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Preface

Spasticity: Diagnosis and Management is the first 
book solely dedicated to the diagnosis and treatment 
of spasticity. Arguably, this text could have been titled 
Upper Motor Neuron Syndrome, as spasticity is just 
one of many components of the constellation of condi-
tions that make up the upper motor neuron syndrome 
(UMNS). Other authors use the phrase “muscle over-
activity” to describe these conditions, but since the 
term most commonly used by physicians, therapists, 
patients, and caregivers is spasticity, we chose this as 
our title while the actual focus of the book is about 
the broader context of UMNS and how it leads to dis-
ability.

Spasticity is only part of the UMNS as is so elo-
quently described by Dr Mayer in Chapter 3. UMNS 
occurs when damage to the brain or spinal cord re-
sults in a constellation of signs and symptoms that 
may include spasticity or increase in tone, rigidity, 
and flexor spasms superimposed on any combination 
of weakness, paralysis, and/or decreased dexterity. 
The varied clinical characteristics of UMNS must be 
taken into account when developing a treatment plan. 
In Chapter 8, Dr Elovic discusses the importance of 
evaluating the patient, their support systems, and the 
clinical manifestation of the UMNS so that clinicians 
can set realistic and obtainable treatment goals. The 
editors’ objective in the development of this book 
were to clearly define the process for the diagnosis of 
spasticity, the basic science behind its pathophysiol-
ogy, the measurement tools used for evaluation, and 
the available treatment options. 

This text is designed to bring the reader up-to-
date on the demographics of disorders of tone, with a 
detailed discussion on epidemiology by Dr McGuire in 
Chapter 2 and an eloquent description of pathphysiol-
ogy of the UMNS by Dr Mayer in Chapter 3. In Chap-
ter 4, Dr Ivanhoe and colleagues review concerns of 
the patient with spasticity that are often overlooked, 
including bowel and bladder function. In Chapter 5, 
Dr Elovic discusses the assessment tools for upper and 
lower extremity spasticity and Drs Watanabe and Es-
quenazi review the assessment of upper and lower ex-
tremity spasticity in Chapters 6 and 7.

Part III of the text focuses on treatment and out-
lines the many tools available to physicians such as 
oral medication, intrathecal baclofen, and chemode-
nervation in Chapters 9 through 11. Chapters 10 and 
11 are specifically dedicated to the use of botulinum 
toxin in adults, with in-depth coverage of chemode-
nervation treatment protocols for upper and lower 
extremity spasticity. Drs Truong and Pathak provide 
a detailed artistic rendering in Chapter 12 of the im-
portant muscles and landmarks in spasticity manage-
ment. Chapter 13 focuses on nonmedical therapeutic 
modalities and highlights the role of therapists as an 
important part of the management team. Dr Flana-
gan’s discussion of the role of the emerging technolo-
gies in Chapter 14 highlights the continued evaluation 
of the treatment of spasticity for patients. In Chapters 
15 and 16, Drs Meythaler and Saulino, discuss the 
role of oral medication and more invasive treatments 
such as intrathecal baclofen. In Chapter 17, Dr Fuller 
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discusses the important and often overlooked option 
of neuro-orthopedic intervention in the management 
of spasticity.

Part IV of the book is devoted to the evaluation 
and management of individual diseases involving spas-
ticity, which reinforces the importance of disease diag-
nosis and management in the patient with spasticity 
and reemphasizes the need to establish an accurate di-
agnosis before embarking on treatment. Amyotrophic 
lateral sclerosis, multiple sclerosis, poststroke spastic-
ity, traumatic brain injury, and spinocerebellar ataxia 
(discussed in Chapters 20–24) are very different con-
ditions, even though each may present with spastic-
ity. Accurate diagnosis is paramount in designing the 
appropriate treatment plan for these distinct diseases. 
Chapters 25 and 26 are devoted to the unique chal-
lenges involved in diagnosing and managing spasticity 
in children with detailed discussions of chemodener-
vation and surgery. Finally, Chapter 27 reviews the 

basic science and the role of animal models in better 
understanding the underlying mechanisms of spastic-
ity in patients with spinal cord injury.

Until the advent of oral medications, intrathe-
cal baclofen, and botulinum toxin, the treatment of 
disorders of tone as part of the UMNS was often 
frustrating for the patient, caregiver, and physician. 
With the development of effective therapies and a 
team approach to management of these disorders, we 
have sought to address the diagnosis and treatment of 
spasticity in an integrated, clinically useful text. Our 
charge was to provide a one-stop resource for physi-
cians, therapists, and other healthcare providers who 
serve the complex needs of these patients with the goal 
of offering the highest level of care and improving  
outcomes. 

Allison Brashear, MD
Elie Elovic, MD

PREFACE
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I

GENERAL OVERVIEW





Increased tone or spasticity is the tightness that pa-
tients and/or caregivers report with passive movement 
of the limb. In more scientific language, spasticity is a 
motor disorder characterized by a velocity-dependent  
increase in the tonic stretch reflex. A clinical find-
ing on the neurologic examination, spasticity together 
with increased tone, brisk reflexes with incoordination, 
and weakness represents the upper motor neuron syn-
drome. So why is spasticity important and why does it 
merit a textbook? 

This textbook is dedicated to the diagnosis and 
management of these conditions. In an age where im-
aging is often used more than the physical examina-
tion, diagnosis and treatment of spasticity rely solely 
on the physician’s examination of the patient. When 
many question the enduring role of history and physi-
cal examination, spasticity and the resulting impact 
on the patient and caregiver can only be assessed thru 
this means. The assessment of spasticity requires that 
a physician perform a neurologic assessment of the 
patient, including the tone, reflexes, strength, and co-
ordination. Clinical skills are at the heart of the pro-
fession of medicine, and the diagnosis and treatment 
of spasticity reinforce the importance of these skills. 

Regardless of its cause, spasticity causes signifi-
cant disability. An estimated 4 million individuals are 
stroke survivors in the United States, and as many 
as one third may have spasticity with sufficient dis-
ability to require treatment. According to the Centers 

for Disease Control, 1.4 million people in the United 
States sustain a traumatic brain injury each year, and 
additional patients develop spasticity after spinal cord 
injury. The result of any brain or spinal cord injury 
is a variable pattern of increased tone with weakness 
and discoordination that leads to significant disability 
in many patients. 

The treatment of spasticity relies on the physi-
cian’s assessment of the individual treatment together 
with conversations with the caregiver. Patients’ inabil-
ity to perform simple activities of daily living for them-
selves and the adverse effects on the caregiver drives 
physicians to find ways to decrease tone, build strength, 
and improve coordination. The team approach is a cor-
nerstone of a successful treatment, and interaction of 
the patient, the caregiver, the therapist, and the physi-
cians works best to provide a care plan that addresses 
functional impairment and plots a course to treat the 
problems.

Spasticity is a clinically relevant medical problem 
when it interferes with function or care of the patients. 
The evolution of the upper motor neuron syndrome 
may take days to months after a central nervous sys-
tem injury. Moreover, the presentation in one patient 
may differ from another despite them having similar 
central nervous system lesions. The lesion alone does 
not predict the amount or impact of the spasticity. 
Other factors such as medications, stress, medical ill-
ness, timing of therapy, and so on impact the clinical 

1
Why Is Spasticity 
Important?

Allison Brashear
Elie Elovic
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4 I� GENERAL�OvERvIEW

presentation. As a result, each patient must be assessed 
individually with his or her caregiver, noting the con-
cerns that impair the performance of activities of daily 
living or other deficits. No matter how much we learn 
about stroke, traumatic brain injury, multiple sclero-
sis, and spinal cord injury, the assessment of spasticity 
and the effect of tone on function will remain unique 
to each individual patient’s circumstance. 

Although neurologic examination is essential for 
the diagnosis of spasticity, the management of spastic-
ity has many paths for treatment depending on the 
disability and goals of the patient and caregiver. One 
patient may benefit from a combination of tools for 
spasticity, including interventions such as botulinum 
toxin injections and intrathecal baclofen, whereas 
others may require a more conservative route such as 
splinting or oral medications. The informed physician 
should know how to assess the amount of spasticity, 

determine the functional limitations it creates, and 
then be able to develop a management plan for that 
individual patient. 

How to assess the complicated picture of spastic-
ity and when to intervene is the focus of this text. Our 
co-authors define for you why spasticity is important 
and detail the diagnosis and management options, but 
the goal is to provide the reader with the best options 
for the physician’s individual patient. As editors, we 
aim to explore the diagnosis and management of the 
many different types of patients with spasticity and to 
open the door to the different treatment paradigms 
for patients with spasticity.

So why is spasticity important? The answer is be-
cause it often causes disability and impairs function in 
our patients. The goal of this book is to provide the 
foundation for excellent care of our patients facing 
these disabilities.



�

Despite the extensive work done to develop improved 
treatments for muscle overactivity in patients with 
upper motor neuron (UMN) lesions, there are only a 
limited number of studies on the incidence and preva-
lence of spasticity. Most likely, this is due to the lack 
of consistent definitions and reliable measures of spas-
tic hypertonia. Compounding the difficulties in the lit-
erature is that the few prevalence studies that have 
been performed rely primarily on patient surveys or 
clinical measures of spasticity, which lack sensitivity 
for quantifying abnormal muscle activation (1). More 
importantly, there are fewer studies on the prevalence 
of problematic or significant spasticity. A final issue 
is that different authors use dissimilar definitions for 
the condition. Some of the descriptions have included 
spasticity that requires medication or physiotherapy 
(2–4), causes pain, (5) interferes with activities of daily 
living (ADL) (6–10), or has an Ashworth score of 2 or 
higher or 3 (11, 12).

The actual incidence of spasticity depends on 
the cause of the UMN lesion. After damage to cen-
tral motor pathways above T12, there is initial pa-
ralysis followed by adaptive changes in the brain and 
spinal cord that develop over time, which result in a 
complex set of motor behaviors (13–17). Paresis, soft 
tissue contracture, and muscle overactivity are the 
3 major mechanisms of motor impairment (18). Al-
though spasticity is often used as an umbrella term, it 
is just one component of the muscle overactivity that  

contributes to the upper motor neuron syndrome 
(UMNS) (16, 19, 20). Reliable assessments are com-
plicated by the fact that spasticity can vary throughout 
the day, change with different positions, and increase 
with any noxious stimulus, such as pressure sores, uri-
nary tract infection, deep venous thrombosis, ingrown 
toenails, joint pain, or constipation (15, 16, 21).

In a large population-based study initiated by the 
Christopher & Dana Reeve Foundation Paralysis Re-
source Center (PRC) and researchers at the University 
of New Mexico’s Center for Development and Dis-
ability that was performed from 2006 to 2008, more 
than 33,000 households across the country were sur-
veyed for any disability (22). From this review, they 
estimated that nearly 1 in 50 people or approximately 
6 million people in the United States are living with 
paralysis. The leading etiologies for this condition 
were stroke, spinal cord injury (SCI), multiple sclero-
sis (MS), and cerebral palsy (CP) (Table 2.1) (22). It 
should be noted that the prevalence of paralysis noted 
in people with SCI and MS from this survey is signifi-
cantly higher than those found previously.

Additional important questions that need to be 
answered are what are the conditions that cause prob-
lematic spasticity and what is the number of people 
who require treatment? Data collected from the adult 
spasticity management clinic at the Medical College of 
Wisconsin (MCW) during a 6-month period in 2008 
may give some answers to these questions. The number  

2
Epidemiology of 
Spasticity in the  
Adult and Child

John R. McGuire
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and diagnosis of the patients treated with intrathecal 
baclofen (ITB) or botulinum neurotoxin (BoNT) is 
shown in Table 2.2. Spinal cord injury, CP, and MS 
were the most common diagnoses treated with ITB, 
whereas stroke, CP, and SCI were the most common 
conditions treated with BoNT. This suggests that pa-
tients with these conditions may have the highest prev-
alence of problematic spasticity.

When discussing the conditions in children, data  
from the work of Hutchison et al. (23) may shed some 
light. The most common causes of spasticity in 341 
children seen at some of the clinics at the Royal Chil-
dren’s Hospital in Melbourne, Australia, in 1998 were 
CP (79%), traumatic brain injury (TBI; 6%), spina 
bifida (5%), and SCI (2%).

STROKE

Each year, approximately equal to 795,000 people in 
the United States experience a new (about 610,000) or  
recurrent stroke (185,000) (24). The prevalence of 
stroke in the United States is 2.6 million for men and 
3.9 million for women (24), with an annual incidence 
rate of 183 per 100,000 (25). There are significant 
differences in the prevalence of stroke by race/ethnic-
ity, education level, and state/area of residence (26). 
Blacks have a higher incidence of stroke than whites, 
especially among the young, and the rate increases 
with age regardless of race (24). In Europe, the annual 
standardized incidence for stroke is 113 per 100,000 
per year (27). In Sweden, with a population of 9 mil-
lion, about 30,000 patients are hospitalized every year 
because of stroke, of which 20,000 are a first-ever 
event (28).

Four studies evaluated the prevalence of spas-
ticity after a stroke and are summarized in Table 
2.3. They are all from Europe, with the prevalence 
of spasticity ranging from 17% to 38%. Each iden-
tified the arm and leg spasticity using the Modified  
Ashworth Scale (MAS) score (29) and used the Barthel  
Index (BI) (30, 31) as functional measure. In a cross-
sectional survey 1 year poststroke, Lundstrom et al. 
(2) identified 140 people with their first event from a 
national stroke registry. Arm and leg spasticity were 
measured using the MAS, and disability was mea-
sured with the modified Rankin Scale (32) and the BI. 
Disabling spasticity (DS) was defined as spasticity in 
need of an intervention, for example, intensive phys-
iotherapy, orthosis, or pharmacologic treatment. The 
observed prevalence of any spasticity was 17% and of 
DS 4%. Patients with DS scored significantly worse 
on the modified Rankin Scale and the BI than those 
with no DS. Disabling spasticity was more frequent 
in the upper extremity and correlated positively with 
other indices of motor impairment and inversely with 
age. Although the prevalence of DS after a first-ever 
stroke from this study was low, in the context of the 
large number of stroke survivors, the number became 
more significant.

In a Swedish cohort study, Sommerfeld et al. (33) 
evaluated 95 patients with a first-ever stroke within  
1 week of their stroke (mean, 5.4 days) and 3 months 
after their event. The authors measured spasticity by 
obtaining the MAS for the arm and leg, as well as 
self-reported muscle stiffness, tendon reflexes, several 
motor impairment measures, and the BI as a disability 
measure. Of the 95 patients studied, 64 were hemi-
paretic, 18 were spastic, 6 reported muscle stiffness, 
and 18 had increased tendon reflexes 3 months after 

TABLE 2.1 
Prevalence of Paralysis in the United States  

(n = 5,596,000)

Cause n %

Stroke 1,608,000 29
SCI 1,275,000 23
MS 939,000 17
CP 412,000 7
Postpolio syndrome 272,000 5
TBI 242,000 4
Neurofibromatosis 212,000 4
Other 636,000 11

Paralysis Resource Center, Christopher & Dana Reeve 
Foundation, 2009 (22).

TABLE 2.2 
Patients Treated for Spasticity at the  

Medical College of Wisconsin With ITB  
or BoNT From January 2008 to July 2008

Diagnosis

iTB  
PaTienTs

BonT  
PaTienTs

SCI 43 (30%) 50 (14%)
CP 34 (24%) 74 (20%)
MS 30 (21%) 23 (6%)
TBI 17 (12%) 37 (10%)
Stroke 6 (4%) 133 (37%)
Anoxic encephalopathy 3 (2%) 43 (12%)
Other  11 (7%) 3 (1%)

Total 144 363
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stroke. Nonspastic patients (77) had statistically sig-
nificantly better motor and activity scores than spas-
tic patients (18). However, the correlations between 
muscle tone and disability scores were low, and severe 
disabilities were seen in almost the same number of 
nonspastic and spastic patients. They concluded that 
severe disabilities were seen in almost the same num-
ber of nonspastic and spastic patients and suggested 
that the importance of spasticity may be overstated. 
There were several limitations to this study including 
the small number of participants and the investiga-
tors’ reliance on the use of the MAS as the only means 
of identifying if a person has spasticity. As a result, 
they may have missed patients with spasticity or other 
components of the UMN syndrome (10). In addition, 
the sample of patients only had a limited amount 
of motor deficits because 67% were hemiparetic at  
3 months. Of this group, 28% had spasticity (33). In 
an 18-month follow-up study with the same cohort of 
patients, Welmer et al. (34) evaluated the frequency 
of spasticity and its association with functioning and 
health-related quality of life (HRQL) (35). Of the 
66 patients studied, 38 were hemiparetic; of these,  
13 displayed spasticity, 12 had increased tendon re-
flexes, and 7 reported muscle stiffness 18 months  
after stroke. Although there was a weak correlation be-
tween spasticity and HRQL, the hemiparetic patients 
without spasticity had significantly better BI function-
ing scores and significantly better HRQL health scales 
than patients with spasticity. This follow-up study 
suggests that spasticity may have a negative impact 

on functional improvement in patients who have had  
stroke in the long term.

Watkins et al. (10) evaluated 106 consecutive 
community-dwelling stroke survivors in Liverpool, 
UK, who were 12 months poststroke. They measured 
spasticity at the elbow using the MAS and at several 
joints and in the arms and legs using the Tone As-
sessment Scale (TAS) (36); they also assessed disabil-
ity using the BI. The prevalence of spasticity in their 
study depended on the metric used. Using the MAS, 
29 (27%) of the 106 patients had spasticity, whereas 
38 (36%) were identified as spastic using the TAS. 
Forty (38%) was spastic when including those who 
were identified as having tone by either metric. Those 
with spasticity had significantly lower BI scores at  
12 months, whereas those with arm and leg involve-
ment had a BI 50% of those without spasticity.

Of the 4 studies that addressed the prevalence 
of spasticity in stroke survivors, 3 suggest that it is 
associated with greater motor impairments and has 
a negative impact on functional capabilities. The low 
prevalence of spasticity in these reports is most likely 
due to the lack of sensitivity of the measures used to 
assess it and the mild motor impairments of the sam-
ples studied. The study of more involved patients can 
be undertaken by looking at prevalence of spasticity 
from an inpatient rehabilitation unit. Francisco (4) 
performed this type of study when he presented a ret-
rospective review of 204 stroke admissions to a free-
standing rehabilitation hospital in 2002. The mean 
duration of stroke to admission was 5.76 days (range, 

TABLE 2.3
Prevalence of Spasticity After First Stroke

sTuDy

no. of  
PaTienTs

Time  
PosTsTroke

sPasTiCiTy  
Diagnosis LoCaTion

PrevaLenCe 
of sPasTiCiTy

ProBLemaTiC 
sPasTiCiTy

Lundstrom et al.  
 2008 (2)

140 1 year MAS Sweden 17% 4%a

Welmer et al. 2006  
 (34)

66 18 months MAS Sweden 20% NR

Sommerfield et al.  
 2004 (33)

95 <1 week
3 months

MAS Sweden 21%
19%

NR

Watkins et al.  
 2002 (10)

106 12 months MAS-elbow
TAS
Combined

UK 27%
36%
38%

67%b

NR, not reported; Combined, MAS and TAS.
aSpasticity that requires an intervention, for example, physiotherapy, orthosis, pharmacologic.
bPatients with arm and leg spasticity (67%) had 50% lower Barthel score than patients with no spasticity.
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1.2–48 months), and 78% of the patients had hemor-
rhagic strokes. Seventy percent had spastic hypertonia 
(MAS ≥1), and 50% had clinically significant spasticity  
that required treatment. The larger prevalence of 
problematic spasticity in this group supports the no-
tion that more severe spasticity is associated with 
greater impairments, as many of the patients included 
in this investigation also had severe motor, language, 
and cognitive impairments.

Two studies used electrophysiologic measures to  
evaluate the prevalence of spasticity after a stroke. 
O’Dwyer et al. (37) evaluated 24 hemiparetic stroke 
patients 1 to 13 months (mean, 5.3 months) after their 
event for upper limb spasticity and contracture. The 
motor impairment was graded mild to severe based 
on item 6 of the Motor Assessment Scale (38). They 
studied stretch-induced electromyographic activity of 
the biceps muscle at different velocities of stretch and 
found tonic stretch reflexes in 5 patients (21%). Of 
the 24 patients, 13 had a flexion contracture from 2° 
to 22°, suggesting that contracture may be more im-
portant than spasticity in this population. Although 
this study had similar prevalence data to the studies 
in Table 2.3, there were a limited number of patients 
in this study and they only tested 1 muscle for spas-
ticity. In a larger study, Malhotra et al. (1) evaluated 
wrist spasticity in 100 patients 1 to 6 weeks (mean, 
3 weeks) after their first stroke with severe weakness 
(scored 0 in the grasp section of the Action Research 
Arm Test) (39). Spasticity was evaluated using the 
MAS and biomechanical and neurophysiological mea-
sures. The MAS was abnormal in 44 patients, and 87 
patients had abnormal involuntary muscle activation  
using a novel portable device with an electrogoniometer,  
force transducer, and surface bipolar electromyo-
graphic electrodes. This suggests that neurophysi-
ological measures for spasticity are more sensitive 
than clinical ones and that assessing prevalence with 
clinical metrics may result in an underestimate. Ad-
ditional studies with more objective measures of 
spasticity are needed to more accurately determine 
the prevalence of spasticity in patients who have had 
stroke.

SPINAL CORD INJURY

The estimated annual incidence of SCI in the United 
States, not including those who die at the scene of the 
accident, is approximately 40 cases per million or ap-
proximately 12,000 new cases each year (40). The 
estimated prevalence of SCI in the United States for 
2008 was approximately 259,000 persons, with stud-
ies reporting within a range of 229,000 to 306,000 

persons (40). The PRC reports a much higher estimate 
of SCI prevalence of approximately 1,275,000 people 
in the United States, with the most common cause of 
SCI being motor vehicle accidents followed by falls 
and acts of violence (22). Sports-related spinal cord 
injuries occur more commonly in children and teenag-
ers, whereas work-related injuries are more common 
in adults. Most people with SCI are in their teens or 
twenties, and 78% are male (41). The male prepon-
derance of SCI decreases after age 65, at which point, 
the most common mechanism of SCI is falls. More 
than half of all SCI occur at the cervical level, almost 
a third in the thoracic level, and the remainder in the 
lumbar area (41).

Table 2.4 summarizes the studies that assessed 
the prevalence of spasticity in patients with SCI. Of 
the 7 studies reviewed, 3 of the studies used clinical as-
sessments to identify patients with spasticity, whereas 
3 used patient questionnaires. The prevalence of spas-
ticity ranged from 40% to 78% (average, 68%), with 
the higher prevalence noted in the studies that used a 
clinical scale. The prevalence of problematic spasticity 
was addressed in 5 of the studies. The criteria used 
to define it was if the patient required medication for 
treatment and if their spasticity interfered with ADL, 
was painful, or both. Using these measures, the preva-
lence of problematic spasticity ranged from 12% to 
49%, with an average of 33%.

In the first of 2 epidemiologic studies, Maynard 
et al. (3) evaluated the occurrence of spasticity and its 
severity in 96 patients at one SCI center. Spasticity was 
considered present if the patient had increased deep ten-
don reflexes, muscle tone during passive movements,  
or involuntary muscle spasms. Severity of spastic-
ity was determined if they were taking antispasticity 
medication and if they had satisfactory treatment. 
Treatment was indicated if the spasticity was interfer-
ing with ADL and sleep or caused pain that prevented 
or interfered with activities. By this definition, 67% 
of the patients had spasticity at the time of their dis-
charge (average, 118 days) and 37% were taking anti-
spasticity medication. The incidence of spasticity was 
higher among groups with cervical and upper thoracic 
levels of injury compared with groups with other lev-
els of injury. At their 1-year follow-up, the percent of 
patients with spasticity increased to 78% and 49% 
of them required medication. The second part of the 
study analyzed the presence of spasticity severe enough 
to require treatment in 466 subjects with SCI from 13 
different SCI centers. From this patient population, 
26% of the patients received antispasticity treatment 
at the time of discharge (average, 105 days), and the 
percentage increased to 46% at their 1-year follow-up.  
Spasticity treatment was more common in cervical and 
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upper thoracic patients with incomplete injuries. The 
percentage of patients requiring spasticity treatment 
with Frankel grades B (sensory incomplete, motor 
complete) and C (motor incomplete, nonfunctional) 
was 50% and 52% (42), respectively, whereas the per-
centage of patients requiring spasticity treatment with 
Frankel grades A (sensory and motor complete) and 
D (motor incomplete, functional) was 27% and 29%, 
respectively. Little et al. (43) reported similar findings 
in 26 patients with SCI, where the patients with Fran-
kel grade C had greater flexor withdrawal responses 
and extensor spasms, more pain, and interference 
with sleep than those with Frankel grades A and D. 
These findings suggest that increased time after injury 
and motor incompleteness of SCI may contribute to 
the increased severity of spasticity.

Johnson et al. (44) investigated the frequency of 
both medical and nonmedical complications reported 
to the Colorado Spinal Cord Injury Early Notification 
System for patients with SCI. They interviewed each 
patient by telephone at 1, 3, and 5 years after injury. 
They noted a decrease in the prevalence of spasticity 
from year 1 (35%) to year 5 (28%), which may have 

been due to reduced sample size at year 5 (50% of 
year 1). They also noted that spasticity had a vari-
able impact on quality of life and productivity mea-
sures. They recommended that follow-up needs to  
be longer than 5 years (decades rather than years) to 
gauge the full impact of each SCI complication. Us-
ing both physical examination and patient self-report, 
Sköld et al. (5) found abnormal MAS in only 60% of 
the patients reporting significant spasticity, whereas 
97% of patients with abnormal MAS report spastic-
ity. This study underscores the importance of using 
both clinical measures and patient self-report when 
evaluating problematic spasticity. The other studies 
using patient self-report, which are summarized in 
Table 2.4, support the need for patient questionnaires 
to ask sufficient questions to determine the full impact 
of spasticity and the other components of UMNS on 
the patient’s daily activities (45–47).

Traumatic Brain Injury

In 2003, an estimated 1,565,000 people in the United 
States experienced TBI, a rate of 538.2 per 100,000 

TABLE 2.4
Prevalence of Spasticity After SCI

sTuDy

no. of  
PaTienTs

Time PosT 
injury

sPasTiCiTy 
Diagnosis

LoCaTion, 
DuraTion

PrevaLenCe 
of sPasTiCiTy

ProBLemaTiC 
sPasTiCiTy

Maynard et al. 1990 (3) 
Study 1

96 DC,  
1 year

CS MI, 1985–1988 67%
78%

37%a

49%
Maynard et al. 1990 (3) 

Study 2
466 DC,  

1 year
CS USA NR 26%

46%
Anson et al. 1996 (46) 191 1 to >15  

 years
NR Atlanta 62% 12%b

Johnson et al. 1998 (44) 853 1 years
3 years
5 years

PSR Colorado NR 35%c

32%
28%

Sköld et al. 1999 (5) 354 12 months MAS Sweden, 1997 65% 30%d

Noreau et al. 2000 (47) 482 12 months PSRe Quebec 40% NR
Walter et al. 2002 (45) 99 NR PSRf Chicago Hines  

 VA
53% 40%a

CS, Clinical Scale (spasticity present if deep tendon reflexes increased, increased muscle tone during passive movements, or 
involuntary muscle spasms); DC, discharge from hospital; NR, not reported; PSR, patient self-report.

aSpasticity that required medication.
bSpasticity that interfered with ADLs.
cProblematic spasticity.
dSpasticity that was painful, restricting ADLs, or both.
ePSR: “Over the past 12 months have you developed or suffered from spasticity?”
fPSR: “Are you having a problem with spasticity?”
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population with 230,000 hospitalizations as a result 
(48). Although almost 90% of all TBI are mild and 
cause no lasting impairment, TBI of any severity has 
the potential to cause significant long-term disability 
(49, 50). An estimated 5.3 million people are living in 
the United States with disability related to TBI (51). 
Based on these estimates, one might expect that the 
number of TBI patients with paralysis (242,000) re-
ported from the PRC may be an underestimate (Table 
2.5). Using the prevalence data from the PRC and 
based on the prevalence of problematic spasticity of 
30% to 50% from other conditions (Table 2.6), there 
could be more than 100,000 TBI patients with prob-
lematic spasticity. This number is consistent with the 
number of patients treated in the spasticity clinic at 
MCW, where TBI is the fourth most common diagno-
sis treated with ITB or BoNT (Table 2.2). However, 
there is no study that demonstrates this number.

Despite the number of patients with TBI, there 
has been very little work that has attempted to quantify 
the problem of spasticity in people with this condition.  
In a retrospective study, Wedekind and Lippert-Gruner  

(52) investigated the 1-year outcome of 32 survi-
vors with severe TBI. They divided the patients into 
2 groups: those with brainstem injury (midbrain and 
pons, n = 15) and those without brainstem lesions  
(n = 17). At 1 year, 8 of the 15 (53%) in the brain-
stem injury group and 3 of the 17 (18%) in the non-
brainstem group had spasticity. The authors failed to 
mention how they assessed spasticity. However, pa-
tients with a brainstem lesion had lower Functional 
Independence Measure scores and lower disability 
rating scale (53) and were unable to return to work 
even with support. It is difficult to determine from 
this small study what impact, if any, spasticity had on 
the negative long-term outcome. Elovic and Zafonte 
(54) reported that 25% of the patients admitted to the 
Traumatic Brain Injury Model Systems had evidence 
of increased tone while undergoing inpatient rehabili-
tation. Unfortunately, the nature of the system data 
did not allow an identification if the spasticity was 
problematic. More recently, consecutive admissions 
with the diagnosis of TBI to the Kessler Institute for 
Rehabilitation were assessed for the presence of spas-

TABLE 2.5 
Prevalence of Spasticity After TBI

sTuDy

no. of  
PaTienTs

Time PosT 
injury

sPasTiCiTy 
Diagnosis CounTry

PrevaLenCe  
of sPasTiCiTy

ProBLemaTiC 
sPasTiCiTy

Wedekind and  
 Lippert-Gruner  
 2005 (52)

32 1 year PE Germany 34% NR

PE, physical examination (measure not reported); NR, not reported.

TABLE 2.6 
Estimated Prevalence of Spasticity and Problematic Spasticity in the United States

ConDiTion

esTimaTe  
us PaTienTs

PrevaLenCe  
of sPasTiCiTy a

PrevaLenCe of ProBLemaTiC  
sPasTiCiTy a

Stroke 6,500,000 1,495,000 (23%) 448,500 (30%)
TBI 5,300,000 NA NA
CP 764,000    649,400 (85%) 382,000 (50%)
MS 400,000    268,000 (67%) 152,000 (38%)
SCI 259,000    172,040 (68%)   83,490 (33%)

NA, insufficient data from published reports.
aAverage percent from referenced population-based studies.
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ticity. In total, 161 were evaluated and 45 (27.9%) 
of them were noted to have increased tone on evalu-
ation. Clearly, more research is needed on the impact 
and prevalence of spasticity in the TBI population. In 
addition, better outcome measures are needed for the 
assessment of spasticity in patients with TBI (55).

MULTIPLE SCLEROSIS

Hirtz et al. (25) estimate that in the general popula-
tion the 1-year prevalence for MS is 0.9 per 1000. In 
the United States, there are approximately 400,000 
people with MS, and 200 more people are diagnosed 
every week (56). This number is nearly two and a half 
times less than the estimated number of patients with 
MS with paralysis from the PRC (22). Worldwide, MS 
is thought to affect more than 2.5 million people. It 
occurs with greater frequency above the 40° latitude, 
is more common among whites, and is 2 to 3 times 
more common in women than in men (56). Although 
most people are diagnosed between the ages of 20 and 
50, MS is also diagnosed in children and adolescents. 
Estimates suggest that 8000 to 10,000 children (<18 
years old) in the United States have MS, and another 
10,000 to 15,000 have experienced at least one symp-
tom suggestive of MS (56).

Table 2.7 summarizes the 3 studies on the preva-
lence of spasticity in patients with MS. These reports 

relied primarily on patient self-report for determining 
severity of spasticity, and one study used the MAS. 
Two studies (6, 12) suggest that MS-related spastic-
ity was not adequately treated. Barnes et al. (12) con-
ducted a random sample of 100 people with MS (from 
a total of 260 patients) in the city of Newcastle upon 
Tyne in the north of England. From a total of 68 pa-
tients who participated in the study, 45 (67%) were 
women with a mean age of 49 years (range, 28–73). 
The mean time from diagnosis was 10.2 years (range, 
0–48 years). Spasticity for each limb was assessed us-
ing the MAS, and the worst joint score was recorded. 
Ninety-seven percent of the patients had detectable 
leg spasticity (MAS ≥1), and 50% had arm spastic-
ity. The 32 (47%) patients with significant spasticity 
(MAS ≥2) had more severe disability as measured by 
the Kurtzke Functional Systems Scale (57), the New-
castle Independence Assessment Form (58), and the 
motor subscale of the Functional Independence Mea-
sure (59), suggesting that spasticity is one factor that 
may play an important role in the overall disability in 
MS and effective intervention may reduce disability. 
Unfortunately, 50% of the patients from this study 
needed oral medications, which were either not pre-
scribed or were dosed suboptimally.

In a survey of 493 patients with MS from the 
Northern California Chapter of the National Multiple 
Sclerosis Society, 168 patients (34%) returned com-
pleted questionnaires (6). Fifty-eight percent rated 

TABLE 2.7 
Prevalence of Spasticity in Patients With MS

sTuDy

no. of  
PaTienTs

DuraTion of 
survey

sPasTiCiTy 
Diagnosis CounTry

PrevaLenCe/severiTy of  
sPasTiCiTy, no. (%)

Goodin, 1999 (6) 168 1997 PSRa USA None: 50 (30)
Mild: 64 (38)
Moderate/severe: 54 (32)

Barnes et al. 2003 
(12)

68 1998–1999 MAS UK MAS <2: 36 (53)
MAS ≥2: 32 (47)b

Rizzo et al. 2004 (7) 20,380 1996–2003 PSRc USA None: 3196 (16)
Minimal/mild: 10,248 (50)
Moderate: 3494 (17)
Severe/total: 3440 (17)

MAS, Modified Ashworth Scale; PSR, patient self-report.
aPSR: none, mild, moderate, or severe spasticity and/or spasms for each arm and leg.
bFifty percent needed spasticity medication.
cPSR: 0 = normal (no symptoms of spasticity), 1= minimal (some problems with spasticity, but does not interfere with activities),  

2 = mild (spasticity occasionally forces me to change some of my activities, for example, once a week or less), 3 = moderate (spasticity 
frequently affects some of my activities, for example, several times a week), 4 = severe (every day, spasticity problems force me to 
modify my daily activities), 5 = total (every day, spasticity problems prevent me from doing many of my daily activities).
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themselves as partially or totally disabled, and 65% 
felt that their disability was in part or in whole due 
to fatigue. Seventy percent of the patients had mild, 
moderate, or severe spasticity. Spasticity was rated for 
each arm and leg as none, mild, moderate, or severe 
spasticity and/or spasms (60). Unfortunately, the sur-
vey did not correlate spasticity with their measures of 
disability. Only 67% of the patients with moderate or 
severe spasticity and 44% of those with mild spastic-
ity had received any treatment. The obvious limita-
tions of this study are the subjective metrics used to 
assess spasticity and the limited (34%) response rate 
that suggests that this may not have had a representa-
tive sample of the population sampled.

In a much larger cross-sectional study from the 
Patient Registry of the North American Research 
Committee on Multiple Sclerosis, Rizzo et al. (7) 
published the most extensive review of the prevalence 
and severity of spasticity in patients with MS. More 
than 20,000 patients were enrolled for the study be-
tween 1996 and 2003. In the survey, spasticity was 
described for the patients as “unusual tightening of 
muscles that feels like leg stiffness, jumping of legs, 
a repetitive bouncing of the foot, muscle cramping 
in legs or arms, legs going out tight and straight or 
drawing up.” A 0-to-5 (0 = normal, 5 = total) spas-
ticity scale that reflected severity and frequency of 
spasticity on the patients’ daily activities was used. 
Eighty-four percent of the respondents had some 
degree of spasticity, of which 63% had problem-
atic spasticity that at least occasionally forced them 

to alter some of their daily activities. Patients with 
more severe spasticity were more likely to be older, 
male, disabled, or unemployed; had a longer dura-
tion of disease; and had more relapses and worsening 
MS symptoms in the months before the survey. Only 
1.1% of the respondents had the ITB pump, and 78% 
of the patients with severe/total spasticity were using 
any medication for it. This suggests that poor toler-
ance or undertreatment may be a problem. A weak-
ness of this study was the use of a subjective patient 
self-report measure of spasticity, which may have re-
sulted in an overestimation of the prevalence of spas-
ticity (5). Nevertheless, the patient self-report may be 
a more accurate reflection of problematic spasticity 
for the patient.

CEREBRAL PALSY

Cerebral palsy is the most common cause of motor 
disability in childhood (61–64). It is an umbrella term 
covering a group of nonprogressive but often chang-
ing motor impairment syndromes secondary to lesions 
or anomalies of the brain, arising at any time during 
brain development (61). Population-based studies have  
reported the prevalence of CP to range from 1.5 to 
3.0 cases per 1000 children (25, 62–64). The number 
of people with CP in the United States is estimated at 
764,000 (64). The estimated number of CP patients 
with paralysis is more than 400,000 according to 
the PRC (Table 2.1). It is the second most common 

TABLE 2.8 
Prevalence of Spasticity in Children With CP

sTuDy no. of CP age (years) Diagnosis CounTry

PrevaLenCe of  
sPasTiCiTy

DisaBLing 
sPasTiCiTy

Yeargin-Alisop  
 et al., 2008  
 (66)

416 8 CR USA, 2002 All: 80.6%
Di: 93 (22%)
Tri: 5 (1%)
Tet: 104 (25%)
Hem: 94 (22%)

NR

Wichers et al.,  
 2005 (8)

127 6–19 PE Netherlands, 
 1977–1988

All: 93.7%
Di: 30 (25%)
Tri: 12 (9%)
Tet: 29 (24%)
Hem: 48 (38%)

40%a

58%
93%
  8%

CR, Clinician review and International�Classification�of�Disease codes; NR, not reported; PE, physical examination; Di, spastic 
diplegia; Tri, spastic triplegia; Tet, spastic tetraplegia (quadriplegia); Hem, spastic hemiplegia.

aPercentage of severe motor disability: not able to walk independently by the age of 5.
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condition treated with ITB or BoNT at the MCW (Ta-
ble 2.2), suggesting a higher prevalence of problem-
atic spasticity.

In a recent meta-analysis, Himpens et al. (65) 
reported that the prevalence of CP decreased signifi-
cantly with increasing gestational age category: 14.6% 
at 22 to 27 weeks’ gestation, 6.2% at 28 to 31 weeks, 
0.7% at 32 to 36 weeks, and 0.1% in term infants. 
The significant decrease in the prevalence started af-
ter a gestational age of 27 weeks, with spastic CP the 
most common in preterm infants. In term infants, the 
nonspastic form of CP was more prevalent. Bilateral 
spastic CP (includes diplegia, triplegia, and tetraple-
gia) was the most prevalent in both preterm and term 
infants. There was no reported relationship between 
the severity of CP and gestational age.

The two most recent studies on the prevalence of 
spasticity in patients with CP are summarized in Ta-
ble 2.8. Using methods developed by the Centers for 
Disease Control and Prevention Metropolitan Atlanta 
Developmental Disabilities Surveillance Program, and 
the Autism and Developmental Disabilities Monitor-
ing Network, Yeargin-Allsopp et al. (66) conducted a 
survey on 8-year-old children with CP living in north-
ern Alabama, metropolitan Atlanta, and southeast-
ern Wisconsin in 2002 (N = 114,897). International 
Classification of Disease codes (67) and multiple non-
school sources were used to identify patients, and the 
data were linked to birth certificate and census files in-
formation. The average prevalence of CP across the 3 
sites was 3.6 cases per 1000, with similar site-specific 

prevalence estimates (3.3 cases per 1000 in Wiscon-
sin, 3.7 cases per 1000 in Alabama, and 3.8 cases per 
1000 in Georgia). At all sites, prevalence was higher 
in boys (overall boy/girl ratio, 4:1). In addition, at all 
sites, the prevalence of CP was highest in black non-
Hispanic children and lowest in Hispanic children. 
Spastic CP was the most common subtype (77% of 
all cases), with bilateral CP the most common in the 

spastic group (70%).
In a population-based study on prevalence of 

CP in Dutch children, Wichers et al. (8) examined 
170 reported patients with a preliminary diagno-
sis of CP and excluded 43 (25%) because they did 
not meet criteria. Motor disability was classified as 
mild if by the age of 5 the child was able to ambu-
late independently (with or without assistive device) 
or severe if by age 5 the child had not been able to 
ambulate independently. This study reported that the 
spastic subtype accounted for more than 90% of all 
CP cases, and spastic hemiplegia was the largest indi-
vidual clinical subtype (Table 2.8). Two thirds of the 
patients with bilateral spastic CP and more than 90% 
of the patients with spastic tetraplegia had severe mo-

tor deficits, suggesting that spasticity has a negative 
impact on independent ambulation. This study also 
highlighted the importance of patient examination to 
confirm diagnosis.

CONCLUSION

Several studies in this review support the notion that 
spasticity is associated with greater motor impair-
ments and has a negative impact on functional ca-
pabilities. Although it may be difficult to accurately 
estimate the prevalence of spasticity and problematic 
spasticity in the United States, the author’s best es-
timate is summarized in Table 2.6. Unfortunately, 
there are insufficient data on patients with TBI to 
address the issue in this condition. A recent survey by 
PRC suggests that the number of patients with dis-
abling conditions related to MS and SCI may be sig-
nificantly underestimated. Clearly, additional study 
is needed to clarify the prevalence of problematic 
spasticity in the adult and child with UMNS. This in-
formation would help direct resources to the popula-
tions that need it the most, as a significant number of 
patients may be undiagnosed and undertreated (6, 7, 
12). A combination of clinical, biomechanical, and 
electrophysiogic measures of both active and passive 
activity and functional and quality of life measures 
are all needed to gauge the full impact of spasticity 
for each patient and to assess treatment benefits (1, 
9, 55). Clarifying and treating problematic spastic-
ity remain critical to improving outcomes in patients 
with UMNS. Although the remainder of this book 
revolves around the issues of diagnosis and treat-
ment, it is important to understand the scope of the 
problem.
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The noted 19th century neurologist John Hughlings 
Jackson was one of the first to recognize that a lesion 
of the central nervous system could simultaneously re-
sult in the development of positive and negative signs, 
although he did not believe that the lesion directly 
caused the observed signs. In humans, a lesion of the 
descending corticospinal motor system is capable of 
producing the negative sign of muscle weakness dur-
ing voluntary effort and, at the same time and in the 
same muscle, the positive sign of increased resistance 
to passive stretch. The combination is the key feature 
of muscle spasticity, although it is important to recog-
nize that spasticity is only one of a number of positive 
signs that materialize after an upper motor neuron 
(UMN) lesion. The aggregate of positive and negative 
signs after a UMN lesion comprises the upper motor 
neuron syndrome (UMNS).

Jackson conceptualized the central nervous sys-
tem as a hierarchical system operating across a number  
of levels. He believed that negative signs represented 
dissolution of the highest, most flexible, most voli-
tional level of neural function, whereas positive signs 
resulted from less flexible, more stereotypic levels 
of neural circuitry that became excessively excited 
or released from higher-level inhibitory controls (1). 
Negative signs reflected a loss of a particular capacity  
ordinarily controlled by the lesioned area of the brain, 
whereas positive signs reflected release phenomena, ab-
normal or exaggerated behaviors, that were stereotypic 

in nature and potentially explained by withdrawal of 
inhibition from neural tissue normally mediating that 
behavior. A loss of inhibition resulted in positive signs, 
manifested clinically by stereotypic movements and 
postures that were generated by stereotypic linkages of 
overactive muscle groups. Positive and negative signs 
interact often at the same time.

Inequalities of muscle weakness and muscle over-
activity within and across muscle groups often lead to 
a net balance of muscle torques acting across joints 
shared in common by these groups. For example, a 
positive behavior such as an associated reaction may 
promote involuntary elbow and finger flexion in a 
hemiplegic patient. Because the lesion in this example 
also impairs voluntary elbow and finger extension, the 
patient is unable to actively extend elbow and fingers 
to reverse the flexed joint attitude produced by the  
associated reaction. Based on clinical experience, pas-
sive stretching exercises do not fend off the persistence 
of UMNS postural patterns. In time, this combination 
of unidirectional, unreversed flexion of elbow and 
fingers leads to stereotyped flexion postures in our  
patient. Thus, the stereotypy inherent in UMN release  
phenomena gives rise to movements and postures 
familiar to clinicians (eg, flexed elbow, clenched fist, 
equinovarus foot) (2). These movement patterns and 
postures, generated by various positive signs and un-
reversed by negative signs, often have detrimental con-
sequences for patient care and require treatment. For  
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example, persistent posturing often creates overlap-
ping skin folds, underneath which maceration, ery-
thema, and malodor flourish. Fixed, excessive postures 
can cause stretch injury of nerves. Fingernails can dig 
into the palm, causing pressure, pain, and laceration. 
Moreover, clinical experience reveals that UMN pat-
terns are more diverse than perhaps commonly noted. 
For example, a flexed elbow is very common, but an 
extended elbow is also found. A flexed wrist is com-
mon, but an extended wrist is also seen. No matter 
the diversity of pattern, it still reflects an underlying 
net balance of torques brought on by positive sign ste-
reotypy and deficient voluntary reversal of negative 
signs.

In summary, a lesion of the descending motor sys-
tem according to Jackson’s hierarchical notion pro-
duced higher-level neural dysfunction or frank absence  
of voluntary movement (negative signs) and simulta-
neous (although not necessarily instantaneous) ste-
reotypic behaviors (positive signs) that reflect released 
lower-level, premorbidly inhibited behaviors of an in-
voluntary nature. In a sense, the influence of a UMN 
lesion, variable in its severity, can cause any given mus-
cle to behave variably in 2 ways: a negative way (loss 
of volitional command) and a positive way (acquisi-
tion of involuntary behaviors). As a result, the interac-
tion between positive and negative signs, the aggregate 
effect of a UMN lesion on all muscles surrounding a 
joint, makes the analysis of joint movement and limb 
function complicated. What follows is a clinical de-
scription of the features of the UMNS with respect  
to negative and positive signs. For the sake of brev-
ity, this chapter will focus primarily on upper limb  
examples.

NEGATIVE SIGNS

IMPAIRMENT OF MEANINGFUL ACTION

With patients commonly complaining of weakness, 
loss of strength is considered the premier negative 
sign of UMNS, and voluntary strength testing can be 
significantly reduced. Studies at the physiological level 
have shown that reduced motor unit recruitment and 
frequency contribute importantly to the clinical effect 
of weakness (3). Against increasing loads, the orderly 
recruitment of small to larger units may also be im-
paired (4). Nevertheless, many patients retain consid-
erable strength, especially if tested isometrically. In 
some cases, it is striking how much forward push a 
patient can develop against an examiner’s hand iso-
metrically while being unable to reach forward even 
an inch isotonically. This observation raises questions 

regarding the value and validity of the testing of mus-
cle strength in this population. On further reflection, 
weakness does not seem to be the best description  
of impaired volition in UMNS. Two features stand 
out. The first is a loss of selective control, that is, a loss  
of independent joint movement and inability to per-
form separate movements of individual joints or to 
operate and control several joints selectively as a unit 
at will. Instead of autonomous control, the patient 
with UMNS, attempting to make selective joint move-
ment, makes multijoint obligatory patterns of move-
ment that reflect obligatory muscle activations within 
and across joints. A patient of mine with UMNS after 
7 years following a head injury reported to me the re-
covery of selective control of thumb, index, and long 
fingers. When he sat down at the piano one morning, 
he was able to strike keys separately with his thumb, 
index, and long fingers. However, when he attempted 
to selectively strike a key with the ring or little fingers, 
they coupled together and 2 keys were struck. He was 
unable to operate the ring and little fingers selectively 
no matter how much voluntary effort was made.

The commonest example of obligatory linkages 
across jointed limb segments during a movement effort 
is the so-called flexor synergy pattern (see Figure 3.1): 
scapular retraction, shoulder abduction and external 
rotation, elbow flexion, and forearm supination. When 
asked to perform a task such as reaching forward to 

FIGURE 3.1

Flexor synergy pattern. Note: Shoulder (scapular) retrac-
tion, relative shoulder abduction and external rotation, 
elbow flexion and forearm supination.
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grasp an object (see Figure 3.2), the patient dominated 
by flexor synergy reveals many, if not all, of these joint 
movements. When asked to perform a totally differ-
ent task (see Figure 3.3), the flexion “synergy-bound” 
patient produces a similar stereotyped behavior. The 
patient is locked into an obligatory movement pattern 
that is initiated (and terminated) by volitional effort. 
It is beyond the scope of this chapter to discuss the 
nature of voluntary movement, but for now, we note 
that a number of voluntary features are retained by 
a patient with UMNS during synergy production, in-
cluding initiation, termination, and varying the speed 
of synergy pattern movement. The key characteristic 
of an obligatory flexor or extensor synergy pattern is 
that it is meaningless with respect to the task at hand. 
Upon seeing repeated flexion synergy patterns of move-
ment, for example, a remote observer would become 
puzzled about the patient’s intended actions since the 
movement pattern would be very similar across dif-
ferently intended tasks. No intent can be discerned, 
no outcome of the movement effort makes sense, 
and analogous to aphasia in the language system, the 
obligatory flexion synergy pattern seems to produce 
an inscrutable “aphasic” response or meaningless be-
havior. The stereotypic behavior of a flexor synergy 
pattern is without apparent meaning from the point 
of view of intentional action. The patient dominated 

by flexor synergy pattern seems unable to generate an 
appropriate set of task-related instructions for trans-
mission to muscles of the upper limb in order to pro-
duce meaningful motor behaviors that reflect different 
intentions. Extrapolating from Jackson’s hierarchical 
model, high-level neural entities that assemble and or-
ganize the movements comprising an action task are 
seemingly absent in the synergy-bound patient. Lack-
ing higher-level, task-related neural function—a nega-
tive consequence of UMNS—what becomes manifest 
clinically with volitional effort is released positive 
lower-level neural activity, neural circuits with fixed 
muscle linkages across limb segments, resulting clini-
cally in the stereotypic behavior of obligatory synergy 
patterns. The behavior starts and stops by volitional 
effort, but its content is not meaningfully related to 
an intention-driven task, its instructional set is empty, 
and the resulting stereotypic behavior ends up as a 
kind of released default pattern. In the synergy-bound 
patient, an attempt to produce meaningful action ends 
up initiating the same repetitive default pattern, time 
after time. Chronic unidirectional joint movements 
with little, if any, redirection or reversal of joint move-
ment are a source of recognizable UMNS patterns, 
generated by persistence of stereotypic, positive or re-
lease behaviors resulting from higher-level dissolution 
of nervous control, Jackson’s negative sign.

FIGURE 3.2

Effort by a hemiparetic patient to reach forward and grasp 
a door handle does not produce the intended movement 
pattern but only components of flexor synergy (shoulder 
retraction, abduction, elbow flexion).

FIGURE 3.3

Effort by the same hemiparetic patient to touch her chin, a 
totally different task from reaching forward to grasp a door 
handle, produces a similar meaningless stereotypy of move-
ment as in Figure 3.2.
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STRETCH SENSITIVE POSITIVE SIGNS

Stretch Reflexes

Spasticity is a term linked to sensitivity of a muscle to 
stretch. Clinically, stretch sensitivity results in exagger-
ated stretch reflexes. Spasticity as a phenomenon has a 
specific definition, but it is often used (confusingly) as 
a collective term for all positive signs of UMNS, many 
of which are not based on sensitivity of a muscle to 
stretch. Strictly speaking, spasticity is a clinical behav-
ior based on increased excitability of phasic and tonic 
stretch reflexes that are present in many patients with 
a UMN lesion. In normal individuals, passive stretch, 
including rapid passive stretch of a muscle group, does 
not produce noteworthy resistance. Electromyographi-
cally, little, if any, activity is generated (see Figure 3.4), 
and when present, the electromyographic (EMG) ac-
tivity is brief, reminiscent of a tendon jerk response, 
and typically produced only by the most rapid of  
stretches.

In a spastic patient, however, once the threshold 
of the EMG activity is triggered at a given degree of 
muscle stretch, the EMG activity persists until stretch 
is relinquished (see Figure 3.5). The examiner experi-
ences increased resistance shortly after threshold activ-
ity begins, and resistance persists and usually contin-
ues to increase until stretch is released. Starting from 
a position of maximal muscle shortening and “rest” 
(ie, the patient eschews voluntary effort), the defining 
characteristic of spasticity as experienced by an exam-
iner doing the stretching is a velocity sensitive increase 
in resistance. Velocity sensitivity means the following: 

FIGURE 3.4

In normal individuals, passive stretch generates little, if 
any, EMG activity. When EMG is present, the activity is of 
short duration, reminiscent of a tendon jerk response, and 
typically only produced by the most rapid of stretches.

the examiner performs several trials of stretch at dif-
ferent rates of stretch for each trial. The target muscle 
group is stretched through the full (available) range of 
joint motion at different rates of stretch, for example, 
slow, moderate, fast, and very fast rates of limb seg-
ment motion. If the patient is spastic, resistance to 
stretch will be felt by the examiner beginning at some 
joint angle during the stretch maneuver, and the inten-
sity of resistance will increase the faster the examiner 
stretches the muscle group in each subsequent trial. 
An increased tendon jerk reflex is also considered a 
manifestation of muscle stretch sensitivity and is dis-
cussed below.

The character of the stretch reflex was first identi-
fied by Sherrington’s seminal studies of the cat’s myo-
tatic reflex (5, 6). Before his studies, clinicians were 
well aware of tendon jerk responses, but they thought 
the jerk phenomenon was a local response generated 
by muscle. Sherrington’s studies demonstrated that 
stretch responses could be abolished by cutting the 
relevant dorsal roots. By doing so, he established the 
afferent-efferent nature of the stretch reflex, a circuit 
that required transmission through the central nervous 
system, and he established a basis for understanding 
later descriptions of clinical reflex phenomena. One 
of my favorites is the succinct description of the clini-
cal characteristics of spastic stretch reflexes by Peter 
Nathan (7): “Spasticity is a condition in which stretch 
reflexes that are normally latent become obvious. In 
spasticity, the tendon reflexes have a lowered thresh-
old to tap, the response of the tapped muscles is in-
creased, and additional muscles besides the tapped one 
respond; tonic stretch reflexes are affected in the same 
way” (7). 

Spasticity and muscle tone are often confused. 
Tonus or tone of a system generally refers to baseline 
physiologic activity of a system. For example, normal 
bowel sounds reflect baseline peristalsis in the intesti-

FIGURE 3.5

This patient with UMNS shows different EMG thresholds 
(ie, onset of EMG activity) at different wrist angles and dif-
ferent amounts of EMG activity as a function of the initial  
velocity of stretch (slowest rate in the left record, fastest 
rate in the middle record).
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nal tract. Historically, muscle tonus, like baseline ac-
tivity in other bodily systems, was originally thought 
to be an active phenomenon, the result of a small de-
gree of physiologic muscle contraction occurring “at 
rest.” When electromyography became available, no 
EMG activity was found in normal muscle at rest, 
and baseline muscle tone could not be explained as an 
active contraction phenomenon. It was then realized 
that normal muscle tone was more likely a product 
of its inherent rheologic (elastic, viscous, and plastic) 
properties. As described above, passive stretch of nor-
mal (in vivo) muscle tissue produces little, if any, EMG 
response and normal muscle shows little stretch sen-
sitivity (see Figure 3.4). The tone or resistance felt by 
an examiner when passively stretching normal mus-
cle is rheologic (related to the physical properties of 
muscle tissue) and not dynamic or actively contractile. 
The problem arises when a muscle develops stretch 
sensitivity after a corticospinal system lesion. Passive 
stretch of a stretch-sensitive muscle results in dynamic 
contraction generated by the stretch reflex. In theory, 
spastic muscle at rest (if there is no associated increased 
tone) is silent (a finding demonstrated as early as 1941 
by Hoefer and Putnam (8)), but a spastic muscle devel-
ops active contraction after stretching has begun and 
stretch reflex activity has been elicited. Muscle tonus, 
that is, baseline tone of muscle as an organ (like base-
line peristalsis of the intestinal tract) cannot be mea-
sured by stretching because a stretched UMNS muscle 
is no longer at baseline, with reflex tension typically 
developing when it is stretched. Logically, baseline 
tone of a spastic muscle needs to be measured before it 
is stretched to avoid generating stretch reflex tension. 
We note that nerve blocks can eliminate reflex con-
traction (a variation on Sherrington’s “dorsal root” 
strategy) and reveal the state of muscle tone freed from 
reflex contraction. Many studies have shown a change 
in rheologic properties of the UMNS muscle and have 
found that noncontractile hypertonia can be consider-
able (9). Nevertheless, clinicians seem to ignore this 
contradiction and prefer to equate muscle tone with 
muscle sensitivity to passive stretch, that is, the degree 
of resistance elicited by an examiner during passive 
muscle stretch, often sorting patients into “high tone” 
and “low tone” categories. If one prefers to use re-
sistance to passive stretch as a measure of tone, it is 
important to realize that it has neural and nonneural 
components. The neural component produces stretch 
reflex activity. The nonneural component comes from 
rheologic or physical properties intrinsic to muscle and 
other soft tissues. Patients early in recovery may start 
with increased muscle tone on a neural (spastic) basis, 
only to develop advanced stiffness and contracture 
later, resulting in a similar finding of increased muscle 

resistance that now has a nonneural basis (10). Such  
nonneural stiffness may be associated with reduced 
tonic stretch reflex and tendon jerk activity. Under cir-
cumstances of advanced stiffness and contracture, sep-
arating neural from nonneural contributions to muscle 
tone may be very difficult at the bedside. This distinc-
tion is not merely academic because treatment of muscle  
overactivity by drugs such as botulinum toxin and 
dantrolene sodium depends on mechanisms that block 
muscle contraction, not mechanisms that mitigate rhe-
ologic properties. In particular, the presence of con-
tracture (fixed shortening of soft tissues) reflects an 
end-stage condition for the nonneural component and 
typically requires physical strategies such as serial cast-
ing or surgery.

Returning to Peter Nathan’s description of stretch 
reflexes, he refers to an increase in phasic stretch re-
flexes (tendon jerks) and tonic stretch reflexes (pro-
gressive passive stretch). Generally, the term phasic 
implies time varying, whereas tonic is relatively time-
invariant. Neilson (11) identifies the tonic stretch re-
flex as a reflex whose response can be described as a 
linear transformation of the stimulus waveform (pro-
gressive passive stretch). On the other hand, the reflex 
mechanism of a tendon jerk is one that generates a 
triggered response, having little or no relationship to 
the mechanical waveform of the tendon strike. Latash 
(12) identifies the term phasic stretch reflex with the 
response to a change in the level of a stimulus specific 
to muscle stretch receptors. When an examiner per-
forms a tendon tap, the joint angle and, hence, muscle 
length are held at a steady level of tautness (ie, stretch) 
before the tendon strike. A sudden tap of the taut 
tendon produces a sudden change in muscle length, 
resulting in a jerk response. Phasic behavior usually 
represents a brief excitation of muscle that leads to a 
twitchy movement, a tendon jerk being one example. 
In this respect, all monosynaptic reflexes are phasic. 
Tonic stretch reflexes, on the other hand, respond to 
the level of a stimulus and lead to sustained muscle 
contraction for the duration of the stimulus. For ex-
ample, passive stretch of a muscle, that is, progressive 
lengthening of the muscle, generates a change in the 
level of the stimulus (muscle length), and in spastic pa-
tients, once the threshold of excitation is reached, sus-
tained reflex contraction is produced until stretch is 
relinquished. Some authors use “phasic” and “tonic” 
to describe the nature of the input stimulus, whereas 
others describe the output response of the system as 
either “phasic” or “tonic.” Lance (13) characterized 
spasticity as an increase in velocity-dependent tonic 
stretch reflexes with exaggerated tendon jerks. In 
Lance’s consensus definition, “tonic” stretch reflexes 
referred to the output response of a muscle group that 
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was stretched at different velocities. In our view, the 2 
bedside ways of assessing phasic and tonic stretch re-
flexes are tendon taps and passive muscle lengthening 
at different rates of stretch, respectively. From a Jack-
sonian perspective, phasic and tonic stretch reflexes 
are stereotypic positive signs. Patients with a stable 
UMNS have phasic and tonic stretch reflexes that do 
not vary much from day to day at the bedside.

Phasic Stretch Reflexes and Clonus

A phasic jerk response is produced by briskly tap-
ping a tendon held taut by the examiner. In this way, 
stretch of the tendon-muscle system occurs virtually at 
the instant of tap. Stretch of extrafusal muscle fibers 
is detected by the muscle spindle and transmitted to 
the central nervous system by Ia afferents that project 
through the dorsal roots and make a number of con-
nections in the spinal cord. These include monosyn-
aptic excitatory connections with homonymous alpha 
motor neurons that innervate the tapped muscle group 
and from which afferent outflow originates, along 
with monosynaptic, excitatory connections to heter-
onymous synergists. The clinical observation of reflex 
radiation to muscles other than the one whose tendon 
has been tapped is explained by Burke (14) as the re-
sult of muscle spindles excited by spreading vibrations 
originating from the site of tap. Monosynaptic con-
nections are also made to the Ia inhibitory interneu-
ron that projects to alpha motor neurons of antagonist 
muscles. Consequently, when a muscle is stretched, 
motor neurons innervating antagonist muscles are 
inhibited. The pattern of simultaneous inhibition of 
antagonists and excitation of homonymous and het-
eronymous motor neurons underlies the mechanism 
of reciprocal inhibition. Interneuronal circuitry, there-
fore, plays an important role in regulating segmental 
spinal reflex activity. After a UMN lesion, a net loss of 
inhibition impairs descending control over motor neu-
rons. A loss of inhibitory control over interneuronal 
pathways in the spinal cord also occurs. As a result, 
there is enhancement of the central excitatory state, 
and tonic and phasic stretch reflexes become manifest 
clinically.

Clonus is a low-frequency rhythmic oscillation 
observed in one or more limb segments. It may be gen-
erated by rapid stretch and hold of a muscle group. It 
may also be patient-generated when a muscle group 
is stretched during limb positioning or passive exer-
cise. Clonus may also be triggered during voluntary 
movement, for example, during a reaching effort 
when voluntary elbow extension triggers clonus in el-
bow flexors. Electrophysiologically, clonus represents 
short-duration electrical activity of involved muscles 

that occur at typical frequencies of 6 to 8 Hz (see 
Figure 3.6). Figure 3.6 shows forearm pronator clo-
nus in a patient with stroke and left hemiparesis of 
4 years duration. Clonic bursts of EMG develop in 
both pronators at a rate of about 8 Hz. Clonus can be 
sustained or unsustained, and it can be stopped by re-
positioning clonic muscles to a shorter length. Clonus 
is usually associated with other hyperexcitable phasic 
stretch reflexes. In addition to rapid stretch, various 
cutaneous stimuli, especially cold or noxious stimula-
tion, may give rise to ipsilateral or even contralateral 
clonus (15). Clonus may represent self reexcitation of 
stretch reflexes in a hyperexcitable stretch reflex loop 
(16). Rack et al. (17) viewed clonus as a self-sustaining  
oscillation of the stretch reflex pathway, with the fre-
quency of clonus being determined by physical param-
eters rather than central mechanisms. On the other 
hand, others felt that a central oscillator was operat-
ing (18, 19).

Tonic Stretch Reflexes

The defining characteristic of clinical spasticity is ex-
cessive resistance of muscle to passive stretch, a re-
sistance that intensifies as the examiner increases the 
rate of stretch in subsequent stretch maneuvers. Slow 
stretch may offer modest resistance, but fast stretch 
can result in a suddenly intensified resistance that may 
even catch the examiner off guard. Increased EMG 
activity of the stretched muscle accompanies different 
clinical rates of stretch (see Figure 3.7). Contractile 
tension generated by the stretch reflex opposes the 
examiner’s act of stretching. If reflex tension is high, 
it can decelerate the examiner’s rate of stretch so that 
a constant “velocity of stretch” cannot be maintained 
by the examiner. Studies that use machines to apply a 

FIGURE 3.6

Clonus at a frequency of 7 Hz developed in both prona-
tors during voluntary underhand reaching performed by a 
patient with UMNS.
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constant velocity of stretch do not simulate what clini-
cians experience because clinicians, unlike machines, 
cannot maintain a constant stretch velocity when 
spastic tension runs high. Figure 3.8 illustrates spastic-
ity of wrist flexors in an adult with spinal cord injury 
of 2 years’ duration. The EMG responses to stretch 
of wrist flexors at 2 different rates of stretch are dis-

played. Note an increase of EMG in the faster stretch 
record on the right. Differential muscle responses to 
stretch can occur within a group as illustrated in Fig-
ure 3.9 and likely signifies a lack of homogeneity in 
the central lesion or in its reorganization. When using  
focal treatments delivered to individual muscles, it is 
important to identify whether all or only some mus-
cles of a group are spastic. When a spastic muscle is 
stretched, reflex activity, once triggered, commonly 
continues until the examiner stops stretching and im-
mediately releases the muscle group. In some patients, 
reflex activity persists if the examiner continues to hold 
the muscle statically in a stretched state after dynamic 
stretch has ended. Such activity has been referred to 
as a static stretch reflex. The static stretch reflex has 
been attributed to secondary muscle spindle endings; 
primary endings of the muscle spindle are known to 
have dynamic or velocity sensitivity.

It remains unclear what operational mechanisms  
underlie exaggerated stretch reflex activity in the 
UMNS. Proprioceptive afferent activity generated by 
muscle stretch is not increased above baseline, and 
so far, evidence for the theory of increased fusimotor 
drive has been lacking (20). Evidence seems to favor a 
reduction in the threshold of the tonic stretch reflex, 
namely, less afferent input is necessary to trigger stretch 

FIGURE 3.7

Using root mean square EMG activity as a quantitative 
measure, an increase in root mean square EMG activity is 
observed with increasing rates of stretch, from slow to very 
fast stretch, applied by a clinical examiner to a patient 
with spastic wrist flexors.

FIGURE 3.8

Passive stretch of wrist flexors in a patient with spinal 
cord injury. Note that a constant velocity of stretch is not 
maintained by the examiner. As the amplitude of stretch 
increases, stretch reflex activity superimposed on the ten-
sion length curve of muscle creates increasing resistance 
that counters the examiner’s stretching force, causing the 
rate of stretch to slow down.

FIGURE 3.9

Differential muscle responses can occur within a muscle 
group as illustrated in this record of passive stretch of el-
bow flexors in a patient with clinical spasticity. Note con-
siderable stretch-induced activity in brachioradialis with 
minimal responses in brachialis and pronator teres and 
no response in biceps. When using focal treatments for 
spasticity, it would be important to identify which muscles 
in a group are actually spastic.
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reflex activity in the presence of a UMN lesion. In-
creased stretch reflex activity resulting from increased 
gain in the system, that is, more output reflex activity 
for the same amount of afferent input (“more bang 
for the buck”) is a less favored view. Mechanisms of 
reduced presynaptic and postsynaptic inhibition and 
impaired recurrent inhibition in the Renshaw system 
are likely to contribute to the handling of afferent in-
put by a reorganized spinal cord (21). Herman (22) 
expressed the view that enhanced reciprocal inhibi-
tion is characteristic of spastic hemiplegia, whereas 
reduced reciprocal inhibition is more characteristic of 
spastic paraplegia.

Stretch Sensitive Cocontraction

Cocontraction in the UMNS is seen during voluntary 
effort. Cocontraction is the simultaneous activation 
of agonist and antagonist muscles. The key feature of 
cocontraction is that it occurs during voluntary effort 
and that it is generated by simultaneous supraspinal 
motor drive to agonist and antagonists (23, 24) (see 
Figure 3.10).

Physiologically, Humphrey and Reed (25) found 
cocontraction to be activated and deactivated at a cor-
tical level. Although cocontraction can be a normal 
mechanism to provide joint stability under particular 
circumstances, cocontraction in the UMNS refers to 
inappropriate antagonist activation that blunts or even 
reverses agonist-driven movement. Cocontraction, 
because it originates supraspinally, may occur during 
isometric effort when antagonist muscle stretch does 

not occur (26). However, antagonist muscles are being  
stretched during isotonic movements driven by ago-
nists. Therefore, stretch-sensitive antagonist muscles 
may be subject to stretch reflex activity superimposed 
on the supraspinal drive of cocontraction, and hence, 
the term spastic cocontraction has been applied to 
such antagonist activity. Essentially, the antagonists 
have 2 sources of efferent input: supraspinal motor 
drive and segmental stretch driven reflex activity. It is 
difficult to make practical clinical distinction between 
supraspinal and segmental stretch reflex drives go-
ing to an antagonist muscle. Such a distinction is not 
vital to medications with a peripheral mechanism of 
action, but theoretically, drugs that have relevant cen-
tral mechanisms of action could have a differentiating 
effect. Clinically, patients with spastic cocontraction 
often move with slowness and with great effort. Prob-
lems arise when patients experience a restraining or 
braking action produced by antagonist cocontraction 
during voluntary isotonic movements. When cocon-
traction is present, the performance of alternating vol-
untary movements about a joint will reveal temporal 
asymmetry. For example, during alternating flexion 
and extension movements about the elbow, elbow 
flexion is typically quicker, whereas elbow extension 
is typically slower because flexors cocontract during 
extension phase. The cocontracting elbow flexors re-
strain elbow extension, causing temporal asymmetry. 
The amplitude of elbow extension may also be altered.

Stretch Sensitive Dystonia

Denny-Brown (27) used the term dystonia to describe 
a variety of postural reactions developed by monkeys 
after ablations of the cerebral cortex were performed. 
Lesions were independent of, or in addition to, dam-
age to the pyramidal tract. Holding the monkeys in 
different spatial positions led to a variety of different 
postural reactions of the limbs, and these limb postures 
remained persistent in their attitude. Any attempt by 
an examiner to pull a limb away from its persistent 
position was met by an increased resistance of springy 
quality. The limb would fly back to its original posture 
when released. Denny-Brown called this fixed attitude 
dystonia, a term signifying a persistent posture main-
tained by muscular contraction. He revealed the active 
nature of dystonia in these monkeys by demonstrating 
continuous EMG activity in relevant limb muscles. In 
addition, he showed the dystonia to be efferent. It did 
not depend on afferent input from the limb because it 
persisted even after the dorsal roots were cut.

Like Jackson’s thinking regarding the effects of 
brain lesions, Denny-Brown thought that dystonia af-
ter cortical ablations represented released motor be-

FIGURE 3.10

Activity at the onset of movement is seen in both pronator 
muscles in this record of a voluntary effort to supinate the 
forearm, made by a patient with UMNS. Note how prona-
tor cocontraction eventually limits, even reverses, forearm 
movement.
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havior generated by parts of the motor mechanism 
that had direct access to alpha motor neurons (28). 
Of interest in the present context, he pointed out that 
monkeys who underwent various cortical ablations 
did not have spastic features, such as tendon jerk 
hyperreflexia. Efferent drive at rest was supraspinal 
in origin and seemingly was unrelated to afferent- 
efferent stretch reflex arcs. However, Denny-Brown 
also indicated that the dystonia of his monkeys was  
affected by the degree of stretch placed on a muscle, 
and in humans with UMNS, dystonic (at rest) activ-
ity in a muscle can be modified by prolonged stretch 
(29, 30). The presence of muscle activity at rest (ie,  
without obvious source of afferent input, phasic 
stretch, or volitional effort), sensitive to prolonged 
(tonic) stretch, has been called spastic dystonia. For ex-
ample, Figures 3.11 and 3.12 illustrate a patient with  
right hemiparesis secondary to a stroke sitting quietly 
at rest.

Persistent EMG activity was recorded from the 
pectoralis major, and a lesser level of activity is also 
noted in long head of triceps. The clinical posture of 
an adducted/internally rotated shoulder is noted in the 
figure. The shoulder adductors were spastic on pas-
sive stretch. Range of motion exercises with sustained 

stretching eased her clinical complaint of shoulder 
stiffness, but passive stretching had to be repeated fre-
quently. Dystonia “sensitive to stretch” can result in  
a lessening of the dystonic activity as a result of sus-
tained stretch. Phasic or brief duration stretch can elicit 
a spastic (resistive) reaction. Some are of the opinion 
that delayed relaxation after voluntary contraction 
characterized by continuous firing of motor units is 
also a form of spastic dystonia (31).

If available, EMG equipment can help identify 
persistent muscle activity that is potentially consistent 
with the dystonic form of muscle overactivity. How-
ever, without using this confirmation method, it may 
be risky to assume that all patients with persistent limb 
postures have underlying muscle activity that sustains 
the posture. Passive tissue stiffness alone may be suffi-
cient to hold a posture. Stretching a muscle group may 
elicit a spastic response that brings the stretched mus-
cle back to its equilibrium position at which it will re-
main in equilibrium, balanced by the passive rheologic 
properties of muscles and other soft tissues surround-
ing the joint. Muscle contracture, that is, fixed shorten-
ing, holds a limb in a fixed posture as does heterotopic  
ossification. Activity generated by an unnoticed as-
sociated reaction could mimic dystonic posturing, 
for example, standing “quietly at rest” while actually 
weightbearing on a cane with the contralateral limb 
could promote ipsilateral elbow flexor activity and a 
flexed elbow posture. Associated reactions in UMNS 
are described in the next section. Their essential feature 
is that voluntary activity in one part of the body accom-
panies involuntary activity in another.

FIGURE 3.11

Note an adducted, internally rotated shoulder at rest in 
this hemiparetic patient due to stroke.

FIGURE 3.12

At rest, persistent dystonic EMG activity was recorded from 
the pectoralis major, and a lesser level of activity was also 
present in long head of triceps. The patient was asked to sit 
quietly and relax. Pectoralis major is an adductor and inter-
nal rotator of the shoulder (correlate with Figure 3.11).
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POSITIVE SIGNS THAT ARE NOT  
STRETCH-SENSITIVE

Flexor and Extensor Spasms

A characteristic feature of the UMNS, according to 
Lance (32), is the release of flexor reflex afferent ac-
tivity. The flexor reflex is a polysynaptic reflex that 
results in contraction of flexor muscles across several 
limb segments. It is generated by afferent stimuli col-
lectively known as flexor reflex afferents. These affer-
ents may include cutaneous receptors responding to  
touch, temperature, and pressure and nociceptors re-
sponding to painful stimuli, secondary endings from 
muscle spindles (group II afferents), and free nerve 
endings scattered diffusely in skeletal muscles. The 
polysynaptic flexor reflex has a long latency (twice the 
latency of a monosynaptic tendon jerk) due to slow 
afferent conduction into the cord and to central delay. 
Flexor reflex afferent activity ascends and descends 
in the cord, synapsing in the internuncial pool, a sys-
tem of spinal interneurons influenced by inputs from 
peripheral as well as central sources. Compared with 
segmental stretch reflexes, the time course of polysyn-
aptic flexor reflexes is slower, and unlike segmental 
stretch reflexes, flexor reflexes represent coordinated 
activity of groups of motor neurons spanning many 
segments. Polysynaptic reflexes result in muscle con-
traction across multiple joints, sometimes bilaterally. 
Recruitment of flexor muscles across a number of 
joints is an example of an interjoint reflex that can pro-
tect tissues subject to noxious stimulation. Extensor 
reflexes are also polysynaptic and may contribute to 
body support functions. Flexor and extensor reflexes 
may be the substrate for more complex coordinative 
patterns, such as locomotor stepping generators.

After a UMN lesion, particularly after a spinal 
cord lesion, disinhibition of the flexor reflex becomes 
more prominent clinically. Flexor reflexes can range 
from the familiar Babinski sign to a mass triple flex-
ion reflex involving the hip, knee, and ankle. A pa-
tient may call the flexor reflex a muscle “spasm.” but 
a careful history will reveal that the patient refers to 
multijoint activity rather than focal spasm of a single 
muscle group crossing one joint. Flexor reflex afferents 
from limbs and enteroceptors from bladder and bowel 
can singly or in combination promote polysegmental 
reflex activity with contraction of muscles about the 
ankle, knee, hip, abdominals, even paraspinals. A 
large, sudden rise in intra-abdominal pressure caused 
by contraction of the rectus abdominis can result in 
urinary incontinence as part of the phenomenon. In 
UMN lesions, the onset threshold of the flexor reflex is 
reduced, contraction intensity is increased, and more 

muscles and more joints are recruited. Flexor spasms 
are more common in patients with lesions of the spi-
nal cord than patients with supraspinal hemiplegia. 
The studies of Herman (33) indicated that the manner 
in which afferent activity was transmitted through the 
spinal cord was diffferent for paraplegic and hemiple-
gic patients.

Associated Reactions

An associated reaction is another form of involuntary 
muscle overactivity seen in the UMNS. An associated 
reaction refers to involuntary activity in one limb that 
is associated with a voluntary movement effort made in 
another limb. Figure 3.13(A)-(C) shows the sequence of 
right elbow motion in a right hemiplegic patient mov-
ing from a sitting position to a standing position. Body 
motion including voluntary arm and leg movements 
on the uninvolved left side was most active during the 
stand up phase in the middle photo. Note how an as-
sociated reaction of the right elbow flexors developed 
on the hemiparetic side and produced an increase in 
right elbow flexion in the middle photo compared with 
elbow flexion during sitting (left photo) and during the 
subsequent standing equilibrium phase (right photo). 
Associated reactions were first described by Walshe in 
1923 (34).

