, 417–419
classification of, 403–404, 404t
definition of, 403
diagnosis of, 405–406
etiology of, 404–405
examination of, 409–413, 411t
impairments, 406–409, 407t
incidence of, 404
interventions for, 414–417
neuropathology of, 405
obesity and, 650
physical therapy for, 413t
prevalence of, 404t
prognosis of, 405–406
risk factors of, 404–405
team approach to, 414

Autogenic drainage, 692–693, 709
Autografts, 624, 625–626
Autonomic dysreflexia, 331b
Ayres, A. Jean, 212

B
“Back-to-Sleep” program, 143, 476
Backrest, 437–438
Baclofen

intrathecal pump, 222
for pain, 336
for spasticity, 221, 336

Balance, 58–60, 59, 60, 64t, 266
CNS tumor and, 600
loss, brain trauma and, 313

Balance Error Scoring System (BESS), 534
Ballismus, 193
Barlow test, 479
Barrel chest, 668
Bathing, 454
Battelle Developmental Inventory–Second 

Edition (BDI-2), 69, 86
Bayley Infant Neurodevelopmental Screener 

(BINS), 73–74
Bayley Scales of  Infant and Toddler 

Development–Third Edition (Bayley-III), 71, 
82, 84–86, 85b, 162, 724

Bayley Scales of  Infant Development (BSID), 20, 
77, 411
Movement Assessment of  Infants versus, 194

Bayley Scales of  Infant Development II (BSID II), 
73, 74, 80

Beaman, Jason, 187–241
Becker muscular dystrophy (BMD), 351,  

353, 355
Behavior(ism), 20, 21

brain trauma and, 311
Behavior Observation Inventory, 84
Beighton Scale for Joint Mobility, 486, 486t
Beighton–Horan ligament laxity scale, 503, 504b
Benign joint hypermobility syndrome (BJHS), 

485, 487
Bertoti, Dolores B., 379–399
Bethlem myopathy, 369
Bhat, Anjana, 403–419
Bicycles, 450

helmets, 324
injuries, 302

Arthritis Foundation (AF), 586
Arthrodesis, 223t, 565
Arthrogryposis multiplex congenita (AMC), 

480–482, 481
Arthroplasty, 565–566
Articular severity score (ASS), 559
Articulating ankle–foot orthoses, 231–234, 

232–233t
ASIA Impairment Scale, 334b
Asperger syndrome, 403–404, 404t
Asphyxia, perinatal, 153–154, 154t, 157, 190b
Assessment

of  adaptive skills, 204–205
of  ADLs, 553–554b, 562
of  educational needs, 721–722
equipment, 427–432
of  fine motor skills, 204–205
of  functional abilities, 72, 87–93
of  gait, 199–204
hearing, 386
of  intellectual disabilities, 382, 382t
of  language skills, 205
methods of, 69–70
of  motor function, 74–82
of  movement, 195–196
musculoskeletal, 197–199
outcome measures, 93–96
of  posture, 196
of  preterm infants, 121–123, 122t, 140–146, 

144–145t
of  self-care skills, 204–205
speech, 205
terms for, 71–72
visual, 385

Assessment of  Preterm Infant Behavior  
(APIB), 145t

Assistive technology, 423–424, 727–728
Assistive Technology Acts, 719t, 728
ASSISTTM software, 82
Association for Persons with Severe Handicaps 

(TASH), 720
Astasia, 19t, 51
Asthma, 703–706

assessment of, 703
definition of, 703
incidence of, 679, 703
interventions for, 704–706
management of, 696, 703–704

Astrocytoma, 590t
Asymmetric tonic neck reflex (ATNR),  

24, 25t, 37–38
embryogenesis and, 117
inhibition of, 38–40, 39, 61
persistence of, 43

Ataxia, 193, 210b
brain trauma and, 312
Chiari II malformation with, 250b
Friedreich, 383t

Ataxic gait, 204
Atelectasis, 697–699
Athetosis, 193, 206b, 209b, 384t
Athetotic gait, 204
Atkinson, Heather, 329–348
ATNR (see Asymmetric tonic neck reflex)
Atrial septal defects (ASD), 658t, 660, 660
Atrioventricular septal defect (AVSD),  

660, 661
Attention

autism spectrum disorder and, 406
brain trauma and, 311
deficit disorder, 147

Aubert, Emilie, 17–65, 423–457
Auditory impairment, autism spectrum disorder 

and, 406–407
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Children’s Orientation and Amnesia Test  
(COAT), 307

Chlamydia trachomatis, 146
Choosing Options and Accommodations for 

Children (COACH), 725
Choreoathetosis, 193, 384t
Chorioamnionitis, 139, 146
Christopher and Dana Reeve Foundation, 

NeuroRecovery Network, 340
Chromosomal abnormalities

collagen VI and, 369
cystic fibrosis and, 706
dystrophin and, 351, 352, 353
intellectual disabilities with, 383t
myotonia and, 365
sarcoglycan and, 366t
SMN protein and, 370
Down syndrome and, 391

Chronic exertional compartment syndrome 
(CECS), 525–526

Chronic lung disease of  infancy (CLDI), 146–147
Chronic obstructive pulmonary disease  

(COPD), 695
Cigarette smoke, 18t, 137, 151
Circulation, spinal cord injury and, 342
Circulatory system, burns and, 619–620
Cisplatin, 594t
Clavicle fractures, 512
Clinton, Bill, 11
Clonidine

for pain, 336
for spasticity, 336

Clubbing, digital, 668, 683
Clubfoot deformity, 477–478 (see also Talipes 

equinovarus)
CMV (see Cytomegalovirus)
Cobblestone lissencephaly, 368
Cognitive function

brain trauma and, 310–312
intellectual disabilities and, 389–390
pulmonary and respiratory disorders  

and, 686
Cognitive impairments, autism spectrum disorder 

and, 406
Cognitive skills, equipment selection and, 429
Collagen, 352, 369, 617, 618
Colles fracture, 60
Coma, 302

assessment of, 307t
depth of, 307
duration of, 306
scales, 306, 307t
stimulation program for, 317–318, 317b, 318b

COMFORT scale, 666
Committee on Children with Disabilities of  the 

American Academy of  Pediatrics, 69
Communication systems, 455–456
Community programs, 215
Compartment syndrome, 525–526
Competent feeder, 116
Complete blood count (CBC), 664
Computed tomography (CT) scan

for accessory navicular, 530
for pelvic avulsion fractures, 515
for tarsal coalition, 530
for traumatic hip dislocation, 518
for traumatic shoulder dislocation, 512

Concurrent validity, 71
Concussion, 304, 383t
Conditioning (see also Endurance, training)

arthritis and, 559–560, 559b, 566b, 569
cardiac disorders and, 670

Confused patients, 319–321
Congenital diaphragmatic hernia (CDH), 127–129

family dynamics and, 3–4
heart disease and, 671
literacy issues with, 8
muscular dystrophy and, 360
NICU and, 141–142
spinal cord injury and, 341

Carol M. White Physical Education  
Program, 654b

Cascade DAFO, Inc., 236
Cast(s)

bivalved inhibitive, 316
for burns, 631
Petrie, 488
after spinal bifida surgery, 282–285, 283, 284

CATCHAQ-38, 554, 555b
Catheterization, 595, 665, 666
Cauda equina syndrome, 334b
CDH (see Congenital diaphragmatic hernia)
Center-Based Delivery, 2b
Centers for Disease Control and Prevention 

(CDC), growth charts, 646, 647
Central cord syndrome, 334b
Central line placement, 595
Central nervous system (CNS) (see also Brain)

embryogenesis of, 115
tumors of, 590, 590t, 601t

Central pattern generators (CPGs), 20–21, 213
Cerebral edema, 305
Cerebral palsy (CP), 187–241

assessment of, 78, 194–199, 194–195b
botulinum toxin A for, 221–222, 228
case studies of, 12, 237–241
classification of, 191–194, 191b
definition of, 187–188
diagnosis of, 189–191
equipment issues with, 215–220
etiology of, 188–189
gait in, 199–204
home management of, 236
incidence of, 188
interventions for, 206–215, 221–222
IVH and, 135
lower extremity orthoses, 230–236
neuromuscular blocks, 221–222
obesity and, 649, 650
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orthoses for, 232–233t
perinatal causes of, 189b
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prognosis of, 189–191
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school-based therapy for, 236–237
surgery for, 222

CF (see Cystic fibrosis)
Chairs, 435, 437–439, 439, 441, 442
Charcot–Marie–Tooth (CMT) disease, 352, 
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CHDs (see Congenital heart defects)
Chemotherapy, 594–595, 594t, 600, 603, 605
Chiari II malformation, 249–250, 250b,  
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Child abuse, 189b, 302
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of  intellectual disabilities, 383t
spinal cord injuries from, 330

Child-Centered Services, 2b
Child Health Questionnaire (CHQ), 95, 96, 652
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functional abilities with, 354, 355, 355,  

356t, 359
interventions for, 359–365
pathophysiology of, 353
progression of, 353–356
proteins implicated in, 352
pulmonary problems with, 711
school issues with, 358
treatment for, 357–358

Dynamic ankle–foot-orthoses (DAFO),  
232–233t, 235

Dynamic Orthotic Cranioplasty (DOC)  
band, 477

Dynamic systems theory, 20, 106–108, 107
Dynamometry, 465, 466, 670
Dysautonomia, 306
Dyskinesia, 193, 428
Dyspnea, 686–687 (see also Pulmonary and 

respiratory disorders)
index, 670, 670t

Dysreflexia, autonomic, 342
Dystonia, 193
Dystrophinopathy, 352, 352

E
ECMO (see Extracorporeal membrane 

oxygenation)
Education, 380 (see also Caregiver education; 

School issues)
inclusive, 726
legislation on, 718, 719t
sex, 3, 343
supportive, 382–383, 390, 394

