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Preface

he aim of the first edition of Orthopaedics for

the Physical Therapist Assistant was to fill a void

in the literature for the physical therapist assis-
tant (PTA) student or clinician studying orthopaedics.
The scope of practice for the PTA continues to evolve,
requiring the PTA to stay current with the field of
physical therapy. There is a vast amount of informa-
tion available related to orthopaedics, and with both
an ever-increasing demand for instant results and
continuing advances in technology, the PTA is tasked
with providing an efficient level of care while working
with other members of the healthcare team.

Although the medical profession is moving toward
an increased reliance on the findings from imaging
studies, such as computed axial tomography (CAT)
and magnetic resonance imaging (MRI), physi-
cal therapy continues to rely on the subjective and
objective findings from the physical examination. For
any patient interaction to be successful, an accurate
diagnosis is essential, and through the move toward
evidence-based testing, the accuracy of the physical
therapy diagnosis continues to be enhanced.

Once the correct diagnosis has been established, a
carefully planned and specific rehabilitation program
for both the affected area and its related structures
must follow. This approach must take into consider-
ation the anatomy and biomechanics of the involved
structures and the stage of healing. Each intervention
must be individualized to the patient, which requires
an eclectic approach, because no single method works
all of the time.

This text attempts to provide the student with
the essential information regarding evidence-based
guidelines for the assessment and rehabilitation of the
orthopaedic patient.

» New to the Second Edition

The feedback from the First Edition determined the
modifications and additions for this edition. In this
edition, three new chapters have been developed: one
on general orthopaedic conditions that can impact
multiple joints and systems (Chapter 5), another on

the critical decision-making processes concerning
how to progress a patient (Chapter 8), and a third that
addresses cardiovascular conditioning, enhancing the
focus that the previous edition had on therapeutic
exercise (Chapter 15). In addition, information has
been added throughout the text to help the PTA bet-
ter understand the role of the physical therapist (PT)
and to describe the majority of tests that they use as
part of their examination and evaluation. As in the
First Edition, the focus remains on evidence-based
practices, and Key Points are used throughout to empha-
size important concepts. From an aesthetic viewpoint,
the photos and figures are now in color.

Some of the most significant updates to the Second
Edition include the following:

Chapter 1 has been modified so that information
on capsular patterns, manual muscle testing, and
open- and close-packed positions has been trans-
ferred to the relevant chapters.

Chapter 2 has condensed the information about
the anatomy and biomechanics of the various
musculoskeletal tissues so that the remaining
chapters can focus more on orthopaedic assess-
ment and treatment-related topics.

Chapter 3 now includes updated details about the
ever-evolving subject of concussion.

Chapter 5 discusses the more common orthopae-
dic conditions that the PTA is likely to encounter.
Because these conditions impact the whole body,
they are afforded their own chapter.

Chapter 6 provides much more detail about the
physical therapist examination process in order
to help the PTA understand the purposes behind
each component.

Chapter 8 was written to help the student PTA
tackle what is perhaps one of the most difficult
aspects of treatment—deciding how and when to
progress a patient. Signs and symptoms that can act
as guidelines are provided to help in that process.
The chapters covering therapeutic exercise
have been expanded to provide more examples,
and a chapter about cardiovascular conditioning
(Chapter 15) has been added. These chapters now

Xv
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Preface

incorporate an enhanced explanation of exercise
progressions, beginning with lower levels and
progressing through the rehabilitation process to
higher levels. Some more specific information
related to exercise prescription, theory, and evi-
dence is also included.

Each of the joint chapters includes updated infor-
mation on the pertinent anatomy and biomechan-
ics, examination process, and a guide to the correct

rehabilitation progression. At the end of each of
these chapters, case studies are presented to help
the student with the decision-making process.

I hope this text will be seen as the best available

textbook, guide, review, and reference for orthopaedic
students and practicing clinicians alike.

Mark Dutton
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Features and Benefits

This text includes a range of pedagogical features to improve learning and retention.

Chapter Objectives are listed at the beginning of
each chapter to guide the reader through the content
and set the stage for focused reading. The Chapter
Objectives are provided as a guide to assist students in
identifying key learning outcomes.

CHAPTER OBJECTIVES

At the completion of this chapter, the reader will be able to:

. Discuss the impact that direct access is having on the physical therapy profession.

Define evidence-based practice (EBP).

. Describe the role of the physical therapist assistant (PTA) in the orthopaedic setting.

. List the different members of the orthopaedic rehabilitation team and describe their respective roles.
Describe the model of disablement used by the Guide to Physical Therapist Practice.

. Discuss the potential barriers to patient motivation and compliance.

. Discuss the importance of cultural diversity.

. Describe the various ways that the clinician can demonstrate empathy.

. Describe the various components of patient education.

SLVENOLAWN

. Discuss the recent changes in reimbursement (G-codes) and how productivity standards can impact

» Overview

The American Physical Therapy Association (APTA)
Vision Statement describes physical therapists (PTs)
and physical therapist assistants (PTAs) as health-

reimbursement and patient care.

The Overview at the beginning of each chapter pro-
vides the reader with an introductory synopsis of the
content to be covered. |

care professionals who are “transforming society by
optimizing movement to improve the human experi-
ence” The physical therapy team plays vital roles in
today’s healthcare environment, and it is recognized
as an essential provider of rehabilitation and habil-
itation, performance enhancement, and prevention
and risk-reduction services.! The management of the
orthopaedic patient involves a complex relationship

This edition features full-color photographs and
illustrations that showcase relevant anatomy as well

as a range of assessment and rehabilitation techniques. _
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Features and Benefits

XV

Key Point boxes throughout the text emphasize
important concepts.

Case Study

You are completing a progress note on a patient who
has a diagnosis of a radial nerve injury and carpal tun-
nel syndrome involving the right upper extremity.

1. Describe the areas where you would expect to see
any sensory changes for each of these conditions.

2. Which muscles might you find to be weak with
a radial nerve injury?

3.

The Case Study at the end of each chapter allows stu-
dents to apply their knowledge to realistic scenarios
through stimulating critical thinking questions.

End-of-chapter Review Questions test the stu-
dent’s retention of key concepts, and they can be
checked against the end-of-text Answer Key.
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CHAPTER 1

The Physical Therapist
Assistant’s Role in Orthopaedics

CHAPTER OBJECTIVES

At the completion of this chapter, the reader will be able to:

Define evidence-based practice (EBP).

Discuss the importance of cultural diversity.

© 000N AW =

—

reimbursement and patient care.

» Overview

The American Physical Therapy Association (APTA)
Vision Statement describes physical therapists (PTs)
and physical therapist assistants (PTAs) as health-
care professionals who are “transforming society by
optimizing movement to improve the human experi-
ence” The physical therapy team plays vital roles in
today’s healthcare environment, and it is recognized
as an essential provider of rehabilitation and habil-
itation, performance enhancement, and prevention
and risk-reduction services.! The management of the
orthopaedic patient involves a complex relationship

Discuss the impact that direct access is having on the physical therapy profession.

Describe the role of the physical therapist assistant (PTA) in the orthopaedic setting.

List the different members of the orthopaedic rehabilitation team and describe their respective roles.
Describe the model of disablement used by the Guide to Physical Therapist Practice.

Discuss the potential barriers to patient motivation and compliance.

Describe the various ways that the clinician can demonstrate empathy.
Describe the various components of patient education.
Discuss the recent changes in reimbursement (G-codes) and how productivity standards can impact

between the PT, the PTA, and the patient/client (while
PTs see both patients and clients, for ease of read-
ing, the term “patient/client” has been modified to
“patient” throughout this text). The aim of the patient
management process is to develop a rapport between
the physical therapy team and the patient, while pro-
viding an efficient and effective exchange. The success
of this process involves myriad skills. Successful phys-
ical therapy teams demonstrate effective teamwork
and communication skills, clinical reasoning, criti-
cal judgment, creative decision making, knowledge,
and competence. The PTA is an important member
of this team. In addition to being responsible for an

3



4 CHAPTER 1 The Physical Therapist Assistant’s Role in Orthopaedics

appropriate level of patient supervision, the PTA must
work closely with the PT, with the PT guiding the PTA
when modifications or adjustments need to be made
in the patient’s plan of care (POC).

» Direct Access

At present, there is some form of direct access in
all 50 states, the District of Columbia, and the U.S.
Virgin Islands. However, there are only 18 states in
which there is “unrestricted” patient access, and 26
states that have “patient access with provisions.” The
APTA has made it clear that the ultimate objective
is unrestricted direct access in every state and local-
ity. In those states where there is unrestricted patient
access, PTs now have the primary responsibility for
being the gatekeepers of health care, and for making
medical referrals. A critical role for both the PT and
PTA is to be able to recognize signs and symptoms
that indicate serious pathology, the so-called red
flags. Red flag findings are symptoms or conditions
that may require immediate attention, and which
supersede physical therapy being the primary pro-
vider of service, as they are typically indicative of
non-neuromusculoskeletal conditions or pathologies
of visceral origin. Detection of a red flag findings can
be made when testing for vital signs (see Chapter 6)
or from observation of the patient. For example, the
presence of any of the following findings may indi-
cate serious pathology requiring a medical referral:

Fevers, chills, or reports of night sweats

Recent unexplained weight changes

Malaise or fatigue

Unexplained nausea or vomiting

Reports of unilateral, bilateral, or quadrilateral
paresthesias

Shortness of breath

Dizziness

Nystagmus

Reports of bowel or bladder dysfunction, severe
pain, and/or radiculopathy

Such findings necessitate the PTA to contact the
PT immediately.

» Evidence-Based Practice

Evidence-based practice (EBP) involves the integra-
tion of three key elements: (1) best research evidence
from systematic research, (2) clinical expertise, and
(3) patient values. Judging the strength of the evidence
becomes an important part of the decision-making

process.” The decision-making process as it relates to
the PTA is described in Chapter 8.

One of the major problems in evaluating studies
is that the volume of literature makes it difficult for
the busy clinician to obtain and analyze all of the nec-
essary evidence. Additionally, an understanding of
how to appraise the quality of the evidence offered by
clinical studies and deciding whether the results from
the literature are definite enough to indicate an effect
other than chance is essential.?

» The Role of the Physical

Therapist Assistant

A Normative Model of Physical Therapist Assistant
Education* is a consensus-based report developed by
the APTA that establishes educational outcomes and
performance expectations for the entry-level PTA.
The purpose of the document is to consistently define
and describe entry-level PTA professional education
by providing details on primary content, instructional
objectives, terminal behavioral objectives, and clinical
education. The Normative model states:

The mission of PTA professional education is
to graduate knowledgeable, service-oriented,
self-assured, adaptable, reflective practitioners
who, by virtue of critical and integrative
thinking, lifelong learning, and ethical values,
render independent judgments concerning
patient/client needs that are supported by evi-
dence; promote the health of the client; and
enhance the professional, contextual, and col-
laborative foundations for practice.

The first principle of APTA' vision for the profes-
sion is to transform society by optimizing movement
to improve the human experience. Accordingly, the
foundation and core of physical therapy practice, edu-
cation, and research is the movement system, a com-
plex behavior within a particular context. Members
of the physical therapy profession are trained to have
a unique knowledge of the movement system so that
they can detect abnormalities and then correct those
abnormalities using movement-related interventions.

The Guide to Physical Therapist Practice was devel-
oped by the APTA to describe physical therapist prac-
tice and to briefly outline the roles of PTs and PTAs
across a broad range of settings and practice opportu-
nities.! The Guide describes three main practice areas:'

Primary care. “The provision of integrated, acces-
sible healthcare services by clinicians who are



accountable for addressing a large majority of
personal healthcare needs, developing a sustained
partnership with patients, and practicing within
the context of family and community.”

W Secondary care. Provided by PTs in a wide range
of settings, including acute care and rehabilitation
hospitals, outpatient clinics, home health, and
school systems.

W Tertiary care. Provided by PTs in highly special-

ized, complex, and technology-based settings
(e.g., heart and lung transplant services, burn
units) or in response to the requests of other
healthcare practitioners for consultation and spe-
cialized services (e.g., for individuals with spinal
cord lesions or closed head trauma).

PTAs, under the direction and supervision of the
PT, are the only individuals who assist a PT in the pro-
vision of selected interventions.

M KEY POINT

The APTA House of Delegates (HOD) first authorized
the training of PTAs at the 1967 Annual Conference
by adopting the policy statement Training and
Utilization of the Physical Therapist Assistant. In 1977,
the Commission on Accreditation in Education (CAE),
the precursor to the Commission on Accreditation in
Physical Therapy Education (CAPTE), was established
and recognized by the U.S. Department of Education
and by the Council on Postsecondary Accreditation.
The activities of the CAE included accreditation of
programs for PTAs.

M KEY POINT

Supervision of the PTA is governed by several factors
including the following:

= APTA standards.

m |ndividual state and federal laws regulating
practice acts, including administrative rules for
practice. Supervision of the PTA may be spelled
out separately from other support personnel,
or the PTA may be included in language that
defines supervision for all support personnel.
When state laws do not delineate supervision
requirements, PTs and PTAs should rely on
the APTA guidelines. State regulations always
supersede the APTA guidelines.

m  Specifications of entitlement programs, such
as Medicare.

The Role of the Physical Therapist Assistant 5

It is the responsibility of the PT to examine the
patient; evaluate the data and identify problems;
determine the diagnosis, prognosis, and POC; and
implement the POC (intervention).! (See Chapter 6
and Chapter 8.)

The PTA may help the PT with the initial exam-
ination, gathering specific data that the PT requests
(TABLE 1.1). Following the initial examination, the PT
evaluates the results of data collection and makes a
judgment about data value. The PTA does not inter-
pret the results of the initial examination. The PT
establishes the goals or outcomes to be accomplished
by the POC and treatment plan, and the PT and PTA
perform the patient’s interventions with the PTA per-
forming selected interventions as directed by the PT.
The PTA must always recognize when involvement of
the PT is warranted.

M KEY POINT

The PTA is responsible for data collection; establishing
and enhancing rapport, trust, and confidence with

the patient; carrying out the PT's POC, assisting in the
management of the patient by providing proper patient
supervision, educating the patient, communicating
with the PT; recording the patient’s progress or lack of
progress since the initial examination and evaluation,
and providing clinical observation during treatment
sessions. The PTA also may ask the PT to perform a
reexamination as appropriate.

M KEY POINT

When performing data collection, it is important for
the PTA to consider why a change in patient status
has occurred. For example, when the PTA is using

a goniometer to measure a patient’s knee range of
motion and finds that the patient is unable to perform
the last 5 degrees of extension, the PTA should begin
thinking about the possible reasons why the patient
is unable to achieve full knee extension (e.g., swelling,
pain, contracture, etc.). However, the PTA is obligated
to consult with the supervising PT before making any
changes outside of the POC.

Strong interpersonal communication between the
patient and the PTA, together with keen observation
skills, are needed for the PTA to function effectively
and efficiently in conjunction with the PT. Sharp
observation involves the PTA closely monitoring the
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TABLE 1.1 Essential Data Collection Skills for the PTA Carrying Out an Orthopaedic Plan of Care

Aerobic Capacity and Endurance

Measures standard vital signs

Recognizes and monitors responses to positional changes and activities

Observes and monitors thoracoabdominal movements and breathing patterns with activity

Anthropometrical Characteristics
Measures height, weight, length, and girth

Arousal, Mentation, and Cognition
Recognizes changes in the direction and magnitude of patient’s state of arousal, mentation, and cognition

Assistive, Adaptive, Orthotic, Protective, Supportive, and Prosthetic Devices
Identifies the individual's and caregiver’s ability to care for the device

Recognizes changes in skin condition while using devices and equipment
Recognizes safety factors while using the device

Gait, Locomotion, and Balance
Describes the safety, status, and progression of a patient while engaged in gait, locomotion, and balance

Integumentary Integrity

Recognizes absent or altered sensation

Recognizes normal and abnormal integumentary changes

Joint Integrity and Mobility

Recognizes normal and abnormal joint movement

Muscle Performance

Measures muscle strength by manual muscle testing

Observes the presence or absence of muscle mass

Recognizes normal and abnormal muscle length

Recognizes changes in muscle tone

Pain

Administers standardized questionnaires, graphs, behavioral scales, or visual analog scales for pain

Recognizes activities, positioning, and postures that aggravate or relieve pain or altered sensations

Posture

Describes resting posture in any position

Recognizes alignment of trunk and extremities at rest and during activities

Range of Motion

Measures functional range of motion

Measures range of motion using a goniometer

Applicable Standards

Adjusts interventions within the POC established by the PT in response to patient clinical indications and reports this to
the supervising PT

Recognizes when an intervention should not be provided due to changes in the patient’s status, and reports this to the
supervising PT

Reports any changes in the patient’s status to the supervising PT

Recognizes when the direction to perform an intervention is beyond that which is appropriate for a PTA and initiates
clarification with the PT

Participates in educating patients and caregivers as directed by the supervising PT

Provides patient-related instruction to patients, family members, and caregivers to achieve patient outcomes based on
the plan of care established by the PT

Takes appropriate action in an emergency situation

Completes thorough, accurate, logical, concise, timely, and legible documentation that follows guidelines and specific
documentation formats required by state practice acts, the practice setting, and other requlatory agencies

Participates in discharge planning and follow-up as directed by the supervising PT

Reads and understands the healthcare literature

Adapted from http.//www.capteonline.org/AccreditationHandbook/, with permission of the American Physical Therapy Association. © 2017 American Physical Therapy Association.



patient’s response to any of the interventions, and tak-
ing the necessary action to alert the supervising PT. In
addition, much of what the PTA does involves sound
decision-making (see Chapter 8) based on the recog-
nition of subtle or profound changes in a patient’s sta-
tus, results from the vital signs (see Chapter 6), and
correct interpretation of patient reports of items such
as pain, fatigue, shortness of breath, and dizziness that
may need to be reported to the PT.

» Appearance

The appearance of the clinician is important to proj-
ect a professional image. With each interaction, the
patient is, consciously or subconsciously, formulat-
ing an opinion about the clinic environment and the
entire clinical staff, from the receptionist to all mem-
bers of the rehabilitation team. These patient observa-
tions continue throughout each session irrespective of
whether a staff member is interacting directly with the
patient, conversing with another patient, or commu-
nicating with another staff member. The patient also is
likely to notice any nonverbal cues, such as voice vol-
ume, postures, mannerisms, gestures, and eye contact.

The Rehabilitation Team 7

Nonverbal cues are especially important as they often
are performed subconsciously and can be misinter-
preted. (See Chapter 6.) Most clinical facilities have
a dress code in addition to a mandatory name tag. A
dress code is designed to not offend patients or other
members of the rehabilitation team and typically
includes instructions on how to achieve the following:

m  To prevent overexposure of the clinician. Most
clinics do not allow the staff to wear clothing that
exposes their midriff or armpits. Some clinics
have strict guidelines for the number and location
of exposed piercings and tattoos, hair color, and
the use of nail polish.

m  To prevent injury to a patient or staff member
from jewelry, such as dangling earrings, neck-
laces, or bracelets.

» The Rehabilitation Team

The responsibility for the patient’s care is shared by
the entire rehabilitation team, of which the PTA is a
vital member (TABLE 1.2). As with the remainder of
the team, the PTA must be responsible and account-
able. The responsibility for the patient’s care, however,

TABLE 1.2 Potential Key Members of the Orthopaedic Rehabilitation Team

I T

Orthopaedic surgeon

Concerned with conditions involving the musculoskeletal system.

Orthopaedic surgeons use both surgical and nonsurgical approaches
to treat musculoskeletal trauma, sports injuries, degenerative diseases,
infections, tumors, and congenital disorders.

Physiatrist

A physician specializing in physical medicine and rehabilitation, certified

by the American Board of Physical Medicine and Rehabilitation. The
primary role of the physiatrist is to diagnose and treat patients with
disabilities involving musculoskeletal, neurological, cardiovascular, or
other body systems.

Primary care physician (PCP)

A practitioner, usually an internist, general practitioner, or family medicine

physician, providing primary care services and managing routine
healthcare needs. Most PCPs serve as gatekeepers for managed-care
health organizations, providing authorization for referrals to other specialty
physicians or services, including physical therapy.

Chiropractor (DC)

A doctor trained in the science, art, and philosophy of chiropractic. A

chiropractic evaluation and treatment provides a structural analysis of
the musculoskeletal and neurological systems of the body. According to
chiropractic doctrine, abnormal function of these two systems may affect
function of other systems in the body.

(continues)
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TABLE 1.2 Potential Key Members of the Orthopaedic Rehabilitation Team (continued)

ot e

Physical therapy director/manager Typically a PT who has demonstrated qualifications based on education
and experience in the field of physical therapy and who has accepted
the inherent responsibilities of the role. He or she establishes guidelines
and procedures that will delineate the functions and responsibilities
of all levels of physical therapy personnel in the department and the
supervisory relationships inherent to the functions of the department
and the health system.

This person also ensures that the objectives of the service are efficiently
and effectively achieved within the framework of the stated purpose of
the organization and in accordance with safe physical therapist practice,
interprets administrative policies, acts as a liaison between line staff and
administration, and fosters the professional growth of the staff.

Staff physical therapist (PT) The staff PT is responsible for the examination, evaluation, diagnosis,
prognosis, and intervention of patients. He or she assists in the supervision
of physical therapy personnel in the service.

Physical therapist assistant (PTA) A PTA works under the supervision of a PT. Care provided by a PTA may
include teaching patients/clients exercises for mobility, strength, and
coordination, and training patients for activities such as walking with
crutches, canes, or walkers, and using adjunctive interventions.

The PTA may modify an intervention only in accordance with changes in
patient status and within the established plan of care developed by the PT.

PT/OT aide Aides are support personnel who may be involved in support services directed
by PTs and PTAs. They receive on-the-job training and are permitted to
function only with continuous on-site supervision by a PT, or in some cases,
a PTA. Their duties are limited to those methods and techniques that do not
require clinical decision making or clinical problem solving by a PT or a PTA.

PT or PTA student The PT or PTA student can perform duties commensurate with their level
of education. The PT clinical instructor (Cl) is responsible for all actions
and duties of the affiliating student, and can supervise both PT and PTA
students. (A PTA may only supervise a PTA student, not a PT student.)

Volunteer A member of the community who is interested in assisting with rehab
departmental activities. Responsibilities include taking phone messages
and basic nonclinical/secretarial duties. Volunteers may not provide
or set up patient treatment, transfer patients, clean whirlpools, or
maintain equipment.

Occupational therapist (OT) Assess functioning in activities of everyday living, including dressing,
bathing, grooming, meal preparation, writing, and driving, which are
essential for independent living. The minimum educational requirements
for the registered OT are described in the current Essentials and Guidelines
of an Accredited Educational Program for the Occupational Therapist.

Certified OT assistant (COTA) Works under the direction of an OT. He or she performs a variety of
rehabilitative activities and exercises as outlined in an established
treatment plan. The minimum educational requirements for the COTA
are described in the current Essentials and Guidelines of an Accredited
Educational Program for the Occupational Therapy Assistant.
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TABLE 1.2 Potential Key Members of the Orthopaedic Rehabilitation Team (continued)

I T

Certified orthotist (CO)

Designs, fabricates, and fits orthoses (e.g., braces, splints, collars, corsets),

prescribed by physicians, to patients with disabling conditions of the limbs

and spine.

Certified prosthetist (CP)

Designs, fabricates, and fits prostheses for patients with partial or total

absence of a limb.

Physician assistant (PA)

A medically trained professional who can provide many of the healthcare

services traditionally performed by a physician, such as taking medical
histories and doing physical examinations, making a diagnosis, and
prescribing and administering therapies.

Nurse practitioner (NP)

A registered nurse with additional specialized graduate-level training who

can perform physical exams and diagnostic tests, counsel patients, and
develop treatment programs.

Athletic trainer—certified (ATC)

A professional specializing in athletic health care. In cooperation with the

physician and other allied health personnel, the athletic trainer functions
as an integral member of the athletic healthcare team in secondary
schools, colleges and universities, sports medicine clinics, professional
sports programs, and other athletic healthcare settings.

also requires the active participation of the patient.
TABLE 1.3 provides the standards for the PTA’ role in
administering physical therapy.

M KEY POINT

The PTA should always be looking for ways to establish
relationships with the other team members and to use
the resources that they can provide.

TABLE 1.3 The PTA's Role in Administration

Administration

Standard 3.3.2.21. Interacts with other members
of the healthcare team in patient-care and
non-patient-care activities

Standard 3.3.2.22. Provides accurate and timely
information for billing and reimbursement purposes

Standard 3.3.2.23. Describes aspects of organizational
planning and operation of the physical
therapy service

Standard 3.3.2.24. Participates in performance
improvement activities (quality assurance)

Data from Accreditation Handbook: PTA Criteria, Appendix A-3.

Fundamental differences involving protocols
and treatment approaches can exist among the
members of the rehabilitation team due to different
backgrounds and types of education; these can place
the PTA in uncomfortable situations. For example,
when transferring the patient from a bed to a chair,
a nurse may insist that the PTA transfers the patient
using a technique that the PTA considers will put
the patient at increased risk. Differences also may
exist within the physical therapy team, as most PTs
have a varied background in terms of extracurric-
ular education and experience, which can make
them lean toward certain treatment philosophies.
For example, a PT that is certified in the McKenzie
method may approach a patient differently than a PT
who uses the Maitland approach. The PTA must use
these scenarios as opportunities for communication,
learning, and increased understanding of the other
team members.

» Models of Disablement

A disablement model is designed to detail the
functional consequences of and relationships among
disease, impairment, and functional limitations
(TABLE 1.4). The PTA’s understanding of the process
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TABLE 1.4 Disablement Model Comparisons

The International Classification of
Functioning, Disability, and Health
(ICFDH-I)

Disease
The intrinsic pathology or disorder

Impairment

Loss or abnormality of
psychological, physiologic, or
anatomic structure or function

Disability

Restriction or lack of ability
to perform an activity in a
normal manner

Handicap
Disadvantage or disability that limits
or prevents fulfillment of a normal

Nagi Disablement Model

Pathology/Pathophysiology

Interruption of or interference with
normal processes and efforts of an
organism to regain normal state

Impairment
Anatomic, physiologic, mental, or
emotional abnormalities or loss

Functional Limitation
Limitation in performance at the
level of the whole organism

or person

Disability
Limitation in performance of
socially defined roles and tasks

The International Classification of
Functioning, Disability, and Health
(ICFDH-NI)

Health Condition
Dysfunction of a body function
and/or structure

Impairment
Problems in body function or structure
such as a significant deviation or loss

Activity Limitation
Limitation in execution of a task or
action by an individual

Participation Restriction
Prevents fulfillment of involvement in a
life situation

role (depends on age, gender, and
sociocultural factors for the person)

of disablement, and the factors that affect its devel-
opment, is crucial to achieving the goal of restoring
or improving function and reducing disability in the
individual. The Guide to Physical Therapist Practice
employs terminology from the Nagi disablement
model (an example of which is shown in TABLE 1.5),°
but also describes its framework as being consistent
with other disablement models.” In 1980, the Execu-
tive Board of the World Health Organization (WHO)
published a document for trial purposes, the Inter-
national Classification of Functioning, Disability, and
Health (ICFDH-I or ICF). In 2001, a revised edition
was published (ICFDH-II). In 2008, the APTA HOD

within a sociocultural and
physical environment

endorsed the ICF because of its focus on the com-
ponents of health rather than on the consequences
of disease, and because environmental and personal
factors were considered as important determinants of
health functioning.®

The ICF has two major parts:'

®  Part 1 is a description of the components of func-
tioning and disability that are associated with a
health condition and includes body functions
and body structures and the changes that occur in
them, activities that the person carries out, and the
participation of the person in life situations. Activ-
ities and participation can be further qualified by

Osteoarthritis Loss of range of
motion (ROM)

Muscle weakness

TABLE 1.5 Example of Nagi Disablement Model
e e e e

Slow, painful gait—unable to Does not leave house
ambulate 20 feet in 9 seconds

Unable to rise from chair

Unable to ascend/descend

10 steps



considering a person’s capacity (i.e., what could be
done in a controlled environment), and perfor-
mance (i.e., what the person actually does in his
or her current environment). Functioning is used
to encompass all body functions and structures,
activities, and participation; conversely, disability
is used to encompass impairments of body func-
tions and structures, activity limitations, and par-
ticipation restrictions. Functioning and disability
exist along a continuum of health.