Following Jackson’s release phenomena formula-
tion, Walsh referred to associated reactions as “released 
postural reactions deprived of voluntary control.”  
Associated reactions may be due to disinhibited 
spread of voluntary motor activity into a limb affected 
by the UMN syndrome. Figure 3.14 shows a patient 
with right hemiparesis throwing a ball with the left 
upper limb. The patient did not involve the right up-
per limb with the throw, having no volitional control 
of this limb. Figure 3.14 reveals the presence of EMG 
activity in the right-sided shoulder muscles associated 
with the patient’s effort to throw the ball with her 
left hand. The intensity of an associated reaction in 
the limb with UMN may depend on how much effort 
is made by the voluntary limb. Dewald and Rymer 
(35) thought that impaired descending supraspinal 
commands were involved in generating an associated 
reaction. They hypothesized that unaffected bulbospi-
nal motor pathways may have taken over the role of 
transmitting descending voluntary commands when 
the other UMN tracts were damaged.

Although clinicians often seem more concerned 
about spasticity than other positive phenomena of the 
UMNS, the clinical impact of spasticity may be less 
than advertised when one ponders how often patients 
and caregivers might actually stretch spastic muscles 
at rates that would elicit intense resistance. We have 
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observed patients and caregivers performing limb  
manipulations at slow rates of stretch to avoid or min-
imize rate-sensitive spastic resistance. We also note 
that what often passes for spastic resistance is, in large 
measure, decreased tissue compliance due to changes 
in the intrinsic rheologic properties of muscle. Associ-
ated reactions, on the other hand, may be unavoid-
able because voluntary movement efforts of a patient 
with UMNS must necessarily go on throughout the 
day (36).

High-intensity voluntary efforts required dur-
ing transfers, gait, and many activities of daily living 

might be expected to provide ample opportunity for 
the development of muscle overactivity generated by 
associated reactions.

Muscle Rheology

Although Jackson conceived of positive and negative 
signs of the UMNS with respect to nervous system pro-
duction of motor behavior, others subsequently became 
cognizant of how changes in peripheral soft tissue could  
also affect extremity movements. Changes in the rheo-
logical properties of soft tissues, especially muscle, are 

FIGURE 3.13

Note changes in elbow angle as the patient moves through 
the sequence: (A) sitting, (B) standing up, (C) maintaining 
a standing position. The photos illustrate an associated re-
action of involuntary right elbow flexion during the stand-
ing up phase (B) as voluntary movement efforts in other 
limbs are taking place.

A

B

C



2� I� GENERAL�OvERvIEW

important clinically (37). Muscle contracture, a physi-
cal shortening of muscle length, limits the operating 
range of joint motion and, as such, has a broad influ-
ence on the performance of activities of daily living and 
mobility. Muscle contracture is often accompanied by 
physical shortening of other soft tissues such as fascia, 
nerves, blood vessels, and skin. (Muscle contracture, 
an invariant physical state of fixed tissue shortening, 
is not to be confused with muscle contraction, a dy-
namic, variable state of internal shortening produced 
by the sliding action of actin and myosin filaments 
within a muscle fiber. Contracture implies that muscle 
length remains the same even if one were to block all  
muscle contraction by local or general anesthesia.)

The development of contracture is promoted by 
a number of processes that start when an acute UMN 
lesion occurs: (1) paresis impairs cycles of shortening 
and lengthening of agonist and antagonist muscles 
caused by everyday muscle use; (2) the force of grav-
ity generates positional effects on limb segments and 
joints; (3) positional effects are also created by a net 
balance of static soft tissue forces traversing joints; 
and (4) the various involuntary UMN motor behav-
iors described above lead to a net balance of dynamic 
limb torques acting across joints, resulting in the de-
velopment of chronic 1-way positioning of joints that 
typically leads to stiffness and contracture. Because 
muscle relaxant medications affect dynamic muscle 
contraction only, a clinical picture dominated by con-
tracture will not respond to such drugs. Physical  
methods are necessary to undo contractures. Distin-

guishing between dynamic tension of muscle over-
activity and static rheologic tension can be difficult. 
O’Dwyer et al. (38) suggested that what appears clini-
cally as spasticity after stroke is really increased mus-
cle stiffness and muscle contracture. They suggested 
that mechanical and biological changes in soft tissues 
played a major role in resistance to both passive and 
active movements. Muscles immobilized in a short-
ened position for long periods became shorter and  
stiffer. When muscle overactivity developed in these 
shortened muscles, tension was generated at shorter 
lengths. A lack of voluntary contraction in the antago-
nists of these shortened muscles prevented their natural 
reextension, leading to a continuation of the process 
of stiffness and fixation. In the upper limb, muscles 
that typically shorten include shoulder adductors/ 
internal rotators, forearm pronators, and elbow,  
wrist, and finger flexors. In the lower limb, muscles 
that typically shorten include ankle plantar flexors, 
toe flexors, and hip and knee flexors. The position of 
any given joint results from a net balance of static and 
dynamic torques of muscles acting across the joint, as 
well as rheologic properties of related soft tissues. Vari-
ability in central lesion recovery and reorganization 
can lead to other types of UMN patterns such as the  
intrinsic plus hand and the hyperextended wrist.

Based on studies of patients with cerebral palsy 
(CP), contractures are thought to arise from muscle 
fibers that have fewer sarcomeres in series and, there-
fore, are shorter than normal (39). Sarcomere lengths 
are greater than normal when muscle fibers with fewer 

FIGURE 3.14

A patient with right hemiparesis throwing a ball with her left hand. The patient did not involve the right upper limb with 
the throw, having no volitional control of this limb. The figure reveals EMG activity in right-sided shoulder muscles as an 
associated reaction to the patient’s voluntary ball throw with her left upper limb. Note that these right-sided muscles, pec-
toralis major, teres major, and latissimus dorsi, are adductors and internal rotators. The patient presented clinically with 
the UMN pattern of an adducted/internally rotated shoulder.
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sarcomeres in series are stretched during normal move-
ment. These longer sarcomeres are thought to be the 
main reason that muscles of patients with CP have  
excessive passive tension. Similar processes might con-
ceivably account for elevated passive tension in adults 
with UMNS. However, Friden and Lieber (40), reexam-
ining the issue of excessive passive tension in CP, have 
described the mechanical properties of isolated muscle 
fiber segments obtained from spastic patients with CP 
undergoing surgical correction of flexion contractures. 
They found that single fibers developed passive tension 
at significantly shorter sarcomere lengths than fibers 
taken from subjects without spasticity. Muscle fibers 
of patients were almost twice as stiff as controls, and 
resting sarcomere lengths were shorter. Friden and  
Lieber also found that the cross-sectional area of spas-
tic fibers was less than one third of normal fibers. This 
resulted in greater stress forces when spastic fibers were 
passively stretched. Their study suggested that sarco-
meres in CP do not have to be stretched beyond normal 
lengths to develop excessive passive tension. From this 
perspective, their study challenges the assumption that 
tendon lengthenings or even stretching exercises that 
aim to allow a muscle to achieve normal sarcomere 
lengths will lessen passive tension to normal levels. The 
study of Friden and Lieber points to a process of con-
siderable structural remodeling of spastic muscle tissue 
components. In that regard, their study challenges the 
current theoretical framework suggesting that muscle-
tendon lengths need to be appropriately adjusted by 

therapeutic exercise or surgical lengthening. Current 
theory believes that sarcomeres operating over a more 
normal range will result in a reduction in passive ten-
sion along with better force generation if the muscle-
tendon length is adjusted appropriately. The study of 
Friden and Lieber suggests that this view may have to be  
altered.

MALADAPTIVE CONSEQUENCES  
OF THE UMNS

We have offered the argument that the interaction be-
tween stereotypic positive and negative signs of the 
UMNS results in chronic 1-way joint attitudes giving 
rise to common patterns of UMN dysfunction. Me-
chanical and biological changes in soft tissues, such 
as muscle, play an important role in resistance to pas-
sive and active movements. Generated by the various 
forms of positive signs, muscle overactivity, superim-
posed on emerging soft tissue changes, contributes to 
a net balance of torques that promotes and maintains 
tissue shortening and chronic 1-way positioning of up-
per and lower limb joints (see Figure 3.15). The nega-
tive sign of impaired limb usage and weak voluntary 
contraction of the antagonists of shortened muscles 
prevents range of motion in the opposite direction, 
contributing to the continuation of the process of  
postural fixation and its maladaptive consequences  
for patient care. Stereotypic movement patterns and 

FIGURE 3.15

This figure illustrates the concept that UMN postural and 
movement patterns reflect a net balance of torques gener-
ated by combinatorial interactions of various positive and 
negative UMN signs.

FIGURE 3.16

Clenched fist and flexed wrist deformities in this hemipa-
retic patient illustrate the potential for maceration, organ-
ism overgrowth, and malodor as moisture accumulates 
and persists between fingers in contact with palm and in 
redundant tissue folds at the wrist.
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postures, generated by positive signs and not reversed 
because of negative signs, promote maladaptive UMNS 
consequences (41) under the following personal health 
categories exemplified for the upper limb:

Skin Integrity: Clenched fist (see Figure 3.16) 
and redundant skin folds lead to mois-
ture accumulation, bacterial and fungal 
overgrowth, malodor, skin irritation, skin 
breakdown, ulceration, and skin and nail 
bed infections. 

Bone and Joint Integrity: Shoulder and wrist 
subluxation, adhesive capsulitis, impinge-
ment syndrome, osteoporosis, and joint 
contracture.

Physical Pressure and Injury: Thumbnail and 
fingernails digging into the skin of the 
palm (see Figure 3.17); fist and finger pres-
sure against chest, breast, throat, chin or 
face; traction on the ulnar nerve in the cu-
bital tunnel by a chronically flexed elbow; 
pressure on the median nerve in the carpal 
tunnel by a chronically flexed wrist. 

Soft Tissue Integrity: Stiffness and contracture 
of muscle, skin, nerve, and blood vessels.

Personal Care Integrity: Patients and caregiv-
ers having difficulty manipulating limbs 
encumbered by static and dynamic torques 
during the delivery of personal hygiene, 
dressing, grooming, and bathroom care.

Body Image Integrity: Embarrassing “claw” 
hand, unsightly flexed elbow, bent wrist, 
clenched fist, and thumb-in-palm with fre-
quently present malodor.

CONCLUSIONS

Skeletal muscle is a key effector organ of the nervous 
system. Skeletal muscle develops torque about a joint 
in response to efferent neural activity coming from the 
central nervous system. Normally, everyday voluntary 
movements are sufficient to take joints through sig-
nificant portions of their range of motion, and they 
are also sufficient to maintain skin and musculoskel-
etal integrity. After a UMN lesion, 2-way voluntary 
motion across a given joint is impaired by a reduction 
of voluntary capacity, the negative sign of UMNS,  
combined with released positive signs that promote 
unidirectional movements and postures, ultimately 
affecting skin and musculoskeletal integrity. A UMN  
lesion alters the net balance of efferent activity to skel-
etal agonist and antagonist muscles. As a consequence, 
limbs develop postures and movements according to 
the net balance of individual muscle torques acting 
across their joints. The development of mechanical and 
biological changes in compliance of soft tissues, espe-
cially of skeletal muscle, adds to the neurally driven 
phenomena of UMNS that lead to clinical problems. 
By forcing joints into undesired static positions or into 
stereotypic dynamic movements, sometimes with inju-
rious potential, the combined effects of negative and 
positive signs lead to many maladaptive skin and mus-
culoskeletal consequences (38, 41). From this perspec-
tive, individual muscles can be thought of as units of 
structure and function in the production of movement 
and posture—a concept that may be exploited by fo-
cal therapies.
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It is challenging to describe the “ancillary features and 
associated findings” connected with spasticity and the 
upper motor neuron syndrome (UMNS). Aside from 
the usual problems we think about in terms of spas-
ticity, muscle overactivity also has the potential to 
affect a wide range of body systems and functions. 
How these interactions, directly and indirectly, will af-
fect an individual is determined by a range of factors. 
These factors include diagnosis, duration, age of on-
set, and chronicity. Inherent in this discussion is how 
the UMNS affects function across organ systems. For 
example, skin is affected by positioning and external 
interventions, such as orthotics and casts. Skin lesions, 
such as pressure sores, will further affect the presenta-
tion of tone because they present a noxious stimulus. 
Swallowing and breathing are affected by positioning, 
weakness, tone, and coordination. Cognition and so-
cialization can be affected by postures and dysarthria. 
The integrated effects of the UMNS coalesce to create 
individual functional issues. Treatment approaches to 
one feature of the presentation consequently affect 
other aspects of overall functioning.

Although the term spasticity is often used to de-
scribe a symptom complex that includes but is not lim-
ited to spasticity, it is important to untangle the effects 
of spasticity from other components of the UMNS, 
for example, negative features (weakness, decreased 
dexterity, etc.) and sensory cognitive and behavioral 
changes. Separating the effects of spasticity without 

incorporating these other features creates an artificial 
divide (1).

Another consideration is how spasticity affects 
the body system being discussed, that is, does it di-
rectly affect the end organ or is the muscle overac-
tivity reducing function in the body system? Both 
options must be considered. Detrusor-sphincter dys-
synergia would be an illustration of the direct effects 
of spasticity on an end organ, whereas difficulty with 
toileting may occur from impaired posture, balance, 
and motor control. Drooling may be the result of de-
creased oromotor control from spasticity, weakness, 
incoordination, or dystonia (Figure 4.1). Sedation due 
to medications may increase these baseline impair-
ments even if they reduce tone.

Lastly, in some situations, the combination of 
spasticity effects on multiple body systems impairs 
higher-order functional states. Sexuality may be af-
fected by restricted muscle movement or contracture, 
aside from cognitive concerns and psychological is-
sues. Depression, altered body image, change in role, 
and self-esteem significantly affect the overall function 
level in this realm.

The following chapter covers a variety of symp-
toms, complexes, and body systems that are affected 
by and are associated with UMNS. Oral medications 
have their place in the management of UMNS; how-
ever, they have limitations due to their side-effect pro-
files, including effects on endurance and cognition.  

Ancillary Findings 
Associated With 
Spasticity4
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Botulinum toxin injections, motor point blocks, nerve 
blocks, and intrathecal baclofen (ITB) therapy cou-
pled with therapies and an understanding of each 
individual’s goals and potential combine to allow for 
maximal functional improvement. Gains achieved are  
frequently noted by patients, caregivers, and clini-
cians, although they may remain undetected by com-
monly used assessment scales (2).

SENSORY DISTURBANCES

One cannot address UMNS without considering the as-
sociated sensory issues. Spasticity, a sensorimotor disor-
der, may be associated with disorders of proprioception, 
spatial orientation, and other sensory disturbances.

Pain is one of the noxious sensory issues associ-
ated with spasticity. The mechanisms of pain associated 
with UMNS and spasticity are not clearly understood. 
One hypothesis is that prolonged muscle contrac-
tion or activation of the motor pathways stresses the 
vascular supply or consumes oxygen, leading to isch-
emia. Nociceptor fibers are activated and contribute 
to the maintenance of flexor reflex. Neurotransmit-
ters that contribute to pain are also released. This is 
one area where botulinum toxin injections may act to 
decrease pain in spasticity, not just via a decrease in 
muscle contraction but via a decrease in the release 
of neurotransmitters associated with pain (3). Pain 
is a complication of UMNS that has implications 
for spasticity, mood, cognition, sexuality, and over-
all function. It is a noxious stimulus that can lead to 
increased spasticity. Unfortunately, it is a sometimes 

overlooked clinical consideration, especially when the 
scenario involves someone unable to express his or 
her own needs.

Pain can arise from stresses on the musculoskel-
etal system (4). It can be related to weakness and im-
mobility that result from the disease causing UMNS, 
leading to spasticity and dystonia. Fortunately, in-
terest in assessing and treating pain is becoming in-
creasingly recommended and mandated by regulatory 
agencies.

Oral medications are the most commonly used 
interventions for spasticity and may have some mild 
analgesic effects as well, although there is only limited 
evidence pertaining to the effectiveness of baclofen, 
dantrolene, diazepam, and tizanidine in facilitating 
functional gains (5). They do reduce spasticity, often at  
the cost of alertness, strength, and cognition. In multi-
ple sclerosis, there is no evidence that ITB has a direct 
impact on pain, although baclofen has been suggested 
to have some analgesic properties. In multiple sclero-
sis, however, ITB therapy improves activity. By lim-
iting pressure sores in less mobile individuals, it can 
indirectly prevent another potential source of pain. In 
one study that looked at the prevalence and treatment 
of spasticity in multiple sclerosis, respondents re-
ported less spasticity and fewer painful spasms when 
treated with ITB therapy compared with those treated 
with oral medications alone (6). Satisfaction was 
greater with ITB therapy when compared to oral med-
ications. The performance scales measured included 
mobility, hand function, vision, fatigue, cognition, 
bladder/bowel, sensory, and spasticity (Figure 4.2).  

FIGURE 4.1

Cervical dystonia untreated.

100 Normal, no complaints, no evidence of
 disease

 90 Able to carry out normal activity, minor
 signs or symptoms of disease

 80 Normal activity with effort, some signs 
 and symptoms of disease

 70 Cares for self, unable to carry out 
 normal activity or to do work

 60 Requires occassional assistance from 
 others but able to care for most needs

 50 Requires considerable assistance from 
 others and frequent medical care

 40 Disabled, require special care and 
 assistance

 30 Severely disabled, hospitalization 
 indicated, death not imminent

 20 Very sick, hospitalization necessary,
 active supportive treatment necessary

 10 Moribund

   0 Dead 

A Able to carry out normal physical activity at
 least part of the time, no special care needed

C 

Unable to care for self, requires the equivalent 
 of institutional or hospital care. Disease may 
 be progressing rapidly.

B 

Unable to work, able to live at home, care for 
 most personal needs. A varying degree of 
 assistance is required.

FIGURE 4.2

Performance scales (sensory). ( Journal� of� the� National�
Medical�Association. Vol 96. No 12. December 2004).
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Cerebral palsy (CP) contributes to deformities in the 
growing child due to abnormal forces on joints, re-
duced activity levels, and inefficient biomechanics. 
These factors are compounded by weakness and bal-
ance disturbances, again with resultant pain (7).

Severe spasticity can lead to complete immobil-
ity. This in turn brings with it a decline in body sys-
tems, ultimately leading to pressure sores, bladder and 
bowel complications, respiratory compromise, and de-
creased cognitive interaction.

Botulinum toxin injections into spastic, painful 
muscles have long been noted to decrease pain. The first 
open-label study that actually used pain as the primary 
outcome measure with spasticity considered secondarily 
was conducted in 2000 (3). There is now a body of lit-
erature addressing the effects of botulinum toxins on 
neurotransmitters that contribute to pain (8).

Pain can primarily be neuropathic and/or muscu-
loskeletal in nature. Complex regional pain syndrome 
(CRPS), whether type 1 or type 2, can significantly 
impair function, sleep, and mood. Complex regional 
pain syndrome type 1 involves the sympathetic nervous 
system, whereas CRPS type 2 involves a specific injury 
to a nerve. Both syndromes exhibit pain beyond the 
distribution of the original injury. Medications need 
to be chosen judiciously to avoid side effects that can 
further negatively impact function. Complex regional 
pain syndrome was formally known as “reflex sympa-
thetic dystrophy.” It is associated with disabling pain, 
swelling, vasomotor instability, sudomotor abnormal-
ity, and impairment of motor function (9). Varied treat-
ments consist of mobilization, antidepressants, ste-

roids, anticonvulsants, and sympathetic blocks. Plastic 
changes have been reported in the sensory and motor 
pathways in patients with CRPS (10).

Central pain syndrome, also known as thalamic 
pain, can occur after any lesion to the central nervous 
system (CNS), particularly somatosensory pathways, 
thalamus, thalamocortical connections, and cortex. 
Pain is typically constant, of moderate to severe in in-
tensity, and often made worse by touch, movement, 
emotions, and temperature changes. Burning pain is 
the most common presentation, although other de-
scriptions include “pins and needles”; pressing, lac-
erating, or aching pain; and brief bursts of sharp pain 
similar to the pain. Individuals may have numbness in 
the areas affected by the pain. The burning and loss 
of touch sensations are usually most severe on distant 
parts of the body, such as the feet or hands. Central 
pain syndrome often begins shortly after the causative 
injury or damage but may be delayed by months or 
even years, especially if it is related to poststroke pain. 
Diffuse peripheral neuropathies and nerve compres-
sions may arise from trauma and/or repetitive trauma 
and may need to be distinguished from other pain syn-
dromes. Medication suggestions for these syndromes 
are relatively interchangeable with variable effects.

Early in the rehabilitation process, focus should 
be placed on interventions that will limit pain acutely 
and later down the rehabilitation road. For exam-
ple, prevention of spasms can limit plantar flexion 
contractures and shearing injury to the skin. Posi-
tioning patients with extensor tone, with their legs  
over a wedge, can help break up synergy patterns, 

FIGURE 4.3

(A) Before picture, 10 years post injury with recurrent episodes of “asthma.” (B and C) After treatment with ITB therapy and 
Botox A every 3 months, patient sees improvement and no longer aspirates and is without “asthmatic” episodes. Patient 
begins coughing during eating 2 to 3 weeks before next injection, demonstrating efficacy of treatment.

A B C
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maintaining range and limiting discomfort. Methods 
such as standing programs and bed positioning pro-
grams, regardless of the nature of the injury, serve to 
decrease hypertonia and the tendency toward more 
discomfort from deformity, spasms, and the like. This 
allows for improved stretch, range of motion, pres-
sure relief, bladder and bowel management, muscle 
strength, and overall well-being (Figure 4.3).

Tone can be affected by positioning and should 
be a primary assessment task when starting the evalu-
ation of the clinical presentation and treatment plan. 
Appropriate positioning programs are difficult to 
maintain in many rehabilitation venues and take the 
enlistment of the nursing staff (11). Tonic neck and 
vestibular reflexes modulate tone and can be incor-
porated into a bed positioning program to modulate 
abnormal, functionally limiting postures. Casting and 
positioning can diminish tone as can heat or cold. 
Stretching can diminish tone, albeit temporarily, but 
casting a joint to a painful extreme becomes a noxious 
stimulus of combined physical and emotional pain  
(Figure 4.4). There are short-term and longer-term 
benefits to be considered. In spinal cord injury, in-
complete lesions are more likely to be associated with 

pain. Nerve root entrapment and direct deafferenta-
tion also contribute to pain. Complex regional pain 
syndrome may be associated with any of the causes 
of UMNS, as well as with peripheral injuries. Carpal 
tunnel syndrome can develop as a result of overuse 
or the subsequent deformities that develop from spas-
ticity. Botulinum toxin A has been shown to reduce 
capsaicin-induced pain and neurogenic vasodilatation 
without affecting the transmission of thermal pain 
modalities as measured by the Visual Analog Scale 
(Table 4.1) (12).

Pain in CP is mostly associated with musculo-
skeletal deformities and conditions related to overuse 
and arthritis. A combination of fatigue, pain, and 
weakness develops over time and can be related to de-
formities, weakness, and nerve entrapments. Position-
ing programs, energy conservation, analgesics, and 
therapy modalities of heat and stretching can provide 
relief. Early intervention with the goal of decreasing 
these complications while decreasing tone is prefer-
able. Selective dorsal rhizotomy, ITB therapy, botuli-
num toxin injections, orthotics, and therapies are all 
best delivered through a team approach based on the 
goals of the interventions.

FIGURE 4.4 

(A and B) Spasticity intervention 
began 5 years post injury. Patient’s 
oropharyngyl swallow intact. Face 
remains “stuck” with lips and 
cheeks in constant contracture. (C) 
First attempt at lower extremity (LE) 
positioning program. Patient did not  
tolerate due to restlessness of left 
LE; patient was constantly rub-
bing against his right LE. Right LE 
was unable to be flexed. Theraband 
component was added to the device 
due to constant adduction over his 
right LE. The head was unable to 
be safely positioned to prevent left  
rotation, as the patient would con-
tinually push through anything that 
was attempted and cry out when it 
was in place. (D) Second attempt 
at LE positioning. Patient is toler-
ating his LE and head position; no 
restlessness, no crying out, no resis-
tance to devices. Able to get about 
30° to 40° of right knee flexion.

A

C

B

D
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Some common causes of pain that are more spe-
cific in the acute neurorehabilitation setting include 
fractures, therapy interventions, skin breakdown, 
and urinary tract infections. In one prospective study, 
25% of high-risk patients developed adhesive capsu-
litis. Adhesive capsulitis is associated with impaired 
consciousness, hemiparesis, duration of postoperative 
intravenous infusion, age, and depressive personal-
ity (13). Although consumption of analgesics in post-
stroke spasticity associated with shoulder pain does 
not appear to decrease significantly with botulinum 
toxin injection, the decrease in pain is statistically sig-
nificant. In addition, despite injections being limited 
to the shoulder, there can be a significant decrease in 
tone in the finger flexors (14). This is suggestive of the  
contribution of pain to the presentation of spastic-
ity and/or the overflow or decrease in tone associated 
with the effect of spasticity.

VOICE, SPEECH, AND SWALLOWING

When therapy is considered for a patient with UMNS, 
it is most commonly physical and occupational; the 
role of speech and language pathology is often over-
looked, although treating the deficits of UMNS also 
falls within the realm of the speech and language 
pathologist. Features of spasticity, dysphagia, and 
oromandibular dystonia need to be addressed in this 
population. Again, the positive and negative signs of 
UMNS come into play, leading to issues with weak-
ness, coordination, hypertonia, and pain.

Dysphagia

Dysphagia can present with deficits along different 
phases of swallowing. If not addressed, complications 
of aspiration, fevers, and social isolation become sig-
nificant. Swallowing assessments can be performed at 
the bedside or radiographically. Bedside evaluations 
do not allow for assessment of the pharyngeal phase 
of swallowing but provide information about oral mo-
tor functioning, ability to understand and follow di-
rections, postural concerns, and performance. Specific 
structures that can be assessed at the bedside include 
the lips, tongue, palate, larynx, pharynx, and facial 
musculature. Sensation can also be assessed. Many 
patients may have difficulty initiating jaw opening to 
take in bolus or displaying a tonic bite reflex or a sen-
sory defensive response. Poor oral hygiene and thrush 
can further compromise swallowing.

Fluoroscopic swallowing evaluations or modi-
fied barium swallow is commonly performed to al-

low for a clear definition of the oral and pharyngeal 
phases of swallowing. The patient is given different 
consistencies of food, such as thin liquids, pudding, 
or cookie consistency. Swallowing is monitored for 
signs of aspiration. Appropriate techniques to work 
on compensating for or correcting dysphagia in the 
individual patient can be identified.

Compensatory strategies for managing dyspha-
gia include postural changes that alter the position 
of the structures of the oropharynx, thermal stimula-
tion, textural stimuli, tongue base exercises, different  
swallowing techniques, and alterations in diet con-
sistency (15).

Oromandibular dystonia presents with involun-
tary sustained contractions of assorted muscles of the 
craniopharyngeal area, leading to deviation of the jaw, 
jaw opening, jaw clenching, abnormal movements,  
and positions of the tongue. These contribute to dif-
ficulties with dysphagia, articulation, pain, and dis-
traction. Like the limb muscles, the facial, pharyngeal, 
and cervical muscles can become shortened, tight-
ened, and painful. Although underestimated, these  
conditions have been noted in 20% of acutely brain-
injured patients (16). Bruxism may be seen as part of 
the presentation as well (17).

Botulinum toxin injections can be quite effective 
as a therapeutic intervention, although dosing must 
be based on the clinical considerations of aspiration 
risk, associated dysphagia, and alternative means of 
providing hydration and nutrition, if necessary.

Considerations in the management also include 
muscle relaxants, Beckman exercises for stretch and 
range of motion, positioning techniques, and botu-
linum toxin. Indications for treatment or treatment 
goals can include pain reduction, improvement in oral 
hygiene, and facilitation of progress in the areas of 
communication and eating (Figure 4.5).

Dysarthrias

The range of dysarthrias, or motor speech disorders, 
varies with the diagnosis and the affected locations 
in the CNS. Spastic dysarthria is characterized by a  
strangled quality of voice and a decreased rate of 
speech. Hyperkinetic dysarthria is characterized by 
impairments in rate and rhythm. Prosody is variable 
with disturbances in pitch and volume. Hypokinetic 
dysarthrias are those associated with a soft breathy 
vocal quality and pressured, short rushes. Flaccid 
dysarthria presents as a breathy and hypernasal tone 
with nasal emissions. Inspiration may also be audible. 
Ataxic dysarthria is characterized by decreased tone 
and impaired articulation with inaccurate force and 
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TABLE 4.1
Visual Analog Scale

Information Point:
Visual Analogue
Scale (VAS)

A Visual Analogue Scale (VAS) is a measurement instrument that tries to measure a 
characteristic or attitude that is believed to range across a continuum of values and 
cannot easily be directly measured. For example, the amount of pain that a patient 
feels ranges across a continuum from none to an extreme amount of pain. From the 
patient’s perspective this spectrum appears continuous—their pain does not take dis-
crete jumps, as a categorization of none, mild, moderate and severe would suggest. It 
was to capture this idea of an underlying continuum that the VAS was devised.

Operationally, a VAS is usually a horizontal line, 100 mm in length, anchored by 
word descriptors at each end. The patient marks on the line the point that they feel rep-
resents their perception of their current state. The VAS score is determined by measur-
ing in millimetres from the left-hand end of the line to the point that the patient marks.

How severe is your pain today? Place a vertical mark on the line below to indicate how 
bad you feel your pain is today.

No pain l_________________________________l Very severe pain

Figure 1. Effects of the interpersonal, technical, and communication skills of the nurse 
on the effectiveness of treatment.

There are many other ways in which VAS have been presented, including vertical lines 
and lines with extra descriptors. Wewers and Lowe (1990) provide an informative dis-
cussion of the benefits and shortcomings of different styles of VAS.

As such an assessment is clearly highly subjective, these scales are of most value 
when looking at change within individuals, and are of less value for comparing across 
a group of individuals at one time point. It could be argued that a VAS is trying to 
produce interval/ratio data out of subjective values that are at best ordinal. Thus, some 
caution is required in handling such data. Many researchers prefer to use a method of 
analysis that is based on the rank ordering of scores rather than their exact values to 
avoid reading too much into the precise VAS score.

Further reading Wewers M.E. & Lowe N.K. (1990) A critical review of visual analogue scales in the 
measurement of clinical phenomena. Research�in�Nursing�and�Health 13, 227–236.

     NICOLA CRICHTON

Patient Name: _____________________________________________ Date: _______________

Visual Analog Scale (VAS)*
|---------------------------------------|

    No Pain as bad
    Pain  as it could 
     possibly be

*A 10-cm baseline is recommended for VAS scales.
From: Acute Pain Management: Operative or Medical Procedures and Trauma, Clinical Practice Guideline No. 1. AHCPR Publica-
tion No. 92-0032; February 1992. Agency for Healthcare Research & Quality, Rockville, MD; pages 116-117.
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timing. Mixtures of these presentations are not un-
usual, particularly in traumatic brain injury, intrace-
rebral hemorrhages, multiple sclerosis, and other dis-
ease processes that can affect more diffuse areas of 
the CNS.

As with swallowing, the techniques and interven-
tions to assist in the recovery or improvement of artic-
ulation deficits include compensatory and restorative 
strategies. Positioning also plays a role in these tech-
niques. There are specialized techniques to improve 
the relaxation of spastic and dystonic muscles of ar-
ticulation, just as of the extremities. Other aspects of 

speech therapy are geared toward targeting articula-
tion, strengthening, and self-awareness.

Botulinum toxin is used for spasmodic dysphonia 
and other focal dystonic presentations. Intrathecal bac-
lofen therapy has led to demonstrated improvement in 
communication and speech in children with CP (18).  
The Lee Silverman Voice Treatment, which was origi-
nally developed for Parkinson disease, is being ex-
panded to other neurologic patient populations, with 
some positive, sustainable effects (19). The short-term 
and long-term effectiveness of the Lee Silverman Voice 
Treatment for dysarthria after traumatic brain injury 
and stroke is demonstrating promise (Figure 4.6) 
(20).

Quality of speech is also a symptom that cannot 
be ignored or minimized in the treatment of spastic-
ity. There are social effects and limitations imposed by 
dysarthria. It has been suggested that speech therapy 
should be more involved in community activities and 
psychosocial considerations (21).

BOWEL AND BLADDER

Changes in the autonomic and somatic reflexes are 
seen in varying degrees with injuries of the CNS (22).
Spasticity, weakness, lack of coordination, atrophy, 
and hyperactive reflexes affect bladder and bowel 
function directly and indirectly. Issues with balance 
contribute to considerations of functional positioning 
for toileting. Transfers may be difficult, and adductor 
tone is notorious for limiting access for perineal care. 

TABLE 4.1
(Continued)

Visual Analog Scale
|---------------------------------------|

    NO WORST
    PAIN PAIN

Directions: Ask the patient to indicate on the line where the pain is in relation to the two extremes. Measure from 
the left hand side to the mark.

From Stratton Hill C. Guidelines for Treatment of Cancer Pain: The Revised Pocket Edition of the Final Report of the Texas Cancer 
Council’s Workgroup on Pain Control in Cancer Patients, 2nd Edition; pages 61-63. Copyright 1997, Texas Cancer Council.
Reprinted with permission. www.texascancercouncil.org.

FIGURE 4.5

Beckman exercises (dysphagia).

http://www.texascancercouncil.org
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Extensor spasms can make wheelchair transfers actu-
ally dangerous. Mobility and hand function are signif-
icant features in the successful completion of bladder 
and bowel programs.

Individuals with CP often have spastic-type bladder 
function, even when continence is achieved, leading to 
a risk of elevated intravesicular pressures and resultant 
upper tract damage (23). This can be true of patients  
with other UMNS presentations. Depending on the di-
agnosis and the length of time bladder dysfunction is 
present, care setting in bladder training programs can be 
particularly difficult to develop. Long-term monitoring 
and follow-up of bladder dysfunction is more common 
in patients with spinal cord injury than those with other 
CNS conditions, but should be monitored in other diag-
nostic scenarios as well.

Botulinum toxin injections have shown promis-
ing effects in detrusor overactivity and in overactive 

bladder. This indication was first suggested in 2000. 
Thus far, there is a growing body of evidence that bot-
ulinum toxin works to treat detrusor overactivity and 
overactive bladder by both sensory and motor path-
ways and may have a positive effect on bladder wall 
structure and fibrosis (24, 25).

Changes in voiding patterns after ITB have been 
noted incidentally in a small percentage of patients. 
These are generally temporary and manifested by uri-
nary retention. Initially decreasing the ITB dose has 
been effective for short-term management. Reten-
tion does not return in patients who have had stroke 
even when the dose is gradually returned to the initial 
higher dose (26). Preimplant voiding issues must also 
be taken into consideration, as well as cognitive and 
behavioral concerns.

If tone is fairly well managed but a sudden in-
crease or change occurs, it remains prudent to search 
for causes that may be contributing to the change in 
presentation. In most neurologic diagnoses, urinary 
tract infections remain a common cause of increased 
tone, especially if the presentation had been stable and 
increases for no apparent reason. Other causes should 
be assessed, nonetheless. In one such case, an increase 
in tone was attributed to multiple bladder calculi, but 
ultimately, it was due to an acute dislodgement of an 
ITB catheter in a spinal cord–injured patient (27). 
This underscores the need for thorough evaluations 
whenever there is a clinical change.

Impaired sphincter control and mobility deficits 
contribute to the overall functioning of the genitouri-
nary system. Adequate and appropriate genitourinary 
functions involve the coordination of the parasym-
pathetic, sympathetic, and somatic nerves in concert 
with coordination of the brain. Factors include volun-
tary relaxation of the puborectalis muscle and the ex-
ternal anal sphincter and physiologically appropriate 
intra-abdominal pressure. The striated muscle of the 
external anal sphincter is normally under voluntary 
control, which can be affected by neurologic injury, 
leading to difficulty with relaxation.

Bowel problems in the neurologically impaired 
population are frequently multifactorial (28). Con-
stipation affects 60% of stroke patients in rehabili-
tation. Fecal incontinence can occur as a result of 
constipation. The upper motor neuron (UMN) bowel 
can manifest as nausea, vomiting, constipation, im-
paction, abdominal distension, and/or the perception 
of discomfort or pain.

Basic considerations in a bowel program begin 
with diet, fiber, and fluid content, along with consid-
eration of the type of injury. A program can include 
stool softeners, enemas, mini enemas, and supposito-

 

SYMPTOMS VOICE DISORDERS 
 

Inconsistent voice production  
 

Vocal fatigue  
 

Decreased ability to project one's voice  
 

Decreased volume  
 

Throat clearing  
 

Hoarse, labored or breathy vocal quality  
 

Decreased articulation or slurring of words  
 

 
COMMUNICATION SCREENING (Y or N) 
Do people ask you to repeat? 
Does your voice sound hoarse, scratchy or breathy? 
Does your family say you talk too softly? 
Does your voice fatigue easily? 
Does your voice sound strong on some days; weak on others? 

If you answered "yes" to any of these questions, may indicate  
Lee Silverman Voice Treatment as potential treatment options. 

FIGURE 4.6

Screening and symptoms treated by Lee Silverman Voice 
Treatment.
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ries. Medications can be liquid or tablet, oral, per rec-
tum, or via a feeding tube. Positioning and timing of 
bowel movements are useful considerations in terms 
of administration of agents to maximize evacuation. 
Individualizing the bowel program may be more real-
istic in a home setting than in a hospital.

Long-standing bowel dysfunction can contribute 
to other gastrointestinal complications, such as mega-
colon and early diverticuli. Fear of awkward social situ-
ations can have a profound effect on quality of life (29).  
The life expectancy of persons with CP has risen, but 
it is difficult for adults with CP to access appropriate 
health care, particularly outsiders of urban communi-
ties, and this needs to be addressed further (30). It has 
been observed that the conditions in this patient popu-
lation represent comorbidities found in the neurologic 
populations at large. They include chronic constipa-
tion, nutritional deficiencies, pressure ulcers, joint de-
formities, urologic disorders, and of course, spasticity 
(Table 4.2).

SLEEP

Sleep disorders are notoriously underdiagnosed in the 
general population, as well as in the neurologically 
impaired population. Sleep disorders can be premor-
bid or related to CNS disorders. The actual prevalence 
of sleep disorders, for example, after traumatic brain 
injury, is unknown (31).

The Diagnostic and Statistical Manual of Men-
tal Disorders, Fourth Edition classifies sleep disorders  
into parasomnias and dyssomnias. Parasomnias are 
abnormal events that occur during sleep, such as night-
mares and sleepwalking. Dyssomnia refers to distur-
bances in the quality, quantity, and timing of sleep. 
Insomnia would fall into this category. Considerations 
in managing sleep disorders can vary with the stage 
of illness and setting. A thorough understanding of 
the contributing factors will lead to a more effective 
treatment plan.

Daytime hypersomnia is common with many neu-
rologic disorders for a multitude of reasons. Medi-
cations that are used for spasticity and UMNS can 
have positive and negative effects. Oral baclofen 
alters the sleep architecture and oxygen saturations 
in subjects without neurologic injuries but with un-
derlying obstructive sleep apnea. Baclofen has been 
shown to cause a minor decrease in oxygen satura-
tion but not an increase in apneic periods. Baclofen 
is sedating, but daytime sedating effects are not 
quantified collected (32). There is an increased in-
cidence of sleep apnea in tetraplegic patients, which 
is believed to be due to a combination of paralyzed 
intercostal and abdominal musculature, impaired 
diaphragmatic function, and elevated airway resis-
tance. Sleep posture, antispasmodic medications, 
periodic limb movements of sleep, spasticity, pain, 
and insomnia have all been implicated in sleep dis-
turbances (33). Also of note, there are correlations 

TABLE 4.2
Basic Considerations in Bladder and Bowel Programs

faCTors ConsiDeraTions

Timing Is the patient/caregiver physically and emotionally prepared to begin a bladder/
bowel program?

Premorbid function Was the patient at a functional level, premorbid, to adequately follow a bladder/
bowel program?

Comorbid conditions Are there any comorbid conditions that need to be addressed when planning the 
bladder/bowel program?

Medications Is the patient taking any medications that would inhibit, disturb, or make  
difficult a bladder/bowel program?

Diet (fiber, hydration) Is the patient receiving adequate nutritional intake to allow a bladder/bowel 
program to be possible?

Hand function Does the patient have adequate hand function to toilet properly?
Transfer status Are there any transfer issues (bed to toilet or chair to toilet) that need to be  

assessed before beginning bladder/bowel program?
Caregiver ability Is the caregiver physically and emotionally able to assist in the bladder and 

bowel program?
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is more common than RLS. Once they develop, these 
sleep disorders are generally lifelong. Pharmacologic 
treatments include ropinirole (a D2 and D3 agonist), 
benzodiazepines, and other dopaminergic agents. 
Aside from the potential effects of sleep disturbances 
on spasticity and of spasticity on sleep, other symp-
toms that may be exacerbated include pain, cogni-
tion, endurance, and mood. These are all implications 
for a negative effect on the rehabilitation process and 
on function.

Psychosocial Issues

The impact of spasticity per se cannot be separated 
from the overall concerns of disability when consid-
ering the psychosocial considerations of the UMNS. 
There is generally a poor to modest correlation be-
tween the Ashworth Scale and the patients’ self-report 
in assessing the effects of spasticity in our patients’ 
lives with clinical measures (Figure 4.7). Assess-
ments should be supplemented by patients’ subjective  
report. The impact of spasticity on psychosocial func-
tioning again demonstrates how many aspects of dis-
ability combine to create a presentation specific to the  
individual.

First, it should be acknowledged that patients as-
sociate other sensations with spasticity (37). For many  
with spasticity, dystonia, and other aspects of UMNS, 
pain is a daily or constant presence impacting their 
daily experience. There is interplay among pain,  
psychological factors, and disability. Mood issues in 
general and with disability in particular are multifac-
torial. Mood can also contribute to increases in tone. 
Many patients experience an increase in their tone, 
such as increased synergy postures, with extremes of 
emotion. In many patients with brain injury, tone and 
posturing increase in the presence of emotional fam-
ily members, much as a calming environment can de-
crease the presentation of their spasticity. In patients 
with higher-level brain injury, cognitive-behavioral 
therapy is one avenue for addressing the psychological 
component of pain, including attitudes, coping skills, 
and relaxation techniques. Biofeedback, hypnosis,  
and meditation are used as coping strategies just as in 
the “able bodied” population.

There is a proven and expected link between  
depression and higher costs of health care in the gen-
eral population (38). Depressive symptoms can pre-
dict medical care utilization in a population-based 
sample of patients (38). Depression is linked to higher 
health care costs. It has been suggested that effective 
management of secondary and other health care needs 
of women with physical disabilities could reduce  

between periodic leg movements and myoclonus 
during sleep in paraplegic adults before and after 
acute physical activity (34).

Insomnia after traumatic brain injury has been asso-
ciated with brainstem injury, psychiatric disorders, pain, 
headaches, medications, and environmental elements as 
precipitating factors. Perpetuating issues include psycho-
social factors, pain, and daytime fatigue with naps (35). 
Sleep, or the lack thereof, can also affect the presentation 
of the features of the UMNS. Poor sleep can contribute 
to an increase or decrease in muscle tone. In addition, 
the relaxation of sleep can help maintain range of mo-
tion because the abnormal tone diminishes. Positioning 
devices and orthotics may be better tolerated as well. 
Conversely, assessing a patient who is fatigued during 
the day may mask the full effect of the spasticity experi-
enced when that person is well rested, awake, alert, and 
performing functional activities. Muscle fatigue some-
times increases with activity, so that clonus not visible 
initially increases with activity.

Bed positioning programs provide a means for 
patients to reap passive benefits of their therapy pro-
gram when they are resting. Patients can be placed 
in positions that allow lengthening of shortened mus-
cle groups. Bolsters can be used to position patients 
on their side, stretching the contralateral side of the 
trunk. Positioning programs should work toward 
breaking up painful synergistic tone patterns. For ex-
ample, a towel roll placed in the thoracic area limits 
the detrimental effects of a prolonged amount of time 
with internally rotated shoulders. This can have ben-
eficial effect on respiration, which can subsequently 
have beneficial effects on speech. Not all patients will 
be able to tolerate and maintain the positions while 
maintaining sleep. 

There does not appear to be a study looking specifi-
cally at sleep apnea or sleep disorders and spasticity (36).
considerations

However, it is not difficult to extrapolate poten-
tial sleep issues related to overactive muscles, phrenic 
nerve injuries, spasms, and positional issues. Many 
patients may complain of an increase in their lower 
extremity spasms at night when they are trying to 
sleep or that wake them from sleep. It is important 
to distinguish spasticity from restless leg syndrome 
(RLS). Restless leg syndrome is characterized by 
unpleasant sensations in the legs and an uncontrol-
lable urge to move. The sensations associated with 
RLS are described as “burning,” “creeping,” “tug-
ging,” or like insects crawling inside the legs. Restless 
leg syndrome is often associated with periodic limb 
movement disorder, which is also associated with leg 
jerking and twitching that interfere with sleep. This 
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Modified Ashworth Scale

R/L Muscle under stretch Score

Joint Range of Motion, Active and Passive

R/L Flex/Ex Joint to be tested Passive ROM Active ROM

Name Date

R/L Muscle Score

Muscle Strength

MRC score

0. No movement
1. Palpable contraction, no visible

movement
2. Movement but only with gravity

eliminated
3. Movement against gravity
4. Movement against resistance but

weaker than normal
5. Normal power

ROM range of
movement

Degrees from
extension

4 Affected part(s) rigid in flexion or 
extension 

Modified Ashworth Scale for Grading 
Spasticity

Grade Description 

0 No increase in muscle tone 

1 Slight increase in muscle tone, 
manifested by a catch and release, or 
by minimal resistance at the end of 
the range of motion when the affected 
part(s) is moved in flexion or extension 

1+ Slight increase in muscle tone, 
manifested by a catch, followed by 
minimal resistance throughout the 
remainder (less than half) of the range 
of movement (ROM) 

2 More marked increase in muscle tone 
through most of ROM, but affected 
part(s) easily moved 

3 Considerable increase in muscle tone, 
passive movement difficult 

FIGURE 4.7

Ashworth Scale (psychosocial). Bohannon RW, Smith MB. Interrater Reliability of a Modified Ashworth Scale of Muscle 
Spasticity; Phys Ther. 1987 Feb;67(2):206–7.
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SIP

The SA-SIP30
Body Care and Movement
1. I make difficult moves with help, for example getting into or out of cars, bathtubs

2. I move my hands or fingers with some limitation or difficulty

3. I get in and out of bed or chairs by grasping something for support or using a cane or walker

4. I have trouble getting shoes, socks, or stockings on

5. I get dressed only with someone's help

Social Interaction
6. I show less interest in other people's problems, for example, don't listen when they tell me
about their problems, don't offer to help

7. I often act irritable to those around me, for example, snap at people, give sharp answers,
criticize easily

8. I show less affection

9. I am doing fewer social activities with groups of people

10. I talk less to those around me

Mobility
11. I stay home most of the time

12. I am not going into town

13. I do not get around in the dark or in unlit places without someone's help

Communication
14. I carry on a conversation only when very close to the other person or looking at him

15. I have difficulty speaking, for example, get stuck, stutter, stammer, slur my words

16. I do not speak clearly when I am under stress

Emotional Behavior
17. I say how bad or useless I am, for example, that I am a burden on others

18. I laugh or cry suddenly

19. I act irritable and impatient with myself, for example, talk badly about myself, swear at
myself, blame myself for things that happen

20. I get sudden frights

Household Management
21. I am not doing any of the maintenance or repair work that I would usually do in my home or
yard

22. I am not doing any of the shopping that I would usually do

23. I am not doing any of the house cleaning that I would usually do

24. I am not doing any of the clothes washing that I would usually do

Alertness Behavior
25. I am confused and start several actions at a time

26. I make more mistakes than usual

27. I have difficulty doing activities involving concentration and thinking

Ambulation
28. I do not walk up or down hills

29. I get around only by using a walker, crutches, cane, walls, or furniture

30. I walk more slowly

FIGURE 4.8

Sickness Impact Profile. Source: van Straten, A., de Haan, R. J., Limburg, M Schuling, J., Bossuyt, P.M., van den Bos, 
G.A.M. (1997). A Stroke-Adapted 30-item Version of the Sickness Impact Profile to Asses Quality of Life (SA-SIP30). 
Stroke, 28, 2155-2161.
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depressive symptoms and health care costs (39).Evi-
dence shows that the UMNS affecting communica-
tion is associated with social stigma from the resul-
tant communication deficits, dysphagia, and facial  
disfigurement (40). Quality of life can be affected by 
various medications and their side-effect profiles. For 
instance, oral baclofen may have negative effects on 
motor function and in some cases can worsen qual-
ity of life (41). Intrathecal baclofen therapy can con-
tribute to benefits of growth, with a gain in weight 
and height. Weight is considered a sensitive measure 
of spasticity management because there is a decrease  
in caloric expenditure when involuntary muscle activ-
ity is decreased (42). Weight gain is often of noted im-
portance, indicating improved feeding and decreased 
metabolism. The decrease in spasticity in a population 
often associated with being underweight, such as CP, 
helps with appropriate weight gain (43).

Ultimately, clinical decisions need to be based on 
the realities of each individual’s circumstances and be-
liefs. Adults with CP are prone to overuse syndromes, 
chronic pain, and deterioration in motor function over 
time. It is important to remember that adults with CP 
have experienced their disabilities all their lives. At 
times, the interventions prescribed by well-meaning 
medical professionals may not add anything useful to 
the person’s quality of life. The goals of treatment must 
be discussed and understood by all parties for an opti-
mal outcome to treatment and patient satisfaction.

In stroke, ITB has been shown to improve qual-
ity of life in the areas of physical and psychosocial 
functioning. Improvements have been seen in body 
care and movement, mobility, emotional behavior, 
social interest, communication, sleep, rest, and recre-
ation (44). There is good evidence that ITB improves 
function, along with quality of life, as measured by 
the Sickness Impact Profile (Figure 4.8) (44).

There are the considerations of the behavioral 
component of neurologic motor function. Included 
in this arena is the phenomenon of “learned non-
use.” Arising from animal studies in behavioral 
research is a school of thought in rehabilitation  
referred to as “constraint-induced movement therapy.”  
Constraint-induced movement therapy has gained an 
increased following and has been applied to patients 
immediately after stroke and among patients with 
chronic illness. It is shown to be effective when admin-
istered 3 to 9 months poststroke, resulting in statisti-
cally significant and clinically relevant improvements 
in upper extremity function during year 1 compared 
to that achieved by participants undergoing more tra-
ditional forms of therapy (45).

In addition, there is the suggestion that behav-
ioral mechanisms contribute to the “hemineglect phe-

nomena,” as well as to structural damage. There tends 
to be a preference for the use of the less-involved limb 
and for less spontaneous movement even when the 
involved limb is more functional than it would ap-
pear (46). Aside from the behavioral considerations in  
motoric abilities, there are psychosocial and interper-
sonal considerations. It is likely that adjustment to the 
changes of a wide variety of chronic diseases is best 
when family is involved in counseling, not just the 
person directly affected (47).

Case Study

J.T. is a patient who sustained a right middle cerebral 
artery stroke with resultant spastic right-sided hemi-
paresis and aphasia. He went on to develop CRPS in 
his right upper extremity and clonus of his leg with 
ambulation. Medications for his pain had a negative 
effect on his speech. Pain had a negative effect on his 
sleep and participation in therapy and to a lesser de-
gree on his speech. He was not a candidate for a stel-
late ganglion block because he could not be taken off 
anticoagulation. Spasticity would get worse when he 
went 2 days without a bowel movement. Sexual activ-
ity was affected by his positional issues, spasms, pain, 
mood, and relationship issues that grew from the psy-
chosocial impact of his lifestyle changes. Eventually, 
an improved balance of benefits and risks was found 
with oral medications for CRPS, botulinum toxin 
injections, ITB therapy, and therapy interventions. 
The time course for his treatments involved multiple 
inpatient rehabilitation admissions and outpatient  
therapies.

CONCLUSIONS

There are short-term and long-term considerations in 
the approach to treating the “ancillary” conditions as-
sociated with the UMNS. They are parts of the whole 
clinical and functional presentation. Separating these 
issues according to medical and psychosocial is really 
an artificial divide. The parts of the puzzle should be 
considered together in a plan to create the most func-
tional and holistic approach to identifying and accom-
plishing rehabilitation and life goals. When therapies 
and interventions are looked at in isolation for the 
sake of research purity, the art of treating patients is 
potentially lost. Measures that are available and ac-
cepted can miss the mark, not adequately valuing the 
nuances of how therapies and interventions contrib-
ute to functional improvements. It is exceedingly im-
portant to realize that spasticity is one part of UMNS 
and that treatment needs to be directed toward the 
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complexities of each individual. Ultimately, treatment 
approaches and outcomes are most significant when 
observed or measured from the perspective of the per-
son treated.
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Numerous forces have changed the face of rehabili-
tation over the last decade. Some of them include 
a greater emphasis on evidence-based medicine, a 
tighter control of medical services by payers, and a 
greater importance being placed on functional out-
come metrics. Pierson (1, 2) stated that the driving 
force behind the development of objective measure-
ments is pressure from academic medical centers 
and insurance companies. As a result, objective and 
functional measures are being used to evaluate the ef-
ficacy of spasticity interventions. Past assessment ef-
forts have focused on specific impairments (e.g., range 
of motion [ROM], tone, and velocity-dependent re-
sistance to passive stretch), and they have been used 
widely in the spasticity literature. The correlation be-
tween improvements in these parameters and overall 
function has not been well documented, and there is a 
need to further explore means of assessing outcomes 
to further develop research and clinical assessment. 
Although objective information is important, the cor-
relation with functional improvements remains criti-
cal. As was stated so eloquently by Taricco et al. (3) 
in their Cochrane Database Review, “No matter how 
difficult these latter measurements could be, evidence 
based clinical practice should be primarily based on 
patient oriented outcomes.”

Spasticity Outcome Measures—What Is a  
Useful Outcome Measure?

Spasticity is a derivative of the Greek word “spasti-
cus,” which means to pull (4). Young and Wiegner 
(5) defined spasticity as a velocity-dependent hyperre-
flexia, whereas the definition most often quoted is by 
Lance (6), “A motor disorder characterized by a ve-
locity-dependent increase in tonic stretch reflexes with 
exaggerated tendon reflexes, resulting from excitabil-
ity of the stretch reflex.” The next question is what is 
meant by the term outcome. A text written by Finch 
et al. (7) was dedicated to the subject of rehabilitation 
outcome assessment. They described it as “a charac-
teristic or construct that is expected to change owing 
to the strategy, intervention or program.” The authors 
gave the reader further useful advice when they gave 
recommendations regarding the choice of an appropri-
ate outcome metric. They suggested that one should 
choose a measure that is likely to be sensitive to the 
changes that may occur as a result of the intervention. 
In addition to clinical skills, awareness of the potential 
positive and negative results from an intervention and 
a keen awareness of the patient and his or her clini-
cal situation are required to appropriately choose an 
outcome measure. Ideally, outcome measures should  
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facilitate the clinicians’ efforts in the determination of 
condition severity and treatment efficacy. Using an ap-
propriate metric to assess treatment efficacy is critical 
to logically decide when to modify a treatment proto-
col or when to stop treatment.

What are useful outcome measures? To some ex-
tent, it depends on the prospective of the observer. For 
many clinicians and rehabilitation scientists, intrarater 
and interrater reliability is critical. Ideally, a measure 
should be objective because subjective ones may de-
pend on the skill set of the rater and certainly may 
reflect the examiner’s bias. For scientific purposes, ob-
jective metrics have a clear advantage over subjective  
ones. For the insurance companies, significant func-
tional changes, level of care required, and pharmaco-
economics matters may be the most important. For the 
patient and family, function and the demands on care-
givers are essential. Although clinicians may be happy 
with reduced tone and increased ROM, the patient 
may be pleased if an arm is easier to wash and move 
passively even if no active function is recovered from 
an intervention. This issue will become even more  
important as the cost of health care is debated. Is re-
ducing perceived tightness in a hand without active 
or passive function worth injections with botulinum 
toxin 4 times a year? This question is not one that has 
to be answered by clinicians but more likely will be an-
swered by society, insurance, and government bodies.

An Organized Approach to Spasticity  
Outcomes

To fully understand the different metrics that can be 
used to evaluate spasticity outcomes, it is important to 
organize the material to facilitate understanding. The  
first categorization of outcome metrics is if they are 
subjective or objective. The Ashworth Scale used to 
assess tone and the Disability Assessment Scale (DAS) 
are examples of subjective measures, as the judgment 
of the evaluators plays an important part in the as-
signment of scores. This is true despite the fact that 
intrarater and interrater reliability has been demon-
strated with both of these metrics. On the other hand, 
the measurement of ROM around a joint and the  
6-minute walk test are examples of objective mea-
sures. Another way to divide the means of outcome 
assessments is to group them by what they measure. 
Revising earlier work performed by the authors (8), 
they are proposing 6 separate categories of metrics in 
a hierarchical progression to stratify outcome goals 
from spasticity interventions. They are physiological 
measurements (H/M ratios), measures of passive ac-
tivity (eg, Ashworth Scale and passive ROM), mea-
sures of voluntary activity (ie, Fugl-Meyer, nine-hole 

peg test [9-HPT]), measurements of passive (ability to 
don a shirt) and active function (25-foot walk), and 
quality of life (QOL) measures (36-Item Short Form 
[SF-36]). Clinicians treating the patients can set goals 
at multiple levels. Ideally, addressing goals at the high-
est level would be the most desirable, but a patient’s 
clinical presentation may require that the bar be set 
lower initially.

At the lower end of the spectrum, specific muscu-
loskeletal and physiological measures are evaluated, 
whereas at the higher end, function, performance of 
volitional tasks, and how a person perceives his or  
her life are evaluated. Patients do not often present 
to a clinician’s office asking for changes based solely 
on achieving changes in physiological measures. Their 
desires often reflect improvement in their ability to 
interact and function within the world. Although ini-
tially clinicians must often set short-term goals that 
are more limited in scope, ultimately when possible, 
it is important that the issue of function be addressed. 
As Finch et al. (7) stated, “While rehabilitation efforts 
target many different substrates that include impair-
ments, activity limitation, and decreased participa-
tion, outcome assessment efforts should be directed at 
an individual’s ability to be active and to participate in 
life as he/she wishes.”

It is problematic for clinicians and researchers to 
measure changes in function and QOL in people who 
are undergoing treatment for spasticity. Although 
there are many reasons for this, some of the more 
common ones are the heterogeneity of the population 
served, other impairments that are often associated 
with spasticity (eg, weakness, incoordination, and 
sensory deficits) that complicate function, and finally, 
“fixing” muscle overactivity may not directly result in 
improved QOL. Elovic et al. (9) was one of the first 
groups that were able to demonstrate improvements 
in QOL with repeated open-label injections of botuli-
num neurotoxin in the upper extremity in people with 
upper extremity spasticity secondary to stroke. How-
ever, much further work needs to be done.

PHYSIOLOGICAL MEASURES

When one uses the term physiological outcome mea-
sure, it often refers to electrophysiologic information 
that has been correlated with muscle overactivity. 
Some examples of these include measuring the excit-
ability of the motor neuronal pool or measuring the 
decrease in length that is seen in muscle cells when 
spasticity is evident (10). Other items that have been 
used as outcome metrics include the vibratory inhibi-
tory reflex and the Hmax/Mmax ratio, as they have 
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been noted to be abnormal in people with spasticity. 
Stokic and Yablon (11) have evaluated the efficacy on 
intrathecal and its relationship to the H reflex. The 
question remains that although these findings may be 
true, they are at best correlated with spasticity and 
at this time have not yet been shown to be directly 
related to function. One fact that is in favor of physi-
ologic assessments is that the data collected are ob-
jective in nature, which is different than many of the 
measures commonly used by rehabilitation profes-
sionals. It is possible that these measures will be of 
benefit to researchers and assist both clinicians and 
researchers in understanding the pathophysiology of 
muscle overactivity.

Measures of Passive Activity

For this category of assessment metrics, few things 
are asked from the person being examined, except 
possibly to relax. It is the clinician or researcher who 
performs the activity. Some examples of this work 
include evaluating resistance to movement using a 
scale such as the Ashworth Scale or Tardieu Scale if a  
velocity component to strpassive
etch resistance is assessed. Biomechanical devices 
where torque is applied and measured also fall into 
this category. Metrics such as the Ashworth and Tar-
dieu scale are somewhat subjective in nature, whereas 
some of the torque measurement devices give more 
objective feedback.

Measures of Voluntary Activity

The assessment metrics in this group differ from the 
previous one because they involve measurements taken 
while the person is actively involved. These measures 
are not actually addressing real-life functional tasks. 
Examples of this include items such as 9-HPT or the 
Fugl-Meyer. These tests evaluate motor function and 
may well be correlated to real-life function, but they 
are not real-life tasks by themselves. Another example 
is pedobarography (measurement of foot pressures 
during weight-bearing activities). This could be ac-
complished during a timing walking task. The velocity 
of walking is a true active functional measure; how-
ever, the pressures on the foot are not functional them-
selves. When gait analysis is performed, measures of 
both true function and voluntary activity (kinematics, 
pressures, electromyographic [EMG] cycle) are often 
collected simultaneously.

Passive and Active Function

In the rehabilitation environment, function is com-
monly defined as one’s ability to perform important 
activities such as hygiene, walking, or dressing. Com-
monly used scales include the Functional Independence 
Measure (FIM) and the Berg Balance Scale, which can 
be somewhat subjective in nature. The timed 25-foot 
and 6-minute walk are more objective functional mea-
sures that are assessed commonly in the neurologic 
population. After a neurologic event, the word func-
tion is often further subdivided into passive and active 
functional tasks. Examples of passive function include 
the ability to perform hygiene in the hand that can be 
complicated by muscle overactivity or the ability to 
perform a straight catherization that is complicated 
by adductor spasticity. The difference between ac-
tive and passive function is that in the passive arena, 
something is done to the area versus active movement 
by the area being assessed.

Quality of Life Measures

Ideally as clinicians, one would like to intervene and 
improve the QOL of the people we treat, as that would 
imply that our efforts improve our patients’ satisfac-
tion with life. However, this task can be somewhat 
challenging because improving muscle overactivity 
may be inadequate to accomplish this, as so many 
factors affect QOL in the populations with spasticity. 
Elovic et al. (9) was able to demonstrate that repeated 
injections with neurotoxin did make a statistical dif-
ference in the QOL of people with stroke-related spas-
ticity. This study was limited by its open-label design 
but should give clinicians and researchers some hope 
for the future.

Choosing an Outcome Measure to Assess  
Intervention Effectiveness

How does one choose an appropriate outcome metric 
to assess clinical efficacy? This may be a challenging 
exercise because one must pick a metric that is relevant 
to the intervention being provided and at a minimum 
correlates with a desirable outcome. Taricco et al. (3) 
called for “more clinically relevant measures of treat-
ment effects to be able to realistically assess clinically 
relevant end points dealing with functional recovery.” 
This statement was a result of the fact that after they 
performed a comprehensive review of the medication 
interventions for the management of muscle overac-
tivity, they found a paucity of functional metrics being 
reported. The DAS that was originally introduced in 
2002 (12, 13) is an attempt to develop subjective mea-
sures of functional improvement/reduced impairment. 
Rehabilitation scientists are also working to objectify 
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and investigate the changes and relationships in motor 
impairment, disability, and real-life function (14–16). 
Engineering solutions that can address the issues of 
developing objective quantifiable outcome metrics are 
also being developed (17, 18).

Because there are differences in every patient’s 
presentation, condition, current level of functioning, 
diagnosis, pathophysiology, comorbidities, and re-
sidual function, it is hard to predict with 100% accur-
acy what changes will be noted after an intervention. 
However, the outcome and, therefore, the choice of 
appropriate metrics are clearly products of the factors 
mentioned above and the modality/modalities that are 
being used for treatment. Evaluations must be per-
formed by skilled clinicians, and goal setting should be 
reality-based. A single intervention can demonstrate  
changes at multiple levels depending on the patient 
being treated.

A good example of this issue is the management 
of hip adductor spasticity. This condition can be a re-
sult of numerous etiologies and can manifest itself very 
differently depending on the clinical presentation. In 
some very severe cases of multiple sclerosis–related 
spasticity, the patient is bedridden and the entire pur-
pose for intervening is to improve hygiene and abil-
ity to perform straight catherization, whereas in other 
patients, the muscle overactivity results in a narrow- 
based gait and the reason to treat is to improve  
ambulation, although increased ROM and decreased 
tone can be goals in both cases. In the former case, 
the goals at the highest level are primarily a passive 
functional one, whereas in the later gait, speed and 
stability may be the active functional goals that are 
strived for.

Types of Assessment Methods and Tools

Up to this point, the authors have discussed the catego-
ries in general. They will now turn their attention to the 
individual outcome assessment metrics. In Table 5.1,  
many of the metrics that are commonly used in the 
assessment of spasticity are listed, along with their 
classification as proposed by the authors and whether 
they are subjective or objective in nature.

Measures of Physiological Activity

Measures Utilizing Nerve Conductions

Electrophysiologic measures have often been used in 
the assessment of spasticity. In particular, the Hmax, 
the ratio of the Hmax/Mmax, F response, and vibra-
tory inhibition of the H reflex have been used by in-

vestigators as metrics evaluating spasticity (18). The H 
reflex is elicited by a stimulation of the sciatic nerve at 
gradually increasing frequency at a relatively low cur-
rent that stimulates the Ia sensory fibers which then 
antidromically stimulates some of the motor neurons. 
It appears with an approximately 30-millisecond time 
delay. As one increases the strength of the stimulation, 
the H reflex disappears and the M wave that reflects 
the activity of the total pool of motor neurons firing 
appears. The H reflex is mediated through the Ia sen-
sory fiber, and because these fibers have increased ac-
tivity when spasticity is present, it is increased when 
muscle overactivity is present. As a result of this fact, 
the ratio of Hmax/Mmax reflects the physiology that 
is seen in spasticity. The M response reflects the total 
pool of motor neurons that can be excited by stimula-
tion, whereas the H reflects only the motor neurons 
that can be excited by antidromic stimulation medi-
ated through the Ia fibers (18). Because the excitability  
of the Ia fibers is intimately involved with spasticity, 
the ratio of Hmax/Mmax measures the underlying 
physiology associated with spasticity (18–21). The 
ratio ranges between 5% and 35% in normals and 
is higher than that when spasticity is present (22, 23) 
and has been used frequently in various populations 
by authors quantifying spasticity (24–27), as well as 
a component for the evaluation of treatment efficacy 
(28–32). The readers are cautioned to be aware that 
this is not a true measure of spasticity but instead its 
electrophysiologic correlate, which is not diagnostic 
by itself.

Another electrophysiologic measure that results 
from antidromic stimulation of the motor neuron is 
the F wave. Similar to the H reflex, it has also been 
shown to be increased when spasticity is present or 
there is hyperexcitability of the motorneuronal pool 
(18, 33–35). Changes in the amplitude of the F-wave 
amplitude has been used as a potential outcome met-
ric for different treatments of spasticity in different 
patient populations. Again, the caution mentioned 
above regarding the clinical relevance of these electro-
physiologic metrics must be noted. In fact, Pauri et al. 
(36) demonstrated that although patients treated with 
botulinum toxin demonstrated clinical changes, there 
was not a comparable change in these electrophysi-
ologic measures.

Vibration reduces the H reflex, and the classic 
measure used to evaluate this is the Vibratory Inhibi-
tory Index, which is standardized to be applied at 100 
Hz to the Achilles tendon, which then in turn inhibits 
the H reflex (18, 37, 38). In young normals, the vibra-
tion reduces the Hmax to roughly 40% of the nonvi-
bratory state; however, it is elevated in patients with 
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TABLE 5.1 
Examples of Outcome Measures for the Assessment of Spasticity

OutcOme categOry

Subjective vS  
Objective

Muscle activity 1 – Physiological measures  Objective
Vibratory Inhibitory Index 1 – Physiological measures Objective
Hmax/Mmax ratio 1 – Physiological measures Objective
Tendon reflex gain 1 – Physiological measure Objective
Intrinsic properties: inertia, 2 – Measures of passive activity Objective
   viscosity, elasticity
Joint angle, angular velocity (ROM) 2 – Measures of passive activity Objective
Stretch reflex properties 2 – Measures of passive activity Objective
Reflex threshold angle 2 – Measures of passive activity Objective
Muscle tone or “stiffness” 2 – Measures of passive activity Objective
Torque (eg, using force transducers) 2 – Measures of passive activity Objective
Pendulum test 2 – Measures of passive activity Either
Ashworth, MASs, and 2 – Measures of passive activity Subjective

Modified Ashworth Scales
Tardieu Scale 2 – Measures of passive activity Subjective
Passive ROM 2 – Measures of passive activity Subjective
Dynamic foot pressure (pedobarographs) 3 – Measures of voluntary activity Objective
Fugl-Meyer 3 – Measures of voluntary activity Subjective
Movement smoothness 3 – Measures of voluntary activity Either
Movement elements (via motion analysis) 3 – Measures of voluntary activity Either
9-HPT 3 – Measures of voluntary activity Objective
TTT 3 – Measures of voluntary activity Objective
Jebsen-Taylor Hand Function tests 3 – Measures of voluntary activity Objective
BBT 3 – Measures of voluntary activity Objective
ARAT 3 – Measures of voluntary activity Subjective
Kinetic and kinematic patterns of walking 3 – Measures of voluntary activity Objective
Caregiver performs passive ROM 4 – Passive Functional measures Subjective
Likert scale to describe ease of performing 4 – Passive Functional measures Subjective
   hygiene on person 
Caregiver performs catheterization, 4 – Passive Functional measures Subjective
   hygiene tasks
VAS Could be 4 or 5 depending on what Subjective

construct is being measured
Berg Balance Scale 5 – Active Functional measures Subjective
FIM 5 – Active Functional measures Subjective
Likert scale used to quantify ability to straight 

catherization
5 – Active Functional measures Subjective

Ability to perform self-catheterization 5 – Active Functional measures Subjective
Assessment of motor and process skills 5 – Active Functional measures Objective
Standing balance 5 – Active Functional measures Either
Emory Functional Ambulation Profiles 5 – Active Functional measures Objective
Frenchay Arm Test 5 – Active Functional measures Subjective
DASs 5 – Active Functional measures *Subjective
Timed walking test 5 – Active Functional measures Objective
Barthel Index 5 – Active Functional measures Subjective
Disability Rating Scale 5 – Active Functional measures Subjective
Craig Handicap Assessment and Reporting 5 – Active Functional measures Subjective
   Technique
Kinetic and kinematic pattern of walking 5 – Active Functional measures Objective
SWLS 6 – QOL measures Subjective
SF-36 health survey 6 – QOL measures Subjective
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spastic hemiplegia (39). Investigators have shown that 
inhibitive casting lowers this ratio (40).

Tendon Reflex

To obtain quantitative information regarding reflex 
activity, it is necessary to be able to apply reproduc-
ible and measurable stress, stretch, and perturbations 
to muscles and tendons. Advances in technology have 
enabled researchers to perform these actions to ob-
tain a better understanding of the stretch reflex and 
joint mechanics. As a result, reflex gain and threshold 
have been explored. Gain is defined as the slope of 
the stretch reflex amplitude plotted against angular 
velocity, whereas threshold is defined as the angular 
velocity when the stretch reflex is first evoked. When 
compared with normal controls, people with spasticity 
have a much steeper slope of the stretch reflex ampli-
tude and a much lower threshold (41). Reinkensmeyer  
et al. (42) created a device to assess and treat a per-
son’s arm after neurologic injury. It assesses one’s 
muscle overactivity and is also a therapeutic device. 
Its mechanism for assessment is to measure a reflex 
response after the application of small perturbation. 
Potentially, this device could also be effective in moni-
toring response to treatment.

Reflex excitability can be estimated by a series  
of devices that tap the tendon and elicit reflex  
activity at the knee. When the stimulus is applied, re-
flex torque is measured and EMG activity is recorded 
from the soleus, gastrocnemius, and tibialis anterior. 
One group (43) mounted a force sensor on either  
the patellar or Achilles tendon to measure both 
the stimulation tap and subsequent response. Fur-
ther work by these scientists in a sample of people 
with multiple sclerosis–related quadriceps increased  
tone noted a decreased tapping threshold necessary to 
elicit a response of an increased torque that was re-
lated to increased spasticity (44). These type of devices  
have the ability to objectify and quantify hyperreflexia. 
It is worth noting that increased reflexes are often  
related to spasticity but can be separate constructs  
that can be found either together or by themselves 
(45).

Measures of Passive Activity

This group of metrics consists of measurements that 
are performed upon a person who remains passive 
throughout and whose spasticity is being assessed. 
These include passive ROM, the assessment muscle 
tone (Ashworth Scale) or spasticity (Tardieu) as ex-
amples. In an engineering sense, this includes the as-
sessment of torque, stiffness, and viscosity. The later 

groups of assessment are often used as quantifiable 
correlates of common clinical measures.

Ashworth, Modified Ashworth, and  
Modified Modified Ashworth Scales

Despite enormous criticism, most spasticity papers 
have used either Ashworth or Modified Ashworth 
Scales (MASs) as a primary or secondary outcome 
metric. First published in 1964 (46), the Ashworth 
Scale is probably the most universally recognized met-
ric (1, 2). Subjectively, the examiner assigns a score 
ranging from 0 to 4 based on the amount of increased 
resistance that he or she perceives while passively 
moving the person’s joint through its available ROM. 
As seen in Table 5.2, the scores range from 0 when 
no increased tone is perceived to a level of 4 when the  
limb is rigid (46). For the upper extremity stroke pa-
tient, Brashear et al. (12, 47) demonstrated there was 
good intrarater and interrater reliability in the assess-
ment of spasticity at the wrist, fingers, and elbows. 
However its use and reliability in the lower extrem-
ity are more questionable. A group that studied the 
Ashworth Scale for plantar flexor tone secondary to 
traumatic brain injury (TBI) classified it as “minimally 
adequate” because of marginal intrarater and inter-
rater reliability (48). A similar study evaluated the 
Ashworth in plantar flexors of patients with stroke 
(49). They found questionable interrater reliability, 
with the best correlation noted with the score of 0.

The MAS (see Table 5.3) was purposed by  
Bohannon and Smith (50) in an attempt to strengthen 
the original Ashworth Scale by adding a 1+ measure, 
differentiating it from a 1 by the presence or absence 
of increased tone after the initial catch was appreci-
ated. The authors reported that for elbow flexor tone 

TABLE 5.2 
Ashworth Scale

ScOre DeScriptiOn

0 No increase in muscle tone
1 Slight increase in muscle tone manifested  

at end ROM
2 More marked increase in tone, through 

most of the ROM, but joint easily moved
3 Considerable increase in muscle tone,  

passive movement is difficult
4 Affected part is rigid in flexion or extension
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secondary to acquired brain injury, there was good 
interrater reliability. Ansari et al. (51) raise further 
questions regarding the interrater reliability of both 
the Ashworth and the MAS. Instead, they propose the 
Modified Modified Ashworth Scale (see Table 5.4), 
which they report has good better interrater reliability 
in both the elbow and wrist (52, 53).

In summary, the Ashworth and its cousin the 
Modified Ashworth are well known, are easy to 
perform, and have a long history of use. Their ef-
fectiveness as metrics has always been questionable. 
The place for the new Modified Modified Ashworth 

Scale is not yet known, and further studies will hope-
fully answer these questions. Clinicians and scientist 
should be aware of the strengths and weaknesses of 
these measures.

Tardieu Scale

The Tardieu Scale has been suggested as a suitable and  
reliable alternative to the Ashworth for the use in the 
measurement of muscle spasticity (54–56) It was first 
published in 1954 (57) and has an advantage over 
the Ashworth group of metrics because it truly incor-
porates velocity into the assessment. Although first 
published in 1954, it has undergone 2 modifications. 
The first was by Held and Pierrot-Deseilligny in 1969 
(58). A further update was published in 1999 and was 
called the Modified Tardieu Scale. Items addressed by 
the scale include intensity of the resistance to muscle 
stretch, the angle at which the catch is first noticed, 
the presence of clonus (fatigable vs nonfatigable), and 
the differences noted when a muscle is ranged at dif-
ferent velocities (see Table 5.5).

Gracies (59) has been championing this metric 
and demonstrated its ability to assess spasticity, its 
reliability, and its potential to document changes sec-
ondary to interventions. There are certainly potential 
problems with the scale, including its reliance on clo-
nus may make it difficult to interpret at the higher ends 
of tone. In addition, clonus can worsen as a person’s 
ROM increases after an intervention, and as a result, 
although there may be clinical improvement, the Tar-
dieu Score could worsen (8). The literature regarding 
the reliability of the Modified Tardieu Scale has been 

TABLE 5.3 
Modified Ashworth Scale

ScOre DeScriptiOn

0 No increase in muscle tone
1 Slight increase in muscle tone  

manifested by a catch and release at 
end ROM

1+ Slight increase in muscle tone  
manifested by a catch, followed by 
minimal resistance throughout the 
reminder (less than ½) of the ROM

2 More marked increase in tone, through 
most of the ROM, but joint easily 
moved

3 Considerable increase in muscle tone, 
passive movement is difficult

4 Affected part is rigid in flexion or  
extension

TABLE 5.4 
Modified Modified Ashworth Scale

ScOre DeScriptiOn

0 No increase in muscle tone
1 Slight increase in muscle tone  

manifested at end ROM
2 Marked increase in muscle tone  

manifested by a catch in the middle 
range and resistance throughout the 
remainder of the ROM, but affected 
part(s) easily moved

3 Considerable increase in muscle tone, 
passive movement is difficult

4 Affected part is rigid in flexion or  
extension

TABLE 5.5 
Tardieu Scale

ScOre DeScriptiOn

0 No resistance throughout the course of the 
passive movement

1 Slight resistance throughout the course of the 
passive movement with no clear catch at 
precise angle

2 Clear catch at a precise angle, interrupting the 
passive movement, followed by a release

3 Fatigable clonus, less than 10 seconds when 
maintaining the pressure, appearing at a 
precise angle

4 Nonfatigable clonus, more than 10 seconds 
when maintaining the pressure, at a precise 
angle
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mixed, and there are studies that show both good 
(60) and poor (61) intrarater and interrater reliability.  
Ansari et al. (62) showed that the inexperienced raters 
resulted in poor interrater reliability.