Education for All Handicapped Children Act, 104, 
718, 720

Educational team, 719–720
Ege’s test, 522
Ehlers–Danlos syndrome (EDS), 485–487, 486t
Elbow

arthritis of, 557t
injuries, 510–511

Electromyography (EMG), 256, 438–439
for Duchenne muscular dystrophy, 353
for limb-girdle muscular dystrophy, 366
for spinal muscular atrophy, 370

Embryogenesis, 114–116, 115
Enablement models, 109
Encephalopathy

hypoxic–ishemic, 153, 154t, 189b
metabolic, 189b

Endocrine disorders, 306
Endurance, 685

autism spectrum disorder and, 408–409
cardiorespiratory, 648
muscular, 648
training (see also Conditioning)

arthritis and, 568–569
heart disease and, 670, 673

Enthesitis, 545, 548
Enthesitis-related arthritis (ERA), 543t, 544,  

551, 561
Environmental controls, 456–457
Environmental influences, on brain trauma, 309
Ependymoma, 590t
Epilepsy, myoclonic, 383t (see also Seizures)
Equilibrium reaction, 59b
Equinus deformity, 228–230
Equinus gait, 202
Equipment, 423–457

activities of  daily living, 454–455
assessment for, 427–432
for cerebral palsy, 215–220

Dantrolene (Dantrium), for spasticity, 316
Dantrolene sodium, for spasticity, 221, 336
Dargassies, Suzanne Saint-Anne, 116
De Lange syndrome, 384t
Death and dying, 7, 114
Debridement, 621, 625
Deflazacort, for muscular dystrophy, 357
Dejerine–Sottas (DS) disease, 373
Dermatomyositis, 541
Development

cardiac system, 658–659
of  central nervous system, 115
fine motor, 60–64, 60–64, 64t
motor, 17–65
pulmonary system, 680–681
tests of, 69–97

Developmental care, 110–112
Developmental Coordination Disorders 

Questionnaire (DCDQ), 410
Developmental delay

myotonic dystrophy with, 365
risks for, 104, 724b
Down syndrome and, 393–394

Developmental dysplasia of  hip (DDH), 478–480
assessment of, 478–480, 479
classification of, 479t
management of, 480, 480

Developmental quotient (DQ), 71, 86
Dexamethasone, 594t
Diabetes mellitus

gestational, 123
obesity and, 649
steroid use and, 550
type 2, 649

Diagnostic and Statistical Manual of  Mental 
Disorders, 4th ed. (DSM-IV-TR), 383

Diagnostic and Statistical Manual of  Mental 
Disorders, 5th ed., 381

Diazepam (Valium), for spasticity, 316, 336
Dickens, Charles, 380
Diffuse axonal injury (DAI), 305
DiGeorge syndrome, 657
Digital clubbing, 668, 683
DiIenno, Michael, 463–496
Diplegic gait, 202–203, 206b
Disability index, 552
Discharge planning, spinal cord injury and, 341 

(see also Home management)
Disease-modifying antirheumatic drugs 

(DMARDs), 549
Distal forearm fractures, 513
Distal interphalangeal (DIP) joint of  finger, 514
DMD (see Duchenne muscular dystrophy)
Documentation, 728–729
Dolichocephaly, 117, 144
Double-outlet right ventricle (DORV),  

662–663, 662
Down syndrome, 379–399

assessment of, 382–387, 382t, 384t
case study, 397–399
complications with, 391–392, 590
definition of, 391
history of, 391
incidence of, 381, 391
interventions for, 390–396, 392–395
neuropathology for, 391–392
pathophysiology of, 391

Doxorubicin, 594t
Dubowitz, V., 144t
Duchenne muscular dystrophy (DMD),  

351–375, 699
ambulation with, 354, 355, 356t, 362
assessment of, 359–360
case studies of, 374–375, 711
clinical presentation of, 353–356

Congenital heart defects (CHDs), 149, 157, 392, 
657, 660–663
assessment of, 664–670, 665, 665t
case study of, 675–676, 675
equipment for, 666, 667
incidence of, 657, 658t
interventions for, 671–674
neurodevelopmental outcomes of, 674–675
types of, 660, 662–663

Congenital limb deficiencies, 468–475, 469–475
Congenital muscular dystrophy, 368–369
Congenital muscular torticollis (CMT) (see Torticollis)
Congenital myopathy, 367–368
Congestive heart failure (CHF)

clinical presentation of, 663t
cor pulmonale and, 686
muscular dystrophy and, 357
transplant for, 663–664

Connective tissue diseases, 541
Considerations for Educationally Relevant 

Therapy (CERT), 722, 723
Constraint-induced movement therapy (CIMT), 

modified, 212–213
Content-Balanced CAT, 89
Content validity, 71
Continuous positive airway pressure (CPAP), 

125t, 126
Contracture management, 315–316
Contusion, 304, 383t
Conus medullaris syndrome, 334b
Coping strategies, 113–114 (see also Stress 

management)
Cor pulmonale, 686
Corner chair, 439, 439
Corticosteroids

for arthritis, 550
for muscular dystrophy, 356, 362
nutritional concerns with, 546b

Cost, of  screening test, 70
Coultes, Kathy, 641–655
Coup injuries, 533
CP (see Cerebral palsy)
Crackles, 685, 707
Craniopharyngioma, 590
Creatine monohydrate, for muscular dystrophy, 357
Cri-du-chat syndrome, 384t
Criterion-related validity, 71
Crouch gait, 202–203
Crutches, 220

for spina bifida, 273, 275t, 282
Culturally and Linguistically Appropriate Services 

(CLAS) standards, 9b
Culture (see Multiculturalism)
Cultured epithelial autografts (CEAs), 625
Cushing’s syndrome, 550
Cyanotic heart defects, 662–663
Cyclosporine, 597
Cystic fibrosis (CF), 679, 683, 706–710

assessment of, 706–710
exercise for, 700t
gene for, 706
interventions for, 709–710
management of, 696–697, 706–707
postural drainage for, 688–691, 689–690

Cytomegalovirus (CMV)
BPD and, 146
and cerebral palsy, 188b
intellectual disabilities and, 384t

D
Dactylitis, 544, 545
Dance classes, 215
Dance Dance Revolution, 417
Dantrium (see Dantrolene)
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Fukutin-related protein (FKRP), 367
Functional abilities

arthritis and, 571–572
assessment of, 72, 87–93, 598–600, 599t
after brain trauma, 309
with muscular dystrophy, 354, 355, 355,  

356t, 359
neonatal, 107
after spinal cord injury, 334, 335t

Functional electrical stimulation (FES), 214, 230, 
340, 342

Functional Independence Measure for Children 
(WeeFIM), 89–91, 90b, 722
brain trauma and, 314
spinal cord injury and, 335

Functional outcomes, 205, 206b
Functional skills, equipment selection and, 

429–430
Functioning, defined, 423

G
Gait

arthritis and, 561
ataxic, 204
athetotic, 204
autism spectrum disorder and, 408
after brain trauma, 319–323
after burns, 629
in cerebral palsy, 199–204
deviations, causes of, 200, 201t
diplegic, 202–203, 206b
hemiplegic, 200–202
motor development and, 55–57, 55–57
in muscular dystrophy, 354
observational analysis, 200
parameters of, 57t
prosthetic legs and, 473
quadriplegic, 203–204
robotic training, 213–214
Down syndrome and, 393
three-dimensional analysis of, 282
trainers, 219, 220, 450

Ganglioneuroblastoma, 591
Ganglioneuroma, 591
Gastrocnemius stretching, BTX-A injection  

for, 201
Gastroesophageal reflux (GER), 131–132

Chiari II malformation with, 250b
cystic fibrosis and, 688
positioning for, 143

Gastrointestinal system disorders, muscular 
dystrophy and, 356

Gastroschisis (GS), 150–151
Geddes, Rita F., 717–732
Gender, and obesity, 642–643t
General Movements Assessment (GMA), 145t
Generalized ligamentous laxity, 503
Genetics (see Chromosomal abnormalities)
Germinal matrix–intraventricular hemorrhage 

(GM-IVH), 134–136, 135, 135t, 190
Gesell, Arnold, 19
Gestural-assisted strategies, 456
Gestural strategies, 456
Glanzman, Allan M., 351–375
Glasgow Coma Scale (GCS), 306, 307t, 315
Glenohumeral internal rotation deficit  

(GIRD), 507
Glioblastoma multiforme, 590t
Glioma, 590t, 595, 599
Glucocorticoids, 550 (see also Corticosteroids)
GMFCS–E&R, 78, 78t
GMFM-66, 77, 78, 79, 721
GMFM-88, 77, 78, 79, 721
Goniometry, 197, 555, 599t

Family-centered care, 1–13 (see also Caregiver 
education)
barriers to, 2–3
benefits of, 10–11
case studies of, 11–13
cultural factors in, 4–10
interventions for, 7–10
legal issues with, 2, 720, 725

Family environment, equipment needs and, 
430–432

Family Resource Center on Disabilities, 341
FAS (see Fetal alcohol syndrome)
Fasciotomy, 620
Fatiman, Anne, 6
Feeding, 454–455

poor, Chiari II malformation and, 250b
Female athlete

special considerations for, 536
triad, 536–537, 537t

Femoral acetabular impingement (FAI) tears, 
517–518

Femoral stress fracture, 516
Femur (see also Hip)

anteversion of, 198, 224–225
focal deficiency of, 468, 470, 470

Fencer’s posture (see Asymmetric tonic neck 
reflex)

Ferguson, P., 3
Fetal alcohol spectrum disorder (FASD), 158–159
Fetal alcohol syndrome (FAS), 19, 158t (see also 