Part 2 is a description of the contextual factors.
Among contextual factors are external environ-
mental factors (e.g., social attitudes, architec-
tural characteristics, legal and social structures,
and climate and terrain) and internal personal
factors (e.g., gender, age, coping styles, social
background, education, profession, past and
current experience, overall behavior pattern,
character, and other factors) that influence how
disability is experienced by the individual. Per-
sonal factors are not yet classified by the ICF, but
do influence functioning.

» Personality

A clinician’s personality type can influence the interac-
tions with patients in terms of reassurance and trust.
Personality has been studied for centuries and several
models have gained more popularity. One commonly
used model, based on the work of psychologist William
Marston, is known as the DISC personality model.

Dominance. Relates to exerting control, power,
and assertiveness. The clinician must be aware
that there is a possibility that this trait can be
interpreted as demonstrating hostility and indif-
ference.

Influence. Relates to an individual’s ability to con-
trol social situations and communication. This
personality trait can be useful for the clinician.
Steadiness. Relates to patience, persistence, and
thoughtfulness. These are key traits for a clinician
to possess.

Compliance. Relates to structure and organization.

Ideally, the clinician’s personality should be a blend
of these traits so that he or she purveys an air of inter-
est, acceptance, and especially, empathy.

» Values and Beliefs

Throughout life, every individual consciously or
otherwise develops a system of values and beliefs
that have been honed by prior experiences. Values
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and beliefs guide actions and behavior and help to
form attitudes toward different people and situa-
tions. Values are characteristics that are considered
important to an individual. Examples include con-
cepts like loyalty, perseverance, honesty, and effort.
Beliefs are expectations that are made based on
life experiences. Examples include racial equality,
gender bias, and religion. Bias, whether it be posi-
tive or negative, can impact someone’s beliefs. The
most common negative biases of healthcare workers
involve the following:

Race/ethnicity

Gender

Ageism

Obesity

Disability

It is important that the PTA forms judgments
that are not critical, biased, or based on disapproval.
Instead, conscious effort should be made to accept dif-
ferences that serve the well-being of the patients.

» Cultural Influences

It is important that clinicians are sensitive to cultural
issues in their interactions with patients. Cultural
influences shape the framework within which people
view the world, define and organize reality, and func-
tion in their everyday life. In many cases individuals
group themselves on the basis of cultural similarities,
and as a result, form cultural groups.

M KEY POINT

Ethnocentrism is the tendency to believe that one’s
ethnic or cultural group is centrally important, and that
all other groups are measured in relation to one’s own.
The ethnocentric individual will judge other groups
relative to his or her own particular ethnic group or
culture, especially with concern to language, behavior,
customs, and religion. An example would be a patient
believing they would receive a better level of care if they
are seen by a clinician of the same race and religion.

Cultural groups share behavioral patterns, sym-
bols, values, beliefs, and other characteristics that dis-
tinguish them from other groups. At the group level,
cultural differences are generally variations of differ-
ing emphasis or value placed on particular practices.
Whenever possible, the PTA should use any available
resource, such as an interpreter.

In a similar fashion, PTAs need to be sensitive to
the needs of lesbian, gay, bisexual, and transgender
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(LGBT) patients and treat them as individuals. This is
particularly true with regard to transgender patients,
who often face healthcare discrimination, due in part to
a lack of transgender-specific initiatives within health-
care institutions or professional associations. Although
the APTA Code of Ethics does not specifically address
people who are transgender, Principle 1 states that
“Physical therapists shall respect the inherent dignity
and rights of all individuals” Principle 1A adds, “Phys-
ical therapists shall act in a respectful manner toward
each person regardless of age, gender, race, nationality,
religion, ethnicity, social or economic status, sexual ori-
entation, health condition, or disability” To help bridge
the gap and to decrease concerns, clinicians should
attend cultural competency training. In addition, clin-
ics can modify their intake forms to include questions
such as “What was your gender assigned at birth?” and
“What is your current gender identity?” and, where fea-
sible, have gender-neutral restrooms. What follows are
some terms related to transgender issues:

Transgender. This term is used for people whose
gender identity and/or expression is different
from cultural expectations based on the gender
they were assigned at birth. This population may
identify as straight, gay, lesbian, bisexual, etc.
Gender identity. This is how people perceive them-
selves: as male, female, a blend of both, or neither.
One’s gender identity can be different or the same
from their gender assigned at birth.

Gender expression. This is how an individual
expresses themselves through behavior, clothing,
hairstyle, and/or voice.

» Motivation and Compliance

Many factors can contribute to the patient’s resistance
to improvement. In some cases, it may be an individ-
ual factor that, when eliminated, will allow the patient
to respond well. In the majority of cases, the resistance
to improvement is based on the interaction of multi-
ple factors, which must be recognized and corrected.
Patient motivation and compliance are paramount in
the rehabilitation program.

Motivation

Anecdotally, unmotivated patients may progress more
slowly. Much literature has conceptualized or reported
poor motivation in rehabilitation as secondary to
patient-related factors, including depression, apathy,
cognitive impairment, low self-efficacy (e.g., low con-
fidence in one’s ability to successfully rehabilitate),
fatigue, and personality factors.’

Compliance

Compliance is vitally important and varies from
patient to patient. Several factors that have been out-
lined to improve compliance are as follows:'*-'

Involving the patient in the intervention planning
and goal setting

Setting realistic short- and long-term goals
Promoting high expectations regarding final outcome
Promoting perceived benefits

Projecting a positive attitude

Providing clear instructions and demonstrations
with appropriate feedback

Keeping the exercises pain-free or with a low level
of pain

Encouraging patient problem solving

M KEY POINT

Various studies have found that compliance with
physical therapy programs is approximately 40 percent.

» Patient Education

Patient-related instruction forms the cornerstone of
every intervention and POC (TABLE 1.6). It is imper-
ative that the PTA spend time educating the patient
about his or her condition, so the patient can fully
understand the importance of his or her role in the
rehabilitation process and become an educated con-
sumer. Educating the patient about strategies to adopt
in order to prevent recurrences and to self-manage his
or her condition is also important to ensure an inter-
active environment. The aim of patient education is to
create independence, not dependence, and to foster an
atmosphere of learning in the clinic. A detailed expla-
nation should be given to the patient in a language

TABLE 1.6 The Role of the PTA in Patient Education

Education

Standard 3.3.2.19. Under the direction and supervision
of the physical therapist, instructs other members of
the healthcare team using established techniques,
programs, and instructional materials commensurate
with the learning characteristics of the audience

Standard 3.3.2.20. Educates others about the role of
the physical therapist assistant

Adapted from http.//www.capteonline.org/AccreditationHandbook/, with permission of the
American Physical Therapy Association. © 2017 American Physical Therapy Association.



that he or she can understand. This explanation should
include the following:

The name of the structure(s) involved, and the
cause of the problem. Whenever possible, an illus-
tration or model of the involved structure should
be shown to the patient to explain principles in
layperson’s terms.

Information about the interventions that are
planned, and the PT’s prognosis for the problem.
An estimation of healing time is useful for the
patient, so he or she does not become frustrated at
a perceived lack of progress.

What the patient can and cannot do. This includes
the allowed use of the joint or area, and a brief
description about the relevant stage of healing and
the vulnerability of the various structures during the
pertinent healing phase. This information makes the
patient aware and more cautious when performing
activities of daily living (ADLs), recreational activ-
ities, and the home exercise program. Emphasis
should be placed on dispelling the myth of “no pain,
no gain.” Instead, patients should be encouraged to
respect pain. Also, patients often have misconcep-
tions about when to use heat and ice, and it is the
role of the clinician to clarify such issues.

Home exercise program. Before instructing a patient
on his or her home exercise program (HEP), the
PTA should take into consideration the time that
will be needed to perform the program. In addition,
the level of tolerance and motivation for exercise
varies among individuals, and it is based on their
diagnosis and stage of healing. A short series of exer-
cises, performed more frequently during the day,
should be prescribed for patients with poor endur-
ance or when the emphasis is functional reeduca-
tion. Longer programs, performed less frequently,
are aimed at building strength or endurance. Each
HEP needs to be individualized to meet the patient’s
specific needs. The patient'’s HEP should start on the
first day of intervention and continue through and
beyond the day of discontinuation of physical ther-
apy. At the earliest opportunity, the patient must be
educated about the signs and symptoms that war-
rant discontinuation of an exercise and when the PT
or physician should be contacted. The HEP must be
modified continuously and follow the guidelines in
TABLE 1.7. Any prescribed exercise should be simple,
and instructions should include the frequency,
number of repetitions, number of sets, how long
to hold, the amount of exercise resistance, and the
position for performing the exercise. Whenever
possible, pictures of the exercises should be pro-
vided to maximize carryover.

Patient Education 13

TABLE 1.7 Basic Requirements for the Home Exercise

Program (HEP)

The HEP should be organized, concise, and written in
layperson’s terms (fifth- or sixth-grade reading level)
using a font size of 12 points or larger.

The HEP should represent an extension of
the interventions.

The HEP should include uncomplicated diagrams
or pictures.

Data from Dreeben O: Introduction to physical therapy for physical therapist assistants.
Sudbury, MA, Jones & Bartlett Learning, 2007.
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Educational materials need to be written in plain
language, and they must use the same words
consistently. Sentences should be short and simple,
with each item preceded by a bullet point. Instructions
should be taught one step at a time using appropriate
demonstrations and descriptions.

There are probably as many ways to teach as
there are to learn. The PTA needs to be aware that
people may have different preferences for how, when,
where, and how often to learn. It is not within the
scope of this text to discuss all of the theories on
learning, but an overview of the major concepts is
merited. Litzinger and Osif"’ organized individuals
into four main types of learners, based on instruc-
tional strategies:

1. Accommodators. This type of learner relies
heavily on other people for information
rather than on their own analytic ability,
often enjoy being active participants in their
learning, and will ask many questions, such
as, “What if?” and “Why not?” For example,
when instructing such a patient about the
precautions following a total hip replace-
ment, the patient may ask why they are
being told not to place any weight through
the involved hip. (See Chapter 23.)

2. Divergers. This type is motivated to dis-
cover the relevancy of a given situation
and prefers to have information presented
in a detailed, systematic, and reasoned
manner. For example, this type of learner
prefers to have the information provided
in a sequential fashion with the rationale
for each stage.
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3. Assimilators. This type is motivated to answer
the question, “What is there to know?” These
learners like accurate, organized delivery of
information, and they tend to respect the
knowledge of the expert. They are perhaps
less instructor-intensive than some other
types of learners and will carefully follow pre-
scribed exercises, provided a resource person
is clearly available and able to answer ques-
tions. For example, this type would respond
well to clear verbal and written instructions,
the rationale behind the exercises, and spe-
cific details regarding how often the exercises
should be performed.

4. Convergers. This type of learner can make
decisions and apply practical ideas to solve
problems. Generally, these people can
organize knowledge by using hypothetical
deductive reasoning. The instructions given
to this type of learner should be interactive,
not passive. For example, this type responds
well to being asked to demonstrate an exer-
cise rather than hearing a description.

Another frequently used way of classifying learn-
ers describes three common learning styles:

1. Visual. As the name suggests, the visual
learner assimilates information by obser-
vation, using visual cues and information
such as pictures, anatomic models, and
physical demonstrations.

2. Auditory. Auditory learners prefer to learn
by having things explained to them verbally.

3. Tactile. Tactile learners, who learn through
touch and interaction, are the most difficult
of the three groups to teach. Close supervi-
sion is required with this group until they
have demonstrated to the clinician that
they can perform the exercises correctly
and independently. Proprioceptive neu-
romuscular facilitation (PNF) techniques,
with the emphasis on physical and tactile
cues, often work well with this group. (See
Chapter 9.)

A patient’s learning style can be identified by ask-
ing how he or she prefers to learn. Some patients pre-
fer a simple handout with pictures and instructions;
others prefer to see the exercises demonstrated and
then be supervised while they perform the exercises.
Some may want to know why they are doing the exer-
cises, which muscles are involved, why they are doing
three sets of a particular exercise, and so on. Others
will require less explanation.

M KEY POINT

When educating a patient who has a hearing
impairment, the PTA should choose a quiet
environment, face the patient, and speak clearly
without exaggerating the pronunciation.

If in doubt about the patients learning style, it
is recommended that each exercise first be demon-
strated by the clinician and then by the patient, both
at the end of a session and at the beginning of the next
session. The rationale and purpose behind each of the
exercises must be given, as well as the frequency and
intensity expected.

M KEY POINT

The PTA should always consider cultural diversity and
pay attention to nonverbal communication such as
voice volume, postures, gestures, and eye contact.

It is important that the patient view his or her
rehabilitative progression with a healthy respect for
pain, combined with the importance of returning
to normal levels of function as early as possible. The
assessment of pain is described in Chapter 6. Pain is,
unfortunately, a necessary component of the healing
process; however, the patient needs to be educated
about what constitutes healing pain in comparison to
harmful pain (an increase in pain that lasts more than
2-4 hours). Clear instructions must be given to the
patient on how to recognize injurious pain and how to
avoid additional strain.

The frequency and duration of the patient’s care
need to be addressed with the PT. The common prac-
tice is to see patients two to three times per week;
however, this is not always necessary, particularly
with well-motivated patients. It is the duty of all cli-
nicians to make the patient’s visit meaningful. Clinic
visits must include a level of skilled intervention that
the patient cannot receive in the home environment.
Placing the patient on a hot pack and then having him
or her perform a routine rehabilitation program that is
not constantly being updated or modified is a waste of
the patient’s time and does little to foster public confi-
dence in the profession. Each session must have a pur-
pose. The PTA should attempt to explain any gains or
losses the patient has made since the previous session
and provide the possible reasons. New goals should be



discussed, and any changes to the intervention plan
and their rationale should be discussed with the PT
and then the patient.

Privacy and Patient Confidentiality

A patient’s privacy and dignity should be maintained
at all times. Whenever appropriate, the clinician
should ask permission from the patient before car-
rying out an action (moving the patient’s belongings,
sitting down, etc.). The full name of the patient is con-
sidered Protected Health Information (PHI) under
the Health Insurance Portability and Accountability
Act (HIPAA). Therefore, many facilities use the first
name only, or the first name and middle or last initial.

In the majority of situations, the patient’s written
authorization is required for the release of medical
information. For example, authorization is required
for the release of medical information for the follow-
ing reasons:

To any member of the patient’s family (except
where a member of the family has received dura-
ble power of attorney for healthcare agencies)

To the patient’s attorney or insurance company
To the patient’s employer (unless a workers’ com-
pensation claim is involved)

» Reimbursement

The Middle Class Tax Relief and Jobs Creation Act
(MCTRJCA) of 2012 amended the Social Security Act
to require a claims-based data collection system for
outpatient therapy services (Medicare and Medicaid
services), including physical therapy (PT), occupa-
tional therapy (OT), and speech-language pathology
(SLP) services. The system collects data included on
Medicare claim forms to better understand beneficiary
conditions, outcomes, and expenditures to establish
an evidence-based connection between rehab therapy
treatment and patient progress. Originally, inclusion
of the G-codes was required to fulfill requirements
for Physician Quality Reporting System (PQRS) and
Functional Limitation Reporting (FLR). Physical
therapists in private practice have participated in the
PQRS since 2007. However, effective January 1, 2017,
PQRS was moved into the Merit-based Incentive Pay-
ment System (MIPS) which, in turn, is part of the new
Quality Payment Program (QPP) created by the Medi-
care Access and Children’s Health Insurance Program
(CHIP) Reauthorization Act of 2015 (MACRA).
Although rehab therapists currently no longer have to
report G-codes for PQRS, they still have to submit the
FLR G-codes, at least for the time being (PTs are not
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yet included in mandated reporting under MIPS but
are likely to be added in 2019).

Beneficiary function information is reported using
42 nonpayable FLR G-codes (14 sets of three codes each)
and seven severity/complexity modifiers on claims for
PT, OT, and SLP services. Eight sets of G-codes gener-
ally describe SLP functional limitations, while six of the
G-code sets generally describe PT and OT functional
limitations. (See Appendix G for further information.)
Clinicians must report functional limitation data in the
form of G-codes together with the corresponding sever-
ity and therapy modifiers at the initial examination, at
a minimum of every tenth visit, and at discharge for all
patients who have Medicare proper as their primary or
secondary insurance. Medicare does not reimburse pro-
viders who submit claims lacking FLR data.

Once MIPS is introduced into physical therapy
practices, there will be four distinct perfor-
mance categories:

Quality. Includes clinical process and outcome
measures, many of which were reported under the
PQRS requirements. The goal will be to decrease
provider burden, while preserving independent
clinical practice.

Cost. Promotes the adoption of alternative pay-
ment models (APMs) to align incentives across
all healthcare stakeholders, which are based on
the severity of specific conditions or diseases, epi-
sodes of care, or different patient populations. In
essence, the APMs are designed to offer partici-
pating clinicians incentive payments for improv-
ing quality while reducing care costs. Advanced
APMs offer participants opportunities to earn
higher incentive payments for taking on addi-
tional risks based on patient outcome measures.
Advancing care information. Promotes patient
engagement and the electronic exchange of infor-
mation using certified electronic health record
technology.

Improvement activities. Includes activities that
improve clinical practice, such as shared decision
making, increasing practice access, patient safety
population management, and care coordination.

Private practices will have two tracks from which
to choose:

MIPS. Under the MIPS, an eligible practice earns
points in each performance category to produce a
total annual MIPS score, which determines whether
the practice earns a payment incentive, remains
neutral in payment, or is subject to a penalty.

Advanced APM. Under this system, practices may
earn a Medicare incentive payment for participating
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in an existing innovative payment model or one that
the practice proposes and is approved. Currently,
providers are eligible to take part in an advanced
APM if they receive at least 25 percent of their Medi-
care part B payments through the advanced APM,
or if they deliver care to at least 20 percent of their
Medicare patients through the advanced APM.

» Productivity

In an era of increased demands for efficiency, the
performance of PTAs is increasingly being judged by
employer-established productivity standards. Pro-
ductivity is essentially a balance between quality and
quantity and can be measured by employers in a vari-
ety of ways. For example, productivity can be mea-
sured by patients per day or by number of charges
(CPT codes) per patient.

These productivity standards can place the cli-
nician in a difficult position, especially when the
clinician feels that he or she has to perform interven-
tions that are not evidence-based and not beneficial
for the patient in order to generate a sufficient num-
ber of charges. Productivity standards have a ten-
dency to switch the emphasis from patient-focused
to volume-driven patient care, and they can create
conflict between the need for more revenue and the
importance placed on the clinician’s clinical judgment
and professional expertise.

If the goal is to improve individual patient out-
comes, improve the health of populations, and reduce

Learning Portfolio

costs, then quality must be measured over quantity
and value over volume. One of the issues with pro-
ductivity standards when they use the number of
CPT codes charged per patient by a clinician is that
time spent on patient education, meeting with the
patient’s family or social worker, and documentation
are not taken into consideration. Another issue with
this method is that it does not take into account the
type of patient being seen by the clinician. For exam-
ple, a clinician seeing an orthopedic patient who has
significant comorbidities requires more time to rest
between activities than a young, athletic patient.
Finally, in an outpatient setting the cancellation/
no-show rate can significantly impact productivity.
The PTA can play a vital role in maintaining appro-
priate productivity by being efficient with documen-
tation, preparing equipment necessary for patient
care ahead of time, and by appropriately delegating
tasks to physical therapy aides.

» Summary

The role of the PTA in the orthopaedic setting contin-
ues to evolve, and the responsibilities placed on the
PTA continue to increase. With this increased respon-
sibility comes the need to be fully prepared by having
a sound knowledge base from which to work. How-
ever, what has not changed is the importance of com-
munication among the PTA, the PT, the patient, and
other members of the healthcare team.

Case Study

A new manager has been appointed at your clinic and
she has been reviewing the productivity levels of the
department. She calls a morning staff meeting and
decides to give the staff the option to vote between
two productivity standards: (1) patients per day and
(2) charges per patient.

1. If you were voting, which of the two options
would you choose? Why?

Later that morning, a patient who is not on the
schedule comes into the clinic and asks to speak
with a staff member. Because you are the only one
available, you meet with the patient, who proceeds

to tell you that she is a member of the LGBT com-
munity and wants to know your clinic’s policy on
seeing this population.

2. What is your response to the patient?
3. Is this a matter that requires you to inform your
supervising PT? Why or why not?

That afternoon, you notice a patient on a schedule
from a PT who is not your regular supervising thera-
pist and you note that the PT has prescribed a manual
therapy technique with which you are not familiar.

4. What is your best course of action?
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1.

A physical therapist asks you to perform a joint
mobilization. Whether you can perform the
mobilization depends which of the following?
a. Ethical principles

b. State licensure laws

c. Departmental procedures

d. Whether the patient has medical insurance

Which of the following was developed to
“encourage a uniform approach to physical
therapist practice and to explain to the world
the nature of that practice™?

a. State licensure laws

b. The Guide to Physical Therapist Practice

c. National Physical Therapy Examination

d. Medicare Act of 1973

What is the function of the Commission on

Accreditation in Physical Therapy Education

(CAPTE)?

a. To design policies and procedures with
regard to physical therapy

b. To make autonomous decisions concerning
the accreditation status of continuing edu-
cation programs for physical therapists and
physical therapist assistants

c. To design questions for the National Physi-
cal Therapy Examination

d. To oversee state licensing laws

A loss or abnormality of anatomic, physiolog-
ical, or psychological structure or function is
a description of which category of the disable-
ment model?

a. Impairment

b. Functional limitation

c. Disability

d. None of the above

Which of the following statements is true about

the plan of care?

a. It is based on the examination, evaluation,
diagnosis, and prognosis, including the pre-
dicted level of optimal improvement.
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b. It describes the specific interventions to be
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tion of the interventions that are required
to reach the anticipated goals and expected
outcomes.
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CHAPTER 2

Anatomy and Biomechanics
of the Musculoskeletal System

CHAPTER OBJECTIVES

At the completion of this chapter, the reader will be able to:

1. Describe the various structures of the musculoskeletal system.
2. Describe the types of connective tissue related to orthopaedics.
3. Outline the function of the various components of connective tissue, including collagen and elastin.
4. Describe the structural differences and similarities among fascia, tendons, and ligaments.
5. Describe the structure and function of a bone as it relates to physical therapy.
6. Outline the different types of cartilage tissue.
7. Define the main constituents of a synovial joint.
8. Describe the main cellular components of skeletal muscle.
9. Outline the sequence of events involved in a muscle contraction.
10. Summarize some key terms used in the study of biomechanics.
11. Define the impact that various forces can have on the body and how those forces can result in injury.
12. Define the terms osteokinematic motion and arthrokinematic motion.
13. Differentiate between the different types of arthrokinematic motions that can occur at the joint surfaces.
14. Describe the basic biomechanics of joint motion regarding their concave—convex relationships.
15. Discuss the differences between hypomobility, hypermobility, and instability.

» Overview

A working knowledge of the musculoskeletal system
forms the foundation of every orthopaedic assessment
and intervention by a physical therapist assistant (PTA).
A basic tenet in the study of anatomy and biomechanics
is that design relates to function, in that the purpose of a
structure determines its design and vice versa. The word
kinesiology derives from the Greek kinesis, to move, and

ology, to study. The science of kinesiology involves the
application of mechanical principles to the study of the
structure and function of movement.

» Musculoskeletal Tissue

By design and function, the tissues of the body orig-
inate from four basic kinds: epithelial, nervous, con-
nective, and muscle.

19
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W Epithelial tissue. Found throughout the body in
two forms: membranous and glandular. Mem-
branous epithelium forms such structures as the
outer layer of the skin, the inner lining of the body
cavities and lumina, and the covering of visceral
organs. Glandular epithelium is a specialized tis-
sue that forms the secretory portion of glands.

®  Nervous tissue. Helps coordinate movements via
a complex motor control system of prestructured
motor programs and a distributed network of
reflex pathways mediated through the autonomic,
peripheral, and central nervous systems.' (See
Chapter 3 for further description.)

m  Connective tissue. Found throughout the body, it
is divided into subtypes according to the matrix
that binds the cells. Connective tissue provides
structural and metabolic support to other tissues
and organs of the body. It includes bone, cartilage,
tendons, ligaments, fascia, and blood tissue. The
properties of connective tissue are described in
the next section of this chapter.

B Muscle tissue. Responsible for the movement of
circulatory materials through the body, the move-
ment of one part of the body on another, and
locomotion. There are three types of muscle tis-
sue: smooth, cardiac, and skeletal. In this chapter,
human skeletal muscle tissue is described.

M KEY POINT

Together, connective tissue and skeletal muscle tissue
make up the musculoskeletal system. The musculoskeletal
system functions intimately with nervous tissue to produce
coordinated movement and adequate joint stabilization
and feedback during sustained positions and purposeful
movements, such as when climbing or dancing.

» Connective Tissue

TABLE 2.1 summarizes the anatomic and functional
characteristics of the four types of connective tis-
sue that predominate in the joints of the musculo-
skeletal system.

The primary types of connective tissue cells are
fibroblasts; macrophages, which function as phagocytes
to clean up debris; and mast cells, which release chemi-
cals associated with inflammation.” (See Chapter 4.) Dif-
ferentiation of the connective tissue types is according to
the extracellular matrix (ECM) that binds the cells.

Fibroblasts (FIGURE 2.1) produce collagen, elastin,
and reticulin fibers. All connective tissues are made
up of varying levels of collagen, elastin, and reticulin:

u  Collagen fibers. The most common fibers in connec-
tive tissue proper are long, straight, and unbranched.
The collagens are a family of ECM proteins that
play a dominant role in maintaining the structural
integrity of various tissues and in providing ten-
sile strength to tissues. TABLE 2.2 outlines the most
common forms of collagen (types I-1V).?

Elastic fibers. Containing the protein elastin, they
are branched and wavy. Elastin is synthesized and
secreted from several cell types, including chon-
droblasts, myofibroblasts, and mesothelial and
smooth muscle cells. As its name suggests, elas-
tic properties are provided to the tissues in which
elastin is situated.* Elastin fibers can stretch, but
they typically return to their original shape when
the tension is released. The presence of elastin
determines the patterns of distention and recoil
in most organs, including the skin and lungs, and
blood vessels. These characteristics can be useful
in preventing injury because they allow the tissues
to deform significantly before breaking.