In summary, the Tardieu and Modified Tardieu 
are appearing more often in the spasticity literature, 
and it is useful for evaluators to be aware of these 
instruments. However, it is essential to reiterate that 
there is no concrete evidence demonstrating that they 
are clinically superior to the Ashworth scale. In ad-
dition, there has been no correlation demonstrated 
between changes on the Tardieu scale and functional 
activity.

Range of Motion

Range of motion measurements have been used as an 
outcome measure for spasticity intervention for many 
years. They are ubiquitous because they are relatively 
easy to perform. The information can be obtained by 
manually using a goniometer and brute strength for a 
tight ankle or by using electrogoniometry (the electrical 
measurement of joint angles), which can deliver more 
accurate and precise measurements. The technology 
needed for electrogoniometry can be accomplished 
using precision rotary potentiometers, rotary vari-
able differential transformers, flexible strain gauges, 
and noncontact magnetic and capacitive technologies 
(17). Range of motion is often measured along with 
the stretch reflex utilizing the same assessment device. 
Three-dimensional (3D) motion analysis can capture 
ROM kinematics during functional task performance 
(63). There are potential problems with these devices, 
and it is critical that torque remain uniform for these 
devices to be accurate (64). There remains the con-
tinuing problem regarding functional significance. 
Changes in function were not always seen when there 
were changes in MAS and ROM brought about by 
spasticity intervention (65).

Stiffness and Muscle Tone

With the desire to obtain objective data regarding the 
assessment of muscle tone, it is natural that engineers 
and scientists addressed this with technological ad-
vances. These devices can measure stiffness, muscle 
tone, and reflex activity and provide quantitative data 
related to the qualitative information obtained from 
the subjective assessment of tone. In addition, a prop-
erly maintained device can eliminate the issues of test-
retest variability and interrater differences that plague 
the Ashworth. These devices can measure torque, an-
gular velocity, and EMG simultaneously. Torque is de-
fined as force that tends to produce a rotation and is 

the product of force × distance. Torque is the tendency 
of a force to rotate an object around an axis and is 
produced when a force is applied at a distance from 
the point of rotation. Many authors and researchers 
have advocated the use of the torque versus angle re-
lationship at a joint as the most appropriate assess-
ment of spasticity based on its similarity to the clinical 
quantitative assessments and definition of spasticity. 
The most common outcome measure for comparisons 
and correlations has been the MAS (17, 66–69). How-
ever, a change in muscle tone from a spasticity inter-
vention does not necessarily correspond to functional 
improvement.

Stretch and Stretch Reflexes

The observed behaviors of spasticity and hyperreflexia 
are actually a result of the combination of the intrinsic 
mechanical properties of the soft tissue and the reflex 
activity itself. By varying the rates at which a joint 
is stretched, investigators have made progress into 
studying these parameters separately. When a joint is 
stretched at a relatively slow rate of between 2° and 
12° per second, the effects of limb inertia are relatively 
minor and an assessment of the nonneurologic com-
ponents of tone and stiffness can be obtained, whereas 
when a joint is put at stretch at a much higher rate 
(greater than 14°-35° per second), the stretch reflexes 
are initiated and can be assessed (70, 71).

Engineers developed a portable device that mea-
sured angular velocity around the knee that resulted 
from a force applied to the ankle (72). When using the 
device, the evaluator flexes and extends the knee at 
different speeds. While this is being performed, plots 
of the force-angle-velocity are recorded. Spasticity 
was quantified as a regression slope of the linear fit to 
the peak force/angular velocity data. 

Spasticity can be evaluated using computer-con-
trolled foot plates operating in a ramp-and-hold mode 
or sinusoidal motion mode. Resistive force is measured 
at the ankle joint as it moved through its available 
ROM as speed is varied. Resistance force is recorded 
as the joint is moved through a ROM at different 
speeds. Graphs of this data are created with the resul-
tant resistance curves serving as a quantitative measure 
of spasticity (73, 74). The use of the ramp-and-hold 
module at assessing spasticity at the elbow was dem-
onstrated by Dewald et al. (70), whereas Wang et al. 
(75) utilized the technique as an effective measure of 
the treatment efficacy of surface stimulation on the 
spinal cord on hemiplegia-related spasticity. Pandyan 
et al. (17) were unsuccessful in their efforts to use this 
technology to quantify the difference between 1 and 
1+ on the MAS.
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The Pendulum Test Models

The pendulum test is a biochemical method of evalu-
ating muscle tone by using gravity to provoke muscle 
stretch reflexes during passive swinging of the lower 
limb. The leg is fully extended, released, and then  
allowed to swing freely. The resultant oscillating 
swing pattern of alternating flexion and extension is 
observed. With muscle overactivity/spasticity, there 
is a characteristic pattern of significant reciprocal 
movement that is greater than the nonspastic patient 
(76). Bohannon (77) suggests that a rest interval of 
15 seconds should be allowed to prevent erroneous 
results. Fowler et al. (78) stated that the best informa-
tion could be obtained from the first swing, as it is the 
most sensitive outcome metric. When initially reported 
by Wartenburg in 1951 (76), it was performed as a 
simple observational metric. Mathematical modeling 
has changed this as simulations have been developed 
to describe the oscillatory patterns in the elbow and 
knees allowing other components of the system to be 
evaluated, including the stretch reflex pathway (time 
delay, threshold, and gain), limb dynamics, musculo-
tendon actuators, and neural activation (79). Fee et al. 
(80) singled out this measure because of its “sensitiv-
ity to small changes in spasticity.”

As testing goes, this one is extremely easy to per-
form, and it also has the advantage of being nonin-
vasive. Work with a small group of 3 children with a 
diagnosis of cerebral palsy has suggested that the pen-
dulum test has a high test-retest validity (81). How-
ever, a more recent study with 21 children casts some 
doubt on this fact because the investigators found that 
while as a group there was not a significant difference 
between trials, with individual participants, the relax-
ation index could differ to a large extent. This could 
create a significant limitation toward the use of the 
pendulum test’s viability as a metric to follow a person 
before and after an intervention (82). An additional 
concern with this metric from the engineering stand-
point is that posture, muscle length, starting angle, 
subject relaxation, and position of the individual dur-
ing the test can affect the measurement of the stretch 
reflexes, as the force velocity and the force length re-
lationships in the muscle are nonlinear (18, 79, 83).  
Clinicians who treat spasticity on a regular basis are 
aware that the findings of spasticity disappear as a re-
sult of general and local anesthesia. In a similar fash-
ion, when people with spasticity are under the effects 
of anesthesia, the results of their pendulum test ap-
proach those of normal age-matched controls (80).

Reflex Threshold Angle

Although the amount of EMG activity does not always 
correlate well with the severity of spasticity that is ap-
preciated (70), exploring the relationship between this 
activity and the increase in torque that is generated 
during passive stretch can provide an estimate of the 
stretch reflex threshold (84) and/or angular threshold 
(85). Allison and Abraham (85) evaluated the change 
in plantar flexor spasticity as a result of cryotherapy. 
They were able to demonstrate the change in the cor-
relation between change in torque and onset of EMG 
activity. On the other hand, Kim et al. (86) were un-
able to replicate these findings. They evaluated ankle 
spasticity in 20 normal controls and 20 people with 
stroke-related hemiplegia. In the stroke group, there 
were significantly higher measurements in the peak 
torque, threshold angle, work, and EMG activity as 
compared with the controls. As angular velocity was 
increased, there was an increase in the EMG activity 
and the threshold ankle; however, the peak torque and 
work did not increase in the stroke group. Finally, they 
found that peak torque, work, and the threshold angle 
were significantly correlated to the MAS, whereas the 
EMG was not.

MEASURES OF VOLUNTARY ACTIVITY

Isolated Voluntary Time Movement Tests

The box and block test (BBT) and the 9-HPT are 2 
clinical metrics that are used to assess the function of 
the upper extremity. The BBT takes approximately 5 
minutes to administer including setup. It was designed 
to evaluate gross manual dexterity of adults. During 
the performance of this test, the person being evalu-
ated is given 1 minute to move 1-in cube blocks from 
one side of the box to another with a partition sepa-
rating the 2 sides. The subject is required to use one 
hand to grasp one block at a time and transport it 
over the partition and release it on the opposite side 
(7). Mathiowetz et al. (87) were the original group to 
collect normative data on this metric, and the BBT 
has been shown to be a sensitive metric for detect-
ing changes in people with a diagnosis of multiple 
sclerosis (88). The BBT has also been used to assess 
the efficacy of hand function in the stroke population 
(89). Sorinola et al. (90) investigated the relationship 
between increased stretch reflex activity, clinical as-
sessments of spasticity, and numerous clinical assess-
ment metrics including the BBT. They demonstrated a 
significant decrease in function as measured by these 
metrics and increased spastic reflex activity.

The 9-HPT is another metric that assesses dex-
terity and finger and hand movement. It is a compo-
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nent of the National MS Society’s Multiple Sclerosis 
Functional Composite and can be administered in less 
than 10 minutes. When a subject performs this test, 
he or she is seated at a table that has a small, shallow 
container holding 9 pegs and a block. The subject is 
then tasked to insert each peg, one at a time, into holes 
in the block. Once that task is completed, he or she 
then removes them, and the total time to complete the 
task is recorded (91). The 9-HPT has been shown to 
be potentially useful in populations other than those 
with multiple sclerosis, as it has been shown to have 
good test-retest reliability in people who have had a 
stroke (92). One of the potential limitation of the 9-
HPT is that it requires significant fine motor dexterity, 
which often limits its utility because many patients are 
unable to perform it (92). Efforts at using it as an out-
come metric for people with stroke-related spasticity 
have been largely unsuccessful. Rousseaux et al. (93) 
were unable to demonstrate statistical significance 
after treating hemiplegia, whereas another group re-
ported that too few people evaluated were capable of 
completing the task successfully (94).

Different timed instruments have been devel-
oped to test one’s ability to perform different skills 
needed to perform activities of daily living. These in-
struments include the Jebsen Taylor Hand Function 
Tests and the Minnesota Rate of Manipulation. The 
Jebsen evaluates the motor control of motions used in 
daily activities, whereas the Minnesota Rate of Ma-
nipulation Test assesses hand-eye coordination and 
gross motor skills, such as speed and accuracy of hand 
and arm movements. The quantitative nature of these 
measures makes them ideal for the design and devel-
opment of robotic systems that mimic normal human 
performance and movement. The ultimate goal of this 
work is to enhance the motor recovery and control of 
individuals with disabilities (95).

Timed performance tasks can also be of value in 
the assessment of lower extremity function. One ex-
ample of these metrics is the timed toe tapping (TTT). 
In this test, the subject is instructed to tap his toe on 
a wedge as rapidly as possible for 15 seconds (7). 
Allison and Abraham (96) evaluated the efficacy of 
cryotherapy in 26 subjects with ankle spasticity. They 
used numerous measures to assess changes in spastic-
ity both before and after treatment, whereas TTT was 
used as a functional metric. Although improvements 
were noted in the spasticity parameters, no change 
was noted in TTT. A simple explanation could be that 
there was no improvement in motor control so a re-
duction in tone did not increase volitional function.

Performance-Based Measures

The term performance-based measures is used to de-
scribe the set of metrics that focuses on an individual’s 
ability to execute movement and motor tasks. Some 
examples of these include the motor components of 
the Fugl-Meyer (97, 98) or the Assessment of Motor 
and Process Skills (99). Although these tests do assess 
the ability to perform movement and motor control, 
which may be correlated with overall function, this 
has never been demonstrated. Other scales that as-
sess true function, which will be discussed later in the 
chapter, may be better designed to assess true func-
tional benefit.

Another metric that is commonly used in research 
to assess motor function and control is the Action Re-
search Arm Test (ARAT) (100), particularly in the 
stroke population, with good intrarater and interrater 
reliability having been demonstrated (101, 102). The 
ARAT is composed of 19 items that assess hand func-
tion, which are grouped into 4 categories; grasp, grip, 
pinch, and gross movement. Each subscale is arranged 
into a hierarchical manner, with the individual receiv-
ing a score ranging from 0 to 3 in each subtest, with a 
perfect score being 57. In the past, this scale has been 
used to assess changes in hand function after electrical 
stimulation in the management of poststroke hemiple-
gia (103, 104), although it is presently being used to 
assess the efficacy and cost-effectiveness of botulinum 
toxin therapy in the management of spasticity (105).

Pedobarography

Pedobarography is the study of the pressures expe-
rienced on the plantar surface of the foot and their 
interaction with the weight-bearing surface. Rather 
than being concerned with the components of the gait 
cycle, measurements of where and how much pres-
sure is being applied to the different areas of the plan-
tar surface of the foot during the stance phase of gait 
are taken. Observed patterns are compared to known 
normal patterns for identification of dysfunction. Ex-
amples of pathology observed include initial foot pres-
sures at areas other than the heel secondary to plantar 
flexor muscle overactivity or an increased pressure on 
the lateral surface of the foot due to valgus deformity. 
Pedobarography is uniquely suited to study gait on 
uneven surfaces, such as ramps and uneven pavement, 
and is an area currently being investigated by the se-
nior author of this chapter. Equipment that records 
this information provides objective and quantitative in-
formation that correlates with a clinical description or 
observation. Park et al. (106) demonstrated the use 
of pedobarography in the quantification of the benefit  
of surgical management of hindfoot valgus deformity 
in patients with cerebral palsy.
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Detection of Movement

For motor movement to be effective, it is not sufficient 
to just be able to move a joint. The ability to stop 
and start as well as change, velocity, acceleration, and 
direction are all very important for appropriate limb 
control. Therefore, acceleration and deceleration are 
critical, and measures of the ability to perform these 
actions play an important part in describing and eval-
uating movement. Researchers have categorized com-
plex motions into a series of “movement elements,” 
which consist of events of acceleration or deceleration 
(8). Although the number and type of movement ele-
ments can be used to classify movements, subjective 
acceleration and deceleration thresholds are required 
to define an event, especially when spasticity is pres-
ent (107).

Accelerometers are devices that are capable of 
measuring and recording the length and intensity of 
an activity. At present, the technology has advanced 
that these devices can be quite inexpensive, light-
weight, and portable and can be worn very comfort-
ably, allowing for the collection of objective outcome 
data in the community. Therefore, as a result, they can 
be used to assess if an individual increases his or her 
overall activity after an intervention (108). There are 
various algorithms for these devices. Some of them 
are designed to specifically evaluate arm movements 
(109–111), whereas others assess trunk movement 
(112) during gait.

The smoothness of movement is evaluated by 
measuring the change in acceleration of the body part 
being evaluated, which is calculated from 3D posi-
tion data. The rate of change in acceleration is defined 
mathematically by the term jerk and is the third de-
rivative of position. Feng and Mak (113) evaluated 
both the average jerk and standard deviation in path 
trajectory for voluntary movements in normal con-
trols and in people with spasticity. They found that 
those with spasticity had more shifts in acceleration 
and deceleration as compared with the controls. This 
evaluation can be performed for any type of move-
ment task. The utilization of these instruments may 
allow researchers and clinicians to develop a better 
understanding of what is required to perform certain 
passive and active functions and potentially can aid in 
outcome prediction and in measuring the effectiveness 
of a particular intervention.

Gait

Gait analysis commonly involves the measurement of 
the movement of the body in space, kinematics, EMG, 
and forces involved in producing these movements. It 
has been used in various populations for both adults 

and children and especially in different neurologic 
conditions, such as cerebral palsy, stroke, and TBI. 
This kind of analysis encompasses description and 
quantification of various parameters of gait, such as 
walking speed, foot-floor contact, and stride length. 
Subjective reports and observational gait analysis are 
now been supplemented with quantifiable changes in 
joint angle and movements (114, 115).

Objective assessment of these metrics both before 
and after an intervention may assist both the clinician 
and scientist to assess what is abnormal in someone’s 
function as well as true changes that result from an 
intervention (116–118). For the best results, it is im-
portant to normalize data based on height and time 
to properly analyze limb strides (119, 120). It may 
also be useful in to evaluate changes in gait that result 
from spasticity intervention in the upper extremities. 
The work of Esquenazi et al. (121) demonstrated a 
small but statistically significant improvement in gait 
velocity after botulinum toxin treatment was adminis-
tered to the elbow flexors.

Perry et al. (120) demonstrated that the use of 
force plate data could obtain data that were impor-
tant in the stratification of peoples’ performance. 
They found that by studying ankle and knee motion, 
internal moments with EMG for exploring muscular 
demands, they could differentiate ambulatory status. 
Perry’s group was able to use these data and a com-
mercial stride analyzer during toe walking to differen-
tiate community from household ambulators.

It is also important to obtain physiological EMG 
data while performing 3D gait analysis. This allows 
the clinicians and scientist to identify normal and ab-
normal muscle patterns during actual function rather 
than during isolated muscle movement. These data 
cannot be recorded by any other means and are par-
ticularly important when planning for surgical inter-
ventions (122). Recognizing an abnormal pattern and 
identification of the dynamic deformity that creates it 
facilitate the proper treatment selection and give one 
the best chance for am optimal outcome (123, 124). 
Used properly, gait analysis can give very valuable in-
formation in the assessment of motor function. How-
ever, significant skill is needed to run an evaluation 
properly. Errors in marker placement, improper lead 
placement for EMG data collection, and improper de-
termination of the different components of the gait 
cycle can all lead to significant errors (125).

Balance

It is commonly known by clinicians that spasticity can 
negatively affect one’s balance. If fact, Rousseaux et al.  
(126) demonstrated that improving spasticity with a tib-

C
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ial neurotomy resulted in improved balance in the long  
term. Balance is often assessed in a relative standing po-
sition. Some authors have questioned the relationship  
between standing balance and actual dynamic walking 
balance (127). Some feel that the Tinetti may be a bet-
ter measure for walking balance, but it has limitations 
secondary to its approximation of results. The Berg 
Balance is another subjective metric where up to 14 
different skills are assessed and are scored on a 4-point 
scale for a potentially maximal score of 56. However, 
the lack of true differentiation and small changes with 
interventions limit its utility (128). A mechanism of 
measuring balance and response to perturbations in 
a standing position is the use of posturography with 
the response to perturbations and change in sensory 
input, potentially giving information regarding reac-
tion time and motor control secondary to changes 
in the surface experienced. Patients with significant 
pathology can have problems in motor control, ves-
tibular, coordination, cognition, visual deficit or pro-
prioceptive issues, or some combination or all of 
these issues. In individuals with TBI (129), up to 80% 
may experience symptoms of dizziness or vestibular 
dysfunction. Posturography is an effective means to 
evaluate people with suspected balance dysfunction. 
This is regardless of the source. While undergoing this 
evaluation, standing balance is evaluated with dif-
ferent sensory challenges and changes in the surface 
experienced. One example of what can be done with 
posturography is the manipulation of the visual input 
with either no visual stimulus or false information. 
Another is the adjustment of the proprioceptive input. 
The floor can be tilted to have the patient stand at an 
angle, or it can be translated. Different outcomes can 
be analyzed, such as balance reactions, reaction time, 
position of the center of gravity, and sway. Khademi  
et al. (130) tested a single patient before and after 
performance of a tibial nerve block and demonstrated 
an improvement in the person’s center of gravity and 
sway after the intervention. Not all interventions have 
demonstrated improvement, as many other etiologies 
can account for the balance disturbance in addition to 
spasticity (131–133).

Body Segment Analysis

The utilization of motion analysis and mathematical 
modeling to the upper extremity can provide signifi-
cant information regarding the distribution of forces 
at the joints, muscles, and ligament structures during 
the performance of simple functional tasks such as 
gripping, pinching, and lifting. Although for normal 
individuals these tasks are trivial, they can be quite 
challenging for an individual with an upper motor 

neuron syndrome. This analysis and modeling may 
be helpful in both the planning of treatment and the 
analysis of the effects of interventions. A force trans-
ducer with 6 degrees of freedom has been developed 
to measure the forces applied to at the hand’s inter-
phalangeal joint during the performance of activities 
of daily living (134). To better exploit the potential of 
this device, versions incorporating this device into jars, 
keys in a lock, tap, and jug have been developed (135). 
Currently, efforts are underway to develop 3D mod-
els of the wrist and shoulder during free movement 
while performing grasping, pointing, and reaching  
(136–140). The potential to develop a better under-
standing of motor control of both normal controls 
and those with the upper motor neuron syndrome has 
significant potential to improve both our understand-
ing and treatment of conditions involving the upper 
extremity.

FUNCTIONAL MEASURES

In this section, measures are used to assess how a per-
son performs functionally in real life. This will include 
both passive functions, where after the intervention it 
is easier for the person to have something performed 
to it, and measures where after treatment it is easier 
for the person to actively perform an activity second-
ary to a change from treatment. Examples of passive 
function include ease of hygiene in an area such as the 
elbow, hand, or perineum after treatment or greater 
ease in donning a glove or jacket after the spasticity 
is treated effectively. Examples of active function in-
clude walking speed, better balance, improved ability 
to reach with an arm, or decreased falls. There are 
many ways to measure these quantities, and the ex-
amples that will follow will be discussed more as food 
for thought rather than an exhaustive list.

Visual Analog Scale and Likert Scale 

Both the Visual Analog Scale (VAS) (Figure 5.1) and 
the Likert Scale (Table 5.6) are measures that ask the 

FIGURE 5.1 

Visual Analog Scale.
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person to subjectively report on a characteristic or the 
benefit from an intervention. The VAS is designed to 
assess a characteristic that is believed to range across 
a continuum of values (141). Originally, it was devel-
oped to assess pain, but since its introduction, it has 
been used far more widely and has been validated for 
other uses throughout rehabilitation. It has been used 
frequently as a metric for spasticity and the efficacy 
of interventions (142–147). Fleuren et al. (148) used 
the VAS to evaluate the discomfort experienced by 
patients with spinal cord injury (SCI) with increased 
tone. Attempts to correlate the VAS with other spastic-
ity measures (surface EMG, Modified Tardieu Scale) 
have been unsuccessful up to this point (146, 147).

The Likert Scale (Table 5.6) is an instrument com-
monly used for subjective reporting of outcomes. It uses 
a 5-point scale that can be a measure how much the 
person agrees with a particular statement or how they 
have changed from an intervention where 1 = much 
worse, 3 = the same, and 5 = much better. Gruenthal  
et al. (149) used this scale to evaluate the effect of ga-
bapentin on spasticity of spinal cord etiology.

Timed Ambulation Tests

If one wishes to examine a person’s ability to walk, 
there are a whole host of metrics used in the rehabilita-
tion community. The 2 most commonly used are the 
6-minute walk and the 10-meter walk. These tests 
are chosen because of their ability to predict real-life 
function. If one has the ability to walk effectively for 6 
minutes, this normally qualifies one to be a community 
ambulator. The 10-meter walk test is important be-
cause a satisfactory performance on that test predicts 
how well a person can cross the street. These tests over 
level ground are easy to perform and are simple and 
are useful low-budget functional metrics that reflect 
real-life function (150). These tests have been used 
in numerous populations including those with stroke 
(151), multiple sclerosis (152), and SCI (153).

People with neurologic deficits and spasticity 
do not routinely experience their greatest difficulties 
when ambulating on level surfaces. As a result, some 
researchers have tried to make their testing metrics 
more closely reflect real life with nonlevel surfaces, 
including uneven surfaces, steps, stepping over obsta-
cles, sidewalk curbs, and ramps (154–158). One of 
the better known ambulation metrics on different 
surfaces is the Emory Functional Ambulation Profile, 
which records timed walking on 5 different scenarios 
including hard floor, walk over carpet, time up and 
go, standardized obstacle course, and ascending and 
descending 5 steps. It was found to have good reliabil-
ity, validity, and responsiveness for assessing walking 
function and recovery in patients with stroke (159). 
Current work is investigating if there is a correlation 
between higher scores and improvements in commu-
nity and household ambulation (160). A similar walk 
test is the Means et al. (161) obstacle course. This 
measure focuses on functional mobility tasks experi-
enced during activities of daily living, including differ-
ent floor textures, graded surfaces, stairs, and object 
negotiation. Testing on both of these courses is easy to 
administer and relatively inexpensive.

Functional Performance Measures

There are numerous metrics that clinicians and scien-
tists use to evaluate functional performance and in 
particular specific functional tasks. In this section, 
the authors will discuss several metrics that have been 
used in the spasticity literature. Specifically this will 
include the FIM, the Frenchay Arm Test, the Modified 
Frenchay, the DAS, and the Pediatric Evaluation of 
Disability Inventory (PEDI).

The FIM is a commonly used metric in the re-
habilitation population where 18 items are subjec-
tively scored as to a person’s ability to perform them 
(162). Items are graded between 1 (dependent) and 
7 (totally independent). Components that are evalu-
ated by the FIM include self-care, mobility, eating, 
grooming, dressing, toileting, transfers, walking, and 
stair climbing. Many of the subsections of the FIM 
may well respond to spasticity intervention. Some lit-
erature have demonstrated improvements on the FIM 
secondary to spasticity interventions. Francisco et al. 
(163) reported on a small case series of 3 patients who 
received intrathecal baclofen therapy for their spastic-
ity and reported that improvements in functional do-
mains such as gait, transfers, and sitting were noted. 
Cardoso et al. (164) reported that on a larger series of 
20 patients who were treated with botulinum toxin A 
for the management of their stroke-related spasticity, 

TABLE 5.6 
Likert Scale to Assess Difficulty in Performing 

Perineal Hygiene

ScOre DeScriptiOn

1 Can be performed without difficulty
2 Can be performed with little difficulty
3 Can be performed with moderate difficulty
4 Can be performed with great difficulty
5 Cannot be performed
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significant improvement was noted in the motor com-
ponents of the FIM with treatment.

In the evaluation of the Frenchay Arm Test, the 
person examined performed 5 tasks that were rated 
in a pass-fail manner. The items included stabilizing a 
ruler and drawing a straight line, grasping a cylinder, 
drinking from a half-full glass of water, replacing a 
clothes’ peg, and combing one’s hair (165). One study 
used it as one of the outcome metrics to demonstrate 
the efficacy of botulinum toxin type A intervention 
for the management of upper extremity spasticity in 
patients with stroke and it did demonstrate change 
from the intervention (166). A modified version of the 
Frenchay has been developed where rather than grad-
ing pass-fail, the examiner assigns a numerical score 
between 1 and 10. This metric was used as part of a 
study comparing tizanidine to botulinum toxin A for 
the management of upper extremity spasticity (167); 
however, the authors will publish that data separately 
at a later time.

The DAS was first developed to assess and quan-
tify disability perceived in people with stroke-related 
spasticity. There are 4 separate areas that are evalu-
ated by the DAS, including personal hygiene, dress-
ing, pain, and position. The grading ranges from 0 to 
3, with a grade of 0 = there is no disability, 1 = mild,  
2 = moderate, and 3 = severe disability. It was the 
functional metric that was used in Brashear et al. (13); 
the double-blinded, placebo-controlled trial evalu-
ated the efficacy of botulinum neurotoxin for upper 
extremity spasticity, with the toxin treatment group 
having statistically superior improvement on the DAS 
as compared with placebo. The intrarater and inter-
rater reliability for the DAS was demonstrated in an-
other study (12). Elovic et al. (9), in a study looking 
at repeated injections with open-label toxin, were also 
able to show consistent long-term improvement with 
decreased disability as assessed with the DAS.

The Barthel Index is a scale that measures per-
formance in basic activities of daily living, particularly 
mobility and personal hygiene (168). These are 2 ar-
eas that can be especially sensitive to muscle overac-
tivity and may show improvement after intervention. 
It takes between 5 and 20 minutes to administer, and 
the scoring is based on a person’s performance on 10 
tasks, including feeding, donning of a brace, dressing, 
grooming, hygiene, toileting, transfers, and mobility. 
Several studies have documented improvement in this 
measure after specific spasticity interventions, includ-
ing intrathecal baclofen (169) and acupuncture (170). 
Efforts at using the Barthel as a metric for chemode-
nervation with botulinum toxin intervention have 
been more interesting, with a large multicenter study 
using it as one of the outcome metrics (105), another 

study showing changes on the Barthel Index in only 1 
of 18 patients (171), and a third study showing some 
changes with a combination of toxin treatment and a 
course of occupational therapy (172).

The Pediatric Evaluation of Disability  
Inventory

The PEDI was developed to provide a comprehensive 
clinical assessment of key functional capabilities and 
performance in children between the ages of 6 months 
and 7 years. It was designed to serve as a descriptive 
measure of the child’s current functional performance, 
as well as a method for tracking change across time. 
The PEDI measures both capability and performance 
of functional activities in self-care, mobility, and social 
function (173). It was validated in 1990 by Feldman 
et al. (173) to identify disabilities in this population. 
It has been used to assess changes in disability after 
different spasticity interventions, such as botulinum 
toxin type A injections, oral medications intrathecal 
baclofen, and selective dorsal rhizotomy. However, af-
ter intervention, no change in function and disability 
as measured by the PEDI was noted (65, 174–177). 
Ohata et al. (178) demonstrated a lack of correlation 
between the PEDI and the MAS. However, what can 
be learned from this is questionable because similar 
statements can be made in the adult population as 
well. In view of these results, it is reasonable to as-
sume that the metrics measured by the PEDI might 
not be sensitive enough to evaluate from spasticity in-
terventions of multiple types.

Quality of Life Measures

As mentioned earlier, what matters most to a person is 
how he or she is functioning and his or her overall sat-
isfaction with life. It has been for many different rea-
sons for clinicians and researchers to show that their 
interventions for spasticity make a difference in this 
important area. However, this may well be a critical 
area to pursue because the health care environment 
in the United States changes. A complete discussion 
of all metrics that assess QOL is beyond the scope of 
this chapter. Instead the authors will discuss some of 
the more commonly used metrics in the rehabilitation 
community.

36-Item Short Form Health Survey

The SF-36 is a multipurpose, short-form health survey 
with 36 questions. It yields an 8-scale profile of func-
tional health and well-being scores and mental and 
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health summary measures. It is frequently used, and 
more than 1000 articles using it suggest its utility in 
various populations (179). This includes the popula-
tions of patients with TBI (180), SCI (181, 182), and 
stroke (183, 184). In both populations of patients 
with hemiplegia and SCI spasticity, it has been cor-
related with lower QOL. In fact, individuals with 
hemiplegia, 18 months after the event, have a higher 
level of QOL if they do not have spasticity, as mea-
sured by the physical functioning domain of the 36-SF 
health survey (184). However, efforts of Childers et al. 
(183) to evaluate QOL changes from intervening with 
botulinum toxin to manage upper extremity spasticity 
failed to demonstrate any changes on the SF-36. It is 
easy to blame the sensitivity of the metric, but it could 
just as easily be a result of the intervention’s inability 
to make a real-life change.

Satisfaction With Life Scale

The Satisfaction With Life Scale (SWLS) was first de-
scribed by Diener et al. (185), and it attempts to assess 
a person’s overall life satisfaction. This scale consists 
of 5 separate statements that reflect their current state 
for which they reply with a number from 1 to 7 to 
express how strongly they agree or disagree with each 
statement (Table 5.7).

This metric has been used as an instrument to 
assess QOL for adults who had sustained an SCI as 
a child (186). Their conclusion was that spasticity 
negatively impacted a person’s QOL as measured on 
the SWLS. The SWLS has not been used in any other 
population to evaluate the effect of spasticity on life, 
but it has been used in 2 separate studies to evaluate 

peoples’ overall satisfaction after their recovery from 
a TBI (187, 188).

The EuroQol

The EuroQol or EQ-5D is a standardized instrument 
that measures health outcome and QOL and can be 
applicable in a wide range of health conditions and 
treatments. It provides a simple descriptive profile and 
a single index value for health status. This measure 
was first described by the EuroQol Group in 1990 
(189). The EQ-5D was originally designed to comple-
ment other instruments but is now increasingly used as 
a “stand alone” measure. It consists of 2 components: 
the EQ-5D descriptive system and the EQ VAS. In the 
EQ-5D descriptive system, the respondent is asked to 
indicate his or her health state by marking the box 
next to the most appropriate statement in each of the 
5 dimensions. In the EQ VAS, the respondent rates 
his or her health state by drawing a line from the box 
marked “Your health state today” to the appropriate 
point on the EQ VAS. It was used in a study that dem-
onstrated the effectiveness of botulinum toxin treat-
ment in the management of upper extremity spastic-
ity (9). In addition, a large multicenter is using this 
as one of the metrics to assess outcome from upper 
extremity botulinum neurotoxin treatment for spas-
ticity (105). Although this is a relatively new use for 
the metric, it may have ever increasing use because 
clinicians are charged to find meaningful measures 
for improvement in a person’s condition beyond less  
tightness.

CONCLUSIONS 

The authors of this chapter have presented an over-
view of many, but not all, of the metrics used by cli-
nicians and scientists in the assessment of spasticity 
and the results of interventions. In addition, the is-
sues of subjectivity and objectivity and the strengths 
and weaknesses of these assessments strategies were 
discussed. The similarities and differences between 
these measures are discussed paying particular at-
tention between subjective measures and their objec-
tive cousins. Finally, the authors have attempted to 
provide structure, organization, and hierarchy for 
determining the results of a clinical treatment or a 
research trial. Ideally, the perfect metric reflects the 
potential results, can be collected objectively, and 
measures a substrate that is truly meaningful to all 
parties involved. The group that needs to be satis-
fied is the patient, the clinician, the caregivers, and 
in these times, the source of reimbursement. The 

TABLE 5.7 
Satisfaction With Life Scale

ScOre DeScriptiOn

1 In most ways my life is close to ideal
2 The conditions of my life are excellent
3 I am satisfied with my life
4 So far I have gotten the important things I 

want in life
5 If I could live my life over, I would change 

almost nothing

In some cases this could reflect passive function, as 
improvement could result from ease of passive activity per-
formed (ie, ease of hygiene secondary to reduced muscle  
over-activity).
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authors call on clinicians and scientists to empha-
size proving the efficacy of new treatments and the 
treatment results of current treatments using mean-
ingful assessment metrics. New metrics that are to 
be developed in the future should emphasize some 
of the deficiencies that have been highlighted in this  
chapter.
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A comprehensive assessment of the patient with spas-
ticity is critical to maximize outcome in the treatment 
of upper extremity spasticity. Although a number of 
key components to this evaluation comprise this eval-
uation, the most important component is the identifi-
cation of appropriate goals. Once the treatment goals 
are identified, the clinician can then look for barri-
ers to achieving them. These barriers may be identi-
fied through physical examination. This evaluation 
may lead to the need for further diagnostic testing. 
Awareness of concomitant pathological processes, 
which may or may not be related to the condition that 
has led to complications of the upper motor neuron 
syndrome (UMNS), may lead to the identification of 
other barriers to achieving goals. Knowledge of func-
tional anatomy, including neurologic and muscular 
action, will aid in the evaluation and development of 
an appropriate treatment plan. The arm must be as-
sessed in the context of other needs and goals of the 
individual, since interventions targeting the arm may 
affect function or alter the ability to intervene else-
where. If intervention for spasticity has already been 
initiated, the assessment also must include an evalua-
tion of the efficacy of prior interventions. The goal of 
this chapter is to provide the reader with tools to carry 
out a comprehensive assessment of the individual with 
upper extremity spasticity and demonstrate how this 
assessment can aid in the development of a successful 
treatment plan.

IDENTIFYING GOALS IN UPPER  
ExTREMITY ASSESSMENT

Depending on the situation, it may be important to 
solicit information from a number of different indi-
viduals to identify goals. Whenever appropriate, the 
patient should be the primary person who identifies 
the goals, but clearly, there are situations in which the  
patient cannot provide much, if any, information. The 
patient’s family or other caregivers may be able to 
identify important goals. Other treating clinicians, in-
cluding therapists, nurses, aides, or other physicians, 
may also be useful sources of information regarding 
goals. As these goals are identified, the clinician will 
need to make some determination regarding the ap-
propriateness of the goals. There will be times when it 
will not be possible to determine appropriateness with 
confidence, but this may become clearer with subse-
quent evaluations associated with ongoing treatment.

Goal setting is important because goals encour-
age the treatment team to evaluate and address spas-
ticity, not by its presence or absence but rather by  
determining whether spasticity is a barrier to achieving 
the stated goal. There will be occasions where this is not 
the case and, in fact, the presence of spasticity to a degree 
may be beneficial in achieving a goal. Spasticity is also 
only one component of deficits related to upper motor 
neuron dysfunction, so it is important to assess which as-
pects of the UMNS are the primary barriers to attaining 
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goals. Taking this approach will help the clinician make 
decisions regarding what treatment modality or modali-
ties to use. For example, a determination may be made 
that the most appropriate goal for an individual with 
severe finger flexor spasticity is positioning to prevent 
breakdown of skin in the palm. In such a situation, the 
clinician may choose more aggressive or longer-acting 
interventions such as surgery if it is determined that there 
is minimal likelihood of functional use of the hand.

Different goals that can be generated when as-
sessing upper extremity spasticity are infinite depend-
ing on how specific the clinician wants them to be. For 
patients with a greater degree of impairment, goals 
may be more related to decreasing the amount of care 
that providers need to deliver or preventing complica-
tions related to relative immobility. Such goals could 
include maintaining hygiene, improving ease of care 
for activities of daily living, helping with position-
ing, preventing breakdown of skin, and minimizing 
pain. More active goals may be helping the patient 
to participate in dressing, eating, grooming, or other 
daily activities. Goals may also be related to improv-
ing finer motor activities, such as writing or playing 
the piano. If feasible, it is important to encourage all 
participants in the goal-setting process to think about 
goals that may positively affect activity and participa-
tion, rather than the more traditional goals that tend 
to focus on body functions and structure.

Finally, it is important to identify goals because 
achievement of these goals is one of the most, if not 
the most, important measure of efficacy in a spasticity 
management program. The reevaluation of goals and 
the setting of new goals should be the focal points of 
follow-up visits.

ANATOMIC CONSIDERATIONS IN  
ASSESSING THE UPPER ExTREMITY

A proper understanding of the anatomy of the upper 
limb is essential for assessment of upper extremity 
spasticity. Although there are a number of stereotyp-
ical patterns seen in any arm as part of the UMNS 
(1), these patterns may involve a number of different 
muscles or combinations of muscles as seen in Table 
6.1. Many muscles carry out more than one function 
or movement, and this must be taken into account, 
for instance, when one is considering focal chemode-
nervation. Otherwise, efforts to address a problem 
related to movement or positioning at one joint may 
alter function pertaining to a different movement. In 
addition, changes in the position of the limb at one 
joint may have direct effects on function and move-
ment at another joint, such as with tenodesis.

ASSESSMENT OF THE SHOULDER

The shoulder joint is inherently very unstable. This in-
stability allows for a greater degree of range of motion. 
As seen in Table 6.1, a number of different muscles are 
involved in various movements of the shoulder. This 
makes the evaluation of the shoulder at times quite 
complex. The initial assessment should include a dis-
cussion of problems related to the shoulder, address-
ing function, ease of care, and other issues, such as 
pain. The initial examination of the shoulder should 
include inspection of the joint and skin, identification 
of areas of tenderness and swelling, and, as appro-
priate, an assessment of strength and active and pas-
sive range of motion. This assessment, which should 
also be undertaken for the joints discussed below, will 
help the process of identification of goals and will also 
identify problems that may impair joint function in-
cluding those not necessarily related to UMNS.

A common pattern seen in the UMNS is the ad-
ducted and internally rotated shoulder (1). This po-
sition may lead to poor hygiene, breakdown of skin 
and the axilla, difficulties with dressing and position-
ing, and pain in the shoulder. Although there are a 
number of muscles that may contribute to adduction 
and internal rotation, the pectoralis major, latissimus 
dorsi, subscapularis, and teres major are the most 

TABLE 6.1 
Common Patterns of Muscle Overactivity Seen 

in the UMNS

Shoulder adduction  
and internal  
rotation

Pectoralis major, subscapu-
laris, latissimus dorsi,  
teres major

Elbow flexion Biceps brachii, brachialis, 
brachioradialis

Forearm pronation Pronator teres, pronator 
quadrates

Wrist flexion Flexor carpi radialis, flexor 
carpi ulnaris, FDS, and 
profundus

Wrist extension Extensor carpi radialis longus 
and brevis, extensor carpi 
ulnaris, long finger  
extensors

Finger flexion Flexor digitorum superficialis 
and profundus (can target 
specific fascicles)

Thumb-in-palm FPL and brevis, adductor  
pollicis, FPL

UMNS, upper motor neuron syndrome.



�� ASSESSMENT�OF�SPASTICITY�IN�THE�uPPER�ExTREMITY �3

commonly involved. In trying to determine the rela-
tive contributions of these or other muscles in the  
adducted and internally rotated shoulder, it may be 
helpful to remember some of the other actions of each 
of these muscles. For instance, the latissimus dorsi is 
also a shoulder extensor as is the teres major. There-
fore, when shoulder extension is also noted, one 
might consider focusing on these muscles. Recall also 
that the latissimus dorsi is an important shoulder de-
pressor and is important when using crutches. Other 
muscles that may contribute to excessive shoulder 
extension include the long head of the triceps, poste-
rior deltoid, wound, and sternocostal portion of the 
pectoralis major. Cocontraction of shoulder extensors 
may inhibit the patient’s ability to voluntarily flex the 
shoulder (Figure 6.1).

 If, on the other hand, shoulder flexion is seen 
along with internal rotation and adduction, one might 
anticipate that the pectoralis major is relatively more 
active, as the clavicular portion assists in flexing the 
arm. Other muscles that may contribute to excessive 
shoulder flexion include the anterior deltoid, coraco-
brachialis, and biceps brachii. Because these muscles 
all have other functions, this is another example of the 
need to consider all of the actions of a particular muscle  
when considering focal chemodenervation. The sub-

scapularis also deserves mention, as it is in many cases 
the primary internal rotator of the shoulder, although 
the pectoralis major, latissimus dorsi, anterior deltoid, 
and teres major may also contribute (2).

ASSESSMENT OF THE ELBOW

The general assessment of the elbow is similar to 
that of the shoulder. Discussion with the patient and 
caregiver may identify problems, such as poor hy-
giene in the flexor crease, difficulties with reaching 
and hand-to-mouth activities, dressing, and pain. The 
functional examination of the elbow may be more 
straightforward than the shoulder, as there are only 
2 movements to consider: flexion/extension and pro-
nation/supination. The more common pattern seen in 
the UMNS is excessive flexion and pronation (1). It 
is easy to understand how this position would lead  
to the problems identified above (Figure 6.2). Severe 
flexion may cause maceration and skin breakdown in 
the flexor crease.

The 3 main flexors of the elbow are the biceps 
brachii, brachialis, and brachioradialis. There may 
also be small contributions from the extensor carpi 
radialis and pronator teres. In determining the role to 
contributions of the 3 main flexors, it may be worth-
while to note whether the forearm is supinated or not. 
Remember that the biceps brachii is the primary su-
pinator. In the nonpathological state, flexion in the 
pronated position is carried out primarily by the bra-
chialis. A related consideration is that in the case of 
excessive flexion and pronation, sparing the biceps, 
when addressing elbow flexion, may help address the 
pronation. The brachioradialis on the other hand may 
contribute to the excessive pronation.

FIGURE 6.1 

Dynamic electromyography demonstrating the cocontrac-
tion of the latissimus dorsi as well as the long head of the 
triceps when the patient is reaching forward, flexing the 
shoulder. These 2 shoulder extensors may be targets for 
focal chemodenervation to improve voluntary shoulder 
flexion. A third shoulder extensor, the teres major, dem-
onstrates minimal cocontraction. (Used with permission 
from Dr. Nathaniel Mayer.)

FIGURE 6.2 

This patient demonstrates a flexed elbow and pronated 
forearm. Shoulder adductor tone is also present.
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The 2 main pronators of the forearm are the 
pronator teres and the pronator quadratus. The flexor 
carpi radialis may also assist in pronation if the wrist 
is flexed. In the UMNS, it is often difficult to distin-
guish the relative contributions of the pronator teres 
and pronator quadratus. It has been suggested that 
the pronator quadratus may be isolated if pronation 
in the distal forearm is identified when the forearm is 
fixed in supination at its midpoint. Clearly, this can-
not always be achieved. This is one of many situations 
in which a diagnostic block may be appropriate.

ASSESSMENT OF THE WRIST

Hyperflexion of the wrist is the more common posi-
tion seen in UMNS, although hyperextension of the 
wrist is not rare. Problems seen with exaggerated wrist 
flexion include difficulties with dressing and pain. Re-
garding pain, carpal tunnel syndrome is often associ-
ated with excessive wrist flexion and therefore should 
be a consideration in the evaluation (3). The position 
of the wrist is crucial for hand function, and con-
versely, changes in tightness of the long finger flexors 
will affect positioning of the wrist. This is an impor-
tant concept and may affect surgical decision making 
as well (4). Excessive extension of the wrist may lead 
to passive tightness of the finger flexors (tenodesis). It 
is, therefore, important to incorporate finger position-
ing in the evaluation of range motion and function of 
the wrist and vice versa.

The primary wrist flexors are the flexor carpi ra-
dialis and flexor carpi ulnaris. The palmaris longus 
and abductor pollicis longus may also contribute. As 
mentioned above, the long finger flexors (flexor digi-
torum superficialis [FDS] and flexor digitorum pro-
fundus [FDP]) can also participate in wrist flexion, 
especially when the fingers are extended. If the wrist is 
also ulnarly deviated, one may surmise that the flexor 
carpi ulnaris is more involved (as well as the exten-
sor carpi ulnaris). Flexion with radial deviation may 
suggest that the flexor carpi radialis is more involved, 
although there are several other muscles that may 
contribute to radial deviation, including the abductor 
pollicis longus, extensor carpi radialis and brevis, and 
extensor pollicis longus and brevis.

Excessive wrist extension may also be seen in the 
UMNS. Muscles that may contribute include exten-
sor carpi radialis longus, extensor carpi radialis bre-
vis, and extensor carpi ulnaris. As with wrist flexion, 
extension may be affected by the long finger muscles, 
such as extensor digitorum, extensor indices, extensor 
pollicis longus, and extensor digiti minimi. 

Lower motor neuron processes may also affect 
function in the position of the wrist, as well as the 
fingers. For example, a lower plexus injury will affect 
wrist flexion and may therefore lead to excessive wrist 
extension. Alternatively, a radial nerve injury could 
lead to or exacerbate excessive wrist flexion. Such 
problems would be more likely encountered in certain 
UMNS etiologies, such as traumatic brain injury (TBI) 
with multiple trauma. For example, radial nerve in-
juries may be associated with humeral fractures, and 
there are a number of other traumatic injuries that 
are associated with specific nerve injuries affecting the 
wrist or other parts of the upper extremity (5). The 
evaluation of the wrist and hand should include a con-
sideration of these complications.

FIGURE 6.3 

This patient appeared to have significant finger flexor 
overactivity. Further examination reveals that the fingers 
can actually be extended fairly easily with minimal flexor 
activity being noted. Because of the severe wrist flexor 
contracture, surgery will be required to allow the wrist to 
achieve a more neutral position to aid in basic activities of 
daily living. This surgery will need to address the long fin-
ger flexors, as the digits will otherwise become even more 
flexed due to tenodesis.
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ASSESSMENT OF THE FINGERS

In the arm, UMNS typically leads to a clenched fist. 
Excessive finger flexion may prevent or at least limit 
functional use of the hand. Serious complications may 
arise, including maceration of the palmar surface of 
the hand. This is due to the inability to clean the palm 
and the trapping of moisture. Inability to access the 
fingernails will also contribute to tissue damage. This 
condition can be very painful, and the pain can ex-
acerbate the excessive flexion. It is worth reviewing 
the contribution of wrist position to finger flexion. 
That is, some improvements in finger extension may 
be made if the wrist can be placed in a more flexed 
position. Alternatively, excessive wrist extension may 
contribute to worsening of finger flexion (Figure 6.3).

A number of different muscles, as well as specific 
fascicles within muscles, can contribute to the clenched 
fist deformity. The FDS and FDP are commonly impli-
cated. It may be possible to differentiate the contribu-
tion of these 2 muscles to the clenched fist depending 
on whether the distal interphalangeal (DIP) joints are 
extended or not. Because the FDP inserts in the distal 
phalanx, if it is involved, then the DIP will be flexed, 
whereas if the FDS is involved, then the DIP will be 
extended, as the FDS inserts on the middle phalanx of 
the fingers. Often, not all fingers demonstrate excessive 
flexion. Therefore, the clinician may choose to target 
specific fascicles of the FDS and/or FDP for chemode-
nervation (Figure 6.4). In addition to the FDS and FDP, 
the lumbricals and interossei also contribute to flexion 

at the metacarpal joints. These intrinsic muscles also 
contribute to extension at the proximal interphalan-
geal (PIP). When the wrist and long finger flexors are 
lengthened, one may see an intrinsic plus position, 
characterized by excessive flexion of the metacarpo-
phalangeal joint and extension at the PIP.

The thumb is often flexed within the palm in 
UMNS. Because the thumb is such an important com-
ponent of hand function, appropriately addressing 
spasticity of the thumb may lead to significant func-
tional improvement. The primary muscles involved in 
this position are the flexor pollicis brevis (which also 
assist with opposition and adduction), the adductor 
pollicis (which adducts and flexes the thumb), and the 
flexor pollicis longuags (FPL). Because the FPL origi-
nates in the forearm and crosses ventral the wrist, its 
role in the deformity may be suspected if improvement 
in thumb extension is noted when the wrist is flexed.

FUNCTIONAL CONSIDERATIONS IN  
ASSESSMENT OF THE UPPER ExTREMITY

To achieve the goals identified, it is important that the 
assessment and treatment plan identify and address as 
many barriers as possible. Pain, difficulties with limb 
movement, loss of range of motion, and other prob-
lems are seen as part of the UMNS, but the relative 
role of spasticity differs from patient to patient. Move-
ment disorders other than spasticity, such as rigidity, 
dystonia, or tremor, may be present and may require 
different interventions. It is essential that the clini-
cian look for nonneurologic causes of loss of upper 
extremity function. These may or may not be related 
to the disease process that precipitated the UMNS. In 
addition, the evaluation should consider the duration 
of the condition because this may affect the course 
of treatment, as conditions such as hypertonicity and 
weakness are not static and may change significantly, 
especially in the more acute phase, as part of the natu-
ral history of the underlying disease process.

Loss of passive range of motion may be a result of 
spastic cocontraction, but a number of other processes 
must also be considered. Agonist/antagonist cocon-
traction is best demonstrated by using dynamic electro-
myography, where the muscle activity of both groups 
can be demonstrated simultaneously (Figure 6.5). Im-
provement in passive range of motion in response to 
diagnostic blocks to the antagonists is another way to 
demonstrate this process. If there is no improvement 
with the diagnostic block, cocontraction cannot be ruled 
out. However, it is likely that one or more other processes 
that affect range of motion in a joint are also present.

FIGURE 6.4 

As demonstrated here, not all of the muscle slips of the 
long finger flexors may need to be treated for muscle over-
activity. The clinician may choose to target only some of 
the fascicles of the flexor digitorum superficialis and/or 
FDP.
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Soft tissue contracture will lead to loss of range 
of motion, and changes in connective tissue that are a 
major component of the development of contractures 
may occur rapidly (6). In the absence of hypertonicity 
or other pathological processes, preservation of joint 
range of motion is reported to be achievable by ranging 
the joint through its full range at least once a day. In 
the presence of hypertonia, however, intermittent range 
of motion may have fairly minimal effect. Techniques 
that maintain muscles and tendons at their functional 
length, such as splints and casting, may be of more use 
(7). Muscles and tendons that remain in a shortened 
position lose length, and therefore, range of motion 
across the joint is also lost. There are also changes 
in the properties of the soft tissue within the joint  
itself that contribute to loss of range of motion (8). 

It may be difficult to determine the contribution 
of these soft tissue changes to loss of range of motion 
(9). Generally, methods used to provide prolonged 
static stretching, such as serial casting, will restore 
some range of motion, so a positive response to this 
intervention is supportive of the presence of contrac-
ture. Because contracture formation occurs over a 
period of time and in joints with limitations in mobil-
ity, it will be suspected when the condition is more 
chronic and function of the limb has been more se-
verely compromised (Figure 6.6). Ongoing spasticity 
will contribute to this process, so treatment may need 
to include measures to treat spasticity in addition to 
stretching. If the condition is severe, surgical interven-
tion may be required to restore adequate range of mo-
tion (10), but even in these cases, continued treatment 
will likely be required to prevent recurrence.

Orthopedic complications in a joint may also 
be seen, which may or may not be related to the un-

derlying disease process. Heterotopic ossification is a 
condition seen after TBI and spinal cord injury. Al-
though the process is not well understood, it appears 
to be related to alterations in osteoblast and osteo-
clast activity and results in bone being formed across 
joints (11). The reported incidence ranges from 11% 
to 20% in TBI (12) and 13% to 57% after spinal cord 
injury (13). Joints typically affected include the hips, 
knees, shoulders, and elbows. Clinically, it presents as 
progressive loss of range of motion in a joint and pain 
with range of motion and is often warm and tender 
to palpation. It may be diagnosed radiographically or 
by triple-phase bone scan. Surgical excision may be 
required if loss of range of motion leads to significant 
dysfunction, but it is often delayed until the bone has 
matured (14).

Patients with spasticity may also have preexisting 
degenerative joint processes that affect range of mo-
tion at a joint. There is also evidence that persons who 
sustained a TBI may have an increased incidence of 
arthritis as they age (15). The presence of an arthritic 
joint may be identified when the history is taken on 
examination and can also be evaluated radiographi-
cally. In addition to loss of range of motion, the ex-
amination of the joint may reveal tenderness, warmth, 
and/or swelling. The presence of spasticity may lead 
to increased inflammation in the joint, accelerating 
the degenerative process or increasing the pain. Soft 
tissue edema related to a number of conditions may 
also decrease range of motion in a joint.

FIGURE 6.5 

Poor reciprocal activation of the medial triceps and bra-
chialis is demonstrated by dynamic electromyography. 
Note that the brachialis remains active during voluntary 
extension of the elbow. (Used with permission from Dr. 
Nathaniel Mayer.)

FIGURE 6.6 

This patient with a severe traumatic and hypoxic brain 
injury demonstrates severe extension at the elbows, fore-
arm pronation, and wrist flexion. She had significant par-
oxysmal autonomic instability with dystonia acutely and 
was reportedly often in a decerebrate position. Range of 
motion was very limited at the elbows. Electromyography 
demonstrated minimal triceps activity bilaterally. It was 
concluded that the loss of elbow flexion was related to the 
prolonged decerebrate position and resultant contractures 
rather than triceps overactivity. This patient subsequently 
also developed heterotopic ossification of the elbows.
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Spastic joints are often painful, both at rest and 
with passive or active range of motion. The examina-
tion may be suggestive of velocity-dependent increased 
tone, but this may be due to guarding, with the patient 
being even more guarded or protective when the limb 
is moved more quickly or through a greater range. The 
examination may also be complicated by the fact that 
pain may increase spasticity. In addition, chemode-
nervation of spastic muscles can decrease poststroke 
shoulder pain (16). A diagnostic anesthetic block may 
help elucidate the relative contribution of pain to 
the loss of active and passive range of motion. Some 
causes of pain in a joint have already been discussed. 
In the setting of TBI or stroke, complex regional pain 
syndrome may also be considered. In the upper limb, 
the shoulder and metacarpophalangeal joints may be 
preferentially affected and may be tender to touch 
or with range of motion. Although there is no “gold 
standard” for diagnosis, criteria have been proposed 
(17). A triple-phase bone scan or diagnostic sympa-
thetic blocks may be considered.

Weakness also contributes to loss of functional 
movement in the upper extremity. Although by defini-
tion UMNS implies an upper motor neuron process, 
other causes of weakness also need to be considered; 
as for a given individual, these other processes may 
be more amenable to intervention and/or contributing 
more to the patient’s degree of dysfunction. Central 
processes may include direct damage to the cortico-
motor system, difficulties with coordination, neglect, 
motor planning deficits, and other movement disor-
ders. There may also be concomitant lower motor 
neuron processes that contribute to weakness. These 
diagnoses may be related to the event that precipitated 
the UMNS, may be preexisting, or both. For example, 
preexisting carpal tunnel syndrome may contribute to 
functional deficits in the hand caused by an upper mo-
tor neuron injury, or in the setting of multiple trauma, 
mononeuropathies or plexopathies may lead to focal 
weakness, pain, or other sensory deficits that affect 
function. More generalized preexisting or injury- 
related neuropathies must be considered during an eval-
uation of limitations of upper extremity function. Some 
patients will have underlying medical conditions that 
may increase the likelihood of a generalized periph-
eral polyneuropathy, such as those with diabetes or 
hypothyroidism. Acutely ill patients may have critical 
illness polyneuropathy. In general, one would expect 
these neuropathic processes to diminish some of the 
positive signs of the UMNS, but some of the negative 
signs, especially weakness, would be worsened.

Dystonic posturing may be idiopathic or a se-
quela of upper motor neuron injury. In addition, 
dystonia may be related to medications, such as do-

pamine antagonists or anticholinergic agents (18). 
These etiologies should be considered by reviewing 
the list of current medications and the medication 
history. A number of movement disorders may result 
from hypoxic-ischemic events, so the presence of these 
should be considered and evaluated for persons who 
may have had an ischemic brain injury (19). Injury 
to the basal ganglia is thought to play an important 
role in many of the posthypoxic movement disorders 
(20). Differentiating these movement disorders from 
spasticity may result in improved functional outcome, 
as treatments among these movement disorders often 
differ.

It is important to obtain a thorough history as 
part of the functional assessment. The time course of 
the functional deficits may help identify reasons for 
loss of function. The evaluation, differential diagnosis, 
and treatment of a condition in which upper extrem-
ity function appears to be spontaneously improving 
would likely differ significantly from a condition in 
which there is rapid loss of arm function. The chronic-
ity of the problem is also an important factor in the 
functional evaluation and determination of appropri-
ate goals for the patient with upper extremity deficits. 
In the setting of trauma, knowledge of injuries that 
may impact upper extremity activity is important to 
determine the reason(s) for problems and to develop 
an appropriate treatment plan.

Several aspects of the physical examination that 
assesses function have already been discussed. The 
physical examination is, of course, important in terms 
of evaluating what appears to improve function. The 
initial examination also provides baseline data from 
which an assessment of efficacy of subsequent inter-
ventions can be determined. A number of resources 
are available that provide details regarding the as-
sessment of active and passive range of motion (21). 
Strength can be assessed and reevaluated using a mea-
sure such as the Medical Research Council scale. The 
reader is referred to Chapter 5 which is devoted to 
discussion of measurement, including ways to assess 
tone and spasticity.

DEVELOPMENT OF THE TREATMENT PLAN 
TO ASSESS UPPER ExTREMITY SPASTICITY

Goal setting and anatomic and functional considera-
tions are all important aspects of the evaluation pro-
cess and assist in the formulation of the treatment 
plan. However, before making decisions regarding 
interventions, further evaluation or gathering of in-
formation may be necessary. As mentioned previ-
ously, diagnostic blocks may aid in the evaluation and  
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determination of further treatment (22). These blocks 
allow the clinician and patient to evaluate the poten-
tial effects of treatment on a temporary basis and are 
also useful to help differentiate the processes that may 
be affecting function. Single- or multichannel dynamic 
electromyography may also be of help in the evalu-
ation of, for example, the relative contributions of 
different muscles involved in the loss of motion at a 
joint (23). If there have been prior interventions, it is 
important to determine how efficacious those inter-
ventions have been, and if they have not achieved the 
desired effect, reasons why not. Prior goals need to be 
reviewed, and a determination should be made as to 
whether ongoing interventions are hoping to achieve 
those goals and whether modifications of existing 
goals are warranted.

As part of the evaluation process and develop-
ment of the treatment plan, goals that conflict with 
other goals may have been identified. For example, 
aggressive efforts to decrease finger flexor tone to 
maintain palmar hygiene and prevent skin breakdown 
may have negative effects on the patient’s ability to 
use the fingers for functional activities requiring flexor 
strength. In such cases, the clinician and patient may 
need to prioritize the goals. At a minimum, the clini-
cian may want to counsel the patient and caregivers re-
garding the potential negative effects of interventions. 
If there is a question as to the potential outcome, it 
may make more sense to choose a shorter-acting or 
less permanent intervention, at least initially.

The development of the treatment plan must also 
take into account the possible complications related 
to the intervention. Splinting or serial casting of the 
upper extremity may lead to skin breakdown, for in-
stance, in situations in which there is significantly in-
creased tone or fluctuations in edema. The evaluation 
of the upper extremity must include efforts to identify 
such risks. Interventions to address tone in the arm 
can also have a more generalized negative functional 
impact. An example of this would be the use oral 
medications, which may inadvertently lead to a de-
cline in cognitive function (24). Patients with UMNS 
due to injuries involving the brain may be at greater 
risk of developing this side effect of treatment.

The treatment plan for the upper extremity must 
take into account the arm in the context of the rest 
of the body. There are several different aspects of this 
concept. Addressing aspects of the UMNS in the arm 
may improve function in other areas. For example, 
there is evidence that decreasing tone and improving 
motion in the arm can improve ambulation (25, 26). 
Alternatively, a cast that adds weight and decreases 
range of motion in the arm may worsen balance and 
gait. The use of botulinum toxin presents another sce-

nario in which the development of a treatment plan 
for the arm must take into account needs of the rest of 
the body. Because there is a limit to how much botuli-
num toxin can be safely administered at one time, one 
may need to determine how to most effectively utilize 
a finite amount of this medication to address hyperto-
nia affecting many muscles.

One other aspect of the evaluation process and 
development of the treatment plan is to determine the 
natural history of the underlying disease process. In 
the acute phase, it may be difficult to predict whether 
hypertonia will increase, decrease, or remain the same. 
In such a situation, the clinician may choose to be 
more conservative regarding the choice of interven-
tions to avoid the potential of worsening function. 
Weakening muscles that are initially hypertonic may 
slow functional recovery if the natural course of the 
disease process is that of diminution of hypertonicity 
and improvement in isolated voluntary muscle activity. 
However, severe spasticity, if untreated, may lead to 
contracture formation or other complications of the 
UMNS that worsen recovery of function. In a more 
chronic situation, in which it has been demonstrated 
that the hypertonicity invariably returns as interven-
tions wear off, more “permanent” interventions may 
be warranted. There are also diseases, such as multiple 
sclerosis, in which spasticity and other neurologic defi-
cits may vary over time. In such situations, the clini-
cian must understand that the neurologic condition 
and therefore function status may vary independent of 
the spasticity management program. The evaluation in 
this situation may have less to do with current status 
and more with attempting to predict neurologic and 
functional changes related to the disease and, if appli-
cable, effects of interventions for the disease itself.

FOLLOW-UP ASSESSMENTS OF UPPER  
ExTREMITY SPASTICITY

In most cases, the management of upper extremity dys-
function related to UMNS will be an ongoing process. 
Often, alterations will need to be made in the initial 
treatment plan. As noted above, this may be due to the 
natural history of the underlying disease process. As 
some barriers to function are addressed, other barriers 
may take on greater importance. Complications may 
have resulted from the initial treatment plan, necessi-
tating alternative interventions. Goals may also change. 
As initial goals are achieved, other goals may become 
more attainable. Alternatively, some goals may prove 
to be unrealistic or may need to be scaled back.

It is important to maintain records that allow the 
clinician to reassess the patient in the context of prior 
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examinations and interventions. Appropriate mea-
sures of outcome must be used, although the choice 
of such measures may change over time, depending 
on alterations in clinical presentation and goals. Tone 
and resistance to passive movement can be serially as-
sessed with instruments, such as the Ashworth Scale 
or the Tardieu Scale (27, 28). Range of motion (active 
and passive) and strength can also be assessed. Ex-
amples of more functional measures are the nine-hole 
peg test (29) and the Barthel Index (30). More spe-
cific outcomes, such as the presence or absence of skin 
breakdown, may also be appropriate. It may also be 
appropriate to assess more general outcomes, such as 
ease of care and pain. As mentioned previously, out-
come measures selected should, in general, reflect the 
goals that the patient and clinician have identified.

SUMMARY

The assessment of the upper extremity in the UMNS 
must involve more than just the identification of spas-
tic muscles. The assessment process should include the 
identification of appropriate goals and barriers to goal 
attainment. The clinician must remember that these 
barriers are not always due to spastic or hypertonic 
muscles. It is important to think broadly in terms of 
etiologies for upper extremity dysfunction in the con-
text of the UMNS. The assessment needs to include an 
awareness of anatomic considerations regarding up-
per extremity function. The management team should 
identify appropriate outcome measures to aid in the 
initial assessment and subsequent evaluations to de-
termine the efficacy of the treatment plan.
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A number of clinical assessment strategies are routi-
nely used to evaluate the patient with residual conse-
quences of the upper motor neuron syndrome (UMNS). 
Spasticity is a term that is often used by clinicians, and 
although frequently used, it can have different mean-
ing in its interpretation and presentation. Spasticity is 
just one of the many positive signs of the UMNS. The 
clinical features of the UMNS include negative signs 
or signs of absence (eg, paresis, loss of dexterity, and 
selective movement control). Positive signs or signs of 
presence (eg, different forms of muscle overactivity in-
cluding the stretch-sensitive and non–stretch-sensitive 
motor phenomena, such as spastic stretch reflexes, 
cocontraction, dystonia, enhanced cutaneomotor re-
flexes, associated reactions, tissue stiffness, and con-
tracture) are a component of the syndrome. Mayer 
describes in depth these phenomena in Chapter 3 of 
this text.

The clinical expression of motor dysfunction in 
the UMNS is strongly influenced by 3 factors: spastic-
ity and other forms of muscle overactivity, contrac-
ture, and impaired motor control. The time elapsed 
between the acute event leading to the upper motor 
neuron (UMN) signs, and the comprehensive manage-
ment of the patient (particularly physical treatment) 
significantly influences the clinical presentation as 
rheologic changes affecting soft tissue pliability can 
rapidly occur. A limb with a UMN dysfunction is vul-
nerable to loss of range of motion (ROM) and skin, 

bone, and joint problems resulting in functional im-
pairment that negatively affect activities of daily living 
and body image.

Although many scales that intend to assess spas-
ticity concentrate on resistance to passive movement as 
the main construct, spasticity might also lead to other 
clinically observable phenomena. Therefore, scales that  
measure associated clinical phenomena in the context 
of spasticity, that is, passive ROM (PROM), limb po-
sition at rest including postural alignment, tendon re-
flexes, clonus, spasms, or associated reactions, should 
be included as part of the assessment. Evaluation of 
a patient with a UMN related movement dysfunction 
requires a thorough comparison of needs and percep-
tions reported by the patient and the caregiver with 
the objective physical examination and, when avail-
able, movement evaluation in a motion analysis labo-
ratory. There are many assessment techniques used in 
the routine clinical examination, and for their simplic-
ity, PROM, motor control, manual muscle strength, 
Ashworth, and Tardieu are the most frequently used 
in the clinic.

Because clinical scales are based on ratings, they 
are prone to subjectiveness. Intrarater and interrater 
reliability are important characteristics that document 
the potential of a scale to produce stable results within 
and across clinicians. It reflects whether a repeated use 
of the scale can produce stable test results in clinically 
stable patients. Test-Retest reliability is a prerequisite for  
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scales that are to be used for evaluation particularly 
when comparative follow-up is to be performed (1).

Passive range of motion can be used to deter-
mine the available movement for each joint, but it 
does not provide information on the cause of range 
limitations if present. Spasticity, muscle overactivity, 
contracture, and pain can all play a role in limiting 
PROM. Goniometric measurements can effectively 
document the PROM and permits comparison to 
normalcy (Table 7.1).

It is imperative to understand the effect of biar-
ticular muscles on joint ROM. Manual muscle testing 
allows grading of available strength if normal motor 
control is present; the grading is done using The Med-
ical Research Council 6-point scale, where 5 is a nor-
mal rating with ability to resist significant force and 0 
reflects the inability to generate a muscle contraction 
(Table 7.2).

The clinician needs to recognize that in subjects 
with UMNS, testing of strength may be affected by 
impaired motor control, the presence of synergistic 
patterns, contractures, and communication or cogni-
tive deficits.

The Ashworth Scale allows assessment of muscle 
tone; the Modified Ashworth utilizes a 5-point rating 
scale. The scale has only been validated for the elbow 
and requires the movement of the joint through its 
available range in 1 second (3). Ideally, the test should 
always be done with the subject in the same position 
and under similar conditions to measure the tone per-
ceived across a joint (4). One disadvantage is that this 
test does not take into consideration the presence of a 
contracture or other nonneural components that may 
limit joint motion (5–7).

The neural component of spastic muscle comes 
from its stretch reflex activity, whereas the nonneural 
component comes from rheologic or physical proper-
ties intrinsic to muscle and other soft tissues. Many 
patients with UMNS have a large degree of nonneu-
ral resistance whose source is altered viscoelastic and 
plastic properties of muscle tissue itself (5, 8, 9).

When spasticity emerges after a UMN lesion, in-
creased muscle tone may be attributed primarily to its 
neural component. In time, muscle tone receives an 
enhanced contribution from its nonneural component 
when rheologic properties of muscle become stiffer re-
sulting in a contracture. Distinguishing neural from 
nonneural components of muscle tone has important 
implications for treatment selection.

Muscle contracture refers to physical shortening 
of muscle length, and it is often accompanied by short-
ening of other soft tissues such as fascia, nerves, blood 
vessels, and skin. Contracture is promoted by the acute 
paresis which develops after UMNS that impairs the 
normal cycles of shortening and lengthening of agonist 
and antagonist muscles during everyday voluntary us-
age; a net balance of contractile forces promotes unidi-
rectional effects on joint position that set the stage for 
the fixed shortening present in a contracture.

The concept of rheologic change after a UMN 
lesion has literature support from many studies (10). 
Herman (5) described changes in the rheologic prop-
erties of spastic muscles in a study of 220 hemiplegic 
patients. Patients with contracture often had reduced 
reflex activity, yet resistance to passive stretch was high 
because of increased tissue stiffness and contracture.

These studies specify that the understanding of 
muscle tone should consider the complex interaction be-
tween rheologic and spastic properties of muscle because 
stretch reflexes themselves may be influenced by altera-
tions in the physical properties of muscle. O’Dwyer et 
al. (11). suggested that what appears clinically as “spas-
ticity” after stroke is actually increased muscle stiffness 
and in some cases contracture. Herbert, (8) Gossman 
et al. (12) and Carey and Burghardt (13) suggested 
that immobility imposed on a patient by the negative  
signs of UMN can result in soft tissue contracture.

The Tardieu Scale was developed in the mid 
1960 as an ordinal rating assessment tool for the pe-

TABLE 7.1 
Normal Lower Limb Joint ROM

Ankle Dorsiflexion/plantar
 flexion

0-20/0-0

Inversion/eversion 0-30/0-15
Knee Extension/flexion 0/135
Hip Extension/flexion 0/115

Abduction/adduction 0-50/0-30
Internal rotation/ 
 external rotation

30/50

TABLE 7.2 
The Medical Research Council Scale

0 No evidence of contraction
1 Palpable muscle contraction
2 Limb moves with gravity eliminated
3 Limb moves against gravity
4 Limb moves against resistance
5 Normal

From Medical Research Council of the UK. Aids to the in-
vestigation of peripheral nerve injuries. Memorandum No 45. 
London: Pendragon House; 1976, p. 6–7, with permission.
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diatric population; it attempts to assess spasticity by 
varying the speed of joint motion available from very 
slow (V1) to as fast as possible (V3). The difference 
between the parameters permits an estimation of the 
effect of spasticity (velocity dependence) and takes 
into consideration the joint ROM limitations imposed 
by contracture (Figure 7.1) (14).

Voluntary capacity and spastic reactivity are ex-
amined and interpreted in light of clinical and func-
tional complaints. Not surprisingly, several outcome 
measures are utilized to attempt to evaluate spasticity, 
pain, function, and disability in patients with UMN 
problems; other measures include the Penn spasm fre-
quency ordinal rank scale (15) and Biering-Sorensen 
postural analysis (16). According to Cohen and  
Marino (17), functional scales estimate the patients’ 
functional status regardless of the specific underlying 
impairment. Table 7.3 is a list of the commonly used 
scales for the assessment of spasticity and associated 
clinical phenomena.

The selection of outcome measures to assess the 
functional impact of spasticity is not straightforward, 
and this is probably a reason why in most studies of 
spasticity, disability and function have been evaluated 
using a heterogeneous collection of outcome measures. 
Global scales measuring activity limitation such as the 
Functional Independence Measure and the Barthel In-
dex have not shown to be sensitive enough to record 
change after the use of interventions such as botuli-
num neurotoxin (BoNT) for lower limb hypertonicity, 
and generally, they have not demonstrated changes di-
rectly related to variations of spasticity (18–20).

Richardson et al. (21) and Johnson et al. (22) have  
demonstrated functional improvement in mobility us-
ing the Rivermead Motor Assessment Scale. Likewise, 

A B

FIGURE 7.1 

Low-velocity (A) and high-velocity (B) PROM of the ankle demonstrate the two positions of the ankle during the different 
measures of the Tardieu Scale with a resulting spasticity angle of –20°.

TABLE 7.3 
List of Frequently Used Clinical Assessment 

Tools and the Parameter They Intend  
to Measure

parameter name Of Scale

Resistance to PROM Ashworth Scale
Resistance to PROM MAS
Resistance to PROM Velocity corrected MAS
Velocity-dependant  

resistance to PROM
Tardieu Scale

Resistance to PROM VAS for tone
Resistance to PROM Tone Assessment Scale
Hip adductor resistance  

to PROM
Spasticity score

Ankle resistance to PROM, 
tendon jerk, clonus

Total spasticity score

ROM ROM with or without 
goniometer

ROM Maximum inter-knee 
distance

Resting posture Ankle position at rest
Spasm severity Spasm Severity Scale
Spasm frequency Spasm Frequency Scale
Extensor toe sign Babinsky response
Clonus Clonus score

Abbreviations: MAS, Modified Ashworth Scale; VAS, 
Visual Analog Scale.
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one placebo-controlled, randomized control trial using 
BoNT and electrical muscle stimulation to assist gait 
retraining for spastic foot drop and one prospective 
case series using BoNT to treat stiff knee syndrome  
after stroke have been unable to demonstrate changes 
in health-related quality of life using the 36-Item Short-
Form or in social participation using the SATISPART-
Stroke (22–25).

The Goal Attainment Scale can be used to grade  
the achievement of outcomes following treatment  
with BoNT, with a focus on improvements of func-
tion and participation, which are relevant to the pa-
tient or their caregivers (26).

More recent publications have reported a link of 
functional outcomes based on the Physician Global 
Assessment Scale Score for the upper limb to the 
Ashworth-based clinical measure of tone (27). Un-
fortunately, none of them have provided a meaning-
ful correlate to lower limb functional performance of 
common activities, such as walking velocity, and none 
have precisely identified the source of the problem 
impairing function. These deficiencies in part may be 
due to the fact that most indices quantifying function 
are ordinal; they merely rank persons with little input 
into how people function or how they are rehabili-
tated. For example, a total Functional Independence 
Measure score is a composite value of the multiple 
components, and without an item-by-item analysis, 
the ability to discern where the deficits are and how to 
intervene to attempt a solution is not possible. Based 
on our clinical experience, assessment methods based 
on a functional perspective or functional impairment 
such as those described later in this chapter may be 
more helpful in this regard.

Each year in the United States, approximately 
700,000 people are affected by a stroke, and many 
more sustain a traumatic brain injury (TBI). These are 
the two prevalent forms of acquired brain injury pro-
ducing an UMNS in the adult population. Acquired 
brain injury affects a person’s cognitive, language, 
perceptual, sensory, and motor function (28). There 
are more than 1,700,000 Americans surviving with 
residual functional impairment after stroke and TBI 
(29, 30).

Dysfunction in the corticospinal tract and other 
descending pathways involved in voluntary motor ac-
tivity is seen frequently. The immediate consequences 
may include paralysis and joint immobilization, with 
symptoms such as weakness, stiffness or rigidity, de-
creased manual dexterity, slowed movement, and 
fatigue. The loss of inhibitory impulses from higher 
centers in the central nervous system allows excessive 
muscle activity. Symptoms that may accompany lower 
limb spasticity include involuntary muscle spasms, 

clonus, scissoring of legs, abnormal limb postures, 
and joint contractures. Recovery is a long process that 
continues beyond the hospital stay and into the home 
setting. The rehabilitation process is guided by clinical 
assessment of motor and cognitive abilities. Accurate 
assessment of the motor abilities is important in select-
ing the different treatment interventions available to a 
patient. Ideally, a team approach to the evaluation of 
this patient population, their residual deficits, and the 
resulting limb postures is necessary, as the disabling 
forms of muscle overactivity affecting patients with 
UMNS are a widespread problem with functional im-
plications for which a variety of interventions exist to 
address them. Spasticity is not always harmful; some 
patients rely on their spasticity for functional activi-
ties such as walking or standing. For others, however, 
spasticity can be painful and distressing (31).

More than half a century ago, Nikolai A.  
Bernstein suggested that a basic problem of motor 
control relates to overcoming redundant degrees of 
freedom in our multijointed skeletal system that al-
low us to interact with the 3-dimensional world in 
which we live. Commonly, there are multiple agonists 
and antagonists muscles called upon for virtually any 
movement direction. To match a required joint torque 
even across a single joint, the question regarding which 
muscles should be activated and how much force will 
it generate is likely to have a variable answer with-
out an exclusive solution. For a given circumstance, 
for example, there may be a unique solution in that 
equinovarus deformity may be solely attributable to 
an overactive tibialis anterior in one patient, whereas 
in another, it may be the result of an overactive tibi-

FIGURE 7.2

Ankle Ashworth test with dynamic EMG of ankle plantar 
flexors recorded with multichannel Motion Lab System 
and 3-dimensional movement tracing of ankle (black line) 
ecorded with CODA CX1 (Charnwood Dynamics). Note 
increase activation of soleus and then gastrocnemius dur-
ing the passive dorsiflexion phase. Note the gradual slope 
of the ankle motion curve (the catch) caused by soleus 
overactivity as marked by the vertical line.
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alis posterior (32). Simply put, identifying muscles 
that produce deforming maladaptive joint movements 
and postures statically and dynamically is an impor-
tant endeavor in aiding clinical interpretation of lower 
limb dysfunction and its impact on gait and in ratio-
nalizing available treatment interventions and assess-
ing the result of such intervention.