Substance abuse)
intellectual disabilities and, 384t

Fetal surgery, 151–152, 251
Fine Motor Quotient (FMQ), 79
Fine motor skills

assessment of, 204–205
development of, 60–64, 60–64, 64t

Finger fractures, 513–514
Finnegan scale, 159
FITNESSGRAM, 648
FLACC pain scale, 599t, 627, 666
Flat foot deformity (see Planovalgus deformity)
Flexibility, 648

assessment, 503
Flexor digitorum profundus (FDP), 514
Flickinger, Jean M., 351–375
Floortime play, for autism spectrum disorder, 416
Fluid resuscitation, 619, 626
Flutter device, 693–694, 695, 709
Folic acid, 247–248
Folk remedies, 6, 11–13
Foot (see also Talipes equinovarus)

amputation of, 471, 472
arthritis of, 556, 557t
assessment of, 199, 466, 467, 481
deformities of, 228–230, 276–277, 276b
drop, 600
enthesitis of, 545
injuries, 528–531
orthoses, 235–236
Down syndrome and, 394

Foot-progression angle (FPA), 466, 467, 482
Forced expiratory technique (FET), 693
Forefoot fractures, 530–531
Forward-bend test, 495, 495
Fracture(s), 613

brain injury and, 313–314
Colles, 60
pelvic, 313–314
Salter–Harris classification of, 502, 502, 502b, 

513, 527, 528
skull, 304

Fragile X syndrome, 384t, 405–406
French angles, 155, 156
Friedreich ataxia, 383t

classification of, 423–424
fabricating, 434–436, 435
for family environment, 430–432
for heart defects, 666–667, 666, 667
for home care, 430–432
for joint hypermobility syndromes, 487
manufacture of, 435, 436
for NICU, 125–129, 125–126t, 127, 128
playground, 324
for positioning, 215–217
precautions with, 425–427
for pulmonary and respiratory  

disorders, 685
purchasing, 432–434
renting or borrowing, 434
role of, 424–425
for school environment, 430–432
seating, 215–217
selection of, 432–436
for side-lying, 316, 442
for spina bifida, 267–268
for standing, 439–442, 440
universal design, 457

Escharotomy, 620, 620, 626
Etanercept, 550
Ethnicity

arthritis and, 545
asthma and, 703
child abuse and, 612
cystic fibrosis and, 706
and obesity, 642–643t
spina bifida and, 248

Ethyl alcohol, for spasticity, 221
European League Against Rheumatism  

(EULAR), 541, 542t
Ewing’s sarcoma, 591–592
Executive functioning (EF), 312, 405

autism spectrum disorder and, 406
Exercise-induced compartment  

syndrome, 525
Exercises (see also Range of  motion, exercises)

for arthritis, 562, 566, 566b
blood counts and, 593t
for burns, 632–633
for cerebral palsy, 208–211
for cystic fibrosis, 696, 700t
distinguished from physical activity, 649
heart defects and, 672–673, 673
for leukemia, 593t, 603–606
for muscular dystrophy, 361
for spina bifida, 257–258, 258, 280
for spinal cord injury, 337
stretching, 567

Exertion, 686–687
Extended school year, 729
Extracorporeal membrane oxygenation (ECMO), 

125t, 127, 128–129, 128
for CDH, 149
for heart defects, 666, 666
for PPHN, 157

Extradural hematoma, 304
Eye(s) (see also Vision)

congenital muscular dystrophy and, 368
infections of, 550
retinoblastoma of, 592
sunset sign of, 254, 259t

F
Fabricating equipment, 434–436
Face mask, 634
Faces Pain Scale, 560b, 599t, 627, 666, 687
Failure to thrive, 18t, 612, 664
Falls, 302, 330
Family Bill of  Rights, 11
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Individualized Educational Plan (IEP), 431, 572, 
723–724
components of, 726t
goals and objectives, 725–726

Individualized Family Service Plan, 2, 416
Individuals with Disabilities Education Act 

(IDEA), 162, 323, 431, 433, 572, 717–732, 719t
Part C, 82, 86

Infant and Toddler Sensory Profile, 410
Infant Family Service Plan (IFSP), 725

goals and objectives, 725–726
Infants without physical impairments, 453–454
Infections, brain trauma and, 306
Inflammation, 617
Inflammatory bowel disease (IBD), 544
Instrumental activities of  daily living (IADLs), 

337–338
Integumentary system, assessment of, 667–668
Intellectual disabilities, 379–399 (see also Down 

syndrome)
adults with, 396
assessment of, 382–387, 382t, 384t
case study, 397–399
cerebral palsy and, 194
classification of, 381–383, 383t
definition of, 381
diagnosis of, 381–382
etiology of, 383, 383t
incidence of, 381
interventions for, 390–396
pathophysiology of, 383

Intelligence quotient (IQ)
heart disease and, 674, 675
intellectual disabilities and, 382, 382t, 388
muscular dystrophy and, 357, 358
spina bifida and, 288, 293

Interleukin-6, 330, 334
International Classification of  Functioning, 

Disability, and Health (ICF), 109, 468, 541, 
552t, 598

International League of  Associates for 
Rheumatology (ILAR), 541, 542–543t, 544

International Society for Prosthetics and 
Orthotics (ISPO), 468

Interobserver reliability, 71
Interpreters, language, 8, 13
Intra-articular injuries, 521–523
Intracranial hemorrhage (ICH)

ECMO and, 128–129
intellectual disabilities and, 383t
from trauma, 304–305

Intracranial pressure (ICP), 305, 324
Intradural hematoma, 304–305
Intrathecal baclofen pump, 222
Intrauterine growth restriction (IUGR), 123
Intraventricular hemorrhage (IVH), 127, 134–136, 

135, 135t, 190
iPads, 457
Iritis, 550
Ischial tuberosity, pelvic apophysitis in, 514
Iselin’s disease, 529
Isokinetic dynamometry, 332
Isolette, 125t, 140
Itard, Jean Marc, 380
IVH (see Intraventricular hemorrhage)

J
Jaundice, 130, 189b
Javits, Jacob, 381
JIA (see Juvenile idiopathic arthritis)
Job training, spinal cord injury and, 343
Joint Commission on the Accreditation of  Health 

Care Organization ( JCAHO), 2, 119
Joint hypermobility syndromes, 485–487, 486t

adductor contracture without subluxation, 226
arthritis of, 557t
arthroplasty of, 565
assessment of, 198
dislocation of, 225–226, 277, 479t
dysplasia of, 478–480, 479, 479t
femoral anteversion, 224–225
muscular dystrophy and, 354, 356t
pain, differential diagnoses of, 514, 514t
rotation of, 466, 467, 482
subluxation of, 225–226, 342, 394, 479t

Hip-knee-ankle-foot orthosis (HKAFO)
for osteogenesis imperfecta, 485
for spina bifida, 273, 275, 275t, 286
for spinal cord injury, 335t, 339, 340, 347
for tibia vara, 491

Hip spica cast, 282–285, 283, 284
Hippotherapy, 214–215

for autism spectrum disorder, 417
History-taking process, for sports injuries, 503
HIV disease, 10
Hodgkin disease, 590–591, 594t
Home management (see also Caregiver education)

arthritis and, 572–573, 577
burns and, 635
cerebral palsy and, 236
equipment needs and, 430–432
Infant Family Service Plan and, 725
spina bifida and, 257, 263–264, 263, 264, 289

Hook of  hamate fractures, 513
Horseback riding, 215
Hospitalized children, movement in, 452
Household ambulator, seating for, 216–217
Howe, Samuel Gridley, 380
Human leukocyte antigen (HLA) B27, 543t, 544
Hurler syndrome, 384t
Hydrocephalus, 261

case study of, 294
from head injury, 305
intellectual disabilities and, 384t
IQ and, 288, 293, 383t
management of, 254–255, 254
PVL and, 136
spina bifida and, 249–250

Hydromyelia, 285, 286
Hydrotherapy, 621–622
Hyperactivity, 302
Hyperbilirubinemia, 130–131, 131
Hyperinsulinism, 123
Hyperreflexia, 342
Hypertonia, 207–208b, 428
Hypopituitarism, 306
Hypoplastic left heart syndrome (HLHS), 658t, 

663, 663, 677
Hypothermia, 131
Hypothesis-Oriented Pediatric Focused Algorithm 

(HOP-FA), 722
Hypotonia, 208b

Chiari II malformation with, 250b
intellectual disabilities and, 384t, 393

Hypoxic–ischemic encephalopathy (HIE), 153, 
154t, 189b, 305

I
ICF (see International Classification of  Functioning, 

Disability, and Health)
Idiopathic toe-walking versus mild diplegic gait, 203
Ifosfamide, 594t
IFSP (see Infant Family Service Plan)
Ilizarov procedure, 491, 491
Imitation, autism spectrum disorder and, 408
Impaired endurance, brain trauma and, 313
Impression injuries, 304
Individualized education program, 2

Gore, Al, 11
Gower’s sign, 354, 354
Graft-versus-host disease (GVHD), 131, 597
Grasp, 25, 25t, 45, 60–63, 60–64, 64t
Grasp plantar, 54
Greenberg, Elliot M., 501–537
Greenberg, Eric T., 501–537
Grieving, 7, 113–114
Gross Motor Ability Estimator (GMAE), 77, 79
Gross Motor Function Classification System for 

Cerebral Palsy (GMFCS), 78, 191, 191b, 199, 
207, 221–223, 225

Gross Motor Function Measure (GMFM), 77–79, 
207, 314, 335, 721

Gross Motor Performance Measure (GMPM), 77
Gross Motor Quotient (GMQ), 79
Ground-reaction ankle–foot orthoses (GRAFOs), 

203, 229, 231, 233t
Ground-reaction orthoses, 234
Growth

abnormalities, spinal cord injury and, 342–343
arthritis and, 561
charts, 124

Guggenbuhl, Johann Jacob, 380
Guillain-Barré syndrome (GBS), 330, 699
Gunshot wounds, 302
Gymnast wrist, 513

H
Hamstring lengthening, 227–228
Hand(s)

arthritis of, 543, 555, 557t
digital clubbing of, 668, 683
prosthetic, 473, 474
skin graft for, 624