Reticular fibers. The least common of the three,
they are thinner than collagen fibers and form a
branching, interwoven network in various organs,
which provides structural support.

M KEY POINT

Collagen can be visualized as being like the little
strands that run through packing tape.

M KEY POINT

Collagen and elastin fibers are embedded within a
water-saturated matrix known as ground substance,
which is composed primarily of glycosaminoglycans,
water, and solutes. These materials allow many fibers
of the body to exist in a fluid-filled environment that
disperses millions of repetitive forces affecting the
joints throughout a lifetime.?

Fascia

Fascia is an example of loose connective tissue. From
the functional point of view, the fascia in the body
is a continuous laminated sheet of connective tis-
sue that extends without interruption from the top
of the head to the tips of the toes. It surrounds and
permeates every other tissue and organ of the body,
including nerves, vessels, tendons, aponeuroses, lig-
aments, capsules, and the fundamental components
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TABLE 2.1 Types of Connective Tissue That Form the Structure of Joints

m Anatomic Location _ Mechanical Specialization

High type | collagen
fiber content; low
elastin fiber content

Dense Composes the external fibrous
irregular layer of the joint capsule
connective Forms ligaments, fascia,
tissue (CT) tendons, and fibrous

membranes

Fibrocartilage Composes the intervertebral disks
and the disk within the pubic
symphysis

Forms the intraarticular
disks (menisci) of the
tibiofemoral, sternoclavicular,
acromioclavicular, and distal
radioulnar joints

Forms the labrum of the glenoid
fossa and the acetabulum

Forms the internal levers of the
musculoskeletal system

Bone

of muscle.*® Theoretically, injury, inflammation,
disease, surgery, and excess strain of the fascia can
cause it to scar and harden. This can create tension
not only in adjacent, pain-sensitive structures but
also in other areas of the body. This is because of the

Melanoocyte Elastic fibers

Reticular fibers

Fat cell
Lymphocyte

Collagen
fibers

Amorphous
ground
substance

Mast cell

Macrophage Fibroblast

FIGURE 2.1 Typical connective tissue.

Multidirectional bundles

Specialized arrangement

Ligament: Binds bones together
and restrains unwanted
movement at the joints; resists
tension in several directions

Tendon: Attaches muscle to bone

Fascia: A layer of fibrous tissue that
permeates the human body and
that performs some functions,
including enveloping and isolating
the muscles of the body, providing
structural support and protection

Provides some support and
stabilization to joints; primary
function is to provide “shock
absorption”by resisting and
distributing compressive and
shear forces

of type | collagen

Resists deformation; strongest
resistance is applied against
compressive forces due to body
weight and muscle force

Provides a rigid lever to transmit
muscle force to move and
stabilize the body

of type | collagen

to form lamellae

and osteons and to
provide a framework
for hard mineral salts
(e.g., calcium crystals)

complete integration of fascia with all of the other
systems. Myofascial release is a form of soft tissue
therapy used to treat dysfunction and accompanying
pain and restriction of motion by relaxing contracted
muscles, increasing circulation, increasing venous
and lymphatic drainage, and stimulating the stretch
reflex of muscles and overlying fascia. See Chapter 9
for a more detailed discussion of myofascial release.

Tendons

A tendon (FIGURE 2.2), which is a type of dense con-
nective tissue, is a cordlike structure that attaches mus-
cle to bone. Tendons are made up of densely packed
parallel-oriented bundles of fibers. The predominant
type of collagen fiber in a tendon is type L.

The thickness of each tendon varies and is pro-
portional to the size of the muscle from which it
originates. In addition to the primary load bearing
part of the tendon, there is an extensive network of
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TABLE 2.2 Major Types of Collagen

m Description/Location

| Thick and rough
Designed to resist elongation
Found in bone, skin, ligament, and tendon

| Thinner and less stiff than type | fibers
Provide a framework for maintaining the general shape and consistency of structures such as hyaline
cartilage and nucleus pulposus

1l A small and slender fiber of collagen
Found in extensible connective tissues such as skin, lung, and the vascular system

\% Overall arrangement causes the collagen to form in a sheet.
Found primarily in the basement membrane (a thin sheet of fibers that underlies the epithelium, which lines
the cavities and surfaces of organs, or the endothelium, which lines the interior surface of blood vessels)

can absorb more energy compared to high loading

- rates.” At higher levels of loading, however, tendons

¢ become more brittle and absorb less energy, but they
\ are more efficient at transferring loads.’

M KEY POINT

Although tendons withstand substantial tensile forces
well, they resist shear forces less well and provide little
resistance to a compression force.

Asthetendon joins the muscle, it fans outintoa much
wider and thinner structure. The site where the muscle
and tendon meet is called the myotendinous junction
(MT]). Despite its viscoelastic mechanical characteris-
tics, the MTJ is very vulnerable to tensile failure. Indeed,
the MT]J is the location of the most common muscle
strains caused by tensile forces.*'® The majority of mus-
cles have distinct tendinous attachments to bones, but
only a few tendons develop painful conditions. Patients
with tendinopathy display tendons that are thicker, but
with reduced energy storing capacity, meaning that for
the same load, the tendons exhibit higher strains than
those of healthy individuals.” (See Chapter 4.)

FIGURE 2.2 Tendon, ligament, bone, and muscle. o KEY POINT

A tendency for a tear near the MTJ has been reported

in the biceps and triceps brachii, rotator cuff muscles,
flexor pollicis longus, fibularis (peroneus) longus, medial
head of the gastrocnemius, rectus femoris, adductor
longus, iliopsoas, pectoralis major, semimembranosus,
and the entire hamstring group.''

Ligament —.— /

septae (endotendon), where the nerves and vessels are
mainly located.” Tendons deform less than ligaments
under an applied load.® However, tendons transmit
forces from muscle to bone and are subject to sig-
nificant tensile stresses. At low rates of loading, ten-
dons are more viscous or ductile and, consequently,



Ligaments

Skeletal ligaments, a type of dense connective tissue,
connect bones across joints (refer to Figure 2.2). The
gross structure of a ligament varies according to its
location (intra-articular or extra-articular, and capsu-
lar) and function. The orientation of the collagen fibers
has a less unidirectional organization in ligaments
than it does in tendons, but this irregular crossing pat-
tern still provides stiffness (resistance to deformation)
and makes ligaments ideal for sustaining tensile loads
from several different directions.

M KEY POINT

Ligaments have a rich sensory innervation through
specialized mechanoreceptors and free nerve endings
that provide information about proprioception and
pain, respectively.

Ligaments contribute to the stability of joint func-
tion by preventing excessive motion, acting as guides
to direct movement, and providing proprioceptive
information for joint function.

M KEY POINT

Immobilization and disuse dramatically compromise
the structural material properties of ligaments,
resulting in a significant decrease in the ability of the
ligament to resist strain. (See Chapter 4.)

TABLE 2.3 General Structure of Bone
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Bone

There are approximately 206 bones in the body. Bone
is a highly vascular and metabolically active form of
connective tissue, composed of 65 percent mineral
and 35 percent organic matrix. Bone health can be
affected starting in utero, and bone mineral density
(BMD) peaks in early adulthood and declines after
menopause in women.'* Maintenance of bone mass
can reduce fracture risk by 50 to 80 percent."”” Mineral
content distinguishes bone from other connective tis-
sues and provides the bone with its distinctive stiffness
while providing a system for mineral storage.

M KEY POINT

The periosteum is a thin, tough membrane that covers
each long bone and helps secure the attachments of
muscles and ligaments to bone (Figure 2.2). The medullary
canal is the central hollow tube within the diaphysis of

a long bone. It is essential for storing bone marrow and
provides a passageway for nutrient-carrying arteries (see
“Blood Supply to Bone”later in this chapter).

Bone is the most rigid of the connective tissues, but
despite its rigidity, it is a dynamic tissue that undergoes
constant metabolism and remodeling. The collagen of
bone is produced in the same manner as that of liga-
ments and tendons, but by a different cell, the osteoblast.

At the gross anatomic level, each bone has a distinct
morphology (TABLE 2.3) comprising both cortical bone

Description

Epiphysis

The region between the growth plate or growth plate scar and the expanded end

of bone, covered by articular cartilage
The location of secondary ossification centers during development

Forms bone ends

Physis (also known as epiphyseal

The region that separates the epiphysis from the metaphysis

plate) The zone of endochondral ossification in an actively growing bone or the
epiphyseal scar in a fully developed bone
Vulnerable before growth spurt and mechanically weak

Metaphysis

The junctional region between the growth plate and the diaphysis

Contains abundant cancellous (trabecular) bone, which heals rapidly, but the
cortical bone thins here relative to the diaphysis
Common site for many primary bone tumors and similar lesions (osteomyelitis)

Diaphysis Forms shaft of bone

Large surface for muscle origin
Composed mainly of cortical (compact) bone
The medullary canal contains marrow and a small amount of trabecular bone
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and cancellous (also referred to as trabecular) bone.
The adult human skeleton is composed of 80 percent
cortical bone and 20 percent cancellous bone.

m  Cortical (compact) bone. Dense and robust, it is
found in the outer shell of the diaphysis of long
bones and where it surrounds the marrow space.
The osteon, or Haversian system, the most com-
plex type of cortical bone, is the fundamental
functional unit of much compact bone. Osteon
is the name given to the complex arrangement
of bone around the vascular channels that are
circumferentially surrounded by lamellar bone.
During normal activity, cortical bone sustains
loads well, so that the bone bends but does not
sustain permanent deformation (elastic deforma-
tion). However, repetitively sustained loads over
a short period can produce changes in the bone
shape (plastic deformation).

®  Cancellous (trabecular) bone. Porous and honey-
comb-like, it is therefore less dense than corti-
cal bone and is typically found in the epiphyseal
and metaphyseal regions of long bones as well
as throughout the interior of short bones. Can-
cellous bone is significantly more metabolically
active than cortical bone.

M KEY POINT

The strength of a bone is related directly to its density.
Bone mineral density (BMD) is the amount of bone
mineral in bone tissue. Compared to cortical bone,
cancellous bone has a greater surface area but is less
dense, softer, weaker, and less stiff, and therefore more
prone to fracture. Dual energy X-ray absorptiometry
(DXA) is most commonly used to measure BMD as it
determines the amount of mineral measured per unit
area or volume of bone tissue. A more sophisticated
method, which can better distinguish healthy
microarchitecture of bone from suboptimal bone, is
high-resolution peripheral quantitative computed
tomography (HR-pQCT).™

There are three types of bone cells:

m  Osteoblasts. Responsible for bone formation and
the synthesis of type I collagen.

W Osteocytes. Control extracellular concentrations of
calcium and phosphorus. Osteocytes are, in essence,
osteoblasts that are embedded within the newly
formed mineralized bone matrix, and are actively
involved with the maintenance of the bony matrix.

B Osteoclasts. Responsible for bone resorption. An
increased number of osteoclasts is characteristic
of diseases with increased bone turnover.

The function of a bone is to provide support,
enhance leverage, protect vital structures, provide
attachments for both tendons and ligaments, and store
minerals, particularly calcium.

M KEY POINT

Based on location, bones can be classified as follows

(FIGURE 2.3):

m  Axial skeleton. Bones of the skull, vertebral column,
sternum, and ribs

= Appendicular skeleton. Bones of the pectoral girdle
(including the scapula and clavicle), pelvic girdle,
and limbs

Blood Supply to Bone

Bone has a rich vascular supply, receiving 5 to 10 per-
cent of the cardiac output. The blood supply varies
with different types of bones, but blood vessels are
especially abundant in areas that contain red bone
marrow. The following vessels supply the long bones:

®  Diaphyseal nutrient artery. The most significant
supply of arterial blood to a long bone

B Metaphyseal and epiphyseal arteries. Supply the
ends of bones

W Periosteal arterioles. Supply the outer layers of cor-
tical bone

The large irregular, short, and flat bones receive
a superficial blood supply from the periosteum, and
frequently from large nutrient arteries that penetrate
directly into the medullary bone. It is important to
note that fractures, internal fixation devices, prosthetic
joint implants, and external fixation devices devital-
ized the microcirculation of the cortical-periosteal
and the endosteal portion of the bone, which can lead
to either nonunion and/or bone infections.

Bone inherently recognizes and responds to exter-
nal loading, and its mechanoreceptors can stimulate
osteogenesis. However, for osteogenesis to take place,
any stress applied to the bone must be variable, dynamic,
and progressive—static loading does not cause osteo-
genesis.'"*'¢ A fundamental principle of bone formation
and adaptation is that physical deformation of the bone
directly stimulates bone formation.'*

M KEY POINT

Bone remodeling is a lifelong process that involves
the replacement of old bone by new bone based on
the functional demands of the mechanical loading
according to Wolff's law. (See Chapter 4.)
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FIGURE 2.3 The axial (shaded) and appendicular skeleton.
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Articular Cartilage

The formation of articular (hyaline) cartilage tissue,
commonly called gristle, usually precedes the develop-
ment of bone. Articular cartilage is a highly organized
viscoelastic material composed of cartilage cells called
chondrocytes (5 percent), water (65 to 80 percent),
and an ECM. The ECM contains proteoglycans (10 to
15 percent), lipids, water, and dissolved electrolytes.
Articular cartilage is devoid of any blood vessels, lym-
phatics, and nerves."” It covers the ends of long bones
with synovial joints and, along with the synovial fluid
that bathes it, provides a smooth, almost frictionless
articulating surface. Articular cartilage is avascular
and has no inherent ability to stimulate, regulate, or
organize intrinsic repair. (See Chapter 4.)

M KEY POINT

= Articular cartilage is the most abundant cartilage
within the body.

= Most of the bones of the body form first as articular
cartilage and later become bone in a process called
endochondral ossification.

Articular cartilage distributes the joint forces over
a large contact area, dissipating the forces associated
with the load. The standard thickness of articular car-
tilage is determined by the contact pressures across
the joint—the higher the peak pressures, the thicker
the cartilage.'® This distribution of forces allows the
articular cartilage to remain healthy and fully func-
tional throughout decades of life.

M KEY POINT

The patella has the thickest articular cartilage in
the body.

Articular cartilage may be grossly subdivided into
four distinct zones with differing cellular morphology,
biomechanical composition, collagen orientations,
and structural properties (FIGURE 2.4).

Fibrocartilage

Fibrocartilage consists of a blend of white fibrous tis-
sue and cartilaginous tissue. The white fibrous tissue
provides flexibility and toughness, and the cartilage
tissue provides elasticity.
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FIGURE 2.4 Articular layers of cartilage.

Meniscus

The meniscus is a specialized viscoelastic fibrocarti-
laginous structure capable of load transmission, shock
absorption, stability, articular cartilage lubrication, and
proprioception.'® The collagen fibers of the menisci are
arranged parallel to the peripheral border in the deeper
areas, and are more radially-oriented in the superficial
region. The radially oriented fibers provide structural
rigidity, and the deep fibers resist tension. Menisci tend
to be found in noncongruent joints, such as the knee.
The pathology of the knee meniscus and implications
for the PTA are described in Chapter 24.

Intervertebral Disk

An intervertebral disk (IVD) is located between adja-
cent vertebrae in the spine and represents the largest
avascular structure in the body." In the human spinal
column, the combined heights of the IVDs account for
approximately 20 to 33 percent of the total length of
the spinal column.” The human vertebral column is
designed to provide structural stability while affording
full mobility as well as protection of the spinal cord
and axial neural tissues.”” The presence of an IVD not
only permits motion of the segment in any direction
up to the point that the disk itself is stretched but also
allows for a significant increase in the weight-bearing
capabilities of the spine.” IVDs are composed of three
parts: the annulus fibrosus (AF), the vertebral end
plate, and a central gelatinous mass, called the nucleus
pulposus (NP).
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Three main types of structural disruption are rec-
ognized: herniation, protrusion, and prolapse. (See
Chapter 19.)

Joints

A joint represents the junction between two or more
bone ends. Joints are regions where bones are capped
and surrounded by connective tissues that hold the
bones together and determine the type and degree of
movement between them.” Joints are typically classi-
fied as synovial, fibrous, or cartilaginous (TABLE 2.4).

M KEY POINT

An amphiarthrosis, a joint formed primarily by
fibrocartilage and hyaline cartilage, plays an
important role in shock absorption. An example of an
amphiarthosis is the VD of the spine.

Every synovial joint contains at least one “mating
pair” of articular surfaces—one convex and one con-
cave. If only one pair exists, the joint is called simple;
more than one pair it is called compound. If a disk is
present, the joint is termed complex. Synovial joints
have five distinguishing characteristics: joint cavity,
articular cartilage, synovial fluid, synovial membrane,
and a fibrous capsule (FIGURE 2.5). Synovial joints can
be broadly classified according to structure or analogy
(FIGURE 2.6) into the following categories:**
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TABLE 2.4 Joint Types

Synovial

Diarthrosis Fibroelastic joint capsule, which
is filled with a lubricating

substance called synovial fluid

Hip, knee, shoulder, and elbow joints

Fibrous

Synarthrosis (eventual fusion is
termed a synostosis)

United by bone tissue,
ligament, or membrane
Immovable joint

Sagittal suture of the skull

The interosseous membrane between the tibia
and fibula

Syndesmosis Joined together by a dense
fibrous membrane

Very little motion

Gomphosis Bony surfaces connected like a
peg in a hole (the periodontal
membrane is the fibrous

component)

The teeth and corresponding sockets are the
only gomphosis joints in the body

Cartilaginous (amphiarthrosis)

Synchondrosis Joined by either hyaline or
fibrocartilage

May ossify to a synostosis once
growth is completed

The epiphyseal plates of growing bones and
the articulations between the first rib and
the sternum

Symphysis Usually located at the midline
of the body

Two bones covered with
hyaline cartilage and

connected by fibrocartilage

The symphysis pubis

Spheroid. As the name suggests, a spheroid joint is a
freely moving joint in which a sphere on the head of
one bone fits into a rounded cavity in the other bone.
Spheroid (ball and socket) joints allow motions in
three planes. Examples of a spheroid joint surface
include the heads of the femur and humerus.

or bicondylar. The elliptical cavity of the joint is
designed in such a manner as to permit the motions
of flexion, extension, adduction, abduction, and
circumduction, but no axial rotation. The wrist
joint is an example of this form of articulation.

Ginglymoid. A ginglymoid (hinge) is charac-

W Trochoid. The trochoid (pivot) joint is characterized terized by a spool-like surface and a concave
by a pivot-like process turning within a ring, or a surface. An example of a ginglymoid joint is the
ring on a pivot, the ring being formed partly of bone, humeroulnar joint.
partly of ligament. Trochoid joints permit only rota- Ellipsoid. Ellipsoid joints are similar to spheroid
tion. Examples of a trochoid joint include the proxi- joints in that they allow the same type of move-
mal radioulnar joint and the atlantoaxial joint. ment, albeit to a lesser magnitude. The ellipsoid

W Condyloid. The condyloid joint is characterized by joint allows movement in two planes (flexion,

an ovoid articular surface, or condyle. One bone
may articulate with another by one surface or
by two, but never more than two. If two distinct
surfaces are present, the joint is called condylar

extension; abduction, adduction). Examples of this
joint can be found at the radiocarpal articulation
at the wrist and the metacarpophalangeal articu-
lation in the phalanges.
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Synovial
space

Articular
(hyaline)
cartilage

Tendon
sheath

Blood vessel
Nerve

(dense
connective

tissue) _ Joint

capsule
Inner layer

(synovial
membrane)

Synovial Joint

Gliding joint

Ellipsoidal joint

Hinge joint

Saddle joint

Pivot joint

Ball-and-socket joint

FIGURE 2.5 The synovial joint and the various types.

B Planar. As its name suggests, a planar (gliding)
joint is characterized by two flat surfaces that
slide over each other. Movement of this joint
type does not occur about an axis and is termed
nonaxial. Examples of a planar joint include
the intermetatarsal joints and some intercar-
pal joints.

m  Sellar. The other major type of articular surface is
the sellar (saddle) joint. Sellar joints are charac-
terized by a convex surface in one cross-sectional
plane and a concave surface in the plane perpen-
dicular to it. Examples of a sellar joint include the
carpometacarpal joint of the thumb, the humer-
oulnar joint, and the calcaneocuboid joints.



PLANE OR GLIDING JOINT
(sliding in many different
directions; processes [projections]
between vertebrae)

SLIGHTLY MOVABLE
JOINT
(articulation between two
adjacent vertebrae)

SADDLE JOINT
(movement in right
angles; thumb)

ELLIPSOIDAL JOINT
(nearly hinge movement,
restriction of rotation;
joint between radius and
carpals and between skull
and first vertebra)

FIGURE 2.6 Joint types of the body.

Although the categories mentioned above give a
broad description of joint structure, this classification
does not sufficiently describe the articulations or the
movements that occur. In reality, no joint surface is
planar or resembles an exact geometric form. Instead,
joint surfaces are either convex in all directions or con-
cave in all directions, that is, they resemble either the
outer or inner surface of a piece of eggshell.'! Because
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PIVOT JOINT
(side-to-side movement;
joint between first
two vertebrae)

i

BALL AND SOCKET JOINT
(wide range of movement
in almost any direction;
shoulder, hip)

IMMOVABLE JOINT
(suture in cranium)

e IMMOVABLE JOINT

(articulation of teeth
with mandible and
maxillae)

IMMOVABLE JOINT
(first pair of ribs and
breast bone)

'r 4 SLIGHTLY MOVABLE
JOINT

(movement between
radius and ulna)

HINGE JOINT
(hinge movement;
elbow and knee)

the curve of an eggshell varies from point to point,
these articular surfaces are called ovoid.

Joint Receptors All synovial joints of the body
are provided with an array of corpuscular receptor
endings (mechanoreceptors) and noncorpuscular
receptor endings (nociceptors) imbedded in articu-
lar, muscular, and cutaneous structures with varying
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TABLE 2.5 (haracteristics of Mechanoreceptors and Nociceptors

Receptor Type Type of Stimulus and Example Receptor Type and Location

Mechanoreceptors

Pressure

Afferent nerve fiber (base of hair follicles)

Meissner's corpuscle (skin)
Pacinian corpuscle (skin)
Merkel's touch corpuscle (skin)

Nociceptors Pain (stretch)

Proprioceptors Distension

Muscle spindles (skeletal muscles)

Free nerve endings (wall of
gastrointestinal tract, skin)

Ruffini corpuscles (skin and capsules
in joints and ligaments)

Golgi tendon organs (between muscles and tendons)

Thermoreceptors Temperature changes

Krause's end bulbs (skin)

Ruffini corpuscles (skin and capsules in joints

and ligaments)

individual behaviors and distributions depending on
the type of articular tissue (TABLE 2.5).

Synovial Fluid Articular cartilage is subject to a
great variety of loading conditions; therefore, joint
lubrication through synovial fluid is necessary to min-
imize frictional resistance between the weight-bearing
surfaces. Fortunately, synovial joints are blessed with a
superior lubricating system, which permits a remark-
ably frictionless interaction at the joint surfaces.

M KEY POINT

Regarding design, a synovial joint imparts very little
friction at the joint surfaces. By way of a comparison,
a lubricated cartilaginous interface has a coefficient
of friction* of 0.002%; ice moving on ice has a much
higher coefficient of friction of 0.03.2

* Coefficient of friction is a ratio of the force needed to make a
body glide across a surface compared with the weight of force
holding the two surfaces in contact. The higher the coefficient,
the greater the force required and the more heat generated.

The composition of synovial fluid is nearly the
same as that of blood plasma, but with a decreased
total protein content and a higher concentration of
hyaluronan.” Indeed, synovial fluid is essentially a dial-
ysate of plasma to which hyaluronan has been added.”
Hyaluronan is a glycosaminoglycan (GAG) that is con-
tinually synthesized and released into the synovial fluid
by specialized synoviocytes.?® Hyaluronan is a critical
constituent component of healthy synovial fluid and a
significant contributor to joint homeostasis.”

M KEY POINT

Hyaluronan imparts anti-inflammatory and
antinociceptive properties to normal synovial

fluid and contributes to joint lubrication. It is also
responsible for the viscoelastic properties of synovial
fluid?® and contributes to the lubrication of articular
cartilage surfaces.”

The mechanical properties of synovial fluid per-
mit it to act as both a cushion and a lubricant to the



joint. Fluid lubrication results when a film of synovial
fluid is established and maintained between the two
surfaces as long as movement occurs.

Bursae

Closely associated with some synovial joints are flat-
tened, saclike structures called bursae that are lined
with a synovial membrane and filled with syno-
vial fluid. A bursa produces small amounts of fluid,
allowing for smooth and almost frictionless motion
between contiguous muscles, tendons, bones, liga-
ments, and skin. A tendon sheath is essentially a mod-
ified bursa. Bursitis is defined as an inflammation of a
bursa, and it occurs when the synovial fluid becomes
infected by bacteria or gets irritated because of too
much movement. Symptoms of bursitis include local-
ized tenderness, warmth, edema, erythema of the skin
(if superficial), and loss of function. Any signs of a
pathologic or inflamed bursa should be reported to
the supervising physical therapist (PT). The list of bur-
sae that may become inflamed is quite extensive:

Subacromial (subdeltoid) bursitis
Olecranon bursitis

Iliopsoas bursitis

Trochanteric bursitis

Ischial bursitis

Prepatellar bursitis

Infrapatellar bursitis

Anserine bursitis

» Skeletal Muscle Tissue

Skeletal muscle tissue consists of individual mus-
cle cells or fibers (FIGURE 2.7). A single muscle cell is
called a muscle fiber or myofiber. Individual muscle
fibers are wrapped in a connective tissue envelope
called endomysium. Bundles of myofibers, which
form a whole muscle (fasciculus), are encased in the
perimysium. The perimysium is continuous with the
deep fascia. The epimysium, a connective sheath,
surrounds groups of fasciculi. An electron micro-
scope reveals that each of the myofibers consists of
thousands of myofibrils, which extend throughout its
length (FIGURE 2.8). Myofibrils are composed of sar-
comeres arranged in series.

M KEY POINT

There are approximately 430 skeletal muscles in the
body, each of which can be considered anatomically
as a separate organ.
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Tendol

Muscle

Epimysium
(surrounds entire muscle)

Perimysium
(surrounds fascicles)

Fascicles
. (bundle of muscle fibers)

N

Muscle fiber (cell)

Endomysium
(surrounds each muscle fiber)

FIGURE 2.7 Muscle tissue.