Clinical evaluation is useful to the analysis of 
movement dysfunction, but gait and movement labo-
ratory evaluation using dynamic electromyography 
(EMG) is often necessary to identify the particular 
contributions of offending muscles with confidence 
(Figure 7.2).

The therapies for management of UMNS-related 
lower limb spasticity and muscle overactivity include 
exercises for stretching, strengthening, and coordina-
tion. Physical modalities such as casting and splinting, 
the use of focal neurolitic blockades, systemic medi-
cations and intrathecal drugs, neuro-orthopedic and 
neurosurgical interventions, and other forms of thera-
pies are also used (Figure 7.3).

Problems of movement control and limb defor-
mities are common consequences of UMNS. Dynamic 
EMG, gait analysis, and diagnostic nerve blocks fre-
quently provide the necessary detailed information 

about specific muscle groups that will guide decision 
making for treatment. Ideally, all treatment interven-
tions must be patient-focused based on a multidisci-
plinary assessment that will result in targeted inter-
ventions to achieve patient-specific goals. The correct 
selection of target muscles that contribute to any one 
pattern of dysfunction may serve as a rational basis 
for interventions that focus on specific muscles for 
therapy (focal intervention).

Functional goals may be classified as symptom-
atic, passive, or active in nature. A symptomatic goal 
refers to clonus, flexor, or extensor spasms and pain 
among others as some of the targeted goals. However, 
it is also important to consider the impact on func-
tion. Sheean (33) and Mayer and Esquenazi (34) have 
proposed a recent update of this useful classification 
of function for this patient population (Table 7.4).

Application of lower limb orthoses, transfers and 
standing balance, perineal hygiene or catheterization, 
facilitation of therapy, and decrease of burden of care 
are examples of passive function (type II), where a 
carer carries out a task or where the individual tends 
to the affected limb with the unaffected limb. Options 
for assessment of passive function include verbal or 
visual analogue ratings of “ease of care,” “timed care 
tasks” (eg. time taken for dressing), and formal scales 
that measure dependency or carer burden. Digital 
photography before and after treatment can provide 
a useful record of skin breakdown caused by pres-
sure or difficulty with skin hygiene. Some studies have 
shown improvement in passive functions such as ease 
of hygiene and dressing after treatment with BoNT or 
ability to tolerate orthoses (35–37).

Mobility, transfers, activities of daily living, and 
sexuality are examples of active function (type III), 
where the individual carries out a functional task (32).

A number of standardized scales can be used to 
compare outcomes between individuals and groups. 
The Leeds Adult Spasticity Impact Scale (38) is an  

FIGURE 7.3 

Patient with left ankle serial casting used to stretch a ROM 
limitation and reduce the point at which a spastic reaction 
occurs. The cast will be replaced at 3-day intervals and 
applied for a total of 9 to 12 days.

TABLE 7.4 
Classification of UMNS-Related Problems for 

Treatment Goal Development

Type I Symptomatic
Type II Passive Function

Personal care
Positioning
Transfers

Type III Active Function
Transfers
Mobility

Type IV Mixed
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example. The reality is that most global scales of  
independence in activities of daily living are rarely  
sensitive to focal interventions for lower limb spastic-
ity. Based on this, the goals for treatment will deter-
mine the appropriate scale.

When assessing a patient for development of  
a treatment plan, the clinician should consider the  
following:

•  Is the presenting problem preventing function or 
affecting independence?

•  Is there limb pain or other symptoms that may im-
pact quality of life?

•  The treatment options that have already been em-
ployed and what were the results of those inter-
ventions (39)? 

•  Overall health status of the patient and the ex-
pected therapeutic goals.

•  The severity and scope of the problem, that is,  
local vs regional vs generalized problems (40).

Combined with clinical information, laboratory 
measurements of muscle function can provide the de-
gree of detail and confidence necessary to optimize the 
rehabilitation interventions. Is the muscle resistive to 
passive stretch? Does the muscle have fixed shortening 
(contracture)? These questions can be best answered 
in an evaluation using quantitative instrumentation of 
the Gait and Motion Analysis Laboratory; dynamic 
EMG is acquired and examined in reference to simul-
taneous measurements of joint motion (kinematics) 
and during walking ground reaction forces (kinetics) 
obtained from force platforms. These data augment 
the clinician’s ability to interpret whether voluntary 
function is present in a given muscle and whether that 
muscle behavior is also out of phase (dyssynergic). 
Several types of muscle overactivity are found in the 
UMNS, including the following:

• Exaggerated tonic and phasic stretch reflexes 
• Cocontraction of antagonist muscles 
• Associated reactions (synkinesia) 
• Flexor and extensor spasms 
• Spastic dystonia

The use of the International Classification of 
Functioning, Disability and Health (ICF) framework 
to underpin the assessment of outcomes in rehabilita-
tion can assist with developing client-centered models 
of treatment planning (Figure 7.4) (41).

The ICF model identifies 3 domains of human 
function, which are categorized as impairment of body 
structure/function, activity limitation, and participation 
restriction, and sets out 2 contextual factors (environ-

ment and social) that may impact on the outcome of 
interventions, but the ICF does not quantify function.

In this scenario, the effects of spasticity are most 
commonly described at the level of impairment of body 
function (hypertonicity, associated reactions, limb defor-
mity, etc), which may be assessed through, for example, 
the previously described Ashworth Scale (3).

Activity assessment can be made through lower 
limb measures of function such as the 6-Minute Walk 
test and Timed Up & Go test (Table 7.5).

CLINICAL ASSESSMENT OF SPASTICITY

Understanding the distribution of the presenting 
problem is of great importance to determine the ap-
propriate assessment tool and treatment strategy. The 
distribution classification proposed by Esquenazi and 
Mayer follows with some lower limb examples: 

FIGURE 7.4 

World Health Organization structural definition of the 
ICF.

TABLE 7.5 
Possible Treatment Goals

Increased ROM
Decreased spasm frequency
Improved mobility
Improved positioning
Improved cosmesis
Decrease energy expenditure
Improved orthotic fit
Decreased pain
Improved gait
Increased ease of hygiene
Reduce a contracture
Protect skin and soft tissue integrity
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• Focal: hyperextend hallux
• Multifocal: several joints in the same limb
• Regional (multilimb): spastic diplegia
•  Generalized: diffuse muscle overactivity, diffuse stiff-

ness, and clonus

Figures 7.5(A), (B), and (C) illustrates examples 
of focal, multifocal, and regional problem distribu-
tion, respectively. 

The clinician can use this classification to help 
rationalize the type of treatment selection. For ex-
ample, a patient presenting a focal problem such as 
hyperextension of the hallux may appropriately guide 
the optimal treatment intervention selection to focal 
treatment with BoNT chemodenervation. A sensible 
approach would be to select a more systemic treat-
ment approach to address the regional presentation 
while using a more focal treatment to address the 
focal or multifocal problems. Patients who are most 
likely to benefit from a selective treatment approach 
are those in whom focal or multifocal limb spastic-
ity is causing harmful effects or making a substantial 
contribution to a clinical problem (42, 43).

FUNCTIONAL ASSESSMENT OF GAIT TO 
EVALUATE LOWER LIMB DYSFUNCTION

Gait is a functional task performed by most humans. 
The three main functional goals of ambulation are to 
move from one place to another, to move safely, and 
to move efficiently. These three goals are frequently 
compromised in the patient with residual UMNS. To 
identify the potential source of the problem and to fo-
cus more appropriately on the essence of multifacto-
rial gait dysfunction, instrumented gait and movement 
analysis in a laboratory is of great value. Combining 
clinical evaluation with laboratory measurements will 
increase the degree of resolution needed to understand 
the problems affecting the lower limbs and the com-
mon patterns of gait dysfunction in the UMN (40) 
(Table 7.6).

The reader is encouraged to review Chapter 10 
for further details of the topic. Gait as a functional 
outcome is a valuable indicator of function that can 

TABLE 7.6 
Patterns of Lower Limb UMNS-Related  

Dysfunction

Equinus or equinovarus foot
Hyperextend hallux
Stiff knee
Flexed knee
Adducted thigh
Flexed hip

A B C

FIGURE 7.5 

(A) Focal spasticity with hyperextension of the hallux. (B) Multifocal spasticity involving the lower limb. (C) Regional spas-
ticity involving the right leg and arm.
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be extrapolated to more global functional outcomes 
which can measure quality of life and even predict 
participation.

Spasticity refers to a velocity-dependent increase 
in excitability of phasic and tonic muscle stretch re-
flexes that is present in most patients with UMNS. 
During walking, spasticity may become apparent and 
interfere with the task. Furthermore, normally latent 
stretch reflexes, such as the tonic stretch reflex, be-
come obvious; hyperactivity of phasic stretch reflexes 
(exaggerated tendon jerks and clonus) have a lowered 
threshold and the muscle response is increased; and 
muscles besides the one stretched usually respond 
(44). Clonus is an exaggerated phasic stretch reflex 
characterized by repetitive, rhythmic contractions ob-
served in one or more muscles of a single limb seg-
ment or multiple limb segments; at times, it may be 
difficult to identify the source of the spastic response 
at the joint or muscle level, which may interfere with 
treatment selection or delivery.

Using dynamic poly-EMG as illustrated in Figure 
7.6 can help ascertain the source of the problem. The 
patient is a 24-year-old woman with residual UMNS 

from TBI. Left leg clonus during gait was interfering 
with her stability. Clinical assessment did not provide 
the particular muscle or joint source for this problem 
since she had clonus in the ankle and knee during pas-
sive stretch. Lower-limb 3-dimensional motion track-
ing in conjunction with EMG demonstrates that the 
source of the clonus affecting the ankle and knee is the 
soleus followed by activation of the gastrocnemius. 
The timing of the problem can also be determined 
from this information (marked by the gray line) as the 
late stance phase and the instance in which the ankle 
is stretched because of the need to gain maximal con-
tralateral limb advancement (Figure 7.6).

Muscle overactivity (ie, evidence of a neurogenic 
component) as the cause of limited ROM should ide-
ally be confirmed with EMG or examination under 
local nerve block or in some selected cases general an-
esthesia. Patients in whom the dominant problem is 
fixed contracture or those with generalized spasticity 
without a focal source are unlikely to be suitable for 
management with interventions like botulinum toxin.

The evaluation of treatment outcome for patients 
with lower limb muscle overactivity and spasticity has 
focused predominantly on the assessment of changes 
in impairments, such as hypertonia, range of joint 
motion, and muscle tone. Increasingly, consumers and 
third-party funders are requiring evidence for a ben-
eficial effect of therapeutic interventions on activity 
limitation and participation restriction.

Examples exist in the literature, but more work 
is needed in this sphere. The 10-meter walk test has 
been used by a number of investigators to measure 
functional change after BoNT treatment of calf mus-
cle overactivity (23, 45–49).

Fock et al. (50) in an open-label study, demon-
strated improvement in gait velocity, cadence, and 
stride length using instrumented 10-meter gait evalua-
tion in a small group of patients with spastic equinus 
deformity after TBI treated with BoNT.

More recently, kinematic and qualitative gait 
improvements have been demonstrated after BoNT 
injection for stiff knee gait in adults with hemiplegia 
secondary to stroke (23, 51, 52) and to reduce associ-
ated reactions of the hemiparetic upper extremity (53).  
Pittock et al. (54) also used reduction in the use of 
walking aids as an outcome measure.

Differentiating between all of the components 
of the UMNS contributing to a patient’s dysfunction 
and having the ability to appropriately identify what 
is the best assessment tool are of great importance in 
the selection and delivery of appropriate interventions 
and outcomes measurement. It is important to clearly 
identify the muscles involved by using a combination 
of focused clinical examination supplemented by eval-

FIGURE 7.6 

Three-dimensional motion and poly-EMG representation 
of the right ankle and knee used to assess clonus during 
walking. Data were collected with CODA CX1 system 
(Charnwood Dynamics). Data are normalized where 0 
is the beginning of the stance phase and 100 the end of 
the swing phase. The gray line marks the time when the 
clonus becomes apparent in the muscle activation, and ir-
regularity of the ankle and knee tracing is also present.
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uation in the Gait and Motion Analysis Laboratory. 
Kinematic, kinetic, and dynamic poly-EMG analysis 
along with diagnostic selective temporary blocks can 
help define spasticity, contracture, and impaired motor 
control after UMN injury and optimize rehabilitation 
planning and treatment interventions. Clinical evalu-
ation helps in the analysis of dysfunction, but labo-
ratory evaluation using dynamic EMG and selective 
diagnostic nerve blocks are often necessary to identify 
the particular contributions of offending muscles with 
confidence. The correct selection of target muscles to 
any one pattern of dysfunction may serve as a rational 
basis for interventions that focus on specific muscles, 
including chemodenervation with botulinum toxin, 
neurolysis with phenol and surgical lengthening, and 
transfers and releases of individual muscles (55).
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Setting Realistic and 
Meaningful Goals  
for Treatment

In 1998, O’Brien et al. (1) discussed the importance 
of goal setting when planning spasticity interventions. 
Clearly, the setting of proper goals is an important 
component in the management of this condition. Un-
fortunately, there is almost no literature that can as-
sist clinicians in this process, forcing clinicians to rely 
solely on their clinical acumen. Elovic et al. (2) have 
previously published an extensive discussion and a pro-
posed hierarchy of numerous outcome metrics. How-
ever, besides recommending that one should choose  
functional goals whenever possible, they gave very lit-
tle guidance regarding the selection of these goals. In 
the discussion that follows, the author of this chapter 
will attempt to fill this void and increase the readers’ 
understanding of this critical component in the regi-
men of spasticity treatment.

Numerous patients, with a variety of neuro-
logic conditions, present for the management of their 
spasticity or other components of their upper motor 
neurons syndrome (UMNS). Normally, the person 
seeking treatment is looking for increased function, 
a decrease in their pain, improved posture, or easing 
of their caregiver’s burden. Patients do not present to 
a doctor’s office or a therapist’s clinic looking for im-
provement in their range of motion, a higher score 
on their Fugl-Meyer, a lowering of their Ashworth 
Scale, or a change in an electophysiologic measure, 
such as the H/M ratio. Yet, all too often, those are 
the outcome metrics that clinicians and scientists use 

when following up their patients or study participants 
during the course of treatment. However, patients do 
not seek treatment just to have changes in physiologic 
parameter. Instead, they want changes that are mean-
ingful to them. In fact, Taricco et al. (3) suggest that 
patient-oriented outcomes should not only be impor-
tant for an individual seeking treatment but should 
also be the basis for evidence-based clinical practice. 
Chapter 5 presents an organized and extensive discus-
sion of the numerous parameters that can be used to 
follow a person’s progress while they are undergo-
ing treatment for their spasticity. The importance of 
choosing outcome measures that stress function and 
quality of life whenever possible as well as including 
the patient and family in the decision process cannot 
be overemphasized. This chapter will help guide clini-
cians in the process of choosing meaningful and real-
istic treatment goals.

CHOOSING MEANINGFUL AND REALISTIC 
TREATMENT GOALS

Patients and their families can be unrealistic and seek 
functional improvements that are just not likely to 
be obtainable. This can greatly complicate the efforts 
of clinicians who are often able to more accurately 
appraise what can reasonably be accomplished with 
treatment as compared to the patient or their family  

8
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members. The challenge is to include the patient, 
family, and caregivers as members of the goal-setting 
team while maintaining professional objectivity and 
knowledge while guiding the treatment team into set-
ting meaningful and obtainable goals. To accomplish 
this sometimes challenging task, clinicians must com-
municate with the consumers of health care services 
while comprehensively evaluating the entire clinical  
scenario.

So what are the factors that clinicians need to con-
sider when designing treatment goals and programs?  
These items can be placed into 4 separate categories: 
(1) the patient, (2) the support system, (3)financial re-
sources, and (4) the skills of the treatment team and 
availability of different treatment modalities. Each of 
these items will be discussed in greater detail in the 
sections that follow. It is critical that the clinicians 
perform an extensive assessment, including a history 
and physical evaluation that evaluates the items men-
tioned above as the first step in the development of an 
appropriate treatment plan and goals.

The Patient and the Clinical Presentation

The patient’s clinical presentation, including the com-
ponents of UMNS that they are experiencing and its 
etiology (4), is a critical component of the evaluation 
process. Other important factors include their prog-
nosis, retained function, and the symptoms that are 
experiencing. These items along with the other items 
discussed below are important in the decision process  
of goal setting for spasticity management.

Spasticity Etiology: Clinical presentations may appear 
similarly despite having very different etiologies. Spas-
ticity that results from spinal cord injury and multiple 
sclerosis can respond well to oral antispasticity agents 
(5–9). As a result, it may be reasonable to set as a goal 
to control a patient’s systemic spasticity and spasms 
by utilizing oral agents in these populations. This is 
not the same with spasticity whose etiology is from 
acquired brain injury. The cognitive side effects and 
sedation (10), as well as some of the agents’ potential 
for impairing recovery (11) and the limited efficacy 
(4) of oral systemic antispasticitiy agents, make them 
relatively poor agents for systemic spasticity, and the 
goal of reducing tone with them with an acceptable 
side effect profile with the acute brain injury popula-
tion is very rarely met (12).

Time Since Onset: The treatment and goals that are 
pursued early after the onset of the condition often 
differ from those pursued later in the disease course. 

Although clearly there is some overlap, early treatment  
and goals place a greater emphasis on complication 
prevention and positioning while allowing and hope-
fully facilitating the recovery process. Chemodener-
vation is sometimes performed early on to facility re-
covery and improve range of motion and positioning 
but certainly less than later in the tone management 
program. Early administration of a chemoneurolytic 
agent could lead to undesirable weakness or poten-
tially block motor recovery because a person’s clinical 
presentation can rapidly change early in the recovery 
phase after a stroke. As a result, many of the interven-
tional trials with botulinum toxins have as a criterion 
that the patient is at least 3 months out from the stroke 
before being eligible for study inclusion (13–17). Stud-
ies such as that of Brashear et al. (15) used the Disabil-
ity Assessment Scale, which evaluated disability in the 
areas of hygiene, dressing, position, and pain to look 
for functional changes secondary to treatment. Elovic 
et al. (16) looked at the effects of repeated open-label 
injections of botulinum toxin in areas such as quality 
of life and caregiver burden. These goals are important, 
but it is the long-term improvement in these areas that 
is most important clinically. Although there is some 
overlap in goal setting regarding the use of botulinum 
toxins, it is a very rare case where definitive procedures 
(eg, neuro-orthopedic, intrathecal baclofen placement) 
are performed early in the recovery, as the motor re-
covery process is nowhere near completion. Often, 
when clinicians utilize these procedures early on, it is 
an act of desperation because other more conservative 
modalities have failed to address the severe tone and 
significant contractures or other complications are be-
ginning to develop. As a result, when these procedures 
are introduced early on in the recovery phase, the goals 
often reflect complication prevention that is commonly 
seen early in the recovery phase.

Anatomic Distribution: An important consideration 
when designing both treatment approaches and goals 
is the distribution of the muscle overactivity. In broad 
terms, distribution is normally categorized in 3 differ-
ent groups: focal, regional, or generalized. Focal dis-
tribution is the term used to describe when a person’s 
tone-related issues are confined to an area such as the 
hand or foot (ie, clenched fist or equinus deformity). 
A regional pattern is seen commonly with hemiplegia 
when an entire extremity or both on the same side 
demonstrate sequalae of the UMNS. Finally, the term 
generalized is used when the increased spasticity is 
noted through all extremities.

So how will anatomic distribution affect goal 
setting? When the increased tone is local in nature, 
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then treatment and goals will reflect the area involved. 
For the hand, this might include decreased discomfort 
while wearing or greater ease of donning their splint, 
improved hand hygiene, greater cosmesis, or improved 
positioning. If there is residual function, then there 
could also be improved performance on hand and fin-
ger tasks, such as object manipulation or a more useful 
grip. When the foot is the issue, treatment goals could 
be improved mobility, ease of applying the brace, or 
an improved weight-bearing surface. When the pat-
tern is more of a regional nature, the treatment and 
goals should also reflect that; however, there could be 
some overlap. Intrathecal baclofen is commonly used 
for regional or generalized spasticity. Goals for its use 
include improved mobility or easing of perennial hy-
giene; however, it may also demonstrate an effect on a 
focal condition and improve the foot’s weight-bearing 
surface. When the muscle overactivity is generalized 
in nature, functional goals are less likely to be obtain-
able. Goals that are normally pursued in these cases 
are more passive in nature and often involve reducing 
discomfort and easing the caregiver burden; however, 
mobility can sometimes be addressed with systemic 
interventions such as intrathecal baclofen.

Functional and Overall Prognosis: The functional 
prognosis and life expectancy of the person with mus-
cle overactivity need to be considered when making 
decisions regarding goal setting. If the spasticity that 
is present is a result of a condition such as a very ag-
gressive lesion with a resultant short life expectancy, 
then it would be unreasonable to plan complex in-
terventions such as neuro-orthopedic procedures that 
might theoretically lead to better weight-bearing sur-
faces and improved mobility. The recuperation time, 
morbidity, and discomfort that might come from these 
procedures are likely to outweigh any potential short-
lived benefits that might result. Instead goals such as 
increased comfort, easing of caregiver burden, and the 
ability to facilitate limited independence of a person 
are more appropriate. However, if more functional 
goals can be pursued with less aggressive interven-
tions, such as chemodenervation with toxin, should 
they be considered.

The issue of functional prognosis can also play an 
important part in the treatment and goal-setting pro-
cess. The case of a patient who presents for spasticity 
management several years after his stroke can serve as 
a good example of this principal. It may be reasonable 
to treat with botulinum toxin 1 or 2 times to observe 
for long-term benefits after the toxin wears off. How-
ever, if after several interventions the patient returns 
to baseline, then the goal should be to effect long-term 

change in tone management and a more definitive pro-
cedure should be considered. Likewise, in the patient 
whose prognosis is very guarded, such as permanent 
vegetative state, the goals should be designed to find 
long-term, cost-effective solutions to facilitate care, 
positioning, and complication prevention.

Cognitive Status: It is important to assess a patient’s 
cognitive ability when designing treatment plans and 
goals. Clinicians must address the person’s potential to 
be compliant and adhere to a prescribed treatment. An 
issue that must be evaluated is a person’s ability to ad-
here, safely follow, and watch for complications when 
using a splint or using an oral antispasticity agent. 
If there are substantial cognitive deficits and a lack 
of adequate support, much more limited goals must  
often be the treatment target.

Concurrent Medical Problems: The overall medical 
condition of the patient being treated must be con-
sidered. When designing a treatment plan and setting 
goals, the medical comorbidities of the person being 
treated must be taken into account. Although a neuro-
orthopedic intervention or placement of an intrathe-
cal baclofen system may be the optimal treatment to 
achieve the goal of functional mobility and ease of 
care, sometimes the medical condition may greatly 
complicate the situation because the general anesthe-
sia that is needed to perform these procedures may 
not be tolerated because of cardiac risk. An example 
of this that the author of this chapter was involved in 
is discussed as Clinical Case V later in this chapter. 
Other medical issues that may affect treatment and 
goal setting include impaired cognition, decreased 
arousal, orthostatic hypotension, problems with skin 
integrity, or an infected decubitus ulcer that makes the 
risk of implanting a device far greater.

Residual Function: When discussing problems with 
the UMNS, the symptoms can be divided into positive 
symptoms (eg, muscle overactivity, spasticity, clonus, 
cocontraction, associated reactions) and the negative 
symptoms (eg, weakness, fatigue, problems with co-
ordination, and lose of motor control). Most of our 
interventions address the positive symptoms of the 
syndrome, and our ability to address the problems that 
result from the negative symptoms is very limited. As an 
example, when toxin intervention is utilized, although 
there can be some unmasking of residual function and 
potential improved motor control, the vast majority 
of motor movement must already be present before 
the treatment. When there is none, goals of the treat-
ment must be primarily passive in nature. For there 
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to be active finger extension, the extensor mechanism 
must be relatively intact before implementation of any 
treatment intervention. This is less true in the lower 
extremity, as the use of an orthotic device in combina-
tion with toxin treatment may facilitate mobility, even 
when active ankle dorsiflexion is very limited.

Response to Previous Treatment Efforts: An impor-
tant component that needs to be assessed is the per-
son’s response to past treatment efforts. It would be 
inadvisable to repeat an effort that has previously 
failed in other clinicians’ hands in the past. The caveat 
for this rule is to make sure that the past effort gave 
an adequate trial to assess the potential efficacy of the 
intervention. Some reasons that may warrant reat-
tempting and intervention include chemodenervation 
with insufficient doses of botulinum neurotoxin, toxin 
efforts were not directed at the appropriate muscles, 
or the dose of the oral antispasticity agents trialed was 
not titrated to a sufficient level to determine potential 
benefit. If adequate doses of a particular oral agent 
did not reduce a person’s spasms in the past, it is un-
likely to do so in the future. By the same token, if a 
chemodenervation program with toxin appropriately 
addressed someone’s hand hygiene and pain issues, it 
is likely to do so in the future. As a general rule, un-
less there has been a fundamental change in a patient 
such as developing of resistance to botulinum toxin 
or there has been a fundamental change in the per-
son’s condition (eg, exacerbation of multiple sclero-
sis), past performance can often guide the decision 
making and resultant goal-setting process. Therefore, 
it is extremely important to obtain a history and when 
possible obtain the records that report the results of 
previous treatment efforts.

Manifestation of the Upper Motor Neuron Syndrome: 
There are numerous different positive components 
of the UMNS. The readers are referred to a different 
chapter in this text for further discussion of this mate-
rial. Based on the different presentations of the UMNS, 
different interventions are required, and the goals that 
can be achieved must differ. Cocontraction is one such 
example, and it occurs when a muscle is firing out of 
its normal phase and often is triggered when the an-
tagonist muscle is firing. One of the most commonly 
clinical examples of this is when the brachioradialis 
fires during voluntary elbow extension. The elbow ex-
tensors may be weak but may be able to extend the 
arm if they were not opposed by the brachioradialis 
firing out of phase. The goal of temporary improve-
ment of elbow extension and reach with the arm can 
possibly be obtained if a botulinum neurotoxin injec-
tion is performed into the cocontracting muscle.

Another example of different goals based on the 
component of the UMNS is the relationship between 
equinovarus deformity that is due to spasticity and 
dystonia. Although both of these conditions may 
respond to botulinum neurotoxin intervention, the 
same cannot be said about neuro-orthopedic inter-
vention. Much of the basis of the neuro-orthopedic 
interventions is the changes that are created in the 
stretch reflex with tendon lengthening. It is reason-
able then to address spastic equinovarus deformity 
with tendon lengthening. Because dystonia does not 
involve the velocity-dependent stretch reflex, the goal 
of improving foot position is obtainable when the de-
formity is spastic in origin but not when it is second-
ary to dystonia.

Benefits the Patient Derives From Their Spasticity: An 
issue that is often spoken about, perhaps more than it 
should be, is the potential positive effects of spasticity. 
The classic example that is mentioned is the patient 
with multiple sclerosis who is standing and using their 
quadriceps tone to maintain their ability to stand. Al-
though this may be an unusual case, clinicians must 
consider this issue and be careful with their treatment 
and goal selection. Building on this issue, the clini-
cians must be careful that their spasticity intervention 
of reducing quadriceps tone with the goal of improv-
ing the swing phase of the gait cycle is met while there 
is significant quadriceps weakness and problems with 
the stance phase.

Available Support System

Support System: People with UMNS often need sup-
port from caregivers for their daily function. Caregiv-
ers can play an important role in the administration of 
spasticity treatment. They can offer support in many 
areas and can actively participate and facilitate the 
treatment process. One example of the importance of 
caregivers is their ability to provide supervision to al-
low for the safe administration of medications. Other 
examples of the roles they can play include arranging 
or providing transportation to clinical appointments, 
follow through with important modalities such as 
stretching or positioning, or reinforcing of constraint-
induced therapy as examples. With the increasing lim-
itations in resources available to support treatment, 
the role played by caregivers may become even more 
important in the future. As a result, it is hard to over-
emphasis the importance of the support system avail-
able to the patient. This is especially important when 
the person being treated has cognitive deficits. An ab-
sence of a good support network will often require the 
treatment team to set more limited goals.
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Financial Resources

Financial Issues: As unpleasant as it may be to admit, 
financial realities can play an important part in the de-
sign and implementation of a treatment plan and goal. 
Botulinum neurotoxin and intrathecal therapy can be 
quite costly, and the price tag is often out of reach for 
families with limited means. The 20% copay that is 
required of Medicare patients without coinsurance can  
also make procedures too costly to be borne by a pa-
tient with very limited income. Geographic location 
can often play a role in the decision process. In For-
mosa as an example, the physicians are often limited 
to 200 U of onabotulinum toxin A. This makes the  
administration of large doses that are often needed for 
regions of large spasticity not an option. On the other 
hand, the patients can receive outpatient therapy for 
months and sometimes even years after their stroke. 
Closer to home, there are significant variations in the 
United States in regards to payment for outpatient 
therapy services. In New Jersey, as an example, patients 
with Medicaid as their primary insurance can often re-
ceive extensive physical and occupational therapy after 
toxin administration, which greatly facilitates the abil-
ity to effect range of motion and positioning issues in 
combination with toxin treatment. The state of Utah 
has a very different approach to reimbursement for 
therapy from their Medicaid provider. The limited re-
sources that are available to reimburse outpatient ser-
vices may well limit the goals that can be achieved with 
treatment. Without appropriate therapy follow-up, it 
becomes very challenging to develop treatment goals 
of improved positioning, range of motion, or even ac-
tive function for patients with long-standing residual 
tone. This can be true for goals throughout the spec-
trum, from improved range of motion and positioning 
all the way to functional mobility.

The Skills of the Treatment Team and 
Availability of Different Treatment Modalities

I commonly see patients with spasticity secondary to 
acquired brain injury present to my office on oral bac-
lofen. Because there are only limited data addressing 
the use of these agents for this condition (18–20) and 
there are concerns regarding side effects (12) and pos-
sible impairing motor recovery (11), one must assume 
that the clinicians are unable to utilize other treatment 
modalities that have a more supportive literature 
base. The use of botulinum toxin for chemodenerva-
tion can often not be utilized as a treatment in the in-
patient unit because of financial issues. Furthermore, 
some skill is required, and many clinicians are reluc-
tant to master them. Phenol neurolysis, which was a 

very common procedure before the introduction of 
the botulinum toxins, requires even more skills than 
the use of toxins, and the practitioners who perform 
this procedure safely and effectively are far fewer than 
those who treat spasticity. As a result, when there are 
large areas that require spasticity management, many 
clinicians are unable to offer the combination treat-
ment approach of toxin and phenol. Finally, there 
are very few truly skilled surgeons who are experts at 
performing neuro-orthopedic interventions. Definitive 
interventions, which may be the only ones that can 
facilitate the goal of effective lifetime remediation of 
increased tone, may be unobtainable.

DETERMINING TREATMENT GOALS

So how does the treatment team proceed and develop 
their treatment approach and the related goals for the 
patients that present to them? This is a complicated 
question that involves a complete evaluation that ad-
dresses the issues mentioned earlier in this chapter. 
This needs to be complemented by a discussion with 
the patient and their family. It is critical that patients 
and their caregiver be in agreement with the treatment 
team. It does not mean that there aren’t tiers of goals. 
If the family and/or the patient have goals that are un-
realistic to pursue, it is incumbent on the treatment 
team to address this issue before commencing treat-
ment. Otherwise, there will be great disappointment 
and potentially the development of an adversarial re-
lationship between the treatment team and the patient 
and his or her family. The times that the author has 
gotten himself in trouble is when he has ignored this 
basic rule. Two things are vital to the development of 
successful goals. The first is that the patient/family and 
the remainder of the treatment team come to a general 
agreement as to what is expected with the planned in-
terventions. The second is that the clinicians are honest 
and realistic with the family when setting the objec-
tives of treatment. This is not to imply that all hopes of 
the family must be dashed, but realistic minimal goals 
are outlined and those potentially more desirable but 
less likely to be reached are also discussed.

CONCLUSION: SYNTHESIS OF 
INFORMATION AND CHOOSING 

TREATMENT GOALS

The treatment team must balance all the factors that 
have been discussed previously and develop a compre-
hensive plan. The most important inputs into to the 
decision process are the residual function, the muscle 
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overactivity, the pathology generated, and the poten-
tial changes that can result from the available interven-
tions. Three questions that must be answered to deter-
mine if a goal is realistic are the following: (1) Is the 
inability to reach the goal primarily due to the muscle 
overactivity or is there some other problem that is a 
major source of this disability factor that is blocking 
the desired goal? (2) Is there sufficient residual func-
tion present that once an issue is addressed, the func-
tion will be performable? and (3) Is there a treatment 
that can address muscle overactivity without doing 
serious harm? Integration of all of these materials to 
choose realistic meaningful goals can be a challenging 
exercise. The author will present a series of cases to fa-
cilitate the reader’s understanding of these principals.

CASE DISCUSSIONS

Case I

M.K. is a 42-year-old, right-handed man who has a 
history of secondary progressive multiple sclerosis 
who presented to a spasticity clinic with significant 
hip adductor tone bilaterally. He has been wheelchair-
bound for approximately 5 years and is independent 
at a wheelchair level, including sliding board transfers. 
His strength is good in the upper extremities, and his 
tone in the upper extremities is 0 to 1 on the Ashworth 
Scale. His strength in the lower extremity cannot be 
assessed secondary to severely increased tone that is a 
4 throughout in the bilateral lower extremities. M.K. 
has previously been performing straight catheteriza-
tion independently up to 3 months before presenta-
tion but has recently become unable to perform these 
activities secondary to an ability to spread his legs be-
cause of the recently increased tone in his legs. His 
neurologist has placed M.K. on oral baclofen 20 mg, 
QID; tizanidine 36 mg, per day; and 20 mg valium, q 
day without improvement in his symptoms. He pres-
ents to the clinic for management of his spasticity and 
particularly his hip adductor tone so he again will be 
able to perform straight catheterization.

Goal-setting discussion: The goals for this patient’s 
treatment plan are fairly straightforward. Reducing his 
adductor tone is the primary purpose for the patient 
presented to your office. Oral medications have been 
unable to adequately address the severity of his tone. 
Treatments that could be considered included botu-
linum toxin injection to the adductor muscles bilat-
erally, bilateral obturator nerve blocks, or intrathecal 
baclofen. The tone is regional in nature, and the first 
two options will only treat the tone at the hip. Utilizing 
intrathecal baclofen has the potential for treating the 

increased muscle activity found throughout both legs. 
The initial goals will be reducing adductor tone and fa-
cilitating M.K.’s ability to perform his self-care activi-
ties. There is a remote possibility that there is residual 
function in the lower extremity that may be unmasked 
with intrathecal baclofen, and improved mobility may 
be obtainable. The 5 years of being wheelchair-bound 
makes this a more remote possibility.

Case II

J.S. is a 66-year-old, right-handed woman who 6 
months before presentation to the clinic sustained a 
right hemispheric middle cerebral artery occlusion 
with a resultant dense left spastic hemiplegia with her 
arm more affected more than her leg. She is able to 
ambulate independently but presents to the clinic re-
questing evaluation and treatment for her left upper 
extremity. When she walks she reports that her left el-
bow flexion increases, which impairs her balance. Her 
wrist and fingers also get tight, and the overall posi-
tion is embarrassing to her and a source of pain. On 
evaluation, the patient has some volitional movement 
at the elbow wrist and trace finger extension. There is 
Ashworth 2 tone noted at the elbow wrist and fingers. 
J.S. is able to extend her elbow slowly with cocontrac-
tion appreciated in her elbow flexors that is slowing 
elbow extension.

Goal-setting discussion: The patient’s muscle overac-
tivity is clearly affecting her ability to use her left up-
per extremity and by her own report impairs her bal-
ance. There are numerous levels of potential goals that 
could be achieved with this patient. At a minimum, 
botulinum toxin injection would have the potential to 
lessen the muscle activity and reduce the associated re-
action that is causing her elbow to flex when walking. 
Minimal goals will be to reduce muscle overactivity, 
reduce J.S.’s pain, and address the associated reaction 
at the elbow. More advanced goals that are likely to 
be obtainable would be to improve voluntary elbow 
extension to facilitate using the left arm as a more ef-
fective functional assist to her right arm. A higher-level 
goal that will depend on the residual function that ex-
ists in the finger extensors is the potential to get some 
functional use from her left hand.

Case III

T.F. is a 75-year-old man who sustained a large in-
tracerebral bleed 9 months before presentation with a 
dense spastic hemiplegia involving his right upper and 
lower extremities. He has extremely limited motor 
function and is wheelchair-bound and only has trace 
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movement in a synergy pattern at his right shoulder. 
He has significant problems in his right hand and 
wrist secondary to severe muscle overactivity with an 
inability to don his hand splint as well as problems 
with positioning and hygiene.

Goal-setting discussion: This is a very simple case in  
regard to goal setting because there is no realistic 
chance of volitional functional recovery. The goals are 
simply to reduce muscle overactivity, ease donning of 
T.F.’s hand splint, and the improve passive function of 
ease of hand hygiene.

Case IV

T.S. is a 25-year-old man who, secondary to a diving 
accident, sustained a C8 ASIA D injury. He is able to 
ambulate using Lofstrand crutches. He is totally in-
dependent in all areas of activities of daily living but 
presents to the spasticity clinic with complaints of se-
vere pain and spasms. He has been trialed on Lyrica 
for pain control, but it has had a negligible effect on 
T.S.’s symptoms. Secondary to the severe neuropathic 
pain that he is experiencing, he is requiring substan-
tial doses of opioids by mouth and has also required 
intravenous narcotics to control his spasms, pain, and 
tone. On evaluation, he has good strength throughout 
both lower extremities and is able to ambulate 500 ft 
without difficulty.

Goal-setting discussion: T.S. is fully independent, but 
secondary to painful spasticity and spasms that have 
resulted from his spinal cord injury, he had significant 
problems with his quality of life. Oral medications 
have been ineffective in the management of his pain. 
A reasonable approach at this point is a trial of in-
trathecal baclofen to evaluate its potential to reduce 
his painful spasms. Because he is fully independent at 
this time, it is important to also evaluate T.S.’s func-
tion when he is under the influence of intrathecal bac-
lofen. Ideally, intrathecal baclofen can achieve the 
goal of pain relief while not negatively affecting his 
motor function.

Case V

B.Z. is a 25-year-old, right-handed man with a ven-
tricular septal defect who sustained an embolic cere-
brovascular accident  with a spastic left hemiplegia. 
B.Z. had volitional movement in both his left arm 
and leg but was severely limited in his ability to move 
his left side because of significant tone measures (Ash-
worth 3 to 4) involving his left elbow flexors, left 

quadriceps, left hip adductors, gastrocsoleus com-
plex, and tibialis posterior. He was able to perform 
many of his basic self-care activities of daily living 
with setup and supervision but has his greatest dif-
ficulties with mobility. He was able to ambulate with 
a hemi walker and moderate assistance of 1 for 30 ft, 
and he could transfer with minimal assistance of 1. 
When walking or transferring, his elbow went into 
very significant flexion, which further complicated 
his ability to walk and transfer. When walking, he 
demonstrated a narrow base (hip adductors) and stiff 
knee gait (quadriceps) with initial foot contact on the 
lateral aspect of the mid foot (equinovarus).

Goal-setting discussion and clinical course: When 
first evaluated, because of the severity of his tone over 
large regions of his body, the idea of intrathecal bac-
lofen was introduced to the patient and his family as 
a means of addressing his significant lower extremity 
tone, with a plan for chemodenervation for his upper 
extremity. The goals were to improve his balance and 
weight-bearing surface to facilitate his transfers and 
mobility. The family was initially reluctant to have the 
patient undergo intrathecal baclofen treatment, and 
they decided to have the patient undergo chemoden-
ervation utilizing onabotulinum toxin A. B.Z. was 
gradually up to a dose of 800 U of the toxin, but the 
severity of the tone made addressing all of his areas of 
muscle overactivity impossible.

Reluctantly, the family agreed to have an intrathe-
cal baclofen system placed, and the initial results 
were very promising because early titration resulted 
in improved tone in the lower extremity and ambula-
tion with a hemi walker and minimal assistance of 1.  
However, 1 month after placement of the pump, it be-
came infected and had to be removed at which time 
B.Z. reverted back to his previous level of function. 
The Neurosurgeon was reluctant to replace the pump, 
and other interventions were planned in efforts to 
reduce the patient’s muscle overactivity. Phenol neu-
rolysis was used to treat the elbow flexor tone, but 
still, the lower extremity tone could not be managed. 
Neuro-orthopedic intervention was considered, but 
because of B.Z.’s cardiac status, clearance for gen-
eral anesthesia could not be obtained. Finally, after 
18 months passed and no other alternative treatment 
was available, the neurosurgeon replaced the pump 
without incident.

At the present, B.Z. is ambulating with a hemi 
walker for 300 ft with contact guard and is transfer-
ring with supervision. This case nicely illustrates the 
challenges faced by clinicians while they are trying 
to address functional goals with significant medical  
comorbidities.
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For the 3 decades before the introduction of botulinum  
toxins (BTs) for the treatment of upper motor neuron 
syndrome (UMNS) and spasticity, physiatrists were 
trained in the use of phenol and, less commonly, al-
cohol for these purposes. In some situations, the tech-
nique to apply these agents was considered to be more 
laborious and requires a modicum of greater skill than 
is the case with BTs. Given the relative facility of appli-
cation of BT, its use among physiatrists and other spe-
cialists dramatically increased, whereas that of phenol 
declined. Hence, in the recent past, it was not unusual 
to refer to those of us using phenol (as well as BT) as 
practitioners of a “dying art,” particularly by those  
specialists who had never been trained in the applica-
tion of phenol or alcohol.

The authors’ purpose for this chapter is to re-
view the mechanism of action, techniques, proven 
benefits, and risks associated with phenol neurolysis 
along with a brief discussion of the use of alcohol. In 
addition, the authors will provide a comparison be-
tween phenol and BT and suggest situations when the 
practitioner may preferentially select one intervention 
over another. Given the limitations of BT (expense, the 
necessity of waiting 3 months between interventions, 
and the duration of action of BT), it is reasonable to 
include phenol and alcohol neurolysis, along with BT, 
in the armamentarium of the less-invasive approaches 
to the management of the UMNS.

CHEMICAL NEUROLYSIS

Nerve blocks involve the application of substances to 
a nerve that will interfere with conduction along the 
nerve on a temporary or permanent basis; local anes-
thetics, phenol, and alcohol are the most frequently 
used. Chemical neurolysis involves the application 
of an agent that will damage a portion of a nerve, 
impeding conduction. Ultimately, these interventions 
are intended to treat spasticity, hypertonicity, primi-
tive movement patterns, and possibly other aspects 
of the UMNS by interfering with the muscle stretch 
reflex arc. Nerve blocks exhibit their effect primarily 
through treatment of the efferent component of the 
arc, but the afferent loop can be involved as well. In 
essence, the result would be the conversion of a muscle 
affected by UMNS to one with a partial lower motor 
neuron syndrome via partial denervation. Neurolysis 
has been used at every level of the peripheral nerve, 
from the spinal cord and roots to the motor endplate. 
The location of intervention will determine the com-
pleteness of the block and the number of muscles af-
fected by the treatment.

Phenol and alcohol have been used effectively since  
the late 1950s. These substances have proven effective-
ness in eliminating clonus, improving range of motion 
(ROM) of joints affected by spastic contracture, reduc-
ing scissoring during ambulation, improving seating,  

Chemoneurolysis With 
Phenol and Alcohol:  
A “Dying Art” That 
Merits Revival9
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improving gait, facilitating the use of orthotics, and 
ameliorating painful spasms or toe clawing (1–11). In 
the past, neurolysis has been used effectively to treat 
spastic external sphincters and reduce urinary reten-
tion (4). Several authors have described improved ac-
tivation, strength, or speed in antagonists of blocked 
muscles. There is also evidence of a seemingly paradox-
ical improvement in the strength/control of partially 
blocked muscles themselves (2–5, 8, 11). Chemical  
neurolysis has a long history of proven effectiveness 
and benefits in the management of UMNS.

PHENOL

Phenol is carbolic acid, a derivative of benzene. At 
room temperature, it is soluble in water at concentra-
tions less than 6.7%. It is also soluble in other com-
monly used vehicles such as glycerine and is available 
as colorless hygroscopic crystals. When oxidized, the 
crystals or phenol solution become pink. Phenol has 
local anesthetic properties at concentrations of 1% to 
2%; it is bacteriostatic at 0.2% concentrations (in wa-
ter) and bactericidal at 1.0%. In the past, phenol has 
been the active component in fungicidal skin prepa-
rations and was used for embalming by the ancient 
Egyptians. In the present, it is a component of some 
over-the-counter throat lozenges. Phenol is considered 
a chemical, not a drug, by the Food and Drug Admin-
istration. As such, it is not technically “approved” for 
the treatment of spasticity.

When applied to or injected into any tissue at 
concentrations 5% or greater, phenol denatures pro-
tein causing tissue necrosis. This property accounts for 
both its effectiveness as a neurolytic agent and some 
of the associated potential side effects. Systemic doses 
of 8.5 g are considered lethal, principally from cardio-
vascular failure and severe central nervous system dys-
function including seizures. Doses of phenol injected 
for neurolysis are a tiny fraction of the lethal dose. 
Twenty cubic centimeters of a 5% solution contains 
1 g. Phenol is easily absorbed through the skin (and 
dura, for those incorporating it as a component of pro-
lotherapy). After injection, any systemically absorbed  
phenol is converted by the liver to phenyl compounds 
and excreted by the kidney as quinols. Chronic expo-
sure can cause renal toxicity, rashes, or gastrointesti-
nal problems.

Phenol Neurolysis: Histologic Changes

Initially, phenol was thought to selectively block small 
sensory fibers. However, the early electrophysiologic 
findings after application of phenol to peripheral 

nerves and nerve roots appear to be more relevant to 
its anesthetic and not its neurolytic properties (12–15). 
Subsequent histologic and electron microscopic exam-
inations have demonstrated nonselective destruction 
of nerve fibers of all sizes (15, 16). These finding may 
have implications for technique of application and 
may relate to injection-related complications.

Soon after phenol injection, inflammatory reac-
tions occur followed by patchy areas of complete de-
struction of nerve fibers in roots and peripheral nerves 
(17). Burkel and McPhee (16) determined that if phenol  
is “dropped” onto a nerve, axons in the center of the 
nerve are spared, but if the chemical is injected into the 
nerve, all fibers were affected. Wallerian degeneration 
occurs at the site of injection, followed by subsequent 
regrowth of most axons. At 14 weeks, the injected/ 
regenerated nerves appeared histologically normal, al-
beit with increased associated collagen and fibroblasts 
in the endoneurium. Lower concentrations of aqueous 
phenol (<1%) were more likely to cause localized de-
myelination without axon destruction (14–18).

In 1977, Halpern (19) reported his findings from 
evaluating 144 samples from animals after intramus-
cular neurolysis with 1% to 7% phenol. Axons of 
all sizes were destroyed regardless of concentration. 
Neurogenic atrophy and collateral reinnervation were 
observed. Muscle recovery varied depending on the 
concentration of the aqueous phenol: 1% to 3% al-
lowed for near-normal appearance of affected muscle 
by 3 months, but specimens injected with 5% to 7% 
continued to show evidence of denervation. The vol-
umes of aqueous phenol used for injected also corre-
lated with the lesion size.

The clinical implications of the above histologic 
examinations may be summarized as follows:

1. Very low concentrations of phenol (<1%) 
may only produce local anesthetic effects or 
mild demyelination with temporary clinical 
effects.

2. Low concentrations (<3%) may produce a 
mixture of axonal destruction and demyelin-
ation with a possible reduction in the dura-
tion of neurolytic block, but with near-nor-
mal recovery of nerve and muscle.

3. Concentrations of 5% to 7% are more likely 
to leave residual evidence for denervation in 
nerve and muscle at 3 months, a longer dura-
tion of clinical effect, but with greater po-
tential for some “permanence” to the block. 
Most current practitioners use concentra-
tions of 4% or 5%.

4. When phenol is applied to nerves without 
penetrating the nerve, it essentially affects 
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what it contacts. Therefore, the practitioner 
may need to move the needle around the 
nerve and inject at more than one location in 
its circumference to reach specific fascicles or 
nerve bundles to achieve the desired clinical 
effect (baring in mind that larger volumes will 
produce larger lesions in nerve and surround-
ing soft tissue).

5. The development of fibrous tissue in and 
around the nerve and adjacent soft tissue, 
coupled with collateral reinnervation and 
sprouting, may make a desired clinical out-
come more challenging with subsequent in-
jections, especially at the site of the original 
injection.

Technique of Injection for Phenol Neurolysis

Although some clinicians stimulated peripheral nerve 
and attempted to use electromyographic recording to 
isolated motor endplates (thus improving localiza-
tion), this has proven to be a very laborious process 
and one which offers little advantage in precision when 
compared to careful clinical observation. The most 
commonly used technique employs the use of a nerve 
stimulator capable of delivering pulsed direct current 
as a square wave of 0.1 to 0.5 millisecond duration 
once or twice per second. The stimulator should have 
a rheostat to control the current flow. An ammeter 
facilitates precise localization. Generally, stimulators 
attached to electrodiagnostic equipment do not have 
ammeters, and “guessing” the milliampere flow is 
not a recommended technique. Localization with this 
equipment is akin to the use of early electrodiagnos-
tic equipment, the chronaximeter. Essentially, motor 
points and nerves will respond to much lower am-
perage of current than surrounding muscle and soft 
tissue. Because the clinician wishes to preferentially 
inject proximal to the motor point or nerve, it is de-
sirable to localize a site proximal to these structures, 
which is identified by obtaining a stimulation with 
less current. Current flow is between the stimulating 
electrode and a reference or pad; there is no ground. 
The needles used with the stimulator are the same as 
those used for BT injections: Teflon coated, except the 
bevel, of varying lengths dependent on site and patient 
morphology, and 22 to 27 gauge often related to the 
length of the needle. The primary author prefers to 
connect the needle to the syringe containing the phe-
nol with a short length of intravenous tubing. This 
allows manipulation of the needle and maintenance 
of its position when withdrawing before injection and 
during the injection itself. If possible, a stimulator that 
allows for superficial, as well as percutaneous, stimu-

lation is preferred. This will allow the clinician to lo-
calize nerves, angle of approach, and motor points be-
fore the introduction of the needle and facilitate more 
rapid percutaneous localization with less discomfort 
for the patient. Of course, superficial stimulation can 
only be employed for accessible nerves and muscles; 
deep-muscle motor points (eg, tibialis posterior) may 
only be reached percutaneously.

The patient should be prepped by having the en-
tire limb being treated exposed. On occasion, special 
positioning techniques will need to be employed. If 
accessible nerves or muscles are to be treated, the use 
of a superficial stimulator to identify points along the 
course of the peripheral nerve to the motor point will 
help optimize localization. The current flow is typi-
cally between 5 and 30 mA for superficial stimulation. 
The clinician uses the superficial stimulator to identify 
the general location of the nerve or motor point by 
observing for the desired contraction of the muscle 
or muscle groups to be treated. The current is then 
reduced while observing for maximal contraction for 
finer localization (Figures 9.1 and 9.2). The point is 
then marked, and the skin at the site of injection pre-
pared with alcohol (or povidine and alcohol). The 
percutaneous electrode (needle) is then introduced. 
Most stimulators that allow for both percutaneous 
and superficial stimulation will require a modifica-
tion of electrode feeds on the stimulator apparatus. 
A “search” is then undertaken, often in 3 dimensions, 

FIGURE 9.1 

Early spastic contracture of the left elbow in a patient with 
traumatic brain injury.
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with the pulsed current typically between 1 and 5 mA. 
Once maximal desired contraction is obtained, the 
current is reduced and the localization proceeds as the 
clinician identifies the site of maximal contraction with 
the amperage less than 1 mA (optimally closer to 0.5 
to 0.7 mA)—the lower the better for precision. This 
will indicate that the bevel of the needle is optimally 
positioned. If too much current is used when injection 
occurs, the “ball of current” at the bevel tip may be 
stimulating nerve or motor points some distance from 
the needle; higher volumes than should be necessary 
of phenol may be required to reach the target area. 
When the clinician feels they have optimally localized 
the point for treatment electrically, the phenol should 
be slowly injected (Figures 9.3 and 9.4). Although as 
clinicians we are taught to withdraw before injection, 
this may be even more important with phenol because 
the potential for toxicity as a result of intravascular in-
jection of the substance is very great. Once the phenol 
is injected, there should be an almost immediate reduc-
tion/cessation of the muscle twitch, with a continued 
reduction in response to electrical stimulation over  
1 to 2 minutes. This occurs for two reasons: the initial  
local anesthetic effect of the phenol and the fact that 
the volume of the fluid may impede electrical conduc-
tion to some extent. The clinician also needs to con-
sider that the bevel of the needle is directional; there 
may be a ball of current around the tip, but the in-
jected phenol will be flowing out of the needle in one 
direction; therefore, if the clinician feels that they have 
accurately localized the point of injection electrically, 
yet with injection there is only a minimal reduction 
in contraction, they may find an improved effective-
ness of injection by gently twirling the needle during 

slow administration of the phenol. The total volume 
of phenol injected at one site typically ranges from 0.1 
to 1 cc. The total volume of phenol administered to an 
adult in a given treatment session should not exceed 
1 g. We limit our injections to 20 cc of 5% phenol for  
an adult but typically use less than 10 cc; unlike botu-
linum, the patient may return in a few days for addi-
tional treatments if needed.

Although the above process may sound labori-
ous, normally it actually takes place within a minute 
or two; of course the speed of the clinician improves 
with experience. Patient tolerance for the procedure 
varies considerably; patients may feel some discom-
fort from the electrical stimulation, from the needle 
search, and from some burning during the injection 
of phenol or alcohol. After the treatment session, we 
typically apply ice or cold packs to the areas of in-
jection to help minimize discomfort from the needle 
searches. To expedite localization of motor points, 
various guides for the electromyographer (20) may be 
used. In addition, there are specific anatomic localiza-
tion guides for phenol/alcohol neurolysis (21–23).

Site of Injection

As mentioned previously, the lower motor neuron may 
be, in theory, treated with phenol neurolysis at any 
point along its course from the spinal cord to the mo-
tor point of an individual muscle. If there is a single of-
fending muscle, then one should localize that individ-
ual muscle through a motor point injection. However, 
in some cases, a single injection of a peripheral nerve 
may treat several muscles contributing to a pattern of 
spasticity or primitive movement patterns (eg, tibial 

FIGURE 9.2 

Superficial identification of left biceps motor point. Notice 
that the milliamp flow is 9.9.

FIGURE 9.3 

Percutaneous identification and neurolysis of left brachio-
radialis motor point.
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nerve injection in the popliteal space for equinovarus 
of the foot/ankle with associated toe clawing). Fur-
thermore, given the relative immediacy of the action 
of phenol, the clinical effect may be titrated during 
the treatment session: motor points may be injected, 
and if the effect is insufficient, the clinician may then 
move proximally to the motor branch or ultimately 
the peripheral nerve supplying the muscle. This also 
allows for the patient to “try the block on for size” 
as to their satisfaction with the result, particularly for 
gait disorders or orthotic fit, with the potential for the 
clinician to go back and do additional treatments un-
til the patient is satisfied with the result. Ultimately, 
the choice of site (motor point, motor nerve, or mixed 
sensory/motor nerve) will be dictated by the desired 
clinical effect (including number of muscles being 
treated in the distribution of a peripheral nerve), the 
tolerance of the patient for the needle search, the risks 
of the needle search at different sites, and the risks for 
other complications such as dysesthesias. 

Lumbar and sacral nerve blocks. This procedure 
is no longer a common technique of treatment. It re-
quires conscious sedation and fluoroscopy to provide 
optimal localization for the needle. Risks include ac-
cidental intrathecal injection and damage to the en-
tire cauda equina with associated sexual, bowel, and 
bladder dysfunction. Most often, this procedure was 
undertaken to treat hip flexors. Alternative treatment 
approaches with BTs have all but eliminated this par-
ticular intervention technique.

Mixed motor/sensory peripheral nerve blocks. 
There are many advantages to this procedure com-
pared with motor point blocks. First, there is a block 
of sensory fibers, cutaneous and from the muscles 
themselves, both of which may contribute to the re-

duction of spasticity. Second, it is often possible to 
identify bundles within the nerve and preferentially 
block them to target specific muscles with one injec-
tion site. Third, most clinicians believe that sensorimo-
tor peripheral nerve blocks produce a more thorough 
block of longer duration, although this belief does 
not have more than a teleological basis for support in 
that it has not been systematically studied. Certainly, 
a more proximal block will require a longer period 
of axonal regeneration insofar as this contributes to 
the recurrence of spasticity. Fourth, this technique is 
often easier and faster than more peripheral motor 
branch/point blocks in achieving a desired clinical  
effect. 

The major risk to this type of injection is related 
to one of its theoretical advantages: the block of sen-
sory (and possibly autonomic) nerve fibers. This can 
lead to temporary loss of sensation and to the poten-
tially much more bothersome or disabling nerve pain 
in the distribution of the injected nerve. Identification 
and management of these problems will be discussed 
later in the chapter. In addition, the immediate effect 
of the block can be quite profound and potentially 
lead to “overcorrection” or overstretching injury if 
the patient is not properly counseled.

Motor nerve/motor point blocks. There are many  
points along the peripheral arborization of motor 
nerves that these blocks can occur. In some cases, the 
motor branch to a specific muscle can be identified very 
close to its departure from the mixed sensory/motor  
nerve from which it originates. More commonly, the 
motor fascicle is identified near the muscle it inner-
vates. Motor points are the place where this motor 
branch enters a particular muscle or where there is a 
cluster of motor endplates. There are usually several 
motor points for a given muscle. Therefore, as one 
attempts neurolysis more peripherally along the mo-
tor nerve, more injections are necessary. The patient 
has to endure more needlesticks, and the clinician may 
become more fatigued over time. The advantage of in-
jecting motor points or motor branches is that they do 
not contain any cutaneous afferents, and hence, the  
risk of dysesthesia is greatly reduced compared to 
mixed sensory motor nerve blocks. Furthermore, it 
allows the ability to titrate the clinical effect of the 
block alluded to previously. Certain peripheral nerves 
(most notably the obturator nerve) contain little to no 
sensory components and therefore do not have associ-
ated dysesthesias with whole nerve blocks.

Open neurolysis. A final technique, also not 
commonly used, is the open, surgical identification 
of peripheral and motor nerves followed by the ap-
plication of phenol. Obviously, this allows for direct 
visualization of the nerve to be treated and may allow 

FIGURE 9.4 

Result of phenol neurolysis of left biceps and brachiora-
dialis motor points, as compared to untreated right upper 
limb.
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for safer proximal treatment. However, this procedure 
incorporates the inherent risks of anesthesia and the 
additional recovery from surgery, along with added 
costs.

Duration of Action of Phenol Neurolysis

There is an extraordinary wide variability in the lit-
erature regarding the duration of effect of phenol. 
Again, from a teleological perspective, one would as-
sume that the duration of action would be longest for 
root or peripheral nerve block when compared to in-
tramuscular or motor point block; it takes longer for 
axons to reinnervate target muscles the more proxi-
mal the injection. However, this is not clearly demon-
strated in the literature (Table 9.1). Peripheral nerve 
blocks appear to last from 10 days to as many as 28 
months (10). Paravertebral blocks range between 1.5 
and 10 months (24) and intramuscular between 1 and 
36 months (25, 26). Specific motor point or endplate 
blocks were reported by DeLateur (8) to last 3 to 6 
months and open nerve blocks 6 months to more than 
1 year. 

The variability in the literature may be explained 
by several factors. The percent (ranging between 2% 
and 5%) of aqueous phenol as well as volume (not 
consistently reported) could account for some dis-
crepancies. The measurement tools used for spasticity 
and return of spasticity were also quite different and 
at times extremely subjective. Although it is assumed 
that all clinicians in the studies were experienced with 
phenol neurolysis, technique may also influence the 
outcome/duration. Further, it is not entirely clear 
from the peripheral nerve studies whether there was 
evidence for blockade of sensory afferent fibers that 
might contribute to spasticity. 

Other factors might contribute to improving du-
ration of outcome related to postblock interventions. 
If the injected muscle and associated soft tissue are 

effectively stretched after the block, this may prolong 
the clinical effectiveness. If the antagonist is strength-
ened either by exercise or by electrical stimulation, 
this may, in theory, produce a clinical improvement 
in the duration of efficacy through inhibition of the 
injected muscle.

Repetition of blocks may also improve the du-
ration of effectiveness with the subsequent injections 
(27). However, most studies (and clinical experiences) 
that evaluated repetitive blocks seem to indicate that it 
is somewhat more difficult to perform the subsequent 
blocks (25). Both the difficulty in achieving the block 
and the improved duration of effect may be explained 
by fibrous tissue and sprouting that make localiza-
tion more difficult but may also impede regrowth of 
axons.

Side Effects and Complications of  
Phenol Neurolysis

Side effects of phenol neurolysis may be related to the 
simple act of placing a needle in the soft tissue (bleed-
ing, compartment syndrome, pain, infection), the ef-
fects of the block (overcorrection, strain or sprain from  
overstretching, temporary loss of useful motor func-
tion, atrophy), and specific side effects from phenol 
(temporary sensory loss, dysesthesias, tender nodules 
in soft tissue). Venous thromboembolism has been ru-
mored to occur, but the evidence to support that this 
is an effect of phenol is weak to nonexistent. Patients 
who were purported to have experienced this problem 
were few, and evaluations for hypercoaguable states 
or absence of venous thrombosis before injection were 
not done. Macek (28) reported (second hand) on 2 
cases with purported venous thrombosis related to 
phenol neurolysis. In neither case was there a specific 
discussion of the location of the deep vein thrombosis 
or effectiveness of the blocks. Technologies were lim-
ited in the 1980s, but there was no discussion of coag-
ulation disorders. Theoretically, poor technique with 
intravascular or perivascular injection could cause 
scar tissue damage or occlude venous structures. A 
particularly effective block might render the “pump-
ing action” of spastic muscle ineffectual, contributing 
to venous stasis (22). In a similar vein, if the patient 
was uncomfortable after the block or took a long car 
or airplane trip, inactivity could lead to stasis as well. 
Awad (22) has articulated the opinion that when deep 
vein thrombosis occurs, it is usually in the calf and 
may be related to the “repeated indiscriminate needle 
probing and/or the injection of large quantities of phe-
nol solution by the novice.”

Side effects from needling. Local bruising, pain, 
and swelling may occur, as well as infections, if aseptic 

TABLE 9.1 
Expected (Estimated or Projected) Duration of 

Phenol Neurolysis

anaTomiC LoCaTion DuraTion

Peripheral nerve block 10 days–28 months
Intramuscular block 4 weeks–36 months
Paravertebral block 6 weeks–10 months
Motor point or endplate block 3 months–6 months
Open nerve block 6 months–12 months
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technique is not utilized. Aspiration before injection 
is an obvious precaution. A potential complication 
relates to bleeding in deeper muscles and the risk of 
a compartment syndrome. Many patients with stroke 
are on antiplatelet therapy and may bleed more easily; 
special care in minimizing needle exploration should 
be exercised under these circumstances. It is also ad-
visable to stop coumadin or therapeutic anticoagula-
tion in a sufficient time frame before injection to avoid 
this complication.

Side effects from effective blocks. These include 
the possibility of atrophy, sprains, and overcorrection, 
as well the potential loss of useful motor function.  
There may also be a temporary loss of cutaneous 
sensation. In terms of atrophy, caution should be ob-
served in exercising the involved musculature to fa-
tigue during the period the block is most “active.” 
Subsequently, after the block has begun to wear off, 
electrical stimulation and exercise (and the return 
of spasticity) are usually sufficient to correct what is 
largely a cosmetic problem. 

Peripheral nerve blocks may be very profound in 
their effect, with clinical changes in several muscles 
involved in a particular pattern of movement. Most 
patients will have become accustomed to their spastic-
ity and will have learned compensatory mechanisms 
for functional activities. The best example would be 
the use of a tibial nerve block in the popliteal space 
to treat equinovarus of the foot/ankle as well as toe 
clawing. In comparison to motor point blocks or BT, 
there may be a much more complete and immediate 
abolition of spasticity and possibly motor function in 
the gastrocnemius, soleus, tibialis posterior, and long 
and short toe flexors. As a result, the patient does not 
have the opportunity to acclimate to changes in their 
spasticity as might be the case with botulinum. Cau-
tion should be observed immediately after the block if 
the patient is accustomed to ambulating. Overstretch-
ing of the involved parts should be avoided as well. 
In this example, there may also be loss of the intrinsic 
muscle functions of the foot, resulting in sprain from 
poor dynamic support of the plantar arch; this may be 
prevented by the use of a foot orthotic or modification 
of the sole plate of an ankle-foot orthotic. At times, 
there is overactivity in antagonist muscles that result 
in “overcorrection” as may be seen in surgical inter-
ventions to lengthen or move tendons. In this exam-
ple, if the tibialis anterior was a powerful contributor 
to the varus posturing of the foot and ankle, one may 
see an associated “calcaneal” deformity, at least dy-
namically, of the foot /ankle complex after tibial nerve 
block. Appropriate intervention would include motor 
point blocks or BT injection to the tibialis anterior or 
peroneal nerve block. Most of the problems of over-

correction can be avoided by not being overzealous 
with injections and titrating the amount and site of 
injection to patient need.

In evaluating patients before neurolysis, the clini-
cian must be cognizant of the risk of loss of useful mo-
tor function, even if it is dominated by spasticity and 
under poor volitional control. Gait (7, 9) or transfers 
may be compromised.

Side effects specific to phenol. These side effects 
are in part related to location of block. Although no 
longer commonly done, there is the possibility of du-
ral transfer of phenol when done at the level of the 
nerve roots. The affinity of phenol to cross dura, with-
out the direct penetration thereof, has been confirmed 
in animal experiments (15). In humans, this may ac-
count for case reports of spinal cord injury when the 
injection was done close to the dura (29, 30). Intrathe-
cal injection of phenol has also been associated with 
thrombosis of the posterior spinal artery (31).

Dysesthesias. The most worrisome side effect of 
phenol neurolysis in mixed sensory/motor nerves is 
that of dysesthetic pain, which occurs in the sensory 
distribution of the nerve. The pain is of the classical 
neuropathic type: burning, tingling, electrical feelings, 
exacerbated by light touch. Onset is not immediate, 
but delayed by a few days to 2 weeks. The incidence of 
dysesthetic pain varies widely in the literature (0–32%)  
and is affected by several variables. There are no re-
ports of dysesthesia with obturator nerve blocks, so in 
reviewing a series of patients, it is important to iden-
tify the percentage of blocks done to this nerve. The 
skill of the clinician may be relevant, but there is not 
a clear association with the concentration or volume 
of phenol. The duration of the discomfort is typically 
several weeks (21), but may last a few days to as much 
as a year. Kolaski et al. (32) reported that the use of 
phenol and botulinum in combination produced a 
higher rate of complications than botulinum alone, 
although patients receiving the combined treatment 
were more likely to have greater severity of spasticity. 
Most of the complications related to local injection 
symptoms; the rate of dysesthesias was only 0.4%. 
However, the mixed sensorimotor nerves injected 
were the obturator (no reports of dysesthesia) and the 
musculocutaneous.

The duration and severity may be ameliorated by  
pharmacologic and other interventions. Classically, 
the recommended intervention is to repeat the block 
with the thought that the original intervention was 
incomplete (10), but it is often difficult to convince 
patients to repeat the procedure that caused their 
discomfort in the first place. Modalities for man-
agement include compression garments or wraps.  
Local anesthetic patches may be effective. The primary  
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author would suggest a fairly aggressive pharmaco-
logic approach if it is clear that the pain is neuropathic 
and not due to overuse or mechanical factors. This 
includes the use of anti-inflammatories (medrol dose-
pack followed by nonsteroidal anti-inflammatories, if 
symptoms persist), anticonvulsants (pregabalin, gaba-
pentin, carbamazepine), and antidepressants (duloxe-
tine, amitriptyline), and this should be considered in 
combination and gradually weaned. Finally, an under-
recognized complication may relate to the block of au-
tonomic fibers traveling with the sensorimotor nerve. 
This may result in redness or other discoloration of 
the skin supplied by said fibers, presumably due to 
loss of neurogenic vascular control in a paretic limb. 
There may be associated edema, and the treatment is 
re-assurance and compressive garments.

Local inflammatory responses. Motor point 
blocks often involve several injections in a given mus-
cle. As a result, patients may have transient pain or 
swelling related to both repetitive needling and the in-
flammatory effects of phenol. This is particularly true  
in the calf. Tender nodules may develop and may re-
flect the local damage to muscle with an associated 
inflammatory reaction described by Halpern (19) in 
animal studies. These reactions began a few days after 
injection and began to resolve after 2 weeks. Glenn 
(21) recommends that the application of icing im-
mediately after the procedure and anti-inflammatory 
medications can prevent or ameliorate these tempo-
rary symptoms.

ALCOHOL

In addition to Phenol, there has been both clinical and 
literature support for the use of ethyl alcohol (alcohol) 
in the chemoneurolysis of peripheral nerves as a part 
of a treatment plan for spasticity (33–37). Although 
the volume of literature support is limited as com-
pared to phenol and now botulium toxin, there does 
remain strong efficacy for its use in both achieving de-
sired outcomes (33–37) as well as limiting undesired 
side effects (34–39).

Jang et al. (34) treated spastic hemiplegia of the 
ankle using 50% ethyl alcohol in water. They identified 
the motor branches of the tibial nerve responsible for 
both the medial and lateral heads of the gastrocnemius 
muscle. Postinjection and then at 6-month follow-up,  
there remained a statistically significant decrease in 
the Modified Ashworth Scale scores, clonus scores, 
and passive ROM. Although these three measurement 
tools are scientific in nature, possibly the addition of 
gait analysis might have further provided added clini-
cal value to their overall outcomes.

Viel et al. (37) used 65% ethyl alcohol for 27 
obturator nerve blocks. Radiographic films and stim-
ulator guidance were used to achieve 100% local-
ization. Using their own scales for muscle spasticity, 
triple flexion, gait, and hygiene, there was significant 
statistical data to show improvement at the 1, 2, and 
4-month follow-up. An interesting aspect to their re-
search was the use of cost analysis. They found a total 
cost of 10.67 euros for the procedure (8.23 euros for 
the needle and 2.44 euros for the alcohol solution). 
The cost for a 4-month supply of dantrolene sodium 
and oral baclofen was between 500 and 1000 euros 
and between170 and 134 euros, respectively. One sig-
nificant cost that was not included in this study was 
for the use a nonoperative procedure room and con-
scious sedation or generalized anesthesia used during 
the ethyl alcohol injection.

Kong and Chua (36) used 100% ethyl alcohol in 
the treatment of 13 patients with hip adductor spas-
ticity. As with the study of Jang et al, they also found 
statistical improvement at 6 months for a decreased 
Modified Ashworth Scale score and an increased pas-
sive ROM. Gait analysis was performed in this study, 
but for only the 3 patients who could ambulate. Even 
postinjection there was a continued use of assistive 
devices; however, both patients and authors agreed 
that there was an improvement in overall balance, 
decreased scissoring, and increased gait speed. Fur-
ther studies with a larger ambulatory population may 
certainly help show the long-term utility and retained 
functional outcome with the use of ethyl alcohol as 
an effective chemoneurolytic in patients with spastic 
gait.

In the early 1960s, Hariga et al. (40), Tardieu et 
al. (41, 42) proposed injection of a local chemical neu-
rolytic agent directly into muscle. They injected large 
quantities of 45% alcohol into the limb muscles, at 
the motor point in children with cerebral palsy. It was 
reported that spasticity was reduced in most cases, 
without reducing or affecting voluntary strength. 
They further reported a duration effect from 6 to 
12 months and occasionally as long as 2 to 3 years 
(40–43). Similar findings were noted by Cockin et al 
(44) in the United Kingdom in 1976. He injected 45% 
alcohol into similar muscles, yielding a reduction in 
spasticity without inducing profound weakness (44).

Other investigators evaluated the Tardieu tech-
nique (6, 44–47), which led to modification of the pro-
cedure (6, 45, 46). O’Hanlan et al. (6) used the same 
dilution of alcohol but did not try to target the motor 
nerves specifically. He injected 45% alcohol in large 
volumes of 10 to 40 mL into multiple locations within 
the target muscles of spastic patients. O’Hanlan et al.  
observed significant reduction in spasticity without loss 
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of motor power in the 10 patients treated. Sensation 
was also reported to remain intact. He also reported in 
the Virginia Medical Monthly a case of vascular phle-
bitis when a “poor” so-called state store preparation 
of alcohol was used. Carpenter (45) and Carpenter 
and Seitz (46) proposed the concept of “intramuscu-
lar” alcohol using 40% to 50% alcohol. This proce-
dure was performed under general anesthesia due to 
the significant pain caused during the injections. The 
gastrocnemius demonstrated the best response of those 
muscles injected. The muscles were divided into quad-
rants, and each quadrant was injected with 2 to 6 mL  
of alcohol. Equinus gait was eliminated in 128 of 130 
children injected. Duration of effect was shorter than 
reported by Tardieu et al., with the equinus gait re-
turning 7 to 20 days after injection. Overall, the injec-
tions lasted 1 to 6 weeks. Muscle biopsies were also 
performed 4 to 6 weeks after the procedures, and in 
4 to 6 patients revealed a round cell infiltrate without 
fibrosis.

Intramuscular alcohol has been used to achieve 
relief of spasticity for a slightly longer duration and  
is less time-consuming than for motor point blocks 
(46, 48). In addition, the procedure’s duration of ef-
fect could be useful for diagnostic purposes when a 
longer period of evaluation is necessary than can be 
provided by a local anesthetic agent or for therapeutic 
purposes when longer-lasting procedures are unneces-
sary or undesirable. Another advantage of this pro-
cedure is that because precise localization of nerves 
is not necessary, it can be performed quickly in situa-
tions where speed is a consideration, for example, in 
agitated and combative patients and in children (49).

There have been many questions as to the opti-
mal concentration of ethyl alcohol that is to be used in 
the chemoneurolysis of peripheral nerves. In a classic 
study of animals, May (50) described how the use of 
100% ethyl alcohol causes degeneration and fibrosis 
with partial regeneration of neurons. It also attempts 
to link how more dilute solutions do not show an 
equal correspondence to neuronal destruction and 
that less concentrated injections may be unpredictable  
in their overall outcome. Most studies indicate that 
the concentration of alcohol used is dependent on 
muscle mass and weight of the patient.

The mechanism of action of alcohol is as a non-
selective denaturization of proteins that affect axons, 
myoneural junctions, muscle fibers, and the intersti-
tial tissue. This may lead to retrograde Wallarian de-
generation of the nerve fiber (38, 39). Biopsies from 
muscles that have undergone intramuscular washing 
have shown necrosis and inflammatory cells (46).

There is no clear correlation of alcohol con-
centration to adverse side effects. Most studies have 

shown limited adverse outcomes with only 1 to 2 pa-
tients in each study complaining of local site injection 
pain or sensory dysesthesias, which lasts for only a few 
weeks and seem to respond well to select antidepres-
sants (amitriptyline) or antiseizure (carbamazepine) 
medications (34, 38). Theoretical risks are similar to 
those seen with the use of phenol and include seizures, 
central nervous system depression, and cardiovascu-
lar collapse (36). A complication unique to the use 
of ethyl alcohol is inebriation. One study of adults 
(36) did encounter this side effect but stated that it 
resolved spontaneously. Critics to the use of ethyl al-
cohol could theoretically consider its use in the pediat-
ric population unwarranted, because of this, it is our 
opinion that most children undergoing this procedure 
are chaperoned by their legal guardians who can help 
to monitor such a reaction, and we would also advo-
cate for limiting its use in those patients, children, or 
adults who have any form of liver damage that might 
inhibit their ability to process its systemic effects.

COMPARISON OF PHENOL  
NEUROLYSIS AND BT

There are several potential benefits of phenol over  
BT. Phenol has an immediate onset of action, is much 
less expensive, and can be titrated in a single visit 
to optimize dosing/clinical effect. Botulinum dosing 
may be adjusted but cannot be administered more 
frequently than every 3 months. Phenol may be re-
peated in a few days. Indeed, if the patient or clinician 
is dissatisfied with the results of a botulinum injection 
(once it has reached full therapeutic effect), “touch-
up” blocks could be done with phenol. Phenol can be 
given anywhere along the motor nerve, from motor 
point blocks (most akin to botulinum effects) to nerve 
root. The duration of action of peripheral nerve or 
motor nerve blocks appears to be longer than those 
with motor point blocks or botulinum. Furthermore, 
it may be feasible to inject a single point on a periph-
eral nerve and treat several muscles simultaneously 
(tibial nerve block), sparing the patient multiple in-
jections and often getting a more effective block than 
with botulinum. 

On the other hand, there are potential risks to 
phenol as compared to botulinum. The immediacy 
of effect, particularly from robust peripheral nerve 
blocks, may require adjustment by the patient and 
may transiently interfere with gait or transfers; the 
more gradual onset of effect from botulinum injection 
is far less likely to cause this problem. Of course, the 
major concern from phenol neurolysis compared to 
botulinum is the potential for sensory disorders. As 
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mentioned above, the exact incidence is not clearly 
known and varies depending on which sensorimotor 
nerve is injected. Overall, the incidence appears to be 
less than 10%; the hyperalgesia/dysesthesia phenom-
enon is also treatable and typically does not last very 
long with treatment—of course the presence of this 
complication may put a bit of a strain on the patient-
physician relationship for its duration. Phenol may 
also produce scars or fibrous depositions in soft tis-
sue. Some of these may be uncomfortable and, more 
rarely, may affect subsequent surgical releases or other 
interventions.