Hand grasp reflex, 45, 60–61, 61, 64t
Handling, for spina bifida, 258–259
Hanson, Heather, 657–676
Harness, Pavlik, 480, 480
Harrington rods, 496
Harris Infant Neuromotor Test (HINT), 72–73, 73t
Head trauma (see Traumatic brain injury (TBI))
Healing, 596, 596t

burn, 620–622, 623, 629–630
Health Assessment Questionnaire, 553–554b
Health consequences, of  obesity, 649–650
Healthy Kids/Healthy Community Program, 

The, 654b
Heamophilus influenzae, 707
Hearing, 121

impairment of, 386
loss, brain trauma and, 313

Heart disease (see also Congenital heart  
defects (CHDs))
intellectual disabilities and, 384t, 392
muscular dystrophy and, 357, 358
transplant for, 357, 663–664, 667, 668

Helmets, 324, 477
Hemiplegic gait, 200–202
Hereditary motor and sensory neuropathy 

(HMSN) (see Charcot–Marie–Tooth disease)
Hernia, diaphragmatic, 127–129, 149
Herniation syndromes, 305
Heterotopic ossification (HO), 313, 333b
Hickman catheter, 595
Hierarchical theory, 20, 21
High-frequency chest wall oscillation (HFCWO), 

694, 696, 709
High-frequency ventilation (HFV), 125t, 126, 

127, 129
High lumbar paralysis, 271

orthotics for, 271–276
Higher education, spinal cord injury and, 343
Hip (see also Femur; Pelvis)



  Index 741

M
Maddocks Questions, 534
Mafenide acetate, 622
Magnetic resonance angiography (MRA)

for traumatic shoulder dislocation, 512
Magnetic resonance imaging (MRI)

for acute patella dislocations, 523
for femoral stress fracture, 516
for meniscus injury, 522
for muscle strains, 518
for osteochondral fractures, 523
for osteochondritis dissecans, 522
for pelvic avulsion fractures, 515
for spondylolysis, 532
for traumatic hip dislocation, 518
for traumatic shoulder dislocation, 512

Malaria, 189b
Malerba, Kirsten H., 69–97
Malnutrition, spina bifida and, 253b
Mann, Horace, 380
Manual muscle testing (MMT), 465, 466, 503–504
Marchese, Victoria Gocha, 589–607
Marginal ambulator, seating for, 216
Mask, face, 634
Massage, of  burns, 632
Maturational theory, 20
McGill Action Planning System (MAPS), 725
McGraw, Myrtle, 19, 26
McMurray test, 521, 522
Meaningfulness, 389
Meconium aspiration syndrome (MAS), 156–157
Medial collateral ligament (MCL) injuries, 520–521
Medial epicondyle apophysitis, 510
Medial epicondyle avulsion fracture, 510
Medial patellofemoral ligament (MPFL) 

reconstruction, 523
Medial tibial stress syndrome (MTSS), 524–525
Medicare Catastrophic Coverage Act, 719t
Medulloblastoma, 590t
Megalocephaly, 189
Memory impairment, 307, 311–312, 389
Menelaus, Malcolm, 268
Meningitis, 189b
Meningomyelocele (see Spina bifida)
Meniscus injury, 521–522
Merosin, 369
Metabolic bone disease of  prematurity, 139–140
Metabolic disorders, 188b, 383t
Metatarsus adductus (MTA), 477–478
Methotrexate (MTX)

for arthritis, 549–550
for cancer, 594, 594t
nutritional concerns with, 546b
for transplant rejection, 597

Microcephaly, 189
Micrognathia, 548
Migliore, Suzanne F., 611–638
Mild traumatic brain injury (mTBI), 533
Miller-Skomorucha, Kathleen, 187–241
Minimal clinically important difference  

(MCID), 555
Mobility Opportunities Via Education (MOVE), 

721–722
Modified Ashworth Scale (MAS), 191, 192t, 332b
Modified Checklist for Autism in Toddlers 

(MCHAT), 411
Modified constraint-induced movement therapy 

(mCIMT), 212–213
Modified Florida Apraxia Battery, 411t, 412
Molded ankle–foot orthoses (MAFOs), 202, 203, 

229, 231, 232–233t
Monteggia fracture, 513
Moro reflex, 441
Morphine (see Narcotics)
Morphogenesis, 468

Language skills
assessment of, 205
after brain injury, 312
communication systems and, 455–456
interpreters and, 8, 13

Large for gestational age (LGA), 123
Late term infants, physical therapy assessment 

and intervention for, 159–160
Lateral collateral ligament (LCL)  

injuries, 521
Lateral condyle fractures, 512
Latex allergy, 286–287, 287b

and spinal cord injury, 331b
Lead intoxication, 383t
Learning impairments, intellectual disabilities 

and, 384–385
Left ventricular assistive devices (LVAD), 667
Leg(s)

alignment of, 466–468, 467
congenital deficiency of, 469–472 
length discrepancy between, 199, 491–493, 

493, 544, 571, 596
muscular dystrophy and, 354, 356t
osteogenesis imperfecta of, 483
osteosarcoma of, 591–592, 597
prosthetic, 472, 473–475, 475

Legg–Calve–Perthes disease (LCPD), 468,  
487–489, 488, 519

Lemon sign, 251
Lesch–Nyhan syndrome, 383t, 384t
Lester, B. M., 145t
Leukemia, 589–590, 601, 601t

bone marrow transplant for, 596–597
case study of, 603–605, 605
chemotherapy for, 594t, 603
stem cells for, 596–597

Leukocoria, 592
Licata, Ann Marie, 397–399
Lidocaine

for pain, 336
for spasticity, 336

Ligament laxity, 547
Ligament Sprain Grading Scale, 521b
Ligamentous injuries, 519–521
Limb deficiencies, 468–475, 469–472, 474–475
Limb-girdle muscular dystrophy (LGMD), 351, 

365–367, 366t
Limb lengthening, 471–472
Limb-sparing procedures, 591–592, 596t, 597, 

605–607
Limited-community ambulator, seating for, 

216–217
Lipomeningocele, 249
Lisfranc (midfoot) injury, 529–530
Lissencephaly, 188
Literacy skills, 8
Little league elbow, 510
Little league shoulder, 508–509, 509t
Locomotion (see also Walking)

bipedal, 55–57, 55–57
in prone position, 35–36, 35–36

Locomotor training, 340
Longitudinal radial deficiency, 471
Low lumbar paralysis, 276–280
Lower extremity

alignment, 466
orthoses, 230–236

Lower leg
injuries, 524–526
tibial torsion in, 228

Lumbar puncture, 593
Lund and Browder chart, 615, 616, 627
Lung transplant, 707
Lunnen, Karen Yundt, 713–732
Lymphoma, 590–591, 594t, 601t

adaptive equipment for, 487
examination of, 486
functional training for, 487
management of, 486
orthoses for, 487
self-care for, 487
therapeutic exercise for, 486–487

Jump knee gait, 203
Juvenile ankylosing spondylitis ( JAS), 542t, 548
Juvenile Arthritis ( JA) Alliance, 563b
Juvenile Arthritis Functional Assessment Scale 

( JAFAS), 552, 554
Juvenile Arthritis Quality of  Life Questionnaire 

( JAQQ), 552t, 555
Juvenile idiopathic arthritis ( JIA), 541–578

assessment of, 551–561, 552t, 556, 557t, 
574–575

case study of, 573–578
classification of, 541–545, 542t
etiology of, 545, 547
incidence of, 545
interventions for, 562–573, 562, 566b, 567, 568, 

570, 576–577
management of, 548–550
nutritional concerns with, 546b
outcomes of, 550–551
pain with, 560–561, 560b
pathogenesis of, 545, 547
pathology of, 547–548
postoperative physical therapy for, 565–566
prevalence of, 545
prognosis with, 550–551
resources for, 572, 586
school issues with, 562, 572
surgery for, 565–566

Juvenile rheumatoid arthritis ( JRA), 541, 542t

K
Kalisperis, Faithe, 187–241
Kangaroo care, 120, 142
Karate, 215
Kaufman Assessment Battery for Children, 382
Kaufman Brief  Intelligence Test (KBIT), 410
Keloids, 617–618, 618
Keratinocytes, 625
Kleinman, A., 6
Klepper, Susan E., 541–578
Klinefelter syndrome, 383t, 590
Knee

arthritis of, 547, 557t
arthroplasty of, 566
assessment of, 198
enthesitis of, 545
extension test of, 465
flexion contracture, 227–228
injuries, 519–524
stiff  knee gait due to rectus femoris 

dysfunction, 228
Knee-ankle-foot orthosis (KAFO)

for spina bifida, 277, 282
for spinal cord injury, 335t
for spinal muscular atrophy, 371, 372

Knee Society Score (KSS), 566
Korner, A. F., 144t
KT-1000™ arthrometer, 520
Kugelberg–Welander disease, 369, 373
Kyphoscoliosis, 252, (see also Scoliosis)

L
Labral tears, 517–518
Labyrinthine reflex, 38, 58, 59
Laennec, RTH, 697
Landa, R., 403–419
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Neuropathic pain, 336
Neurophysiologic testing, for sports-related 

concussion, 534–535
NeuroRecovery Network (NRN), 340
Newborn Individualized Developmental Care  

and Assessment Program (NIDCAP),  
108–112, 111

Newton, M., 2b
NICU (see Neonatal intensive care unit)
NICU Network Neurobehavioral Scale (NNNS), 

145t, 159
Nitric oxide, inhaled, 125t, 127, 147
9-Minute Walk–Run Test (9MRW), 559
No Child Left Behind Act, 719t
Nociceptive pain, 336
Noise levels, in NICU, 121
Non-Hodgkin lymphoma (NHL), 590–591, 594t
Nonambulator, seating for, 216
Nonsteroidal anti-inflammatory drugs  