Machinery of Movement

One of the most important roles of connective tissue
is to mechanically transmit the forces generated by the
skeletal muscle cells to provide movement. Each mus-
cle cell contains many structural components called
myofilaments, which all run parallel to the myofibril
axis. The myofilaments are made up of two protein fila-
ments: actin (thin) and myosin (thick) (see Figure 2.8).
The most distinctive feature of skeletal muscle fibers is
their striated (striped) appearance. This cross-striation
is the result of an orderly arrangement within and
between structures called sarcomeres and myofibrils.?®
The sarcomere is the contractile machinery of the mus-
cle. The striations are produced by alternating dark (A)
and light (I) bands that appear to span the width of the
muscle fiber. The A bands are composed of myosin fil-
aments, whereas the I bands are composed of actin fila-
ments. The actin filaments of the I band overlap into the
A band, giving the edges of the A band a darker appear-
ance than the central region (H band), which contains
only myosin. At the center of each I band is a thin, dark
Z line (see Figure 2.8). A sarcomere represents the dis-
tance between each Z line. Each muscle fiber is limited
by a cell membrane called a sarcolemma. The protein
dystrophin plays an essential role in the mechanical
strength and stability of the sarcolemma.*

M KEY POINT

Dystrophin is lacking in patients with Duchenne
muscular dystrophy.

When muscle contracts, the distance between the
Z lines decreases, the I band and H bands disappear,
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Bundles of
muscle fibers

Muscle Fiber
(a single cell)
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Tendon
Bone

i

FIGURE 2.8 Contractile machinery.

but the width of the A band remains unchanged.”
This shortening of the sarcomeres is not produced by
a shortening of the actin and myosin filaments, but by
a sliding of actin filaments over the myosin filaments,
which pulls the Z lines together.

Structures called myosin cross-bridges connect
the actin and myosin filaments (refer to Figure 2.8).
The myosin filaments contain two flexible, hinge-like
regions, which allow the cross-bridges to attach and
detach from the actin filament. During contraction,
the cross-bridges attach and undergo power strokes,
which provide the contractile force. During relaxation,
the cross-bridges detach. The attaching and detaching
is asynchronous so that some are attaching while others
are detaching. Thus, at any moment, some of the cross-
bridges are pulling while others are releasing. The reg-
ulation of cross-bridge attachment and detachment is
a function of two proteins found in the actin filaments:
tropomyosin and troponin (FIGURE 2.9). Tropomyosin
attaches directly to the actin filament, whereas troponin
is attached to the tropomyosin rather than directly to
the actin filament. Tropomyosin and troponin function
as the switch for muscle contraction and relaxation. In
a relaxed state, the tropomyosin physically blocks the
cross-bridges from binding to the actin. For contrac-
tion to take place, the tropomyosin must be moved.

Each muscle fiber is innervated by a somatic
motor neuron. One neuron, and the muscle fibers
it innervates constitutes a motor unit or functional
unit of the muscle. Each motor neuron branches as
it enters the muscle to innervate a number of muscle
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fibers. The area of contact between a nerve and a mus-
cle fiber is known as the motor end plate or neuro-
muscular junction (NM]J). The release of a chemical,
acetylcholine, from the axon terminals at the NMJs
causes electrical activation of the skeletal muscle
fibers. When an action potential propagates into the
transverse tubule system (narrow membranous tun-
nels formed from and continuous with the sarco-
lemma), the voltage sensors on the transverse tubule
membrane signal the release of Ca** from the termi-
nal cisternae portion of the sarcoplasmic reticulum (a
series of interconnected sacs and tubes that surround
each myofibril).”® The released Ca** then diffuses into
the sarcomeres and binds to troponin, displacing the
tropomyosin and allowing the actin to bind with the
myosin cross-bridges. At the end of the contraction
(the neural activity and action potentials cease), the
sarcoplasmic reticulum actively accumulates Ca** and
muscle relaxation occurs. The return of Ca** to the sar-
coplasmic reticulum involves active transport, requir-
ing the degradation of adenosine triphosphate (ATP)
to adenosine diphosphate (ADP).?® (See Chapter 11.)

M KEY POINT

Because sarcoplasmic reticulum function is closely
associated with both contraction and relaxation,
changes in its ability to release or sequester Ca?*
markedly affect both the time course and magnitude
of force output by the muscle fiber.’
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Actin Troponin Tropomyosin

Resting

FIGURE 2.9 Troponin and tropomyosin.

Activation of varying numbers of motor neu-
rons results in gradations in the strength of muscle
contraction. The stronger the electrical impulse, the
more powerful the muscle twitch. Whenever a somatic
motor neuron is activated, all of the muscle fibers that
it innervates are stimulated and contract with all-or-
none twitches. Although the muscle fibers produce all-
or-none contractions, muscles are capable of a wide
variety of responses, ranging from activities requiring a
high level of precision to activities requiring high tension.

M KEY POINT

The graded contractions of whole muscles occur
because the number of fibers participating in

the contraction varies. An increase in the force of
movement is achieved by recruiting more cells into
cooperative action.

When rapid, successive impulses activate a muscle
fiber already in tension, summation occurs, and ten-
sion is progressively elevated until a maximum value
for that fiber is reached.” A fiber repetitively activated
so that its maximum tension level is maintained for a
time is in tetanus. If the state of tetanus is sustained,
fatigue causes a gradual decline in the level of ten-
sion produced.

Muscle Fiber Types

The basic function of a muscle is to contract. On the
basis of their contractile properties, two major types
of muscle fibers have been recognized within skeletal
muscle: type I (slow-twitch red oxidative) and type
IT (fast-twitch white glycolytic). Type II fibers can
be broken down further into three distinct subsets:
type IT A, type II AB, and type II B (TABLE 2.6).

Slow-twitch fibers have a high capacity for oxygen
uptake and are, therefore, suitable for activities of long
duration or endurance, including the maintenance
of posture. Fast-twitch fibers have a low capacity
for oxygen uptake and are therefore suited to quick,
explosive, anaerobic actions, including such activities
as sprinting.

M KEY POINT

In fast-twitch fibers, the sarcoplasmic reticulum
embraces every individual myofibril. In slow-twitch
fibers, it may contain multiple myofibrils.

Theory dictates that a muscle with a significant
percentage of the total cross-sectional area occupied
by slow-twitch type I fibers should be more fatigue
resistant than one in which the fast-twitch type II fibers
predominate. There exists an orderly recruitment of
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TABLE 2.6 Comparison of Muscle Fiber Types

Diameter Small Intermediate
Capillaries Many Many
Resistance to fatigue  High Fairly high

Glycogen content Low Intermediate
Respiration Aerobic Aerobic
Twitch rate Slow Fast

Major storage fuel

Triglycerides
Glycogen

these fibers based on increasing force requirements,
which occurs in the following manner:

Type I (slow twitch) = Type IT A (fast
twitch) = Type II AB (fast twitch) = Type II
B (fast twitch)

The shape of a muscle determines its specific

action. Some muscle shapes are recognized:

Circular. As the name suggests, these muscles
appear circular in shape and are normally sphinc-
ter muscles that surround an opening such as the
mouth or eyes.

Fusiform. These muscles are more spindle-shaped,
with the muscle belly being wider than the origin
and insertion. Typically, these muscles are built to
provide broad ranges of motion. Examples include
the biceps brachii and the psoas major.
Triangular (convergent). These are muscles where
the origin is wider than the point of insertion.
This fiber arrangement allows for maximum force
production. Examples include the gluteus medius
and pectoralis major.

Parallel (strap). These are usually long muscles
capable of producing large movements; although
they are not very strong, they have excellent
endurance. Examples include the sartorius and
sternocleidomastoid. Some textbooks include
fusiform muscles in the parallel group.
Rhomboidal. These muscles are characterized by
expansive proximal and distal attachments, which
make them well-suited to either stabilize a joint or
provide significant forces. Examples include the
rhomboids and gluteus maximus.

Creatine phosphate

Large Very large
Few Few
Intermediate Low

High High
Anaerobic Anaerobic
Fast Fast

Creatine phosphate
Glycogen

Creatine phosphate
Glycogen

B Pennate. These muscles resemble the shape of a

feather, with muscle fibers approaching a central
tendon at an oblique angle. This diagonal orien-
tation of the fibers maximizes the muscle’s force
potential and many more muscle fibers can fit into
the muscle compared with a similar sized fusi-
form muscle. They can be divided into the follow-
ing subcategories:
© Unipennate. These fibers are arranged to
insert in a diagonal direction onto the tendon,
which allows for greater strength. Examples
include the lumbricals (deep hand muscles)
and the extensor digitorum longus (wrist and
finger extensor).
Bipennate. These have two rows of muscle
fibers, facing in opposite diagonal directions,
with a central tendon, like a feather. This
arrangement allows for even greater power
than the unipennate but less range of motion.
An example is the rectus femoris.
Multipennate. These muscles have multiple
rows of diagonal fibers, with a central tendon
that branches into two or more tendons. An
example is the deltoid muscle, which has three
sections, anterior, posterior, and middle.

M KEY POINT

= Origin. The proximal attachment of a muscle,

tendon, or ligament

® Insertion. The distal attachment of a muscle,

tendon, or ligament
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A muscle’s shape is one important indicator of its
particular action. For example, short, thick muscles
typically provide large forces, whereas long, straplike
muscles usually provide large ranges of motion.®'

Muscle Function

Muscle groups are classified based on the following
functions (FIGURE 2.10):

Agonist muscle. An agonist muscle contracts to
produce the desired movement.

Antagonist muscle. The antagonist muscle typically
opposes the chosen movement and is responsible
for returning a limb to its initial position. Antag-
onists ensure that the chosen motion occurs in a
coordinated and controlled fashion by relaxing
and lengthening gradually.

Synergist muscle (supporters). Synergist muscles
are muscle groups that perform, or assist in per-
forming joint motions. Although synergists can
work with the agonists, they can also oppose the
agonists, as occurs in force couples.

Neutralizers. These muscles help cancel out, or
neutralize, extra motion from the agonists to
make sure the force generated works within the
desired plane of motion. An example is when the
flexor carpi ulnaris and extensor carpi ulnaris
neutralize the flexion/extension forces at the wrist
to produce ulnar deviation.

Antagonist
(relaxes)

Prime mover
(contracts)
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Stabilizers (fixators). These muscles provide the
necessary support to help stabilize an area so
that another area can be moved. For example,
the trunk core stabilizers become active when the
upper extremities are being used.

M KEY POINT

Agonists and antagonists are usually located

on opposite sides of the affected joint (e.g., the
hamstrings and quadriceps, the triceps and biceps);
synergists are frequently located on the same side of
the joint near the agonists.

M KEY POINT

A co-contraction occurs when the agonist and
antagonist muscles are simultaneously activated in a
pure or near isometric fashion. This type of contraction
can help stabilize and protect a joint.

Stable posture results from a balance of competing

forces, whereas movement occurs when competing
forces are unbalanced.’

M KEY POINT

= Movements generated or stimulated by active
muscle are referred to as active movements.

= Movements generated by sources other than
muscular activation, such as gravity, are referred to
as active-assisted or passive movements.

Antagonist
(relaxes)
Prime mover
(contracts)

FIGURE 2.10 Agonist and antagonist muscle actions.
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TABLE 2.7 Examples of Skeletal Muscles That Cross

Two or More Joints

Erector spinae

Biceps brachii

Long head of the triceps brachii
Hamstrings

lliopsoas

Sartorius

Rectus femoris

Gastrocnemius

Some muscles crossing the wrist/finger and
foot/ankle joints

Most skeletal muscles span only one joint; how-
ever, some skeletal muscles cross two or more joints
(TABLE2.7). A two-joint muscle is more prone to adap-
tive shortening than a one-joint muscle.

M KEY POINT

The graded contractions of whole muscles occur
because the number of fibers participating in the
contraction varies. The increase in the force of
movement is achieved by recruiting more cells into
cooperative action. The different types of muscle
contractions are described in Chapter 13.

The physiological cross-sectional area of the
muscle represents its thickness—an indirect and
relative measure of the number of contractile ele-
ments available to generate force.”’ The larger a mus-
cle’s cross-sectional area, the greater its potential for
force generation. Different activities place differ-
ing demands on a muscle. For example, movement
activities involve a predominance of fast-twitch fiber
recruitment, whereas postural activities and those
activities requiring stabilization entail more involve-
ment of the slow-twitch fibers. In humans, most limb
muscles contain a relatively equal distribution of each
muscle fiber type, whereas the back and trunk demon-
strate a predominance of slow-twitch fibers.

Although it would seem possible that physical
training may cause fibers to convert from slow twitch to

fast twitch or the reverse, this has not been shown to be
the case.®® However, fiber conversion from fast twitch A
to fast twitch B, and vice versa, has been found to occur
with training.** Muscle tissue is capable of significant
adaptions. The various types of muscle contraction and
their relationship to therapeutic exercise and impaired
muscle performance are described in Chapter 13.

» Vascular Tissue

Blood is a circulating tissue composed of several cells
called corpuscles, which constitute about 45 percent
of whole blood. The other 55 percent is blood plasma.
Blood plasma is essentially an aqueous solution
containing 96 percent water, 4 percent blood plasma
proteins, and trace amounts of other materials. The
functions of blood cells include:

To supply nutrients (e.g., oxygen, glucose) and
constitutional elements to tissues and to remove
waste products (e.g., carbon dioxide, lactic acid),
the latter of which is the main function.

To enable cells (e.g., leukocytes, abnormal tumor
cells) and different substances (e.g., amino acids,
lipids, hormones) to be transported between tis-
sues and organs.

The peripheral vascular system comprises a num-
ber of vessels that have three basic components: smooth
muscle, endothelial cells, and connective tissue. Arteries
and veins have three distinct concentric layers (lamina)
that form the wall (lumen). An adequate lumen size is
critical for sufficient blood flow. Interestingly, the con-
tribution of connective tissue in veins is much greater
than that of arteries, which is reflective of the highly
elastic and muscular arteries and the relatively less elas-
tic veins. Vascular injury can occur from direct pene-
tration, blunt trauma, surgical procedures, avulsion, or
compression. The signs and symptoms of arterial injury
can be defined as either hard or soft:*>*

Hard. Hard signs of arterial injury require imme-
diate surgery and include:
External arterial bleeding
Rapidly expanding hematoma
Palpable thrill, audible bruit
Signs of arterial occlusion (the 5 Ps: pulseless,
pallor, paresthesia, pain, and/or paralysis).

Soft. Soft signs, which may require an arteriogram,
serial examination, or duplex include:
History of arterial bleeding
Proximity of penetrating wound or blunt trauma
to major artery
Diminished unilateral distal pulse



Neurological deficit
Abnormal ankle-brachial pressure index (<0.9)
Abnormal flow-velocity waveform on Dop-
pler ultrasound compared with the non-
involved extremity.

Vascular injuries can be repaired nonoperatively
(noninclusive wall or intimal lesions) or by surgery
(arteriorrhaphy, resection with interposition graft,
patch angioplasty, or resection with end-to-end anas-
tomosis). Perhaps the most life-threatening vascular
injury that the PTA may encounter, particularly in the
acute care setting, is the deep vein thrombosis (DVT).
DVT is described in Chapter 5.

» Kinesiology

The primary functions of the musculoskeletal sys-
tem are to transmit forces from one part of the body
to another and to protect certain organs (such as the
brain) from mechanical forces that could result in
damage.”” The structures involved with human move-
ment include the muscles and tendons, which produce
the movement; the nervous system, which controls
the movement (see Chapter 3); and the joints, around
which the movements occur. Most joints in the body
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are capable of movement by the pull of muscles and
tendons, with the synovial joints having the most
available range of motion. For the PTA administer-
ing rehabilitation programs, a working knowledge of
kinesiology is essential. Some other definitions are
worth noting (TABLE 2.8).

Anatomic Position

When describing movements, it is necessary to have
a starting position. The anatomic reference position
or anatomic position refers to this starting position.
The anatomic reference position for the human body
is the upright standing position with the feet just
slightly separated and the arms hanging by the side,
the elbows straight, and the palms of the hands facing
forward (FIGURE 2.11).

Directional Terms

Directional terms are used to describe the relationship
of body parts or the location of an external object on
the body.”® The following are commonly used direc-
tional terms:

W Superior or cranial (cephalad): Closer to the head
W Inferior or caudal: Closer to the feet

TABLE 2.8 Key Terms Used in Kinesiology

Biomechanics

The study of the biological and mechanical basis for human motion.

Kinematics A branch of mechanics that describes the motion of a body with regard to space
and time.

Kinetics The actions or forces applied to the body.

Static A state of no motion or constant motion.

Dynamic A state in which a motion is changing.

Mass The quantity of matter composing a body. The mass of an object remains the same
wherever it is. Mass influences an object’s resistance to a change in linear velocity.
A common unit of mass is the kilogram (kg). Weight is measured in units of force
such as the Newton.

Force A push or pull action on an object. Force has both direction and magnitude.

Commonly expressed in Newton's (N).
Linear (translatory) motion: force is applied directly through the center of an object.
Angular (rotational) motion: force is applied somewhere outside the center of an
object. Most forces in the human body cause rotation.

(continues)
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TABLE 2.8 Key Terms Used in Kinesiology (continued)

Compression/approximation A squeezing force.

Tension/traction/distraction The opposite of a compressive force—a pulling or stretching force.

Pressure The amount of force acting over a given area.

Weight The force that a given mass feels because of gravity.

Inertia The resistance to action or to change. Although inertia has no units of measurement,

the amount of inertia a body possesses is directly proportional to its mass.

Center of gravity (COG) The point around which the weight and mass are equally balanced in all directions.
From a kinetic perspective, the location of the COG determines the way in which
the body responds to external forces. COG also can be referred to as the center of
mass (COM), although the COM is technically the mean location of all the mass in

a system.
Density Defined as the mass divided by the volume of an object.
Torque The measure of a rotary force—when a structure is made to twist about its

longitudinal axis, typically when one end of the structure is fixed.
The product of force and the perpendicular distance between the line of action for
the force and the axis point of rotation (moment arm).

Shear A force that acts parallel or tangential to a surface.

Displacement A measure of the change in position of an object. The change in the space of an
object from the starting to the ending points.

Translation When all parts of a body move in the same direction as every other part.
Rotation The arc of movement of a body about an axis of rotation.
Mass moment of inertia Quantity and distribution of matter in an object. Mass moment of inertia influences

an object’s resistance to a change in angular velocity.

Distance Linear or angular displacement.

Velocity Rate of linear or angular displacement.

Acceleration Rate of change in linear or angular velocity.

Impulse The product of the force and the length of time the force was produced.
Momentum The product of an object’s mass and its velocity.

Work The product of force and the linear displacement of an object.

Power Rate of linear work.



Transverse plane

FIGURE 2.11 Anatomic position and planes of the body.

Anterior or ventral: Toward the front of the body
Posterior or dorsal: Toward the back of the body
Midline: An imaginary line that courses vertically
through the center of the body

Medial: Toward the midline of the body

Lateral: Away from the midline of the body
Proximal: Closer to the trunk

Distal: Away from the trunk

Superficial: Toward the surface of the body

Deep: Away from the surface of the body in the
direction of the inside of the body

Planes of the Body

There are three cardinal planes of the body corre-
sponding to the three dimensions of space (refer to
Figure 2.11):

Sagittal. The sagittal plane, also known as the
anterior—posterior or median plane, divides the
body vertically into left and right halves; the mid-
sagittal plane divides the body into equal halves.
Frontal. The frontal plane, also known as the lat-
eral or coronal plane, divides the body into front
and back halves.

Transverse. The transverse plane, also known as
the horizontal plane, divides the body into top
and bottom halves.
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Because each of these planes bisects the body, it
follows that each plane must pass through the same
point in the body. This point is referred to as the cen-
ter of gravity (COG). The COG of the body is located
approximately at the midline in the frontal plane and
slightly anterior to the second sacral vertebra in the
sagittal plane.

M KEY POINT

Most movements occur in an infinite number of vertical
and horizontal planes parallel to the cardinal planes.

Axes of the Body

Three reference axes are used to describe human
motion: frontal, sagittal, and longitudinal. The axis
around which the movement takes place is always per-
pendicular to the plane in which it occurs.

Frontal. The frontal axis, also known as the trans-
verse axis, is perpendicular to the sagittal plane.
Sagittal. The sagittal axis is perpendicular to the
frontal plane.

Longitudinal. The longitudinal axis, also known
as the vertical axis, is perpendicular to the trans-
verse plane.

Most movements occur in planes and around axes
that are somewhere in between the traditional planes
and axes, with the structure of the joint determining
the possible axes of motion that are available. The
planes and axes for the more common planar move-
ments are as follows:

Flexion, extension, hyperextension, dorsiflexion,
and plantarflexion occur in the sagittal plane
around a frontal-longitudinal axis.

Abduction and adduction, side bending of the
trunk, elevation and depression of the shoulder
girdle, radial and ulnar deviation of the wrist, and
eversion and inversion of the foot occur in the
frontal plane around a sagittal-longitudinal axis.
Rotation of the head, neck, and trunk; internal
rotation and external rotation of the arm or leg;
horizontal adduction and abduction of the arm or
thigh; and pronation and supination of the fore-
arm occur in the transverse plane around a longi-
tudinal axis.

Arm circling, leg circling, and trunk circling
are examples of circumduction. Circumduction
involves an orderly sequence of circular move-
ments that occur in the sagittal, frontal, and inter-
mediate oblique planes such that the segment as
a whole incorporates a combination of flexion,
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extension, abduction, and adduction. Circum-
duction movements can occur at the tibiofemoral,
radiohumeral, hip, and glenohumeral joints, and
in the spine (as a result of the cumulative effects of
the various intervertebral joints).

Both the configuration of a joint and the line of pull
of the muscle acting at a joint determine the potential
motion that can occur at a joint:

A muscle whose line of pull is lateral to the joint is
a potential abductor.

® A muscle whose line of pull is medial to the joint
is a potential adductor.

® A muscle whose line of pull is anterior to a joint
has the potential to extend or flex the joint. At the
knee, an anterior line of pull may cause the knee
to extend, whereas at the elbow joint, an anterior
line of pull may cause flexion of the elbow.

® A muscle whose line of pull is posterior to the joint
has the potential to extend or flex a joint (refer to
preceding example).

® A muscle whose line of pull is away from the
center of the body has the potential to rotate a
joint externally.

® A muscle whose line of pull is toward the cen-
ter of the body has the potential to rotate a
joint internally.

Because of the arrangement of the articulat-
ing surfaces—the surrounding ligaments and joint
capsules—most motions around a joint do not occur
in straight planes or along straight lines. Instead, the
bones at any joint move through space in curved paths.
This can best be illustrated using Codman’s paradox:

1. Stand with your arms by your side, palms
facing inward and thumbs extended. Notice
that the thumb is pointing forward.

2. Flex one arm to 90 degrees at the shoulder,
so the thumb is pointing up.

3. Fromthis position, horizontally abduct your
arm, so the thumb remains pointing up, but

TABLE 2.9 International System of Units (SI) of Force

your arm is in a position of 90 degrees of
glenohumeral abduction.

4. From this position, without rotating your
arm, return the arm to your side and note
that your thumb is now pointing away from
your thigh.

Referring to the start position, and using the thumb
as the reference, it can be seen that the arm has under-
gone an external rotation of 90 degrees. The rotation
occurred during the three separate, straight-plane
motions or swings that etched a triangle in space—
an example of a conjunct rotation. Conjunct rotation
occurs as a result of joint surface shapes—and the effect
of inert tissues rather than contractile tissues. Most
habitual movements, or those movements that occur
most frequently at a joint, involve a conjunct rotation.
However, the conjunct rotations are not always under
volitional control. The implications become important
when attempting to restore motion at these joints: when
choosing mobilizing techniques, the PT/PTA must
take into consideration both the relative shapes of the
articulating surfaces and the conjunct rotation that is
associated with a particular motion.

Force

Force is a vector quantity, with magnitude, direction, and
point of application to a body. Force, which can be exter-
nal or internal, may be defined as a mechanical distur-
bance or load.”” The various units of force are depicted
in TABLE 2.9. Kinetics is the branch of mechanics that
describes the effect of forces on the body. Some variables
determine the degree of force exerted, including:

B Magnitude. A measure of the size and strength of a
force—the size or length of a vector (FIGURE 2.12).
Vectors are used in kinesiology to represent the
magnitude and direction of the force.

m  Direction. Specifies the direction (positive or neg-
ative) in which the resultant force moves along the
line of action.

Dyne A force magnitude causing an acceleration of 1 cm/s? to a rigid body with 1 g of mass

Newton (N)
Pound force (Ib f)

Kilogram force (kg f)

A force magnitude causing an acceleration of 1 cm/s? to a rigid body with 1 kg of mass
A force magnitude causing an acceleration of 1 g (32.2 ft/s?) toa mass of 1 Ib; 1 kgf=221bf

A force magnitude causing an acceleration of 1 g (9.8 m/s?) to a mass of 1 kg; 1 kgf=98N
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FIGURE 2.12 Force vectors.

Courtesy of Thomas Henderson.

W Line of action. Each force has an associated charac-
teristic line that can be described in terms of angle
and slope. If the line of action of a force does not
pass through the body, then the force attempts to
rotate the body. Most forces that act on the body
produce rotation.

W Point of application. The exact location at which
a force is applied to a body. This point is usually
described by a set of coordinates and is represented
graphically by an arrowhead (refer to Figure 2.12).
The point of application, which can be more than
a single point, is unique to each force.

External forces are produced by powers acting
from outside the body, such as gravity or the manual
resistance applied by a clinician to a movement. Inter-
nal forces are produced from structures located within
the body, such as a muscle contraction (active force)
or the stretching of connective tissues (passive force).
A number of internal forces are recognized. These
include compression, tension, shear, and torsion.

W Compression/approximation. This can be viewed
as a squeezing force. Pressure is defined as the
amount of force acting over a given area.

W Tension/traction/distraction. This is a type of force
that is the opposite of a compressive force, and can
be viewed as a pulling or stretching force.

W Shear. Shear forces tend to cause one portion of
an object to slide or displace on another portion
of the object. Whereas compressive and tensile
forces act along the longitudinal axis of a structure
to which they are applied, shear forces act paral-
lel or tangential to a surface. For example, when
bending forward at the waist, shear forces are pro-
duced between the lumbar vertebral bodies and
their respective intervertebral disks.

W Torsion. Torsional forces (torque) occur when a
structure is made to twist about its longitudinal

M KEY POINT

Impressive forces occur across the joints of the human
body. For example, during normal walking, forces of
the hip routinely reach three times a person’s body
weight. Most of this joint force arises from the forces of
muscle contraction; these are commonly referred to as
Jjoint reaction forces. In healthy individuals, these forces
are absorbed by a thick and moist articular cartilage
that dampens the forces while also increasing the
surface area of the joint. However, in areas where the
cartilage has been worn out, the ability to tolerate
even relatively small pressures is reduced, resulting in
inflammation (arthritis). In such cases, the PTA teaches
the patient joint protection techniques (e.g., good
body mechanics, use of an assistive device) to help
reduce stress and further wear and tear of the joint.

M KEY POINT

A system of forces that exerts a resultant moment, but
no resultant force, is called a force couple. The resultant
effect of a force couple is to induce rotation, without
any translation. There are a number of important force
couples within the human body:

= Hip flexors (iliopsoas, rectus femoris) and the
spinal erectors work to produce an anterior tilt of
the pelvis.

= Hip extensors and the abdominals work to produce
a posterior tilt of the pelvis.

m  The upper trapezius, lower trapezius, and serratus
anterior work to produce the action of upward
rotation of the scapula during arm elevation.