Given the wide disparity in cost between phenol 
and botulinum, it is surprising that there are only a 
very few studies directly comparing these agents. The 
studies that do exist have serious flaws, and it is dif-
ficult to generalize from them. In 1998, Kirazli et al. 
(51) reported on what was the “first trial” to directly 
compare botulinum and phenol for spastic foot after 
a stroke. Ten patients received 400 U of botulinum, 
acknowledged by the authors to be a relatively high 
dose, distributed as 100 U in each of the following 
muscles under electromyographic guidance: the so-
leus, medial gastrocnemius, lateral gastrocnemius, 
and tibialis posterior. Ten patients received 3 cc of 5% 
phenol injected as a tibial nerve block with percutane-
ous stimulation, “the primary target being fibers to the 
gastrocnemius and soleus muscles and the secondary  
target, the tibialis posterior.” The authors were allegedly 
attempting to do the block just distal to the bifurcation 
of the sciatic nerve, 7 cm above the popliteal crease. 
Yet, they also state that the phenol procedure took 1 to 
2 hours, and the BT procedure only 15 to 30 minutes.  
Typically, a phenol block of the tibial nerve should 
only take 10 minutes. 

Follow-up was done using the Ashworth Scale 
for dorsiflexion and eversion, clonus duration, im-
provement in active and passive ROM, Brace Wearing 
Scale, and an ambulation score. This follow-up oc-
curred at 2, 4, 8, and 12 weeks. The authors concluded 
that the improvement in the eversion Ashworth score 
improved in the botulinum group but not in the phe-
nol group, and overall, botulinum was more effective 
at weeks 2 and 4 but that there were no statistically 
significant differences at weeks 8 and 12. This would 
contradict the clinical experience that a tibial block 
would be of longer duration than motor point blocks 
or botulinum. Furthermore, 2 (20%) of 10 patients de-
veloped peroneal nerve palsy and 30% developed dys-
esthesias lasting 2 to 4 weeks in spite of the authors’ 
seemingly laborious efforts to accurately localize their 
phenol injections; these complications impacted the 
results in, at the very least, the Ashworth for ever-
sion and walking capacity that favored BT in the first 

2 to 4 weeks after injection. It is not clear whether 
the 2 patients with inadvertent peroneal palsies also 
contributed to the 30% of patients that developed 
dysesthesias. For an experienced clinician, it is not 
surprising that peroneal palsies developed in 20% of 
10 patients and 30% developed dysesthesias given the 
“localization” of the tibial nerve 7 cm above the pop-
liteal crease. This site is far more rostal than the one 
used by clinicians with experience performing phenol 
tibial nerve blocks. Typically, the nerve is identified 
at the popliteal crease, although additional blocks of 
the large motor branches to the gastrocnemius bellies 
may have to be identified just medial and lateral to the 
nerve at this level or just distally as they enter the bel-
lies of the muscle. Glenn (21) comments on this poten-
tial flaw in technique: “When blocking at the apex of 
the popliteal fossa, the practitioner should be aware 
of the close proximity of the common peroneal nerve 
to the tibial nerve and the origin of the sural nerve at 
this level.” Therefore, although this study purports to 
show a relative advantage of large doses of botulinum 
for the spastic equinovarus foot compared to phenol, 
given the small number of patients, the findings and 
data are severely compromised by the technical inad-
equacies of the phenol blocks. From a practical per-
spective, hemiplegic patients may require treatment of 
additional muscles in other limbs or for spastic toe 
flexors or striatal toe associated with spastic equino-
varus. The use of such large doses of botulinum for 
the targeted muscles in this study would also have a 
significant impact on the total dose recommended for 
the first or subsequent injection; less botulinum would 
be available to treat other limbs or even muscles in-
volved in the same primitive movement pattern.

A recent retrospective study evaluated 336 chil-
dren and 764 treatments comparing phenol and BT to 
botulinum alone for complications (32). Phenol use 
was confined to the obturator nerve and musculocuta-
neous nerve blocks. Complications were divided into 
intraoperative systemic, local, and functional. Patients 
injected with the combined agents were more likely 
to have severe impairments with longer treatment ses-
sions and spastic tetraplegia. Systemic complications 
were more common in the combined group (7.6% 
vs 2.5%) but were of short duration (3–7 days) and 
could not be attributed to an effect of phenol versus 
botulinum by the authors (eg, constipation). Two 
patients (0.4%) did experience cardiac arrhythmias, 
which resolved with observation. One of these had 
mitral valve prolapse, which predisposes to arrhyth-
mia. The authors commented about a previous study 
with a 19% rate of arrhythmia with phenol, but this 
study involved intramuscular injection and halothane 
anesthesia. Local symptoms were more common in 
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the combined group (4.5% vs 1.5%), which included 
bruising, swelling, and tenderness, but these were not  
specifically ascribed to the sites of phenol injection, 
and again, the combined population was subjected 
to more extensive needling. Dysesthesias were rare 
(0.4%) and occurred only in the distribution of the 
musculocutaneous nerve. This is a low incidence com-
pared to other studies and reflects the selection of 
mixed sensorimotor nerves with little or no significant 
sensory component. Overall, this study demonstrated 
the acceptably low risk of combining phenol neuroly-
sis and botulinum injections, especially when treating 
complex patients where the total safe dose of BT lim-
its the global clinical effect desired by treatment. 

Hypothetical Cost Comparisons

Obturator nerve blocks versus botulinum for ad-
ducted lower extremities. To optimally treat scissoring 
gait or severe adductor tone for hygiene, 150 to 200 
U of botulinum type A would be required at a cost 
of $507.42 × 2 = $1014.84 versus 5 cc of 5% phenol 
($7.00).

Musculocutaneous nerve block versus botulinum for 
flexed elbow. Two hundred units of botulinum A for 
biceps, brachioradialis, and brachialis at a cost of  
$507.42 × 2.5 = $1268.55 or 3 cc of 5% phenol with 
low risk for dysesthesias.

Tibial nerve block with dysesthesias. Comparative cost  
analysis case scenario:

A 48-year-old man with a traumatic brain in-
jury presents to your clinic 6 months postinjury. He 
has completed both acute inpatient rehabilitation and 
an outpatient program. A spastic hemiparesis causing 
plantar-flexion contracture remains as a major barrier 
in his ability to progress from an assist level to a modi-
fied-independent level with activities of daily living 
(ADLs) and ambulation. Traditional oral antispasticity 
agents have either failed to resolve his contracture or 
caused excessive sedation. He is now unable to don an 
ankle-foot orthosis, even with the assistance of family.

Interventional options are the following:

• Phenol chemodenervation of the tibial nerve 
at a point in the popliteal fossa. Five millili-
ters of prepared 5% phenol in sterile water.

• Botulinum treatment to the medial and 
lateral gastrocnemius muscles, soleus muscle, 
and posterior tibialis muscle. One hundred 
units of botox per muscle group for a total 
of 400 U.

Procedural similarities:

Assuming that the procedure is performed in 
an outpatient office setting, the basic cost for physi-
cian time, injection needle, nerve stimulation needle 
for phenol or electromyographic needle for BT, sy-
ringes, alcohol prep pads, and other miscellaneous 
items would be equal for either of the procedure using  
phenol or BT. If this procedure was performed in a 
hospital setting, the costs for facility fees would be 
equal.

Procedural differences:

• Cost of 400 U = $507.42 × 4 = $2029.68
•  Cost of 5% phenol in 10 mL sterile water = 

$7.85

Expected complications:

It has been documented that the use of phenol for 
chemodenervation can lead to dysesthesias in the ter-
ritory of the sensory components of that given nerve. 
Although there are certain nerves (musculocutaneous 
and obturator) that may have a lesser incidence, there 
have been a few reports of dysesthesias after phenol 
use in the tibial nerve. Therefore, we propose that to 
help treat this potential complication, the patient be 
given a Medrol Dosepak along with a membrane sta-
bilizer, either gabapentin or pregabalin, for 3 months.

Further costs:

• 1 Medrol Dosepak = $24.60
•  3-month supply of pregabalin, taken as 150 

mg PO BID = $341.86
•  3-month supply of gabapentin, taken as 300 

mg PO TID × 1 week, then 600 mg PO TID 
× 1 week, then 900 mg PO × 10 weeks = 
$984.06

Final cost difference:

•  Given that procedural costs, physician time, 
and equipment are equal: the cost of 400 U of 
botox is $2029.68, whereas the cost of phe-
nol and its potential side effects is $991.91. 
This is a difference of $1037.77 (source: Am-
erisource Wholesale, as of August 11, 2008) 
(see Table 9.2).

•  In this scenario, we have deliberately treated 
dysesthesias for a prolonged period; most re-
ports indicate a shorter duration of the prob-
lem. We have deliberately used expensive 
medications in this treatment. One should also 
consider that a tibial nerve block should last at 
least twice as long as (6 months) BT, so that the 



112 III� TREATMENT�OF�SPASTICITY

actual costs for botulinum are $4060 for a 6-
month interval compared to $7.85 for phenol.  
Finally, the intervention described with botu-
linum was identical to that described by Ki-
razli and omitted the long toe flexors and the 
flexor hallucis longus, which are commonly 
involved in the extensor equinovarus pos-
ture of the lower limb. Although these could 
be treated with the same $7.85 of phenol, it 
would take at least an additional 150 U of 
botulinum type A at an additional cost of 
$761.13 per 3-month session.

PEDIATRIC CONSIDERATIONS

The treatment of spasticity in the pediatric popula-
tion generally involves patients who have cerebral 
palsy with spastic hemiplegia, diplegia, or tetraplegia. 
Among other diagnoses, spasticity also affects those 
children with strokes and brain injuries. The utility in 
aggressive treatment allows for the patient to maintain 
a certain level of independence with self-care, caregiv-
ers ease with hygiene care and ADL management, and 
potentially provide the patient to ambulate with less 
assistive technologies.

Phenyl alcohol (Phenol), ethyl alcohol (Alcohol), 
and BT have all been used in the interventional treat-
ment of spasticity in children. In the past, many studies 
have discussed the use of motor point blocks for the 
management of spasticity using both Phenol and Al-
cohol. Increasingly in the literature, more studies have 
used either the A or B form of BT alone or in com-
bination with Phenol. This section will discuss those 
applications of either phenyl or ethyl alcohol.

The administration of either alcohol agent does 
not differ much in the pediatric population when com-
pared to adults. A similar stimulator, Teflon-coated 
needle, and use of surface anatomy are employed with 

the pediatric procedure as it would be with adults. 
Generally, in children, there is a greater utilization of 
a procedure room or even an operating room where 
an anesthesiologist is consulted to administer either 
general anesthesia or conscious sedation. Although 
neither approach is without complications, one study 
did demonstrate a 1.2% rate of anesthesia-related 
complications (32). Many sources discuss the advan-
tages of anesthesia to allow the physician greater ease 
with which to perform this procedure. An agitated 
child would certainly make placement and further lo-
calization of the obturator nerve quite difficult given 
its proximity to other vascular structures in the inner 
proximal thigh.

Although not reported explicitly in the literature, 
one distinct advantage to sedation is to allow the child’s 
muscles to relax after induction of an anesthetic. What 
may be difficult for a clinician to differentiate during 
an examination in the office would be how much of 
a child’s deficit is related to spasticity and how much 
is related to contracture. The use of an anesthetic will 
allow much of the spastic component to relax, and 
therefore, a more complete clinical examination to be 
performed. Overall success of treatment may be better 
appreciated by the clinician who can then better guide 
therapy after the chemoneurolysis. This will also help 
to reassure parents in terms of what to expect from 
this procedure and possibly prepare them for a fur-
ther discussion on surgical release of a contracted 
joint. This being said, it remains vitally important for 
the clinician to weigh the various risks and benefits 
of sedation with an anesthetic and communicate this 
with the parents. Some older children or those whose 
physical impairments do not compromise their cogni-
tive abilities may be better suited for local anesthetic 
during the chemoneurolysis, as they are better able to  
relax during a stressful situation (52).

Many case reports and texts have also discussed 
the particular complications as they pertain to the use 
of phenol and alcohol. Although the total number of 
studies that focus on complications are few, Morri-
son et al. (52) found that there was no correlation be-
tween the plasma concentration of phenol and the risk 
of cardiac arrhythmias. Although their overall rate of 
arrhythmias was 19%, or 3 of 16, one was attributed 
to intraprocedural laryngospasm, and of the other 2 
who were noted to have an arrhythmia, there were 4 
other patients with higher plasma concentrations that 
did not experience an arrhythmia (53).

The duration of action for phenol alone has not 
been studied well in recent literature, as much of it is 
combined with the use of BT. In the 1970s, Spira (7) 
performed 136 phenol blocks at various locations in 
children. Of these, 118 involved the tibial and obtu-

TABLE 9.2 
Cost Comparison of Phenol Tibial Neurolysis and 

Botulinum for Equinovarus of the Foot/Ankle

suBsTanCe 
useD

WiThouT 
ComPLiCaTion

TreaTmenT for neuriTis  
WiTh sTeroiD Dose 
PaCk anD PregaBaLin  
×3 monThs

Botulinum A 
(400 U)

$2029.68 $2029.68

Phenol $7.85 $594.31
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rator nerves. Within 48 hours, 80 of the 118 blocks 
demonstrated “good relief.” At 3 weeks, this number 
was reduced to 77, and between 3 and 6 months fol-
low-up, only 41 of the initial 118 had good relief of 
their spasticity. “Some relief” was found in 40 blocks, 
and “no relief” was found in 37 of the initial 118 
blocks. Although those children with “moderate spas-
ticity” had a higher percentage of “relief” at 3 months  
follow-up when compared to the percentage of relief 
in the “severe spasticity” group, the findings from this 
study do show that clear advantages of phenol block 
are both immediate and long-term relief of spastic-
ity, especially in the targeting of the tibial and obtu-
rator nerves. Both motor and sensory complications 
were found in this study. Seventeen patients did have 
difficulty with push-off during ambulation, suggest-
ing damage to the gastrocnemius muscle, whereas 7 
patients experienced dysasthetic pain. Other studies 
have described both motor and sensory complications 
after the use of phenol; one noted that the use of ga-
bapentin, in those with sensory complaints, helped to 
relieve symptoms within a few weeks.

A follow-up study in 1994 by Yadav et al. (54) 
also carried a large number of patients (116) with the  
diagnosis of spastic cerebral palsy. Unlike the study 
mentioned above, they found an average 13 months 
of effective relief and parasthesias in 5 of the 246  
peripheral nerve blocks. These enhanced results may 
be attributed to the larger sample size or refinement 
in technique. In addition, unlike the first study, further 
emphasis was placed on functional outcomes and use 
of assistive devise with ambulation, showing that 70% 
of their population was able to ambulate with an assis-
tive devise after phenol injection. Finally, an increase in 
independence in ADLs was also demonstrated.

Although there are limited data on the use of 
phenol and alcohol in chemoneurolysis for the treat-
ment of spasticity in the pediatric population, the  
evidence is clear in terms of safety and efficacy. In 
addition, there is both a demonstration of immediate 
and long-acting relief of spasticity, generally found 
greatest in the application of tibial and obturator 
nerve blocks. The clinical implication is beneficial for 
both patient and caregiver. In addition, there is in-
creased independence or ease with which to perform 
ADLs and hygiene care as well as with ambulation in 
this patient population. Added benefit from the use 
of phenol can help guide further interventional care, 
for example, surgery, if so needed. Although there is 
an argument that the technical aspects of motor point 
neurolysis as well as time of procedure are greater 
than that for the administration of BT, given the se-
verity of spasticity with many patients and therefore 
the need to treat many muscles, the maximum dose of 

BT is expended rapidly. The ability to selectively treat 
2 or 3 nerves to achieve spastic relief of many muscles 
may still best be used to argue the utility of chemical 
intervention.

SUGGESTED APPROACHES FOR SPECIFIC 
UPPER MOTOR NEURON DISORDERS

Even if the clinician prefers BTs for the treatment of 
upper motor neuron disorders because of its ease of 
administration and low side effect profile, he or she is 
still limited by the recommended safe dosing param-
eters for a given procedure. Hence, the ability to use 
phenol to treat some muscle groups at low risk for 
complications allows for optimal dosing or inclusion 
of important additional muscles for botulinum treat-
ment. Furthermore, awareness of cost-effectiveness,  
as well as relative safety/ease of administration, man-
dates an armamentarium beyond BTs alone. For ex-
ample, administration of botulinum in an inpatient 
setting will result in delayed results, impeding the 
course of interdisciplinary rehabilitation, and could 
easily consume any or all financial benefit to the insti-
tution related to the patient’s stay. This is not to say 
it should not be done, but for selected problems, phe-
nol may prove safe while producing immediate benefit 
and be more cost-effective than botulinum. Finally, if 
botulinum injections prove inadequate alone, the cli-
nician could use phenol neurolysis to benefit under-
treated areas (Table 9.3).

Examples and Recommendations

Torticollis. Although phenol may be used to treat su-
perficial muscles involved in spastic torticollis (such 
as the upper trapezius or sternocleidomastoid), it is 
recommended that BT is the preferable alternative. 
Certain deep muscles may contribute to the pattern 
that would not be easily identified with cutaneous 
stimulation. Given the proximity of important neu-
ral and vascular structures, it would be advisable to 
avoid excessive needle searches for motor points or 
branches.

Upper Body 

Adducted, internally rotated shoulder. The major 
muscles contributing to this pattern include the pec-
toralis complex, the subscapularis, teres major, and 
latissimus dorsi. Techniques have been described to 
approach the motor points of all of these muscles, 
although typically the latissimus would be treated 
with a thoracodorsal nerve block. This nerve can be 
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located both with superficial and percutaneous elec-
trical stimulation between the posterior and middle 
axillary lines anterior to the lateral border of the 
scapula. The needle should be inserted almost paral-
lel to the sagittal plane to avoid the thoracic wall. 
Pectoralis motor points can be easily identified with 
superficial stimulation with an important point be-
ing just below the clavicle at approximately its mid 
point where a major motor branch can be identified. 
The teres major motor point is also easily identified 
with superficial stimulation. The subscapularis mo-
tor point cannot be identified with superficial stimu-
lation. Approaches to reach the subscapularis motor 
point or nerve block have been described by Hecht 
et al. (55, 56). If the scapula can be “winged,” one 
approach involves having the patient side-lying with 
the involved shoulder up and inserting the needle at 
the medial border of the scapula at the level of the 
scapular spine. Again, the needle should be as close 
to parallel with the chest wall as possible and pointed 

away from the chest wall toward the inner aspect of 
the scapula. A second approach involves having the 
patient lying supine and approaching the subscapu-
laris fossa from the lateral aspect. These same ap-
proaches may be used for subscapularis botulinum 
injections. 

Given the risks associated with blind needle 
searches in close proximity to the thorax, it is prefer-
able to approach the subscapularis with botulinum. 
Treatment of the pectoralis complex can be done ei-
ther with phenol motor point blocks or botulinum, as 
can the teres major. In an effort to conserve botulinum 
with reference to a total dose per treatment session 
in a 3-month period, serious consideration should 
be given to a phenol thoracodorsal block rather than 
botulinum for the latissimus.

Flexed elbow. The major muscles contributing to 
the flexed elbow pattern include the biceps brachii, 
brachialis, and brachioradialis. All of these muscles 
can be approached with phenol motor point blocks or 

TABLE 9.3 
Suggested Uses of BT and Phenol

musCLe grouP BoTuLinum PhenoL moTor PoinT PhenoL nerve

Latissimus X X

Pectoralis X X

Teres major X X

Subscapularis X
(Preferred technique)

Biceps X X X (musculocutaneous)

Brachialis X X X (musculocutaneous)

Brachioradialis X X

Wrist flexors X X

Finger flexors X X (possible)

Hand /Finger intrinsics X

Hip flexors X

Hip adductors X X (obturator)
(Preferred technique)

Flexed knee (hamstrings) X X

Stiff knee (quadriceps) X X

Equinovarus ankle/foot X X X (tibial)

Striatal toe X X
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motor fascicle blocks. Again, depending on the num-
ber of muscles to be treated in a botulinum session, 
consideration could be given to a musculocutaneous 
block to treat the biceps and brachialis and thus con-
serve botulinum for other muscle groups. To identify 
the nerve, superficial stimulation can be used initially. 
The primary author prefers the “distal” approach to 
better avoid other nerves and vascular structures. The 
nerve is identified 2 to 3 cm distal to the insertion of 
the pectoralis major in the upper arm. The brachial 
artery is palpated and the needle inserted anterior to 
the artery and directed laterally until contraction of 
the biceps is identified.

Flexed wrist and fingers. Although motor points or 
motor branches can be identified with superficial stim-
ulation for the major flexors of the wrist and the flexor  
digitorum superficialis, it is recommended that this 
primitive movement pattern be treated with BT rather 
than phenol neurolysis, at least as an initial treatment. 
Both the median and ulnar nerves are rich in sensory 
fibers. The risks of dysesthesias due to suboptimal lo-
calization or spread of phenol to these nerves or sen-
sory branches is probably too high to use phenol as an 
initial treatment.

Lower Body

Flexed hip. Recommended techniques to treat the iliop-
soas and iliacus have historically focused on a paraver-
tebral approach, for phenol and botulinum. In the 
case of phenol, this is undertaken in an effort to reach 
the branches to the offending muscles. However, it is 
feasible to obtain a relatively good block with botu-
linum distally near the insertion of the flexors on the 
lesser trochanter of the femur. The point for injec-
tion is approximately 2 fingerbreadths lateral to the 
femoral artery and 1 fingerbreadth below the inguinal 
ligament. This may be done using anatomical land-
marks as described or with ultrasound or fluoroscopic  
guidance.

Adducted hip/scissoring. Dysesthesias have never 
been reported with phenol neurolysis of the obturator 
nerve. It is recommended that adductor spasticity is 
most productively treated with phenol neurolysis to 
the obturator nerves. This limits the amount of nee-
dling and is most cost-effective. The obturator nerve 
is best identified by the anterior approach described 
by Glenn (21). The nerve can be identified by superfi-
cial stimulation first, but the needle is inserted along 
the lateral border of the adductor longus 2 cm distal 
to its origin. The anterior branch is approximately 2 
cm deep, and by advancing the needle posteriorly and 
perpendicular to the coronal plane, in the same sagi-
tal plan, another 2 cm of the posterior branch can be 

reached. In some cases, with long-standing spasticity, 
it may be technically difficult to access the nerve. In 
this situation, BT can be administered, and before the 
effect wears off, phenol neurolysis can be performed 
to the obturator nerves.

Flexed knee. The major flexors of the knee are 
the hamstring muscles: semimembranosis, semiten-
donosis, and biceps femoris. These are primarily sup-
plied by branches from the sciatic nerve. Of course, 
injecting the whole sciatic nerve with phenol is to be 
avoided. The nerve and branches to the hamstrings 
should be identified with superficial stimulation first. 
If one bisects a line between the ischial tuberousity and 
the greater trochanter, it is easy to identify the nerve. 
Selective motor branch identification can be some-
what cumbersome but involves inching the stimulator 
medially or laterally away from the nerve. This is best 
achieved a few centimeters distal to the point identi-
fied above. Although the hamstrings require a large 
amount of BT for treatment, if interruption of severe 
knee flexion contraction is the major treatment goal, 
then botulinum may be the preferred intervention.

Stiff knee. Either phenol motor point blocks or 
low-dose botulinum can be effective. The advantage 
of phenol is immediate ability to titrate the dose. In ei-
ther case, caution must be observed against overzeal-
ous intervention leading to knee buckling.

Equniovarus of the ankle/foot. Muscles contrib-
uting to this deformity include the gastrocnemius, 
soleus, tibialis posterior, possibly the tibialis anterior, 
and if toe clawing is problematic, the flexor hallucis 
longus and flexor digitorum longus. Nearly all of 
these muscles could be treated by a tibial nerve block.  
However, even if done correctly, there remains a (treat-
able) risk for dysesthesias. The clinician must once 
again weigh the number of muscles being treated, 
including other limbs, against the total number of 
units of botulinum needed, notwithstanding the cost 
of the botulinum. Consideration could be given to 
treating the gastrocnemius with motor fascicle blocks 
with phenol and treating the deep muscles, not avail-
able to superficial localization, with botulinum, as an  
example.

Striatal toe. The major contributing muscle to 
this pattern is the extensor hallucis. It may be treated 
either with botulinum or phenol motor point block.

CONCLUSION

In summary, phenol and alcohol neurolysis have a 
long history in the treatment of upper motor neuron 
disorders. Phenol is inexpensive and immediately ti-
tratable for the desired clinical effect. It is likely that 
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proximal nerve blocks produce a much longer-lasting  
effect than motor point blocks or BT injections. The 
risk for dysesthesias in mixed sensorimotor nerve 
blocks is genuine but typically of short duration and 
treatable—although for the patient who develops 
this problem, the duration is not short enough and 
the discomfort may be incapacitating. However, given 
the comparatively enormous expense of botulinum,  
limitations imposed by its duration of action, the in-
ability to retreat or titrate sooner than every 3 months, 
the ability to complement this medication with phenol 
neurolysis or motor point blocks would provide an 
advantage to the clinician and to patients requiring 
these interventions.
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Approximately 700,000 people are affected by a 
stroke each year in the United States, and there are 
more than 1,100,000 Americans surviving with re-
sidual functional impairment after stroke (1, 2). Trau-
matic brain injury (TBI) is another form of acquired 
brain injury and continues to be an enormous public 
health problem in the 21st century even with modern 
medicine. Most patients with TBI (75%–80%) have 
mild head injuries; the remaining injuries are divided 
equally between moderate and severe categories. The 
cost to society of TBI is staggering, both from an eco-
nomic and an emotional standpoint. Almost 100% of 
persons with severe head injury and as many as two 
thirds of those with moderate head injury will be per-
manently disabled in some fashion and will not return 
to their premorbid level of function. In the United 
States, the direct cost of care for patients with TBI, ex-
cluding inpatient care, is estimated at more than $25 
billion annually. The impact is even greater when one 
considers that most severe head injuries occur in ado-
lescents and young adults with long survival rates.

Acquired brain injury affects a person’s cognitive,  
language, perceptual, sensory, and motor function  
(3). Recovery is a long process that continues beyond 
the hospital stay and into the home setting. The re-
habilitation process is guided by clinical assessment 
of motor abilities. Accurate assessment of the motor 
abilities is important in selecting the different treat-
ment interventions available to a patient.

Spasticity is a term that is often used by clini-
cians, and although used frequently, it can have dif-
ferent meanings in its interpretation and presentation. 
Spasticity is just one of the many positive signs of the 
upper motor neuron (UMN) syndrome, yet, under 
the heading of “spasticity,” clinicians often group all 
positive signs together and sometimes include negative 
signs as well. Many of these frequently misidentified 
phenomena fall under the broader heading of the up-
per motor neuron syndrome (UMNS)—a condition 
that has classically been partitioned into a syndrome 
of positive and negative signs, including weakness, loss 
of dexterity, increased phasic and tonic stretch reflexes, 
clonus, cocontraction, released flexor reflexes, spastic 
dystonia, and associated reactions or synkinesias. 

The issue of terminology is more than semantics 
and of great clinical importance because, for example, 
treatment of cocontraction, a phenomenon likely to 
be of supraspinal origin, will differ from treatment of 
clonus, a phenomenon of the segmental stretch reflex 
loop. If clinicians desire a concise, descriptive, utilitar-
ian term that captures the essence of positive UMN phe-
nomena, “muscle overactivity” may be a more suitable  
term than “spasticity,” especially since the phrase 
“muscle overactivity” evokes an image of dynamic 
muscle contraction, the general hallmark of all posi-
tive signs of UMN (4).

Spasticity has classically meant increased excit-
ability of skeletal muscle stretch reflexes, both phasic 
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and tonic, that are typically present in most patients 
with a UMN lesion. After a UMN lesion, a net loss of 
inhibition impairs direct descending control over mo-
tor neurons. There is also a loss of inhibitory control 
over interneuronal pathways of the cord that ordinar-
ily regulate segmental spinal reflexes, including stretch 
reflexes, especially those concerned with antigravity 
muscles.

Lance characterized spasticity as an increase in 
velocity dependent tonic stretch reflexes with exagger-
ated tendon jerks (5). In Lance’s consensus definition, 
tonic stretch reflexes referred to the output response 
of a muscle group that was stretched at different ve-
locities. “Exaggerated tendon jerks” were examples 
of “phasic” stretch reflexes. In routine practice at 
the bedside, the 2 ways of assessing phasic and tonic 
stretch reflexes are tendon taps and passive stretch of 
a muscle group at different velocities (6, 7).

Although phenomena of presence are a common 
source of clinical concern and are frequently treated, 
phenomena of absence may be at times more function-
ally disabling and difficult to address. Negative signs 
signify loss or impairment of voluntary movement as-
sembly and production, a kind of “muscle underactiv-
ity” that, in effect, can be described as phenomena of 
absence (5, 8).

The clinical picture is made more complex by 
another phenomenon that has not been classically 
positioned among the positive signs, namely, contrac-
ture or better described as the physical changes in the 
rheologic properties of muscle tissue. Contracture is 
well recognized by rehabilitation clinicians as a major 
source of disability for patients with UMNS. Ironi-
cally, phenomena of absence and phenomena of pres-
ence can both provide a context for the development 
of contracture (9).

FUNCTIONAL IMPLICATIONS  
OF SPASTICITY

Fifty years ago, Nikolai A. Bernstein suggested that the 
basic problem of motor control relates to overcoming 
redundant degrees of freedom in our multijointed skel-
etal system, the multijointed limb segments that allow 
us to interact with the 3-dimensional world we live in. 
Commonly, there are multiple “agonists” and “antago-
nists” for virtually any movement direction. To match 
a required joint torque even across a single joint, the 
question regarding which muscles should be activated 
and at what levels of activity is likely to have a very 
variable answer without a unique solution. For a given 
patient, however, there may be a “unique” solution in 
that equinovarus deformity may be solely attributable 

to an overactive tibialis anterior in 1 patient, whereas in 
another, it may be an overactive tibialis posterior (9).

Patterns of limb dysfunction in the UMNS have 
an impact on the limb utilization for gait or other 
functional use. A number of muscles typically cross 
major joints of the extremities, and identifying the 
actual muscles that contribute dynamically and stati-
cally to a UMNS deformity is an important key to 
clinical management of the resulting gait or upper 
limb dysfunctions (10, 11). Clinical evaluation is use-
ful to the analysis of movement dysfunction, but gait 
and motor control assessment laboratory evaluation 
using dynamic electromyography (EMG) and other 
assessment techniques is often necessary to identify 
the particular contributions of offending muscles with 
confidence. The correct selection of target muscles 
that contribute to any one pattern of dysfunction may 
serve as a rational basis for interventions that focus 
on specific muscles, including chemodenervation with 
botulinum toxin (BoNT), neurolysis with phenol, and 
surgical lengthening, transfers, and releases of indi-
vidual muscles.

This concept, namely, identifying which muscles 
contribute dynamically and statically to upper moto-
neuron motor dysfunction, serves as a conceptual basis 
for this presentation. Simply put, identifying muscles 
that produce deforming maladaptive joint movements 
and postures statically and dynamically is an impor-
tant endeavor in aiding clinical interpretation of gait 
dysfunction and in rationalizing subsequent treatment 
interventions (12, 13).

Dynamic EMG, gait, motion analysis, and diag-
nostic nerve blocks frequently provide the necessary 
detailed information about specific muscle groups 
that will guide decision making for treatment. Before 
selecting treatment interventions, the clinical team 
and the patient should explicitly develop functional 
goals. Functional goals may be classified as symptom-
atic, passive, or active in nature (9). A symptomatic 
goal refers to clonus, flexor or extensor spasms, and 
pain among others as some of the targeted goals. Ac-
tive functions refer to a patient’s direct use of the limb 
to carry out a functional activity. Passive function on 
the other hand refers to the passive manipulation of 
limbs to achieve functional ends, typically through 
patient’s passive manipulation of their limb with their 
noninvolved limbs or their caregivers perform it. Iden-
tifying muscles with volitional capacity is important 
to the achievement of this goal. In broad terms, clini-
cal evaluation focuses on the identification of several 
factors: Is there selective voluntary control of a given 
muscle? Is the muscle activated dyssynergically (ie, as 
an antagonist in movement)? Is the muscle resistive to 
passive stretch? Does the muscle have fixed shortening 
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(contracture)? In the Gait and Motion Analysis Labo-
ratories, dynamic EMG is acquired and examined in 
reference to simultaneous measurements of joint mo-
tion (kinematics) and ground reaction forces (kinetics) 
obtained from force platforms. Kinetic, kinematic, 
and dynamic EMG data augment the clinician’s abil-
ity to interpret whether voluntary function is present 
in a given muscle and whether that muscle’s behav-
ior is also dyssynergic (Figure 10.1). Combined with 
clinical information, the laboratory measurements of 
muscle function often provide the degree of detail and 
confidence necessary to optimize the rehabilitation in-
terventions. In addition, evaluation under the effect of 
temporary diagnostic nerve or motor point blocks can 
help the clinician distinguish between obligatory and 
compensatory limb postures and gait patterns (14).

CLINICAL ASSESSMENT OF SPASTICITY

There are many assessment techniques used in the 
routine clinical examination. Motor control, passive 
range of motion, manual muscle strength, Ashworth, 
and Tardeau are examples of such techniques that are 
frequently used.

For more information the reader is encouraged 
to review chapter 3 of this text. Passive range of mo-
tion can be used to determine the available movement 
for each joint but does not provide information on 
the cause of limitations if present. Spasticity, muscle 
overactivity, contracture, or pain can all play a role in 
limited passive range of motion.

Manual muscle testing allows grading of avail-
able strength if normal control is present; the grad-
ing is done using a 6-point scale, where 5 is a normal 
rating with ability to resist significant force and 0 is 
unable to move. In UMNS, testing of strength may be 
affected by impaired motor control, the presence of 
synergistic patterns, and cognitive deficits.

The Ashworth Scale allows assessment of muscle 
tone; in the modified Ashworth, the rating uses a 5-
point scale. The scale has only been validated for the 
elbow and requires the movement of the joint through 
its available range in 1 second. Ideally, the test should 
always be done in the same position and under similar 
conditions (15). One disadvantage is that this test does 
not take in consideration the presence of contracture 
or other factors that may limit joint motion.

The Tardeau test was developed in the pediatric 
population in the mid 1960. It attempts to assess spas-
ticity by varying the speed of joint motion available 
from very slow (V1) to as fast as possible (V3). The 
difference between the parameters permits an estima-
tion of the effect of spasticity (16) (Figure 10.2).

Unfortunately, none of these assessments pro-
vides a functional perspective, such as during walking, 
and cannot precisely determine the source of the prob-
lem. Based in our clinical experience, methods based 
on a functional perspective such as those described 
below can be more helpful in this regard.

The Impact of Gait

Gait is a functional task performed by most humans. 
The 3 main functional goals of ambulation are to move 
from one place to another, to move safely, and to move 
efficiently. These 3 goals are frequently compromised 
in the patient with residual UMNS. Most patients will 
be able to perform limited ambulation, but they will 
often have problems because of inefficient movement 
strategies, the presence of instability or pain due to 
abnormal limb postures, and decreased safety. Some 

FIGURE 10.1

Subject instrumented for gait analysis data collection 
including dynamic EMG and CODA 3-D motion sen-
sors. Red vertical line represents the ground reaction 
force.
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generalizations can be made about the gait of patients 
with acquired brain injury. These include a decrease 
in walking velocity with a reduction in the duration of 
stance phase and impairment of weight-bearing in the 
affected limb with an increase in the duration of stance 
time of the less affected limb (17). Ochi et al. (18) re-
ported on differences in temporospatial parameters of 
locomotion among patients with residual stroke and 
TBI. From a functional perspective, gait deficiencies 
can be categorized with respect to the gait cycle. In 
the stance phase, an abnormal base of support can 
be caused by equinovarus, toe flexion, or ankle val-
gus. Limb instability can occur due to knee buckling 
(sudden flexion) or hyperextension, which may result 
in knee joint pain or lack of trunk control. This may 
result in unsafe, inefficient, or painful walking.

During the swing phase, inadequate limb clear-
ance caused, for example, by a stiff knee and inadequate 
limb advancement caused by limited hip flexion or 
 knee extension may interfere with the safety and en-
ergy efficiency of walking. To identify the potential 
source of the problem and to focus more appropri-
ately on the essence of multifactorial gait dysfunction,  
formal gait analysis in a laboratory may be required. 
Combining clinical evaluation with laboratory mea-
surements will increase the degree of resolution needed 
to understand the common patterns of gait dysfunc-
tion in the UMN (17).

Patterns of UMN Dysfunction

Because of scope and space limitations, only the most 
common patterns of UMN dysfunction in the lower 

limb that affect walking have been selected for review 
in this chapter, and they include (1) equinovarus foot, 
(2) hyperextended great toe, (3) stiff knee, (4) adducted 
(scissoring) thighs, and (5) flexed hip (9, 12). The first 
2 patterns are considered to be problematic through-
out the gait cycle. Stiff knee and adducted thigh are 
predominantly deviations of swing phase, and both 
can interfere with limb clearance and advancement. 
The flexed hip is considered a stance phase deviation. 

Equinovarus

Equinovarus foot is the most prevalent UMN posture 
affecting walking and requiring intervention after an 
acquired brain injury. The foot and ankle are turned 
down [Figure 10.3(A)], and toe curling or toe claw-
ing may coexist. The lateral border of the foot is the 
main weight-bearing surface. Skin breakdown over 
the metatarsal head may develop from concentrated 
pressure particularly over the fifth metatarsal head; 
weight-bearing typically occurs when walking but 
may take place against the footrest of a wheelchair. 
In walking, equinovarus is frequently maintained 
throughout stance phase and inversion may increase, 
causing ankle instability during weight-bearing. Lim-
ited ankle dorsiflexion during early and midstance 
prevents the appropriate forward advancement of the 
tibia over the stationary foot, promoting knee hyper-
extension. Impairment in dorsiflexion range of mo-
tion in the late stance and preswing phases interferes 
with push-off and forward propulsion of the center of 
mass, and combined with reduce walking velocity, it 
results in marked reduction in joint power generation. 
During swing phase, equinus posture of the foot may 
result in limb clearance problem, whereas the lack of 
appropriate posture of the foot in stance phase may 
result in instability of the whole body. Under the later 
presentation, correction of this problem is essential 
even for limited ambulation.

A number of muscles may generate the abnor-
mal forces with respect to the equinovarus pattern 
(19). Muscles that can potentially contribute to the 
equinovarus deformity include the tibialis anterior, 
tibialis posterior, long toe flexors, gastrocnemius, so-
leus, extensor hallucis longus (EHL) and the weak-
ness of the peroneus longus, peroneus brevis, and the 
long toe extensors. As mentioned before, dynamic 
polyelectromyographic (poly-EMG) recordings of the 
above-mentioned muscles in combination with clinical  
examination provide a more detailed understanding 
of the genesis of this deformity. Dynamic poly-EMG 
recordings often demonstrate prolonged activation of 
the gastrocnemius and soleus complex, as well as the 
long toe flexors as the commonest cause of plantar 

FIGURE 10.2

Demonstrating the Tardeau measurement.
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flexion. Occasionally, the gastrocnemius and soleus 
may activate differentially, and treatment interven-
tions must take this into consideration. Ankle inver-
sion is the result of the overactivation of the tibialis 
posterior and anterior in combination with the gas-
trocnemius and soleus and, at times, the EHL [Figure 
10.3(B)]. If the tibialis posterior and anterior are both 
apparently contributing to the ankle varus deformity, 
a decision has to be made about which one of the 2 
muscles is the main contributor. Two approaches are 
possible for this differentiation. The first one is to use 
the EMG data and the joint powers obtained as part 

of the kinematic data in routine gait analysis. The sec-
ond possibility is a diagnostic tibial nerve block with 
a short-acting anesthetic. One has to be mindful that 
reducing the activation of the gastrocnemius-soleus 
complex will tend to increase ankle dorsiflexion and 

FIGURE 10.3(A)

Equinovarus left foot posture after cerebrovascular acci-
dent. Patient has a large bursa under the base of the fifth 
metatarsal with complaints of pain and instability during 
the stance phase.

A

FIGURE 10.3(B)

Dynamic EMG data of the subject seen in panel (A) with 
equinovarus foot posture after cerebrovascular accident. 
Data are normalized, and vertical line at 62% indicates the  
initiation of the swing phase. Note overactive tibialis an-
terior, EHL, and gastroc soleus complex during swing 
phase.

B
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that tightness of the toe flexors usually becomes more 
apparent as a result of the toe flexor tenodesis effect 
brought on by the allowed increased dorsiflexion.

Based on dynamic poly-EMG correlated with 
clinical findings, the frequent treatment of choice 
is injection of BoNT into the tibialis posterior, gas-
trocnemius, soleus, and long toe flexors (19). When 
a contracture is evident, serial casting may need to 
be attempted or surgical intervention may need to be 
considered.

Hyperextended Great Toe

Hyperextended great toe is a deformity that is char-
acterized by toe extension throughout the gait cycle, 
sometimes referred to as striated toe or “hitchhiker’s 
toe.” Ankle equinus and varus may accompany this 
foot deformity (Figure 10.4). When wearing shoes, the 
patient may complain of pain at the tip of the big toe, 
and during stance phase, abnormal concentration of 
forces under the first metatarsal head can also produce 
pain. Toe extension during early and midstance affects 
weight-bearing and can impair gait due to inefficient 
translation of the center of gravity during late stance 
phase. It also has an impact on center of gravity stabil-
ity during stance phase single limb support. Extensor 
hallucis longus hyperactivity is the main deforming 
force causing great toe hyperextension. A weak flexor 
hallucis longus may not be able to compensate and 
offset the extension force of EHL. When equinovarus 
is also present, analysis of the contributions of tibialis 
anterior, tibialis posterior, gastrocnemius, soleus, and 

the long toe flexors needs to be taken into consider-
ation as well. Chemodenervation with BoNT or mo-
tor point injection of EHL with phenol can easily be 
achieved to alleviate this problems.

Stiff Knee

The stiff knee, as previously mentioned, is a swing 
phase deformity by definition. The knee is kept ex-
tended during preswing and initial swing, resulting in 
a reduction of the knee arc of motion with its peak 
less than 40° at mid swing (normal reference approxi-
mately 60°) (14). In addition, there may be delay in the 
timing of flexion and a concomitant reduction in hip 
flexion [Figure 10.5(A)]. Knee flexion during normal 
walking is primarily generated by the inertial forces 
produced by hip flexion. Reduction in swing phase hip 
flexion may result in decreased knee flexion. The limb 
appears to be functionally longer because it remains 
extended at the knee throughout swing phase, result-
ing in toe drag that may cause tripping and falling. 
To achieve compensated foot clearance for this rela-
tive leg length discrepancy, the patient may attempt 
contralateral vaulting (early heel rise), ipsilateral cir-
cumduction, or hip hiking. All of these compensations 
increase energy consumption and can result in dimin-
ished walking capacity. Electromyographic recordings 
frequently demonstrate a reduction in the activation 
of iliopsoas (a hip flexor) along with excessive activa-
tion of the rectus femoris, vastus intermedius, vastus 
medialis, and vastus lateralis. An overactive gluteus 
maximus in swing phase may act to restrain hip flex-
ion and impair swing limb advancement resulting in 
an extended knee pattern, and at times, excessive ac-
tivation or out-of-phase activation of the hamstrings 
may be seen. If ankle equinus is also present, a reduc-
tion in joint power generation and plantar flexion mo-
ment may further reduce knee flexion (14, 20).

Based on clinical and laboratory findings, che-
modenervation with BoNT to individual heads of the 
quadriceps may be considered; caution in dosing is 
suggested to avoid overweakening of the knee exten-
sor mechanism that may result in knee instability. If 
there is uncertainty of the quadriceps force-generating 
capacity during walking, it may be advisable to per-
form a diagnostic block of the motor branch of the 
femoral nerve to the knee extensors with a short-act-
ing anesthetic to better determine it. If involvement of 
the gluteus maximus is evident, this can also be treated 
with chemodenervation with BoNT [Figure 10.5(B)]. 
Treatment should also incorporate marching exercises, 
and if the patient exhibits an abnormal ankle posture, 
appropriate interventions for this problem should be 
implemented.

FIGURE 10.4 

Hyperextended hallux after cerebrovascular accident. Pa-
tient complains of pain at the tip of the big toe and pres-
sure under the first metatarsal base.
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duction posturing at the end of swing phase generates 
a narrow base of support during stance, ultimately 
making upright balance uncertain. It can also interfere 
with limb advancement because the adducting swing 
phase limb may collide with the contralateral stance 
limb. When adductor spasticity is complicated by hip 
flexion, other functional activities such as toileting 
and perineal access can be affected and posture in a 
chair requires frequent repositioning of the patient 
(Figure 10.6), Dynamic poly-EMG recordings will 
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FIGURE 10.5(B) 

CODA 3-D kinematic data before (top) and after (bottom) 
treatment of stiff knee gait in the patient depicted in Figure 
10.4. Note marked improvement in left knee (solid line) peck 
flexion and hip flexion. The dashed line represents right leg 
and the dotted line represents normative data that are ve-
locity matched. Data are normalized; vertical line at 65% 
to75% indicates the beginning of the swing phase. Based on 
dynamic EMG and gait analysis, patient was treated with 
200 U of BoNT-A (Botox®) injected to the right rectus femo-
ris (100 U), vastus medialis (50 U), lateralis (50 U), and  
gluteus maximus (50). See color insert.

FIGURE 10.6

Adducted hips in a nonambulatory patient with UMNS 
caused by TBI. Passive function is impaired for dressing 
and hygiene.

FIGURE 10.5(A) 

Stiff knee gait evident in the swing phase in a patient with residual UMNS from TBI. Note lack of knee flexion during  
swing phase possibly forcing the patient to use compensatory mechanisms for limb clearance, such as circumduction and 
hip hiking.

Adducted (Scissoring) Thigh

This deformity is characterized by adduction of the 
hip during the swing phase of locomotion. Hip ad-



12� III� TREATMENT�OF�SPASTICITY

frequently demonstrate overactivation of the hip ad-
ductors, medial hamstrings, and pectineus. Weakness 
of the hip abductors and the iliopsoas may also con-
tribute to this deformity because the patient may be 
attempting to use the hip adductors during walking in 
a compensatory manner to advance the limb forward 
during swing phase.

It is essential to ascertain if the hip adductor de-
formity is obligatory (the result of adductor overactiv-
ity) or compensatory (the result of weak hip flexors) 
because treatment will differ. If the clinician is uncer-
tain, a diagnostic temporary obturator nerve block can 
be helpful to differentiate the role of hip adduction in 
an obligatory-versus-compensatory pattern. Longer-
term interventions, such as chemodenervation with 
botulinum neurotoxin, can be easily carried out. Other 
treatment options, such as a percutaneous phenol ob-
turator nerve block, exist. After the intervention, ag-
gressive stretching of the hip adductors and exercises 
to strengthen the hip flexors and abductors should be 

implemented. Electrical stimulation to the hip abduc-
tors may be used to facilitate strengthening (14, 20).

Flexed Hip

The patient with excessive hip flexion potentially ex-
periences difficulty during walking with negative im-
pact during both phases of the gait cycle. In normal 
gait, the hip is flexed 30˚ at initial contact but there-
after extends throughout stance phase to about 10˚. 
This deformity can also interfere when standing up 
from a seated position and during perineal care and 
sexual intimacy. The UMN pattern of hip flexion is 
defined as persistent hip flexion throughout stance. 
Knee flexion deformity may develop as a consequence 
of severe hip flexion deformity, since in supine posi-
tion, the knee flexes to allow the heel to touch the bed. 
During walking, a shortened contralateral step results 
from stance phase excessive hip flexion. Excessive hip 
flexion may also affect single limb support stability of 
the center of gravity. Dynamic poly-EMG recordings 
during walking may identify overactive iliopsoas, rec-
tus femoris, hip adductors, or lack of activation of the 
hip extensors and paraspinals. Interventions to reduce 
overactive hip flexors (iliopsoas and rectus femoris), 
particularly chemodenervation with botulinum neu-
rotoxin, to these 2 muscles can be easily performed 
guided by electrical stimulation or ultrasound and 
followed by appropriate rehabilitation techniques in-
cluding the implementation of hip stretching and at-
tempting long step walking (14).

THE ROLE OF BoNT IN THE TREATMENT OF 
SPASTICITY

Intramuscular injection of BoNTs inhibit the release 
of acetylcholine at the neuromuscular junction caus-
ing muscle weakness. Three steps are involved in the 
toxin-mediated paralysis: (1) internalization, (2) di-
sulfide reduction and translocation, and (3) inhibition 
of neurotransmitter release. The toxin must enter the 
nerve ending to exert its effect. BoNT-A (formulated 
as Botox) injection is currently approved by the US 
Food and Drug Administration for the treatment of 
blepharospasm, facial spasm, strabismus, cervical dys-
tonia, hyperhidrosis and upper limb spasticity. In Eu-
rope, Canada, and several countries in Latin America, 
BoNT-A (formulated as Botox and Dysport®) is also 
approved for the management of cerebral palsy and 
stroke-related spasticity. BoNT-B (formulated as Myo-
Bloc® in the United States and NeuroBloc® elsewhere) 
is approved by the US Food and Drug Administration 
only for the treatment of cervical dystonia. The reader 

FIGURE 10.7

Flexed hip (right) in a patient with UMNS caused by TBI. 
Note short left step length caused by limitation in right hip 
extension.



10� BOTuLINuM�TOxIN�IN�THE�TREATMENT�OF�LOWER�LIMB�SPASTICITY 12�

TABLE 10.1
Suggested Botox Dosing for Adults 

clinical pattern pOtential muScle invOlveD

bOtOx DOSe

unitS/SeSSiOn

nO. Of 
injectiOn  
SiteS

Equinovarus foot Gastrocnemius 50–250 2–4
Soleus 50–200 2–4
Tibialis posterior 25–150 1–2
Flexor halucis longus 25–75 1–2
Flexor digitorum longus 25–100 1–2
Flexor digitorum brevis 20–40 1
Tibialis anterior 20–120 1–3

Flexed hip Iliacus 50–150 2
Psoas 50–150 2
Rectus femoris 75–200 2–4

Flexed knee Medial hamstrings 50–200 2–3
Lateral hamstrings 50–200 2–3
Gastrocnemius (as knee flexors) 50–150 2–4

Extended (stiff ) knee Rectus femoris 50–200 2–4
Vasti 50–150 2–4

Hyperextended toe (striatal) EHL 20–100 1–2
Adducted thigh Adductor longus/magnus/brevis 75–300 4–6

Modified from Spasticity and Other Forms of Muscle Overactivity in the UMNS We Move 2008 (20).

is encouraged to read other chapters of this text for 
further information (21, 22).

The purpose of BoNT injections in the manage-
ment of the UMNS is to reduce force produced by 
a contracting overactive muscle or muscle group. A 
reduction in muscle tension can lead to improvement 
in passive and active range of motion and allows for 
more successful stretching of tight musculature. More 
subtly, and more importantly as well, improved mo-
tor control and posture may provide the patient with 
the opportunity to develop compensatory behaviors 
during functional activities (9). A reduction in muscle 
overactivity in one muscle or muscle group may have 
consequences for tone in other muscle groups of the 
limb through a reduction in the overall effort required 
to perform movement and/or, through changes in sen-
sory information going to the central nervous system 
from that limb, may influence more distant muscles 
or benefit function (21). Finally, the application of ex-
ternal devices such as braces, splints, casts, and even 
shoes can be facilitated by interventions with che-
modenervation.

Botulinum toxin is injected directly into an of-
fending muscle. The major advantages in its use are 
the ease of application that permits its injection with-
out anesthesia and its predictable effect. The most 

common adverse effect is excessive weakness of in-
jected muscles, which occasionally spread to nontar-
get muscles. Given sufficient time, when the patient 
has a strong response to the paralytic effect of the 
toxin with excessive weakening, strength will gradu-
ally return. No adverse effect on the sensory system is 
evident with BoNT-A, but pain relieve when present 
has been reported in some patients (22, 23). In rare 
cases, nausea, headache, and fatigue have also been 
reported. No anaphylactic response has ever been re-
ported due to BoNT-A injection. Depending on the 
size of the muscle being injected, therapeutic doses of 
Botox® have ranged between 10 and 300 U. In cases 
of accidental poisoning, an antitoxin is available. 
Because of the potential risk of migration out of the 
muscle and the possibility of antibody formation, usu-
ally not greater than 600 U of Botox® or 1500 units 
of Dysport® is administered in a single-treatment ses-
sion (24). This may be sufficient, however, to treat a 
number of muscles in that one session (22, 25). Based 
upon clinical experience and prospective random-
ize trials, the development of resistance to BoNT-A 
therapy does not impact the management of patients 
with muscle overactivity. However, to minimize the 
risk of immunoresistance, clinicians should use the 
smallest possible effective dose, extend the interval 
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between treatments for at least 3 months or longer 
if possible, and avoid the use of booster injections in 
between treatment. Careful documentation of muscle 
selection, dose, and effects is encouraged to allow for 
dose or muscle selection adjustment in the next treat-
ment cycle if necessary. In our practice, if multiple 
large muscles are to be injected, we try to concentrate 
the available dose to a few of them and we may in-
crease dilution and use electrical stimulation before 
the treatment to enhance the effect and consider us-
ing other agents such as phenol injected to other mus-
cles or motor nerves to achieve a complete treatment 
strategy. With the currently available information, we 
recommend not injecting BoNT to patients who are 
pregnant or lactating or have significant medical co-
morbidities (22, 25, 26).

Before using BoNT in the clinical management 
of spasticity, the physician should be knowledge-
able about the diagnosis and medical management of 
the condition producing the UMNS. The physician 
should be proficient in the relevant anatomy and ki-
nesiology and have a clear understanding of the po-
tential benefits of unmasking function and of the lim-
itations of this therapeutic intervention. Unlike the 
patient with dystonia where voluntary capacity is not 
an issue, spastic muscles may very well have evidence 
or potential for voluntary capacity, which the clini-
cian would like to preserve or unmask, and therefore, 
titration of the paralytic effect of the toxin becomes 
a much more critical factor in its administration (5). 
The duration of toxin effectiveness ranges between 
10 weeks and 4 months. In our experience, patients 
have received doses greater than 400 U of Botox® 
at 3-month intervals for more than 3 years without 
evidence of loss of effectiveness of the medication.  
Gordon et al. (26) have reported an increase in du-
ration of effect over time under similar treatment 
paradigm. The toxin might be an effective tool to 
“simulate” the effects of surgery to the benefit of the 
surgeon and patient alike (24).

The strategy of performing a BoNT-A injection is 
as follows: the skin is prepared by cleaning it with al-
cohol before insertion of the Teflon-coated, 25-gauge 
stimulating injecting needle. The electrically conduc-
tive inner core of the tip of the needle is used to pass 
current to the tissues or to record EMG activity. Before 
or soon after injection, muscle activation should be en-
couraged to increase the availability of Synaptobrevin 
2, a major factor in the uptake and internalization  
of BoNT-A. As the paralytic effect appears evident, 
aggressive stretching, muscle reeducation, and func-
tional training are important parts of the treatment 
protocol (17) (Table 10.1).

CONCLUSION

This chapter reviews the most salient points related 
to the clinical presentation of UMNS in the lower 
limb especially during walking. Negative signs of the 
UMNS include weakness and loss of dexterity. Posi-
tive findings such as spasticity, increased phasic and 
tonic stretch reflexes, clonus, cocontraction, released 
flexor reflexes, spastic dystonia, and associated reac-
tions or synkinesias can all be summed up in the term 
muscle overactivity, which produces gait impairment. 
The clinical picture is made more complex by changes 
in the viscoelastic properties of muscle and other soft 
tissues in the form of a contracture. Identifying the 
specific possible source of the deforming force is of 
the essence for proper treatment planning and inter-
vention. The combined effects of these phenomena 
are well recognized by rehabilitation clinicians as a 
major source of disability for patients with UMNS. 
This syndrome produces upper and lower limb pat-
terns of dysfunction that commonly affect more than 
one joint at a time and that need to be correlated with 
their clinical presentation and resulting impairment. 
Dynamic poly-EMG and motion analysis can be used 
to identify the contributors to the specific pattern, 
and when the technology is not available, thorough 
careful clinical assessment and selected use of diag-
nostic nerve blocks can be used to develop a success-
ful BoNT chemodenervation management strategy for 
this patient population.
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Botulinum Toxin  
in the Treatment of 
Upper Limb Spasticity

The use of botulinum toxin (BoNT) to treat spastic-
ity of the upper extremity has dramatically improved 
the care of patients with increased tone as part of the 
upper motor neuron syndrome (UMNS). Before the 
introduction of BoNT, chemodenervation was only 
performed by relatively few physicians with injections 
of phenol and alcohol. The limited access to those per-
forming these injections coupled with concerns about 
pain and long-term sequlae left many patients without 
adequate treatment of their UMNS. The introduc-
tion of BoNT for the treatment of increased tone has 
greatly increased the ability of physicians to manage 
spasticity of the UMNS, focusing on symptoms that 
interfere with activities of daily living and the ability 
of the caregiver to care for the patient. Today, the use 
of BoNT for the treatment of tone in patients with 
UMNS is one of the most effective and well-tolerated 
tools physicians use to treat this disabling medical 
problem.

In 1989, BoNT type A was approved in the 
United States for injection in the face and eye muscles. 
Dr Scott and his colleagues developed BoNT as a drug 
for a temporary treatment of strabismus in children. 
Dr Scott theorized that small amounts of the potent  
toxin could temporarily cause relaxation of the in-
jected eye muscle (1, 2). Later, the adaptation of 
BoNT to treat overactive muscles in the neck, jaw, 
and limbs was spearheaded by physicians seeking to 
treat focal medically refractory increases in muscle 

tone in a variety of movement disorders (3). The abil-
ity to select specific muscles, titrate doses for selective 
relaxation, and avoid systemic side effects allows phy-
sicians to treat overactive muscles in many diseases in 
which there had been no successful treatment before 
the introduction of BoNT.

Botulinum toxin injections allow the treatment 
to be focused on a particular muscle or movement. 
Treatment of upper extremity spasticity with BoNT 
enables physicians to focus on specific activities and 
functions important to the patient and/or caregiver. 
The definition of function varies from patient to pa-
tient, and as a result, it is important for clinicians to in-
dividualize their treatment approach for each patient. 
Although all patients with upper extremity spasticity 
have increased tone, the pattern of presentation may 
vary by etiology. Likewise, the ability of the patient to 
participate in adjunct therapy after BoNT treatment 
may also vary by etiology. For example, central ner-
vous system injury from traumatic brain injury or ce-
rebral palsy may preclude some form of occupational 
therapy due to cognitive impairment, whereas those 
with poststroke spasticity may have spatial, language, 
or speech issues interfering with therapy.

The heterogeneous presentations of upper ex-
tremity spasticity have led some investigators to focus 
on the treatment of spasticity by etiology. As a result, 
many trials of upper extremity spasticity are limited 
to common diseases, such as poststroke spasticity. To 

11
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study a more homogeneous group, many studies have 
limited enrollment to poststroke spasticity, and further 
studies may often limit enrollment to those patients 
requiring sufficient communication skills to complete 
scales or perform tasks. In clinical practice, the dos-
ing, technique, and benefits noted in the poststroke 
spasticity trials have been extrapolated to those with 
traumatic brain injury and cerebral palsy, but trials 
including adults with spasticity due to traumatic brain 
injury, adult cerebral palsy, and multiple sclerosis have 
been small. Therefore, the focus of this chapter will 
be on poststroke spasticity, but the reader is urged to 
keep the other causes of the UMNS in mind.

MECHANISM OF ACTION OF BONT

Botulinum toxins are protein neurotoxins produced 
by several different strains of the Clostridium botu-
linum bacterial species with varying serotype (desig-
nated types A through G) (4). Only serotypes A and 
B have been developed for routine use in health care. 
Within a serotype, the production varies by manufac-
turers, and therefore, no generic equivalent is avail-
able for these toxins (5). In addition, among serotype 
A, there are different formulations with different stan-
dard doses, and the use of one formulation cannot be 
easily substituted for another (5). It is important to 
note that of the commercially available toxin prod-
ucts, the biological activity units are unique to each 
BoNT preparation and cannot be compared or con-
verted into another.

The mechanism of action of all BoNT serotypes 
is to inhibit the vesicle-dependent release of acetylcho-
line and other neurotransmitters from the presynaptic 
nerve terminal. The binding of the vesicle containing 
acetylcholine and other transmitters requires a com-
plex set of proteins called “SNARE” proteins (soluble 
N-ethylmaleimide–sensitive factor attachment protein 
receptor), which include synaptobrevin (inhibited by  
serotypes B, D, F, and G); SNAP-25 (inhibited by 
BoNT-A, -C, and -E); and syntaxin (inhibited by sero-
type C). The light chain of each serotype acts at a dis-
tinct site for one or more of the proteins required for 
vesicle release. Even when the same protein is affected 
as in serotypes A, C, and E, the different serotypes af-
fect it at a different site.

In a normally functioning presynaptic nerve ter-
minal, transmitters from the vesicle are released into 
the synaptic cleft and then bound by receptors on the 
muscle cell. All of the serotypes of BoNT interfere 
with this process. The effect of BoNT injection is in-
hibition of acetylcholine release into the presynaptic 
cleft. As a result on the postsynaptic membrane, the 

muscle perceives no input from the nerve terminal and 
thus becomes “chemically denervated.”(3)

CONCERNS ON DOSING

In April 2009, the United States Food and Drug Ad-
ministration (FDA) mandated a new label warning and 
risk mitigation strategy for all BoNT sold in the United 
Sates. A release from the FDA noted that it instigated 
the labeling change due to reports of systemic spread 
in some patients and the potential for serious risks as-
sociated with the lack of interchangeability among the 
3 licensed BoNT products (Botox®, Dysport®, and 
MyoBloc®). According to the FDA Web site, reports 
of “spread of toxin has been reported to other areas of 
the body causing symptoms similar to those of botu-
lism, including unexpected loss of strength or muscle 
weakness, hoarseness or trouble talking, trouble say-
ing words clearly, loss of bladder control, trouble 
breathing, trouble swallowing, double vision, blurred 
vision and drooping eyelids. These symptoms have 
mostly been reported in children with cerebral palsy 
being treated with the products for muscle spastic-
ity, an unapproved use of the drugs. Symptoms have 
also been reported in adults treated both for approved 
and unapproved uses.” The FDA recommended that 
health care professionals who use BoNTs should do 
the following: “understand that dosage strength (po-
tency) expressed in ‘Units’ is different among the botu-
linum toxin products; clinical doses expressed in units 
are not interchangeable from one product to another; 
be alert to and educate patients and caregivers about 
the potential for effects following administration of 
botulinum toxins such as unexpected loss of strength 
or muscle weakness, hoarseness or trouble talking, 
trouble saying words clearly, loss of bladder control, 
trouble breathing, trouble swallowing, double vision, 
blurred vision and drooping eyelids; understand that 
these effects have been reported as early as several 
hours and as late as several weeks after treatment; and 
advise patients to seek immediate medical attention if 
they develop any of these symptoms.” (6)

As part of the new warning, the FDA mandated a 
risk mitigation strategy on the part of the manufactur-
ers of BoNT in the United States. In the United States, 
physicians are required to discuss the risk noted above 
and at each visit give the patient an FDA-approved 
handout detailing the concerns. This handout is part 
of the FDA-approved package insert and is included 
in each package of BoNT. This risk mitigation strat-
egy reminds physicians who use BoNT to be aware 
of dosing differences between serotypes and between 
formulations of the same serotypes. The new FDA  
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requirements are a reminder that BoNT is a potent  
medication that requires skilled use and detailed knowl-
edge of dosing and potential side effects.

WHY DOES BoNT WORK FOR SPASTICITY?

Currently, there are 4 main BoNT products available 
worldwide for clinical use: BOTOX (Allergan, Inc, 
Irvine, CA), Dysport (Ipsen Pharmaceuticals, Slough, 
UK), MyoBloc/Neurobloc® (Solstice Neurosciences, 
Inc, South San Francisco, CA /Solstice Neurosciences 
Ltd, Dublin, Ireland), and Xeomin® (Merz Phar-
maceuticals GmbH, Frankfurt, Germany). Of the 4 
products, 3 are BoNT serotype A (BoNT-A) products 
(BOTOX, Dysport, and Xeomin), whereas MyoBloc 
is a BoNT serotype B (BoNT-rim) product. In 2009, 
the FDA suggested new names to identify the differ-
ent formulations of BoNT. Botulinum toxin type A 
(formulated as Botox) is to be referred to as onabotu-
linumtoxinA. Botulinum toxin type A formulated as 
Dysport is to be referred to as Botulinum toxin type A,  
formulated as Xeomin, is to be referred to as incobotu-
linum toxin A. Botulinum toxin type B formulated as 
MyoBloc is to be referred to as rimabotulinumtox-
inB. Although no generic forms of BoNT exist, these 
terms are designed to steer away from brand name 
terminology in literature and continued medical edu-
cation (CME) accredited events. The adoption of this 
new terminology is evolving as physicians and CME 
providers adjust to FDA recommendations (see Table 
11.1) (7).

A majority of the work in the literature in upper 
extremity spasticity is with either BoNT-ona or BoNT-
abo—both type A toxins. BoNT-Inc is the newest type 
A toxin to appear in the market, and most of the work 
to date has been limited to studies in blepharospasm 
and cervical dystonia. Small trials have explored the 

use of BoNT-rim in spasticity, but large trials with 
serotype B in spasticity have been lacking (8, 9).

Studies of BoNT-ona in Poststroke Spasticity

In 1996, Simpson et al. (10) published a small double-
blind, placebo-controlled, multicenter trial of BoNT-
ona in 39 patients with poststroke spasticity. In this 
dose-finding study, the authors sought to determine 
the minimally effective dose to treat spasticity at the 
wrist and elbow in patients with spasticity naive to any 
BoNT treatment. All patients were at least 9 months 
poststroke and received treatment of the elbow and 
wrist flexors only. The finger flexors were not treated. 
Dosing groups included a total dose of 75, 150, or 300 U  
of BoNT-ona compared with placebo. The largest dos-
age group (300 U BoNT-ona) resulted in a statistically 
and clinically significant mean decrease in wrist flexor 
tone of 1.2 points (P = .028), 1.1 points (P = .044),  
and 1.2 points (P = .026) and elbow flexor tone of 1.2 
points (P = .024), 1.2 points (P = .028), and 1.1 points  
(P = .199) at weeks 2, 4, and 6 postinjection. The lower 
2 dosage groups of BoNT-ona showed some improve-
ment in tone but did not reach statistical significance. 
No appreciable changes were noted in the goniometry 
measurements or functional measures. Adverse effects 
were limited and well tolerated.

In a multicenter randomized, placebo-controlled 
study of 3 doses of BoNT-ona across all 3 joints, 
Childers et al. (11) studied treatment of elbow, wrist, 
and finger flexors with 3 doses (90, 180, and 360 U) 
compared to placebo. The primary outcome was the 
Modified Ashworth (0–4 with half points allowed), a 
patient and a physicians global rating of change and a 
frequency of pain rating scale (0–5), and quality of life 
scales. Patients received up to 2 treatments of either 
placebo or a total dose of 90, 180, or 360 U. Patients 
were followed up for a total of 24 weeks. The Modified  

TABLE 11.1
FDA Terminology for Different Formulations of Botulinum Toxinsa

SerOtype branD Name manufacturer fDa RecOmmenDeD Term

abbreviatiOn fOr fDa  
RecOmmenDeD Term in  
ThiS Chapter

A Botox Allergan OnabotulinumtoxinA BoNT-ona
Dysport Ipsen AbobotulinumtoxinA BoNT-abo
Xeomin Merz Incobotulinum toxin A BoNT-inc

B Myobloc Solstice RimabotulinumtoxinB BoNT-rim

aNo particular serotype is indicated by BoNT.
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Ashworth (0–4 with half point allowed), pain, 36-Item 
Short Form, and Functional Independence Measure 
were assessed at 6, 9, 12, and 24 weeks posttreatment. 
The muscles injection included biceps (50–200 U), 
flexor digitorium sublimis (7.5–30 U), flexor digito-
rium profundus (7.5–30 U), flexor carpi radialis (15–
60 U), and flexor carpi ulnaris (15–60 U) and were  
all given with electromyographic guidance. Of the 19 
centers involved, a total of 91 subjects enrolled with 
77 patients completing the study.

As noted in the earlier Simpson study, the highest 
total dose of BoNT-ona (360 U) produced the great-
est improvement in muscle tone. Those treated with 
the 180 and 90 U dosages demonstrated less reduc-
tion in tone. There were no changes in the 36-Item 
Short Form, Functional Independence Measure, or life 
scores. The results of the Simpson and Childers study 
demonstrated the need for sufficient dosing at multiple 
joints in the spastic limb. Although a decrease in tone 
was documented by the Ashworth (see Table 11.2) 
and Modified Ashworth, neither study demonstrated 
a functional change.

In 2002, the largest double-blind, placebo- 
controlled study of toxin-naive patients with spasticity 
of the wrist and fingers after stroke trial demonstrated 
sustained improvement over 12 weeks in muscle tone 
and disability. In addition, Brashear et al. (13) used a 
novel scale specifically developed for upper extremity 
BoNT studies, the Disability Assessment Scale (DAS) 
(see Table 11.3). The DAS was administered with 
the patient and/or caregiver and physician together 
rating the impairment of hand hygiene, pain in the 
hand, look of the hand (cosmesis), or use of the hand 
in dressing on a simple 0-to-3 scale. The patients se-
lected one (dressing, hygiene, pain, cosmesis) as the 
most important disability to improve with the treat-

ment. The chosen subscale of the DAS was followed 
as a secondary outcome measure in the study. As in 
other large trials with BoNT, the primary outcome 
measure remained the muscle tone as measured by the 
Ashworth.

At the end of 12 weeks, subjects treated with 
BoNT-ona had greater improvement in the wrist and 
finger flexor tone at each visit than did the placebo 
group. The maximal difference between the 2 groups 
in the mean change from baseline occurred at week 
4 (wrist: –1.78 active group, –0.42 placebo group  
[P < .001]; finger: –1.59 active , –0.27 placebo group 
[P < .001]). Subjects who received BoNT-ona demon-
strated a decrease in muscle tone compared to placebo 
at all time points in the study (P < .001).

The preselected goal of treatment (one subscale 
of the DAS) demonstrated greater improvement in the 
treated group than those treated with placebo. At 6 
weeks after injection, 40 patients of the active group 
(62%), as compared to 17 patients in the placebo 
group (27%), had improvement in their chosen sub-
scale of the DAS. In addition, the treated group dem-
onstrated similar improvement in the DAS subscale at 
weeks 4 (P < .001), 6 (P < .001), 8 (P = .03), and 12 
(P = .02). In addition, there was an improvement in 
all areas measured by the DAS (pain, limb position, 
hygiene, and dressing) in those treated with drug. Six 

TABLE 11.2
Ashworth Scale

0 = no increase in tone (none)
1 =  slight increase in tone, giving a catch when the 

limb is moved in flexion or extension (mild)
2 =  more marked increase in tone but limb is easily 

flexed (moderate)
3 =  considerable increase in muscle tone (passive 

movement difficult, severe) 
4 = limb rigid in flexion or extension, (very severe)

Brashear A, Zafonte R, Corcoran M et al. Inter- and intra-
rater reliability of the Ashworth Scale and the Disability As-
sessment Scale in patients with upper-limb poststroke spas-
ticity. Arch Phys Med Rehabil 2002;83(10):1349–1354.

TABLE 11.3
Disability Assessment Scale

Hygiene: Assess the extent of maceration, ulceration, 
and/or palmar infection; palm and hand cleanliness; 
ease of cleanliness; ease of nail trimming; and the 
degree of interference caused by hygiene-related dis-
ability in the patient’s daily life.
Dressing: Assess the difficulty or ease with which 
the patient could put on clothing  and the degree of 
interference caused by dressing related disability in 
the patient’s daily life.
Limb Position: Assess the amount of abnormal
position of the upper limb.
Pain Assess: the intensity of pain or discomfort
related to upper-limb spasticity.

Scoring of DAS
0 = no disability: 1 = mild disability (noticeable but  

does not interfere significantly with normal activities); 2 = 
moderate disability (normal activities require increased effort  
and/or assistance); 3 =severe disability (normal activities  
limited).

Brashear A, Zafonte R, Corcoran M et al. Inter- and intra-
rater reliability of the Ashworth Scale and the Disability As-
sessment Scale in patients with upper-limb poststroke spas-
ticity. Arch Phys Med Rehabil 2002;83(10):1349–1354.
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weeks after injection, 53 (83%) of 64 patients had at 
east 1-point improvement on the DAS in one or more 
areas compared with 33 (53%) of 62 patients who 
received placebo (P = .007) (13).

An additional secondary outcome measure, the 
physicians and patient global assessment also dem-
onstrated improvements in those treated with BoNT-
ona. The physicians’ assessment was improved in 
the treated group at all 5 time points in the study  
(P < .001). The patient/caregiver assessment like-
wise rated more overall improvement in the treated 
group. (weeks 1, 4, and 6, P < .001; weeks 8 and 12,  
P = .002). At week 6, 67% of the patient receiving 
toxin had a least a 2-point improvement in the physi-
cian global rating scale than those receiving placebo 
(11% with a 2-point improvement). There were no sig-
nificant differences between the groups of specifically 
monitored adverse event. The results of this phase III 
multicenter trial of poststroke spasticity (13) demon-
strated that when patients and their physicians jointly 
select prospectively the goal of treatment, BoNT-ona 
offers more improvement than placebo.

Sustained Improvement With  
Repeated Injections

Two clinical trials with repeated use of BoNT-ona in 
patients with poststroke spasticity in the upper ex-
tremity have demonstrated a sustained decrease in 
muscle tone. In a small study of 28 patients, repeated 
injections of BoNT-ona in the upper extremity every 
3 to 5 months demonstrated continued improvement 
(14). In a larger study, patients participating in the 
study by Brashear et al were enrolled in a 42-week 
open-label study where all were treated with BoNT-
ona (15). Over the 42 weeks, the average patient re-
ceived 2.8 treatments with 61% receiving treatments 
at 12- to 15-week intervals. The results demonstrate 
sustained improvement in over the 42-week study 
with a decrease in the Ashworth and the DAS.

The Ashworth score 6 weeks postinjection at the 
wrist, finger, and thumb continued to decrease over the 
course of the study. After the first treatment, 48.2% 
of patients demonstrated at least a 2-point improve-
ment in their Ashworth 6 weeks after injection, and 
after the fourth cycle, 61.5% demonstrated at least 
a 2-point improvement in their Ashworth. Likewise, 
using the DAS measurement, patients who reported a 
one or more improvement on the DAS demonstrated 
the following percent for each subscale: hygiene, 50% 
to 60%; dressing, 40% to 45%; pain, 25% to 33%; 
limb position, 46% to 60%.

Like most studies with BoNT-ona, the adverse 
events were mild or moderate, with 20 (18.2%) of 

the 110 patients reporting treatment-related adverse 
events during the entire study. As would be expected 
with BoNT-ona, injections were well tolerated with 
the most frequent treatment-associated adverse event 
of muscle weakness (5.5%, 6/110) and injection site 
pain (3.6%, 4/110).

Studies of BoNT-abo

BoNT-abo (a different formulation of BoNT-A than 
discussed above) is approved for use in many coun-
tries in Europe for the treatment of spasticity. As of 
July 2009, BoNT-abo has been approved in the United 
States for cervical dystonia. The results of several  
double-blind, placebo-controlled trials demonstrate ef-
ficacy in reducing muscle tone of limb spasticity after 
injection.

In a small 1996 study of 17 subjects, Bhakta 
treated patients with poststroke spasticity with up 
to 200 U of BoNT-ona or 1000 U of BoNT-abo. Pa-
tients were required to have severe spasticity and “no 
function” in the arm with no prior benefit from oral 
medication or physiotherapy. At study enrollment, 
functional problems reported by the patients before 
treatment were difficulty with cleaning the palm, cut-
ting fingernails, putting the arm through a sleeve, 
standing and walking balance, putting on gloves, and 
rolling over in bed. Treatment consisted of injections 
to the flexors of the elbow, wrist, and fingers (biceps, 
flexor digitorum sublimus, flexor digitorum profun-
dus, and flexor carpi ulnaris). Assessment 2 weeks af-
ter treatment demonstrated improvement in tone and 
also improvement in more functional activities. These 
included improved hand hygiene in 14 of 17 patients, 
difficulty with sleeves improved in 4 of 16, standing 
and walking balance improved in 1 of 4, shoulder 
pain improved in 6 of 9, and wrist pain improved in 
5 of 6. Passive range of movement at shoulder, elbow, 
and wrist also improved after treatment (16).

In a follow-up double-blinded, placebo-controlled 
2000 study, Bhakta reported results of 40 patients with 
poststroke spasticity. Patients were treated with 1000 
U of BoNT-abo or placebo. At follow-up, the treat-
ment group demonstrated 22% improvement in dis-
ability as compared to a 4.7% improvement in those 
treated with placebo. Analysis of the individual pa-
tients demonstrated improvement in cleaning the palm, 
putting arms through sleeves, doing physiotherapy at 
home, and cleaning the armpit of the affected arm. Of 
40 patients, 36 had caregivers. The reduction in care-
giver burden was reduced compared to those treated 
with placebo. Of 17 patients who depended on the 
caregiver to “clean the palm,” 8 became independent 
as compared to no change 17 in the placebo-treated  
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group (17). Bhakta concluded that BoNT-abo is use-
ful for treating patients with stroke who have self-care 
difficulties due to arm spasticity.

Bakheit et al. (18) reported the results of a double-
blind, placebo-controlled trial of 59 patients. Those 
who received BoNT-abo had a significant reduction in 
the Modified Ashworth at week 4 compared with the 
placebo group (P = .004). The magnitude of benefit 
over the 16-week follow-up period was significantly 
reduced for the treated group in the wrist (P = .004) 
and the finger joints (P = .001) when compared with 
the placebo. The findings of both Bakheit and Bhakta 
confirm that treatment with BoNT-abo reduced muscle 
tone in patients with poststroke upper limb spasticity.