(NSAIDs), 549
Normal fetal circulation, 658–659, 659
Normalization, 380–381
Nutrition updates, 645b
Nutritional concerns

with arthritis, 546b
with burns, 620
with corticosteroids, 546b
with spina bifida, 253b
with spinal cord injury, 331b
with traumatic brain injury, 303b

Nystagmus, 250b

O
Ober test, 359
Obesity, 641–655 (see also Overweight)

defined, 641, 644–648
functional outcome expectations, 

determining, 652–653
health consequences of, 649–650
muscular dystrophy and, 363
pediatric obesity, physical therapists role in, 

648–649
physical therapy history and examination, 

651–652
prevalence of, 642t
scope of, 641–644
spina bifida and, 253b, 289
steroid use and, 550
therapeutic interventions for, 653–655
treatment for, within ICF framework,  

650–651, 650, 651
OCD (see Osteochondritis dissecans)
Olfactory development, 120
OMNI child scales, 653
Omphalocele, 150
Oncology, 589–607 (see also Cancer)
Open reduction internal fixation (ORIF), 513, 515, 531
Opioids (see Narcotics)
Orientation level, brain trauma and, 311
Orthopedic interventions, for cerebral palsy, 

222–230, 224t
Orthosis (see also specific types, e.g., Ankle–foot 

orthoses)
A-frame, 270, 272, 275t
ankle–foot (see Ankle–foot orthoses)
Boston, 495, 496
after brain trauma, 321
for cerebral palsy, 230–236, 232–233t
dial-lock, 568
floor-reaction, 234
foot, 235–236
lower extremity, 230–236
Orlau, 272

Myopathy, 351, 352
Bethlem, 369
central core, 368
congenital, 367–368
nemaline, 367, 368

Myotonic dystrophy (MTD), 365, 383t

N
Narcotics (see also Substance abuse)

for burns, 621
during pregnancy, 383t

National Association for Retarded Citizens 
(NARC), 380, 381

National Parent Network on Disabilities, 341
National Spinal Cord Injury Association (NSCIA), 

329, 341
Naturalistic play observation, for autism 

spectrum disorder, 409–410
Near-drowning event, 189b
Necrotizing enterocolitis (NEC), 132–134, 134
Negative predictive value, 72
Neglect, burns and, 612–613
Neonatal abstinence syndrome (NAS), 159
Neonatal Behavioral Assessment Scale (NBAS), 

104, 144t
Neonatal care, levels of, 105t
Neonatal follow-up services, 162–163
Neonatal intensive care unit (NICU), 103–104

equipment for, 125–129, 125–126t, 127, 128
family-centered care in, 113–114
language of, 123–125, 124
lighting in, 121, 140
noise levels in, 121, 141
pain management in, 118–120, 119t
physical therapists, role of, 104–106
surgical patients in, 152–153
theoretical frameworks for, 106–114, 107, 

110–112, 112t
therapists roles and competencies in, 106
training for, 106, 106t

Neonates
behavioral development of, 110, 112, 122t
competencies of, 115–116
as medical specialty, 103–104
musculoskeletal development of, 116–117
neurological development of, 117–121
pain management for, 118–120, 119t
preterm infant versus, 17, 21, 21b, 25t

Nephroblastoma (see Wilms tumor)
Neural tube closure defects, 383t
Neural tube defects, 247–249 (see also specific types, 

e.g., Spina bifida)
Neuro-assisted strategies, 456
Neurobehavioral Assessment of  the Preterm 

Infant (NAPI), 144t
Neuroblastic tumors, 591
Neuroblastoma, 591, 594t, 595
Neurochemical events, brain trauma and, 305
Neurodevelopmental treatment (NDT), 208, 211
Neurofibromatosis, 383t, 590
Neurofibromatosis type 1 (NF1), 82
Neurologic Assessment of  Preterm and Full-

Term Infants (NAPFI), 144t
Neuromotor impairments, intellectual disabilities 

and, 383–384
Neuromuscular blocks, for spasticity, 221–222
Neuromuscular electrical stimulation (NMES), 

214, 230
for ligamentous injuries, 520

Neuromuscular scoliosis, cerebral palsy and, 223
Neuromyelitis optica (NMO), 330
Neuronal group selection theory (NGST), 

108–109, 211

Motor development, 17–65
balance in, 58–60, 59, 60, 64t
extrinsic factors of, 18t
fine, 60–64, 60–64, 64t
grasp in, 25, 25t, 45, 60–63, 60–64, 64t
of  neonates, 25–26, 25t
of  preterm infants, 21, 21b, 25t
prone progression in, 19t, 26–36, 26–36
rolling progression in, 19t, 41–43, 42, 43
sequences of, 21–66, 22t, 23–25, 25t, 57t, 64t
sitting progression in, 19t, 43–49, 44–50
spina bifida and, 261–263
stair climbing in, 18t, 19t, 57–58, 57, 58
standing progression in, 49–57, 51–57, 57t
supine progression in, 18t, 19t, 37–43
theories of, 19–21
variability in, 17–19, 18t, 19t

Motor function tests, 74–82
Motor impairments, autism spectrum disorder 

and, 407–409, 407t
Motor neuropathy, 352
Motor quotient (MQ), 71
Motor vehicle accidents (MVAs)

brain trauma from, 302, 324
spinal cord injuries from, 330

MOVE (Mobility Opportunities Via Education), 
721–722

Movement Assessment Battery for Children 
(MABC), 410, 411t

Movement Assessment in Infants (MAI), 194
Movement disorders, 191

case study of, 237–238
Mullen Scales of  Early Learning (MSEL), 411, 411t
Multi-Podus boots, 672
Multiculturalism, 4–10, 11–13, 430–431
Multidirectional instability (MDI)  

of  shoulder, 511
Multimodal distraction device (MMD), 629
Multiple congenital contracture (MCC),  

480–482, 481
Multiple sclerosis (MS), 330
Muscle control, equipment selection and, 428
Muscle-eye-brain disease, 368
Muscle imbalances, 332b
Muscle performance exercise, 567–569
Muscle strains, 518
Muscle strength

autism spectrum disorder and, 408
equipment selection and, 428

Muscle tone, equipment selection and, 428
Muscle transfers, 335–336
Muscular dystrophy, 351 (see also Duchenne 

muscular dystrophy)
Becker, 351, 353, 355, 358
congenital, 368–369
Duchenne, 351–375
limb-girdle, 351, 365–367, 366t
spinal, 369–373, 370, 372

Muscular endurance, 648
Muscular properties, skeletally immature  

athlete, 503
Muscular strength, 648
Musculoskeletal development, 463–464
Musculoskeletal examination, 464–468
Musculoskeletal problems, Down syndrome and, 

394–395
Musculoskeletal system, burns and, 620
Music therapy, for autism spectrum disorder, 417
MVAs (see Motor vehicle accidents)
Myelocele, 249
Myelomeningocele (MMC), obesity and, 649  

(see also Spina bifida)
Myelopathy, compressive, 330
Myoclonic epilepsy, 383t
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Pictorial Children’s Effort Rating Table  
(PCERT), 653

Picture Exchange Communication System 
(PECS), for autism spectrum disorder, 416

Piper, M., 145t
Plagiocephaly, 117, 475, 476, 477
Planning Alternative Tomorrows with Hope 

(PATH), 725
Planovalgus deformity, 230
Planovalgus gait, 202
Plantar fasciitis, 529, 571
Playground equipment, 324
Playing, 455
Plica syndrome, 524
Plus disease, 138
Pneumonitis, 157
Pneumothorax, 190b, 710
Poker Chip Tool, 560, 560b
Polycythemia, 123, 662
Popliteal angle, 25t, 156
Porencephaly, 383t
Positioning

for airway clearance, 688–691, 689–690
for brain injury, 316, 316, 317
for burns, 630–631
equipment for, 216–217
with heart defects, 672
of  preterm infants, 142–144, 142–143
for spina bifida, 258–259

Positive expiratory pressure (PEP) breathing, 693, 
694, 696, 709

Positive predictive value, 72
POSNA instrument (see Pediatric Outcomes Data 

Collection Instrument)
Postconcussion syndrome, 535–536
Posterior cruciate ligament (PCL) injuries, 521
Posterior element overuse syndrome, 532
Posterior leaf  spring (PLS) orthoses, 234
Posterior talofibular ligament (PFL), 526
Posthemorrhagic ventricular dilation (PVD), 

135–136
Postoperative physical therapy, for spina  

bifida, 257
Posttraumatic amnesia (PTA)

assessment, orientation and, 307
duration of, 307

Postural control loss, brain trauma and, 313
Postural drainage with percussion and vibration 

(PDPV), 688–691, 689–690
Postural screen, musculoskeletal examination 

during, 464–465
Posture

arthritis and, 561
assessment of, 196
motor development and, 25t
static versus dynamic, 26

PPHN (persistent pulmonary hypertension of  the 
newborn), 127, 128, 157–158

Prader–Willi syndrome, 383t, 384t
Praxis, autism spectrum disorder and, 408
Predictive validity, 71
Predictive value

negative, 72
positive, 72

Prednisone, 597
for muscular dystrophy, 357

Preferences for Activities of  Children (PAC), 721
Pregnancy

cerebral palsy risks and, 188b, 189b
diabetes and, 123
drug use during, 383t
psychological tasks of, 113

Premature infant pain profile (PIPP), 119t, 120
Pretchl, H. F., 145t

Pectus carinatum, 668
Pectus excavatum, 668
Pediatric Coma Scales (PCS), 306,  

307, 307t
Pediatric Evaluation of  Disability Inventory 

(PEDI), 87–89, 87b, 191, 314, 412, 419, 725
brain trauma and, 309
Mobility Functional Skills scale, 309
spinal cord injury and, 335

Pediatric Evaluation of  Disability Inventory—
Computer Adaptive Test (PEDI-CAT), 89

Pediatric Orthopedic Society of  North America 
(POSNA), 95

Pediatric Outcomes Data Collection Instrument 
(PODCI), 552

Pediatric Pain Questionnaire (PPQ), 560
Pediatric Powered Wheelchair Screening Test 