M KEY POINT

Friction and gravity are types of forces that commonly
act on the body. Friction is a force that occurs when
two objects are in direct contact and acts to impede
the motion of the objects. Once one of the objects
begins to move, the frictional force decreases but
remains constant, even with additional applied force.
Gravity is the force that is inversely proportional to the
square of the distance between attracting objects and
is proportional to the product of their masses. The more
mass an object has, the greater the gravitational force.
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Load Deformation Curve

The inherent ability of tissue to tolerate load can be
observed experimentally in graphic form. The term
stress describes the type of force applied to a tissue,
whereas strain is the deformation that develops within
a structure in response to externally applied loads.
When any stress is plotted on a graph against the
resulting strain for a given material, the shape of the
resulting load-deformation curve depends on the kind
of material involved. The load-deformation curve, or
stress—strain curve, of a structure (FIGURE 2.13) depicts
the relationship between the amount of force applied
to a structure and the structure’s response regard-
ing deformation or acceleration. The horizontal axis
(deformation or strain) represents the ratio of the tis-
sue’s deformed length to its original length. The vertical
axis of the graph (load or stress) denotes the internal
resistance generated as a tissue resists its deforma-
tion, divided by its cross-sectional area. The load-
deformation curve can be divided into four regions—toe
region, elastic deformation region, plastic deformation
region, and failure region—with each region represent-
ing a biomechanical property of the tissue.

Toe Region

Collagen fibers have a wavy, or folded, appearance at
rest. When a force that lengthens the collagen fibers
is initially applied to connective tissue, these folds are
affected first. As the fibers unfold, the slack is taken
up and tension develops. The length of the toe region
depends on the type of material and the waviness of
the collagen pattern.
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FIGURE 2.13 Stress—strain curve.

Elastic Deformation Region

Within the elastic deformation region, the structure
imitates a spring—the geometric deformation in the
structure increases linearly with increasing load, and
after the load is released, the structure returns to its
original shape. The ability of tissue to recover after the
stress is removed is extremely important in relation to
flexibility. The extensibility of a structure depends on
the following factors:

Stiffness. The ratio of stress to strain in an elastic
material is a measure of its stiffness. The stiffer the
structure, the steeper the slope of its stress—strain
curve. All normal tissues within the musculoskele-
tal system exhibit some degree of stiffness. Stiff-
ness can be defined as the resistance of a structure
to deformation, or, the force required to produce
a unit of deformation.
Viscoelasticity. Viscoelasticity is the time-dependent
mechanical property of material to stretch or
shorten over time. The mechanical qualities of tissue
can be separated into categories based on whether
the tissue acts primarily like a solid, fluid, or a mix-
ture of the two. Solids are described according to
their elasticity, strength, hardness, and stiffness.
Bone, ligaments, tendons, and skeletal muscle are
all examples of elastic solids. Biological tissues that
demonstrate attributes of both solids and fluids are
viscoelastic. The viscoelastic properties of a struc-
ture determine its response to loading. A more vis-
coelastic tissue causes the load—deformation curve
to shift further to the right. Some physical proper-
ties of viscoelastic tissues help describe how tissues
elongate with stretching:
Creep. The ability of tissue to elongate over
time when a constant load is applied to it, or
change to a new length in response to a rap-
idly applied load. For example, when stretch-
ing an adaptively shortened biceps that is
restricted at 90 degrees of elbow motion, if
a 10-kg load is applied to the elongated mus-
cle, the muscle would gradually lengthen—it
would “creep” a few degrees over a period of
time. Peripheral nerves are also capable of
creep. (See Chapter 3.)
Load relaxation. Describes how less force is
required to maintain a tissue at a set length
over time. Using the above example, if 10 kg
of force is used to achieve 95 degrees of elbow
motion after 15 minutes, less force would be
needed to keep the elbow at 95 degrees.
Hysteresis. Describes the amount of length-
ening a tissue will maintain after a cycle of
stretching (deformation) and then relaxation.



Using the previous example, if an additional
5 degrees of range of motion was gained after
stretching, that range gain would remain for a
period of time after the load is removed.
W Age. Age has effects on all aspects of the load-
deformation curve. At an early age, a longer fail-
ure region is observed, which is less evident at a
later age.
Exercise. Exercise increases the stiffness and ulti-
mate tensile strength of some structures, such
as ligaments, cartilage, bone, and tendons. Con-
versely, immobility compromises the properties of
connective tissue and skeletal muscle.
Temperature. Temperatures in the range of 98.6°F
(37°C) to 104°F (40°C) affect the viscoelastic
properties of connective tissue. Warmer tissue
temperatures result in less microscopic damage
when the connective tissue is placed under stress.
This is one of the reasons why a structure that is to
be stretched is warmed up first, either by using a
hot pack or through physical activity.

M KEY POINT

Connective tissue that is loaded more quickly will
behave more stiffly (will deform less) than the same
tissue loaded at a slower rate. In collagen fibers, the
greater the density of the chemical bonds between
the fibers or between the fibers and their surrounding
matrix, the greater the stiffness. For example, the
tendons of the digital flexors and extensors are very
stiff, and their length changes very little when muscle
forces are applied through them. In contrast, the
tendons of some muscles (e.g., the Achilles tendon),
particularly those involved in locomotion and ballistic
performance, are more elastic.

M KEY POINT

Elastic deformation is similar to the changes that occur
with a Thera-Band—after being stretched, the Thera-
Band can return to its original resting length once the
stress is removed.

Plastic Deformation Region

The end of the elastic range and the beginning of the
plastic range represent the point where an increasing
level of stress on the tissue results in progressive failure,
microscopic tearing of the collagen fibers, and perma-
nent deformation. The permanent change results from
the breaking of bonds and their subsequent inability
to contribute to the recovery of the tissue. Unlike the
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elastic region, removal of the load in the plastic defor-
mation region will not result in a return of the tissue
to its original length.

M KEY POINT

Plastic deformation can be demonstrated using a
plastic fork—if a low degree of stress is applied to the
fork, it will slowly deform into a new shape. However, if
the stress is applied too quickly, the fork breaks.

Failure Region

Deformations exceeding the ultimate failure point
produce mechanical failure of the structure, which in
the human body may be represented by the fracturing
of bone or the rupturing of soft tissues.

M KEY POINT

Elasticity is defined as the tendency of tissue to return
to its resting length after passive stretch. Plasticity is
defined as the tendency of tissue to assume a new
and greater length after passive stretch. Extensibility
is the ability of a structure to be stretched to its
fullest length.?”

Levers

Biomechanical levers can be defined as rotations of a
rigid surface about an axis involving a lever, a load,
a fulcrum, and an effort. For simplicity’s sake, levers
are usually described using a straight bar, which is the
lever, and a fulcrum, which is the point on which the
bar is resting. The effort force attempts to cause move-
ment of the load. The part of the lever between the
fulcrum and the load is the moment arm. There are
three types of levers:

W First class. Occurs when two forces are applied on
either side of an axis and the fulcrum lies between
the effort and the load, like a seesaw (FIGURE 2.14).

Effort

Load

. or .
pivot point

FIGURE 2.14 First-class lever.
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Load

Effort

FIGURE 2.15 Second-class lever.

An example in the human body is the joint
between the skull and the atlas vertebrae of the
spine: the spine is the fulcrum across which mus-
cles lift the head.

Second class. Occurs when the load is applied
between the fulcrum and the point where the
effort is exerted (FIGURE 2.15). This has the advan-
tage of magnifying the effects of the effort so that
it takes less force to move the load. Examples of
second-class levers in everyday life include a nut-
cracker and a wheelbarrow—with the wheel act-
ing as the fulcrum. There are a few examples of
second-class levers in the human body when only
considering concentric contractions; for example,
the Achilles tendon, pushing or pulling across the
heel of the foot. When considering both concen-
tric and eccentric contractions, all peripheral joint
muscles act as both a third- and a second-class
lever—as a third class in concentric contractions
and as a second class in eccentric contractions.
Third class. Occurs when the load is located at
the end of the lever (FIGURE 2.16) and the effort
lies between the fulcrum and the load (resis-
tance), like a drawbridge or a crane. The effort is
exerted between the load and the fulcrum. The
effort expended is greater than the load, but the
load is moved a greater distance. It is no accident
that the overwhelming majority of bony lever
systems in the body are designed as third-class
levers, because it is usually essential that the distal
ends of our limbs move faster than the muscles
can physiologically contract (see the following
section, “Mechanical Advantage”). For example,

Load

Effort

Loor .
pivot point

FIGURE 2.16 Third-class lever.

great speed and distance of the hand and foot are
necessary to impart large power of thrust against
objects as well as for rapid advancement of the
foot during walking and running.*® An example
of a third-class lever in the body occurs when
the hamstrings contract to flex the leg at the knee.

Mechanical Advantage

When a machine puts out more force than is put in,
the machine is said to have a mechanical advantage
(MA). The MA of the musculoskeletal lever is defined
as the ratio of the internal moment arm (IMA) to the
external moment arm (EMA). For example, muscu-
lar forces act about an IMA, whereas gravity could be
considered as an EMA. These moment arms convert
the forces into rotary torques. Musculoskeletal lever
systems that have larger IMAs than EMAs are said to
provide good leverage because small muscular (inter-
nal) forces can move large external loads.” In contrast,
levers that have smaller IMAs than EMAs favor speed
and distance (the distal end of the bone moves at a
greater distance and speed than the contracting mus-
cle) but at the expense of requiring increased muscle
force.” Since MA = IMA / EMA, systems with good
mechanical advantage (leverage) will have an MA
greater than or equal to 1. Depending on the location
of the axis of rotation, the first-class lever can have
an MA equal to, less than, or greater than 1.* Sec-
ond-class levers always have an MA greater than 1.
Third-class levers always have an MA less than 1.

M KEY POINT

MA relates to the distance of the resistance arm versus
the distance of the force arm. Whereas first-class and
second-class levers can have a significant mechanical
advantage, third-class levers increase distance and
speed, but they cannot increase force. Therefore,
when a muscle is used as a third-class lever it must
expend a relatively large force, even for seemingly
low-load activities.

Equilibrium

Equilibrium is the condition of a system in which
competing forces and torques are balanced. Balance
and stability are two aspects related to equilibrium.
Balance is the process by which the body’s COM*

*The center of mass or mass center is the mean location of all the
mass in a system or body. The term center of mass can be used
interchangeably with center of gravity because within a uniform
gravitational field the two coincide.



is controlled with respect to the base of support,
whether that base of support is stationary or moving.*
Balance testing (see Chapter 3) and balance training
(see Chapter 14) are integral parts of physical therapy.
According to Berg,*” balance can be defined as the
ability to:

©  Maintain a position
¥  Voluntarily move
®  React to a perturbation

The stability of a body is a measure of its ability
to return to a position of equilibrium after being dis-
turbed, or the body’s resistance to change from a state
of equilibrium. From the rehabilitation viewpoint, sta-
bility can be defined as the ability to provide a stable
base from which to move. Body sway (the slight pos-
tural movements made by an individual to maintain
a balanced position) is an indicator of the presence of
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postural stability. In patients with poor postural sta-
bility, the body sway adaptations are dysfunctional or
absent, causing them to fall. (See Chapter 14.)

Patients with poor balance and/or stability require
a greater base of support (e.g., an assistive device) and
a greater level of supervision.

Newton’s Laws of Motion

Newton’s laws of motion help to explain the relation-
ship between forces and their impact on individual
joints, as well as on total body motion (TABLE 2.10).

Active Length—Tension Relationship

Muscles are elastic in nature and are therefore con-
stantly being lengthened or shortened. This change in
length of a muscle is known as its excursion. Typically, a

TABLE 2.10 Newton’s Laws of Motion

First law

Second
law

Third
law

Every object in a state of uniform
motion tends to remain in that
state of motion unless an external
force is applied to it.

Also known as the law of inertia.

The acceleration of a body is directly
proportional to the force causing it.

The relationship between an object’s
mass, m, its acceleration, a, and
the applied force, F, is F = ma.
Acceleration and force are vectors
(as indicated by their symbols
being displayed in italics); in this
law the direction of the force
vector is the same as the direction
of the acceleration vector.

For every action there is an equal and
opposite reaction.

Describes a body that isin a
state of equilibrium—the
reluctance of an object
to change its movement
pattern. The larger the mass,
or inertia, of an object, the
more difficult it is to alter
its motion.

This is the most powerful

of Newton's three laws,
because it allows quantitative
calculations of dynamics:
how do velocities change
when forces are applied.

For every interaction between
two objects (A and B), there
is a pair of forces acting on
those objects. The size of the
forces on object A equals
the size of the force on
object B such that if object
A pushes on object B, then
object B pushes on A with
the same force but in the
opposite direction.

When a vehicle strikes a large
object and is suddenly
forced to stop, the driver
continues to move forward
because of his or her inertia.

Because motion is inversely
related to mass, gait and
weight-bearing exercises are
likely to be more challenging
for heavier patients.

When stepping off a boat
onto the bank of a lake in
the direction of the shore,
the boat tends to move
in the opposite direction.
In rehabilitation, the term
ground reaction force is
used to describe the force
patterns that occur when
the foot strikes the ground.
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muscle can only shorten or elongate about half its rest-
ing length. In its most basic form, the length—tension
relationship states that isometric tension generated
in skeletal muscle is a function of the magnitude of
overlap between actin and myosin filaments. For each
muscle cell, there is an optimum length, or range of
lengths, at which the contractile force is strongest. At
the optimum length of the muscle, there is a near-
optimal overlap of actin and myosin, allowing for the
generation of maximum tension at this length.

If the muscle is in a shortened position relative to
the optimum length, the overlap of actin and myosin
reduces the number of sites available for cross-bridge
formation. Active insufficiency of a muscle occurs when
the muscle is incapable of shortening to the extent
required to produce a full range of motion at all joints
crossed simultaneously.®** For example, the finger
flexors cannot produce a tight fist when the wrist is
fully flexed, as they can when it is in a neutral position.

If a muscle is in a lengthened position relative
to its optimum length, the actin filaments are pulled
away from the myosin heads such that they cannot
create as many cross-bridges.* Passive insufficiency of
the muscle occurs when the two-joint muscle cannot
stretch to the extent required for full range of motion
in the opposite direction at all joints crossed.****** For
example, a larger range of hyperextension is possible
at the wrist when the fingers are not fully extended.

The length—tension relationship is often repre-
sented graphically (FIGURE 2.17). At short muscle

Tension

Length

FIGURE 2.17 Length-tension curve.

lengths, an increase in length brings an increase in
force, giving a positive slope to the length-tension
function. At medium lengths, filament overlap allows
the largest number of cross-bridges to form, and thus
the force is maximum and the slope is zero. At longer
lengths, the slope becomes negative in that the force
decreases with increasing length because available
cross-bridge sites decrease.

Passive Length—Tension Relationship

A muscle generates greater internal elastic force when
it is stretched, as demonstrated by a muscle’s passive
length-tension curve (refer to Figure 2.17). As a mus-
cle is progressively stretched, the tissue is slack until
it reaches a critical length where it begins to gener-
ate tension. Beyond this critical length, the tension
builds exponentially. It is not uncommon for muscles
to use active contractions over one joint with passive
lengthening over another joint. For example, consider
the biceps when pulling an object toward the body,
a movement that combines simultaneous and rapid
elbow flexion with shoulder extension. As the biceps
contracts to perform elbow flexion, it is simultaneously
elongated or stretched across the extending shoulder.
Such an activity helps maintain a near-constant (and
optimal) overall length of the biceps during the activ-
ity and allows the biceps to produce a more constant
force throughout the range of motion.*

Force-Velocity Relationship

The rate of muscle shortening or lengthening mark-
edly affects the force that a muscle can develop
during contraction.

Shortening Contractions

As the speed of a muscle shortening increases,
the force it is capable of producing decreases.*”*
A slower rate of shortening is thought to produce
greater forces than can be produced by increasing
the number of cross-bridges formed. This relation-
ship can be viewed as a continuum, with the opti-
mum velocity for the muscle somewhere between
the slowest and fastest rates. At very slow speeds,
the force that a muscle can resist or overcome rises
rapidly, up to 50 percent greater than the maximum
isometric contraction.**

Lengthening Contractions

When a muscle contracts while lengthening (eccen-
tric contraction), the force production differs from
that of a shortening (concentric) contraction. Rapid



lengthening contractions generate more force than do
slower lengthening contractions. During slow length-
ening muscle actions, the work produced approxi-
mates that of an isometric contraction.*”*®

Joint Kinematics

A joint is the articulation, or junction, between two or
more bones that acts as a pivot point for bony move-
ment. In studying joint kinematics, two major types
of movements are involved: (1) osteokinematic and
(2) arthrokinematic.

Osteokinematic Motion

Osteokinematic motion occurs when any object forms
the radius of an imaginary circle about a fixed point.
The axis of rotation for osteokinematic motions is
oriented perpendicular to the plane in which the rota-
tion occurs.*® The distance traveled by the motion is
measured as an angle, in degrees. All human body seg-
ment motions involve osteokinematic motions. Exam-
ples of osteokinematic motion include abduction or
adduction of the arm, flexion of the hip or knee, and
side bending of the trunk.

Arthrokinematic Motion

The involuntary motions that occur at the joint sur-
faces during activities are termed arthrokinematic
movements. At each synovial articulation, the articu-
lating surface of one bone end moves relative to the
shape of the other articulating surface. For the sake of
simplicity, the shapes of these articulating surfaces in
synovial joints are described as being ovoid or sellar
in shape. Under this concept, an articulating surface
can be either concave (female) or convex (male) in
shape (ovoid), or a combination of both shapes (sellar).

Osteokinematic and arthrokinematic motions
occur simultaneously during movement and are
directly proportional to each other, with a small incre-
ment of arthrokinematic motion occurring with a
larger increment of osteokinematic motion. It, there-
fore, follows that if a joint is not functioning cor-
rectly, one or both of these motions may be at fault.
To improve osteokinematic motion, range of motion
and flexibility exercises need to be performed, but to
improve arthrokinematic motion, a joint mobilization
may be required.

Osteokinematic motion is described in terms of
planes (e.g., elevation in the sagittal plane) or rela-
tive movements (e.g., flexion, adduction). Three fun-
damental types of arthrokinematic movement exist
between joint surfaces:*
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Roll. A roll occurs when the points of contact
on each joint surface are constantly changing
(FIGURE 2.18). This type of movement is analogous
to a ball rolling on a surface. The term rock is often
used to describe small rolling motions.

Slide. A slide or glide is a pure translation. It
occurs if only one point on the moving surface
makes contact with varying points on the oppos-
ing surface (FIGURE 2.19). This type of movement
is analogous to a car tire skidding when the brakes
are applied suddenly on a wet road. This type of
motion is also referred to as translatory or acces-
sory motion.

Although the roll of a joint always occurs in the
same direction as the swing of a bone, the direc-
tion of the glide is determined by the shape of the
articulating surface. This rule is often referred to
as the concave-convex rule: If the joint surface that
is moving is convex relative to the other stationary
surface, the slide occurs in the opposite direction to
the osteokinematic motion (FIGURE 2.20). If, on the
other hand, if the joint surface of the moving sur-
face is concave, the slide occurs in the same direc-
tion as the osteokinematic motion (FIGURE 2.21).
A knowledge of the concave-convex rule is crit-
ical when performing joint mobilizations. This is
described further in Chapter 6.

Spin. A spin is defined as any movement in
which the bone moves but the mechanical axis
remains stationary. A spin involves a rotation
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FIGURE 2.18 Arthrokinematic roll.
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FIGURE 2.19 Arthrokinematic slide.
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FIGURE 2.20 Convex on concave.

of one surface on an opposing surface around
a longitudinal axis (FIGURE 2.22). Spin motions
in the body include shoulder flexion/extension
and at the radial head during forearm pronation
and supination.

M KEY POINT

For an example of the concave-convex rule occurring
in the clinical setting, consider glenohumeral joint
abduction. During this motion, the convex humeral
head moves on the concave glenoid fossa. The
osteokinematic motion occurs as the arm moves
superiorly in the frontal plane. However, at the joint
surfaces (the arthrokinematic motion), the convex
humeral head is sliding inferiorly on the concave
glenoid fossa—in the opposite direction to the
osteokinematic motion.

M KEY POINT

Most diarthrodial (synovial) joints demonstrate
composite motions involving a roll, slide, and spin
during activities.

Close-Packed and Open-Packed
Positions of the Joint

Joint movements usually are accompanied by a rel-
ative compression (approximation) or distraction
(separation) of the opposing joint surfaces. These
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FIGURE 2.21 Concave on convex.
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relative compressions or distractions affect the level
of congruity of the opposing surfaces. The position
of maximum congruity of the opposing joint sur-
faces is termed the close-packed position of the joint.
The position of least congruity is termed the open-
packed position. Thus, movements toward the close-
packed position of a joint involve an element of
compression, whereas movements out of this posi-
tion involve an element of distraction.

Close-Packed Position

The close-packed position of a joint is the joint posi-
tion that results in:

®  Maximal tautness of the major ligaments
®  Maximal surface congruity

®  Minimal joint volume

®  Maximal stability of the joint

Once the close-packed position is achieved, no
further motion in that direction is possible. This is
the often-cited reason why most fractures and dislo-
cations occur when an external force is applied to a

U

FIGURE 2.22 Arthrokinematic spin.



joint that is in its close-packed position. For exam-
ple, many of the traumatic injuries of the upper
extremities result from falling on a shoulder, elbow,
or wrist (commonly referred to as FOOSH—a fall
on an outstretched hand) that is in its close-packed
position. The close-packed positions for the various
joints are presented in Appendix F. From a clinical
perspective; the close-packed position is used by the
PT for testing the integrity and stability of ligaments
and capsular structures.

Open-Packed Position

In essence, any position of the joint, other than the
close-packed position, could be considered as an
open-packed position. The open-packed position,
also referred to as the loose-packed or resting posi-
tion of a joint, is the joint position that results in the
following:

Slackening of the major ligaments of the joint
Minimal surface congruity

Minimal joint surface contact

Maximal joint volume

Minimal stability of the joint

For example, at the ankle, which has a close-
packed position of dorsiflexion, most ankle sprains
occur when the ankle is plantarflexed. The open-
packed positions for the various joints are presented
in Appendix E

M KEY POINT

The open-packed position is commonly used during
joint mobilization techniques. (See Chapter 9.)

Range of Motion, Flexibility,

and Joint Mobility

Range of motion (ROM) can be defined as the amount
of osteokinematic and arthrokinematic movement
available to a joint when moving within its anatomic
range. Flexibility can be defined as the ability of con-
nective tissue (muscles, tendons, ligaments, skin,
and joint capsules) to yield to a stretch force. Joint
mobility can be defined as the amount of arthroki-
nematic motion available to a joint. Normal range of
motion, flexibility, joint mobility, and neuromuscular
coordination are required for a joint to function efhi-
ciently and effectively.” However, a loss of motion at
one joint may not prevent the performance of a func-
tional task, although it may result in the task being
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performed abnormally. For example, the act of walk-
ing can still be accomplished in the presence of a knee
joint that has been fused into extension. The amount
of available joint motion is based on a number of fac-
tors, including:

Integrity of the joint surfaces and the amount of
joint motion

Mobility and pliability of the soft tissues that sur-
round a joint

Degree of soft tissue approximation that occurs
Amount of scarring that is present;’' interstitial
scarring or fibrosis can occur in and around the
joint capsules, within the muscles, and within the
ligaments as a result of previous trauma

Age; joint motion tends to decrease with increas-
ing age

Gender; in general, females have more joint
motion than males

Joint mobility can be assessed using joint mobil-
ity testing. (See Chapter 6.) ROM can be measured
using standard goniometric instruments. Joint
mobility can be improved using joint mobilizations.
(See Chapter 9.) Both range of motion and flexibility
can be improved using a number of techniques. (See
Chapter 12.)

Hypomobility

If the movement of a joint is less than that considered
normal or less than when compared with the same
joint on the opposite extremity, it may be deemed
hypomobile. Causes of restricted motion can range
from mild muscle shortening to irreversible contrac-
tures. Contracture is defined as an adaptive shorten-
ing of the soft tissues that cross or surround a joint
that results in significant resistance to passive or
active stretch and limitation of ROM. Contractures
are described by identifying the action of the adap-
tively shortened muscle. For example, if a patient
has adaptively shortened knee flexors and cannot
fully extend the knee, he or she is said to have a knee
flexion contracture. A number of contractures have
been recognized:*

Arthrogenic and periarticular. These contrac-
tures are the result of intra-articular pathology,
including adhesions, synovial proliferation, joint
effusion, irregularities in articular cartilage, or
osteophyte formation.

Myostatic. 'This is an adaptive shortening of the
musculotendinous unit in the presence of no
pathology, resulting in significant loss of ROM.
These contractures respond well to stretching.
(See Chapter 12.) A pseudomyostatic contracture
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can result from hypertonicity (i.e., spasticity or
rigidity) associated with a central nervous sys-
tem lesion, or from pain, muscle spasm, or mus-
cle guarding. This type of contracture results in
excessive resistance to passive stretch.

Fibrotic and irreversible. Caused by an adherence
of connective tissue and subsequent development
of fibrotic contracture due to fibrous changes,
these contractures can be improved through
stretching, although it is often difficult to reestab-
lish optimal tissue length.

Hypermobility and Instability

A joint that moves more than is considered normal,
when compared with the same joint on the opposite
extremity, may be deemed hypermobile. Hypermo-
bility may occur as a generalized phenomenon or be
localized to just one direction of movement. Types of
hypermobility are described as follows:

Generalized hypermobility. The generalized form
of hypermobility, as its name suggests, refers to
the manifestations of multiple joint hyperlaxity,
joint hypermobility, or articular hypermobility.
This type of hypermobility can be seen in acro-
bats, gymnasts, and those individuals who are
“double-jointed” In addition, generalized hyper-
mobility occurs with genetic diseases that include
joint hypermobility as an associated finding, such
as Ehlers-Danlos syndrome, osteogenesis imper-
fecta, and Marfan’s syndrome.

Localized hypermobility. Localized hypermobility
is likely to occur as a reaction to neighboring stiff-
ness. For example, a compensatory hypermobil-
ity may occur at a joint when a neighboring joint
or segment becomes hypomobile secondary to
trauma or immobilization.

The term stability, specifically related to the
joint, has been the subject of much research.”
Joint stability may be viewed as a factor of joint
integrity, elastic energy, passive stiffness, and mus-
cle activation.

Joint integrity. Joint integrity is enhanced in those
ball-and-socket joints with deeper sockets or
steeper sides (e.g., hip), as opposed to those with
planar sockets and shallower sides (e.g., shoul-
der). Joint integrity also depends on the attributes
of the supporting structures around the joint and
the extent of joint disease. For example, in addi-
tion to having a deep acetabulum, the hip joint has
a labrum and strong supporting ligaments. (See
Chapter 23.)

Elastic energy. As previously discussed, connective
tissues are elastic structures and, as such, are capable
of storing elastic energy when stretched. This stored
elastic energy may then be used to perform a move-
ment, such as a jump. This is the concept behind an
exercise type called plyometrics, which uses a com-
bination of eccentric (stretch phase) and then con-
centric muscle activation. (See Chapter 13.)