Repeated dosing of BoNT-abo in poststroke up-
per limb spasticity was also reported by Bakheit et 
al. on 41 subjects who had impairment in a Patient 
Disability and Caregiver Burden Rating Scale. The 
Patient Disability Caregiver Burden Rating Scale in-
cludes 8 items including cleaning the palm, cutting 
fingernails, putting the affected arm thru a sleeve, 
cleaning under the armpit, cleaning around the elbow, 
standing balance, walking balance, and the ability to 
perform physiotherapy at home. The caregiver por-
tion included the rating cleaning the palm, cutting 
fingernails, dressing, and cleaning the armpit (19). In 
this open-label trial, patients received up to 3 injec-
tions of 1000 U of BoNT-abo at least 12 weeks apart. 
Patients treated with 1000 U of BoNT-abo maintained 
improvements in muscle tone, patient’s perception of 
disability, and caregiver burden.

Studies of BoNT Type B in Spasticity

BoNT-rim was approved in the United States in 2000 
for treatment of cervical dystonia, an involuntary and 
often painful movement of neck muscles. The litera-
ture using BoNT-rim for diseases other than cervical 
dystonia is limited. Three small pilot studies in the 
literature discuss the use of BoNT-rim for spasticity  
(8, 9, 20).

An open-label pilot study suggested that 10,000 
U of BoNT-rim in the arm, wrist, and fingers flexors 
could decrease muscle tone as measured by the Modi-
fied Ashworth Scale at weeks 4, 8, and 12 but that dry 
mouth was reported in 9 of 10 patients (8). A follow-
up double-blind, placebo-controlled, 16-week study 
suggested that 10,000 U is not effective (9). Dry mouth 
was reported in 8 of the 9 subjects during the double-
blind study. A third report combined the treatment 
of arms and legs with a total fixed dose of 10,000 U 
(20). Although some benefit was noted, little can be 
extrapolated from this third small pilot study as the 
doses varied throughout the study. At this time, the 

literature does not suggest that the total BoNT-rim 
at the dose used for cervical dystonia is effective for 
spasticity in the upper extremity when used to treat 
spasticity at the elbow, wrist, and fingers. The use of 
BoNT-rim to treat spasticity will require further study 
of dosages before it can be considered an option in the 
clinical setting.

Defining Clinical Impact

A recent attempt to assess quality of life in 96 patients 
with upper extremity spasticity treated over 2 cycles 
with BoNT-abo failed to show changes between the 
active and placebo group in ratings of quality of life, 
pain, mood, disability, or care burden. As noted in 
most prior studies, patients treated with BoNT-abo 
demonstrated greater reduction in spasticity (Modi-
fied Ashworth Scale) (P < .001), which translated into 
higher Goal Attainment Scales scores (P < .01) and 
greater global benefit (P < .01). The study reempha-
sizes the difficulty in capturing quality of life impact 
when treating a focal body region, even when there 
is improved ability to achieve personal goals by the 
participants (21).

Results of a study with 35 sites and 279 patients 
with upper extremity poststroke spasticity followed 
up participants for up to 5 serial intramuscular injec-
tions of BoNT-ona (200–400 U) divided among the 
wrist, finger, thumb, and elbow flexors. In addition to 
muscle tone, each patient’s health-related quality of 
life was assessed by using the Stroke Adapted Sickness 
Impact Profile and the Visual Analog Scale of the Eu-
ropean Quality of Life-5 Dimensions questionnaires. 
This large, multicenter, open-label study of repeated 
BoNT-ona treatment in patients with upper-limb post-
stroke spasticity showed substantial improvements in 
patients’ functional disability, health-related quality 
of life, and muscle tone (22).

Despite the continued interest in quantifying 
the clinical impact of BoNT treatment in the upper 
extremity, physicians continue to increase the use of 
BoNT. Although there are 2 BoNTs currently avail-
able in the United States as of summer 2009, none 
are FDA-approved for spasticity. Although the lack of 
FDA approval does not allow marketing for the spas-
ticity indication, the use of BoNT for upper extremity 
spasticity continues to gain momentum. Injection of 
BoNT is often the mainstay of therapy of the UMNS, 
and injections incorporated with an aggressive ther-
apy regimen can often benefit patients and caregivers, 
improving the use of the arm for activities of daily liv-
ing and warding off complications such as skin break-
down and contractures. Physicians continue to learn 
about the injection technique, dosing, and side effects 
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through courses sponsored by leading specialty orga-
nizations and CME providers. The interest in BoNT 
treatment is likely to expand should the FDA approve 
its use for spasticity. At that time, instruction will 
become even more important after more physicians, 
patients, and caregivers become aware of the impact 
of decreasing tone. Vigilance about dosing, follow-up, 
and difference between serotypes and formulations 
will be paramount.

Common Presentations of Upper Extremity 
Spasticity

Clinical Presentations

The common presentations of spasticity in the upper 
extremity reflect the pathophysiology of the UMNS. 
These include flexed elbow, flexed wrist, forearm 
pronation, clenched hand, and adducted and inter-
nally rotated shoulder and any combination of them 
together. In an individual patient, one part of the limb 
may be more affected. For example, the patient may 
retain range of motion at the elbow but have a se-
verely clenched fist, not allowing proper cleaning of 
the palm (see Figure 11.1).

Treatment of the individual patient must take 
into account the severity, but also acknowledge the 
synergy, of the pattern of movement. For example, a 
clenched hand is often paired with a flexed wrist, but 
the wrist may be less affected. If the clinician only ad-
dresses the finger flexors, there may be cosmetic im-
provement in the clenched hand, but less functional 
improvement may be noted if the wrist is not treated 
because of the synergistic movement of the wrist and 
fingers. Therefore, treatment of common patterns must  

be taken together as a holistic picture of the impair-
ment of the patient’s upper extremity and to what de-
gree spasticity plays a role versus the contribution of 
the other parts of the UMNS in the overall functional 
disability of the patient.

The flexed elbow commonly interferes with 
simple tasks such as reaching, dressing, and eating. 
Superimposed with difficulty in pronation/supination 
can further impair the ability to do self-care, feed, and 
dress. The treatment of the flexed elbow typically in-
volves larger doses than for the finger/wrist flexors. 
Moreover, treatment of elbow flexors can demon-
strate an isolated improvement but may limit an over-
all improvement in the limb when more complicated 
movements are required.

The flexed wrist typically presents with some de-
gree of flexion of the fingers and elbow. Isolated treat-
ment of the flexed wrist may be warranted if the wrist 
flexion is causing pain but the remainder of the hand 
is loose (see Figure 11.2). However, given the position 
of an isolated flexed wrist, treatment of the wrist may 
result in tightening of the fingers secondary to a teno-
desis effect and the relationship between the muscles 
in the hand and wrist. Those treating flexed wrists are 
encouraged to view it as part of the entire posture of 
the flexed hand. The muscles involved in a flexed wrist 
include flexor carpi ulnaris, palmaris longus, and flexor 
carpi radialis with doses depending on past dosing his-
tory and the degree of spasticity.

The clenched hand is by far the best-known pre-
sentation of the UMNS in the upper extremity (see 
Figure 11.3). By virtue of the intricate details of the 
hand, treatment of the clenched hand with BoNT can 
improve hand hygiene, allowing the palm to be ac-
cessed; can allow participation in occupational ther-
apy and wearing of splints; and can improve self-care 
such as dressing and feeding.

Injection Technique

Many injectors of BoNT use electromyographic guid-
ance or stimulation to determine the muscles needed 
for injections. More recently, some physicians are  
using ultrasound for localization of difficult-to-reach 
muscles (23). Some physicians may use palpation and/
or clinical presentation to determine which muscles 
require treatment. None of these techniques have been 
studied in a comparative large trial. A recent Ameri-
can Academy of Neurology (AAN) position paper on 
BoNT noted that there is insufficient data to support 
or refute the use of electromyography or stimula-
tion in the treatment of limb spasticity (24). A recent 
study looked at the utility of finding end plates in in-
jection of the elbow flexors and found benefit to this 

FIGURE 11.1

The thumb in palm deformity seen with hand spasticity.
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technique (25). However, the time and discomfort of  
localizing end plates needs to be considered when 
translating this technique to clinical practice.

Dosing of BoNT is determined by past experi-
ences, size of the muscle, amount of tone, residual 
function of the spastic muscles, potential of functional 
loss that may result from decreased tone, and experi-
ence of the treating physicians. As an example, a pa-
tient who relies on tone to hold a steering wheel to 
drive may be disappointed to have the tone reduced. 
Dosage tables recently published in a large monograph 
of spasticity are based upon feedback of experts in the 

field (26). Although dose-finding studies on upper ex-
tremity spasticity with 2 of the specific formulations 
of type A serotypes (BoNT-ona and BoNT-abo) have 
been performed, the volume delivsered and the num-
ber of sites per muscle has not been studied.

CASE REPORT 1: TREATMENT TO  
IMPROVE PASSIVE FUNCTION

A 60-year-old woman presented with spasticity in the 
arm and wrist after a stroke. The stroke 5 years prior left 

FIGURE 11.2

Flexed wrist. (A) The impact of increase tone at the wrist on function despite good range of motion at the fingers.  
(B) The flexed wrist as part of the typical flexed elbow, wrist, and fingers seen in poststroke spasticity.

A B

FIGURE 11.3

Clenched fist. (A) Position of the clenched fist interfering with splinting and hand hygiene. (B) An additional view  
of the clenched fist, note the potential for maceration of the palm by nails and difficulty with hand hygiene and  
caregiving.

A B
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her with a right hemiparesis and some word-findings  
difficulties. Immediately after the stroke, she had 8 
weeks of inpatient therapy and was discharged to 
a skilled nursing faculty with a splint and with oral 
medications. Her daughter brought her to a clinic to 
report excessive sedation and problems with cleaning 
the hand.

On examination, the patient had a clenched fist 
with difficulty in opening the fingers and the thumb. 
The palm was macerated with a foul smell. The wrist 
was flexed and difficult to move. The elbow had full 
preserved passive range of motion. The splint the 
daughter brought to the clinic was impossible to ap-
ply and attempts brought complaints of pain from the 
patient.

The Ashworth scores were the following: the el-
bow, 1; wrist, 3; and fingers, 4. The DAS scores were 
the following: hygiene, 3; cosmesis, 2; dressing, 3; and 
pain, 3.

The patient was treated with BoNT at the el-
bow (biceps), wrist (flexor carpi ulnaris, flexor carpi 
radialis), finger flexors (flexor digitorum superficialis, 
flexor digitorum profundus), and thumb (flexor poli-
cis brevis). Follow-up 4 weeks late in the clinic noted 
improved passive range of motion at the elbow, wrist, 
and finger with a reported improvement in the abil-
ity to clean the palm. The patient’s daughter reported 
that she would now wear her splint at bedtime.

CASE REPORT 2: TREATMENT TO IMPROVE 
ACTIVE FUNCTION

A 25-year-old man presented to a clinic with increased 
tone in the fingers and wrist. He is 1 year from a trau-
matic brain injury and already has had 8 weeks of 
inpatient therapy. The patient had an intrathecal bac-
lofen pump placed 4 months before presentation to 
treat excessive tone in the lower extremities with good 
success. His complaint in coming to the clinic include 
inability to release his grip on objects like soda cans 
and that his thumb is always flexed and constantly 
caught on clothing The occupational therapist notes 
that his tone in the finger flexes interferes with his 
ability to have a useful grip and that his thumb is also 
problematic. She also recommends splinting that al-
lows more active movement and suggests therapy be 
started after tone is reduced.

Examination reveals an Ashworth score of 2 at 
the wrist and finger flexors, with a score of 1 at the 
elbow. He has good active function at the elbow and 
is able to reach for items with good extension. After 
consultation with the therapist and counseling the pa-
tient about the risk and benefits of BoNT injections, 

the patient is treated with injections in the finger flex-
ors and wrist flexors. The dose is much lower than 
the patient in case 1 because of the desire to improve 
active function in the hand. The patient started oc-
cupational therapy 2 weeks after injections with an 
intensive program to the upper extremities.

CONSENSUS STATEMENTS AND  
EVIDENCE REVIEWS

In 2008, the AAN published a position statement on 
the use of BoNT in the treatment of spasticity (24). 
The review was focused on BoNT use in general and 
did not focus on specific serotypes. Authors reviewed, 
abstracted, and classified articles on BoNT and spas-
ticity using the AAN criteria (class I-IV criteria). Based 
upon the 14 class I studies in adult spasticity, the ex-
perts recommended that BoNT should be offered as 
a treatment option for the treatment of spasticity in 
adults. Similarly, in 2009, a European group of clini-
cians experienced in the use of BoNT for treatment 
of spasticity after brain injury published a consensus 
statement of the management of spasticity in adults. 
Authors noted that BoNT should be provided as part 
of an integrated program. As noted elsewhere in the 
literature, the authors noted, “there is not simple or 
accurate way to converting the unit potency of one 
preparation to anther, it is important that clinicians 
are familiar with the characteristics and dosages of 
each preparation they use and do not try to covert or 
extrapolate from one preparation to another.” (27)

SUMMARY

BoNT is an effective therapy for the increased tone 
associated with UMNS. Treatment with BoNT should 
involve appropriate goal selection. Chemodenerva-
tion with BoNT should be considered one component 
of the management of this condition. Dosage selection 
of BoNT should be individualized to obtain optimal 
results. Physicians treating patients with BoNT should 
be aware of the different serotypes, formulations, and 
literature in spasticity.
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Spasticity and upper motor neuron syndrome produce 
abnormal involuntary postures of the affected body 
parts. The particular posture assumed depends on the 
size, strength, and relative degree of tone among the 
various muscles that act across the joint in question. 
The summation of the various force vectors exerted 
by these muscles, a complex interaction of agonists, 
antagonists, and supplementary muscles, along with 
the viscoelasticity of the muscles involved, determines 
the particular posture assumed at any joint or set of 
joints. Thus, it is important to understand not only 
the structure of a particular joint and the different di-
rections in which it can move but also the location 
and relative strengths of muscles that cross it. Knowl-
edge of the origins and insertions of these muscles 
will help the practitioner understand the kinesiology 
and directions of their pull and thus determine which 
ones are most active in a particular spastic patient. To 
facilitate a better understanding of this clinical phe-
nomenon, this chapter will address these anatomical 
considerations for major joints of the upper and lower  
limbs.

THE SHOULDER

Anatomy

Joint: To facilitate its function, the shoulder has the 
most degrees of freedom of movement of any joint 

in the body. The primary shoulder joint, that is, the 
glenohumeral articulation, is a multiaxial joint, with 
the spheroid head of the humerus being held in the 
shallow concavity of the glenoid fossa of the scapula 
(1). This nominal ball-and-socket arrangement would 
fall apart if not strapped together by the muscles and 
tendons that run across it. As a result of this fact, nu-
merous postural abnormalities may be encountered as  
a result of upper motor neuron syndrome. The actions 
of various shoulder muscles are complex and may be  
different, depending on the starting position, which 
part of a particular muscle is exerting the most force, 
and whether their points of origin or insertion are 
fixed at the start of the motion. In discussing the ma-
jor shoulder muscles below, they will be arranged ac-
cording to their major vector of action among patients 
with spasticity.

Abduction: The deltoid originates along the acro-
mion and adjacent clavicle, running across the shoulder 
joint to insert on the shaft of the humerus (Figures 12.1  
and 12.9). Its action is to abduct the humerus (2). It is 
generally overpowered by adductors in spasticity.

External Rotation: Underneath the deltoid lies a 
group of 4 muscles that make up the rotator cuff. Three 
of these comprise the external rotators: the supraspina-
tus, infraspinatus, and teres minor, all of which origi-
nate on the posterior aspect of the scapula and insert 
on the posterior surface of the proximal part of the hu-
merus, at and below the greater tubercle (Figure 12.1).  

Anatomical Correlation 
of Common Patterns  
of Spasticity12



142 III� TREATMENT�OF�SPASTICITY

Their action is to externally rotate the humerus, with 
the supraspinatus also contributing to abduction (3).

Internal Rotation: The fourth rotator cuff mus-
cle, that is, the subscapularis, originates on the an-
terior surface of the scapula, extending forward to 
insert on the lesser tubercle on the anterior surface of 
the humerus, thereby preventing anterior subluxation 
of the humeral head; its action is to internally rotate 
the humerus while thrusting the scapula forward (4).

The most powerful internal rotator is the pectora-
lis major, which has a clavicular head originating from 
the medial half of the clavicle on its anterior side and 
a sternocostal head originating from the sternum, the 
costal cartilage of ribs 1-6, rib 7, and the aponeurosis 
of the external oblique (Figure 12.2). These fibers all 
converge to insert on the anterolateral humerus. The 

FIGURE 12.1

Deltoid, supraspinatus, infraspinatus, teres minor, and 
teres major. (Reprinted with permission from Daniel Tru-
ong, Dirk Dressler, Mark Hallett, Eds. Manual�of�Botulinum�
Toxin�Therapy, 2009, © Cambridge University Press.)

FIGURE 12.2

Pectoralis major and pectoralis minor. (Reprinted with per-
mission from Daniel Truong, Dirk Dressler, Mark Hallett,  
Eds. Manual�of�Botulinum�Toxin�Therapy, 2009, © Cam-
bridge University Press.)

principal action of the pectoralis major is to adduct 
and medially rotate the humerus, and it also acts as a 
flexor of the glenohumeral joint for the first 60°(5, 6).

The teres major originates on the posterior sur-
face of the scapula near the inferior angle, inserting 
medial the anterior midline bicipital ridge of the hu-
merus (Figures 12.1 and 12.3). It is involved in inter-
nal rotation and extension of the humerus (5).

Elevation: The next 2 muscles to be discussed are 
shoulder elevators. The levator scapulae originates 
from the transverse processes of C1-C4, inserting on 
the upper medial border of the scapula (Figure 12.4), 
its actions being to elevate the scapula and rotate the 
top outward. The trapezius originates from the oc-
ciput, nuchal ligament, and spinous processes of the 
cervical and thoracic vertebrae (Figure 12.4). Its upper 
fibers insert on the lateral clavicle and acromion, and 
its middle and lower fibers insert along the scapular 
spine. The upper fibers elevate the scapula and the en-
tire shoulder joint. Activation of the middle and lower 
fibers can adduct and depress the scapula (7).

Other Muscles: The latissimus dorsi originates 
along a wide stretch of medial back structures from 



12� ANATOMICAL�CORRELATION�OF�COMMON�PATTERNS�OF�SPASTICITY 143

the sacrum to the midthoracic vertebrae, inserting me-
dial to the anterior midline of the proximal humerus 
(Figure 12.3), its main actions being adduction, inter-
nal rotation, and extension (8, 9).

The coracobrachialis originates on the coracoid 
process and inserts on the medial surface of the hu-
meral shaft, flexing and adducting the humerus (10). 
The pectoralis minor originates on ribs 3-5 and runs 
diagonally cephalad and laterally to insert on the cor-
acoid process of the scapula (Figure 12.2). With the 
ribs fixed, it pulls the scapula downward and forward, 
moving the shoulder joint anteriorly.

Spastic Postures

Shoulder Adduction and Internal Rotation: Muscles 
that adduct and internally rotate the humerus at the 
glenohumeral joint are the strongest; thus, the ad-
ducted and internally rotated posture is the most com-
monly encountered among spastic patients (Figure 
12.5). Activities that are impaired by this posture and 
that can be ameliorated by the application of botuli-
num toxin include donning and doffing of clothing, 
caregiver-assisted mobility and transfers, and hygienic 
care of the axilla (11). The principal muscles involved 
in this posture include the pectoralis major, latissimus 

FIGURE 12.4

Semispinalis capitis, splenius capitis, levator scapulae, and trapezius. (Reprinted with permission from Daniel Truong, 
Dirk Dressler, Mark Hallett, Eds. Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge University Press.)

FIGURE 12.3

Latissimus dorsi and teres major. (Reprinted with permis-
sion from Daniel Truong, Dirk Dressler, Mark Hallett, Eds. 
Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge 
University Press.)
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dorsi, teres major, and subscapularis, any or all of 
which may be targeted for chemodenervation.

Shoulder Hyperextension: Hyperextension is a 
less common pattern of spastic posture but can oc-
cur if the subscapularis and pectoralis muscles are not 
strongly contractile. This allows the latissimus dorsi 
and teres major, along with the posterior deltoid and 
long head of triceps, to pull the humerus in a poste-
rior direction. With spasticity in the shoulder extensor 
muscles, active shoulder flexion may be slowed.

Shoulder Subluxation: After acute central ner-
vous system injury, there is an initial period of flac-
cidity before the onset of spasticity. During this flaccid 

phase, sufficient laxity may occur in the rotator cuff 
and other shoulder strap muscles to allow inferior and/
or anterior subluxation of the glenohumeral joint, es-
pecially when traction is placed on the paretic limb by 
caregivers attempting to move the patient (12). This 
subluxation may become a chronic problem, failing 
to resolve after the onset of spasticity, and can lead 
to long-term pain and increase in disability (13, 14). 
In treating shoulder joint spasticity with botulinum 
toxin, it is important to assess for the presence of sub-
luxation and to avoid exacerbating the problem by 
chemodenervation of rotator cuff muscles or by ex-
cessive dosing of other muscles crossing the humerus. 
These can include the deltoid and the pectoralis major 
and minor.

THE ELBOW

Joint Anatomy: The elbow is capable of 4 types of 
movement: flexion, extension, pronation, and supi-
nation. Flexion/Extension movements occur at the 
humeroulnar joint, a hinge-like complex comprised 
of the rounded trochlea of the distal humerus resting 
in the concave trochlear notch of the proximal ulna. 
Pronation and supination occur at the humeroradial 
joint, a biaxial joint that can rotate along the long 
axis of the radius as well as being able to move in 
a transverse axis during flexion/extension (15). Any 
combination of these directions of movement can be 
involved in spastic posturing. 

Flexion and Supination: Because the flexors and 
supinators are more powerful, they generally pre-
dominate in spasticity; thus, the flexed elbow with 
the forearm supinated is most frequently encountered 
among patients (Figure 12.5).

The principal muscles involved are the biceps, bra-
chialis, brachioradialis, and pronator teres (discussed 
under pronators). The elbow flexors are strongest in 
work in different positions. The biceps is strongest in 
supination, whereas the brachialis is most involved  
in pronation, and the brachioradialis is strongest in 
the neutral position The biceps has 2 heads, each orig-
inating on different parts of the scapula: a short head 
originating on the coracoid process and a long head 
originating on the supraglenoid tubercle (Figure 12.6). 
The biceps inserts onto the radial tuberosity and also 
forms the bicipital aponeurosis, which inserts into the 
fascia of the medial forearm (Figure 12.7). The biceps 
thus produces both flexion and strong supination of 
the forearm at the elbow joint (16).

The brachialis originates over a large area of the 
distal half of the anterior humerus and inserts onto 
the coronoid process and tuberosity of the proximal 

FIGURE 12.5

Right-sided spastic hemiplegia. (Reprinted with permis-
sion from Daniel Truong, Dirk Dressler, Mark Hallett, Eds. 
Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge 
University Press.)
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FIGURE 12.7

Flexor carpi radialis, palmaris longus, pronator teres, and pronator quadratus. (Reprinted with permission from Daniel 
Truong, Dirk Dressler, Mark Hallett, Eds. Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge University Press.)

FIGURE 12.6

Biceps and brachialis. (Reprinted with permission from 
Daniel Truong, Dirk Dressler, Mark Hallett, Eds. Manual�of�
Botulinum�Toxin�Therapy, 2009, © Cambridge University  
Press.)

ulna (Figure 12.6). It is a pure flexor of the elbow; 
not inserting on the radius, it has no contribution to 
the rotation of the radius and therefore does not pro-
nate or supinate the forearm (17). The third elbow 
flexor, that is, brachioradialis, originates on the distal 
humerus and inserts distally on the styloid process of 
the radius (Figure 12.8).

Extension: Extension is a less common spastic pos-
ture at this joint and is produced by 2 muscles, that is, 
the triceps brachii and anconeus. The triceps, forming 
the bulk of the posterior upper arm, has, as its name 
indicates, 3 heads (Figure 12.9). Two of these, that 
is, the medial and lateral heads, originate along the 
posterior humerus, whereas the third, that is, the long 
head, originates on the infraglenoid tubercle of the 
scapula. The triceps crosses the elbow joint to insert 
on the olecranon process of the ulna. The second el-
bow extensor muscle is the anconeus. Originating on 
the lateral epicondyle of the humerus, it inserts distal 
to the joint on the olecranon and adjacent part of the 
proximal ulna (18). Its belly can be palpated over the 
lateral part of the olecranon, and it plays a minor role 
in extension movements.

Pronation: Pronator teres has a humeral head orig-
inating on the medial epicondyle of the humerus and 
contributing to elbow flexion and an ulnar head origi-
nating on the coronoid process of the proximal ulna 
and producing pronation of the forearm (Figure 12.7). 
Pronation movement also occurs at the wrist, being 
produced by the pronator quadratus, which originates  
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on the anteromedial surface of the distal ulna and in-
serts on the anterior surface of the radius (19). 

THE WRIST

Joint Anatomy: The wrist joint consists mainly of the 
distal ends of the radius and ulna against the proximal 
surfaces of the scaphoid, lunate, and triquetrum (20). 
The spastic wrist is usually flexed and often accompa-
nies a flexion of the elbow and fingers.

Flexion: Three principal muscles will be discussed. 
The flexor carpi radialis (FCR) starts at the common 
flexor tendon, which originates on the medial epicondyle 
of the humerus, and runs longitudinally along the medial 
half of the anterior forearm to insert on the second and 
third metacarpals. It flexes the wrist with slight abduc-
tion. Closely related to the FCR, sharing a common ori-
gin and running a parallel course adjacent to its medial 
edge, is the palmaris longus, whose tendon of insertion 
merges into the palmar aponeurosis (Figures 12.7 and 
12.8). This muscle is variable in morphology and may be 
absent or entirely tendinous in some persons. The flexor 
carpi ulnaris (FCU) has 2 heads, that is, a humeral head 
that arises from the common flexor tendon and an ulnar 
head originating from the medial surface of the olecranon  

of the ulna (Figure 12.8). The FCU runs a longitudinal 
course in the medial forearm, inserting on the pisiform 
carpal bone (21). Finger flexor muscles, discussed else-
where, also contribute to wrist flexion.

Extension: Extension is a less frequently encoun-
tered posture because the muscles producing this 
movement are relatively weaker. The extensor carpi 
radialis longus crosses 2 major joints. Originating on 
the lateral supracondylar ridge and lateral epicon-
dyle of the humerus, it courses along the posterolat-
eral forearm, its fibers becoming tendinous along the 
way, and inserts on the base of the second metacarpal. 
Closely related to the extensor carpi radialis longus 
is the extensor carpi radialis brevis, which originates 
at the common extensor tendon from the lateral epi-
condyle of the humerus and inserts on the base of the 
third metacarpal. Both of these muscles produce ex-
tension at the wrist joint along with abduction of the 
hand. The third major extensor, that is, the extensor 
carpi ulnaris, originates at the common extensor ten-
don of the lateral epicondyle of the humerus and runs 
longitudinally in the medial half of the dorsal surface 
of the forearm to insert along the dorsal surface of 
the fifth metacarpal. It extends and adducts the hand 
at the wrist (22). It should be noted that spastic ac-
tivation of the wrist extensors also tends to produce 

FIGURE 12.8

Flexor digitorum superficialis, FCU, brachioradialis, FCR, and palmaris longus. (Reprinted with permission from Daniel 
Truong, Dirk Dressler, Mark Hallett, Eds. Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge University Press.)
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secondary flexion at the metacarpophalangeal (MCP) 
joints as the tendons of the long finger flexors come 
under tension when the wrist is extended.

THE HAND

Anatomy 

Joint: The principal joints to be considered are the  
5 MCP joints at which the main directions of movement  
are flexion and extension, with smaller adduction/ 
abduction movements, and the proximal and distal in-
terphalangeal (IP) joints of the fingers and IP joint of 
the thumb, at which flexion and extension occur. The 
stronger muscles are the flexors and adductors; thus, 
the clenched fist, along with curled thumb, is the most 
frequently encountered posture in spastic patients; 
however, other patterns are important to consider as 
well. 

Finger Flexion: Flexion at the proximal IP joint is 
produced mainly by the flexor digitorum superficialis 
(FDS). The FDS has one head that originates on the 
coronoid process of the ulna and the common flexor 
tendon and another head that originates on the ante-
rior surface of the radius. The fibers of FDS insert on 
the middle phalanges of the 4 fingers (Figure 12.10). 
Flexion at the distal IP joints is produced by the flexor 
digitorum profundus (FDP), which originates on the 
antereomedial shaft of the ulna and interosseous mem-
brane; it inserts into the ventral side of the bases of 
the distal phalanges, producing flexion at the distal IP 
joints (Figure 12.11). Flexion at the MCP joints of the  

FIGURE 12.9

Triceps and deltoid. (Reprinted with permission from Daniel 
Truong, Dirk Dressler, Mark Hallett, Eds. Manual�of�Botuli-
num�Toxin�Therapy, 2009, © Cambridge University Press.)

FIGURE 12.10

Flexor digitorum superficialis, FCR, and FCU. (Reprinted with permission from Daniel Truong, Dirk Dressler, Mark Hallett, 
Eds. Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge University Press.)
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4 fingers is produced by the FDS and FDP because their 
tendons must cross this joint to insert on the phalanges,  
as well as by a set of intrinsic hand muscles, that is, 
the lumbricles, to be discussed later (23).

Abduction and Adduction: Abduction and ad-
duction at the MCP joints are produced by the inter-
ossei. Originating from the metacarpals and inserting 
onto the proximal phalanges, a set of 4 dorsal and 3 
palmar interossei occupy the spaces between the meta-
carpals (Figure 12.12). The palmar group adducts the 
fingers, drawing them together in the common spastic  
posture; the dorsal group may sometimes act to spread 
the fingers (24).

Spastic Postures 

The Clenched Fist: Fist clenching is produced by spas-
tic action of the muscles discussed above and may be 
combined with either a flexed or extended wrist, for 
which the principal muscles of action have already 
been reviewed. The clenched fist may impair hygienic 
care of the hand and lead to maceration or ulceration 
of the palmar surface.

Flexion Plus Extension: Another posture, which 
is occasionally encountered, is the combination of flex-
ion at the MCP joints and extension at the IP joints. 
This posture is produced by the interaction of the ex-
trinsic finger flexors and extensors located in the fore-
arm, as well as by a set of intrinsic hand muscles, that 
is, the lumbricles (Figure 12.12). Originating from the 
tendons of FDP, the lumbricles insert on the tendons 
of the extensor digitorum, producing a hand posture 
that might be used to hold this book by its edge (25).

FIGURE 12.11

Flexor digitorum profundus and FCU. (Reprinted with per-
mission from Daniel Truong, Dirk Dressler, Mark Hallett, 
Eds. Manual�of�Botulinum�Toxin�Therapy, 2009, © Cam-
bridge University Press.)

FIGURE 12.12

Adductor pollicis brevis, flexor pollicis brevis, opponens 
pollicis, adductor pollicis, palmar interossei, dorsal inter-
ossei, and lumbricles. (Reprinted with permission from 
Daniel Truong, Dirk Dressler, Mark Hallett, Eds. Manual�
of�Botulinum�Toxin�Therapy, 2009, © Cambridge Univer-
sity Press.)
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Thumb Curling: The MCP joint of the thumb is 
more mobile than those of the other digits, and thus, 
the thumb can move to oppose any of the other fingers 
at this joint as well as moving in flexion, extension, 
adduction, and abduction. In spasticity, the thumb 
may be curled over the flexed fingers or may be bent 
into the palm. The muscles of the thenar eminence, 
that is, the flexor pollicis brevis, abductor pollicis 
brevis, and opponens pollicis, originate from carpal 
bones and the flexor retinaculum. The first 2 muscles 
insert on the proximal phalanx, and the opponens 
inserts on the first metacarpal (Figure 12.12). Their 
collective action is to pull their bones of insertion an-
teriorly and medially, drawing the thumb across the 
hand and flexing the MCP joint. The adductor pollicis 
(Figure 12.12), which spans the web between the first 
2 metacarpals, draws these 2 bones together as well as 
flexing the MCP joint. The final muscle to consider for 
the thumb is the flexor pollicis longus (Figure 12.13), 
which originates from the anterior radius and inserts 
on the base of the thumb’s distal phalanx, producing 
flexion at the IP joint (26).

THE HIP

Joint Anatomy: The hip is a multiaxial joint in which 
the hemispheroid head of the femur rests in the deep 

socket of the acetabulum. This relatively deep articu-
lation, together with the joint’s capsule and ligaments, 
makes it more stable in comparison with the shoulder 
and less prone to subluxation at the expense of some 
reduction in range of mobility. The hip is capable of 
flexion up to 120° (with the knee flexed) and exten-
sion of up to 30° with the knee extended. In addition 
to these principal motions, the hip can be moved in 
adduction, abduction, internal rotation, and external 
rotation (27). The actions of the various hip muscles 
are complex and vary depending on the starting posi-
tion, which part of a particular muscle is activated, 
and whether the pelvis or the femur is fixed at the start 
of the motion. Muscles will therefore be described in 
regard to their major contribution to abnormal pos-
ture in spastic patients.

Flexion: The 3 strongest contributors to hip flex-
ion are the rectus femoris (described later among the 
knee extensors), the psoas, and the iliacus (Figure 
12.14). The psoas originates along vertebral bodies, 
transverse processes, and intervertebral discs of the 
lower spine from T12 to L5. The iliacus originates 
broadly on the anterior surface of the iliac fossa. Its fi-
bers converge onto the tendon of the psoas. The fibers 
of these 2 muscles converge onto a common tendon 
that inserts on the lesser trochanter of the proximal fe-
mur (28). Other thigh muscles that cross the hip joint 
also contribute to hip flexion.

FIGURE 12.13

Flexor pollicis longus and brachioradialis. (Reprinted with permission from Daniel Truong, Dirk Dressler, Mark Hallett, 
Eds. Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge University Press.)
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Extension: Extension of the hip is occasionally a 
clinically problematic posture among spastic patients. 
The gluteus maximus (Figure 12.15), originating from 
the posterior iliac fossa, sacrum, and sacrotuberous 
ligament, and inserting on the posterior femoral shaft 
and the fascia latae, is the major contributor among 
pelvic muscles (29). The hamstring group, discussed 
below, also contributes.

Internal Rotation: There are 3 principal muscles  
of internal rotation. The gluteus minimus and the glu-

teus medius originate on the external iliac fossa, their 
fibers converging on the anterolateral aspect of the 
greater trochanter. Tensor fascia latae originates from 
the anterior iliac crest and inserts onto the ileotibial 
tract, a band of fibrous tissue running down the lat-
eral thigh from the lateral tibia and fibula (30).

External Rotation: A group of 6 deep muscles 
originate on the pelvic bones and insert on or near the 
greater trochanter of the femur. Among other actions, 
they produce external rotation of the femur at the hip 
joint. These muscles include the piriformis, obturator 
internus, obturator externus, quadratus femoris, ge-
mellus superior, and gemellus inferior. In addition to 
these, the biceps femoris (long head) and the adductor 
muscles (see below) assist in external rotation (31).

Adduction: Adduction is produced by 5 principal 
muscles (Figure 12.16). The anterior portion of the 
adductor magnus originates from the ischiopubic ra-
mus and inserts along the posteromedial length of the 

FIGURE 12.14

Rectus femoris, vastus lateralis, vastus medialis, sarto-
rius, iliacus, psoas, pectineus, adductor longus, and graci-
lis. (Reprinted with permission from Daniel Truong, Dirk 
Dressler, Mark Hallett, Eds. Manual� of� Botulinum� Toxin�
Therapy, 2009, © Cambridge University Press.)

FIGURE 12.15

Gluteus maximus, biceps femoris long head, biceps femo-
ris short head, semitendinosus, semimembranosus. (Re-
printed with permission from Daniel Truong, Dirk Dressler, 
Mark Hallett, Eds. Manual� of� Botulinum� Toxin� Therapy, 
2009, © Cambridge University Press.)
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femur, and the posterior portion originates from the 
ischial tuberosity and inserts just proximal to the me-
dial femoral condyle (32). Three other adductors, that 
is, pectineus, adductor brevis, and adductor longus, 
originate on the pubis and insert on the posteromedial 
femur. In addition to adduction, these 4 muscles assist 
in the external rotation of the femur. The fifth adduc-
tor, that is, the gracilis, originates on the inferomedial 
pubis, crosses both the hip and knee joints, and inserts 
on the medial side of the proximal tibia. As a polyar-
ticular muscle, it can also flex and medially rotate the 
knee. Other contributors to adduction include biceps 
femoris (long head), gluteus maximus (deep part), 
psoas, and iliacus (33).

Abduction: Abduction at the hip is rarely a clini-
cally significant posture among spastic patients. Four 
of the principal muscles, that is, gluteus medius, gluteus 
minimus, and tensor fasciae latae, have already been 
described. The superficial part of the gluteus maximus, 
originating on the sacrum and posterior iliac crest and 
inserting on the fascia latae, extends, externally ro-
tates, and abducts the femur at the hip (34).

THE KNEE

Joint Anatomy: The knee is a complex joint consist-
ing of the hinge-like tibiofemoral joint, in which ar-
ticulation of the convex femoral condyles against the 
flat tibial condyles is stabilized by the presence of 2 
menisci that conform to their respective surfaces. The 
joint complex also consists of the patellofemoral joint, 
that is, a gliding joint. These joints share a common 
capsule and are stabilized by a number of ligaments 
(35). Although some rotation can occur at the knee, its  

FIGURE 12.16

Adductor magnus, adductor longus, gracilis, pectineus, 
sartorius, and semimembranosus. (Reprinted with permis-
sion from Daniel Truong, Dirk Dressler, Mark Hallett, Eds. 
Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge 
University Press.)

FIGURE 12.17

Gastrocnemius and soleus. (Reprinted with permission 
from Daniel Truong, Dirk Dressler, Mark Hallett, Eds. 
Manual�of�Botulinum�Toxin�Therapy, 2009, © Cambridge 
University Press.)
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2 principal directions of motion, that is, flexion and 
extension, will be considered here. Spastic patients can 
present with either a flexed or extended posture at the  
knee. 

Flexion: Flexion is mainly produced by the ham-
string muscle group of the posterior thigh. This con-
sists of the semitendinosus, semimembranosus, and the 
long and short heads of biceps femoris (Figure 12.15). 
Except for the short head of biceps femoris, all of 
these component muscles arise on the ischium and in-
sert on the proximal tibia or fibula. Acting thus across 
2 joints, they both flex the knee and extend the hip 
(36). Flexion posture at the knee tends to be more 

problematic than extension because it precludes erect 
posture, impedes stride, and may prevent heel strike 
during gait.

Extension: Extension is mainly produced by the 
quadriceps femoris group of the anterior thigh. Of  
these muscles, the vastus lateralis, vastus medialis, 
and vastus intermedius originate on the femoral shaft, 
whereas the rectus femoris originates on the anterior 
inferior iliac spine and crosses the hip joint before 
merging with the tendons of the other 3 muscles (Fig-
ure 12.14). This common tendon inserts on and en-
velopes the patella, whose tendon continues distally 
across the tibiofemoral joint to insert on the tibial 

FIGURE 12.18

Tibialis posterior, flexor digitorum longus, and flexor hallu-
cis longus. (Reprinted with permission from Daniel Truong,  
Dirk Dressler, Mark Hallett, Eds. Manual� of� Botulinum�
Toxin�Therapy, 2009, © Cambridge University Press.)

FIGURE 12.19

Tibialis anterior and extensor hallucis longus. (Reprinted 
with permission from Daniel Truong, Dirk Dressler, Mark 
Hallett, Eds. Manual�of�Botulinum�Toxin�Therapy, 2009, © 
Cambridge University Press.)
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tuberosity (37). Rectus femoris, acting across the hip 
joint, also contributes to hip flexion. 

Extension posture, although troublesome, is 
sometimes utilized by the patient for weight-bearing 
during stance, transfers, and gait. Excessive reduction 
of extensor tone by use of botulinum toxin or other 
means may result in functional loss of these abilities.

THE ANKLE AND FOOT 

Joint Anatomy: The ankle complex consists of the 
talocrural joint, an articulation of the tibia, fibula, and 
talus, and the subtalar joint between the talus and cal-
caneus. The principal motions of dorsiflexion, plan-
tar flexion, inversion, and eversion will be considered 
(38). Because of the relative strengths of the different 
muscles, plantar flexion and inversion are the com-
mon postures among spastic patients.

Plantar Flexion: Plantar flexion is produced chiefly 
by the triceps surae group of the posterior calf. Most 
superficial is the gastrocnemius, of which a lateral head 
and a medial head arise from the respective condyles of 
the distal femur, running distally across the knee joint. 
Deep to these is the soleus, originating along the proxi-
mal posterior shafts of the tibia and fibula. The fibers of 
all the triceps surae converge onto the Achilles tendon, 
which then crosses the talocrural and subtalar joints and 
inserts on the posterior calcaneus, thus acting to plantar 
flex the foot (Figure 12.17). The gastrocnemii, by hav-
ing crossed the knee joint posteriorly, also contribute 
to knee flexion (39).

Inversion: Inversion is produced by a number of 
muscles, including the triceps surae, which exerts a 
slight inversion during plantar flexion. Other than these, 
the tibialis posterior is the most important. It origi-
nates from the proximal posterior shafts of the tibia 
and fibula as well as from the interosseus membrane  
between them, its tendon running behind the medial 
malleolus to insert on the medial and plantar surfaces 
of several foot bones (Figure 12.18). The tibialis pos-
terior is flanked in the deep calf by 2 other muscles, 
that is, the flexor digitorum longus medially and the 
flexor hallucis laterally, both of which also contrib-
ute to inversion (40). In addition, the tibialis anterior 
may also contribute to inversion of the ankle and foot 
(40).

Dorsiflexion: Dorsiflexion is less of a problem in 
spastic persons. The strongest dorsiflexor is the tibia-
lis anterior (Figure 12.19), originating from the lateral 
condyle and anteromedial shaft of the tibia to insert 
on the inferomedial surface of the cuneiform bone and  
the base of metatarsal I (41). Deep and adjacent to this  
muscle are the extensor digitorum longus and the ex-

tensor hallucis longus (described below), which also 
assist in dorsiflexion. 

Great Toe Extension: This posture is encountered 
frequently among spastic patients and is produced by 
the extensor hallucis logus (Figure 12.19), which orig-
inates from the anteromedial surface of the fibula and 
inserts on the dorsal surface of the distal phalanx of 
the great toe (42).

Eversion: Eversion, rarely a clinical problem, is 
produced chiefly by peroneus longus and peroneus 
brevis, which arise along the head and shaft of the 
fibula; longus inserts on the medial cuneiform bone 
and the base of metatarsal I, whereas brevis inserts on 
metatarsal V (43).
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Whereas research efforts have continued to develop 
novel interventions for the management of spasticity, 
therapeutic interventions remain a critical component 
of the overall treatment plan. As a result, physical and 
occupational therapists continue to be vital members of 
the treatment team and have and will likely continue to 
play an important role in the management of a person 
with spasticity for many years. Over the years, a wide 
variety of therapeutic modalities and interventions 
have been developed to treat the upper motor neuron 
syndrome (UMNS) (1–3). Range of motion (ROM), 
stretching, positioning, functional electrical stimu-
lation (ES), neuroprosthetics, neurodevelopmental  
training (NDT), serial casting (SC), dynamic splinting, 
therapeutic exercise, and constraint-induced therapy 
are only a handful of the many treatment options 
available to the therapist. With the current health 
care climate and focus on evidence-based treatment, 
however, the efficacy of such interventions needs to be 
validated with continued research. 

This chapter will review the role of physical and 
occupational therapies in the evaluation and manage-
ment of spasticity as a component of the UMNS. In 
addition, the many factors that play a role in deter-
mining the course of treatment and the role of thera-
peutic modalities in the treatment of spasticity will be 
discussed. Individual and combination therapies will 
be covered, with issues such as cost, morbidity, and 
potential efficacy reviewed to facilitate the construc-

tion of a decision-making framework to assist the cli-
nician in determining the best course of treatment for 
the patient.

FACTORS TO CONSIDER

When determining the optimal course of management 
for a patient with spasticity, the therapist must weigh 
the many aspects that can influence the evaluation 
and treatment decision process. These include, but are 
not limited to, benefits versus detriments of spasticity, 
distribution (focal vs generalized), age of the patient, 
prognosis, time since onset, medical condition, and 
underlying etiology of the UMNS.

Whereas severe spasticity can be devastating to 
the overall function of the client, there are several 
benefits of the condition that should be considered 
in the treatment decision process (4). Spasticity can 
help maintain muscle tone and bulk over areas that 
are prone to pressure and skin breakdown and poten-
tially mitigate the condition. In addition, the muscle 
pumping action that results from muscle overactivity 
can potentially aid in overall circulation and reduce 
the risk of deep vein thrombosis. Increases in spas-
ticity in a person with spinal cord injury (SCI) can 
serve as a red flag and warn of urinary tract infection, 
skin breakdown (5), development of heterotopic os-
sification (1), or syringomyelia (6). Spasticity can also 
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facilitate function because it can assist in the perfor-
mance of transfers, bed mobility, standing, ambula-
tion, sexual function, and bladder management (7). 
The clinical team must weigh the loss of the positive 
effects of UMNS against the benefits of treatment 
when making their decision. It would be unfortunate, 
as happens in some cases, if addressing muscle overac-
tivity decreases the person’s overall ability to perform 
functional activities of daily living (ADL).

The deleterious effects of spasticity, especially 
when it interferes with function, must also be con-
sidered. They can interfere with almost all ADL, in-
cluding bed mobility, transfers, wheelchair mobility, 
ambulation, eating, toileting, hygiene, sexual func-
tion, and dressing (4, 7–9). Not only can spasticity 
greatly impair the overall functional mobility, but it 
can also be extremely painful. The pain and spasm 
cycle can become debilitating to the person emotion-
ally, leading to severe depression and further isola-
tion (10, 11). When left untreated over long periods, 
it can lead to shortening of the muscles and tendons 
and ultimately to the development of joint contrac-
tures (5, 12, 13). When this occurs in the hips, knees, 
and/or ankles, transfers, ambulation, positioning in 
bed, and wheelchair may become impossible even if 
the person has sufficient underlying strength. This 
impairs the person’s ability to participate in thera-
peutic exercise or rehabilitation programs, leading 
to additional functional losses. Based on the prob-
lems that can result from spasticity and UMNS, the 
need to treat moderate to severe spasticity is clear. 
Therapeutic modalities and interventions can play 
an important role in mitigating the negative sequelae 
and minimizing the complications that can occur as 
a result of UMNS.

When developing a treatment plan, a therapist 
must take into account several key factors when as-
sessing the patient, for example, the anatomic distribu-
tion of spasticity, how dependent it is on positioning,  
and the UMNS’s fluctuation throughout the day, to 
name a few. If the spasticity is regional or general-
ized, the person may respond better to a general 
ROM, stretching, exercise, and positioning program. 
When the condition is focal, functional ES, bracing, 
SC, stretching, dynamic splinting, and/or taping may 
prove more appropriate. Tone that is positional in 
nature may respond well to an educational program 
for the patient and/or their caregiver on proper bed 
and wheelchair positioning as well as transfer training 
to maximize their ability to assume the best position. 
When fluctuation occurs throughout the day, schedul-
ing, proper timing of ROM, stretching, and other in-
terventions are important for the proper management 
of the condition.

Other important issues that the therapist must 
include in the assessment process are the source of 
UMNS, spinal versus cerebral, and the age of the per-
son with the condition. When treating children, the 
fact that significant tone can place stresses on bones 
and joints, which can in turn lead to deformity, must 
enter into the decision process. On the other hand, an 
older adult with osteoporosis could potentially sustain 
a fracture from an aggressive stretching program.

Choosing appropriate goals is crucial to the de-
velopment of a treatment plan. Examples of poten-
tial targets include, but are certainly not limited to, 
maintaining or improving the patient’s overall func-
tional mobility and independence, alleviating pain, 
improving balance and gait, preventing or limiting 
contracture development, maintaining skin integrity, 
improving positioning and overall functioning with 
wheelchair management and mobility, and decreasing 
the level of assistance required by caregivers. The set-
ting of unrealistically high goals can be every bit as 
much a problem as choosing ones that are too low. It 
is important to develop a plan of care that is tailored 
to the individual and has buy in from the patient and 
caregivers.

EVALUATION 

The evaluation of individuals with spasticity requires 
a multidisciplinary approach, including physicians, 
physical and occupational therapists, nurses, and 
most importantly the patient and their caregivers. A 
thorough assessment incorporating all of the factors 
discussed above is required for the development of 
the optimal treatment plan. A standard neuromus-
cular evaluation including ROM, strength, coordi-
nation, balance, transfers, sensation, cranial nerve 
testing, gait, and reflexes is a vital component of 
the evaluation process. That being said, the assess-
ment of a patient with UMNS remains a challenge be-
cause the understanding of the pathophysiology and 
subsequent definitions of spasticity remains unclear 
(5, 14, 15). Spasticity, abnormal reflexes, muscle 
spasms clonus, and dyssynergic movement patterns 
have been described as the “positive” features of 
UMNS. The “negative” features include weakness, 
loss of dexterity, and fatigability (16). Both positive 
and negative components of UMNS contribute to the 
functional deficits that are seen clinically, and evalu-
ation for their presence must be part of the patient 
assessment. Perhaps the most frequently cited defini-
tion comes from Lance (17), who defined spasticity 
as “a motor disorder characterized by a velocity de-
pendent increase in tonic stretch reflex (muscle tone) 
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with exaggerated tendon jerks, resulting from hyper 
excitability of the stretch reflex, as one component 
of the upper motor neuron syndrome.” The term 
spasticity has become commonly used almost in a ge-
neric sense to include all the other components of the 
UMNS, including hyperreflexia, clonus, clasp-knife 
rigidity, exaggerated cutaneous reflexes, cocontrac-
tions, dystonia, and associated reactions that occur as 
a result of positional changes or noxious stimuli (13,  
18). Pandyan (14) described spasticity as more than a 
pure motor disorder that does not result solely from 
the hyperexcitability of the stretch reflex. Instead, it 
should be defined as “disordered sensori-motor con-
trol, resulting from an upper motor neuron lesion, 
presenting as intermittent or sustained involuntary 
activation of muscles”(14). This definition is more 
broad than Lance’s because it includes not only the 
velocity-dependent spasticity produced as a joint is 
rapidly flexed or extended at a single point in time 
but also the increase in tone and muscle spasms wit-
nessed with positional and postural changes during 
phases of gait and with other nonpassive, functional 
movements. Spasticity is not just an isolated event to 
be assessed only at a single point in time but instead 
is a dynamic event that requires a functional-based 
assessment to fully appreciate the impact it has on 
the overall function.

To allow scientists and clinicians to evaluate 
changes and treatment efficacy, they must use appro-
priate metrics. Numerous outcome metrics are avail-
able for this purpose; however, an extensive discussion  
of this topic can be found elsewhere in this book. To 
facilitate a better understanding of the authors’ com-

ments, some of the scales most commonly used by 
the therapist will be briefly discussed to facilitate the 
readers’ understanding. The authors have placed them 
into 3 categories based on the data collected to obtain 
the score: physical, self-reported assessments to assist 
in the overall evaluation, and treatment framework 
(see Tables 13.1 and 13.2). For the therapist treating 
the patient, it is important to not only quantify the se-
verity of spasticity but also evaluate its effect on func-
tion. If the aim of spasticity management programs 
is to be patient oriented, then research, clinical trials, 
and evaluation tools all need to include the patients’ 
self-report and experience to supplement the current 
battery of measures (19).

Physical Assessments

Physical assessments of spasticity often involve mov-
ing the affected joint rapidly through its available 
ROM and quantifying the severity of the tonal re-
sponse. Commonly used manual methods for evaluat-
ing spasticity include the Ashworth Scale (AS) and the 
Modified Ashworth Scale (MAS), which are discussed 
in Table 13.1. There are numerous other measures, 
including the Tardieu and Modified Tardieu Scales, 
which are discussed.

Whereas the AS and MAS are easy to perform 
and require no specialized equipment to complete, the 
score obtained is subjective. Their validity, interrater 
reliability, and correlation to other measures of spas-
ticity and function are inconsistent and often ques-
tioned as useful tools in the literature, (4, 16, 20–23) 
particularly when assessing the lower extremity (24). 

TABLE 13.1 

Ashworth and Modified Ashworth Scale

AS MAS

0 (1) = no increase in tone    0 = no increase in tone
1 (2) = slight increase in tone, giving a catch  
      when the affected part is moved in flexion 

or extension

   1 =  slight increase in tone, manifested by a catch and re-
lease, or by minimal resistance at end ROM when the 
affected limb is flexed or extended

2 (3) =  more marked increase in tone but the  
affected part is easily flexed

(1+) =  slight increase in muscle tone, manifested by a catch, 
followed by minimal resistance throughout the remain-
der (less than half ) of the range of movement

3 (4) =  considerable increase in tone, passive 
movement is difficult

   2 =  more marked increase in muscle tone through most of 
the ROM, but the affected part is easily moved

4 (5) = affected part is rigid in flexion or extension    3 =  considerable increase in muscle tone, passive  
movement is difficult

   4 = affected joint is rigid in flexion or extension
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In contrast, Brashear et al. (25) found good interrater 
and intrarater reliability when assessing the spasticity 
of the wrist, fingers, and elbow in persons who have 
had a stroke. Likewise, Skold et al. (26) found sig-
nificant correlation between the MAS and the patient- 
reported spasticity using a Visual Analog Scale (VAS) 
in 45 persons with SCI.

The AS and the MAS are subjective tests in nature 
in that they do not have standardized procedures for 
patient positioning, scoring, or overall test implemen-
tation (22). Ideally, the clinician should choose a posi-
tion that is most comfortable for the patient and gives 
the best picture of the overall spasticity. It is important 
that the patient be tested in the same position in sub-
sequent sessions to optimize reliability. The affected 
joint is passively moved through its available ROM 
at a speed sufficient to induce a spastic response. This 
presents a major limitation to both scales because the 
speed of movement has not been well established. 

Multiple studies report that 1 second may be the best 
time to take a joint through its available ROM (11). 
The resistance to movement, where it occurs in the 
ROM, and the strength of the resistance are noted and 
quantified. The AS uses a 5-point 0–4 scale, whereas 
the MAS adds 1+ to the scale as well. The 1+ grade 
was added in the MAS to enhance the sensitivity of 
the test in elbow flexor tone in people with multiple 
sclerosis (MS) (27) (see Table 13.1).

The AS was originally designed to evaluate the 
antispasmodic effects of Carisporodol in MS (28). 
Both scales have subsequently been used with a va-
riety of etiologies including brain injury (22), stroke 
(25), and SCI (4). The fact that spasticity differs based 
on etiologies may account for some of the variability 
in the literature that has examined the MAS and AS.  
(4, 11) Additional factors to consider when administer-
ing either scale include the time of day, emotional sta-
tus, current health issues, repeated stretching or ROM 

TABLE 13.2

Self-reported Assessments of Spasticity

sCaLe Psfs Prism sCi-seT msss-88

Attributes Part�1: spasm fre-
quency scale. 

Part�2: spasm sever-
ity scale. Easy to 
administer. No 
functional compo-
nent. Validated for 
MS and spinal cord 
lesion.

41 items, 7 sub-
scales that can be 
evaluated inde-
pendently. Easy to 
administer. Identi-
fies beneficial 
and detrimental 
aspects of spastic-
ity. Validated for 
SCI.

35 items, targeted 
mainly at ADLs. 
Bidirectional 
response scale. No 
subscales. Identifies 
beneficial and det-
rimental aspects of 
spasticity. Validated 
for SCI.

88 items divided into 
8 subscales.  
Subscales can be 
evaluated  
independently. 
Validated for MS.

Scoring Part�1: spasm fre-
quency

0 = no spasms
1 = mild spasms at 

stimulation
2 = infrequent strong 

spasms less than 1 
time per hour

3 = spasms more often 
than 1 time per hour

4 = spasms more than 
10 times per hour

Part�2: spasm severity
1 = mild
2 = moderate
3 = severe

0 =  never true for 
me

1 =  rarely true for 
me

2 =  sometimes true 
for me

3 = often true for me
4 = very often true 

for me

–3�to�+ 3�bidirectional�
scale:
–3 =  extremely  

problematic
–2 =  moderately  

problematic
–1 =  somewhat  

problematic
 0 = no effect
+1 =  somewhat  

helpful
+2 =  moderately 

helpful
+3 =  extremely  

helpful

1 = not at all  
bothered

2 = a little bothered
3 = moderately  

bothered
4 = extremely  

bothered
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before the testing period, pain, and fatigue (11). Any 
of these factors can either lead to an increase or de-
crease in spasticity, thereby giving the tester a skewed 
result. In addition, it is important to note that the AS 
and MAS only evaluate the velocity-dependent nature 
of spasticity across a single joint (4) at a single point 
in time. Although both scales have been weakly as-
sociated with quality of arm skills, gait velocity, stride 
length, and gross motor functions (22), there have 
been limited data that have demonstrated a significant 
association between the AS and any specific function. 
Therefore, the clinician must use caution when assess-
ing velocity-induced tone and functional limitations 
because they may not be directly related. Experienced 
therapists have witnessed the patient with marked 
tone as assessed by the AS/MAS at rest, only to see 
minimal tone and impairment in those same muscle 
groups during functional activities. The converse can 
also be true where a patient has minimal tone when 
evaluated at rest but exhibits increased tone during re-
positioning, transfers, standing, and other functional 
tasks.

Hypertonia may also result from muscle hypo-
extensibility (contracture), which consists of the short-
ening of the muscle due to a decrease in the number 
of sarcomeres (29). The precise association between 
spasticity and contracture remains unclear. The thera-
pist using AS or MAS must not confuse muscle stiff-
ness or contracture with spasticity.

PATIENT REPORTED ASSESSMENTS

A critical component to the overall evaluation and 
management of spasticity is the feedback from the pa-
tient and their caregivers. Because tone can fluctuate 
based on many factors as described above, a patient’s 
self-assessment can provide therapists with a clearer 
picture of the overall nature of spasticity and the im-
pairment and functional deficits that it evokes. This 
can facilitate the development of an appropriate treat-
ment plan. Research has shown that clinical examina-
tion does not always elicit spasticity in patients who 
report it and that examination of one or more symp-
toms of spasticity does not correlate with the person’s 
self-report of spasticity, with function, or with each 
other (30, 31). Therefore, it is crucial that the thera-
pist take into account the person’s self-report of their 
symptoms and how it affects their function because the 
patient and the caregiver are often the best judge of its 
effects overall (10). The Penn Spasm Frequency Scale 
(PSFS) (32), the Patient Reported Impact of Spasticity 
Measure (PRISM) (33), the Spinal Cord Injury Spastic-
ity Evaluation Tool (SCI-SET) (10), and the Multiple 

Sclerosis Spasticity Scale (MSSS-88)(19) are 4 self- 
assessment tools discussed below (see Table 13.2).

Penn created the 5-point spasm frequency scale 
to follow the effects of intrathecal baclofen in 20 pa-
tients with MS and spinal cord lesion (32). The scale 
was later modified to include a spasm severity compo-
nent to better capture the true nature of the person’s 
spasticity (4). The first part involves a 5-point scale 
in which the patient assesses the frequency of their 
spasms with “0 = no spasms” to “4 = spontaneous 
spasms greater than 10 times per hour.” The second 
part is a self-report of the severity of spasms with “1 =  
mild” to “3 = severe.” The second part is only com-
pleted if the person reports a score greater than 0 in 
the first part of the battery.

Priebe et al. (30) found a weak relationship be-
tween the PSFS and the patient-reported scales of pain 
and function associated with spasticity in persons 
with SCI. In addition, the PSFS, AS, and other clinical 
tests of spasticity, including tendon taps, clonus, and 
plantar stimulation, demonstrated poor correlation to 
each other in persons with SCI, suggesting that each 
test may be evaluating a different component of spas-
ticity as it relates to the UMNS (30), and what is being 
tested clinically may not correlate to what the person 
is experiencing throughout the day functionally (4). 
Whereas the PSFS is a good tool for incorporating the 
patient’s report because it provides the clinician with 
valuable information regarding the daily fluctuations 
of the person’s spasticity, it is important for the thera-
pist to standardize the time of day and the time frame 
(e.g. over the last 24 hours or the last 7 days) to cap-
ture the most accurate assessment from the patient. 
Further studies are required to test the reliability of 
the PSFS in persons with SCI and to establish validity 
with other clinical measures of spasticity.

The PRISM was developed to measure the impact 
of spasticity on the quality of life of persons with SCI  
(33). The PRISM is a 41-item, self-assessment tool 
rated on a 0–4 scale with “0 = never true for me” and 
“4 = very often true for me.” The 7 subscales within 
the instrument evaluate the effects of altered motor 
control with respect to social avoidance and anxiety, 
psychological agitation, daily activities, need for as-
sistance or positioning, need for interventions, and 
social embarrassment, as well as the positive impact 
of altered motor control on function.

The PRISM offers the therapist a clinical tool 
that is easy to administer and captures a wide span of 
the impacts of spasticity through its subscales. Each 
subscale is independently scored, so the therapist may 
choose to focus evaluation and track treatment efforts 
on one area of interest (e.g. daily activities), as fac-
tor analysis has shown that each domain addresses a 
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unique aspect of spasticity as it relates to the quality 
of life in persons with SCI (33, 34). Another intriguing 
feature of the tool is its ability to differentiate the ben-
eficial versus detrimental effects of spasticity on the 
client’s overall functional status. This is an invaluable 
information for therapists in their efforts to develop a 
treatment program that maximizes appropriate spas-
ticity reduction while maintaining or improving over-
all patient function. Whereas the PRISM was designed 
and validated with a large pool of persons with SCI, 
the statements are generic enough that it should ap-
ply to any population affected by spasticity as a result 
of UMNS. However, it has not yet been validated in 
other populations. Further work is needed to validate 
this relatively new instrument with varying patient 
populations who have spasticity.

The SCI-SET is a 35-item self-report of the im-
pact of spasticity on the targeted ADL over a 7-day 
recall period (10). The instrument allows the client to 
rate both problematic and beneficial aspects of their 
spasticity on a –3 to a +3 bidirectional scale. Like the 
PRISM, it was validated among people with SCI, but 
because its statements are generic, they could poten-
tially be used in other populations with spasticity (e.g. 
stroke, brain injury, and MS), although it too has not 
been validated in these groups. It is quick and easy 
to administer and provides the therapist with valu-
able information related to the impact of spasticity on 
functional ADLs. As a tool that allows the therapist 
and patient to see the helpful and problematic effects 
of spasticity on specific functional tasks, such as bal-
ance, gait, and dressing, the SCI-SET is significant 
as an aid in treatment decision making, in outcome 
tracking, and for research purposes.

The MSSS-88 is an 88-item questionnaire that 
quantifies the impact of spasticity over a 2-week pe-
riod in 8 areas: spasticity-specific symptoms (muscle 
stiffness, pain and discomfort, and muscle spasms), 
functional areas (ADL, walking, and body move-
ments), and 2 areas related to emotional health and 
social functioning (19). Scoring is based on a 1–4 scale 
with “1 = not bothered at all” and “4 = extremely 
bothered.” Like the PRISM, the MSSS-88 provides the 
clinician a picture of the impact of the person’s spastic-
ity over a wide range of activities and circumstances. 
It also allows the therapist to examine each subscale 
individually, as each is a unique instrument that can 
be analyzed separately from the whole. This allows 
the specific tailoring of the evaluation, treatment plan-
ning, and goal setting with the patient because each 
section can independently add to the evaluation and 
management process. Whereas the instrument has 
been validated for persons with MS, we believe that 
many of the items and subscales are generic enough to 

be applied to other diagnoses, as with the PRISM and 
SCI-SET. Validation studies within different diagnos-
tic groups of patients could make the MSSS-88 a pow-
erful tool that could be utilized across the spectrum of 
spasticity as it relates to the UMNS.

Functional Assessments

Evaluating the effects of spasticity on functional ac-
tivities and quantifying it should be the primary goal 
in spasticity evaluation and management. This would 
allow clinicians to directly measure the results of the 
treatment program on spasticity during specific func-
tional activities and give additional meaning to tradi-
tional outcome measures. As discussed earlier, clinical 
assessments that primarily analyze velocity-induced 
spasticity have shown weak correlation to actual 
patient function(22) and should not be relied upon 
solely as an indication of the degree of the person’s 
spasticity. Self-reported assessments are an effective 
tool for gathering the perspective of the patient and 
caregiver and can provide valuable information as to 
the nature and overall impact of spasticity on both 
function and caregiving. However, self-reported as-
sessments are subjective and provide no clinical objec-
tive measurement of spasticity. That being said, tests 
that examine spasticity during functional activities are 
needed to reliably assess the true nature and impact 
of spasticity on the patient and their caregiver (35). 
There are many standardized functional tests avail-
able to therapists that effectively analyze gait, coor-
dination, balance, functional independence, ability to 
perform ADL, and various combinations of upper ex-
tremity and lower extremity functions. Unfortunately, 
there are no tests that specifically address, quantify, 
and analyze the impact of spasticity on those areas 
of function. Many tests simply quantify the degree to 
which a function can or cannot be performed and the 
level of assist required. Whether the underlying issue 
causing the limited performance is decreased strength, 
ROM, impaired motor control, coordination, or spas-
ticity, it is left up to the clinician for further evalu-
ation and testing to determine. Because of this, it is 
important that the therapist pick the appropriate test 
to examine spasticity based upon the patient’s diagno-
sis, their current status and ability to perform ADL, 
and patient/caregiver goals. The clinician can then 
assess the impact of spasticity on the ability of the  
patient/caregiver to complete the test. For example, if 
a patient is performing a 10-meter walk test, then it is 
not simply the time it takes to walk the distance that 
should be noted. The affect of spasticity on overall 
gait mechanics, step and stride lengths, knee stability 
in midstance, and knee flexion and extension during 
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the swing phase are all potential areas where spasticity 
can greatly impair the person’s ability to walk 10 m in 
a certain time. When assessing a caregiver’s ability to 
transfer a patient with severe spasticity that has no vo-
litional movement, the degree to which the spasticity 
increases the caregiver burden should be addressed. 
The question is how do we measure or quantify the 
degree to which the observed spasticity affects the 
function? Ng and Hui-Chan (36) demonstrated poor 
correlation between ankle plantar flexion spasticity as 
measured by the Composite Spasticity Scale (CSS) (37)  
and the Timed Up and Go (TUG) test in 11 patients 
poststroke. Their results contrasted with others, who 
found a positive correlation between TUG and ankle 
plantar flexion spasticity (38, 39), and agreed with 
other researchers, who also demonstrated poor cor-
relation between the 2 measures (40, 41). A potential 
limitation found in many of the studies attempting 
to correlate spasticity to function is that spasticity is 
often assessed through the use of passive, velocity- 
dependent, nonfunctional tests that are then compared 
to the results of dynamic, non–velocity-dependent 
functional tasks. Spasticity measured passively may 
be quite different when observed during dynamic ac-
tivities. For example, knee extensor spasticity, which 
measures 4/5 on the MAS in supine, may not present 
as significantly during functional gait analysis as one 
might expect, whereas the mild 2/5 spasticity may be 
magnified in standing and interfere greatly with the 
ability of the knee to flex during gait. The point is 
that, when attempting to measure the effects of spas-
ticity on function, the test of spasticity should mimic 
that function as closely as possible. Unfortunately, ac-
curately measuring and quantifying spasticity during 
functional activities and determining the true impact 
on function may require the use of expensive motion 
analysis systems, surface electromyography (EMG), 
and dynamometers, (21) which are often neither read-
ily available nor practical in the clinical setting. To 
that end, the therapist is somewhat limited to obser-
vational analysis when assessing the impact of spastic-
ity on function. Whether the test is the Dynamic Gait 
Index, the 6-minute walk test, the 10-meter walk test, 
the TUG, the Wolf Motor Function Test, or the Fugl-
Meyer Upper Limb Test, the therapist assessing spastic-
ity must take into account where the spasticity is occur-
ring, in what muscle group(s), and how it is affecting 
the overall ability to complete the task. Because video 
has recently become easily accessible and affordable 
through smaller handheld units, it offers the therapist 
a valuable clinical tool for documenting and analyzing 
spasticity during different positions and function. The 
therapist can then document changes in spasticity and 
function throughout the treatment process.

TREATMENT OPTIONS

The primary goal of any spasticity management pro-
gram should be to maximize function; balance, motor 
control, gait mechanics, speed, transfers, bed mobil-
ity, dressing, hygiene, and reducing caregiver burden 
are all examples of functional domains that should be 
addressed. In addition, making a task easier to per-
form, more energy-efficient, and safer are all reason-
able goals for the treatment team. There are numerous 
treatment options available to therapists to treat spas-
ticity and UMNS. For the purpose of this chapter, we 
have divided them into the following:

1. Physical treatments (ROM, stretching, SC, 
dynamic splinting, and constraint induced 
therapy);

2. Therapeutic exercise (strengthening, cycling, 
and body weight–supported gait training);

3. Modalities (electrical and thermal);
4. Combination therapies.

Electrical modalities may include functional/
neuromuscular ES (FES/ NMES), transcutaneous ES 
(TENS), and neuroprosthetic devices that incorporate 
NMES into a device that produces functional move-
ments. Thermal modalities may include heat (hot 
packs, ultrasound [US], fluidotherapy, diathermy, and 
infrared [IR]). Cryotherapy applications often include 
cold packs, cold baths, vapocoolants, and ice massage. 
Although these treatment options have been used for 
many years, the efficacy of these techniques in the 
treatment of UMNS needs to be validated. Because 
clinicians are increasingly expected to offer evidenced-
based treatment, it is important that therapists take an 
active role in guiding this research.

Physical Treatments 

Stretching

The exercises and protocols that fall in the category 
of stretching are some of the primary intervention 
strategies used by both physical and occupation ther-
apists in the management of patients with spastic-
ity. Stretching is defined as the process of producing 
elongation. As an intervention, it is commonly used 
to address numerous other impairments other than 
spasticity, such as limitations in ROM and functional 
mobility.

There are numerous methods of applying the 
modality of stretching to a person, but historically, it 
is provided by clinicians in a hands-on manual fash-
ion. Manual stretching techniques are heavily utilized 
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as an adjunct to other therapeutic interventions but 
are very difficult to standardize and objectify. This has 
complicated efforts to scientifically study and develop 
evidence-based practice (EBP). The use of a mechani-
cal device to apply a stretch, such as a dynamometer 
(Cybex), is another method to deliver a stretch to a 
person. In contrast to manual stretch, the use of these 
devices increases ones ability to be more objective, al-
lows better standardization for clinical treatment and 
research protocols, and may better facilitate the cre-
ation of guidelines for EBP. On the other hand, these 
devices can be both extremely expensive and inacces-
sible to many clinicians, particularly in rural settings. 
One may be forced to choose between treatments that 
can be well controlled and objectively measured but 
functionally irrelevant on the one hand and on the 
other functionally relevant, practical but with a very 
limited means of standardizing and measuring the 
treatment applied (42). 

There are many variables that must be consid-
ered when applying stretch. These include the char-
acteristics of intensity, duration, dose, frequency, and 
repetitions (42). The aggressive stretching program 
that would be administered to a young relatively ac-
tive and healthy individual with cerebral palsy (CP) 
would differ dramatically from that prescribed to a 
90-year-old, chronic, nonambulatory stroke survivor 
with bony metastases. To better delineate the differ-
ences in the methods of applying stretch, the authors 
will now define for the readers the different variables 
used to describe the act of stretching.

When therapists describe the differences used in 
the application of stretch to a person, these are the 
common terms used. Intensity refers to the amount 
of tension that is applied to structure(s). Duration is 
the period that the structures are elongated within one 
repetition. Dose is the total end range time. Frequency 
is the periodicity ranging from one session to daily 
sessions for weeks, months, or even years. Repetitions 
are the number of times stretched in a single session. 
Although these terms are good in describing the treat-
ment, and the treatment is in wide use, there is scant 
work and extremely limited EBP guidelines on how 
to vary these parameters in the treatment of differ-
ent conditions. To be effective, stretches are typically 
reported to require at least 30 seconds, but the “lon-
ger the better” is often encouraged based on in vitro 
studies performed by Williams (43). However, based 
on a detailed review of the literature, Bovend’Eeerdt 
et al. (42) was unable to demonstrate a relationship 
between the duration of a stretch and its effectiveness. 
In their review, the authors noted a wide variance in 
how stretch was applied. Stretching protocols ranged 
from single sessions to several months of treatment, 

with durations ranging from 1.5 to 45 minutes; the 
durations of a single stretch vary from 20 seconds to 
45 minutes.

As time limitations become progressively more 
of a barrier, therapists are often looking for more effi-
cient and effective strategies to manage the stretching 
of individuals. As mentioned above, dynamometers 
can be used but are often cost prohibitive and not nec-
essarily functional, whereas manual stretching is labor- 
intensive with limited objectivity. Therapists have 
looked for other means of applying stretch to a pa-
tient and avoid the limitations discussed above. The 
search to find cost-effective means to apply appropri-
ate stretch that is clinically relevant and cost-effective 
has lead the clinicians at our institution to seek cre-
ative solutions to the complex problem. Because many 
people have multiple deficits, choosing a treatment 
that can address more than one problem is a clear ad-
vantage to both clinician and patient.

Traditionally, the use of tilt tables has been used 
widely to manage limitations in joint range and mini-
mize the sequelae of spasticity and deficits in the ROM 
of the lower extremity joints, particularly the triceps 
surae. When used effectively, numerous joints, includ-
ing knee, hip, trunk, and even the upper extremities, 
can be treated simultaneously. The intensity of the 
stretch provided can be modulated by controlling the 
ankle that the tilt table is set at. By increasing the an-
gle and making the patient more upright, there is an 
increased weight-bearing load borne through the feet. 
There are also increased physiological benefits when 
this occurs. This includes postural improvement, de-
creased orthostatis, better pulmonary toilet, and im-
proved bone mineral density (BMD), to name a few. 
With respect to BMD, most publications report no 
improved BMD; however, a recent review article re-
ported some positive effects of standing weight-bearing  
activities on bone density if the treatment intensity 
was sufficiently long and high. These benefits were 
also more pronounced if begun early after SCI and 
continue over the long term. Otherwise, there appears 
to be no physiological benefit of weight-bearing on 
BMD (44).

Early after a neurologic insult, the tilt table can 
be used to address each of these issues. As individuals 
stabilize after prolonged immobilization, the contin-
ued use of a tilt table should be encouraged. However, 
the standing frame is another method to achieve the 
same goals with the same benefits in a more functional 
position. Both devices should be utilized to address 
the numerous potential benefits and complications, 
particularly considering that there is minimal burden 
on therapists from a time management or physically 
demanding perspective.
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The standing frame often allows for more active 
participation from individuals and provides a greater 
sense of security to individuals who use it.

Similar to the tilt table, standing frames are of-
ten used to address the same issues as the tilt table 
with some additional benefits and can be used as a 
progression from the tilt table. The standing frame 
often allows for more active participation from in-
dividuals and provides a greater sense of security to 
individuals who use it. The standing frame is used 
often in our clinic as an adjunctive modality, where 
therapists will often place individuals upright at the 
end of a treatment session for subsequent participa-
tion in occupational, recreation, and speech therapy 
sessions. It has been our experience that attention, 
arousal, and alertness are improved with overall im-
proved functional improvements and participation, 
particularly in the stroke population. In addition, this 

device, which is often combined with a mirror, is used 
for individuals with Pusher syndrome and other mid-
line awareness deficits. Although this is anecdotal, we 
are presently tracking the data for analysis and publi-
cation (Figure 13.1).

Another easily accessible piece of equipment that 
is useful in the management of decreased ROM and 
spasticity is the Total Gym. It is frequently used in our 
clinic to address stretching of the lower extremities, 
as described above, and to also address the strength 
and motor control deficits observed in the neurologic 
population. Active neuro reeducation of the lower ex-
tremities can occur in-between passive stretching rou-
tines and can be graded in terms of intensity as the tilt 
table can. Using this piece of equipment allows for the 
isolation of the impaired Lower Extremity (LE) mus-
cle groups to be facilitated. Strength training was once 
avoided and criticized as an activity that would in-
crease spasticity. However, resistance training, in gen-
eral, has been shown to produce increased strength, 
gait speed, functional outcomes, and improved quality 
of life without exacerbation of spasticity in the stroke 
population (Figure 13.2) (45). 

Dynamometers such as Cybex, Kin-Com, and 
Biodex, as well as intelligent feedback-controlled de-
vices, are less commonly used but are being utilized 
in an increasing manner by clinicians to provide well-
controlled and standardized stretching interventions. 

FIGURE 13.1

Utilization of standing frame to promote increased weight-
bearing while providing static stretch to the ankle plantar 
flexors and hip flexors.

FIGURE 13.2

Provision of static stretch to the ankle plantar flexors using 
the Total Gym.
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Intelligent feedback devices are driven by a motor 
controlled by a digital signal processor. The stretching 
velocity was controlled so that the speed is inversely 
proportional to the resistance torque. Near the end 
of the ROM, an increased resistance slows the mo-
tor in stretching the muscle-tendon complex slowly 
and safely. Once the specified peak resistance torque 
is reached, the motor held the joint at the end position 
for a period to allow “stress relaxation.” Chung et al. 
(46) utilized intelligent feedback to assess the benefits 
of stretching on several variables, including spasticity. 
Although the changes in reflex components were not 
statistically significant, it was observed that the force-
generating capacity of hemiparetic muscles was im-
proved after intervention. These effects of intelligent 
stretching were not seen in the healthy muscle.

The effects of stretching on spasticity are lim-
ited, with evidence showing no long-lasting changes 
on spasticity or the underlying etiology. However, the 
treatment of spasticity through stretching allows for 
an opportunity to treat functional impairments and 
deficits such as gait with greater emphasis on nor-
malizing movement patterns. If used judiciously with 
education provided to families and caregivers, one can 
decrease the risk of contracture and permanent mus-
cle shortening over time. This in turn will minimize 
the secondary complications and the need for other 
interventions, such as surgical tendon-lengthening 
procedures. It is important to remember stretching as 
an intervention that is not without its risks. Patients 
have experienced numerous problems as a result of 
aggressive ROM activities. At times, one can create 
the very problem that they seek to avoid as a result 
of providing painful and noxious stimuli. Although 
rare, avulsions and fractures have been reported in the 
literature (47). These complications arise often in the 
presence of other chronic impairments associated with 
the underlying pathology. Overall, evidence is lacking, 
particularly with respect to spasticity management 
and stretching. However, it is widely accepted that 
stretching will aid in maintaining ROM and help pre-
vent secondary complication in the presence of spas-
ticity. This will ultimately improve functional mobility 
and potential throughout the lives of individuals with 
neurologic injury.