(PPWST), 216
Pediatric Quality-of-Life InventoryTM (Peds-QL), 

93–95, 94, 552t, 599t, 600
Rheumatology Module 3.0, 555

Pediatric Rancho Scale, 307–308, 309b
Pediatric throwing athlete, injuries in,  

508–510
Pelvic apophysitis, 514–515, 514t
Pelvic avulsion fractures, 515
Pelvis (see also Hip)

assessment of, 198
fracture of, 313–314
osteotomy of, 225–226, 225

Penn Spasm Frequency Scale, 332
Pennsylvania, growth screening program,  

653b, 655
Percentile score, 71
Percussion, for airway clearance, 685, 688, 691
Percutaneous lengthening, 223t
Peripheral stem cell transplantation (PSCT), 

596–597
Periventricular hemorrhagic infarction  

(PHI), 135
Periventricular intraventricular hemorrhage 

(PIVH), 190
Periventricular leukomalacia (PVL), 136–137, 137, 

153, 383t
cerebral palsy and, 190
chorioamnionitis with, 139
IVH with, 135
ventilator for, 127

Persistent pulmonary hypertension of  the 
newborn (PPHN), 127, 128, 157–158

Pervasive developmental disorders–not otherwise 
specified (PDD-NOS), 403, 404t, 405

Pes calcaneus, 276b
Petrie cast, 488
Phantom limb pain, 596
Phenol, for spasticity, 222, 336
Phenylketonuria, 383t
Phototherapy, 131, 131
Physical activity

defined, 649
distinguished from exercise, 649

Physical examination
for sports injuries, 503–506

Physical fitness, 645
Physical therapists

defined, 648
role in pediatric obesity, 648–649
role in program-related areas, 729–730
school-based, resources for, 730t

Physical therapy assistant, role of, 727
Physiologic fitness, elements of, 648
Physiologic flexion, 19t, 24–28, 25t, 28, 37, 38
Piaget, Jean, 19

theory of  intellectual development, 388–389

Scottish-Rite, 488
for spina bifida, 268–282, 270, 272–275,  

279, 281
after spinal cord injury, 339
supramalleolar, 235

Ortolani maneuver, 479
Osgood–Schlatter disease (OSD), 524
Ossification, heterotopic, 313, 333b
Osteochondral fractures, 522–523
Osteochondritis dissecans (OCD), 502, 511

knee, 522
Osteogenesis imperfecta (OI), 468, 483–485, 483

classification of, 483, 483t, 484t
Osteopenia, 139
Osteoporosis, 547, 550, 594t
Osteosarcoma, 591, 591–592, 594, 594t, 605–607
Osteotomy, 223t

for arthritis, 565
for limb shortening, 492
tibial, 228

Ostomy, 134
Ottawa ankle rules, 527, 527t, 530b
Oucher Scale, 560b
Overuse injuries

foot, 528–529
knee, 523–524

Overweight, 645 (see also Obesity)
spinal cord injury and, 342

P
Pain

assessment of, 119t, 560b, 560–561, 560
cancer, 598, 601t
neonatal, 118–120
neuropathic, 336
nociceptive, 336
types of, 599–600

Pain management
for arthritis, 549, 563–564
for burns, 620–621, 621t, 627, 629
for muscular dystrophy, 360, 364–365
nonpharmacologic, 621t
for pulmonary and respiratory disorders, 

686–687
for spinal cord injury, 336

Palsy, facial, 250b
Panner’s disease, 511
Parapodium, 272, 275, 450
Parent Training and Information Center, 586
Parents (see also Caregiver education)

bonding difficulties of, 18t, 113
cultural background of, 4–6, 11–13, 431
family dynamics and, 3–4, 113, 309

Parents’ Evaluation of  Developmental Status 
(PEDS), 72

Partial body weight–supported treadmill training 
(PBWSTT), 213, 214

Passive range of  motion (PROM), 201,  
225, 227, 228

Patellar tendinopathy, 524
Patellofemoral dysfunction, 504
Patellofemoral pain syndrome (PFPS), 523
Patent ductus arteriosus (PDA), 130, 660–661, 660

cerebral palsy and, 190b
incidence of, 658t
ventilator for, 127

Pavlik harness, 480, 480
Pavlov, Ivan, 20
Peabody Developmental Motor Scales (PDMS), 

676, 724
Peabody Developmental Motor Scales–Second 

Edition (PDMS-2), 9, 71, 79–81, 80,  
411t, 555, 648
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Robotic gait training, 213–214
Robotic technologies, 417
Rolling progression, 19t, 41–43, 42, 43
Rooting reflex, 25t
ROP (see Retinopathy of  prematurity)
Rotational deformities, 482
Rotational injury, 304
Rotational profile, 466
Rotationplasty, 471, 472, 596t
Rubella, and cerebral palsy, 188b
Rubs, 685
Rule of  Nines, 615
Running, 57, 64t (see also Ambulation)

S
Sacral-level paralysis, 280–282
SAFE KIDS Campaign, 613
Salter–Harris classification of  fractures, 502, 502, 

502b, 513, 527, 528
Sarcoglycanopathy, 352, 365, 366t
Sarcoma, 591–592, 594t
Sarnat clinical stages, 153, 154t
Scaphoid fractures, 513
Scapular dysfunction, 507
Scarf  sign, 25t, 156
Scarring

assessment of, 627, 628
from burns, 617–618, 618, 633–634
from child abuse, 613
contraction, 617–618
hypertrophy, 617–618

Schizencephaly, 188
Schober test, 561, 561
School-based therapy, for cerebral palsy, 236–237
School Functional Assessment (SFA), 91–93, 92, 

412, 419, 555, 722
School issues, 717–732 (see also Education)

adaptive equipment and, 430–432
arthritis and, 562, 572
brain trauma and, 323, 325
case studies of, 731–732
checklist for, 583–584
muscular dystrophy and, 358
pulmonary and respiratory disorders and, 686
spinal cord injury and, 341, 348

School Outcomes Measure, 722
School systems, play therapy in, 416–417
Schreiner, Mary B., 379–399
Scleroderma, 541
Scobey, Kristin, 589–607
Scoliosis (see also Kyphoscoliosis)

Down syndrome and, 394
idiopathic, 494–496, 494, 495
muscular dystrophy and, 356, 361
pulmonary and respiratory disorders  

with, 700
spina bifida and, 252, 286
after spinal cord injury, 332, 342
surgery for, 496
torticollis and, 477

Scooter board, 283, 348, 443, 443
Scooter, motorized, 445, 572
Scottish-Rite orthosis, 488, 488
Screening tests, 72–74 (see also Test(s))

for scoliosis, 495, 495
Seat belts, 324, 330, 344
Seat insert, 436
Seat to backrest angle, 438
Seating equipment, 215–217

household ambulatory, 216–217
limited-community ambulatory, 216–217
marginal ambulatory, 216
nonambulator, 216

goniometer for, 197
knee, 520, 522
loss, brain trauma and, 313
muscular dystrophy and, 355
passive, 201, 225, 227, 228
shoulder, 507, 510
spina bifida and, 256–257
after spinal cord injury, 331–333

RAP Journal for teens with JIA, 586
Rapid eye movements, 110, 122t
Rate of  perceived exertion (RPE) scale, 670t, 673, 

686–687
Rating Scale, 560b
Raw scores, 71
RDS (see Respiratory distress syndrome)
Re-evaluation, of  child, 728
Recession, 223t
Reciprocating gait orthosis (RGO), 450

for spina bifida, 273, 273–274, 277, 286
for spinal cord injury, 335t, 338–340, 339, 347

Recreation and leisure activities, 290–291, 291b
for autism spectrum disorder, 417
and traumatic brain injury, 302–303

Rectus femoris dysfunction, stiff knee gait due to, 228
Recurvatum gait, 203
Referral for evaluation, 720–721
Reflex(es), 428–429 (see also specific types, e.g., 

Asymmetric tonic neck reflex)
Achilles tendon, 594
developmental, 21–22, 23, 25t
encephalopathy and, 154t
hand grasp, 45, 60–61, 61, 64t
labyrinthine, 38, 58, 59
Moro, 441
newborn, 114
plantar grasp, 54
primitive, 114, 117, 316
red, 592

Reflex hierarchy model, 2b
Reflex sympathetic dystrophy (RSD), 336
Rehabilitation Act, 717–718, 723
Reimbursement, for services, 729
Reiter’s syndrome, 544
Relationship development intervention (RDI),  

for autism spectrum disorder, 416
Reliability

defined, 71
interobserver, 71
of  screening test, 70
test–retest, 71

Renal disease, spinal cord injury and, 342–343
Renal failure, 619
Renting or borrowing equipment, 434
Respiratory distress syndrome (RDS), 126, 129–130 

(see also Pulmonary and respiratory disorders)
Respiratory failure, 681–682
Respiratory muscle weakness, 699–703
Respiratory rates, 682t
Responsive teaching (RT), for autism spectrum 

disorder, 416
Retinal detachment, 368
Retinoblastoma, 592
Retinopathy of  prematurity (ROP), 137–139, 138
Rett syndrome, 383t, 384t, 405
Reye syndrome, 383t
Rhabdomyosarcoma, 592, 594t
Rheumatoid arthritis (RA), 543 (see also Arthritis)
Rheumatoid factor (RF), 542t, 550
Rheumatology transition checklist, 585
Rib flaring, 668
Rifton Equipment, Inc., 219
Rifton Pacer, 219, 219
Robotic-assisted locomotion training (RALT), 

213–214

Preterm infants
assessment of, 121–123, 122t, 140–146, 144–145t
BPD with, 146–147
complications with, 129–140, 130, 131, 134, 

135, 135t, 137, 138
full-term versus, 17, 21b, 22, 25t
growth chart for, 124
metabolic bone disease of, 133
positioning of, 142–144, 142–143
retinopathy of, 137–139, 138
stability of, 112, 112t
surgery for, 149–152, 152