Passive stiffness. Individual joints have passive
stiffness that increases toward the joint end range.
An injury to these passive structures that causes
inherent loss in the passive stiffness results in joint
laxity.®” For example, passive stiffness can exist in
the hamstrings prior to stretching and an improve-
ment can be seen with only a few stretches.
Muscle activation. Muscle activation increases
stiffness, both within the muscle and within the
joint(s) it crosses.”” However, the synergist and
antagonist muscles that cross the joint must be
activated with the correct and appropriate acti-
vation in terms of magnitude or timing. A faulty
motor control system may lead to inappropriate
magnitudes of muscle force and stiffness, allowing
a joint to undergo shear translation.”” For exam-
ple, following knee surgery, a reflex inhibition of
the quadriceps muscle often occurs, requiring the
patient to wear a brace to prevent buckling.

Pathologic breakdown of these factors may result
in instability. Two types of instability are recognized:
articular and ligamentous. In contrast to a hypermo-
bile joint, an unstable joint involves a disruption of the
osseous and ligamentous structures of that joint and
results in a loss of function.

Articular instability can lead to abnormal patterns
of coupled and translational movements.”! For
example, in the spine, joint instability can be man-
ifested by permitting sidebending then extension,
but not extension followed by sidebending.
Ligamentous instability may lead to multiple
planes of aberrant joint motion.”> Consider the
amount of aberrant joint motion that occurs at
the tibiofemoral joint following a rupture of the
anterior cruciate ligament.

» Summary

Numerous types of tissue exist throughout the body,
each having specific functional capabilities; for
example, upon studying the structure and function of
joints, one can see that some joints are designed for
mobility (e.g., glenohumeral), whereas other joints




are designed for stability (e.g., elbow). Although joint
design helps these characteristics, other factors such
as ligamentous and muscular support play a role. The
various types of connective tissue that are contained
in fascia, tendons, ligaments, bone, and muscle give
each of these structures unique characteristics based
on the function they must perform. In physical ther-
apy, injury to any of the musculoskeletal structures
must be diagnosed and treated. The physical therapy
diagnosis is based on an assessment that includes range
of motion measurements, measurement of joint and
ligament integrity, and the measurement of muscle
performance. The body is often viewed as a machine
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powered by muscles that produces functional move-
ments by rotating bony levers, some of which are
designed to produce large torques, whereas others are
designed for speed or endurance. The body, or body
segment, moves relative to the three cardinal planes,
and the direction of movement is determined by the
muscle’s line of pull relative to the axis of rotation of
the joint around which it is working. In addition, the
motion that occurs at a joint follows specific arthroki-
nematic procedures based on the design and health
of the joint. Although it is simpler to describe muscle
actions and joint motions as though they occur in iso-
lation, this is extremely uncommon.

Case Study

You are supervising patients who are exercising in the
gym, each with a variety of diagnoses and stages of
healing, but all of them having difficulty in perform-
ing their prescribed exercises. You notice that patient
A, who has just started performing a supine straight
leg raises into hip flexion, is exhibiting a quad lag
and slight knee flexion while performing the exercise
despite using no resistance other than gravity.

1. How could you modify this exercise to allow the
patient to perform it correctly?

2. What other exercise or exercises could you pre-
scribe instead?

Patient B is performing a biceps curl with a one-pound
dumbbell but is clearly using a number of muscle sub-
stitutions to complete the exercise.

Review Questions

3. What are the typical substitutions you might
see in a patient who is using too heavy a weight
during a biceps curl?

4. What other exercise or exercises could you pre-
scribe instead?

Patient Cis performing active assisted shoulder abduc-
tion in the supine position but is unable to achieve full
range of motion.

5. How can you, or your supervising PT, determine
the cause of this inability to achieve full range
of motion?

6. If weakness is determined to be the cause of the
inability to achieve full range of motion what
other exercise or exercises could you prescribe?

1. True or false: Connective tissue is found through-
out the body and serves to provide structural and
metabolic support for other tissues and organs of
the body.

2. What are the three types of cartilage and bone
tissue?

3. True or false: Fascia is an example of dense regu-
lar connective tissue.

4. True or false: A bursa is a synovial membrane-
lined sac.

5. All of the following functions are true of the living
skeleton except:

It supports the surrounding tissues.

It assists in body movement.

It provides a storage area for mineral salts.

It determines the individual’s develop-
ing somatotype.

o o

6. What is the type of cartilage found in synovial
joints called?
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7. Approximately how many bones are in the c. It is located between the epiphysis and
human body? the diaphysis.
8. True or false: Hyaline and elastic cartilage has d. Itisfound in all bones.
o nherve supp ly whereas fibrocartilage is well 19. Hyaline cartilage is nourished through the:
1nner\{ated. a. Vessels from the periosteum
9. What is the shaft of a long bone called? b. Haversian canals
10. Which area of the bone is responsible for increas- c' Joint fluid
ing the bone length during growth? d. Nutrient arteries
11. What are the three types of muscle tissue? . ' '
12. Which structure separates each muscle fiber from 20. The epiphysis of a bone is located:
its neighbor? a. Directly adjacent to the periosteum
13. Which type of muscle fiber is activated during b. Directly above the diaphysis
moderate-intensity, long-duration exercise? c. Directly below the metaphysis
14. What is the main function of a tendon? d. Directly adjacent to the joint
15. True or false: Bone is a highly vascular form of 21. The biceps are an elbow flexor. Which of the fol-
connective tissue. lowing are considered antagonists to the biceps?
16. Give four functions of bone. a. Brachioradialis
17. The smallest organized unit of the contractile mech- b. Supinator
anism of skeletal muscle is the: c. Triceps
a.  Myofilaments d. Supraspinatus
b. Actin
c. Myosin
d. Sarcomere
18. All of the following are true about the epiphyseal
plate except:
a. Itisformed from cartilage.
b. Itserves as the site of progressive lengthening
in long bones.
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CHAPTER 3
The Nervous System

CHAPTER OBJECTIVES

At the completion of this chapter, the reader will be able to:

1. Describe the various components of the central and peripheral nervous systems as they relate to the

orthopaedic setting.

Outline the different methods of pain transmission.

Uik W

therapy session.

List the categories of the various nerve injuries.

O 0 N O

» Overview

The nervous system is divided into two anatomic divi-
sions, the central nervous system (CNS) and peripheral
nervous system (PNS), each with their subdivisions
(FIGURE3.1).

» Central Nervous System

The CNS is composed of the brain and the spinal
cord. The brain, contained within the skull (cra-
nium), begins its embryonic development as the
cephalic end of the neural tube before rapidly growing
and differentiating into three distinct swellings: the

Describe the anatomic and functional organization of the nervous system.
Describe the various components and distributions of the cervical, brachial, and lumbosacral plexuses.

Recognize the characteristics of a lesion to the central nervous system that may present during a physical

List the findings and impairments associated with the more common peripheral nerve lesions.
Describe some of the medical interventions following a nerve injury.

Outline some tests performed by the physical therapist related to neurological dysfunction.

prosencephalon, the mesencephalon, and the rhomb-
encephalon (TABLE 3.1).

The spinal cord has an external segmental organi-
zation (FIGURE 3.2). Each of the 31 pairs of spinal nerves
that arise from the spinal cord has an anterior (ventral)
root (motor) and a posterior (dorsal) root (sensory),
with each root made up of one to eight rootlets, and
each rootlet consisting of bundles of nerve fibers.! In the
dorsal root of a typical spinal nerve lies a dorsal root gan-
glion, a swelling that contains sensory nerve cell bodies.!
It is worth noting that the motor nerve is at greater risk
for injury than the sensory nerve.>* If the sensory nerve
is injured, sensation is lost in the following order: pro-
prioception, touch, temperature, and finally pain, with
recovery occurring in the reverse order.*

55
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- Central nervous
system

Peripheral nervous
system

FIGURE 3.1 The nervous system.

Neural messages may descend or ascend along
pathways, or tracts, which are fiber bundles of similar
groups of neurons, each with specific functions.

M KEY POINT

Myelin is a lipid-rich membrane that coats, protects,
and insulates nerves. Myelin covers most of the axons
of the PNS and CNS, the latter of which is divided
into segments about 1 millimeter long by small gaps
where the myelin is absent, called nodes of Ranvier. As
the brain sends messages through the nerves of the
spinal cord, the impulses jump from node to node
through a process called salutatory conduction.

The central gray matter of the spinal cord, which
roughly resembles the letter H, contains two anterior
(ventral) and two posterior (dorsal) horns united by
gray commissure within the central canal.

M KEY POINT

Anterior horns contain cell bodies that give rise to
motor (efferent) neurons. Gamma motor neurons
connect to muscle spindles (B0X 3.1). Alpha motor
neurons connect to influence muscles. Posterior horns
contain sensory (afferent) neurons whose nerve cell
bodies are located in the dorsal root ganglia.’

Three membranes, or meninges, envelop the
structures of the CNS: the dura mater, the arachnoid
mater, and the pia mater (FIGURE 3.3). The meninges,
and related spaces are necessary for both the nutrition
and protection of the spinal cord.

M KEY POINT

Occasionally, spinal cord compression may occur
secondary to bony encroachment from lateral recess
spinal stenosis, space-occupying lesions, trauma, or
disease. Clinical signs and symptoms that may be
associated with spinal cord compression include:

m  Segmental deficits (paraparesis or quadriparesis)
m  Hyperreflexia
®  Extensor plantar response and other patho-
logic reflexes
®  Loss of sphincter tone (with bowel and
bladder dysfunction)
m  Sensory deficits
Subacute or chronic spinal cord compression may
begin with local back pain, often radiating down the
distribution of a nerve root (radicular pain), and it
sometimes includes hyperreflexia and loss of sensation.
Sensory loss may begin in the sacral segments.

» Peripheral Nervous System
The PNS comprises the following:

B Cranial nerves. The brainstem, which is the stalk
of the brain, gives rise to 10 of the 12 pairs of cra-
nial nerves, which provide the main motor and
sensory innervation to the face and neck.

m  Spinal nerve roots. The posterior (dorsal) and
anterior (ventral) roots of the spinal nerves are
located within the vertebral canal. In the region
of the intervertebral foramen, the posterior (affer-
ent) and anterior (efferent) roots come together in
a common neural sheath to form a spinal nerve
root, which is a mixed sensory-motor nerve.
Shortly after the spinal nerve exits the interver-
tebral foramen, it branches into the posterior
(dorsal) ramus, anterior (ventral) ramus, and rami
communicantes. Each of these three structures
carries both sensory and motor information.
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TABLE 3.1 Derivation and Functions of the Major Brain Structures

Prosencephalon
(forebrain)

Mesencephalon
(midbrain)

Rhombencephalon

(hindbrain)

Telencephalon

Diencephalon

Mesencephalon

Metencephalon

Myelencephalon

Cerebrum

Limbic system

Basal ganglia

Thalamus

Hypothalamus

Pituitary gland
Superior
colliculi

Inferior colliculi

Cerebral
peduncles

Cerebellum

Pons

Medulla
oblongata

Lies in front or on top of the brainstem and is the largest
and most developed of the major divisions of the brain.

Consists of six paired lobes within two hemispheres,
which are folded into many gyri (crests) and sulci
(grooves), which allows the cortex to expand in
surface area without taking up much greater volume.

Controls most sensory processing, conscious
and volitional movements, language and
communication, learning, and memory.

A set of brain structures including the hippocampus,
amygdala, anterior thalamic nuclei, and limbic cortex,
which support a variety of functions including
emotion, behavior, long-term memory, and olfaction.

Associated with a variety of functions, including motor
control, motor learning, and action selection.

Functions include the relaying of sensation, spatial sense,
and motor signals to the cerebral cortex, along with
the regulation of consciousness, sleep, and alertness.

Regulation of food and water intake, body temperature,
and heart rate. One of the most important functions
of the hypothalamus is to link the nervous system to
the endocrine system via the pituitary gland.

Considered to be the “master gland”

Visual reflexes (hand-eye coordination).
Auditory reflexes.

Important fibers running through the cerebral
peduncles include the corticospinal tract and the
corticobulbar tract. This area contains many nerve
tracts conveying motor information to the brain
and from the brain to the rest of the body.

Balance/equilibrium and coordination of skeletal
muscle contractions (force, direction, extent, and
sequencing of movement).

Relay center; contains nuclei (pontine nuclei).

Relay center; contains many nuclei; visceral autonomic
center (e.g, respiration, heart rate, vasoconstriction).

Data from Van de Graaff KM, Fox SI: Central nervous system, in Van de Graaff KM, Fox SI (eds): Concepts of Human Anatomy and Physiology. New York, WCB/McGraw-Hill, 1999, pp 407-46.



The posterior (dorsal) rami branches carry
visceral motor, somatic motor, and sensory
information, and as a rule are smaller than
their anterior counterparts. They are directed
posteriorly, and, with the exceptions of those
of the first cervical, the fourth and fifth sacral,
and the coccygeal, divide into medial and lat-
eral branches for the supply of the muscles
and skin of the posterior part of the trunk.

The anterior (ventral) ramus branches, includ-
ing the sinuvertebral (recurrent meningeal)
nerve, supply the limbs and the anterolateral
parts of the trunk. In the thoracic region, these
rami remain distinct from each other, and

each innervates a narrow strip of muscle and
skin along the sides of the trunk, chest, ribs,
and abdominal wall. These rami are called the
intercostal nerves. In regions other than the
thoracic, anterior rami converge with each
other to form networks of nerves called nerve
plexuses. The anterior rami form four main
plexuses: cervical, brachial, lumbar, and sacral.
Rami communicantes: This is a communicat-
ing branch between a spinal nerve and the
sympathetic trunk. Each spinal nerve receives
a branch—a gray ramus communicans—from
the adjacent ganglion of the sympathetic
trunk. The thoracic, and the first and second
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BOX 3.1 Muscle Spindle and Golgi Tendon Organs

Muscle Spindle

Essentially, the purpose of the muscle spindle is to compare the length of the spindle with the length of the muscle
that surrounds the spindle. Within each muscle spindle are 2 to 12 long, slender, and specialized skeletal muscle fibers
called intrafusal fibers. The central portion of the intrafusal fiber is devoid of actin or myosin and, thus, is incapable of
contracting. As a result, these fibers are capable of putting tension on the spindle only. The intrafusal fibers are of two
types: nuclear bag fibers and nuclear chain fibers.

m  Nuclear bag fibers primarily serve as sensitivity meters for the changing lens of the muscle?
= Nuclear chain fibers each contain a single row or chain of nuclei and are attached at their ends to the bag fibers.

= Whereas alpha motor neurons innervate muscles, muscle spindles have their own motor supply, namely gamma
motor neurons.

= Stimulatation of the muscle spindle can occur in two different ways:
» By stretching the whole muscle, which stretches the mid-portion of the spindle, thereby exciting the receptor
» By contracting only the end portion of the intrafusal fibers, thereby exciting the receptor (even if muscle length
does not change)

Golgi Tendon Organs

Golgi tendon organs (GTOs) are relatively simple sensory receptors that are arranged in series with the extrafusal
muscle fibers and, therefore, provide the CNS with information about muscle tension. In an average person, the GTOs
contribute to the control of muscle activity over the whole range of movement, not just at its extremes.’ They appear
to serve a protective function while supplying tension information for complicated tension-maintaining reflexes or
supplying inhibition at the appropriate moment to switch from flexion to extension movements in walking or running.
They may also play a role in increasing muscle force during fatigue. Thus, during situations of fatigue, the muscle
produces less force, which reduces GTO activity, thereby decreasing inhibition. Activity in the group Ib afferent fibers,
associated with GTOs, inhibits a process called autogenic inhibition (reflex inhibition of a motor unit in response to
excessive tension in the muscle fibers it supplies). It was once thought that this inhibition served only to protect the
muscle from being injured if it contracted against too heavy a load. Now it is believed that it occurs at the point where
autogenic inhibition is great enough to overcome the stretch reflex excitation.

Scalp

Scalp Periosteum
Bone of skull
Dura mater
Arachnoid mater
Subarachnoid space

Cerebrum Pia mater
Brain tissue

Cerebellum Blood vessel

Cranium

Muscles

Meninges

Vertebra

Spinal cord

FIGURE 3.3 The meninges.
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lumbar nerves each contribute a branch—a
white ramus communicans—to the adjoining
sympathetic ganglion.
®  Dorsal root ganglia (or spinal ganglia). A dorsal root
ganglion is a nodule on a dorsal root that contains
cell bodies of neurons in afferent spinal nerves.
m  The peripheral nerve trunks and their termi-
nal branches
®  The peripheral autonomic nervous system

M KEY POINT

The recurrent meningeal or sinuvertebral nerve,

a branch of the spinal nerve, passes back into the
vertebral canal through the intervertebral foramen.
This nerve supplies the anterior aspect of the

dura mater, outer third of the annular fibers of the
intervertebral disks, vertebral body, and epidural
blood vessel walls, as well as the posterior longitudinal
ligament.! The two structures capable of transmitting
neuronal impulses that result in the experience of pain
are the sinuvertebral nerve and the nerve root.

The somatic divisions (the parts that produce vol-
untary action) of the PNS consist of the cranial nerves
and the spinal nerves.

The Cranial Nerves

The cranial nerves (CN) comprise 12 pairs, which
are referred to by the Roman numerals I through XII
(TABLE 3.2). The cranial nerve roots enter and exit the
brainstem to provide sensory and motor innervation
to the head and muscles of the face.

The Spinal Nerves

A total of 31 symmetrically arranged pairs of spinal
nerves exit from all levels of the vertebral column,
each derived from the spinal cord. The spinal nerves
are divided topographically into eight cervical pairs
(C1-C8), twelve thoracic pairs (T1-T12), five lumbar
pairs (L1-L5), five sacral pairs (S1-S5), and a coccy-
geal pair (see Figure 3.1). Although there are seven
cervical vertebrae (C1-C7), there are eight cervical
nerves (C1-C8). All nerves except C8 emerge above
their corresponding vertebrae, whereas the C8 nerve
emerges below the C7 vertebra. Nerve fibers can
be categorized according to function: sensory, motor,
or mixed (TABLE 3.3).

M KEY POINT

A dermatome is an area of skin that is mainly supplied
by a single spinal nerve. Dermatomes are useful for
determining the site of a nerve lesion.

Peripheral nerves are enclosed in three layers of
tissue of differing character. From the inside outward,
these are the:

B Endoneurium. Encloses the myelin sheath of a
nerve fiber and serves to support capillary vessels,
which form a network.

B Perineurium. Arranges axons into fascicles (a
bundle of axons/nerve fibers).

®  Epineurium. The outermost layer of connective
tissue surrounding a peripheral nerve. It includes
the blood vessels supplying the nerve. The epineu-
rium binds fascicles into bundles.

Spinal nerve roots and peripheral nerves can be
injured anywhere along their distribution, although
some sites are more commonly injured than others (see
“Peripheral Nerve Entrapments”). Peripheral nerve
injuries can occur at the level of the axon (i.e., axonop-
athy), the motor neuron, or the dorsal root ganglion
(i.e., neuronopathies). Compression and/or irritation
of cervical or lumbar nerve roots, which are more sus-
ceptible to injury than peripheral nerves because they
do not possess an epineurium or perineurium, can
cause radiculopathy, a common cause of symptoms.
Compression nerve injuries are either chronic or acute
in origin and both result in ischemia and mechanical
disruption of the nerve fiber. The PNS is capable of
withstanding mechanical stress as a result of its unique
mechanical characteristics. Nervous tissue, a form of
connective tissue, is viscoelastic, and therefore able
to adapt to time-dependent forces, a feature called
creep. (See Chapter 2.) This characteristic allows for
the transfer of mechanical stress throughout the PNS
and spinal cord during trunk or limb movements. This
adaptation results from changes in the length of the
spinal cord during movement and the capacity of the
PNS to adapt to different positions. The PNS adapts
through a process of passive movement relative to the
surrounding tissue via a gliding apparatus around the
nerve trunk. The role that tension on the neural tis-
sue plays in pain and dysfunction has been studied for
over a century and a variety of tests to assess neural
glides have been devised. (See Chapter 9.)

M KEY POINT

Because motor and sensory axons run in the

same nerves, disorders of the peripheral nerves
(neuropathies) usually affect both motor and sensory
functions distal to the lesion. Symptoms can manifest
as abnormal, frequently unpleasant sensations, which
are variously described by the patient as numbness,
pins and needles, or tingling, but are more correctly
termed paresthesias.



Peripheral Nervous System 61

TABLE 3.2 (ranial Nerves and Their Functions

Function and Testing

I: Olfactory

II: Optic

[IIl: Oculomotor

[V: Trochlear

V: Trigeminal

VI: Abducens

VII: Facial

VIII: Vestibulocochlear
(auditory)

IX: Glossopharyngeal

X:Vagus

XI: (Spinal) accessory

XIl: Hypoglossal

The olfactory nerve is responsible for the sense of smell. The sense of smell is tested by
having the patient identify familiar odors (e.g., coffee, vanilla) with each nostril.

The optic nerve is responsible for vision. The optic nerve is tested by examining visual acuity
and confrontation.

The somatic portion of the oculomotor nerve supplies the levator palpebrae superioris
muscle; the superior, medial, and inferior rectus muscles; and the inferior oblique muscles,
all of which are responsible for some eye movements. The visceral efferent portion of this
nerve is responsible for papillary constriction. The nerve is tested by using eye movements
and assessing pupil dilation. Cranial nerves IlI, IV, and VI are typically tested together.

The trochlear nerve supplies the superior oblique muscle of the eye. This nerve is tested
using eye movements.

The trigeminal nerve supplies sensory information to the soft and hard palates, maxillary
sinuses, upper teeth, upper lip, and the mucous membrane of the pharynx, and supplies
motor information to the muscles of mastication, both pterygoids, the anterior belly of
digastric, tensor tympani, tensor veli palatini, and mylohyoid. The sensory branches of the
trigeminal nerve are tested with a pinprick close to the midline of the face. The motor
components are tested by asking the patient to clench his or her teeth while the clinician
palpates the temporal and masseter muscles.

The abducens nerve innervates the lateral rectus muscle of the eye. This nerve is tested using
eye movements.

The facial nerve is composed of a sensory (intermediate) root, which conveys taste, and a
motor root, the facial nerve proper, which supplies the muscles of facial expression, the
platysma muscle, and the stapedius muscle of the inner ear. The clinician inspects the face
at rest and in conversation with the patient and notes any asymmetry. The patient is asked
to smile. If there is asymmetry, the patient is asked to frown, or wrinkle the forehead.

The cochlear portion is concerned with the sense of hearing.
The vestibular portion is part of the system of equilibrium, the vestibular system.
The vestibular nerve can be tested in several ways depending on the objective.

The glossopharyngeal nerve serves some functions. The gag reflex is used to test this nerve,
but this is reserved only for severely affected patients.

The vagus nerve contains somatic motor, visceral efferent, visceral sensory, and somatic
sensory fibers. The functions of the vagus nerve are numerous. The patient is asked to
open their mouth and say “aah”The clinician watches the movements of the soft palate
and pharynx.

The cranial root is an aberrant portion of the vagus nerve. The spinal portion of the nerve
supplies the sternocleidomastoid and trapezius muscles. The patient is asked to shrug both
shoulders upward against the clinician’s hand, and the strength of contraction is noted.

The hypoglossal nerve is the motor nerve of the tongue, innervating the ipsilateral side of the
tongue as well as helping to innervate the infrahyoid muscles. The patient is asked to stick out
his or her tongue. The clinician looks for asymmetry, atrophy, or deviation from the midline.
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TABLE 3.3 Nerve Fiber Types and Their Functions

Nerve Fiber Type

Sensory

Carry afferents from a portion of the skin.
Carry efferents to the skin structures. This area
of distribution is called a dermatome, which

Lateral femoral cutaneous nerve
Saphenous nerve
Interdigital nerves

is a well-defined segmental portion of the
skin (refer to Figure 3.4), and generally,
follows the segmental distribution of the

underlying muscle innervation.

Motor Carry efferents to muscles and return
sensation from muscles and associated
ligamentous structures. Any nerve that

Ulnar nerve
Suprascapular nerve
Dorsal scapular nerve

innervates a muscle also mediates the
sensation from the joint upon which that

muscle acts.

Mixed A combination of skin, sensory, and

motor functions.

Paresthesias can occur anywhere within a der-
matomal distribution, or within a peripheral nerve
distribution (FIGURE 3.4). CNS causes of paresthesia
include ischemia, obstruction, compression, infec-
tion, inflammation, and degenerative conditions.’

The Cervical Nerves

The eight pairs of cervical nerves are derived from
cord segments between the level of the foramen
magnum and the middle of the seventh cervical
vertebra.! The C1 (suboccipital) nerve serves the
muscles of the suboccipital triangle, with very few
sensory fibers.®

The Cervical Plexus (C1-C4) The cervical plexus
(FIGURE 3.5) is formed from the anterior primary
divisions of the first four cervical nerves (C1-C4).
Nerves formed from the cervical plexus innervate the
back of the head, as well as some neck muscles. The
cervical plexus has two types of branches: cutaneous
and muscular.
The cutaneous branch contains the following:

W Lesser occipital nerve. Innervates the lateral part of
the occipital region (C2 only)
W Great auricular nerve. Innervates skin near the

hollow of the auricle of the external ear and exter-
nal acoustic meatus (C2-C3)

Median nerve

Ulnar nerve (at the elbow as it enters the
tunnel of Guyon)

Common peroneal nerve

llioinguinal nerve

B Transverse cervical nerve. Innervates the anterior
region of the neck (C2-C3)

B Supraclavicular nerves. Provide sensory inner-
vation to the suprascapular, shoulder, and upper
thoracic regions (C3-C4)

The muscular branch contains the following:

B Ansa cervicalis (loop formed from C1-C3). Inner-
vates the geniohyoid, thyrohyoid, sternothyroid,
sternohyoid, and omohyoid muscles

W Phrenic (C3-C5, primarily C4). Contains motor,
sensory, and sympathetic nerve fibers that provide
the only motor supply to the diaphragm, the key
breathing muscle.®

m  Segmental branches (C1-C4). Branches to the ster-
nocleidomastoid muscle from C2 and branches to
the trapezius muscles (C3-C4) via the subtrape-
zial plexus; smaller branches to the adjacent verte-
bral musculature supply the rectus capitis lateralis
and rectus capitis anterior (C1), the longus capitis
(C2, C4) and longus coli (C1-C4), the scalenus
medius (C3, C4) and scalenus anterior (C4), and
the levator scapulae (C3-C5)

The Brachial Plexus

The brachial plexus (FIGURE 3.6) arises from the anterior
primary divisions of the fifth cervical through the first
thoracic nerve roots, with occasional contributions
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Cc6
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Cé

C7

Supraclavicular nerve

Axillary nerve

Radial nerve

nerve of forearm
(musculocutaneous)

nerve of forearm

nerve of forearm

FIGURE 3.4 Dermatomes of the upper extremity.

from the fourth cervical and second thoracic roots.
The C5 and C6 roots of the plexus join to form the
upper trunk, the C7 root becomes the middle trunk,
and the C8 and T1 roots join to form the lower
trunks. Each of the trunks divides into anterior and
posterior divisions, which then form cords. The ante-
rior divisions of the upper and middle trunk form
the lateral cord; the anterior division of the lower
trunk forms the medial cord, and all three posterior
divisions unite to form the posterior cord.