Serial Casting

The use of SC, also called inhibitory casting, in the 
management of spasticity has been utilized for de-
cades. It was first described in the 1960s in individu-
als with CP (48, 49). Since then, casting has evolved to 
include treatment in multiple central nervous system 
disorders, including brain injury, SCI, stroke, and MS. 

Because spasticity places a muscle into a shortened 
position for prolonged periods, the resulting contrac-
tures are a leading complication. This often leads to 
limitations and impairments in functional mobility 
and ADL and in severe pain, among others. There-
fore, a primary indication for SC is in minimizing 
these secondary complications. Typically, the elbow, 
wrist, finger, and ankle joints are the ones that are 
most commonly treated with this modality.

Too often, SC is recommended and used once 
contractures are present and limitations are already 
present A more proactive approach is ideal, and pa-
tients who are deemed at risk should be identified 
early and treated.

Serial casting involves the stepwise application of 
a plaster or fiberglass cast applied circumferentially  
around a spastic and/or contracted joint(s). The re-
peated application of casts with the joint being  
stretched further with each application leads to im-
prove ROM, increased function, and/or decreased 
pain (48). Serial casting is discontinued when no in-
crease ROM is noted in 2 sequential casts or maxi-
mal ROM is achieved (50). At this point, the final cast  
is bivalved to serve as maintenance orthosis (Figures 
13.3, 13.4, and 13.5).

The proposed theories suggest that SC reduces 
spasticity and hypertonia, but the underlying mecha-
nism is largely unknown. However, numerous theo-
ries do exist. The neurophysiological theory proposes 
that casts minimize changes in muscle length, which in 

FIGURE 13.3

Material used in SC including cast padding, foam padding, 
fiberglass casting material and stockinette (cutout foam to 
protect bony prominences).
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turn reduces excitatory input through afferent recep-
tors in the muscle spindles, which in turn reduces re-
flexive alpha motor neuron excitability. The increased 
tension on the spastic muscle also results in increased 
stimulation of the golgi tendon organs, which inhib-
its the alpha motorneurons through type Ib afferent 
fibers (48). Another proposed mechanism, although 
the evidence is not strong, is that the neutral warmth 
provided by the cast may inhibit motor neuron excit-
ability and promote muscle relaxation (51). Another 
proposed component is that the circumferential pres-
sure around the spastic muscle and joint provided by 
the cast is thought to reduce cutaneous sensory input 
(48), which reduces the overall level of interneuron 
and motor neuron excitability, thus decreasing spastic-
ity (52). A similar effect has been seen with air splints 
applying circumferential pressure (53). 

A mechanical explanation has also been given as 
an explanation for the efficacy of SC. When a cast is 
applied, it provides a stretch of load and long dura-
tion, which helps to prevent and correct joint contrac-
tures (54, 55). Alterations in the mechanical properties 
of the muscle and tendon itself have been exhibited 
through casting studies, with animal studies showing 
an increase in the number of sarcomeres in series in 
response to casting (56). 

Wearing Schedules: As mentioned above, serial 
casts are applied in a sequential and stepwise manner 
to progressively increase gains in ROM. Traditionally, 
casting is a lengthy process, and several cast changes 
are frequently required to achieve the desired ROM. 
The standard practice has historically been changes 
every 5 to 7 days (50). Pohl et al. (50) have been per-
forming cast changes at much shorter intervals rang-
ing from 1 to 4 days. Utilizing this wearing schedule, 
they have observed equally effective ROM outcomes 
in shorter periods with fewer complications.

Possible Complications: The patient population 
that often requires a cast is often as risk of being a poor 
communicator regarding problems with the cast. This 
may be due to sensory loss cognitive impairment, de-
creased arousal, or communication deficits. As a result, 
the treating clinicians must maintain a vigil to avoid 
them. Possible problems include a burn either second-
ary to heat generated from the water used to wet the 
cast or heat generated from the cast itself (57). Other 
problems including the development of a compartment 
syndrome and skin breakdown have been reported. 
The possibility of a deep vein thrombosis developing 
increases with the duration of the application of the 
cast. Osteopenia and osteoporosis with a risk of patho-
logic facture is also reported with prolonged use.

FIGURE 13.4

Application of serial cast to treat ankle plantar flexor  
contractures and muscle overactivity. The clinician is 
wrapping high on the calf to maximize the mechanical ad-
vantage of the cast to provide optimal stretch.

FIGURE 13.5

Clinician performing checking of capillary refill, a critical 
component of checking the limb after casting.
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Dynamic Splinting

Dynamic splinting are devices that incorporate an ac-
tive, active assistive, or passive component into the 
device. This typically allows for functional movement 
patterns out of the spastic pattern. Commonly used dy-
namic splints include dynasplint, Saeboflex, and other 
custom fabricated devices often using a combination 
of springs and pulley systems to provide the dynamic 
component. They can also be designed and fabricated 
to allow motion at certain joints without the use of 
external assistance (58). Most often, these types of 
splints are utilized in upper extremities, the hand in 
particular. However, they can be used for lower ex-
tremity spasticity and ROM impairments, particularly 
the dynasplint. Dynasplints are thought to encourage 
reductions in spasticity through the same principles 
and rationales described throughout this chapter; 
however, no evidence exists regarding their efficacy on 
spasticity management.

Burtner et al. (58) published data on the differ-
ences between no splint, dynamic splinting, and static 
splinting in 10 children with hemiplegic CP. Specifi-
cally, they examined EMG muscle activation patterns 
but not spasticity specifically. They also collected 
data on grip and pinch strength as well as dexterity 
through peg board testing. Results revealed improved 
grip strength and dexterity in children with spastic-
ity when wearing dynamic splints. This suggests im-
proved function with dynamic splinting. Significantly 
less EMG activity was noted during grip with static 
splinting with increased compensatory shoulder mus-
cle activation. This suggests both a possible decrease in 
spastic muscle activity but also may lead to decreased 
motor control and muscular atrophy.

Saeboflex

The Saebo splints include the Saeboflex, the Saebo-
reach, and the Saebostretch, with each providing spe-
cific effects to specific joints. The SaeboFlex orthosis 
was designed to allow rapid training of grasp and 
release activities in hemiplegic hands where there is 
flexor muscle activity but limited extension or exten-
sion that is limited by the flexor hypertonicity (59). 
It involves the use of repetitive task-specific activities. 
In a study by Farrell et al. (59) SaeboFlex training 
occurred in a constraint-induced movement therapy 
(CIMT) fashion. Thirteen chronic hemiplegic stroke 
survivors participated in 6 hours per day over a 5-day 
intervention period. The study lacked a control group 
and involved other interventions such as neuromus-
cular stimulation and exercise focused on strength, 
ROM, and motor control. Therefore, it is difficult to 
attribute any changes in outcome measures solely to 

the SaeboFlex. Results of the study demonstrated re-
ductions in spasticity as measured by the MAS. They 
also demonstrated improvements in active movement 
at the shoulder and elbow. Passive ROM in wrist 
extension improved, but not in wrist flexion or fin-
ger flexion or extension. Participants were pain-free 
throughout the study and demonstrated no negative 
consequences. No other evidence-based publications 
are available at the time of this publication that dis-
cuss the Saeboflex (Figure 13.6).

Dynasplints

These dynamic splints are made for numerous joints 
including the shoulder, elbow, wrist, and hand for 
the upper extremity and knee and ankle for the lower 
extremity. They provide continuous low load, long-
duration stretches to various muscle groups affected 
by joint contracture, spasticity, and other causes of 
ROM deficits (60). These devices consist of padded 
adjustable cuffs with medial and lateral struts that are 
hinged at the joint axis. Unique to this device is the 
ability to adjust the tension and force applied across 
a given joint. This allows for a progressively greater 
amount of stretch coupled with an increase in dura-
tion of the wearing time, which in turn allows for 
progressive improvement in ROM. Wearing times can 

FIGURE 13.6

Dynamic stretching of finger flexors using the Saeboflex 
dynamic splint.
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progress rapidly with limited risk of skin breakdown 
and patient discomfort. In a case study, a patient with 
traumatic brain injury (TBI) used an elbow flexion 
contracture splint. Wearing time was progressed from 
30 minutes to 10 hours per day and an additional 2 
hours at night within the first month of use. Ultimately, 
wearing time ranged between 8 and 12 hours daily. 
Tension was gradually increased from 2 to 10 by the 
end of the 2.5-month protocol. Over the course of the 
case study, elbow extension ROM increased from an  
initial value of −67° to −15°. No objective measure was 
used to document spasticity, but the author states “a 
decrease in tone of the elbow flexion musculature de-
tectable by a gradual lessening in resistance to passive 
movement.” Another study demonstrates improve-
ments in ROM but not spasticity in a randomized 
control trial comparing the effects of botulinum toxin 
type A (BTX-A) and manual therapy combined with 
dynamic splinting with the dynasplint (experimental 
group). The control group received botulinum toxin 
and manual therapy alone. Elbow extension improved  
33.5% versus 18.7% in the experimental and control 
groups, respectively. The MAS scores were nonsig-
nificantly reduced 9.3% versus 8.6% in the experi-
mental and control groups, respectively (61). One fi-
nal study (62) addressed the utility of the dynaplints 
in the maintenance of increased ROM obtained 
from injection with botulinum toxin to treat elbow  
spasticity.

Lycra Garments

Designed to produce continuous stretch of spastic 
muscles when worn for several hours each day, Lycra 
garments have demonstrated rapid splinting and an-
tispastic effects on wrist and fingers in patients with 
hemiplegia (63). These garments are constructed in 
segments that are stretched in the desired orienta-
tion to promote a specific direction of pull and sewn 
together. The material’s elasticity exerts direction 
stress on the targeted segments to provide continuous 
stretch. Although not commonly used in the United 
States, their use is becoming fashionable in some 
rehabilitation units (64). They have demonstrated 
effectiveness but require custom fitting and may be-
come hot and uncomfortable for some individuals. 
Barnes (64) suggested that Lycra garments may be a 
more comfortable alternative to some cumbersome 
splints as well as serial casts. Limited evidence exists 
regarding these garments, particularly as it relates to 
spasticity. However, Gracies et al. (63) reported on 
short-term improvements in 16 patients wearing this 
Lycra garments for 3 hours as splints for the man-
agement of their upper extremity spasticity. Results 

demonstrated significant beneficial effects on wrist 
and finger spasticity and small improvements in the 
ROM of the shoulder.

THERAPEUTIC ExERCISE

Exercise is an essential component of the rehabili-
tation process as it relates to the UMNS (65–67). 
However, the effects of exercise on spasticity have 
been less clear however and even considered as con-
traindicated for persons with MS and stroke as stren-
uous exercise has been clinically observed to increase 
spasticity in some patients (66). More recently, new 
evidence is emerging that advocates for the addition 
of therapeutic exercise to the rehabilitation pro-
gram of persons with spasticity as it relates to the  
UMNS (45, 68, 69).

UNLOADED CYCLING

A study by Motl et al. (70) evaluated the effects of un-
loaded leg cycling on spasticity as measured by both 
the H reflex and MAS in 27 person’s with MS. Indi-
viduals with relapsing-remitting primary or secondary 
progressive MS who were not on any antispasticity 
medications performed exercise on a cycle ergometer 
for a single session of 20 minutes at an unloaded resis-
tance. Measurements were taken before and at 10, 30, 
and 60 minutes after exercise. Results demonstrated 
significant reductions in both MAS and Hmax/Mmax 
ratios at each experimental time frame. These changes 
were not noted in the control condition, which con-
sisted of resting comfortably for the same period in 
the same environment. The authors concluded that 
unloaded cycling was beneficial in decreasing spastic-
ity in patients with MS. In a follow-up study (71), the 
effects of a 4-week program of unloaded cycling in 22 
persons with MS were examined. The exercise partici-
pants cycled 3 times per week for 30 minutes over the 
4-week period. Metrics gathered at 1 day after, and 
1 and 4 weeks after the 4-week period included the 
H reflex, (MAS), and the MSSS-88. The researchers 
found no significant changes in the objective measures 
of spasticity, H reflex, or MAS spasticity scores. How-
ever, there was a reduction in a subjective assessment 
of spasticity, the MSSS-88.

In a small study of 9 patients poststroke (average 
of 22 months), Diserens et al. (72) studied the impact 
of upper extremity ergometry on spasticity and mo-
tor performance. After cycling 5 days per week for  
3 weeks, there was a reduction in spasticity as mea-
sured by the AS of the elbow flexors and extensors. 
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There was also a significant increase in active elbow 
ROM and in the force production of the affected upper  
extremity.

The studies examining the effects of cycling on 
spasticity are limited and often involve small subject  
samples as described above. From the limited research 
available however, it appears that unloaded cycling 
can have a positive impact on spasticity and does not 
appear to increase spasticity as once thought. Larger 
well-controlled studies are needed to examine the 
effects of resistance cycling on spasticity and to de-
termine optimal treatment parameters for varying 
UMNS etiologies.

BODY WEIGHT–SUPPORTED AMBULATION

Body weight–supported ambulation has been proposed 
as a means for improving mobility skill after stroke 
(73). There are many theories as to its mechanism 
of action, but Hesse (74) suggests that body weight– 
supported ambulation is an example of translation 
work and task-specific repetitive training. There are 
literally thousands of papers in the literature extolling 
its potential utility to improve gait more efficiently 
than the more classically used modalities. It has been 
used in various populations including CP (75), stroke 
(76–79), SCI, and MS. It is uncertain if this modality 
is actually more effective than standard gait training 
regarding improved gait parameters, and no study has 
yet demonstrated noted significant improvement in 
spasticity using this modality.

STRENGTH TRAINING

In a review of 7 randomized controlled trials (RCTs) 
examining the effects of strength training in per-
sons poststroke with hemiplegia, it was found that 
neither effortful activities or high-intensity strength 
training has an excitatory effect on spasticity and 
that progressive resistive training has a positive im-
pact on overall function (66). A meta-analysis of 15 
RCTs that examined the effects of strength training 
in persons with acute (2 weeks to 4.5 months) and in 
persons with chronic (2 to 8 years) poststroke con-
cluded that strength training can improve strength, 
improve activity, and does not increase spasticity 
(80). These results are further supported by a more 
recent evidenced-based review of 11 studies per-
formed by Pak and Patten (45), which looked at the 
effects of high-intensity resistance training on spastic-
ity and function in persons poststroke. The authors 
found substantial evidence that resistance training 

increases gait speed and strength with no increase in  
spasticity.

The reviews above clearly show that strength 
training in persons poststroke should not be excluded 
from the rehabilitation program due to a concern for 
increased spasticity as a result. Although spasticity re-
duction does not appear to be a benefit of strength 
training, the positive effects of increased strength and 
improved function should outweigh any concerns of 
spasticity exacerbation. Additional research examin-
ing strength training and its effect on spasticity in per-
sons with MS, SCI, TBI, and CP are needed to add 
further clarification to this issue.

MODALITIES

ELECTRICAL STIMULATION

Electrical stimulation is a commonly used modality for 
reducing spasticity, improving muscle tone, improv-
ing sensation, reducing pain, and facilitating function. 
The FES and TENS are the 2 most commonly applied 
forms of ES in current practice and are discussed be-
low. Care must be taken to ensure that the patients 
and their caregivers understand the nature of ES and 
its risks and contraindications. Proper electrode place-
ment, care of electrodes, and potential skin irritation/
breakdown should be a critical part of the educational 
component when prescribing these modalities for 
home and clinic use. Electrical stimulation should not 
be applied in people with an active implant, for exam-
ple, pacemaker, in persons who are pregnant, directly 
over a known tumor or active malignancy, in persons 
with seizure disorders, over active sites of bleeding, or 
over growing epiphysis (81, 82). 

Functional ES

Functional ES has become a widely accepted form of 
treatment for paralysis after SCI, stroke, brain injury, 
and other upper motor neuron disorders (83). Func-
tional ES uses the effects of NMES on intact lower 
motor neurons and incorporates the movement pro-
duced into a functional task (84). Functional ES has 
historically been used to supplement paralyzed or 
weakened muscles with functional tasks including 
standing, gait, and upper extremity function utilizing 
neuroprosthetic (84) devices (see Figures 13.1, 13.2,  
and 13.3/insert PT shot 5, 4, 3) Controlled studies that 
have examined the effectiveness of FES/NMES treat-
ment in the management of spasticity are discussed 
below (85–89). The FES/NMES look to be promising 
interventions for the short-term reduction in spastic-
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ity, as a tool to facilitate functional movement, and as 
an adjunct to medical management.

Popovic et al. (87) examined the effects of func-
tional electrical therapy (FET) using an upper extrem-
ity neuroprosthesis over a 3-week study period on 
the paretic arm of 28 persons with acute hemiplegia 
in a randomized, single-blinded control study. Sub-
jects were randomly assigned to 2 control and 2 FET 
groups. Each group consisted of a higher functioning 
group (HFG) and a lower functioning group (LFG) 
based on the person’s ability to move their Upper Ex-
tremity (UE) and hand through specified ranges of 
movement. The 2 control groups received the same 
physical therapy interventions as the study groups 
without the FET. The FET groups participated in 30-
minute sessions per day over a 3-week period. During 
the FET sessions, participants were asked to perform 
a variety of functional UE tasks including brushing 
the teeth and hair, using a telephone, and manipulat-
ing various cans and juices aided by a neuroprosthetic 
device. Both study groups received daily conventional  
Bobath therapy during the 3-week study period as well. 
Outcomes were measured using the Upper Extremity 
Function test, Drawing Test, MAS of key hand and 
UE muscles, and the Reduced Upper Extremity Mo-
tor Activity Log (MAL). Evaluations were performed 
both before and after the 3-week program. In addi-
tion, follow-up was performed at 6, 13, and 26 weeks 
after the treatment was completed. The MAS was as-
sessed only at the start of the study and at the 26-week 
follow-up. At the 26-week follow-up evaluation, the 
higher functioning FET group demonstrated a statisti-
cally significant reduction in UE spasticity when com-
pared to the lower functioning FET group and to the 
LFG / HFG control groups. The other groups did show 
reduction in spasticity, albeit nonsignificantly. In ad-
dition, all groups demonstrated improvements in the 
functional outcome measures; however, the gains in 
the FET groups were significantly larger as compared 
to the control groups. No adverse events or reactions 
to the described treatments were noted by the authors. 
The results from this study outline the importance of 
adding a FET component to the treatment plan. The 
combination of FET and functional-based therapies 
proved to be a beneficial one as the results show. Al-
though therapy alone exhibited good results, the ad-
dition of FET improved the outcomes in all metrics 
studied.

Ring and Rosenthal (86) evaluated the potential 
effectiveness of home usage of the upper extremity 
(NESS H200) neuroprosthesis (see Figure 13.2/insert PT 
shot 4) on upper limb spasticity and active hand func-
tion over a 6-week study in 22 patients with moderate  
to severe upper limb paresis, 3 to 6 months poststroke. 

Treatment was initiated at 10 minutes, 2 times per 
day, and was increased to 50 minutes, 3 times per day, 
over the first 2 weeks and remained at that level for 
the remainder of the study. Two modes of stimulation 
were used: intermittent finger extension and alter-
nating finger flexion and extension. Both the control  
group and the study group also attended outpatient 
therapy 3 times per week for a minimum of 3 hours 
per day for traditional stroke rehabilitation therapies 
that did not include the NESS H200. Other, nonspeci-
fied treatment modalities were available for use to 
both the control and treatment groups. At the con-
clusion of the 6-week program, a significantly greater 
improvement in spasticity and active hand function 
was noted in the treatment group as compared to the 
control group as assessed by the MAS, the Box and 
Blocks, and 3 Jebsen-Taylor hand function tests. It is 
of interest to note that in the muscle groups with spas-
ticity grades of moderate to severe (3 to 4), 64% of 
those in the study group improved to grade 2 or less, 
whereas only 9% of the control group improved to a 
MAS grade of 2 or less. The authors reported no ad-
verse events or reactions from the treatment in either 
group.

Yan and Hui-Chan (85) investigated the effects 
of FES on lower extremity spasticity. Spasticity, motor 
control, and the ability to walk were assessed, with 
the TUG test utilized to evaluate walking and motor 
control. Forty-six patients with an acute stroke within 
2 weeks of onset were assigned to 1 of 3 groups: an 
active FES group that received FES 30 minutes per 
day, 5 days per week to the ankle dorsiflexors; a sham 
stimulation group that received 30 minutes of non-
functioning FES stimulation; and a control group. 
All 3 groups received standard stroke rehabilitation 
therapy 5 days per week for 3 weeks. After 3 weeks 
of the protocol, the treatment group demonstrated a 
significant improvement in the CSS and ankle dorsi-
flexion (DF) torque as compared to the sham FES and 
control groups. In addition, 85% of the FES group 
was able to ambulate with an assistive device after the 
3 weeks of treatment as compared to 60% of the pla-
cebo and 46% of the control group; 84.6% of the FES 
group returned home, which was significantly greater 
than the other 2 groups. The authors reported that 
no reactions or adverse events occurred during the  
study.

Bakhtiary and Fatemy (89) evaluated the effects 
of NMES combined with inhibitory Bobath tech-
niques on ankle plantar flexor tone, passive ankle DF, 
and DF strength in an RCT of 40 patients with stroke. 
Subjects were randomly assigned to a NMES group or 
to a NMES plus Bobath treatment group. The Bobath 
plus NMES group underwent 20 daily sessions of  
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15 minutes of Bobath inhibitory techniques for the LE 
followed by 9 minutes of NMES applied to the ante-
rior tibialis (cathode) and to the fibular head (anode) 
over the peroneal nerve. Neuromuscular ES was set 
at 100 Hz with a 4-second surge on and a 6-second 
surge off. Outcomes were assessed after each session 
and included the MAS for spasticity, ankle DF ROM, 
ankle DF strength, and the soleus H reflex amplitude. 
The investigators found a significant improvement in 
ankle plantar flexion spasticity, DF muscle strength, 
and ROM in both the NMES control group and in 
the Bobath plus NMES group. In addition, a signifi-
cant improvement in muscle tone, ankle DF ROM, 
and DF strength was observed when comparing the 
NMES plus Bobath group to the NMES only group. 
The authors concluded that a combination of Bobath 
techniques plus NMES may be an effective tool for the 
treatment of spasticity. No adverse events or reactions 
were noted as a result of the treatment.

Mesci et al. (88) studied the effects of NMES in  
combination with a traditional rehabilitation pro-
gram on ankle DF ROM and spasticity in 40 patients 
with chronic stroke. Forty patients were assigned to 
equal groups of treatment and control. Both groups 
received poststroke physical therapy over the 4-week 
study period. In addition, the treatment group re-
ceived NMES to the hemiplegic ankle dorsiflexors  
5 day per week for the 4-week period. After the study 
period, the researchers found significant reduction in 
spasticity and improved ankle ROM when comparing 
pretreatment and posttreatment measurements over 
the 4-week study in the treatment group (P < .05). 
Functional ambulation also improved significantly in 
both groups; however, the difference between the two 
was not significant. No adverse events or reactions oc-
curred during the study.

All 5 studies discussed demonstrate significant 
short-term reduction in spasticity using various com-
binations of FES/NMES. The study by Popovic et al. 
(87) also showed a sustained reduction in spastic-
ity 26 weeks after the study period, indicating that 
FES/NMES may potentially play a role in the longer-
term management of spasticity. It is important to note 
that most randomized controlled studies involving 
FES/NMES examine its effects on poststoke patients. 
There are numerous, nonrandomized studies with 
small subject sizes that also demonstrate significant 
reduction in spasticity in patients with SCI (90, 91), 
and in persons with MS (92) that were not included 
in the discussion. Additional well-controlled studies 
with larger study populations are needed to evaluate 
its effect on spasticity as a result of SCI, brain injury, 
and other diagnoses related to the UMNS. The stud-
ies reviewed suggest that FES/NMES may provide the 

therapist and patient a tool that can be used both clin-
ically and at home to provide short-term relief in spas-
ticity, as well as assistance in performing functional 
tasks and therapeutic activities. The associated costs, 
daily treatment time requirements, contraindications, 
and the ability of the patient and caregivers to carry 
out a home schedule effectively and safely must all 
be considered when offering FES/NMES as a home 
treatment option. Further studies are also needed to 
determine standardized treatment parameters, patient 
and caregiver effectiveness in providing treatment, 
and what, if any, carryover effect FES has on longer-
term spasticity management.

Transcutaneous Electrical Nerve Stimulation

Transcutaneous ES is a treatment modality that de-
livers ES using a current intensity and frequency that 
are below the motor threshold but above the sensory 
threshold. It is commonly used as a pain-alleviating  
modality by physical therapists, and it has also been 
shown to reduce spasticity in the patient with hemi-
plegia (93, 94) and in those with SCI (95). More re-
cently, studies have been performed that evaluated the 
effectiveness of TENS in the management of spasticity 
in patients with SCI (1), CP (96), MS (97), and stroke 
(36). Transcutaneous ES is either applied directly to 
the spastic muscle group, to the antagonistic group, 
or to both. The exact mechanism of TENS in reduc-
ing spasticity remains unclear but has been attributed 
to the stimulation of cutaneous afferent fibers that 
would suppress motoneuronal excitability (13). This 
could occur through a depression of propriospinal 
interneurons or through synaptic changes in the pri-
mary efferent fibers in the dorsal (sensory) horn when 
applied to the spastic muscle group (98) or through 
stimulation of the Ia-reciprocal inhibition pathway 
and subsequent reduction of motoneuronal excitabil-
ity (99). 

Aydin et al. (1) compared the effect of TENS 
to oral baclofen in a sample of 21 patients with SCI-
related spasticity. Eleven patients were treated with 
TENS, and 10 with oral baclofen. Transcutaneous ES 
was applied to the bilateral tibial nerves to incorporate 
the gastrocnemius muscle at a frequency of 100 Hz  
at an intensity of 50 mA for 15 minutes for 15 days. 
Clinical spasticity scores including the lower extrem-
ity AS, spasm frequency scale, painful spasm scale, 
clonus, deep tendon reflex, plantar stimulation re-
sponse scores, and electrophysiological variables con-
sisting of various H reflex responses were measured 
15 minutes after the first TENS application and 15 
minutes after the 15th application. The patients in the 
oral baclofen group received 5-mg increases every 3 
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or 5 days, taking into account the patient’s tolerance 
until a sufficient clinical response was reached, or a 
maximum dosage of 80 mg/d. Posttreatment evalua-
tion was made after 8 weeks on the therapeutic dose. 
Significant improvement (P < .05) was found in the 
lower extremity Ashworth score, spasm frequency 
scale, deep tendon reflex score, functional disability 
score, and Functional Independence Measure (FIM) 
scores in both the TENS and oral baclofen groups 
after treatment. The most noted improvement in the 
TENS group was 15 minutes after the 15th treatment 
session in the lower limb Ashworth score. The per-
centage of change in the clinical, electrophysiological, 
and functional measurements due to baclofen did not 
differ significantly (P > .05) from the changes due to 
repeated TENS treatments. The authors concluded 
that TENS may be recommended as a supplement to 
medical management of spasticity and as a clinical 
tool to be used before stretching and ROM. No ad-
verse events or reactions to the treatments were noted 
by the authors (Figure 13.7).

Another group (96) examined the effects of TENS  
and exercise on spasticity and function in ambulatory 
children with CP as measured by the CSS, D and E por-
tions of the Gross Motor Function Measure (GMFM), 
and walking speed. Thirty-eight control and 40 study 
group participants all received a standard exercise 
program over the initial 6-week period that was con-
tinued at home by the caregivers for the remainder 
of the 24-week period. The treatment group received 
TENS to the spastic agonist and antagonist muscles 
of the affected leg for 20 minutes per session, 5 days 
per week for 6 weeks. Both control and study group 

participants demonstrated a decrease in spasticity and 
improvements in motor function and ambulation at 
6, 12, and 24 weeks of therapy (P < .05). In addi-
tion, the TENS group showed a statistically significant 
decrease in the CSS and GMFM and an increase in 
walking speed when compared to the control group 
after 6, 12, and 24 weeks of treatment. The study 
demonstrated that TENS combined with exercise was 
more effective in reducing spasticity and improving 
function than exercise alone. This study also demon-
strated that TENS may offer an adjunctive form of 
longer-term management as the decrease in spasticity 
was maintained 18 weeks after the TENS treatments 
had ended. No reactions or adverse events were noted 
by the researchers.

Miller et al. (97) evaluated the potential benefit 
of TENS on spasticity in 32 patients with MS in a 
single, blind repeated crossover study. Two groups 
were evaluated over a 2-week period in which they 
either received TENS for 8 hours throughout the day 
or for 60 minutes per day. The TENS was applied at 
100 Hz per 0.125 millisecond pulse width per con-
tinuous mode. After the initial 2-week period, each 
group took 2 weeks off and then switched treatments 
for another 2-week period. A repeated measures 
analysis of variance of the Global Spasticity Scale was 
performed before and after the TENS treatments to 
ensure the order of the treatment did not affect the 
results. Because there were no significant differences 
between the 2 groups or in the order in which they 
received treatment, the results from both groups were 
combined before and after outcome comparisons.  
Although their results did not show statistical signifi-
cance between the 2 treatment interventions as mea-
sured by the Global Spasticity Scale on the quadriceps 
of the most affected limb, there was a significant re-
duction in spasm frequency per the PSFS and in pain 
reduction per a 10-point VAS in the 8-hour treatment 
session. The overall reduction in spasticity, albeit 
nonsignificant, remains clinically important as thera-
pists can utilize the short-term reduction in spasticity 
achieved after TENS application before therapy into 
therapeutic activities that incorporate strengthening, 
ROM, and functional exercises. It is also worthy to 
note that the authors reported a significant reduction 
in the Penn Spasm Scale after the 2 week, 8 hour/day 
TENS intervention. Although it would not be feasible 
or pragmatic to apply TENS for 8 hours per day over 
multiple muscle groups to a person with generalized 
spasticity, it might be applicable for focal spasticity 
treatment. The authors reported one dropout due to 
failure to adhere to the protocol. Two others dropped 
out due to health and scheduling issues. Otherwise, 

FIGURE 13.7

Demonstration of TENS lead placement to address quad-
riceps tone.
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there were no adverse events or reactions as a result 
of the treatment.

Ng and Hui-Chan (36) studied the effects of 
TENS and a TENS plus task-related training (TRT) 
program on spasticity and gait velocity in 88 patients 
with stroke in a randomized control study. The par-
ticipants were assigned to 1 of 4 groups: a control 
group that received no treatment; a (TENS) group 
which received TENS at 100 Hz per 0.2 millisecond 
pulse width over 4 acupuncture points of the affected 
lower extremity for 60 minutes per day, 5 days per 
week for 4 weeks; a placebo plus TRT group (pla-
cebo + TRT) group that received sham TENS for  
60 minutes per day plus a home task training session 
of 60 minutes per day that consisted of 4 weight- 
bearing and stepping exercises; and a TENS + TRT 
group that received both TENS and a TRT home pro-
gram. Ankle plantar flexion spasticity was measured 
by the CSS before and after 2 and 4 weeks of treatment 
and at follow-up 4 weeks after treatment had ended. 
All 3 treatment groups demonstrated a significant re-
duction in spasticity when compared to the control 
group at the 2 and 4 week mark. The TENS and the 
TENS +TRT groups demonstrated significantly more 
reduction in spasticity than the placebo + TRT group 
at the 2-week assessment. The combined TENS + TRT 
group showed significantly greater improvement in 
gait velocity when compared TENS alone or with pla-
cebo + TRT. This study is important for the therapist 
because it demonstrates the effectiveness of combining 
treatment interventions and shows the positive affect 
of TENS alone as an intervention. It should also be 
pointed out that the positive results of this study were 
maintained at the 4-week follow up after the final 
treatment session, again demonstrating the potential 
of TENS as a an adjunct therapy for longer-term spas-
ticity management. No adverse events or reactions to 
the treatment were reported by the authors.

The studies suggest that TENS has the potential 
to be an effective adjunct to the medical management 
of spasticity. The short-term reduction in spasticity 
obtained can provide a window of opportunity for 
the patient and therapist to address the underlying 
features of weakness, coordination, balance, and im-
paired function so often seen as a result of the UMNS. 
Although TENS may not be appropriate for the pa-
tient with generalized spasticity due to the complexity 
of application to multiple sites, it should be consid-
ered as a focal treatment. Furthermore, TENS may 
have a place in long-term spasticity management as 
described above. As with any piece of equipment pre-
scribed for home use, the therapist must take into ac-
count cost-effectiveness, the ability of the patient and/
or their caregivers to effectively and safely carry out 

the home program, and how the device fits into the 
overall goals of the patient and the therapy program. 
A critical component to the success of any home pro-
gram involves a detailed discussion with the patient 
and caregiver(s) regarding proper setup and safety.

Thermal Modalities

Heat and cold (Cryotherapy) applications have been 
used for decades in the treatment of pain, inflamma-
tion, muscle spasms, and spasticity as a result of the 
UMNS (2, 100). Cold is typically applied through ice 
packs, ice massage, or cold baths but can also be ap-
plied through cold air circulation and vapocoolants. 
Heat modalities include hot packs, warm baths, US, 
diathermy, and IR. Although these modalities are com-
monly used, their efficacy in the treatment of spasticity 
remains inconclusive and in need of further validation 
through rigorous, well-controlled studies.

Cold

Although the underlying physiology of cold in reduc-
ing spasticity remains clearly undefined, there are sev-
eral proposed mechanisms for its effectiveness. Cold 
may cause a slowing of nerve conduction, a decrease 
in muscle spindle activity, desensitization of cutaneous 
receptors, and changes in central nervous system excit-
ability (100–103). All of these mechanisms could lead 
to an overall reduction in the monosynaptic stretch 
reflex activity, thereby reducing spasticity (2). Cold 
should not be applied to known areas of circulatory 
insufficiency and over known malignancy or tumor 
and should be used with caution in person’s who are 
pregnant or over areas of insensate skin, as prolonged 
cold application at lower temperatures could lead to 
tissue damage (81, 82). 

Chiara et al. (104) examined the effects of a 24°C  
(75.1°F) cold bath on oxygen consumption, perceived 
exertion, and spasticity as measured by the MAS 
in 14 patients with minimal to moderate lower ex-
tremity spasticity (MAS 1–3) with MS. Each subject 
was given 2 treatments in random order: (1) rest at 
ambient room temperature (approximately 24°C) ×  
20 minutes (AT group) and (2) immersion in a cold 
bath at 24°C × 20 minutes (CT group). After 20 min-
utes, subjects in both groups walked on a treadmill for 
10 minutes, rested for 30 minutes, and then walked an 
additional 10 minutes. This was performed on 2 sepa-
rate days in random order. Spasticity was measured 
before treatment, immediately after the 20 minutes of 
AT or CT, and again just before the second trial of 
walking. Spasticity was significantly higher in the CT 
group immediately after the 20 minutes of treatment 
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(1.6 vs 1.4). It should be noted that baseline mean 
spasticity measurements for both groups was 1.4, 
which remained constant throughout the AT group 
sessions, and spiked to 1.6 in the CT group, but re-
turned to the 1.4 mean at the 30-minute testing mark. 
The authors reported 50% of the CT group subjects 
were visibly shaking after the cold bath immersion, 
which could easily explain the increase in spasticity at 
the second assessment.

Another group of investigators (100) studied the 
effects of a hydrotherapy exercise program on spas-
ticity, spasm severity, FIM scores, and oral baclofen 
intake on 20 patients with SCI. The subjects were di-
vided into 2 groups: (1) the control group received pas-
sive ROM exercises twice per day and their prestudy 
oral baclofen as prescribed for 10 weeks; (2) the study 
group received the same treatment as the control 
group and an additional 20 minutes of full immer-
sion hydrotherapy exercises in a 71°F pool 3 times per 
week. Outcome metrics were taken before and after 
the 10-week study period. Both groups demonstrated 
a statistical improvement in spasticity per the AS scale 
(4.1 to 1.7) in the study group as compared to (3.9 
to 2.1) in the control group, although the difference 
between the 2 groups was not significant. There was a 
significant decrease in the spasm severity scores of the 
hydrotherapy group when compared to the control. 
Both groups significantly improved with FIM scores, 
with the hydrotherapy group demonstrating a larger 
change. When looking at baclofen intake, the hydro-
therapy group significantly decreased its use of oral 
baclofen from 100 to 45 mg/d over the 10-week pe-
riod, whereas the control group remained unchanged 
at 96 mg/d. Their results contradict the previous study 
in which no change in spasticity was seen. There are 
several plausible explanations for the difference. First, 
the prior study examined and found that patients with 
MS with spasticity of cerebral origin which may re-
spond differently to cooler water than patients with 
spasticity of spinal origin. Second, the baseline spas-
ticity scores in the previous study were relatively low 
to begin with (1.4) for both groups on the MAS as 
compared to (3.9) the control and (4.1) the study 
groups using the AS of the present study. Finally, it 
is possible that the combination of baclofen and hy-
drotherapy produced a larger treatment effect in the 
present study. There was no mention of baclofen in-
take in the prior study, only that the patients stayed 
on their current medication schedule throughout the 
study (104). 

Other researchers (105) studied the influence of 
cold air therapy on 46 paraplegic rabbits with spastic-
ity. Cold air was applied for 60 minutes to the triceps 
surae group at a distance of 10 cm to elicit intramus-

cular temperatures of 25°C, 30°C, and 32.5°C in the 3 
study groups, respectively. Clinical spasticity measure-
ments (muscle tone per the MAS, stretch reflex, Babin-
ski sign, and ankle clonus) were taken immediately af-
ter intramuscular temperatures were achieved and at 
30 and 60 minutes after. Spasticity was also measured 
electrophysiologically through the H/M and F/M ra-
tios. Although significant reductions in spasticity were 
found in all 3 groups, the reduction lasted up to 30 
minutes in the 30°C and 25°C groups, respectively, 
and less than 30 minutes in the 32.5°C group per clini-
cal measurements. At 60 minutes, the mean value of 
spasticity in the 25°C and 30°C groups was still lower 
than pretreatment values, although nonsignificantly. 
When measured electrophysiologically, the reduc-
tion in spasticity was observed immediately and not 
at all after 30 and 60 minutes postcooling. This study 
supports the limited research on the effects of cold in 
that it offers a short-term reduction in spasticity of 
approximately 20 to 30 minutes. (106) Although this 
is a relatively short amount of time, it does provide a 
window of opportunity for the patient and therapist 
to focus on the negative aspects of the UMNS with  
a reduction in the debilitating effects of spasticity.

Bell and Lehmann (107) investigated the effects 
of cooling on the Hoffmann (H) reflex and the tendon 
tap (T) reflex through surface EMG recordings in 16 
healthy subjects before and after cooling of the triceps 
surae muscle group. They found no significant change 
in the H reflex amplitude precooling and postcooling 
but did find a nonsignificant decrease in the height of 
compound action potentials when observing T wave-
forms. Their findings dispute earlier claims that cool-
ing can facilitate the excitatory alpha motoneuron as 
measured by the H reflex and increase spasticity, and 
reinforce claims that cooling decreases muscle spindle 
activity as measured by the T reflex. Price et al. (108) 
also studied the influence of cryotherapy on spastic-
ity of the triceps surae in 25 participants with TBI, 
stroke, and SCI. Spasticity was measured precooling, 
during cooling, and 1 hour postcooling using the vis-
coelastic properties of the muscle as a baseline. The 
researchers found a statistically significant reduction 
in spasticity during cryotherapy, but only a mild trend 
toward a decrease postcooling. Of interest to note is 
2 of the participants had a clear increase in spasticity 
postcooling, which reinforces some claims that cool-
ing may increase spasticity initially due to an increase 
in alpha motoneuron excitability (2). 

The effectiveness of cold application in the treat-
ment of spasticity remains questionable. The mixed re-
sults discussed leave questions as to the temperatures 
being studied and the methods of application. There 
is no clearly defined definition as to the temperature  
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range that constitutes “cold.” Further, well-controlled 
human studies looking at different temperature ap-
plications through cooling garments, moist ice packs, 
or colder air/bath immersion would be of interest, as 
would research examining what effect antispasmodic 
medications in combination with various cold thera-
pies has on spasticity. From the limited research avail-
able, cold application may be useful as a short-term 
intervention to allow therapists and patients a small 
window of up to 30 minutes to address areas such 
as weakness, balance, and impaired functional mo-
bility. The time needed to produce an effect is also 
unclear and would largely depend upon the treat-
ment modality utilized. In the studies above, cold was 
applied between 20 and 60 minutes at temperatures 
ranging from 24°C to 32.5°C to achieve the desired 
effect. When using ice massage or vapocoolants, the 
application time would need to be decreased because 
these modalities cool the skin rapidly and could lead 
to skin injury if applied too long. In addition, studies 
where participants exhibit moderate to severe spastic-
ity at baseline may elicit different results, as studies 
with low baseline means have less room for a treat-
ment effect. Finally, we could not find any studies that 
examined the effects of cold therapy on functional im-
provements in subjects with spasticity. Research in this 
area would be highly beneficial when making clinical 
decisions as to the optimum course of treatment. As a 
long-term solution to spasticity management, cold ap-
plications do not appear to represent a viable solution 
at this time based upon the absence of well-controlled, 
randomized studies.

Heat

Heat has also been used in the management of spastic-
ity as a component of the UMNS. The exact mecha-
nism of heat in affecting spasticity is undefined. As 
heat is capable of reducing pain, this may be a plau-
sible explanation for its reported effectiveness (2), 
as pain is known to increase spasticity. The major-
ity of the limited research examining heat as a treat-
ment modality revolves around the use of US. This 
is probably due to the inherent nature of US to pen-
etrate deeper than superficial hot packs, hot baths, 
fluidotherapy, and paraffin. Diathermy and IR mo-
dalities are also capable of deeper heat production 
(2). However, there is little research into their effec-
tiveness in the treatment of spasticity as a component 
of the UMNS and are not discussed in detail in this  
chapter.

Researchers (109) compared the effects of US and 
IR therapies on ROM and spasticity of the ankle plan-
tar flexors in 21 patients with stroke. Subjects were 

randomly assigned to either the US or the IR groups. 
Ultrasound was applied for 10 minutes and IR for 20 
minutes to the ankle plantar flexors. Clinical measures 
including the H reflex, AS, and ROM were evaluated 
before treatment, immediately after, and again 15 min-
utes after treatment. The researchers found no signifi-
cant reduction in spasticity immediately after treat-
ment or 15 minutes later in either the US or the IR 
groups per the H reflex and AS scores. This study con-
tradicts an earlier study by Ansari et al. (110) in which 
12 patients with stroke were divided into a US group 
and a sham US group to determine the effects of US on 
ankle plantar spasticity. Outcome measures included 
the AS and the H reflex. Continuous US was applied 
for 15 minutes, 3 days per week, and every other day 
for 15 sessions. The authors found a significant reduc-
tion in the AS and in the H reflex ratios of the study 
group. However, the reduction in the AS was not sig-
nificant when compared to the sham US group. The 
reduction in the H reflex ratio was significant between 
the 2 groups, and the H reflex actually increased in the 
placebo group. The researchers concluded that US can 
reduce Hmax/Mmax ratio measure as a measure of 
alpha motoneuron excitability and spasticity as mea-
sured by the AS in ankle plantar flexor spasticity in 
patients with stroke.

As with cold applications, the use of heat as a 
therapeutic modality in the management of spasticity 
remains unclear and anecdotal due to the limited re-
search available. The 2 studies above using US found 
different results with similar populations, similar in-
terventions, and using the same outcome measures. 
We could find only one relevant study examining IR as 
discussed above and no randomized controlled studies 
looking at diathermy, paraffin, hot packs, warm bath 
immersion, or fluidotherapy, although many of these 
modalities are commonly listed as treatment options 
for spasticity (2). Because varying forms of heat have 
been utilized for years for differing pathologies, stud-
ies examining its effectiveness in reducing spasticity 
as a component of the UMNS with diverse modali-
ties, different temperatures, and applications would 
be beneficial to the patient and therapist in the overall 
management and treatment of this condition.

COMBINATION THERAPIES

To this point, this chapter has focused largely on indi-
vidual forms of treatment for spasticity. It is clinically 
intuitive, however, to hypothesize that a combination 
of therapeutic interventions would have a cumula-
tive effect and offer a wider range of management 
options. Experienced therapists rarely utilize one 
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form of treatment in isolation. Rather, they combine 
various interventions based on clinical experience, re-
search, and judgment to affect the desired outcome. 
Of the literature discussed to this point, many of the 
researchers utilized a combination of modalities plus 
therapeutic exercise/activities in the treatment groups 
that demonstrated statistically significant spasticity ef-
fect: TENS + TRT (36), neuroprosthetic FES program 
in combination with outpatient therapy, (86) Bobath 
techniques plus NMES (89), TENS combined with 
home exercise (96), and NMES in combination with a 
traditional rehabilitation (88). To allow patients with 
moderate to severe spasticity to more effectively take 
part in functional-based therapy programs however, 
other interventions should be included to achieve the 
maximal effect on spasticity (111).

Botulinum toxin type A injection and baclofen 
(oral and intrathecal) are mainstays in the medical 
management of spasticity. There is a growing body of 
research (111–114) and systematic reviews (115) exam-
ining the effects of BTX-A in combination with thera-
peutic exercise, constraint-induced therapy (116–118), 
SC (119–122), or ES (123–125) on spasticity interven-
tion that is worthy of discussion, as these combina-
tions represent the importance of the multidisciplinary 
approach to the management of the patient with  
spasticity and ultimately to improve function.

Botulinum Toxin Type A Injection  
and Electrical Modalities

Chang et al. (111) looked at the effects of BTX-A in-
jection in combination with 6 weeks of postinjection 
(FES) and repetitive hand task therapy on hand spas-
ticity and function in 14 patients with hemiplegia due 
to stroke or TBI. The participants were divided into 2 
groups: 5 patients in the Chedoke-McMaster Assess-
ment HFG and 9 patients in the Chedoke-McMaster 
Assessment LFG. Both groups received BTX-A injec-
tion within 7 days of the initial study assessment in 
combination with six 1-hour therapy follow-up visits. 
They also received 12 weeks of 60 minutes per day of 
home-based FES-assisted repetitive hand tasks, such as 
dealing cards, stacking canned goods, placing pennies 
into coin sleeves, and washing mirrors and counter-
tops. Outcome measures were recorded at baseline, 
6, 9, and 12 weeks postinjection. Outcome measures 
including the MAS, MALs, and the Action Research 
Arm Test (ARAT) improved significantly for both 
groups over the 12-week study period, although the 
change was not significant between the groups when 
looking at the ARAT or the MAS. No adverse events 
or reactions to the treatment protocol were noted. 
The results of this study indicate that BTX-A injec-

tions combined with postinjection therapy and FES 
can improve hand function and decrease spasticity in 
persons with stroke or TBI who present with either 
high or low baseline functional deficits.

Baricich et al. (125) studied the combined effects  
of BTX-A with taping, ES, or stretching on ankle 
plantar flexor spasticity in 23 chronic (a minimum of 
6 months poststroke) hemiplegic persons with spas-
tic equinus foot. Subjects were randomly assigned to 
each of the 3 treatment groups. Outcome measures 
including the MAS, ankle PROM, gastrocnemius me-
dialis motor action potential, and maximum ankle 
DF in stance phase were taken before injection and at 
10, 20, and 90 days postinjection. Both heads of the 
gastrocnemius on the affected side were injected. The 
ES group received stimulation at 5 Hz to the injected 
muscles for two 30-minute sessions daily for 5 consec-
utive days. Stretching of the ankle plantar flexors with 
the knee straight for 20 minutes followed each ES ses-
sion. Participants in the taping group had the thigh 
and ankle taped into ankle DF. Taping was checked 
daily for 5 days and reapplied to maintain maximal 
stretch of the affected muscles. Subjects in the stretch-
ing group received two 30-minute sessions of stretch-
ing to the affected muscle for 7 days. At 10 days 
postinjection, spasticity had significantly improved in 
the ES group only, although all groups demonstrated 
a decrease. All 3 groups improved significantly in the 
other outcome measures. Twenty days postinjection, 
all 3 groups continued to show a significant decline 
in spasticity as compared to baseline with the ES and 
taping groups improving significantly more than the 
stretching group. At 90 days postinjection, the ES and 
taping groups remained significantly lower in MAS 
scores than at baseline, although scores were higher 
than at the 20-day mark, indicating that the treatment 
effect had reached its ceiling and was in decline. Over-
all, the groups receiving BTX-A injection combined 
with ES and stretching or with taping and stretching 
performed significantly better than the group that 
received injection and stretching only in all metrics 
collected. There was no report of any adverse events 
or reactions to the treatments performed. The results 
of this study demonstrate that combining BTX-A in-
jection with ES and taping could be beneficial in the 
treatment of persons with spastic equinovarus foot. 
Although the results from the combination BTX-A in-
jection and stretching group were not significant when 
compared with the other groups, stretching and BTX-
A combined exhibited reduced spasticity significantly 
as compared to baseline 20 days postinjection.

Another group (123) examined the combined ef-
fects of BTX-A and NMES on ankle plantar flexor 
spasticity and DF ROM in 18 children with CP. In the 
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7 treatment group participants, NMES was applied to 
the motor points of the gastrocnemius muscle at 40 Hz 
to a visible muscle contraction for 30 minutes, twice 
per week for the 2-week study period. The 11 con-
trol group subjects received BTX-A only. Both groups 
also continued with their prestudy physical therapy 
sessions twice per week for the 2-week period. At the 
2-week and 3-month follow-ups, both the control and 
treatment groups demonstrated significant reductions 
in ankle plantar flexor spasticity per the MAS when 
compared to baseline. Although the combined effect 
of NMES was not significant versus the control group, 
it is important to note that ankle DF ROM was sig-
nificantly improved at 2 weeks and 3 months in the 
treatment group when compared to the control group 
and significantly in gait per the Physician Rating Scale 
at the 3-month mark. No adverse reactions or events 
were noted as result of the treatments in this study. 
This study demonstrates that although BTX-A com-
bined with NMES has no greater affect on spasticity 
than BTX-A alone after 3 months of treatment, the 
combination of the 2 interventions does provide a sig-
nificant effect on ankle ROM and in gait mechanics 
per the Physician Rating Scale. These 2 improvements 
alone would enable the patient and therapist to con-
tinue to work on functional-based interventions such 
as gait and ankle balance strategies. No adverse reac-
tions or events were noted as result of the treatments 
in this study.

Botulinum Toxin Type A Injection and CIMT

Page et al. (116) introduced the concept of spastic-
ity reduction through a combination of BTX-A che-
modenervation injections with modified constraint- 
induced therapy (mCIMT). Their results were presented 
through a case study of a 44-year-old man who had 
experienced a stroke 14 months before beginning treat-
ment. The patient participated in a 10-week combina-
tion of Physical Therapy (PT) and Occupational The-
rapy (OT), which consisted of ½ hour each, 3 times 
per week. The majority of OT (24 minutes) concen-
trated on the affected UE with functional-based tasks 
and the remainder on compensatory strategies. PT fo-
cused mainly on UE stretching, gait, and balance with 
approximately 5 minutes dedicated to compensatory 
strategies for the unaffected side. In addition, the pa-
tient’s unaffected UE was restrained through the use of 
a mesh mitt and hemisling secured by Velcro straps for 
5 hours, every weekday for the 10-week period. After 
10 weeks of mCIMT, the patient demonstrated marked 
improvement in UE function per the Fugl-Meyer As-
sessment of Motor Recovery After Stroke (Fugl) and 
ARAT. The subject still exhibited stiffness in his fingers 

and the inability to extend his Proximal Inter Phalangeal 
(PIP) joints in the ring and middle fingers. The patient 
received a BTX-A injection 2 weeks after the end of the 
mCIMT therapy to the affected muscle groups. Four 
weeks after injection, the patient continued to demon-
strate improvements in the Fugl and ARAT. Spasticity 
in the affected finger flexors decreased from a 2 on the 
MAS to a 1+. The patient also reported good improve-
ment in his ability to manipulate a larger variety of ob-
jects versus before injection. Although the results are 
from a single case study, they remain clinically relevant 
in that they demonstrate the promising affect this com-
bination could have on spasticity and UE function in 
persons who have sustained a stroke and opened the 
door for a larger controlled trials (117, 118). 

Sun et al. (117) followed the above case study 
with a randomized controlled study that examined the 
combined effects of BTX-A injection with mCIMT on 
UE spasticity and function in 32 patients with chronic 
stroke (>1 year poststroke). All participants began the 
treatment protocols 1 day after BTX-A injection into 
the affected muscle groups of the hemiplegic UE. The 
14 subjects in the control group attended traditional 
rehabilitation 3 times per day for 3 months. Treat-
ment consisted of 1 hour each of PT and OT. Therapy 
focused on neurodevelopmental training techniques, 
balance, gait, UE function, and endurance. The 15 
study group participants received shaping exercises 
and intensive massed practice of the affected UE for 
2 hours per day, 3 days per week for the 3-month pe-
riod. In addition, the nonaffected UE was restrained 
for 5 hours per day during the patient’s awake hours 
with a soft mitt. A behavioral contract and patient 
diary dictated what exercises could be performed at 
home with and without the restraint. The primary 
outcome measure was the MAS of the affected UE. 
Secondary measures included the MAL and the ARAT. 
Outcome assessments were measured before BTX-A 
injection, at 4 weeks, 3 months, and 6 months after 
injection. All participants demonstrated significant 
reductions in UE spasticity at 4 weeks and 3 months 
postinjection without differences between the groups. 
At the 6-month follow-up, the study group sustained 
a significant difference from baseline in the elbow, 
wrist, and finger flexors, which was also significant 
as compared to the control group, which maintained 
significant reduction in spasticity in the wrist flexors 
only. Both groups demonstrated improvement in the 
ARAT scores 4 weeks postinjection without differ-
ences between the 2 groups. The study group con-
tinued to improve in ARAT scores with significant  
differences at 3 and 6 months versus the control group. 
The study group also exhibited significantly greater 
improvement in both subscales of the MAL at 3 and  
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6 months compared to the control group. Two adverse 
events in both groups were noted due to mild injection 
site pain, which was transient. No adverse reactions 
were noted with either treatment group. Although the 
results of this study are highly promising, it was the 
only controlled study we could find that examined  
the combined effects of BTX-A and mCIMT on spas-
ticity management. Additional research examining this  
combination on spasticity and improved function 
would be welcomed and likely very beneficial to the 
treatment of the patient with spasticity.

Botulinum Toxin Type A Injection  
and Therapeutic Exercise

In an RCT of 38 patients with MS and severe focal 
spasticity per the MAS (grades >3–4), (114) the com-
bined effects of BTX-A injection with exercise therapy 
consisting of stretching and active movement over a 
12-week study period were examined. The control  
(n = 18) received BTX-A injections to the affected muscle  
groups of both the UEs and LEs. The study group  
(n = 20) received similar BTX-A injections and physical  
therapy 7 days per week for a total of 15 consecutive 
days. Therapy sessions consisted of a combination of 
active and passive movements designed to maintain 
muscle length, including injection site–specific stretch-
ing and reciprocal movement techniques for a total 
of 40 minutes per session. Outcome data included 
the MAS and a 0-10 VAS patient rating of spastic-
ity relief. Data were collected preinjection and at 2, 
4, and 12 weeks postinjection. The researchers found 
a significant decrease in spasticity at 2, 4, and 12 
weeks postinjection as compared to the control group  
(P < .01). The study group also demonstrated signifi-
cant improvement over the control group per the VAS 
at weeks 4 and 12, but not at week 2. This could be 
attributed to the relatively short amount of time af-
ter the BTX-A injection and the differences between 
patient report of spasticity versus clinical measures, 
which may or may not correlate with each other as 
discussed earlier in this chapter. This study supports 
the use of stretching in combination with BTX-A 
injection as a strategy for spasticity management in 
persons with MS and for persons poststroke as dis-
cussed earlier in this chapter (125). The reduction in 
spasticity obtained through BTX-A injection can al-
low the therapist and patient to effectively work on 
functional-based therapies including gait, balance, 
and ADL. No adverse events or reactions to the treat-
ment protocols were noted by the authors.

Another study (113) evaluated the effects of 
BTX-A plus OT versus injection alone, OT alone, or 
a control group in 80 patients with spastic quadriple-

gia, triplegia, or hemiplegic CP. Main outcome mea-
sures included the Canadian Outcome Performance 
Measure (COPM) and the Global Attainment Scale 
(GAS). Secondary outcomes included the Melbourne 
Assessment of Unilateral Upper Limb Function, the 
Australian Authorized Adaptation of the Child Health 
Questionnaire, the Quality of Upper Extremity Skills 
Test, the Pediatric Evaluation of Disability Inventory, 
and the Tardieu Scale for spasticity assessment. Met-
rics were collected at baseline, 2 weeks, 3 months, and 
6 months after baseline evaluation. One week before 
beginning the OT protocols, participants in the BTX-
A injection groups received an injection to the affected 
muscle groups. The OT protocol consisted of 1 hour 
a week of therapy for 12 weeks. Therapists were free 
to use treatments deemed appropriate for this popula-
tion and included, stretching, casting, splinting, motor  
training, environmental modification, and prac-
tice of specific goal-related activities. Subjects in the 
OT groups and control group were also allowed to 
continue their pretrial OT sessions throughout the  
6-month study period, which presents a major limita-
tion to this study, as these sessions were not controlled 
in any way. No adverse events were reported in the 
control group. The study groups reported a total of 
9 adverse events that comprised nausea, vomiting, 
flu-like symptoms, fever, and upper respiratory tract 
infection. The BTX-A plus OT group demonstrated 
significantly greater gains on the COPM and GAS at 
3 and 6 months as compared to the others. There was 
no difference noted between the BTX-A only and the 
OT only groups. These are important findings because 
both measures are patient/caregiver reports indicating 
that the BTX-A plus OT group attained both func-
tional performance and lifestyle goals as a result of 
the treatment protocol. No difference between any of 
the groups was observed in the Quality of Upper Ex-
tremity Skills Test metrics. Spasticity decreased signifi-
cantly in both groups that received BTX-A injections 
up to the 3-month mark with no significant difference 
between the 2 groups. The effect began to wear off 
at 3 months, and spasticity returned to baseline by  
6 months. However, the results of the COPM and GAS 
remained throughout the 6-month period reinforcing 
the argument that what is reported functionally by 
the patient and/or their caregiver may not correlate to 
what is observed clinically, especially when it comes to 
spasticity and the effect it has on function be it posi-
tive or negative.

Botulinum Toxin Type A Injection and SC

Farina et al. (119) examined the combined effects of 
BTX-A injection plus casting in 13 subjects poststroke 



1�� III� TREATMENT�OF�SPASTICITY

with equinovarus foot. Control subjects and 6 treat-
ment participants received BTX-A injections to the 
tibialis posterior and gastroc-soleus muscles of the 
affected LE. The treatment group was casted with a 
removable cast that was worn at night for 4 months. 
Outcome measures including static and dynamic 
baropodometric tests, the MAS, and the 10-meter 
walk test were taken before injection and at 2 and 
4 months postinjection. Two months after injection, 
both groups demonstrated therapeutic effects, al-
though not significantly between the two. At 4 months, 
the treatment group demonstrated continued clinical 
improvements in all outcome measures, whereas the 
control group had returned to baseline measures. Al-
though the study was based on a small sample size, 
the results reinforce the concept of combining casting 
with BTX-A for persons poststroke who demonstrate 
equinovarus deformities. No adverse reactions in ei-
ther group were reported by the researchers.

Newman et al. (120) evaluated the effects of de-
layed SC in contrast to immediate casting after BTX-
A injection in 12 children with CP and partially reduc-
ible spastic equinus foot. All children received BTX-A 
injections to the gastroc-soleus complex of the affected 
LE. Participants were randomized into 2 groups. The 
first group (n = 6) received immediate casting. The sec-
ond group (n = 6) was casted 4 weeks after injection. 
Casts were replaced every week for 3 weeks. Three 
children in the immediate casting group complained 
of pain and had to be recasted before the prescribed 
recasting. None of the delayed group required recast-
ing. Outcome was measured by the fast DF angle of 
the Tardieu Scale (R1). Results were measured at 3 
and 6 months postinjection. After 3 months, the de-
layed casting group demonstrated a 27°improvement 
in the DF angle vs a 17° improvement in the immediate 
casting group. At 6 months postinjection, the delayed 
casting group had maintained a 19° improvement, 
whereas the immediate casting group had decreased 
to 11°. Although the within- and between-group dif-
ferences were not significant and the sample size was 
small, the results demonstrate that delayed SC of up 
to 4 weeks after BTX-A injection can reduce ankle 
plantar flexor spasticity greater than with immediate 
casting in children with spastic ankle equinus foot. 
A larger study with the same parameters and metrics 
would be welcomed, as the questions of casting, not 
casting, and when are often asked with this patient 
population.

In a similar study (126) of 10 children with 
CP with equinus foot, the control group was placed 
in an ankle foot orthosis immediately after injec-
tion, whereas the study group was casted. Outcome 
measures were measured before injection and at 1, 

4, and 12 months and included the MAS, GMFM, 
ROM, and gait analysis. The researchers found sig-
nificant reduction in spasticity after 1 month in both 
groups and after 4 and 12 months in the group that 
was casted. In addition, walking speed and GMFM 
were significantly improved in the casted group at 4 
months. No change was noted in ankle kinematics 
during the gait cycle in either group throughout the  
study.

Ackman et al. (127) compared the cumulative 
effects of 3 treatment sessions of BTX-A injection 
only, placebo injection and SC, and the combina-
tion of BTX-A injection and SC in the management 
of dynamic equinus deformity in ambulatory children 
with spastic CP. Thirty-nine children were enrolled 
in the randomized, double blind, placebo-controlled 
prospective study. Children were randomly assigned 
to 1 of 3 treatment groups: BTX-A only (B), placebo 
injection plus casting (C), or BTX-A plus casting (B 
+ C). Three treatments including injection and cast-
ing were administered at baseline, 3 months, and  
6 months. Evaluations were performed at baseline, 3, 
6, 7.5, and 12 months after initial treatment. Primary 
outcome measures included ankle kinematics, gait ve-
locity, and stride length. Secondary outcome measures 
included ankle spasticity as measured by the AS and 
Tardieu Scale, ankle plantar flexion strength, ROM, 
and ankle kinematics during initial contact, stance, 
and swing phases of gait. The BTX-A injection only 
group (B) demonstrated no significant change in any 
metric throughout the study period. In addition, ankle 
spasticity was not significantly decreased in group B 
at any time throughout the study period. The placebo 
injection plus casting (group C) demonstrated a sig-
nificant decrease in spasticity on both the Ashworth 
and the Tardieu Scales (P £ .02) from baseline to each 
follow-up assessment. The BTX-A plus casting (group 
B + C) did not demonstrate significant reduction in 
spasticity on the AS at any assessment interval but did 
demonstrate a significant reduction in spasticity on 
the Tardieu Scale (P £ .05) from baseline to 6, 7.5, 
and 12 months. Of interest is the significant increase 
in spasticity in the placebo injection plus casting and 
BTX-A injection plus casting groups on the Tardieu 
Scale (P £ .05) and in group C on the AS between  
7.5 months and 1 year. The degree of spasticity, how-
ever, remained below the baseline values at 1 year fol-
low-up. There was no skin breakdown resulting from 
the casts, no injuries during cast removal, nor any 
early removal of the cast for any of the participants. 
Noted adverse events included 2 children falling more 
often than usual immediately after treatment, which 
resolved within 1 to 2 weeks. Results of this study 
indicate that BTX-A injection alone demonstrated 
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no improvement in the outcomes measured, whereas 
casting alone and BTX-A plus casting were effective 
in the short-term and long-term management of dy-
namic equinus in children with spastic CP.

Many of the above results are contrasted in a sys-
tematic review of the effects of casting, casting plus 
BTX-A injection, or BTX-A injection only on foot 
equinus in children with CP (< 20 years old). In addi-
tion, the timing and sequencing of casting with BTX-
A injection was also examined (122). Twenty-two  
articles were reviewed including 7 RCTs. The authors 
concluded that there is little evidence that casting is 
superior to no casting, but the protocols of casting in 
current use have not been compared with any treat-
ment in a control group in any of the reviewed RCT. 
This makes sense in that the population being studied 
is children with CP. We suggest it would be difficult 
for any parent to withhold treatment that could pro-
vide benefit to their child, regardless of the study. It 
was also concluded that there is no strong and con-
sistent evidence that combining SC and BTX-A in-
jections provides any greater benefit than using each  
intervention alone. Finally, it was determined that 
there was no evidence that the order or timing of 
treatment (casting before BTX-A versus BTX-A be-
fore casting) affects outcome. In the review, the au-
thors pointed out that much of the evidence reviewed 
both positive and negative is weak and that the re-
sults could be explained by limitations found within 
the various studies. It should also be mentioned that 
most studies examining SC and BTX-A injections fo-
cus on children with CP. Studies examining the effects 
of these treatments in other etiologies including MS, 
stroke, TBI, and SCI are needed because these popula-
tions also demonstrate significant contractures related 
to spasticity as a component of the UMNS.

SUMMARY

Pharmacology, surgical options, intrathecal medica-
tions, and chemodenervation are what many com-
monly think of when considering interventions for 
spasticity management. However, as the authors have 
discussed in this chapter, there are many therapeutic 
treatments that can play an important role in the treat-
ment of patients who have sequelae from the UMNS. 
Although commonly prescribed and performed, there 
are significant deficiencies in the literature in regards 
to large double-blinded trials proving that fully sup-
ports their use. However, progress has been made, 
and studies like the EXCITE trial have given strong 
scientific evidence to support their use. The authors 
have reviewed many of the commonly used therapeu-

tic interventions, the indications for their use, and the 
decision process used by skilled clinicians to design 
the most appropriate treatment approach. Therapy 
can be an extremely useful tool in the management 
of spasticity, either as a single treatment or as a part 
of a multifaceted approach to maximize a person’s 
overall function. The authors hope that the informa-
tion provided will be useful to both clinicians plan-
ning treatments and rehabilitation scientists as they 
develop novel interventions to further improve treat-
ment options. Finally, the safety and risks of treatment 
options is discussed to further assist the reader in their 
treatment choices.
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Diseases and trauma of the central nervous system 
(CNS) afflict a staggering number of individuals of all 
ages and often result in lifelong disabilities. To com-
prehend the scope of the problem, one need only to 
examine the incidence of a single condition such as 
stroke, which afflicts 780,000 individuals each year 
in the United States and is the single most common 
cause of disability (1). Add to that the incidence of 
all other conditions affecting the CNS, including both 
traumatic brain and spinal cord injuries that occur at 
alarmingly high rates in younger individuals, it be-
comes clear that efforts to better delineate CNS pa-
thology and reduce its morbidity must be a priority 
for researchers and clinicians.

In the past, computed tomography (CT) and con-
ventional MR technology permitted imaging of only 
macrostructural details of the living brain and spinal 
cord. Methods to examine their in vivo microscopic 
architecture and physiology were extremely limited, 
hindering researchers in their attempt to better delin-
eate the complexity of both normal and pathological 
functioning. Consequently, the development of more 
effective treatment modalities was hampered. How-
ever, recent advances in imaging technologies have sub-
stantially increased our knowledge and understanding 
of both normal and pathological CNS functioning. 
This enhanced knowledge will be used to better delin-
eate the pathology that results from injury as well as 
the recuperative responses that ensue, providing clini-

cians with the clues needed to develop more effective 
treatments. These advances also offer researchers the 
opportunity to further assess the changes in the matur-
ing brain that account for developing skills occurring 
throughout early childhood, adolescence, and adult-
hood; the adaptive responses to disease and trauma; 
and the physical interactions between various cerebral 
regions that underlie normal human function.

New treatment modalities, such as transcranial 
magnetic stimulation (TMS), virtual reality (VR), 
electrical stimulation (ES), robotic therapy, constraint- 
induced movement therapy (CIMT), and body weight– 
supported treadmill training, are currently being inves-
tigated as means to enhance recovery. They incorporate 
knowledge gained from research and advancements in 
neuroimaging that have enhanced our understating 
of neural plasticity and the role it plays in recovery. 
Advances in technology will demonstrate changes in 
the management of muscle overactivity in 2 separate 
yet complementary manners. The first is in the area of 
improved methods of diagnostic evaluations, whereas 
the second will address changes in the treatment mo-
dalities available for the clinicians in their clinical ef-
forts. This chapter will address advancements in both 
of these areas as advances in technologies that will 
likely lead to a more fundamental understanding of 
the CNS, and amelioration of morbidity caused by 
disease and trauma will be mentioned in the discus-
sion that follows.

Emerging Technologies 
in the Management of 
Upper Motor Neuron 
Syndromes14
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Although many of the technologies that will be 
discussed are currently used for research purposes, 
they hold the possibility of providing clinicians valu-
able information regarding disease processes and out-
comes. First, it provides in vivo information pertaining 
to pathology and physiology that impacts function. 
Enhanced understanding will help researchers develop 
new means to treat impairments associated with up-
per motor neuron disorders. This new knowledge can 
also be used in conjunction with traditional therapies 
and to aid in developing new technologies to improve 
rehabilitation outcomes. Last, it will help guide treat-
ment and predict outcomes that will likely be useful to 
provide care that is both effective and efficient.

NEUROIMAGING TECHNOLOGIES

Standard CT and T1/T2-weighted MR images of the 
CNS provide valuable information regarding mac-
rostructural abnormalities arising from trauma and 
disease. Unquestionably, these technologies have en-
hanced our ability to treat people in more efficient 
and definitive ways not feasible before their clinical 
implementation. However, in the adult human brain, 
white matter on both CT scans and T1/T2-weighted 
MR images appear homogeneous despite its inherent 
complexity. They also cannot adequately assess mi-
croscopic lesions such as those associated with dif-
fuse axonal injury or changes in either metabolism or 
the concentration of biological molecules occurring 
in specific disease states. Recent advances in imag-
ing technologies are enabling researchers and health 
care providers to noninvasively peer into the living 
brain, enhancing our knowledge of the structure and 
function of the CNS that will ultimately improve our 
ability to diagnose and treat people with neurologic  
disabilities.

Diffusion Imaging

Diffusion imaging uses MR technology to detect the 
movement of water molecules, providing a means 
to visualize cerebral tissue based on both the speed 
and direction of its movement. The manner in which 
water diffuses in biological tissue is impacted in spe-
cific ways, such as by the presence and chronicity of 
particular disease states. For example, restricted dif-
fusion occurs in acutely infarcted cerebral tissue but 
later increases as the stroke becomes chronic, offering 
a sensitive means to differentiate acute from chronic 
stroke. This can be used clinically when combined 
with findings from cerebral perfusion studies. After 

very acute stroke, diffusion images rapidly indicate 
the area of infarct and theoretically nonsalvageable 
tissue. Perfusion images identify regions of impaired 
blood flow, which after very acute stroke is often 
larger than the region of diffusion abnormality. This 
difference between diffusion and perfusion abnormal-
ities, referred to as the diffusion-perfusion mismatch, 
is thought to represent the penumbra, the region of 
the brain susceptible to infarct if restricted blood 
flow is not restored. Results of several studies have 
indicated that thrombolytic therapy may be helpful 
in reducing stroke volume and improving clinical out-
comes when given up to 6 hours after stroke onset, 
rather than just the currently approved 3-hour win-
dow when there is a significant diffusion-perfusion 
mismatch (2, 3). Improved clinical outcome appears 
to be more likely in those with mismatch and isolated 
middle cerebral artery occlusions as opposed to those 
with concomitant middle cerebral and internal artery 
occlusions (4).

Diffusion tensor imaging (DTI) takes advantage 
of the fact that water diffuses faster along the orien-
tation of axons and that fiber bundles as opposed to 
across them, properties referred to as an. and isotropy 
respectively. Water diffusion is restricted perpendicu-
lar to fiber tracts because of restrictions imposed by 
the axolemma, myelin, and neurofilaments. However, 
it is relatively unrestricted along the path parallel to 
the orientation of the tract. Therefore, the degree 
of anisotropy, typically referred to as fractional an-
isotropy (FA), is high in well-organized white matter 
tracts where water moves rapidly parallel along the 
orientation of the bundle. Images are derived on the 
basis of the magnitude of FA as well as the orienta-
tion of the fibers within a tract, providing structural 
information pertaining to the integrity of white mat-
ter. For example, in cases of traumatic axonal injury 
where standard neuroimages are often unremarkable, 
DTI can image disruption of white matter tracts. Dif-
fusion tensor imaging also provide a means to image 
the direction of fiber tracts by color coding them ac-
cording to their orientation: typically red for left-right, 
green for anterior-posterior, and blue for cranial– 
caudal directions (5). Although color coding is useful, 
it is 2-dimensional, which limits its ability to assess in-
tegrity along an entire fiber tract. Three-dimensional 
tractography overcomes this by assessing a tract along 
its entire length. This offers a means to better assess 
both the function and integrity of individual fiber 
tracts that can be used to better understand the func-
tion and connectivity of cerebral structures, to exam-
ine the impact specific lesions have on motor function, 
and image damage to white matter not feasible with 
standard imaging.
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Diffusion tensor imaging is becoming more 
widely accepted as a means to best assess the degree 
of axonal injury after traumatic brain injury (TBI). It 
is effective in imaging axonal disruption in the pres-
ence of normal-appearing standard MR images (6), 
the extent and quantity of white matter injury (7), and 
the location of white matter tract injury associated 
with motor impairment (8). Diffusion tensor imaging 
data have also been correlated with both TBI severity 
and outcomes (9–11) and is becoming a useful tool 
to predict motor outcomes poststroke. After stroke, 
FA decreases as the time from the infarct increases. 
As Wallerian degeneration progresses after stroke in 
long white matter tracts, DTI detects decreased FA in 
sites distal but previously connected to the site of in-
jury. The magnitude of FA reduction in the pyramidal 
tracts has also been correlated with motor outcomes 
poststroke, providing a potential means to predict 
outcomes (12).

Magnetic Resonance Spectroscopy

Magnetic resonance spectroscopy (MRS) determines 
the relative concentrations of various molecules in 
specific cerebral regions, which provides informa-
tion regarding the chemical makeup of the brain in 
both healthy and disease states. Data are presented 
as a graph depicting the concentrations of various 
compounds, which are then typically presented as a 
ratio of one compound to another. Information can 
be obtained from either a single volume of brain, 
known as single voxel spectroscopy, or as a 2-dimen-
sional or 3-dimensional analysis obtained simultane-
ously over wider regions, referred to as MRS imaging. 
Several compounds of interest measured by MRS in-
clude N-acetylaspartic acid (NAA), creatine, choline, 
myo-inositol, glutamate, and lactate. N-acetylaspar-
tic acid is located only in the neuronal tissue, with 
relative decreases in its concentration suggesting neu-
ronal injury. Magnetic resonance spectroscopy has  
detected reduced levels of NAA after TBI even in the 
presence of normal-appearing standard imaging (13), 
with evidence indicating it correlates with outcomes 
(14–16). Determining the relative concentrations of 
other compounds provides additional information, as 
detailed in Table 14.1, which can be used clinically in 
a number of ways. For example, MRS has been found 
to be a sensitive means of differentiating neoplastic 
from nonneoplastic lesions by determining the ration 
of NAA to choline, which is typically reduced in neo-
plastic as compared to nonneoplastic lesions (17–22). 
Magnetic resonance spectroscopy data have also been 
found to correlate with several poststroke outcomes, 
including motor recovery (23), apathy (24), and de-

pression (25). For example, during the first several 
months after acute stroke, increasing NAA/Cr in the 
contralesional hemisphere has been found to be asso-
ciated with improved neurologic status (23).

Functional Magnetic Resonance  
Imaging

Functional MRI (fMRI) is a technique that images ce-
rebral regions that are activated during specific motor, 
sensory, or cognitive activities. It generates images by 
assessing the combination of physiological changes 
associated with metabolic activity, including local-
ized alterations in blood flow and the levels of vari-
ous forms of hemoglobin. In a technique known as 
blood oxygen level difference fMRI, the difference in 
magnetic properties of oxygenated and deoxygenated 
hemoglobin is used to study the combination of meta-
bolic activity and changes in local blood flow that re-
sult from regional activation. The blood oxygen level 
difference response is represented as a bright signal 
on fMRI, indicating a region that is more metaboli-
cally active than surrounding tissue. Its temporal and 
spatial resolutions are good, both of which are bet-
ter than those obtained by either single photon emis-
sion computed tomography or traditional positron 
emission tomography scans. An additional advantage 
over positron emission tomography and single photon 
emission computed tomography is the lack of radia-
tion exposure associated with fMRI that permits for 
multiple imaging. Like all functional imaging studies, 
several factors must be considered when interpreting 
fMRI data. These include a subject’s ability to coop-
erate in a tightly confined MR scanner, medication 
effects on cerebral activation, adequacy of cerebral 
blood flow, and inadvertent subject movement during 
image acquisition. Data interpretation is complex in 
that it is important to consider the multitude of possi-
ble reasons accounting for specific activation patterns. 
For instance, does an activation pattern in a subject 

TABLE 14.1 
Compounds Detected by MRS and  

Their Markers

NAA Neuronal marker
Creatine Energy metabolism marker
Choline Cell membrane disruption,  

inflammation, and changes in 
myelination

Myo-inositol Astrocyte marker
Lactate Metabolism
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with brain injury differ from a normal control because 
of the establishment of alternative pathways, practice 
effects, or differences in performance difficulty that 
exist between injured subjects and normal controls. 
Other important issues to consider during interpreta-
tion include lesion location and size, time postinjury, 
subject age, the time postinjury the data are obtained, 
the subject’s cerebral dominance, previous injury, 
presence of cerebral vascular disease, and type of 
study design (eg, cross-sectional versus longitudinal). 
Functional MRI has provided valuable insights into 
both normal and pathological cerebral physiology, 
although there are limitations to its use. The type of 
activity performed in MR imaging (MRI) scanners is 
restricted, which prevents it from studying many com-
plex real-world activities and limits its ecological va-
lidity. It is also subject to the same contraindications 
as standard MRI. At the present time, it is used as a 
research tool, although it has potential as a means to 
guide treatment and assess treatment effects.