Prevent injury Enhance Performance (PEP), 520
Prewheelchair device, 443, 443
PRICE (protection, rest, ice, compression, and 

elevation) principle, 518, 527, 527t, 531
PRINTO criteria, 559
Progressive muscular dystrophy (see Duchenne 

muscular dystrophy)
Prone progression, 19t, 26–36, 26–36
Prone standers, 440–441, 440
Prostaglandins, 130, 663, 703
Prosthesis, 596

hand, 473, 474
leg, 472, 473–475, 475
for limb-sparing surgery, 591–592, 596, 597

Protective reactions, 59, 60
Proximal femoral focal deficiency (PFFD), 468, 

470, 470, 471–473, 471
Pseudohypertrophic muscular dystrophy (see 

Duchenne muscular dystrophy)
Pseudomonas aeruginosa, 707
Psoriasis, 544
Puberty

precocious, 306
slipped capital femoral epiphysis and, 489

Pulmonary and respiratory disorders, 146–147, 
679–711 (see also Respiratory distress 
syndrome)
assessment of, 682–687
heart disease with, 668–669, 670t
interventions for, 687–697, 689–692, 694–696
muscular dystrophy and, 356, 358–359, 364
school issues with, 686
vital signs and, 672t

Pulmonary system, burns and, 619
Pulmonary valve stenosis, 658t, 660, 661–662
Purchasing equipment, 432–434
PVL (see Periventricular leukomalacia)

Q
Quadriplegic gait, 203–204, 238–240
Quadruped posture, 23, 33–34, 58
Quality improvement studies, 10
Quality of  life questionnaires, 551, 552–555,  

552t, 599t
Quality of  My Life (QOML) Questionnaire, 555
Questions as selection guidelines, using, 70–71

R
Radiation therapy, 595, 595t, 600
Rales (see Crackles)
Rancho Los Amigos Levels of  Cognitive Function 

Scale (Rancho Scale), 307, 308b, 315
Range of  motion (ROM), 465, 503

active, 227
burns and, 618, 631–632
cancer patients and, 598, 599t
equipment selection and, 428
exercises (see also Exercises)

for arthritis, 567
for spina bifida, 257–258, 258, 280
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research on, 344
school issues with, 341, 348
spasticity with, 336
surgery for, 336
systems review for, 331–333
traumatic, 330
wheelchairs for, 338, 338

Spinal cord injury without radiographic 
abnormality (SCIWORA), 330

Spinal muscular atrophy (SMA), 352, 369–373, 
370, 372
genetics, 370
pathophysiology of, 370
type I, 370–371
type II, 371–372
type III, 373

Spine injuries, 531–533
Spirometers, 694
Splints

for arthrogryposis, 481
after brain trauma, 321
for burns, 625, 630–631, 631
congenital radial deficiency and, 471
incisional, 690–691, 692
muscular dystrophy and, 360
night, 234
resting, 564
shin, 524–526

Split-thickness skin graft (STSG), 626, 627
Spondyloarthropathy, 544
Spondylolisthesis, 532, 532b
Spondylolysis, 531–532
Sports injuries, 501–537

ankle injuries, 526–528
brain trauma from, 302–303
elbow injuries, 510–511, 512–513
female athlete, 536–537
foot injuries, 528–531
forearm injuries, 513–514
hand injuries, 513–514
hip injuries, 514–519
history-taking process, 503
knee injuries, 519–524
lower leg injuries, 524–526
pediatric throwing athlete, 508–510
pelvis injuries, 514–519
physical examination for, 503–506
shoulder injuries, 511–512
spine injuries, 330, 531–533
thigh injuries, 514–519
upper extremity functional testing for, 506–514
wrist injuries, 513–514

Sports-related concussion
activity progression following, 535b
assessment of, 534–535
diagnosis of, 534–535
management of, 535
pathophysiology of, 533
return to play, 535
risk factors of, 534
signs and symptoms of, 533–534, 534t
special considerations for, 535–536

Sportsmetrics™, 520
Spranger’s classification, 468
Staheli’s rotational profile, 466, 467
Stair climbing, 18t, 19t, 57–58, 57, 58, 64t
Standard error of  measurement (SEM), 71
Standard scores, 71
Standardized Assessment of  Concussion (SAC), 534
Standers, 217–219

prone, 440–441
selection, guide to, 218t
with sit-to-stand option, 441–442
supine, 441

Sleeping
muscular dystrophy and, 364
neonates and, 122, 122t
positions for, 18t

Slipped capital femoral epiphysis (SCFE),  
489–490, 489, 518–519

Small Beginnings, Inc., 142
Small for gestational age (SGA), 123
Snapping hip syndrome, 515–516
Social skills, 3
Social/emotional skills, equipment selection  

and, 429
Sodium channel blockers, for pain, 336
Soft tissue releases (STRs), 565
Spasticity, 191–192, 200

brain trauma and, 312
functional outcomes for, 206b
intellectual disabilities and, 384t
medications for, 221–222, 316, 336
after spinal cord injury, 332, 336
surgery for, 222

Spearing, Elena M., 1–13, 329–348
Special Olympics, 214, 650b
Specificity, 72
Speech assessment, 205
Speedy-CAT, 89
Spina bifida, 247–295, 289

ambulation with, 272–285, 273–275, 275t, 277, 
278t, 279, 281

case study of, 294–295
definitions of, 249
embryology of, 249
equipment for, 267–268, 449
etiology of, 247–248
incidence of, 247–248
management of, 252–255, 253b, 254, 260–264, 

260b, 263, 264
muscle testing for, 255b, 255–256, 255
nutritional concerns with, 253b
orthoses for, 268–282, 270, 272–275, 279, 281
physical therapy for, 264–268, 265b, 266
prenatal testing and diagnosis for, 250–251
preoperative assessment of, 252–254
prevention of, 247–248
prognosis with, 248
sensory assessment of, 259–260
surgery for, 252–255, 252, 254, 277
younger adults with, 292–293

Spina bifida occulta, 249
Spinal cord

arthritis of, 557t
assessment of, 197, 561, 561
cerebral palsy and, 223, 225
embryogenesis of, 115
stimulators, 336–337
tethered, 285–286, 286b
tumors of, 595

Spinal cord injury, 329–348
adolescents with, 337, 343
ambulation after, 339b, 339, 347
assessment of, 333, 334b
brain trauma with, 333b, 348
caregiver education for, 341
case studies of, 345–348, 348
discharge planning, 341
exercises for, 337
functional expectations after, 334, 335t, 339b
illness prevention and wellness, 342
incidence of, 329
nutritional concerns with, 331b
outcomes with, 343–344
pain management for, 336
patient history for, 330–331
prevention of, 344, 344b

Second impact syndrome (SIS), 535
Secondhand smoke, 18t
Seizures, 154–155

cerebral palsy and, 189b, 190b
Chiari II malformation and, 250b
head trauma and, 306
intellectual disabilities and, 383t, 384t

Selective dorsal rhizotomy (SDR), 222
Self-care skills, assessment of, 204–205
Sensation, equipment selection and, 429
Sensitivity, 72
Sensorimotor skills, equipment selection  

and, 429
Sensory integration (SI), 212

for autism spectrum disorder, 415–416
disorder, 212

Sensory Integration and Praxis Test (SIPT),  
410, 412

Sensory modulation disorders, autism spectrum 
disorder and, 406

Sensory-perceptual impairments, autism 
spectrum disorder and, 406

Sensory responses, evolution of, 117–121
Sequin, Edouard, 380, 391
Service delivery, models of, 726–727
Sever’s disease, 528
Sex education, 3

spinal cord injury and, 343
Shaken baby syndrome, 189b (see also Child 

abuse)
Shelf  procedure, 223t
Sherrington reflex model, 115
Shin splints, 524–526
Shoe inserts, 236
Short Sensory Profile, 410
Shoulder(s)

arthritis of, 556, 557t
assessment of, 197–198
muscular dystrophy and, 354, 356t
skin graft for, 624
TV, 29

Shunt, ventriculoperitoneal, 254, 254,  
259t, 294

Sickle cell disease, 597
Side-lying, 428

equipment for, 316, 442
of  preterm infants, 142, 143

SIDS (sudden infant death syndrome), 143, 476
Sign language, 456
Silfverskiold test, 229, 229
Silver sulfadiazine, 622
Simplicity, of  screening test, 70
Sinding–Larsen–Johansson disease (SLJ), 524
Single-event multilevel surgery (SEMLS), 223
Single photon emission computed tomography 

(SPECT)
for spondylolysis, 532

Sitting
equipment for, 436–439
progression, 19t, 43–49, 44–50

6-Minute walk test (6MWT), 559–560
Skeletally immature athlete, anatomic and 

physiologic differences of, 501–503
Skin

assessment of, 599t, 600
functions of, 613–614
grafts, for burns, 624–625
heart disease and, 667
integrity, spinal cord injury and, 343
spinal cord injury and, 331
structures of, 613–614, 614

Skinner, B. F., 20
Skull abnormalities, 117, 143
Skull fracture, 304
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Total Contact Scanner, 634
Total hip arthroplasty (THA), 565
Total joint arthroplasty (TJA), 565
Total knee arthroplasty (TKA), 566
Total Motor Quotient (TMQ), 79
Total parenteral nutrition (TPN), 190b
Total rotational motion (TRM), 507
Toxic epidermal necrolysis (TEN), 623
Toxoplasmosis, and cerebral palsy, 188b
Tracheal esophageal fistula (TEF), 151, 152
Tracheal tickle maneuver, 690, 692
Tracheoesophageal fistula, 680
Transdisciplinary model, 719
Transfer of  learning, 389–390
Transfusions

cerebral palsy and, 190b
complications from, 131
twin-to-twin, 152

Transition planning, 728
Transition Planning Inventory-2, 725
Transition to home, 160–162
Translational injury, 304
Transmalleolar axis, 466, 467
Transplantation

bone marrow, 596–597
heart, 357, 663–664, 667, 668
lung, 707
peripheral stem cell, 596–597