Lateral brachial cutaneous nerve

Medial cutaneous nerve of arm C8-T1

Lateral antebrachial cutaneous

The medial antebrachial cutaneous

Posterior antebrachial cutaneous

Radial nerve
(C5-T1)

Ulnar nerve
(C5-T1)

C8

C3-4

C5-6

C5-T1

C5-7

C8-T1

Radial nerve
(C5-T1)

Ulnar nerve (C5-T1)

The three cords, named for their relationship to
the axillary artery, split to form the peripheral nerves
of the plexus. These branches give rise to the periph-
eral nerves: musculocutaneous (from the lateral cord),
axillary and radial (from the posterior cord), median
(from the medial and lateral cords), and ulnar (from
the medial cord).® Numerous smaller nerves arise
from the roots, trunks, and cords of the plexus. The
peripheral nerves of the upper quadrant are described
in TABLE 3.4.
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To subclavius

muscle (5 — 6)
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To scaleni
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longus colli
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Musculocutaneous nerve (]
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T1
Thoracodorsal
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) 0
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Ulnar nerve ()
(8-1)

Medial antebrachial cutaneous nerve €

8-1) Second

Medial brachial cutaneous nerve © intercostal nerve

(T1)
Intercostobrachial nerves

FIGURE3.6 The brachial plexus.
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*Splitting of the plexus into anterior and posterior divisions is one of the most significant features in the redistribution of nerve fibers, because it is here that fibers supplying the flexor and extensor groups of muscles of the upper extremity are separated. Similar splitting

is noted in the lumber and sacral plexuses for the supply of muscles of the lower extremity.
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TABLE 3.4 Peripheral Nerves of the Upper Quadrant

Musculocutaneous

Lateral brachial cutaneous

nerve of the arm

Median

Axillary

Radial

Medial cutaneous
(antebrachial) nerve
of the forearm

Lateral cutaneous
(antebrachial) nerve
of the forearm

Ulnar

C5-C6

C5-C6

C5-T1

C5-C6

C5-T1

C6-T1

C5-Co

C8-T

Biceps, brachialis
Coracobrachialis

Sensory

Flexor carpi radialis

Flexor digitorum
superficialis

Flexor digitorum
profundus (lateral half)

Pronator teres

Pronator quadratus

Abductor pollicis brevis

Opponens pollicis brevis

Flexor pollicis longus

Flexor pollicis brevis

Deltoid
Teres minor

Triceps

Brachioradialis

Extensor carpi radialis/
ulnaris

Supinator

Extensor pollicis brevis

Extensor pollicis longus

Extensor indicis proprius

Extensor digiti V proprius

Extensor digiti commmunis

Sensory

Sensory

Flexor carpi ulnaris

Flexor digitorum
profundus (medial half)

Abductor digiti minimi

All other intrinsics of hand

Flexion of elbow
Shoulder flexion

Refer to Figure 3.4

Radial flexion of wrist

Flexion of middle phalanges (digiti II-V)
Flexion of distal phalanges (digiti I, IIl)
Pronation of forearm

Pronation of forearm

Abduction of thumb

Opposition of thumb

Flexion of distal phalanx of thumb
Flexion of proximal phalanx of thumb

Shoulder abduction

Extension at elbow
Flexion of forearm
Extension at wrist with radial/

ulnar deviation
Supination of forearm
Extension of thumb (proximal)
Extension of thumb (distal)
Extension of index finger (proximal)
Extension of little finger (proximal)
Extension of digits (II-V, proximal)

Refer to Figure 3.4

Refer to Figure 3.4

Ulnar flexion of wrist

Flexion of distal phalanges (digiti IV, V)
Abduction of digiti V

Finger abduction/adduction



The Thoracic Nerves

The thoracic posterior (dorsal) rami travel posteri-
orly, close to the vertebral zygapophyseal (facet) joints
before dividing into medial and lateral branches. The
posterior ramus contains nerves that serve the pos-
terior portions of the trunk carrying visceral motor,
somatic motor, and sensory information to and from
the skin and muscles of the back. There are 12 pairs
of thoracic anterior (ventral) rami, and all but the
twelfth are located between the ribs, serving as inter-
costal nerves. All of the intercostal nerves supply the
thoracic and abdominal walls, with the upper two also
supplying the upper limbs. The thoracic anterior rami
of T3-T6 supply only the thoracic wall, whereas the
lower five rami supply both the thoracic and abdom-
inal walls. The subcostal nerve supplies both the
abdominal wall and the gluteal skin.

The Lumbar Plexus

The lumbar plexus (FIGURE 3.7) forms the upper part
of the lumbosacral plexus. It is formed by the ante-
rior divisions of the first four lumbar nerves (L1-14)
and from contributions of the subcostal nerve (T12),
which is the last thoracic nerve (in approximately
50 percent of cases). TABLE 3.5 outlines the peripheral
nerves of the lumbar plexus.

The Sacral Plexus

The L4 and L5 nerves join medial to the sacral prom-
ontory, becoming the lumbosacral trunk. The lumbo-
sacral trunk (L4, L5) descends into the pelvis, where it
enters the formation of the sacral plexus (FIGURE 3.8).
The S1-54 nerves converge with the lumbosacral trunk
anterior to the piriformis muscle, forming the broad tri-
angular band of the sacral plexus. The upper three nerves
of the sacral plexus divide into two sets of branches:

The medial branches are distributed to the multi-
fidi muscles.

The lateral branches become the medial cluneal
nerves. The medial cluneal nerves supply the skin
over the medial part of the gluteus maximus.

The lower two posterior primary divisions, with
the posterior division of the coccygeal nerve, supply
the skin over the coccyx.

Collateral branches from the anterior divisions
extend to the quadratus femoris and gemellus inferior
muscles (from L4, L5, and S1) and to the obturator
internus and gemellus superior muscles (from L5 and
S1, S2).

The muscles innervated by the sacral plexus are
listed in TABLE 3.6.
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FIGURE3.7 The lumbar plexus.

The Sciatic Nerve The sciatic nerve (refer to Figure 3.8)
is the largest nerve in the body. It arises from the L4, L5,
and S1-S3 nerve roots as a continuation of the lumbosa-
cral plexus. The nerve comprises the independent tibial
(medial) and common fibular (peroneal) (lateral) divi-
sions (refer to Table 3.6), which are usually united as a
single nerve down to the lower portion of the thigh.

The Pudendal and Coccygeal Plexuses

The pudendal and coccygeal plexuses are the most
caudal portions of the lumbosacral plexus and supply
nerves to the perineal structures.
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TABLE 3.5 Peripheral Nerves of the Lumbar Plexus

D L T

lliohypogastric T12, L1 Sensory

llioinguinal L1 Sensory

Genitofemoral L1, L2 Sensory

Femoral L2-14 lliopsoas
Quadriceps
femoris
Pectineus
Sartorius

Saphenous L3-L4 Sensory

Obturator L2-L4 Adductor
longus,
adductor
brevis,
adductor
magnus

Lateral cutaneous (femoral) [2-13 Sensory
nerve of the thigh

Posterior cutaneous nerve of  L2-13 Sensory
the thigh
Anterior cutaneous (femoral) L2-13 Sensory

nerve of the thigh

Autonomic Nerves -

The autonomic nervous system (ANS) is the division
of the PNS that affects heart rate, digestion, respira-
tion rate, salivation, perspiration, diameter of the
pupils, micturition (urination), and sexual arousal
(FIGURE 3.9). The ANS has two components: sympa-
thetic and parasympathetic, each of which is differen-
tiated by its site of origin as well as the transmitters it

releases.® In general, these two systems have antago- u

nist effects on their end organs.

The lateral (iliac) branch supplies the skin of
the upper lateral part of the thigh while the
anterior (hypogastric) branch supplies the skin
over the symphysis

Supplies the skin of the upper medial part of the
thigh and the root of the penis and scrotum or
mons pubis and labia majora

The genital branch supplies the cremasteric
muscle and the skin of the scrotum or labia
while the femoral branch supplies the skin of
the middle upper part of the thigh and the
femoral artery

Flexion of hip
Extension of knee

Medial aspect of the kneeg, leg, and foot

Adduction of hip

Anterior and lateral parts of the thigh, as far as
the knee

The gluteal region, the perineum, and the back of
the thigh and leg

Anterior aspect of the thigh, leg, and foot

Sympathetic. General action is to mobilize the
body’s resources under stress, to induce the
“flight-or-fight” response. An example of an aber-
rant sympathetic reaction is complex regional
pain syndrome, an unusual cause of paresthesias,
pain, and autonomic dysfunction that can occur
after minor soft tissue injuries or fractures and
usually affects the distal extremities.’

Parasympathetic. Actions can be summarized as
“rest and digest” A parasympathetic imbalance
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FIGURE 3.8 The sacral plexus.

Source: Gray H: Anatomy of the Human Body (ed 20). Philadelphia, Lea and Febiger, 1918.

TABLE 3.6 Peripheral Nerves (Motor) of the Sacral Plexus
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can result in a decrease in pulse and breath-
ing rates and an increase in tear and salivation
production.

Transmission of Pain

At its basic level, pain is a specific output from the
brain that serves as a protective mechanism, and
which can lead to changes in movement.'” Although
altered movement may be appropriate in the early
protective phases, it can contribute to poor recovery,
continued disability, and decreased quality of life if
it continues. Early research defined pain as nocicep-
tion, which required a strong, intense, potentially
damaging peripheral stimulation before becoming
activated. More recently the delineation has been
made between nociception and the pain experience
such that the pain experience can exist without an
external stimulus. To this end, the International

I e L S

Superior [4-S1

Gluteus medius, gluteus minimus, and

Abduction of the hip (With the hip

gluteal tensor fasciae latae flexed, the gluteus medius and
minimus externally rotate the
thigh; with the hip extended, the
gluteus medius and minimus
internally rotate the thigh.)
Inferior [5-S2 Gluteus maximus Extension of the hip
gluteal
Sciatic (Common fibular Biceps femoris (long head), Hip extension, knee flexion, and
and tibial nerves semitendinosus, semimembranosus, hip adduction
travel in a and adductor magnus
common sheath)
Common L4, L5 and S1, S2 Biceps femoris (short head), fibularis Varies according to muscle
fibular (peroneus) longus, fibularis (peroneus)
brevis, tibialis anterior, extensor
digitorum longus, fibularis (peroneus)
tertius, extensor hallucis longus
(propius), extensor digitorum brevis,
and extensor hallucis brevis
Tibial L4, L5 and S1,S2,S3 Gastrocnemius, popliteus, soleus, plantaris, Varies according to muscle

tibialis posterior, flexor digitorum longus,
flexor hallucis longus, abductor hallucis,
flexor digitorum brevis, flexor hallucis
brevis, the first lumbrical, quadratus
plantae, flexor digiti minimi, adductor
hallucis, the interossei, three lumbricals,
and abductor digiti minimi.
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(rest and digest)

FIGURE3.9 The ANS and its relation to the other components of the nervous system.

Association for the Study of Pain (IASP) broadly
defines pain as a “sensory and emotional experience
associated with actual or potential tissue damage, or
described in terms of such damage.”"" So, although
evidence suggests that sensory, psychological, and
motor processing factors are related to pain, poten-
tial interactions and the influence of these interac-
tions are still not fully understood."”” For example,
the degree of injury does not always equal the degree
of pain.

Perhaps, the simplest descriptors for pain are
acute and chronic. Acute pain can be defined as “the
normal, predicted physiological response” to actual
tissue damage, or the threat of potential tissue dam-
age. During this initial state, sensory, psychological,
and motor factors interact with each other to form the
pain experience, which may explain individual vari-
ability in movement during an episode of pain.'? Once
the protective reaction subsides, and the tissues have
time to repair, normal movement patterns and func-
tion consistent with the initial state return.'®'* In gen-
eral, acute pain lasts for less than 3 months. In contrast
to acute pain, chronic pain involves symptoms that
have persisted beyond 3 months or the time needed
for tissue repair and there is a persistence of altered
movement. Chronic pain is therefore typically more

aggravating than worrying and usually has the follow-
ing characteristics:

1. It has been experienced before and is usually
of limited duration.

2. It is generally mild to moderate in intensity,
and the pain site does not cause alarm (e.g.,
wrist and ankle). The associated symptoms
typically behave mechanically, in that activ-
ity or repeated movements provoke them and
they are reduced with rest.

3. Itdoes not serve a useful biological, protective
purpose as the damaged tissues have healed as
well as possible.

4. Tt can create abnormal movement patterns
(e.g., limping). These abnormal movement
patterns may occur because the nerves invol-
ved in the initial tissue damage healed in a
hypersensitive state.

Despite the fact that it is estimated that 1 in 3 Amer-
icans suffers from chronic pain," the causes of chronic
pain are not understood. It appears that there are PNS,
and likely CNS, changes involving inflammatory and
noninflammatory pathways, often referred to as cen-
tral sensitization, resulting in hyperalgesia and allo-
dynia.' These changes, which encompass numerous
and complex pathophysiological mechanisms, such



as spinal cord sensitization, impaired functioning of
brain-orchestrated descending antinociceptive (inhib-
itive) mechanisms, overactivation of descending
pain-facilitatory pathways, and increased temporal
summation, are thought to occur as a result of repeated
releases of inflammatory and reparative mediators.'
These transient bursts of inflammatory activity, if
repeated and prolonged, can lead to the progressive
accumulation of damage, even if these episodes are
not reported as symptomatic by the patient.'®

Three primary mechanisms were traditionally
thought to be involved in the suppression of acute pain:

Gate control. Although widely discounted in the
literature, the gate control theory continues to
be used clinically to explain the control of pain.
The theory proposes that the large-diameter nerve
fibers that carry information about touch, pres-
sure, and vibration and the smaller nerve fibers
that carry information about pain meet at two
places in the posterior horn of the spinal cord:
(1) the “transmission” (T) cells and (2) the inhib-
itory cells. Both the large fiber signals and the
small fiber signals excite the T cells, and when the
output of the T cells exceeds a critical level, pain is
felt. The T cells are the gate for pain; the inhibitory
cells can shut the gate.

Endogenous opiate control. When sensory nerves
are subjected to certain types of stimulation,
the release of enkephalin from local sites within the
CNS and the discharge of B-endorphin from the
pituitary gland occurs into the cerebrospinal fluid."*
Enkephalin and B-endorphin bind to the body’s
opioid receptors and are considered as the body’s
natural painkillers.

Central biasing. Intense stimulation, approaching
anoxious level, of the smaller C or pain fibers pro-
duces a stimulation of the descending neurons,
which results in an inhibition of pain.

From a clinical perspective, a clinician may choose
to control pain by decreasing the intensity, duration,
and/or frequency of a painful exercise or activity.
However, there are multiple explanations for increased
pain other than the exercise/activity alone, such as
decreased nociceptive modulation or a change in the
individual’s mood or attention. It is believed that there
is more opportunity for pain modulation and that
there are different ways in which context, cognitive set,
and mood can influence the overall pain experience."”
For example, there is substantial evidence to show that
individuals with a higher fear of pain are more likely
to rate their pain at higher intensities.'">" This might
explain why someone with mild knee pathology could
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have a higher pain report than someone with severe
knee pathology. In essence, zero pain is not the goal,
but reduction of suffering is.*

Over the last decade, researchers have begun to
investigate the influence of pain on patterns of neu-
romuscular activation and control. It has been sug-
gested that the presence of pain leads to inhibition
or delayed activation of muscles or muscle groups
that perform key synergistic functions to limit
unwanted motion.”! This inhibition usually occurs in
the deeper muscles—local to the involved joint—that
perform a synergistic function to control joint sta-
bility.>>"** It is now also becoming apparent that in
addition to being influenced by pain, motor activ-
ity and emotional state can, in turn, influence pain
perception.” For example, if a patient has developed
well-established negative thoughts that are associ-
ated with previously painful activities, such as fear
of movement, unhelpful beliefs about recovery, and
anxiety, these psychological and social factors can
interfere with a person’s rehabilitation.'**® This rela-
tively recent acknowledgment, which recognizes that
both tissue damage or disease together with the more
complex social and psychological reality experienced
by patients are essential components, has resulted in
a global shift from a biomedical model to a biopsy-
chosocial model. Examples of these models are the
Fear-Avoidance, Misdirected Problem-Solving, and
the Self-Efficacy Models.”

» Clinical Implications of the
Neuromuscular System

Certain programs for movement patterns are inher-
ent in the CNS, and these naturally develop during the
maturation process of the CNS. For example, gait is
an inherent motor program. (See Chapter 7.) Other
activities require learning through successful repeti-
tion and the formation of a program within the CNS.
Once this program is formed, the individual no longer
has to concentrate on performing the activity, but can
do so with little cortical involvement. A patient can-
not succeed in functional and recreational activities if
his or her neuromuscular system is not prepared to
meet the demands of the specific activities.”® A motor
program that is particularly important is that of pos-
tural stability—the ability to maintain a stable upright
stance against internal and external perturbations.
The key components involved in postural stability
are proprioception, kinesthesia, neuromuscular con-
trol, and balance. (See Chapter 14.) The visual system,
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Motor neuron

Impulse sent to
spinal cord, passed
to motor neuron

Impulse reaches upper
leg muscle, which is
stimulated to contract

FIGURE 3.10 The stretch reflex.

which comprises CN II, III, IV, and VI, assists in bal-
ance control by providing input about the position of
the head or the body in space.

The stretch reflex is a preprogrammed response
of the body to a stretch stimulus in the muscle
(FIGURE3.10). When a muscle spindle (refer to Box 3.1)
is stretched, an impulse is immediately sent to the
spinal cord and a response to contract the muscle is
received (FIGURE 3.11). Because the impulse only has
to go to the spinal cord and back, and not all the way
to the brain, it is a rapid impulse. It generally occurs

White matter

Sensory fiber

Cell body of
afferent neuron

Motor fiber

Cell body of
efferent neurol

Spinal
nerve

FIGURE3.11 The muscle spindle and golgi tendon organ.

Afferent
neuron

Stretch receptor in muscle
sends message along afferent
neuron when ligament below
kneecap is struck

in 1 to 2 milliseconds. This is designed as a protective
measure for the muscles, to prevent tearing. At the
same time, the stretch reflex has an inhibitory aspect
to the antagonist muscles. When the stretch reflex is
activated the impulse is sent from the stretched mus-
cle spindle and the motor neuron is split so that the
signal to contract can be sent to the stretched muscle,
while a signal to relax can be sent to the antagonist
muscles. The stretch reflex is very important in pos-
ture. It helps maintain proper posturing because a
slight lean to either side causes a stretch in the spinal,

Dorsal roots

Dorsal root
ganglion

Interneuron

Gray matter

Ventral roots



hip, and leg muscles to the other side, which is quickly
countered by the stretch reflex in a constant process of
adjustment and maintenance.

M KEY POINT

In contrast to muscle spindles, which are sensitive to
changes in muscle length, Golgi tendon organs (GTOs)
detect and respond to changes in muscle tension that
are caused by passive stretch or muscular contraction
(refer to Box 3.1).

Lesions of the Nervous System

As with all neuromusculoskeletal structures, the ner-
vous system is prone to injury through trauma or dis-
ease. The resultant signs and symptoms depend on the
location and extent of the injury.

Upper Motor Neuron Lesion

Upper motor neurons (UMN) are located in the white
columns of the spinal cord and the cerebral hemispheres.
An upper motor neuron lesion is a lesion of the neural
pathway above the anterior horn cell or motor nuclei of
the cranial nerves. It is important that the physical ther-
apist assistant (PTA) be aware of the signs and symp-
toms associated with UMN lesions because they can be
subtle but constitute a medical emergency. An example
of a sudden UMN lesion is a cerebrovascular accident
(CVA). The results of other UMN lesions that can be
encountered in the clinical setting are spinal cord injury
(SCI), traumatic brain injury (TBI), and Parkinson’s dis-
ease. A UMN lesion can be characterized as follows:

W Nystagmus. An involuntary loss of control of the
conjugate movement of the eyes (about one or
more axes).

W Dpysphasia. A problem with vocabulary that results
from a cerebral lesion in the speech areas of the
frontal or temporal lobes.

W Ataxia. Often most marked in the extremities. In
the lower extremities, it is characterized by the
so-called drunken-sailor gait pattern, with the
patient veering from one side to the other and
having a tendency to fall toward the side of the
lesion. Ataxia of the upper extremities is charac-
terized by a loss of accuracy in reaching for, or
placing, objects. Although ataxia can have several
causes, it generally suggests CNS disturbance.

W Spasticity. A motor disorder characterized by a
velocity-dependent increase (resistance increases
with velocity) in tonic stretch reflexes with exag-
gerated tendon jerks.
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m  Vertical diplopia. A patient report of “double vision”
or seeing two images, one atop or diagonally dis-
placed from the other.”

W Dysphonia. Presents as a hoarseness of the voice.

Usually no pain is reported. Painless dysphonia is

a common symptom of a condition called Wal-

lenberg’s syndrome (difficulty with swallowing,

speaking, or both, caused by interrupted blood
supply to parts of the brain).*

Hemianopia. This finding, a loss in half of the

visual field, is always bilateral.

Ptosis. A pathologic depression of the superior

eyelid such that it covers part of the pupil.

Miosis. The inability to dilate the pupil. It is one of

the symptoms of Horner’s syndrome.’!

Dysarthria. A previously undiagnosed change

in articulation.

Aphasia. An acquired language disorder in which

there is an impairment of any language modal-

ity. This may include difficulty in producing
or comprehending spoken or written language

(TABLE 3.7).

Apraxia. A disorder caused by damage to spe-

cific areas of the cerebrum, characterized by loss

of the ability to execute or carry out learned pur-
poseful movements.

Perceptual dysfunction. A compromised ability

to attain awareness or understanding of sen-

sory information.

Visual-spatial deficits. Visual-spatial deficits man-

ifested as poor visual recall, faulty space percep-

tions, a poor sense of directionality, and a poor
comprehension of visually presented material.

M KEY POINT

Spasticity can occur as a result of a new or enlarged
CNS lesion, a genitourinary tract dysfunction (e.g.,
infection, obstruction), and/or gastrointestinal
disorder (e.g., bowel impaction, hemorrhoids), venous
thrombosis, fracture, muscle strain, or pressure ulcers
in those patients who already have a UMN lesion.

M KEY POINT

The symptoms of Horner’s syndrome include miosis,
ptosis, exophthalmos, facial reddening, and anhidrosis.
If Horner's syndrome is suspected, the patient
immediately should be returned or referred to a
physician for further examination and not treated
again until the cause is found to be relatively benign.
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TABLE 3.7 Types of Aphasia

N I —

Nonfluent aphasia (Broca's aphasia, motor aphasia, Speech is typically awkward, restricted, and produced
expressive aphasia) with effort.

Fluent aphasia (Wernicke's aphasia, receptive Spontaneous speech is preserved but auditory comprehension
aphasia) is impaired. Despite the fluency, the speech is full of emptiness

and gibberish jargon, which may include invented words
known as neologisms.

Conduction aphasia Language output is fluent, but naming and repetition are
impaired. Hesitations and word-finding pauses are frequent.

Global aphasia Marked impairment in the comprehension and production of
language, with deficits in repeating, naming, understanding,
and producing fluent speech.

Transcortical aphasia Patients can repeat what they hear, but they have difficulty
naming or producing spontaneous speech or understanding
spoken speech.

Anomic aphasia Patients present with fluent speech, intact or mostly intact
repetition, and an inability to name things.

Concussion Acute signs and symptoms of a concussion can include
confusion, visual problems, balance deficits, loss of
consciousness, posttraumatic amnesia, retrograde
amnesia, dizziness, personality changes, fatigue, sensi-
tivity to light/noise, numbness, and vomiting.”® Some
of these symptoms (dizziness, numbness, and vomit-
ing) may have etiologies related to the cervical sym-
pathetic nervous system, cranial nerve involvement,
compression of the vertebral artery, and/or involve-
ment of the proprioceptors of the upper cervical spine.
Chronic signs and symptoms of a concussion include
cognitive deficits in attention or memory, and at least
two or more of the following symptoms: fatigue, sleep
disturbance, headache, dizziness, irritability, affective
disturbance, apathy, or personality change.”

Current management guidelines recommend a
period of prescribed cognitive and physical rest in the
acute period following injury, followed by a protocol of
graduated exertion, which consists of the following:*

Between 1.6 and 3.8 million sports concussions occur
annually in the United States.*> The term concussion
describes a type of mild TBI caused by trauma to the
head.”® The Centers for Disease Control and Preven-
tion define concussion as: “a complex pathophysiolog-
ical process affecting the brain, induced by traumatic
biomechanical forces secondary to direct or indirect
forces to the head” The emergence of chronic trau-
matic encephalopathy (CTE), a degenerative disease
of the brain linked to a history of concussions, has
highlighted the importance of early detection and
prevention.***”> While the majority of individuals who
suffer a concussion recover in the initial 7 to 10 days
following injury, symptoms persist in 10 to 30 percent
of cases.” Persistence of symptoms beyond the gener-
ally accepted time frame for recovery may represent
a prolonged concussion, or it may herald the devel-
opment of postconcussion syndrome (PCS).** While

concussions can occur in nearly every walk of life, 1. Rest (2 days are currently recommended;
the greatest frequency occurs in collision and contact evidence appears to suggest complete rest
sports, including rugby, soccer, football, lacrosse, bas- exceeding 3 days is probably not helpful and
ketball, and hockey. It is important to note that concus- may be harmful*)

sion may or may not involve a loss of consciousness, 2. Light aerobic exercise

and that it can result in a constellation of physical, 3. Sports-specific exercise

cognitive, emotional, and sleep-related symptoms.’’ 4. Noncontact training drills



5.  Full-contact practice after medical
clearance
6. Return to normal gameplay

Each of these steps takes a minimum of 24 hours
and, as long as the patient is asymptomatic after
24 hours, he or she can progress to the next level. If
symptoms recur at any step of the progression, the
patient moves to the previously asymptomatic step
and attempts to progress once an additional 24-hour
period has elapsed.” During the various steps, it is
recommended that there be an assessment of neuro-
cognitive function, standing balance, vision, exertion,
vestibular function, and both the upper and lower cer-
vical spine.*** Ideally, neurocognitive tests should be
administered preinjury to provide a baseline so that
comparisons can be made postinjury. Without these
preinjury assessments, it is extremely difficult to deter-
mine when an individual is actually asymptomatic.
In contrast, when a preinjury assessment is available,
early postinjury assessments can aid in determining
certain aspects of management, such as returning to
school or work. In fact, using symptoms and neuro-
cognitive assessment within 2 days postinjury can
correctly identify 80 percent of athletes requiring pro-
tracted recovery.”

Because the symptoms following a concussion
include a variety of physical and mental complaints,
it is often necessary to involve a number of different
healthcare professionals in the assessment and treat-
ment process. Physical therapy treatment, including
vestibular rehabilitation and treatment for the cervical
spine, can be beneficial in some cases,** as can aero-
bic exercises performed below the symptom thresh-
old.*® The Cantu® grading scale has been helpful in
assessing the severity of a concussion and for making
return-to-play decisions (see TABLE 3.8).