Transporting children with disabilities,  
450–451

Transposition of  the great arteries (TGA), 
662–663, 662

Trauma (see specific types, e.g., Sports injuries)
Traumatic brain injury (TBI) (see also Brain)

assessment of, 309–314, 310b, 311b
case study of, 324–325
causes of, 302–303
classification of, 301–302, 302t
definition of, 301–302
diagnosis of, 314–315
environmental influences on, 309
evaluation of, 314
functional abilities and, 309
incidence of, 302
management of, 315–323, 316–317,  

319–323
mechanisms of, 303–304
mild, 533
nutritional concerns with, 303b
outcomes for, 306–309, 307t, 308b, 309b
patient history for, 309–310, 310b
plan of  care, 315
predictors of, 306–309
prevention of, 323–324
prognosis of, 314–315
school issues with, 323, 325
spinal cord trauma with, 333b, 348
types of, 304–305

Traumatic hip dislocation, 518
Traumatic injuries, 529–530
Traumatic shoulder dislocation, 511–512
Treadmill training, 213–214
Treatment and Education of  Autistic and related 

Communication-handicapped Children 
(TEACCH), for autism spectrum disorder, 
414, 416

Tricuspid atresia, 658t
Tricycles, 450
Triplane fractures, 528
Trisomy 13, 150
Trisomy 15, 150
Trisomy 16, 150
Trisomy 18, 150
Trisomy 21, 150 (see also Down syndrome)

T
Tablet computers, 457
Tactile system, 118–120, 386–387
Taking Responsibility for Adolescent/Adult Care 

(TRAC), 586
Talipes equinovarus, 277, 478

spina bifida and, 276–277
Taping, therapeutic, 277
Tappit-Emas, Elena, 247–295
Tarsal coalition, 530
Taste, sense of, 120–121
TBI (see Traumatic brain injury)
Technology-Related Assistance for Individuals 

with Disabilities Act, 719t
Tecklin, Jan Stephen, 679–711
Temporomandibular joint (TMJ), 543, 548, 557t
Tendoachilles lengthening (TAL), 229
Tendon

lengthening, 223t
release, 223t
transfer, 223t

Tendonitis, 529
Tenotomy, 223t

for hamstring lengthening, 227
Teratoma, 152
Term infants, physical therapy assessment and 

intervention for, 159–160
Test(s)

criterion-referenced, 71
developmental, 69–97
purposes of, 69, 70
reporting of, 96, 96b
screening, 72–74
selection guidelines, 70
standardized, 71
validity of, 71

Test of  Gross Motor Development, 722
Test of  Infant Motor Performance (TIMP), 73, 

74–75, 145t
Test of  Visual-Motor Skills, Revised (TVMS-R), 82
Test–retest reliability, 71
Tetralogy of  Fallot (TOF), 658t, 662, 662
Thelen, Esther, 49
Therapeutic handling, 212
Thessaly test, 522
Thigh–foot angle, 466, 467
Thomas test, 198, 359
Thoracic deformities, 668–669, 684
Thoracic-level paralysis, 270–271

orthotics for, 271–276
Thoracic movement, assessment of, 197
Thoracolumbar sacral orthosis (TLSO), 346–348, 

495, 496, 532
Three-dimensional gait analysis, 282
Threshold electrical stimulation (TES), 214
Thyroid disease, 189b, 595t
Tibia vara, 490–491, 490
Tibial stress fracture, 525
Tibial torsion, 198–199, 228
Tibialis anterior strengthening, 201
Tillaux fractures, 528
Tilting reaction, 58–59, 59
Tizanidine, for spasticity, 221
Tobacco smoke, 18t
Toddlers without physical impairments, 453–454
Toileting, 454
“Tommy John” surgery, 511
Tongue fasciculations, Chiari II malformation 

and, 250b
Tonsillectomy, 10
Torticollis, 144, 475–476, 475

head and neck features of, 475t
orthoses for, 475, 476–477
surgery for, 477

Standing
developmental progression of, 49–57,  

51–57, 57t
equipment for, 439–442, 440–441
muscular dystrophy and, 354, 356t
prosthetic legs and, 473–474
spina bifida and, 267

Standing tables, 442
Stanford–Binet Intelligence Scale, 382 (see also 

Intelligence quotient)
Stanford–Binet Intelligence Test (SBIT), 410
Staphylococcus aureus, 707
Status asthmaticus, 704
Stem cells

for leukemia, 597
for spinal cord regeneration, 344
for transplants, 597

Sequenced Transition to Education in the Public 
Schools (STEPS), 728

Steroids (see Corticosteroids)
Stiff  knee gait, 203

due to rectus femoris dysfunction, 228
Stimulus-response theory, 20, 22
Stingers, 532–533
Storage disorders, 189b
Strabismus, 592
Strength loss, brain trauma and, 312–313
Strength training, 465–466

arthritis and, 567–569
cerebral palsy and, 238
heart disease and, 670, 673
muscular dystrophy and, 361–362

Stress management, 3–4, 113
brain trauma and, 309
dyspnea and, 696
spina bifida and, 257

Stretching exercises, 567
Stride length, 56–57, 57t, 198, 200, 203, 220, 231, 

234, 235
Stride width, 200
Stridor, 684

Chiari II malformation and, 250b
Strollers, 435, 451–452, 452
Substance abuse, 19 (see also Narcotics)

intellectual disabilities and, 383t
pregnancy and, 383t
withdrawal symptoms and, 159

Sucking reflex, 25t
Sudden infant death syndrome (SIDS), 143, 476
Sulfamylon (see Mafenide acetate)
Sulfasalazine, 550
Sunset sign, 254, 259t
Superior labrum anterior-to-posterior (SLAP) 

lesions, 509–510
Supine progression, 18t, 19t, 37–43, 142
Supine standers, 441, 441
Supracondylar elbow fractures, 512
Supracondylar osteotomy, 565
Supramalleolar orthosis (SMO), 235
Surface electromyography, 332
Surfactant, 129, 146, 156, 680
Swallowing difficulty, Chiari II malformation  

and, 250b
Swimming, 215
Synactive theory, 109–110, 110
Synchronized intermittent mandatory ventilation 

(SIMV), 127
Synovectomy, 565
Synovium, 547
Syphilis, 5
Systemic lupus erythematosus (SLE), 541
Systems review, 651–652

for spinal cord injury, 331–333
Systems theory (see Dynamic systems theory)
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Wechsler Intelligence Scale for children (WISC), 
382, 410

WeeFIM (see Functional Independence Measure 
for Children)

Werdnig–Hoffmann disease, 370–371
Wheelchair, 443–450, 443, 447

for arthritis, 572
for muscular dystrophy, 362–363
ordering of, 444b
positioning in, 316, 317
for spina bifida, 275, 289–290, 290, 449
for spinal cord injury, 338, 338
standing devices, integrated, 442

Wheezes, 685, 701, 705, 707
Whole body vibration (WBV) systems, 485
Wii boards, 417
Williams syndrome, 384t
Wilms tumor, 592–593, 594t
Withdrawal syndromes, 159 (see also Substance 

abuse)
Wood, Audrey, 103–166
World Health Organization (WHO)

cancer grading of, 593
ICF of, 109, 468, 541, 552t, 598

Wound healing, 596, 596t
dressings for, 622, 623, 629–630
hydrotherapy for, 621–622
topical agents for, 622–623

Wrist, arthritis of, 557t

X
Xenografts, 624

Y
Yoga, 215, 342

for autism spectrum disorder, 417

VASCHAQ-38, 554, 555b
Vegetative state, 318
Ventilators, 125–129, 125t, 127, 128

for BPD, 146–147
for heart disease, 667
for muscular dystrophy, 363
respiratory muscle weakness from, 699
strollers with, 451, 453

Ventricular septal defects (VSD), 658t, 660, 661
Ventriculoperitoneal shunt, 254, 254, 259t, 294, 595
Versaw-Barnes, Diane, 103–166
Vestibular system, 120, 386, 387
Vincristine, 594, 594t, 600
Vineland Adaptive Behavior Scale (VABS), 382, 412
Vision

assessment of, 385
development of, 121
impairment of, 313

Visual analog scale, 332
Visual impairment, autism spectrum disorder 

and, 406–407
Visual system, 121
Visuospatial skills, brain injury and, 313
Vital signs, 672t
Vocal cord paralysis, Chiari II malformation and, 250b
Volpe, J. J., 135

W
“W” sitting, 262
Wagner procedure, 492
Waist circumference measurements, 645, 648
Walkers, 219–220, 450, 453, 454
Walker–Warburg syndrome, 369
Walking, 64t (see also Ambulation)

assessment of, 199–204
“bear,” 36, 36

Wartenberg pendulum test, 332

Truncus arteriosus, 658t
Tubular orthosis for torticollis (TOT), 477
Tumbling, 215
Turf  toe, 531
Turner syndrome, 383t
Tuskegee Syphilis Research Experiment, 5
Twin-to-twin transfusion syndrome  

(TTTS), 152

U
Ulnar collateral ligament (UCL) injury, 510–511
Umbilical lines, 126t, 142
Uniform Data System for Medical Rehabilitation 

(UDS), 89
Universal design, 457
Upper extremity weakness, Chiari II 

malformation and, 250b
Urinary tract infection (UTI), 293
Urologic care, spina bifida and, 260b, 289, 293, 

342–343
U.S. Collaborative Perinatal Project, 188
Uveitis, 550

V
Valgus stress test, for medial collateral ligament 

injuries, 521
Validity, 71

concurrent, 71
content, 71
criterion-related, 71
predictive, 71
of  screening test, 70

Valium (see Diazepam)
Valproic acid, 248
Vancouver Scar Scale (VSS), 627, 628
Varus deformity, 230
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