No consensus currently exists for the role of
pharmacology during the early stages of a concussion.
For example, a current review evaluating studies of tri-
cyclicantidepressants, nonsteroidal anti-inflammatory
agents, acetaminophen, amantadine, melatonin, and
stimulants concluded that there was insufficient evi-
dence to support any of these in the treatment of con-
cussion symptoms.*

Lower Motor Neuron Lesion

A lower motor neuron (LMN) lesion affects nerve
fibers traveling from the anterior horn of the spinal
cord to the relevant muscle or muscles. The charac-
teristics of an LMN lesion include muscle weakness
or paralysis with atrophy and hypotonus, diminished
or absent muscle stretch (deep tendon) reflex of the
areas served by a spinal nerve root or a peripheral
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TABLE 3.8 (antu Grading Scale

e Toorn

1 Includes posttraumatic amnesia less than
30 minutes and no loss of consciousness

2 Defined as loss of consciousness less than
5 minutes, or amnesia 30 minutes to
24 hours

3 Includes loss of consciousness greater
than 5 minutes or amnesia greater than
24 hours

Data from The McGraw-Hill Companies. Cantu RC. Guidelines for return to contact sports
after a cerebral concussion. Physician Sportsmed. 1986; 14(10):75-83.

nerve, and absence of pathologic signs or reflexes.
These lesions can be the result of direct trauma, toxins,
infections, ischemia, compression, or from a congeni-
tal or acquired nervous system pathology. Examples of
LMN pathology include the following:

Guillain-Barré syndrome
Cauda equina syndrome
Bell’s palsy

Peripheral Nerve Entrapment Syndromes

The majority of peripheral nerve entrapments result
from chronic injury to the nerve layers along their
various routes; the compression usually is between
ligamentous, muscular, or bony surfaces. In addition
to compression, the peripheral nerves also can be
traumatized through traction or stretch. For example,
a condition often referred to as a burner, or stinger, is
thought to result from either traction or compressive
forces to the brachial plexus or cervical nerve roots.
Although peripheral nerve entrapments are more
common in the upper extremities, particularly in the
forearm and wrist, they also occur in the lower extrem-
ities. The consequences of nerve compression are isch-
emia and disruption of the nerve fiber (TABLE 3.9 and
TABLE 3.10).

The intervention for peripheral nerve entrapments
consists of instructing the patient to avoid aggravat-
ing activities with the involved extremity, soft tissue
mobilization techniques to induce muscle relaxation
and decreased muscle tension, manual therapy tech-
niques designed to release tissue adhesions, and neu-
ral glide techniques. (See Chapter 9.) Any activity
that involves increasing joint range of motion should
be performed slowly and carefully to prevent any
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TABLE 3.9 Peripheral Nerve Injury Location and Findings of the Upper Extremity

Posterior cord: Radial
nerve (C5-T1)

Posterior cord: Axillary
nerve (C5-C6)

Medial and lateral cord:
Median nerve (C5-T1)

Lateral: Musculocutaneous
nerve (C5-C7)

Plexus: proximal to
axillary nerve

Axilla (brachio-
axillary angle)

Spiral groove

Proximal to lateral
epicondyle

Arcade of Frohse

Axilla (quadrangular
space)

Plexus (proximal to
the joining of the
medial and lateral
cords): thoracic outlet
syndrome

Ligament of Struthers
(only occurs in
0.7-2.7% of the
population): proximal
to medial epicondyle

Cubital fossa exit: between
the two heads of the
pronator teres, the
bicipital aponeurosis,
or the fibrous arch of
the flexor digitorum
superficialis

Forearm

Coracobrachialis

All muscles innervated by
radial nerve

All muscles innervated by
axillary nerve

Triceps (medial and lateral
heads), anconeus

All muscles innervated
by radial nerve except
medial head of triceps

Brachialis, brachioradialis,
ECRL, ECRB

Supinator, all muscles inner-
vated by the posterior
interosseous nerve

Teres minor, deltoid

All muscles innervated
by the median,
musculocutaneous, and
ulnar nerves

Pronator teres (pronator
teres syndrome)

Pronator teres, FCR, FDS,
PL, lumbricales | and Il

Anterior interosseous: FDP
(land II), FPL, PQ

Median muscular branch:
thenar muscles (APB,
FPB, OP), lumbricales
land Il

Coracobrachialis
Biceps
Brachialis

Throughout the radial
and axillary distribution

Posterior brachial
cutaneous

Posterior antebrachial
cutaneous

None

Superficial radial
(Wartenberg's
syndrome)

Lateral arm

Throughout the median,
musculocutaneous, and
ulnar distributions

None

None

Palmar branch: radial half
of thumb

Digital branch: Dorsal tips
of thumb, index, and
middle fingers, and
radial half of ring finger

None
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Elbow

Medial: Ulnar nerve
(C8-T1)

Cubital tunnel

Between the two heads of
the FCU

Proximal to wrist

Guyon canal

None

FCU, FDP adductor
pollicis, lumbricales, and
interossei

FDP, FCU

Deep branch: all hand
muscles innervated by
the ulnar nerve

Superficial branch:
palmaris brevis

Muscles of the hypothenar
eminence (hand of
benediction), interossei

Lateral antebrachial
cutaneous nerve:
lateral forearm

Dorsal and palmar
aspects on the ulnar
side of the hand

None

Dorsal cutaneous: medial
aspect of ring and little
fingers, dorsum of hand

Dorsal digital: DIP aspect
of little finger, PIP
aspect of ring and
middle fingers

Palmar cutaneous: medial
third of palm

Ulnar aspect of the hand

ECRL, extensor carpi radialis longus; ECRB, extensor carpi radialis brevis; FCR, flexor carpi radialis; FDS, flexor digitorum superficialis; PL, palmaris longus; FDP, flexor digitorum profundus; FPL,
flexor pollicis longus; PQ, pronator quadratus; APB, abductor pollicis brevis; FPB, flexor pollicis brevis; OP, opponens pollicis; FCU, flexor carpi ulnaris; DIP, distal interphalangeal; PIP, proximal

interphalangeal.

TABLE 3.10 Peripheral Nerve Entrapment Syndromes of the Lower Extremity

Nerve Involved Mechanism/Entrapment Site

lliohypogastric nerve

Rarely injured in isolation

The most common causes of injury are surgical procedures

Sports injuries such as trauma or muscle tears of the lower abdominal muscles also may
result in an injury to the nerve

Occurs on rare occasion during pregnancy (idiopathic iliohypogastric syndrome) due to
the rapidly expanding abdomen in the third trimester

Lower abdominal incisions
Pregnancy

lliac bone harvesting
Idiopathic

llioinguinal nerve

Genitofemoral nerve Hernia repair, appendectomy, biopsies, and cesarean delivery.
Intrapelvic trauma to the posterior abdominal wall, retroperitoneal hematoma,

pregnancy, or trauma to the inguinal ligament; fortunately, injury to this nerve is rare

(continues)
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TABLE 3.10 Peripheral Nerve Entrapment Syndromes of the Lower Extremity (continued)

Nerve Involved Mechanism/Entrapment Site

Lateral femoral cutaneous Intrapelvic causes: Pregnancy, abdominal tumors, uterine fibroids, diverticulitis,
nerve (meralgia or appendicitis
paresthetica) Extrapelvic causes: Trauma to the region of the anterior superior iliac spine (ASIS) (e.g., a
seatbelt from a motor vehicle accident), tight garments, belts, girdles, or stretch from
obesity and ascites
Mechanical causes: Prolonged sitting or standing and pelvic tilt from leg length discrepancy
Diabetes: In isolation or in the clinical setting of a polyneuropathy

Sciatic nerve (piriformis Multiple etiologies have been proposed to explain the compression or irritation of the
syndrome) sciatic nerve that occurs with the piriformis syndrome:
= Hypertrophy of the piriformis muscle
= Trauma, direct or indirect, to the sacroiliac or gluteal region can lead to piriformis
syndrome and is a result of hematoma formation and subsequent scarring between
the sciatic nerve and the short external rotators
= Aflexion contracture at the hip has been associated with piriformis syndrome. This
flexion contracture increases the lumbar lordosis, which increases the tension in the
pelvic—femoral muscles as these muscles try to stabilize the pelvis and spine in the
new position. This increased tension causes the involved muscles to hypertrophy with
no corresponding increase in the size of the bony foramina, resulting in neurological
signs of sciatic compression
= Females are more commonly affected by piriformis syndrome, with as much as a 6:1
female-to-male incidence
Ischial bursitis
Pseudoaneurysm of the inferior gluteal artery
Excessive exercise to the hamstring muscles
Inflammation and spasm of the piriformis muscle, often in association with trauma,
infection, and anatomic variations of the muscle
= |ocal anatomic anomalies may contribute to the likelihood that symptoms
will develop

Femoral nerve Diabetic amyotrophy
Trauma such as gunshots, knife wounds, glass shards, or needle puncture in some
medical procedures
Pelvic fractures and acute hyperextension of the thigh may also cause an isolated femoral
nerve injury

Saphenous nerve Inflammation from a sharp angulation of the nerve through the connective tissue at the
roof of Hunter canal
Dynamic forces of the muscles in this region resulting in contraction and relaxation of
the fibrous tissue that impinges the nerve

Tibial nerve (entrapment Usually caused by an enlarged Baker's cyst (which may also compress the common
in the popliteal fossa) peroneal and sural nerves)
Proliferation of the synovial tissue in patients with rheumatoid arthritis

Posterior tibial nerve Compression of the nerve behind the medial malleolus
(entrapment in the
tarsal tunnel)



premature or intensive stretch to the nerve (neuro-
praxia). Light resistance and high repetition exercises
are introduced and progressed as tolerated to the
affected muscles and are complemented with strength-
ening and retraining of the musculature of the entire
extremity. Functional retraining is introduced once the
symptoms have subsided.

Neurovascular Healing

Neuriums (the nerve coverings) provide a frame-
work for support of the nerve; they facilitate sliding
of the nerve and provide a protective barrier. The
area surrounding nerves is drained by the body’s
lymphatic system, and the nerve itself has a blood
and nerve barrier to prevent foreign substances from
invading the nerve. However, there is no lymphatic
system inside the blood-nerve barrier, resulting in
poor drainage. Due to the presence of mast cells in
the epineurium, there is a potential for nerve repair,
but because neurons are incapable of dividing and
migrating, regeneration occurs only through existing
neurons. Nerve growth is dependent upon several
factors including the health of the tissue, the state
of the nerve and nerve sheath, and the region of the
injury. On average, nerves regenerate at a rate of 1 to
3 millimeters per day.

Nerve Injury Classification

An injury to a peripheral nerve can occur from many
sources, including ischemic, thermal, mechanical (e.g.,
compression, laceration, and contusion), or chemical.
Nerve injuries can be classified using the Seddon/
Sunderland categories as follows:

A first-degree injury (neuropraxia) involves a
temporary conduction block with demyelination
of the nerve at the site of injury. Once the nerve
has remyelinated at that area, complete recovery
occurs. Recovery may take up to 12 weeks. Most
carpal or tarsal tunnel injuries are classified in
this manner.

A second-degree injury (axonotmesis) results
from a more severe trauma or compression. This
causes Wallerian degeneration* distal to the level
of injury and proximal axonal degeneration to
at least the next node of Ranvier. In more severe
traumatic injuries, the proximal degeneration

* Wallerian degeneration occurs when a nerve fiber is cut
or crushed. The part of the axon separated from the
neuron’s cell nucleus degenerates. This also is known as
anterograde degeneration.
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may extend beyond the next node of Ranvier.
The endoneurium remains intact, and therefore,
recovery is complete with axons reinnervating
their original motor and sensory targets.

A third-degree injury (also called axonotmesis) was
introduced by Sunderland to describe an injury
more severe than second-degree injury. Similar
to a second-degree injury, Wallerian degenera-
tion occurs. However, with the increased severity
of the injury, the endoneurium is not intact, and
regenerating axons therefore may not reinnervate
their original motor and sensory targets.

A fourth-degree injury results in a large area of
scar at the site of nerve injury and precludes any
axons from advancing distal to the level of nerve
injury. No improvement in function is noted, and
the patient requires surgery to restore neural con-
tinuity, thus permitting axonal regeneration and
motor and sensory reinnervation.

A fifth-degree injury is a complete transection
(neurotmesis) of the nerve. Similar to a fourth-
degree injury, it requires surgery to restore neu-
ral continuity.

A sixth-degree injury was introduced by Mackin-
non to describe a mixed nerve injury that com-
bines the other degrees of injury. This commonly
occurs when some fascicles of the nerve are
working normally while other fascicles may be
recovering, and other fascicles may require sur-
gical intervention to permit regeneration.

Implications for the PTA

Similar to the intervention for peripheral nerve entra-
pments, the conservative intervention for mild cases
of peripheral nerve injury typically includes protec-
tion of the joints, including the surrounding liga-
ments and tendons, activity modification, and passive
range of motion. Splints, slings, or both (as appropri-
ate) may be prescribed. For example, a radial nerve
injury results in a loss of wrist and finger extension
and wrist drop. A wrist-resting splint may be used to
support the hand in a neutral wrist position and place
the hand in a more functional position. In patients
with brachial plexus nerve injuries, particularly when
C5-C6 are affected, or in patients who have suffered
a stroke, continued downward stress at the glenohu-
meral joint may cause the glenohumeral joint to sub-
luxate without the muscle support of the rotator cuff
muscles. A sling is helpful to unload this joint, prevent
complete shoulder dislocation, and decrease pain.
Night splints appear to help to reduce the nocturnal
symptoms associated with carpal tunnel syndrome
and allow the wrist to rest fully. Splints worn during
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the day are helpful only if they do not interfere with
normal activity. Ergonomic modifications and pos-
tural education are important to avoid repetitive
motions and sustained positions/postures.

Medical Interventions for Nerve Injury

A number of medical interventions for nerve injury
exist, ranging from medication to surgery. For exam-
ple, in the case of a clean, sharp neurotmesis, a direct
repair/coaptation (neurorrhaphy) is performed. This
procedure requires that appropriate tension be applied
to the injury site with minimal tension, rather than no
tension, being the goal. With more crushing or avul-
sion injuries, the nerve ends are reapproximated so
that motor and sensory topography can be realigned.
However, if the repair cannot be performed with-
out creating only minimal tension throughout the
nerve, nerve grafting is performed. For example, if the
median nerve is under tension with a wrist neutral
position, a nerve graft is used.

Nerve Graft

In cases in which a gap is present between the prox-
imal and distal end of the nerve, a nerve graft is rec-
ommended. Autografts are used in addition to direct
adherence of the nerve. The use of a donor nerve
results in a sensory loss in the distribution of the donor
nerve. This area of sensory loss becomes smaller over
1 to 3 years, with collateral sprouting from the sur-
rounding sensory nerves. In cases in which a large
nerve gap is present, the most common autograft for
peripheral nerve repair, the sural nerve, is used due
to the large length of nerve graft material that can be
obtained. For shorter nerve gaps, the anterior branch
of the medial antebrachial cutaneous (MABC) nerve
is used because the donor site scar is minimal and
the resultant sensory loss is on the anterior aspect of
the forearm. Other nerves that can be used are the
lateral femoral cutaneous nerve of the thigh and the
superficial radial sensory nerve.

Nerve Transfer

The concept of a nerve-to-nerve transfer permits a
normal neighboring noncritical nerve to be attached
to the distal end of the injured nerve. This is particu-
larly useful in cases in which a large nerve gap is pres-
ent and/or for proximal nerve injuries.

Implications for the PTA Following surgical repair,
the initial goals of therapy are to protect the repair
site, and then slowly regain range of motion of the

joints and soft tissues that have been immobilized.
Typically, compression dressings are used postop-
eratively to decrease venous congestion and edema,
together with a splint to maintain appropriate ten-
sion throughout the repaired nerve. Depending on
the surgeon’s protocol, physical therapy may involve
the application of superficial heat and electrical stim-
ulation to initiate muscle contraction, increase blood
flow, and stimulate removal of cellular debris. At the
earliest opportunity, as per the surgeon’s instructions,
neuromuscular and sensory reeducation exercises
are initiated to help regenerate light touch, texture,
pressure, vibration, and to stimulate the afferents of
the mechanoreceptor system. The patient should be
instructed in exercises to maintain strength in all
of the unaffected muscles. The patient must adhere
to specific protocols. A number of grading systems
can be used to document the quality and quan-
tity of nerve recovery. For example, the 1954 0-5
Scale or British Medical Research Council (MRC)
grading system" is still commonly used for both
motor and sensory recovery. Motor recovery is
graded as follows:**

0 No contraction

1 Flicker/trace contraction

2 Active movement with gravity eliminated
3 Active movement against gravity

4 Active movement against resistance

5 Normal/full power

Subdivisions of grade 4 provide further information:

4  Slight movement against resistance
4 Moderate movement against resistance
4+ Strong movement against resistance

A form of muscle testing can also be used to assess
larger muscles or muscle groups as well as the intrinsic
muscles of the hand:

Median nerve: palmar abduction in the thumb
Ulnar nerve: abduction of the index, small finger,
and adduction of the small finger.

Assessment of grip strength with dyna-
mometry is also a common method of reporting
motor outcome.

The sensory recovery scale is categorized into
S0-54:*

S0 is the absence of sensibility.

S1 is the recovery of deep cutaneous pain.

S2 is the return of superficial cutaneous pain and

some degree of tactile sensibility.

S3 is the return of superficial cutaneous pain and

tactile sensibility without over response.

§4 is the complete recovery.



A number of objective tests have also been pro-
posed including:*

Moberg’s pick-up test, which measures integrated
function of the hand by scoring both the speed
and accuracy of identification of the test objects.”
The Sollerman hand function test.”' This test,
which can reflect integrated sensory and motor
functions, consists of 20 activities that replicate
the main hand grips in daily living, and is used to
evaluate the quality of basic grip types. Each sub-
test is scored depending on the quality of the hand
grip and patient’s difficulty in performing the task.
Semmes-Weinstein monofilament test. This test
can be used to assess perception of cutaneous
pressure threshold and provides quantitative data
that can be used to follow a patient serially during
the period of nerve regeneration.

Two-point discrimination (2-PD). This consists of
two different tests: The static two-point discrim-
ination test (S2-PD), which measures the slowly
adapting receptor system, and the moving two-
point discrimination test (M2-PD), which mea-
sures the quickly adapting receptor system, which
recovers sooner and in larger numbers.

» Neuromuscular Testing
in Orthopaedics

The physical therapist (PT) evaluates the transmission
capability of the nervous system to rule out the pres-
ence of either an UMN lesion or a lower motor neuron
LMN lesion. In addition, the neurological examina-
tion can often determine the exact site of the lesion.
The examination begins when the PT establishes
essential facts about the patient, starting with the
chief complaint and continuing through a full, log-
ical sequence of the patient’s history of the present
illness.”>>* This is supplemented with a history of past
medical disorders, a review of systems, family history,
and social history. The neurological examination is
supplemented by a general physical examination to
look for medical disorders responsible for all of the
contributing factors to the presenting problem.

Reflexes

Muscle Stretch (Deep Tendon) Reflex

The PT examines the muscle stretch reflex (FIGURE3.12)
to help determine whether an LMN lesion (hyporeflex-
ive response) or UMN lesion (hyperreflexive response)
is present. Muscle stretch reflexes may be graded
as follows:
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FIGURE 3.12 Muscle stretch reflex testing.

0 absent (areflexia)

1+ decreased (hyporeflexia)

2+ normal

3+ hyperactive (brisk)

4+  hyperactive with clonus (hyperreflexive)

Pathologic Reflexes

Pathologic reflexes involve abnormal or inappropriate
motor responses to a controlled stimulus initiated in
the sensory organ that is appropriate to the reflex arc.
The most important of the pathologic reflexes is the
Babinski response, which is a superficial reflex that is
elicited in the same manner as the plantar response
(TABLE 3.11). The Babinski reflex is a primitive with-
drawal response that is normal for the first few months
of life but is then suppressed by supraspinal activ-
ity. Damage to the descending tracts from the brain
(either above the foramen magnum or in the spinal
cord) promotes a return of this primitive protective
reflex, while at the same time abolishing the normal
plantar response. The appearance of this reflex, there-
fore, suggests the presence of a UMN lesion.

M KEY POINT

The Hoffmann sign is the upper limb equivalent of the
Babinski reflex. Other pathologic reflexes include the
Oppenheimer and clonus—a series of involuntary
muscular contractions due to sudden stretching of

a muscle.

Sensory Testing

The posterior (dorsal) roots of the spinal nerves are
represented by restricted peripheral sensory regions
called dermatomes (refer to Figure 3.4). The peripheral
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TABLE 3.11 Pathologic Reflexes

Babinski Stroking of lateral Extension of big toe and Pyramidal tract lesion
aspect of side fanning of four small toes Organic hemiplegia
of foot Normal reaction in newborns

Chaddock’s Stroking of lateral side Same response as above Pyramidal tract lesion

of foot beneath
lateral malleolus

Oppenheim’s Stroking of Same response as above Pyramidal tract lesion

anteromedial
tibial surface

Gordon'’s Squeezing of calf Same response as above Pyramidal tract lesion

muscles firmly

Brudzinski's Passive flexion of one Similar movement occurs in Meningitis
lower limb opposite limb
Hoffmann’s "Flicking” of terminal Reflex flexion of distal phalanx Increased irritability of sensory nerves
phalanx of of thumb and of distal in tetany
index, middle, phalanx of index or middle Pyramidal tract lesion
or ring finger finger (whichever one was
not flicked)
Lhermitte’s Neck flexion An electric shock-like Abnormalities (demyelination) in
sensation that radiates down the posterior part of the cervical
the spinal column into the spinal cord

upper or lower limbs

sensory nerves are represented by more distinct and
circumscribed areas. Sensory testing is performed by
the PT throughout the dermatomal areas. For patients
with no apparent neurological symptoms or signs, the
PT may substitute an abbreviated examination. The
two components to the dermatome tests are as follows:

m  Light touch. Light touch tests for hypoesthesia
(decreased sensation) throughout the dermatome.
If the light touch test is positive (an area of hypoes-
thesia is detected), the areas of reduced sensation
are mapped out in more detail.**

Pinprick. The pinprick test examines for near
anesthesia in the autonomous, no-overlap area
of a dermatome. When investigating an area of
cutaneous sensory loss, the PT typically begins
the pinprick test in the area of anesthesia and
works outward until the border of normal sensa-
tion is located. The PT stimulates in the patterns
described above and asks the patient “Is this sharp

or dull?” or, when making comparisons using the
sharp stimulus, “Does this feel the same as this?”

A full examination of the sensory system can

involve tests for the following:

Temperature. Using two test tubes, filled with hot
and cold water, the PT touches the skin and asks
the patient to identify “hot” or “cold”

Pressure. Firm pressure is applied to the patient’s
muscle belly.

Vibration. Using a relatively low-pitched tuning
fork, preferably of 128 Hz, the PT taps the fork on
the heel of his or her hand and places it firmly on
a bony process of the patient, such as the malleoli,
patellae, epicondyles, vertebral spinous processes,
and iliac crest. The patient is asked what he or she
feels and, to be certain, is asked to inform the PT
when the vibration stops. The PT then touches the
fork to stop the vibration. At this point, the patient
should indicate that the vibration has stopped. If



vibration sense is absent, the PT retests, moving
proximally along the extremity.

W Proprioception. The patient is tested for the ability
to perceive passive movements of the extremities,
especially the distal portions. The PT grasps the
involved extremity and moves it into a specific
position, and then asks the patient to move the
uninvolved extremity into the same position.

W Movement sense (kinesthesia). The patient is asked
to indicate verbally the direction of movement
while the extremity is in motion. The PT must
grip the patient’s extremity over neutral borders.

W Stereognosis. The patient is asked to recognize,
through touch alone, a variety of small objects,
such as a comb, a coin, a pencil, or a safety pin,
that are placed in his or her hand.

W Graphesthesia. The patient is asked to recognize
letters, numbers, or designs traced on the skin.
Using a blunt object, the PT draws an image on
the patient’s palm, asking the patient to identify
the number, letter, or design.

W Two-point discrimination. A measure is taken of
the smallest distance between two stimuli that
can still be perceived by the patient as two dis-
tinct stimuli.

W Equilibrium reactions. The patient’s ability to
maintain balance in response to alterations in
the body’s center of gravity and base of support
is tested.

W Protective reactions. This tests the patient’s ability
to stabilize and support the body in response to a
displacing stimulus in which the center of grav-
ity exceeds the base of support (e.g., extension of
arms to protect against a fall).

M KEY POINT

The posterior (dorsal) medial lemniscus tract conveys
impulses concerned with well-localized touch

and with the sense of movement and position
(kinesthesia). It is important in moment-to-moment
(temporal) and point-to-point (spatial) discrimination
and makes it possible for a person to put a key in a
door lock without light or to visualize the position of
any part of his or her body without looking.

Neuromeningeal Mobility Testing

The neuromeningeal mobility tests examine for the
presence of any abnormalities of the dura, both cen-
trally and peripherally. The PT uses these tests if a
dural adhesion or nerve irritation is suspected. (See
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FIGURE 3.13 Dural stretch of the sciatic nerve using the
straight leg raise.

Chapter 9.) The tests employ a sequential and pro-
gressive stretch to the dura until the patient’s symp-
toms are reproduced (FIGURE 3.13). Theoretically, if the
dura is scarred or inflamed, a lack of extensibility with
stretching occurs.”

Balance Testing

Good balance requires the dynamic integration
of multiple sensory inputs, specifically the visual,
somatosensory, and vestibular systems. The PT may
decide to perform balance testing if, during the his-
tory, the patient described symptoms of dizziness,
lightheadedness, a sense of impending faint, or poor
balance. Balance can be measured using static or
dynamic tests. Static balance analyzes an individual’s
ability to maintain a stationary position within a base
of support. Dynamic balance involves the ability to
maintain balance while in motion. The methods for
assessing balance range from simple to complex and
expensive. Static tests include, but are not limited to:

W Double-leg stance test (DLST). The patient stands
with feet together, arms by the side, and eyes open.
An inability to maintain this position without
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swaying or falling is considered a positive test. If

this test does not provoke a sway or fall, the patient

is asked to repeat the test with their eyes closed.

Single-leg stance test (SLST). This is similar to the

DLST except that the patient stands on one leg,

first with eyes open and then with eyes closed.

This test can be made more challenging by soft-

ening the standing surface (using foam padding).

Computerized force plate/force platform. The pos-

tural stress test (PST) is designed to measure a

patient’s ability to maintain balance during a series

of progressive and graded destabilizing forces.

The reach test. This test, which can be performed

with the patient seated or standing, involves offer-

ing the patient a target that is slightly out of reach
to test the diagonal component of reaching.*

Tinetti performance-oriented mobility assess-

ment (POMA).”” This is an easily administered

task-oriented test that measures an adult’s gait
and balance abilities. The test rates the ability
of an individual to maintain balance while per-
forming activities of daily living-related tasks.

Components include balance and lower and

upper extremity strength.

The Berg Balance Scale (BBS).*® This 14-item scale

was developed to measure balance among older

people with impairment in balance function by
assessing the performance of functional tasks.

Timed Up and Go (TUG) test.*® Patients are timed

(in seconds) when performing the TUG under

three conditions:

1. TUG alone—from sitting in a chair, stand up,
walk 3 meters, turn around, walk back, and
sit down

2. TUG cognitive—complete the task while
counting backward from a randomly selected
number between 20 a