Functional Near Infrared Spectroscopy

Functional near infrared spectroscopy (fNIRS) is a 
technology that, like fMRI, determines the presence 
of cerebral activity by assessing the different concen-
trations of oxygenated and deoxygenated hemoglobin 
associated with metabolic activity. However, rather 
than assessing the magnetic differences of the 2 com-
pounds, fNIRS assesses the differences in their opti-
cal properties. The system uses light sources placed 
on the scalp using a wearable device. The light passes 
relatively easily through the scalp and skull and into 
the top few millimeters of the brain. Light sensors 
on the scalp detect wavelengths of light that are re-
flected back to the surface. These sensors can detect 
the differences in near infrared wavelength absorption 
of oxygenated and deoxygenated hemoglobin reflec-
tive of local metabolic activity. It has demonstrated 
ability to assess cerebral activity in the human cor-
tex associated with both motor and cognitive tasks 
(26). It has been used to study various changes in 
metabolic patterns in subjects with dementia (27–29), 
schizophrenia, (30), and stroke (31–35). It has sev-
eral advantages over fMRI in that it is less susceptible 
to motion artifact as the sensors move with the sub-
ject, and it is considerably less expensive. It is also 
not limited by the same contraindications of fMRI, 
such as the presence of metal plates and subject claus-
trophobia. Perhaps most importantly, it is a portable 
system that can assess changes in cerebral activation 
during tasks performed in settings more ecologically 
valid for a particular function. This is not feasible in 
an MR scanner. For the same reasons, it can also as-

sess activation patterns occurring during specific re-
habilitation interventions. It therefore offers excellent 
temporal resolution that may provide opportunities to 
better develop and assess specific treatment interven-
tions. It is becoming a more accepted technology now 
that it has been correlated with fMRI (32, 36, 37). 
Despite its utility, it is limited by its inability to image 
beyond the top 2 to 3 mm of cerebral cortex and 1 cm 
lateral to the topical sensors. As a result, it may be ef-
ficacious in evaluating the motor system of the upper 
extremity but cannot be used to evaluate the lower 
extremity. In addition, unlike fMRI, cranial reference 
points are used to correlate activity with specific ce-
rebral regions, decreasing its spatial specificity. Other 
problems include difficulties regarding the reduction 
of optical signals by the noncerebral tissue, the impact 
of pigmentation on signal detection, and the limited 
spatial resolution (38).

EMERGING TREATMENTS

Constraint-Induced Movement Therapy

Constraint-induced movement therapy has emerged 
as an exciting therapeutic approach for selected stroke 
survivors with plegic upper limbs. It is an intensive 
therapeutic regimen provided over the course of 12 
days that restricts the use of the uninvolved upper 
limb, forcing individuals with stroke to use their ple-
gic limb to perform activities of daily living (ADL). It 
is based on the theory of learned nonuse, which states 
a limb weakened by stroke will not improve if it is not 
actively rehabilitated. For example, during the course 
of rehabilitation, individuals are taught to walk us-
ing their unimpaired and plegic legs, as ambulation 
requires the use of both lower limbs. However, be-
cause many ADL can be performed using only the  
uninvolved upper limb, there may be reduced reha-
bilitation efforts directed at improving the use of the 
plegic arm and hand because the primary focus is 
often to quickly return an individual to independent 
function. In this scenario, individuals with stroke are 
taught not to use their plegic upper limb, a process re-
ferred to as learned nonuse. Although compensatory 
one-handed strategies are useful to quickly improve 
the performance of specific activities, it does not result 
in cortical reorganization that leads to enhanced use 
of the plegic limb. However, CIMT has been shown to 
improve the use of stroke-weakened limbs in associa-
tion with cortical changes (39).

There are several critical factors involved in 
CIMT, including intense, repetitive practice using 
the plegic limb for common functional tasks. This is  
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accomplished in conjunction with physical restriction 
of the unimpaired arm and hand for up to 90% of 
waking hours through the use of a mitt, sling, and/or 
splint. A therapeutic technique, known as shaping, 
that trains the plegic limb to move through successive 
approximations of a desired task is performed. Tra-
ditional CIMT is extremely intensive and involves at 
least 6 hours of daily therapy for 2 weeks. The most 
comprehensive study examining its effectiveness com-
pared to usual rehabilitation care is the EXCITE trial. 
It included 222 patients with a single stroke sustained 
3 to 9 months before the time of enrollment. Com-
pared to the usual treatment group, those receiving 
CIMT had less self-perceptions of hand function dif-
ficulty and performed better on several tests of upper 
limb function (40). An interpretation of the EXCITE 
trial by Dobkin (41) noted that a formalized care strat-
egy for the usual treatment group would have helped 
clinicians critically interpret the value of CIMT, as 
the CIMT group may have been biased in its self- 
appraisal. In addition, a short phase-in of therapy for 
all subjects could have established whether the sub-
jects were reasonably stable in their affected arm func-
tion before randomization, and an interim measure 
would have partially addressed whether less-intensive 
CIMT could work as well as traditional CIMT (41). 
Challenges imposed by the intensity and time com-
mitments of CIMT have led the evaluation of several 
modifications in the way it is delivered. For example, 
modified constraint-induced therapy provides treat-
ment 5 hours daily for 5 days followed by 3 hours a 
day, 3 times weekly over approximately 10 additional 
weeks. Results using this approach were comparable 
to traditional CIMT, indicating that alternative meth-
ods can be successfully used (42). Other modifica-
tions have used online computer sessions or combined 
CIMT with robotic therapy (43). In one pilot study, 
subjects with chronic stroke utilized online therapy ses-
sions with computer-based cameras as they restrained 
their less impaired upper limb resulting in functional 
improvement after 10 weeks of treatment (43).

There are other factors that limit the effective-
ness and application of CIMT. It requires considerable 
effort and motivation on the part of those receiving it, 
with some evidence indicating that compliance with 
the mitt restriction to be as low as 32% (44). Ideally, 
subjects should not be at risk for falls because re-
straint of the more functional upper limb may prevent 
the effective use of walking aids, thus predisposing 
some individuals to injury. Another important factor  
restricting its use is the relatively small percentage of 
individuals with stroke for whom it has shown to ben-
efit. Most trials have included only those individuals 
with active extension of at least 10° at the fingers and 

20° at the wrist, markedly limiting the number of in-
dividuals who can benefit from its use.

Challenges ahead for CIMT include clarification 
of how much of the motor and functional gains are 
derived from the intervention versus the intensity of 
treatment and whether modifications in dose intensity 
impact outcomes. This is an important factor when 
considering if it is financially feasible in current and 
future economic environments.

Virtual Reality

Development of computer technology have led to the 
creation of enhanced VR programs that permit in-
dividuals to interact in computer-generated environ-
ments that simulate real-world settings (45, 46) for 
both clinical and research purposes. It is a modality 
that uses technology to create virtual environments 
where feedback, intensity, and duration can be modi-
fied and used in settings that are more controllable 
than natural environments. In this scenario, specific 
therapies can be safely provided that may otherwise 
be too dangerous or complex in actual settings. Virtual 
reality environments can therefore reduce concerns 
over the consequences of allowing a person with phys-
ical or cognitive impairments to perform potentially 
dangerous activities on their own. The technology  
is extremely flexibility, capable of remaining com-
pletely consistent over infinite repetitions or altering 
the type and pattern of sensory inputs and task com-
plexity that can meet a multitude of clinical, research, 
and assessment needs. Not surprisingly, it has been 
gaining wider use in rehabilitation settings for both 
assessments and treatments.

Virtual reality has been shown to be a useful mo-
dality to improve functional skills after stroke. Jaffe  
et al. (47) developed a head-mounted device worn like 
a hat displaying virtual objects. Patients wear it while 
walking on a treadmill, with a harness attached. Move-
ment of lower extremities is promoted by negotiating 
virtual objects obstructing the path. When a virtual 
object is not successfully avoided, a virtual collision 
occurs that results in feedback to the patient. Perfor-
mance has been shown to improve with additional 
VR training sessions, resulting in fewer “collisions.” 
This form of VR rehabilitation resulted in improved 
performance on an actual obstacle course compared 
to conventional ambulation training (47). Fung et al. 
(48) applied a treadmill mounted on a platform that 
interfaced with a rear projector. The projector simu-
lated a walking environment while the subject received 
auditory, sensory, and visual feedback. Subjects with 
stroke who were trained on this system were noted to 
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have increased walking velocity (48). Improvement in 
ambulation has also been demonstrated by combining 
VR with robotic therapy. Deutsch et al. (49) used a 
desktop computer combined with a seated system that 
allowed a subject to use their own ankle movements 
to operate a foot pedal. The subjects were instructed 
to use the foot pedal to “navigate” a virtual boat or 
plane while they received visual, auditory, and sensory 
feedback. Improvements were noted in gait velocity 
and endurance after 12 hours of training provided 
over 4 weeks (49).

Jang et al. (50) investigated cortical reorganiza-
tion and associated functional recovery using VR in 
patients with chronic stroke. Virtual reality was used 
to simulate tasks such as lifting crates and making 
saves as a soccer goalie. Cortical activation and asso-
ciated motor recovery were measured before and after 
the intervention with fMRI and clinical tests assessing 
motor function. Before the intervention, bilateral pri-
mary sensorimotor cortices, contralesional premotor 
cortex, and ipsilesional supplementary motor areas 
were activated. After training, the activations in the 
contralesional hemisphere diminished while ipsile-
sional senosrimotor activation predominated in as-
sociation with improved motor function (50). Similar 
findings of enhancing activation in the lesioned hemi-
sphere after the use of various VR-related therapies 
suggest it may be a useful modality to induce cerebral 
plasticity and improve motor skills after stroke (51).

Virtual-reality–based rehabilitation for motor, 
ADL, and cognitive training show promise, yet addi-
tional research is necessary to verify and refine prelim-
inary study findings. For example, only limited studies 
have compared its effectiveness to therapy provided in 
a real environment (52). In addition, the potentially 
synergistic effect of combining different technologies, 
such as robotic therapy and VR, has received only 
limited attention (53).

TRANSCRANIAL MAGNETIC STIMULATION

Transcranial magnetic stimulation is a relatively new 
rehabilitation modality that has been studied for sev-
eral decades. It is a noninvasive technology that can 
both enhance and inhibit focal brain activity, poten-
tially inducing cerebral plasticity and enhancing re-
covery after injury. Transcranial magnetic stimulation 
uses short magnetic pulses that are generated by pass-
ing a very brief electric current through a stimulat-
ing coil, typically made of copper encased in plastic 
that is held to the scalp’s surface. The magnetic pulse 
enters the brain after passing through the scalp and 
skull, where depending on the pattern of pulse pro-

vided results in either an increase or decrease in corti-
cal excitability. Therefore, unlike electric stimulation, 
which excites neurons directly, TMS stimulates neu-
ral tissue indirectly by inducing electrical activity via 
magnetism. The size and extent of the magnetic pulse 
depend on the spatial configuration of the stimulating 
coil and the position in which it is held. Current appli-
cations of TMS after brain injury include measuring 
the excitability of central motor pathways, mapping 
cortical representations, and predicting motor recov-
ery (54–56), whereas other potential uses include en-
hancing cognitive and motor function resulting from 
brain injury.

Transcranial magnetic stimulation can be delive-
red via several patterns, including single-pulse, paired- 
pulse, and repetitive stimulation (rTMS). Transcranial 
magnetic stimulation delivered in the form of single-
pulse stimulation over the motor cortex provides in-
formation pertaining to corticospinal tract excitability 
by measuring the motor response in the muscle corre-
sponding to area of brain being activated. Paired-pulse 
stimulation can elicit measurable cortical inhibition or 
facilitation. These paired pulses are delivered through 
1 or 2 magnetic coils at varying intervals to elicit ei-
ther inhibition or facilitation. Repetitive TMS applies 
a repeated train of magnetic pulses at either low (1 
Hz) or high frequencies (5–20 Hz) that cause suppres-
sion or enhancement of cortical excitability, respec-
tively (57–59). Repetitive TMS can induce changes 
in excitability that last beyond the application of the 
magnetic pulses (60), suggesting it has the capacity to 
induce long-term potentiation (61) that may be con-
ducive to cerebral plasticity.

Repetitive TMS alters cortical excitability non-
invasively and can be used in distinct ways to better 
understand cerebral physiology and function. For ex-
ample, activation in a focal brain region can be in-
hibited, thereby inducing a temporary “virtual lesion” 
in an otherwise healthy tissue, resulting in the altered 
performance of a specific task. This provides infor-
mation regarding the role of that particular cerebral 
region in the performance of that skill. Alternatively, 
activation can be enhanced, which again may impact 
the performance of a motor or cognitive task. This can 
potentially lead to a more thorough understanding of 
both cerebral physiology and the neuroanatomical 
correlates of impaired function resulting from disease 
or trauma (62, 63).

Several studies have demonstrated the potential 
use of TMS as a means to enhance motor recovery 
after a stroke. For example, high-frequency repetitive 
TMS applied over the lesioned hemisphere, which en-
hances excitability, resulted in improved hand func-
tion of the impaired limb in subjects with acute stroke 



14� EMERGING�TECHNOLOGIES�IN�THE�MANAGEMENT�OF�uPPER�MOTOR�NEuRON�SYNDROMES 1�9

(64). Interestingly, many studies have examined the 
functional impact of inhibiting the uninjured hemi-
sphere by applying low-frequency rTMS, which is 
typically overactive after stroke (65, 66). The over-
activity of the contralesional hemisphere that is ob-
served during movement of the paretic limb (67, 68) 
is felt to inhibit activation of the lesioned hemisphere, 
a process referred to as interhemispheric inhibition. 
Low-frequency rTMS applied over the primary mo-
tor cortex of the contralesional hemisphere, result-
ing in its inhibition, has been shown to improve the 
function of the affected hand after acute and chronic 
stroke in subjects of various ages through the process 
of transcallosal inhibition (69–73), that is, decreasing 
the activation of the contralesional motor cortex im-
pairs its ability to inhibit the lesioned cortex, result-
ing in improved motor skills of the hemiparetic limb. 
Functional MRI data revealed that overall changes in 
cerebral activation patterns associated with rTMS- 
induced inhibition of the contralesional motor cortex 
appeared similar to normal patterns (74). Transcra-
nial magnetic stimulation may become a practical 
means to enhance recovery after brain injury because 
it is portable and can be used during rehabilitation 
interventions.

The changes in cortical excitability induced by 
TMS has also been studied as a means to manage 
spasticity in several upper motor neuron conditions, 
including stroke (75, 76), multiple sclerosis (77, 78), 
and cerebral palsy (79). Corticospinal neurons are 
known to modulate a and g motoneurons, Ia afferent 
sensory fibers, and spinal interneurons, all of which 
are involved in the generation of spasticity. In general, 
increasing corticospinal tract excitability by using 
rTMS is theorized to inhibit overexcitability of a and 
g motoneurons, thereby reducing spasticity. Various 
rTMS paradigms have been tested with results indi-
cating that it has considerable potential to either re-
duce spasticity (76–78) and/or increase passive range 
of motion (75, 79), thereby an improve functional use 
of affected limbs caused by CNS lesions.

The primary risk of rTMS is inducing seizures, 
which can be minimized by adhering to recommenda-
tions that limit stimulation parameters, advise moni-
toring guidelines, and detail contraindications (80). An 
additional risk may be hearing loss, particularly when 
sessions are provided regularly over several weeks.  
Potential uses of TMS after neurologic injury in the 
future will include enhancing our understanding of 
the physiology underlying the behavior by better de-
lineating the mechanisms, locations, interactions, and 
adaptability of neuronal networks (81) and exploit-
ing the effects of stimulation on cerebral plasticity to 
enhance functional recovery. Limitations of TMS in-

clude its inability to stimulate subcortical structures 
that restricts its impact to only those brain regions 
close to the scalp. The precise timing of when brain 
plasticity might best occur with TMS has not yet been 
determined, although as previously mentioned, it has 
shown promise at various periods poststroke.

Electric Stimulation

Electrical stimulation can be provided in several ways 
to improve both motor and functional skills after 
injury to the CNS. It can be applied to muscles or 
nerves in the form of neuromuscular electric stimu-
lation (NMES) or to the brain via epidurally placed 
electrodes. Neural plasticity occurs when motor learn-
ing is achieved by the performance of goal-oriented, 
highly repetitive active movement training, aimed at 
the improved use of a paretic limb. Electrical stimu-
lation, either applied to muscles involved in a spe-
cific goal-oriented activity or to the motor cortex 
associated with the movement of paretic limbs being 
trained, provides a means to enhance motor relearn-
ing and theoretically improve the functional use of the 
paretic limb. Neuromuscular electric stimulation has 
also been studied as a means to reduce shoulder sub-
luxation and its associated pain after stroke, as well 
as to reduce spasticity. Electrical stimulation enhances 
movement of paretic muscles incapable of sufficiently 
contracting on their own power, which when applied 
during highly repetitive training activities theoretically 
enhances motor relearning.

Clinical use of NMES can be provided in several 
ways. Cyclic NMES provides simulation at a set rate 
for a predetermined period of time. Electromyogra-
phy (EMG)-mediated NMES detects electrical activity 
in a muscle that is generated by the intent to move it 
but is insufficient to contract it for functional activi-
ties. Once the device detects inherent muscle activity 
above a set threshold, it provides an externally gener-
ated electrical stimulus that causes the muscle to con-
tract. It has a theoretical advantage over cyclic NMES 
in that it requires cognitive effort to move a limb, 
providing a biofeedback component that enhances its 
impact on neural plasticity. However, it is useful only 
in those muscles that an individual can at least par-
tially activate on their own. Neuromuscular electric 
stimulation can also be provided to specific muscles 
in an appropriate time sequence to complete mobility 
or ADL tasks, such as to the ankle dorsiflexors dur-
ing the swing phase of gait. This can be achieved by 
delivering stimulation by using either single-channel 
or multichannel units. However, as more muscles are 
stimulated for complex tasks, such as walking, which 
require the contraction of multiple muscle groups in 
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a very specific pattern using multiple channels, the 
system becomes cumbersome and impractical. This is 
partially being addressed by developing percutaneous 
systems that will be detailed later.

Neuromuscular electric stimulation has been 
shown to fairly consistently improve motor function 
(82–91), strength (85, 88, 90, 91), and use of paretic 
limbs for specific tasks (eg, lifting and moving objects) 
(88, 90–94) for individuals with stroke at various 
times postinjury. When used on paretic lower limbs, 
it has been found to be an effective means to improve 
gait speed (94–96), an important predictor of success-
ful community ambulation. It has also been shown to 
be a more effective means to promote motor recov-
ery than conventional rehabilitation techniques alone 
(82, 85, 86, 88, 89, 91, 93, 94). However, the stability 
of results over time remains uncertain, as some stud-
ies documented sustained improvements for up to 9 
months posttreatment (84, 87), whereas others dem-
onstrated that the benefits diminished as the time pos-
tinterventions passed (83, 85). It also remains unclear 
which forms of ES are most useful, as different appli-
cations of NMES have not been directly compared to 
each other. It has been suggested that EMG-mediated 
devices have a theoretical advantage over cyclic sys-
tems, particularly when they are used to assist in com-
pleting functional tasks (97), which was supported 
by the results of a metanalysis (98). Despite improve-
ments in motor skill and strength, these devices have 
not yet been sufficiently studied to determine whether 
they are capable of improving quality of life or en-
hancing independent function after neurologic injury.

Other studies have focused on novel neuropros-
theses, which are used in ways to complete mobility 
and ADL tasks. For example, NMES incorporated 
into orthotic devices have been shown to improve 
both upper and lower limb function (92–94, 99), with 
early use after stroke appearing to result in better 
outcomes as compared to using them at later times 
(99). One study investigated contralaterally con-
trolled functional electrical stimulation, which uses 
an individual’s unimpaired hand to control move-
ment of the impaired hand during functional tasks. 
An instrumented glove that is worn on the uninvolved 
hand guides ES provided to the paretic hand during 
repetitive training activities. This provides people 
with stroke greater control because it permits them to 
use their unimpaired hand to guide the motion of the 
hand being trained. Results of 1 pilot study indicated 
that intensive training with this system improved use 
of the paretic hand that may last up to 3 months post-
treatment (100). A technological advance in ES has 
included the development and implementation of mi-

crostimultors that have been successfully implanted 
into muscles and used to improve the use of paretic 
upper limbs without adverse effects (101).

Shoulder subluxation occurs in the presence 
of hemiplegia when there is increased humeral head 
translation relative to the glenoid fossa. It frequently 
occurs as a result of hemiplegia and is often accom-
panied with pain. Reduction in both the degree of 
subluxation and pain has been achieved in selected  
individuals undergoing NMES to various muscles sup-
porting the shoulder. Neuromuscular electric stimula-
tion delivery to reduce subluxation has traditionally 
been provided via skin electrodes overlying the deltoid, 
supraspinatus, and trapezius muscles. However, sur-
face NMES may cause discomfort given the magnitude 
of stimulation required to pass through skin sufficient 
enough to cause muscle contraction. Furthermore,  
selective muscle stimulation is challenging using sur-
face electrodes, as unintended muscles are likely to be 
activated. This has been addressed by placing elec-
trodes directly into selective muscles using a percuta-
neous system. This system, which permits many hours 
of stimulation daily over a period of many weeks, has 
been shown to be well tolerated and effective in reduc-
ing poststroke shoulder pain associated with sublux-
ation (102), particularly when used early poststroke 
(103). It avoids the discomfort associated with surface 
stimulation (102) and has been shown to maintain 
pain reduction for at least 1 year after discontinuation 
of treatment (104).

Peripheral nerve ES, delivered by cutaneous 
electrodes, implanted electrodes, or implanted neural 
prosthetic systems, can reduce spasticity (105). Im-
provements in wrist flexor spasticity have been dem-
onstrated (106), as well as for distal lower extremity 
spasticity (107). Electrical stimulation has also been 
demonstrated to enhance the effect of botulinum toxin 
A therapy in treating upper limb spasticity poststroke 
(108).

Robot Therapy

Clinicians and engineers have worked together to de-
velop various robotic devices with the goal of improving  
both motor and functional recovery after CNS injury 
(109). As with ES, it takes advantage of evidence sug-
gesting that intensive, highly repetitive, functionally 
relevant, and challenging therapies are critical factors 
contributing to motor recovery (110–112). Rehabili-
tation robots have been designed to provide intensive 
and highly repetitive therapies that provide a means 
to improve motor and functional recovery in ways not 
feasible or practical using traditional rehabilitation 
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approaches. Robots use computer programs that con-
strain inaccurate limb movement during specific tasks 
that can be modified as patients progress in their re-
covery, promoting more functionally appropriate mo-
tor skills. The intensity and automated components 
of robotic therapies specifically address the time and 
labor constraints associated with traditional thera-
pies, as it can be used with less involvement of trained 
professionals. It can also enhance patient compliance 
by combining games with treatment, which provide 
immediate feedback on performance that serve to 
increase motivation. Changes in motor skills can be 
easily tracked and documented, which can help guide 
therapy, evaluate the efficacy of treatment interven-
tions, and provide an additional means to monitor 
progress. Potential drawbacks of robotic therapy in-
clude being labor-intensive, the start-up costs, and the 
current lack of validation from clinical trials. How-
ever, the initial labor-intensiveness arising from staff 
training plus the cost of the equipment may be offset 
by the long-term cost-effectiveness derived from de-
creasing the amount of direct contact time therapists 
must spend with patients.

Several robotic devices have been developed, but 
none have yet been widely used in rehabilitation set-
tings. The first robot used for rehabilitation of hemi-
paretic upper limbs was the MIT-MANUS. It has a 
2 degree-of-freedom, back-drivable device allowing 
planar pointing and drawing movements of the shoul-
der and elbow (113). It uses an impedance controller 
with a programmable maintenance between the arm 
location and the desired position (62). It has been 
shown to improve motor recovery after acute and 
chronic stroke by providing repetitive massed practice 
of reaching toward a defined end point. The Mirror 
Image Motion Enabler is an industrial robot coupled 
to the arm. It moves the arm in 3 dimensions while 
the force feedback assists or resists the patient’s move-
ment. It can incorporate use of the uninvolved limb by 
measuring its position and then provide assistance to 
the weaker limb to mirror its movement. It can also 
be used unilaterally and work in active, passive, and 
resistive modes. It should be noted, however, that it 
was not shown to be significantly better than neurode-
velopmental training using Bobath therapy 6 months 
after treatment cessation (114, 115). The Bi-Manu 
Track is a bilateral training device focusing on the 
forearm and wrist, which appears to have an advan-
tage in improving motor skills compared with practice 
assisted with electric stimulation (116).

The Assisted Rehabilitation and Measurement 
robot is used to guide the paretic upper limb dur-
ing linear reaching activities by applying forces that 

improve accuracy. Variable resistance provides force 
along a desired trajectory then unexpectedly removes 
resistance such that patients move along the desired 
path. It has 4 degrees of freedom and requires sub-
jects to apply specific force patterns before providing 
external assistance. However, similar to some other 
devices, it has not been shown to be more beneficial 
than conventional training (117). The GENTLE/s RT 
system moves the arm passively (118). The Haptic-
MASTER, part of the GENTLE/s RT system, suspends 
the upper limb from a sling to reduce the impact of 
gravity. It guides the limb along a smooth predefined 
trajectory and can operate in assistive and resistive 
modes. A study showed improved upper limb func-
tion as measured by the Fugl-Meyer Scale using the 
GENTLE/s (119). When compared with task practice 
with the arm suspended in the sling, the GENTLE/s 
robot seems to yield a greater rate of improvement for 
shoulder range of motion and the ability to perform 
certain arm movements (118). The Activities of Daily 
Living Exercise Robot provides active assistance as 
patients reach toward real objects. This system aims 
to deliver poststroke motor rehabilitation paradigms 
within an ADL-specific context (120).

Other robotic systems have used an exoskeletal 
design, such as the Myomo e100. This robot is worn 
on a paretic arm as an elbow orthosis and permits 
patients to interact naturally with objects while giving 
force feedback. It detects surface EMG signals from 
selected muscles, which are used to provide ES to as-
sist with active elbow extension. It has been shown to 
improve motor skills and reduce spasticity in a group 
of patients with chronic stroke (121).

The previously described robots were designed 
primarily to improve proximal arm function. To im-
prove the functional use of upper limbs, it is also nec-
essary to focus on hand function. Several such systems 
have been developed and are being investigated. The 
Cyberglove and Rutgers Master II-ND glove are de-
signed to increase range of motion and finger force via 
repetitive, stereotyped movements. Evidence suggests 
that although they can improve upper limb motor 
control after acute stroke (122, 123), there were no 
consistent improvements in functional abilities (124). 
Takahashi et al. (125) studied robot-based hand mo-
tor therapy after chronic stroke. Subjects with chronic 
stroke and moderate weakness of the arm and/or 
hand received 3 weeks of therapy emphasizing in-
tense active repetitive movements involving atten-
tion, speed, timing, force, and precision. Significant 
gains were noted in the Action Research Arm Test and 
the arm motor Fugl-Meyer score. This was associ-
ated with significantly increased activation within the  
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lesioned hemispherere on fMRI, suggesting the ability 
of this system to induce neural plasticity (125). Taub 
et al. (126) examined a more automated version of 
CIMT using AutoCITE. The system is composed of 
a computer that interfaces with several workstations 
where patients are trained to perform specific tasks. 
The computer provides a series of motor instructions 
to the patient that mimic the therapeutic interventions 
of CIMT and provides feedback on their performance 
as well as encouragement in a manner similar to a 
therapist. It reduces the amount of time needed by the 
therapist to supervise treatment and has been shown 
to be as effective as traditional CIMT (126).

Robotic therapy offers a promising venue for im-
proved motor skills in people with hemiplegia. They 
are capable of providing repetitive, high-intensity, 
task-specific, and interactive treatments for the im-
paired limb. The devices can provide force feedback for  
sensorimotor-type training; measure the speed, direc-
tion, and strength of residual voluntary activity; and 
evaluate patients’ movements interactively to assist 
them in limb movement through a predetermined 
trajectory during a given motor task. However, they 
have not gained widespread use for several reasons. 
Although most studies examining their use have dem-
onstrated significantly improved motor skills, even in 
those with chronic stroke, they have not consistently 
been shown to improve ADL performance (127). This 
may be because most studies used insensitive measures 
of function that were not capable of detecting changes 
in ability to perform ADLs. A seemingly important ad-
vantage of robots over conventional rehabilitation is its 
ability to provide highly repetitive treatments over lon-
ger periods. However, it has been shown that equally 
intensive therapies provided by either robots or con-
ventional means confer similar results (128). Future 
studies will need to address the functional implications 
of these devices as well as their economic feasibility and 
advantage over conventional treatments.

Body Weight–Supported  
Treadmill Training

Body weight–supported treadmill training (BWSTT), 
first described by Finch et al. (129), provides a strat-
egy to assist some individuals with neurologic impair-
ments to stand and ambulate. It uses a harness system 
that supports a percentage of a patient’s body weight 
that unloads the lower extremities while training to 
walk on a treadmill. Evidence suggests that this may be 
an effective method of improving gait quality, walking 
speed, and trunk stability after stroke (130). It may 
also be an effective means to encourage a symmetrical 
gait pattern early in the rehabilitation process, as well 

as a more appropriate method to facilitate sensory in-
put and maximize much-needed repetition during the 
critical recovery period (131, 132).

The BWSTT is thought to work on various com-
ponents of locomotion including posture, balance, 
weight shifting, and coordination. One means by which 
it may work is through activation of central pattern 
generators (CPGs) that are located in the spinal cord. 
Central pattern generators were initially described in 
invertebrates where it was demonstrated that neuro-
nal networks interacted with specific sensory inputs 
resulting in locomotion (133). Although the presence 
of CPGs has not been definitively confirmed in verte-
brates, there is evidence suggesting they exist in mam-
mals. Studies examining cats with induced thoracic 
spinal cord lesions revealed that BWSTT resulted in 
an improvement in various aspects of gait, including 
an increase in both gait speed and number of steps 
taken compared to control animals (134, 135). This 
supports the theory that the mammalian spinal cord is 
capable of producing reciprocal gait patterns by means 
of these activated CPGs in the absence of supraspi-
nal inputs. The improvements in gait in these animals 
also support the notion that neural plasticity is pos-
sible within the spinal cord. Supraspinal mechanism 
may also contribute to improved ambulation skills via 
BWSTT in ways similar to forced-use therapy, as it 
uses mass practice (the need for multiple repetitions) 
and shaping (performing sequentially greater approxi-
mations of a task) through progressive weight-bearing 
and forced use of impaired lower limbs (136).

The BWSTT attempts to facilitate automatic 
walking movements within the context of task-specific 
training. The patient is placed on a treadmill moving 
at the maximal comfortable walking speed with a por-
tion of their weight-being supported at the trunk by 
an overhead harness. The combination of therapists 
and the physical apparatus of the system controls leg 
movement, patient posture, and balance that aids in 
mimicking the normal rhythmic nature of gait. The 
system offers patients the support to maintain the 
standing position, which is useful for those who do 
not have the muscle strength or postural control to 
begin overground gait training. Furthermore, it may 
decrease the fear of falling, which combined with its 
other attributes makes gait training feasible early after 
CNS injury (137). Early training postinjury theoreti-
cally enhances more normal-appearing ambulation, 
as the pattern associated with BWSTT resembles nor-
mal gait better than traditional overground training. 
Therefore, it may avoid the development of gait de-
viations such as knee hyperextension during stance 
phase, poor pelvic and trunk motion, gait asymmetry, 
and decreased step length often associated with tra-
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ditional ambulation training as the patient attempts 
full weight-bearing. Furthermore, improvements in 
gait after BWSTT have been associated with changes 
in cerebral activation patterns in the cerebellum and 
midbrain, suggesting its ability to enhance cerebral 
plasticity (138–143).

Studies have largely supported the beneficial ef-
fects of BWSTT in term of improvements in the ability 
to ambulate, posture control, endurance, balance, rate 
of recovery, and gait velocity predominantly in pa-
tients with stroke-related hemiplegia (139, 140), with 
fewer demonstrating improvements after spinal cord 
injury (141, 142). Many studies have demonstrated 
the benefits of BWSTT in improving gait, although a 
metanalysis of several studies failed to reveal a defini-
tive advantage over traditional therapeutic techniques 
(143). Possible reasons accounting for this include the 
heterogenicity in the nature and severity of stroke, the 
demographic distributions of the patients, variations 
in the intensity and frequency of training, the meth-
ods for assistance, and the placebo effect. However, a 
recent study demonstrated that BWSTT provided no 
additional benefit to an equal amount of traditional 
gait training in subjects with hemiplegia (144). De-
spite this, there are benefits to ambulation training us-
ing BWSTT, including improved cardiovascular fitness 
(145) and improved upper limb function (146). Hy-
potheses explaining the later observation include the 
positive effect of exercise on cerebral blood flow and 

angiogenesis, facilitation of information processing 
caused by release of dopamine and/or norepinephrine, 
up-regulation of neurotrophins, and improvement in 
mood with decreased depression (146).

Despite promising results, BWSTT has not re-
ceived widespread clinical acceptance. A primary draw-
back has been the time and physical demands placed 
on therapists to operate the system properly. Several 
therapists may be required to move the patient’s limbs 
and to operate the machinery while trying to ensure 
appropriate kinematics of the trunk, pelvis, and lower 
limb. The BWSTT may also be fatiguing for both pa-
tients and therapists, thereby limiting the duration of 
the therapy sessions (147). Furthermore, it has been 
suggested that each therapist provide sensory informa-
tion to the patient on a stride-by-stride basis to achieve 
maximal benefit. Robotic devices have been developed 
to address this factor, although these devices are very 
expensive and recent evidence suggests that their use is 
no more effective in improving ambulatory skills than 

FIGURE 14.1

Functional near infrared spectroscopy. This figure demon-
strates the equipment used and the setup for obtaining 
fNIRS. As noted in the figure, fNIRS is portable, which 
permits imaging of activated cortical regions during func-
tional tasks in an ecologically valid setting. (Reproduced 
with permission from Kessler Foundation. Photographer, 
Richard Titus.)

FIGURE 14.2

The DTI image. White matter fiber tracts in the living hu-
man brain, visualized noninvasively using DTI, a new 
and evolving MR technique. Images of this sort are used 
for basic neuroanatomical research, for clinical diagnosis 
of subtle neurologic disorders, and for guidance of neuro-
surgery. Data for this image were acquired using a 1.5-T 
Siemens Avanto MR scanner in the New York University 
Langone Medical Center Department of Radiology. (Im-
age courtesy of Dr. Yulin Ge and Dr. Daniel K. Sodickson,  
Center for Biomedical Imaging, Department of Radiology,  
New York University Langone Medical Center.) See color 
insert.
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equally intensive conventional therapy (144). Addi-
tional studies are needed to address dosing questions, 
optimal time to initiate treatment, time to progress to 
overground training, impact of upper extremity sup-
port, and most appropriate treadmill speed (41). 

Barbeau and Visintin (140) found that both pre-
training and posttraining walking speeds were greater 
on the treadmill than they were in overground walking 
and that the transfer of training from treadmill walking 
speed to overground walking speed was greater in the 
body weight–supported group than in the group with-
out this technique. They also observed that partially 
unloading the lower limbs during training and progres-
sively increasing the load as the gait pattern improved 
enhanced the recovery of posture and locomotion (140). 
Sullivan et al. (148) found that training at fast speeds 
was more effective in improving speeds of overground 
walking than training at slow or variable speeds.

In summary, BWSTT has been shown in some 
studies to be a promising technology in the treat-
ment of patients with neurologic conditions; however, 
given the cost of the equipment, the labor-intensive 
nature of BWSTT, and its uncertain clinical efficacy 
compared to traditional rehabilitation, the clinical vi-
ability of BWSTT remains unclear. More studies are 
required to address these questions adequately.

CONCLUSIONS

Technological advances in the assessment of individu-
als with neurologic disabilities have led to a greater 
understanding of both normal and pathological physi-
ological process of the CNS. They have given research-
ers the ability to explore the in vivo environment of 
the brain and spinal cord by imaging its microscopic 
structure, metabolic activity, and molecular makeup. 
This has provided both researchers and clinicians the 
knowledge base to better comprehend the complexity 
of normal human behavior and the pathological condi-
tions that impact them. Using some of the new imaging 
technologies has the potential to predict prognosis and 
outcome that may aid one’s clinical decision-making  
process. This knowledge combined with information 
garnered through other realms of research has been 
used to develop new treatment modalities that have 
the potential to enhance recovery caused by diseases 
or trauma in ways not feasible or poorly understood 
just a short time ago. However, despite what has been 
learned in the past few decades, much more remain 
unknown because these assessment tools have not ex-
plained all we need to know about upper motor neu-
ron function and have raised additional questions that 

remain unanswered. Accordingly, recovery of func-
tion is all too frequently incomplete. Therefore, exist-
ing technologies must be refined and new modalities 
developed to further our ability to effectively amelio-
rate the physical and cognitive sequelae of neurologic  
injury. Improved outcomes will only be achieved 
through greater understanding and dedicated efforts 
to refine existing treatments and develop new modali-
ties (Figures 14.1 and 14.2).
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Spastic hypertonia encompasses a variety of conditions 
that may contribute to increased tone or involuntary 
movement, including dystonia, rigidity, myoclonus, 
 muscle spasm, posturing, and/or spasticity (1). The 
neurologic localization of the lesion that is the cause 
of spastic hypertonia may result in the different clini-
cal manifestations noted. The other conditions associ-
ated with spastic hypertonia, such as the “clasp knife 
phenomenon,” Babinsky or Hoffman reflexes, rigid-
ity, and particularly acquired dystonia, may be more 
disabling than spasticity in acquired brain injury (2, 
3), some cases of cerebral palsy (CP) (4), and mul-
tiple sclerosis (MS) (5). For this reason, they are often 
considered to be part of the broader “upper motor 
syndrome,” of which spasticity is a part (6).

One of the hallmarks of upper motor neuron 
injury or illness above the conus medularis is the de-
velopment of spastic hypertonia. It is one of the most 
disabling aspects of central nervous system (CNS) in-
jury or illness. Spastic hypertonia can interfere with 
the functional use of remaining motor function, limit 
the range of motion of a joint, or cause pain. This can 
be very disabling with regard to mobility, transfers, 
activities of daily living, sitting, or sleep (7–10).

However, there are positive aspects of spastic 
hypertonia. Spasticity can aid in maintaining muscle 
tone and mass, resulting in increased blood return in 
the venous system, decreases the incidence of osteopo-
rosis in paralyzed extremities, and aiding in reflexive 

bladder and bowel emptying (11, 12). The increased 
muscle tone can also provide a fulcrum at various 
joints to improve posture, aid in sitting, or aid with 
transfers. The increased muscle mass over bony prom-
inences can help prevent decubitis ulcers. Hence, spas-
tic hypertonia is not an entity we wish to completely 
eliminate, just modulate.

In general, oral medication has been less success-
ful in managing spastic hypertonia after acquired ce-
rebral injury than in spinally related causes of spastic 
hypertonia (8, 13). Furthermore, all the potentially 
useful drugs for spasticity have associated central 
side effects that need to be carefully weighed when 
considering their use. The pharmaceutical manage-
ment of spastic hypertonia after CNS injury or illness 
has generally been confined to the use of 5 primary 
medications: baclofen, diazepam, dantrolene sodium, 
clonidine, and tizanidine (1, 6, 8, 14–17). There is 
limited evidence that other medications may be useful 
as well.

Spastic hypertonia clinically presents differently 
when the lesions are in the spine, brainstem, or cere-
bral cortex (3, 10). The precise neurologic localization 
of the lesion can result in different clinical manifesta-
tions of spasticity (10). However, one does not treat 
spastic hypertonia based upon the anatomic location 
of the lesion. Rather, treatment is focused on the clini-
cal presentation of the patient. Furthermore, it is clear 
that some medications may be preferred for upper 

Pharmacologic 
Management of 
Spasticity: Oral 
Medications15
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limb spasticity, whereas others may be preferred for 
lower limb spasticity (5, 17). When one considers the 
cognitive and other side effects of medications, one 
needs to customize the treatment of medications quite 
precisely.

Determining the benefit of oral medications for 
the treatment of spastic hypertonia must focus on 
evaluating the patient with physiologic and functional 
outcome measures (18). The scales listed in Tables 
15.1 and 15.2 are the most commonly used clinical 
methods for assessing the clinical treatment of spas-
tic hypertonia. These scales have been those that have 
been most often accepted by the Food and Drug Ad-
ministration (FDA) for pharmaceutical and investi-
gational trials to obtain a clinical indication for use 
in “spasticity.” They are also easily administered and 
relatively reliable methods for the clinician to utilize 
in a clinical setting. In addition, the physician should 
carefully monitor other medications, including “over-
the-counter medications” due to potential interactions  
and the effects these medications may have on spas-
tic hypertonia. We will present in detail the most fre-
quently utilized oral medications and outline briefly 
the variations in their recommended uses in cerebral 
disorders versus spinal disorders and when attempt-
ing to treat upper extremity spastic hypertonia versus 
lower extremity spastic hypertonia.

A wide range of potential treatments have been 
investigated. The clinical pharmaceutical management 
of spastic hypertonia after CNS injury or illness has 
generally been confined to the use of centrally acting 
drugs mediated through g- (19, 20) and peripherally 
acting drugs that inhibit the release of calcium from 
the sarcoplasmic reticulum (dantrolene) (15) as well 
as those that inhibit excitatory neurotransmitter re-
lease. We will organize the discussion of these medi-
cations by the neurotransmitter, through which they 
mediate their effect.

GAMMA-AMINOBUTYRIC ACID AGONISTS

Gamma-aminobutyric acid (GABA) receptor sites are 
widely present in the CNS, and GABA is the third 
most prevalent neurotransmitter in the CNS. GABA is 
present in an estimated 60% to 70% of all synapses in 
the brain and is inhibitory on a variety of neural path-
ways associated with spasticity (10, 19, 21). GABA is 
always an inhibitory neurotransmitter, affecting both 
presynaptic and postsynaptic inhibitions. GABA is a 

completely hydrophilic neurotransmitter and there-
fore is infinitely lipophobic with a complete inability 
to cross the blood brain barrier (22–24).

GABA receptors are distributed in 3 main recep-
tor subtypes A, B, and C, with GABA-A and GABA-B 
most clearly involved in the treatment of spastic hy-
pertonia. GABA-A receptors are a heteropentameric 
molecule that has at least 3 distinct subunits (25). The 
GABA-A receptor is a ligand-gated chloride ion chan-
nel that when activated allows increased chloride ion 
influx, causing membrane hyperpolarization (26, 27). 
GABA-B receptors are G-protein coupled and act on 
voltage-gated calcium channels, including N-methyl-

TABLE 15.1
Definition of Ashworth, Spasm Frequency, and 

Reflex Scores

Ashworth score

1 No increase in tone

2 Slight increase in tone, giving 
a “catch” when affected part is 
moved in flexion or extension

3 More marked increase in tone, 
but affected part easily flexed

4 Considerable increase in tone; 
passive movement difficult

5 Affected part rigid in flexion 
or extension Spasm frequency 
score

0 No spasms

1 Mild spasms induced by  
stimulation

2 Infrequent full spasms occurring 
less than once per hour

3 Spasms occurring more than 
once per hour

4 Spasms occurring more than 10 
times per hour

Reflex score

0 Reflexes absent

1 Hyporeflexia

2 Normal

3 Mild hyperreflexia

4 3 or 4 beats clonus only

5 Clonus

Definitions and rating scales used to evaluate muscle tone 
(1), spasm frequency (2), and deep tendon reflexes (2, 3).
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TABLE 15.2A
Spasticity Clinic Initial Evaluation

Name: _______________________ MR #: ___________________ Date: __________
Diagnosis: /_/ Spinal Cord Injury /_/ Multiple Sclerosis /_/ Cerebral Palsy /_/ CVA /_/ TBI /_/
Other _____________________________________
Date of Onset: ___________ History: ________________________________________________________ _______________
_________________________________________ _____________________________________________
Surgical Procedures for Spasticity: /_/ None /_/ Rhizotomy /_/ Myelotomy /_/ Neurectomy /_/
Nerve Blocks /_/ Intrathecal Neurolysis /_/ Tendon Lengthening
Other __________________________________________________________

History of Seizures: /_/ Yes /_/ No Medication: _________________________
____________________

Prior/Current Anti-spastic Drug Use:

Drug Daily DOSe effectiveneSS SiDe effectS

Neurologic Assessment:

SpaSticity left right left right

Hip Abduction Shoulder Abduction
Hip Adduction Elbow Extension
Hip Flexion Elbow Flexion
Knee Extension Wrist Extension
Knee Flexion Wrist Flexion
Ankle Dorsiflexion
Plantar Flexion
Spasms: LE Spasms: UE
Reflexes: Knee ankle Reflexes: Biceps

Functional Assessment:
Mobility:  /_/ wheelchair  /_/ ambulatory /_/ ambulatory with assistive device  /_/ bedridden
Urinary Management: /_/ normal /_/ catheter /_/ type ____________ other: ____________________
Bowel Management: /_/ normal /_/ suppository  /_/ digital stim /_/ other: ____________________

Additional Findings: ___________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
Plan: _________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________

Physician’s signature: 
__________________________________________

Outpatient evaluation sheets for spasticity clinic. (Forms used with permission from Jay Meythaler, MD, University of Alabama at 
Birmingham. Copyright Jay Meythaler.)
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TABLE 15.2B 
Baclofen/Clonidine Pump Clinic Follow-Up Evaluation

Name: ___________________________ MR #: ___________________ Date: ____________

Pump Refill: /_/ Yes /_/ No

Programmer residual volume: _____cc  Actual residual volume: ____cc Refill volume: _____cc

Concentration: _________ mcg/ml Lot Number: __________________

Program Change: /_/ Yes /_/ No

Dose: ____________ mcg/day Single bolus given: _________ mcg

Infusion mode: /_/ simple /_/ complex continuous /_/ periodic bolus /_/ stopped

Neurologic Assessment:

tOne left right left right

Hip Abduction Shoulder Abduction
Hip Adduction Elbow Extension
Hip Flexion Elbow Flexion
Knee Extension Wrist Extension
Knee Flexion Wrist Flexion
Ankle Dorsiflexion
Plantar Flexion
Spasms: LE Spasms: UE
Reflexes: Knee ankle Reflexes: Biceps

Functional Assessment:

Mobility:  /_/ wheelchair    /_/ ambulatory    /_/ ambulatory with assistive device    /_/ bedridden

Urinary Management:  /_/ normal    /_/ catheter       /_/ other: ____________

Bowel Management:  /_/ normal    /_/ suppository       /_/ digital stim        /_/ other: ___________

Concomitant Medical Problems:     /_/ none  /_/ UTI    /_/ Pressure sore    /_/ other: _____________

Adverse Effect or System Complication:              /_/ Yes     /_/ No

Description: _________________________________________

Refill Alarm Date: _________________________________________

Other Comments: _________________________________________

Physician’s signature: __________________________________________

Outpatient evaluation sheets for spasticity clinic. (Forms used with permission from Jay Meythaler, MD, University of Alabama at 
Birmingham. Copyright Jay Meythaler.)



1�� PHARMACOLOGIC�MANAGEMENT�OF�SPASTICITY:�ORAL�MEDICATIONS 203

d-aspartate (NMDA) channels (19, 28, 29). G-proteins  
also increase receptor-operated potassium channel 
conductance (20). Both mechanisms cause hyperpo-
larization of the motor horn cells, which is often cited 
as the predominant mechanism for the antispasticity 
effects associated with GABA-B agonists (6, 19).

The GABA-B receptors definitely are involved 
in spasticity treatment (3, 6, 13, 22, 23), whereas the 
A receptors have some effects on spasticity modula-
tion and have an additional role in seizures manage-
ment (3, 6). Because GABA crosses poorly into the 
CNS across any membrane (23, 24), drugs have been 
developed to either indirectly facilitate the release of 
GABA or substitute for GABA in CNS as analogs. It 
has been established that GABA inhibits the release 
of dopamine, norepinephrine (NE), acetylcholine, and 
serotonin (5).

Baclofen

Baclofen, 4-amino-3(p-chlorophenyl) butyric acid, is 
structurally similar to GABA and binds to presynaptic 
GABA-B receptors within the brainstem, dorsal horn of 
the spinal cord, and other CNS sites (30–34). Baclofen 
is a small molecule with a formula weight of 213.67 and 
the chemical name 4-amino-3(p-chlorophenyl) butyric  
acid (C10H12ClNO2—see chemical structure above). It  
is a white to off-white, virtually odorless, crystalline 
powder with a slightly bitter taste. Structurally, it is 
very similar to GABA. It is stable as a solid and in solu-
tion at room temperatures and decomposes into a lac-
tam at temperatures above 50°C. It was developed in 
the 1970s and has been a mainstay in the treatment of 
spastic hypertonia.

Baclofen depresses both monosynaptic and poly-
synaptic reflexes by blocking the release of neurotrans-
mitters (32, 35). This results in inhibition of gamma 
motor neuron activity to the muscle spindle intrafusal 
fibers (19). Hence, baclofen inhibits monosynaptic and 
polysynaptic reflexes (31, 36). Because these reflexes 
can facilitate spastic hypertonia, inhibition of these 
reflex pathways reduces the overactive reflex response 
to muscle stretching or cutaneous stimulation. Some 
cases of dystonia also appear to respond to GABA ag-
onists (2, 4, 5). Baclofen has some supraspinal activity 
that may contribute to clinical side effects.

Orally delivered baclofen reaches relatively low 
concentrations in the spinal cerebrospinal fluid, even 
after large oral doses (37). Thus, many patients ex-
perience central side effects, such as drowsiness, 
confusion, or attentional disturbances at the dosages 
required to reduce spasticity (6, 30, 38, 39). Other 
central effects of the drug include hallucinations, 
ataxia, lethargy, sedation, and memory impairment 
(30, 38–41). Furthermore, those patients with ce-
rebral lesions are felt to be more prone to the cen-
trally mediated side effects of medication (1). There 
is a significant reduction in attention span in some 
traumatic brain injury (TBI) patients who have been 
placed on oral baclofen, even when testing was done 
after several months on the medication (42). These 
effects have been reversible with a withdrawal of ba-
clofen. Because cognitive function is critical for sur-
vival and adaptation after CNS injury or illness, any 
impairment of cognition due to medication may sig-
nificantly adversely effect the severely brain injured 
patient. The sudden withdrawal of baclofen, includ-
ing baclofen delivered intrathecally, may lead to sei-
zures and hallucinations (12, 32).

Pharmacokinetics

Oral baclofen is relatively well absorbed with the 
peak effect within 2 hours of ingestion (42, 43) and 
a half-life of between 2.5 to 4 hours (6, 43), but it 
has a tissue half-life in the CNS estimated to be 3 to 
5 hours (43). The drug is excreted unchanged by the 
kidney, and only 6% to 15% is metabolized by the 
liver (19, 43).

Treatment

The initial dosage of baclofen for spastic hypertonia 
should be started at 15 mg/d and increased every 3 
days by 15 to 20 mg/d in at least 3 times per day due 
to the relatively short half-life (19, 44). Baclofen is 
often the first drug of choice in spinal causes of spastic 
hypertonia of spinal origin (6, 42). It has been utilized 
predominately for lower limb spastic hypertonia in 
spinal cord injury (SCI) (27, 45–50) and MS (51–63). 
Most of these studies on the oral use of the medica-
tion have been open-label studies predominately fo-
cused on its effects on the lower extremities. The use 
of baclofen in the upper extremities is based mostly on 
individual physician experience.

In spasticity due to cerebral origin, the use of  
baclofen is less well established. There are a few small 
randomized studies on the use of oral baclofen in CP 
(47, 48). In stroke and TBI, there is a single open-la-
bel trial (5). This 1 trial established that baclofen was 
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effective physiologically in improving spastic hyperto-
nia as measured by the Ashworth score in the lower 
limbs (5). Based upon the observed decrease in tone, 
the authors hypothesize that there was a reduced re-
ceptor density for GABA-B receptors in the cervical  
and brainstem regions than the thoracic region (5). 
Further investigation may delineate if there is a differ-
ence of baclofen’s effectiveness on the upper extremi-
ties versus the lower extremities.

Seizures are a serious side effect of the use of ba-
clofen and appear to lower the seizure threshold, re-
gardless if the dose of baclofen is increased or decreased 
(64–68). Other complications of oral baclofen include 
euphoria, hallucinations, ataxia, memory impairment,  
lassitude, urinary problems, muscle weakness, dizzi-
ness, hypotension, sedation, memory problems, and 
blurred vision (3, 19). Motor weakness is usually the 
result of those who are overdosed on the medication 
or were utilizing their reflexive spastic hypertonia for 
functional status. The most serious side effects in-
volve abrupt withdrawal, which is characterized by 
increased spastic hypertonia, increased deep tendon 
reflexes, pruritic symptoms, autonomic instability, hal-
lucinations, central fevers, seizures, and death (19). 
These side effects are most likely related to a sero-
tonin syndrome and usually develop within 2 and 6 
days after abrupt withdrawal regardless of the deliv-
ery method of baclofen (12, 32, 65–69).

Surprisingly, there are no pharmacokinetic stud-
ies or effectiveness studies on the use of oral baclofen 
in pediatric patients. This is something that is being 
addressed currently in a large National Institutes of 
Health (NIH)-funded clinical trial.

BENZODIAZEPINE DERIVATIVES 

Diazepam

 ,

Clonazepam

 

Benzodiazepines were first developed in the 1930s, 
although clinical usage did not begin until the 1960s 

(70, 71). Diazepam is the prototypical benzodiazepine 
of this class of compounds characteristic of the 1, 4-
nitrogenous ring structures most commonly utilized 
in the United States (70). Diazepam and clonazepam 
are both documented to be an effective treatment for 
the initial treatment of spastic hypertonia, but all ben-
zodiazepines (eg, ketazolam, tetraepam,) have been 
useful in the treatment of spastic hypertonia (19, 70). 
They differ primarily with regard to the half-life and 
the cognitive side effects because some are more seda-
tive, whereas others have a more profound hypnotic 
effect, and this has been the primary differentiation of 
these medications.

Benzodiazepines do not directly bind to GABA re-
ceptors but instead promote the release of GABA from  
GABA-A neurons by facilitating sodium conductance 
(19, 72–74). This results in enhanced presynaptic in-
hibition and is likely why they are useful in epilepsy 
(70).

These drugs are all CNS depressant medications 
and are noted for their antianxiety, hypnotic, antispas-
ticity, and antiepileptic properties. The CNS effects are 
attributed to their ability to enhance GABA-mediated  
presynaptic inhibition in the CNS and to depress neu-
ronal activity in the descending lateral and ascending 
reticular system. This also results in their prominent 
side effects of sedation and lethargy (70, 72, 73). 
These drugs also impair coordination, and prolonged 
use can lead to physical and psychological dependence 
and/or abuse. Effective dosages vary considerably, and 
upper level doses are primarily limited by tolerance 
to side effects. Because clonazepam and diazepam are 
the prototypical medications, they are the focus of this 
review.

Pharmacokinetics

Diazepam is quickly absorbed, reaches peak serum 
levels within 1 hour, and has a half-life approaching 
60 hours (75, 76). A slow-release preparation does 
not reach peak serum levels until 3.6 hours after oral 
delivery (77). Clonazepam reaches peak serum levels 
in 1 to 4 hours (78, 79) and a 30- to 40-hour serum 
half-life in adults (80), but only 22- to 33-hour serum 
half-life in children (81). Clonazepam is primarily me-
tabolized in the liver to glucoronides (79), as is diaz-
epam (70, 75, 76).

Treatment

Diazepam is the prototypical medication utilized in 
adult spastic hypertonia, and clonazepam, by tradi-
tion, is utilized more frequently in pediatric patients. 
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However, there are many who use clonazepam in 
adults and vice versa. There are many clinicians who 
employ other benzodiazepines.

Diazepam is well established in the treatment of 
spastic hypertonia in MS with several clinical trails in 
the literature (46, 59–57, 82–84). Diazepam has been 
traditionally utilized for years in SCI even though the 
data are less well established, with only a few small 
studies (46, 85) also in mixed populations of patients 
with SCI, MS, and stroke. Benzodiazepines have more 
studies establishing their efficacy in cerebral disorders. 
In stroke patients, diazepam has been reported to be 
useful (84-88), but the studies have only small num-
bers of patients and are likely underpowered. There 
are only a couple of studies documenting the effec-
tiveness of clonazepam in spastic hypertonia: one in a 
predominately MS population (89) and another small 
study in pediatric CP patients (90). Considering its 
widespread use, it is rather quite remarkable that there 
are so little data. There is relatively more data on the 
use of ketazolam, which is not available in the United 
States. However, in these head-to-head studies with di-
azepam, there was relatively no advantage except less 
frequent dosing (84, 91).

Benzodiazepines are sedative hypnotics and as 
such tend to exacerbate the complications of mem-
ory and alertness in patients with cerebral disorders. 
Hence, lately, they have not been recommended for 
use at least in the early stages of recovery. Benzodi-
azepines such as diazepam and lorazepam also have 
numerous adverse effects, including generalized CNS 
sedation with fatigue, drowsiness, and dizziness; para-
doxical agitation; confusion; and disorientation with 
periods of blackouts or amnesia (19, 70, 72, 88). 
Rapid withdrawal has been associated with irritabil-
ity, tremors, nausea, and seizures (19, 70).

OTHER GABA DERIVATIVES 

Gabapentin 

Gabapentin is an analogue of GABA. The mechanism 
of action of gabapentin continues to be a subject of 
debate. In the past, it was believed that gabapentin’s 
effect was not mediated through interaction with the 
GABA receptor. However, more recently, it has been 
thought to interact at the GABA receptor. It is known 
for certain that gabapentin is not converted metaboli-
cally into GABA or GABA agonist, and it is not an 

inhibitor of GABA uptake or degradation (92). Re-
gardless of the mechanism of action, gabapentin does 
increase GABA turnover, and no general statements 
can be made on the effect of gabapentin on NMDA 
receptors. The mechanism by which gabapentin exerts 
its anticonvulsant effect is not known. However, it ap-
pears now to interact with a unique receptor effecting 
voltage-gated N-type calcium ion channels (93). It is 
generally utilized as an adjunctive medication for the 
treatment of partial seizures (94).

Pharmacokinetics

Gabapentin is predominately renally cleared, lead-
ing to its linear pharmacokinetics (93, 95, 96). The 
bioavailability of gabapentin is not dose proportional 
(97). As the dose is increased, the bioavailability is de-
creased. Gabapentin is eliminated unchanged from the 
systemic circulation by renal excretion, and maximum 
plasma concentration occurs within 2 to 3 hours (98, 
99) of dosing. Unlike other anticonvulsants, gabapen-
tin apparently does not interfere with the elimination 
of phenytoin, valproic acid, carbamazepine, and phe-
nobarbital (95).

Treatment

Gabapentin was initially designed as a pharmaceutical 
agent to treat spasticity but was found to be a more 
potent anticonvulsant for which it is approved for 
marketing in the United States (98, 100). Nevertheless, 
there have been small reports of its effectiveness for 
spasticity of spinal origin (101–104). However, close 
analysis of these studies indicates that its effectiveness 
has been marginal, particularly in terms of a reduc-
tion in the Ashworth score. However, some physicians 
continue to note that some patients with spastic hy-
pertonia have a clinically meaningful response to the 
medication.

The most frequently noted side effects of gabap-
entin are somnolence (25%), dizziness (23%), ataxia 
(20%), nystagmus (15%), headache (14%), tremor 
(13%), fatigue (12%), and nausea/vomiting (9%),  
although the frequency is claimed to be less frequent 
than that noted with most other anticonvulsants 
(19, 95, 98). The usage in children has had mixed 
results, so it is generally only indicated for those over 
12 years of age in children (94, 105). When dosing 
younger children, there are some pediatric epilepsy 
dosing guidelines that may be useful that indicate 
dosing for those 2 years or younger using gabapen-
tin syrup 10 mg/kg (106). Dosing for subjects over  
2 years received oral capsules based on weight:  
200 mg for 16 to 25 kg; 300 mg for 26 to 36 kg; and 
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400 mg for 37 to 50 kg (106). There are no stud-
ies on the effectiveness of gabapentin on spasticity  
in children.

Tiagabine 

Tiagabine is an anticonvulsant drug that was de-
signed to prevent GABA reuptake into neurons (70). 
First utilized as an add-on therapy for partial epilepsy 
(107), more recently, it has been utilized as both an 
adjunctive medication and a monotherapy for com-
plex-partial seizures and generalized tonic-clonic sei-
zures (105, 108).

Pharmacokinetics

Tiagabine is 96% absorbed orally in most patients 
reaching peak serum concentration in 45 minutes 
in most patients although a delay of up to 3 hours 
has been reported in those with taking other medica-
tions that are hepatic metabolized (109). Tiagabine is 
its spectrum of activity and toxicities have been de-
scribed as similar to those of vigabatrin and gabapen-
tin (94, 95, 109). Tiagabine is rapidly metabolized via 
cytochrome P450 enzyme, and drugs that induce this 
enzyme will increase its metabolism, including carba-
mazepine and phenytoin (109–111). However, it has a 
half-life of only 7 to 9 hours (109, 112).

Treatment

Tiagabine is usually initiated at a dose of 4 mg once 
daily. The dose may be increased by 4 mg at the begin-
ning of the second week and then at weekly intervals 
by 4 to 8 mg/d, divided in 2 to 4 doses, until a clini-
cal response is achieved (113). The maximum dose is  
32 mg/d.

Interestingly, there are no studies on the use of 
tiagabine in adults with spasticity. However, there 
are 2 small open-label trials in the use of tiagabine in 
spastic hypertonia in children (107,114). One small 
study in 10 subjects indicated an improvement in the 
Ashworth scores of the children (114). Another study 
in 14 children who had epilepsy and spastic hyperto-
nia noted an improvement in voluntary motor scores 
as well (107).

The most frequent adverse effects of tiagabine are 
dizziness (30%), asthenia (24%), nervousness (12%),  
tremor (9%), diarrhea (7%), depression (5%), and 

emotional labiality (4%) (4). In one large study, seri-
ous adverse effects were described in more than 15% 
of those exposed to the medication (115). Dosage is 
usually limited to 6 to 36 mg/d (105). Dosages in the 
48 to 60 mg/d were linked to paradoxical nonconvul-
sive status epilepticus, and hence, excessive dosages 
should be used with caution in those patients with 
spastic hypertonia with a documented seizure disor-
der (116).

Vigabatrin 

Vigabatrin was another attempt to “tailor make” an 
irreversible inhibitor of GABA-transaminase predom-
inately as an antiepileptic agent (94). By inhibiting the 
neurotransporters of GABA and increasing the ex-
tracellular GABA, it has been demonstrated that this 
suppresses seizures (94, 117). Vigabatrin is broadly 
licensed in Europe and Latin America. Vigabatirn was 
approved by the FDA in January of 2009, but its re-
lease in the United States had been inhibited by its 
association to vision loss. The drug has generally been 
utilized for and now is the only FDA-approved medi-
cation as an adjuvant therapy for refractory partial 
seizures in both adults and children (94, 118). Use for 
spasticity is off-label, and there are no large studies on 
the use of this drug for spasticity.

Pharmacokinetics

Vigabatrin reaches peak serum concentration within 
0.5 to 2 hours (119, 120). It is predominately renally 
cleared (119) and has a plasma half-life of 5 to 8 hours 
in adults and 12 to 13 hours in elderly persons (4, 119). 
Vigabatrin is not metabolized or significantly protein 
bound (119, 121). The serum levels of liver transami-
nases are reported to be reduced with vigabatrin, but 
this has not been associated with hepatic or renal dys-
function (95, 119, 122). It has been noted to decrease 
the serum level of phenytoin by 20% to 30% (95, 121). 
The most commonly noted side effects are somnolence/
drowsiness (28%), fatigue (28%), dizziness (21%),  
nystagmus (15%), abnormal vision (11%), agitation 
(11%), amnesia (10%), depression (10%), and pares-
thesia (9%) (4, 120). Doses usually start at 25 mg/kg 
per day and increased up to 125 mg/kg per day as 
needed. One author generally starts most patients on 
1000 mg once a day (118), and the drug is generally 
increased to a maximum of 4 g a day in 2 divided 
doses (4, 120).



1�� PHARMACOLOGIC�MANAGEMENT�OF�SPASTICITY:�ORAL�MEDICATIONS 20�

Treatment

Dosing in adults with spastic hypertonia has been 
in the range of 2 to 3 g/d in 2 divided doses (121). 
However, vigabatrin has been of therapeutic value in 
the treatment of refractory infantile spasms, although 
these spasms have been linked to seizure activity (123). 
In 43% of the children there was complete spasm sup-
pression and 95% of the children had a greater than 
50% reduction of spasms with initial treatment (123). 
However, a long-term response was noted in only 75% 
of children with symptomatic infantile spasms (123).

Vigabatrin can cause psychiatric disturbances, 
including aggression and psychosis (95, 121, 124). 
About half of all the patients experience some ad-
verse effects with vigabatrin. The most common are 
drowsiness and fatigue, although in children, excita-
tion and agitation occur more frequently. Other CNS-
related adverse effects include dizziness, nervousness, 
irritability, headache, nystagmus, ataxia, paraesthesia, 
tremor, and impaired concentration. Generally, it is 
felt that patients with significant psychiatric history 
should be treated with caution with regard to the use 
of vigabatrin (108). Toxicology studies have associ-
ated vigabatrin with intramyelinic vacuolization or 
edema in the brains of rodents and dogs (94, 95, 118). 
Vigabatrin may need to be withdrawn if visual symp-
toms develop. Visual field testing should be performed 
at baseline and during routine follow up, particularly 
in children who have visual field deficits or at risk to 
develop visual field deficits (125–127).

Topiramate

 

Topiramate is another Anti epileptic drug (AED) for 
tonic-clonic seizures by blockage of voltage-dependent 
sodium channels (128), an augmentation of gamma-
aminobutyrate acid activity at some subtypes of the 
GABA-A receptors (4, 129, 130), and antagonism of 
AMPA/kainite subtype of the glutamate receptor af-
fecting Ca channels (130).

Pharmacokinetics

After oral administration, topiramate reaches peak se-
rum concentration in 1 to 4 hours, averaging 2 hours in 
most patients (131, 132), and has an elimination half- 
life of 21 hours (131). Topiramate is only slightly 

metabolized, and none of the metabolites are felt to 
be clinically active (133). It is predominately renally 
cleared (128, 131).

Treatment

Topiramate is usually initiated at doses of 25 to 50 mg/d  
and increased in increments of 25 to 50 mg per week 
(131). It has had limited use in spasticity that has been 
primarily confined to open-label case series of children 
with spasticity from Canavan disease, which causes early  
onset leukoencephalopathy and megalencephaly as well  
as the infantile spasms of West syndrome, when com-
bined with vigabatrin (4, 133, 134). It has been reported 
to be useful in chorea and hemiballismsus after stroke 
in 1 case report (135). Topiramate’s most significant 
side effects are somnolence and weight loss (4, 131).

CENTRAL ALPHA-ADRENERGIC AGENTS

The monoamines are widely distributed within the CNS. 
In spastic hypertonia, they appear to modulate sensory, 
autonomic, and motor functions through facilitation of 
presynaptic inhibition of spinal afferent inputs (20). The 
monoamines have an important role as modulators of 
spinal neuron excitability (136). Norepinephrine for the 
spinal pathways is produced in the neurons residing in 
the brain in the area called the locus ceruleus (20). The 
mechanism by which noradrenergic pathways modulate 
spastic hypertonia is predominately by modulating the 
sensory inputs via presynaptic inhibition of the spinal 
afferent inputs (20, 137). Norepinephrine also modu-
lates polysynaptic segmental reflexes where NE agonists 
may restore the vibratory inhibition of spinal reflexes 
(20, 138). Norepinephrine also has a direct inhibitory 
effect on interneurons and polysynaptic segmental re-
flexes (20, 139, 140). In essence, the central NE modu-
lates spastic hypertonia via central alpha-2 and imidazol 
type-I adrenergic receptor agonist activity by both re-
ducing the stimulating effect of noxious stimulation (20, 
141) and modulating the spindle activity directly related 
to spastic hypertonia (20, 142). When the descending 
pathways from the brainstem to the spinal cord are 
disrupted, there is a reduction in the NE in the spinal  
pathways leading to increased spastic hypertonia.

Clonidine

 

Clonidine was one of the first central acting cen-
tral alpha-2 and imidazol type-I adrenergic receptor  
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agonists to be utilized in spasticity (20). Clonidine is 
also an alpha-1 central adrenergic agonist. This effect 
is what is felt to be attributable to its effects as an 
antihypertensive medication, which is antagonized 
by yohimbine (20, 143–145). Its effects on spasticity 
are predominately attributed to its alpha-2 adrenergic 
receptor effects by presynaptic inhibition of sensory 
afferents (137, 138, 145). This is why it is also attrib-
uted to be a profound nocioceptive pain reliever (20). 
Clonidine’s effects on blood pressure appear to be due 
to the central sympatholytic effect of clonidine. As a 
result, clonidine has little effect on the blood pressure 
of people who have complete SCI, but it can lower the 
blood pressure for normals and those with incomplete 
injuries (146–148).

Pharmacokinetics

Clonidine is an extremely lipophilic medication with 
almost uniform distribution whether the medication is 
delivered via oral (149, 150), transdermal (151–153), 
intravenous (154, 155), epidural (156), or rectal de-
livery (157, 158). All reach relatively similar systemic 
serum levels. Oral clonidine delivered orally reaches 
peak serum levels in 1 to 1.5 hours and has a serum 
half-life of 12 to 16 hours (159). Clonidine is 50% 
metabolized by the liver with the rest renally cleared 
largely unchanged (159).

Treatment

Clonidine in the oral form has been utilized quite suc-
cessfully for spastic hypertonia in SCI (20, 137, 138, 
146, 160). However, all the studies were open-label  
A-B trials. In patients with stroke, there is 1 case re-
port (161). Transdermally, clonidine appears to have 

had a similar effect as orally (162, 163). It should be 
pointed out that oral clonidine may have profound 
effects in patients with SCI on autonomic dysreflexia 
(164) as well as on bladder reflexes, potentially chang-
ing the voiding patterns of the patients (147). There 
are limited pediatric trials using clonidine for spas-
ticity. The predominant side effects are related to its 
effects on blood pressure. Other side effects include 
bradycardia, dry moth ankle edema, and depression 
(20, 159). Those with a complete high-level SCI may 
be less likely to have a significant effect on blood pres-
sure (147, 148, 159).

Tizanidine

Tizanidine is a centrally acting, selective alpha-2 ad-
renergic and imidazole agonist that is structurally 
related to the antihypertensive drug clonidine (20). 
However, tizanidine has only one-tenth to one-fiftieth 
the potency of clonidine in lowering blood pressure 
or slowing heart rate (165). This is due to the differ-
ences in preferential receptor selectivity for alpha-2  
receptors rather than alpha-1 adrenergic receptors. 
Similar to clonidine, tizanidine also has effects on im-
idazol type I receptors. Tizanidine is active at both 
segmental spinal and supraspinal levels in both motor  
and sensory pathways (20). At the spinal segmen-
tal level, tizanidine is a presynaptic inhibitor of ex-
citatory amino acid release and also acts to inhibit 

TABLE 15.3 
Table of Most Common Adverse Drug Reactions for Antispasticity Medications

aDr inciDence DOSe relateD clinical management

Sedation 30%–50% Yes Reduce dose Titrate slowly
Dry mouth 30%–50% Yes Reduce dose Titrate slowly
Asthenia 25%–45% Yes Reduce dose Titrate slowly
Dizziness 10%–30% Yes Reduce dose Titrate slowly
Elevated hepatic  
transaminases

5% No Monitor at 0,1-3,  
and 6 months

Discontinue drug

Hallucinations 0%–3% No Ask if present Discontinue drug
GI effects 4% No Monitor symptom
Hypotension 2% Yes Reduce dose Titrate slowly

Most common side effects with the use of oral tizanidine.
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polysynaptic reflexes (166). In the brain, tizanidine 
inhibits firing of the locus ceruleus, thereby inhibit-
ing the normally facilitatory influence of the descend-
ing cerebrospinal pathway. Tizanidine has no effect 
on monosynaptic reflexes, such as the standard deep 
tendon reflex (165). More importantly, tizanidine has 
no activity at the neuromuscular junction and has 
no direct effect on skeletal muscle fibers, so it does 
not cause any muscle weakness (167–169). In some 
reports, patients actually show apparent increases in 
muscle strength due to central relaxation of the an-
tagonist muscles (167).

Pharmacokinetics

Tizanidine is well absorbed with 50% to 65% absorp-
tion from oral doses and undergoes extensive first-pass 
metabolism (20). None of the metabolites are phar-
macologically active. The half-life of tizanidine is 2.1 
to 4.2 hours, with peak plasma concentration reached 
at 1 hour (170, 171). Modified release capsules have a 
peak serum level of 5.7 hours (172) with 60% of the 
drug excreted in the urine and 20% recovered in feces 
(170). Tizanidine is moderately protein bound (about 
30%) and exhibits linear kinetics across the range of 
usual doses. It has no effect on the hepatic P450 en-
zyme system (20, 170). There is a paradoxical “food 
effect” that alters the pharmacokinetics of tizanidine. 
If taken with a meal, the peak plasma concentration 
is increased by 33%, and the time to reach this peak 
concentration is reduced by 40 minutes (170). The new 
modified release capsules somewhat temper this “food 
effect” (170). The overall absorption of the drug re-
mains unchanged (170). There are drug interactions; 
particularly with the concomitant use of ciprofloxa-
cin, the tizanidine exposure is increased with risks of 
excessive sedation and hypotension (173, 174).

Treatment

Tizanidine has been effectively utilized in randomized 
clinical trials for spastic hypertonia in SCI, MS, TBI, 
and stroke utilizing the Ashworth score as one of the 
outcome measures (167–169, 175). In stroke, there is 
another prominent open-label study also demonstrat-
ing significant effectiveness utilizing the Ashworth 
score as one of its outcome measures (173). There 
are no pediatric studies although it is evident that the 
medication is utilized off label (176). Dosing should be 
started at 2 mg at night and increased slowly by 2 mg/d 
every 2 days to a maximum dosage of 36 mg/d. The ef-
fect of tizanidine is clearly dose-related (167, 177).

The most common side effects of tizanidine are 
sedation, asthenia, dizziness, and dry mouth (167–

171) (see Table 15.3). Sedation appears to be the most 
serious side effect in spasticity trials with an incidence 
of 41% to 46% (167–169). Despite its similarity to 
clonidine, there is very little hypotension or bradycar-
dia experienced at clinically relevant doses and virtu-
ally none in the lower half of the dose range (177). Re-
bound hypertension can occur with abrupt cessation 
from higher does (170). Hallucinations and night-
mares have been reported, and some Gastro intestinal 
(GI) side effects, notably constipation, can occur in 
up to 5% of  Gastro intestinal patients (170). There 
is excellent agreement between researchers and clini-
cians with regard to the type and frequency of adverse 
drug reactions. Perhaps the most significant issue with 
the chronic use of tizanidine has been its potential for 
hepatotoxicity, so liver enzymes should periodically 
be checked as the dosage is increased (20, 170).

SEROTONERGIC AGENTS

The mechanisms by which serotonin affects spastic 
hypertonia are not clearly understood. It is quite clear 
that in SCI the presence of serotonin-containing neu-
rons, which originate in the brainstem, is an indica-
tion of an incomplete lesion (20). However, it is also 
clear that in serotonin syndrome there is an increase 
in tone and spasticity (73, 178, 179). Furthermore, it 
has been speculated for some time that drugs that can 
block serotonergic transmission may improve spastic 
hypertonia (20).

Cyproheptadine

 

The most profound serotonin blocker utilized to block 
serotonin is cyproheptadine, which has been studied in 
spasticity (180–182) as well as to treat the symptoms 
of the serotonin syndrome associated with baclofen 
withdrawal (69). It was initially approved for vascular 
headaches, anorexia, and hives (4).

Pharmacokinetics

Besides its profound effects on blocking serotonin, 
cyproheptadine has profound anticholinergic and an-
tihistaminic effects as well (4, 69, 183). Dosing is usu-
ally at 12 to 20 mg/d in 3 to 4 divided doses with dose 
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increases every 3 to 4 days (4, 69, 182, 183). Cypro-
heptadine reaches peak serum concentration in 6 to 
9 hours after oral ingestion and has a serum half-life 
of 16 hours (184). The drug is 57% conjugated in the 
liver, and the rest is renally cleared (184, 185).

Treatment

Clinical data supporting the use of cyproheptadine 
are quite sketchy. It was first reported to decrease 
ankle clonus in 6 MS and SCI patients in an open-
label study over 25 years ago (180) and later to im-
prove walking speeds in an open-label study of 6 SCI 
patients (181). A larger 3-armed open-label trial on 
25 SCI patients comparing baclofen, clonidine, and 
cyproheptadine indicated that on the Ashworth Scale 
and the pendulum test, cyproheptadine was superior 
to clonidine and equivalent to baclofen. These data 
are limited because there was no randomization and 
no placebo group. More recently, there is a report that 
cyproheptadine may alleviate some of the effects of in-
trathecal baclofen withdrawal, indicating that GABA-
B receptors do inhibit the release of serotonin and that 
serotonin is involved in movement disorders (69). The 
most frequent side effects are somnolence and weight 
gain with the use of cyproheptadine (20, 185).

CANNABINOIDS

Dronabinol

Nabilone

O

H OH

H

O  

Cannabis, cannabis extracts, and various synthetic 
cannabinoids have been touted for years as agents to 
treat spastic hypertonia. It has been the impetus in the 
United States for various states to legalize the medici-
nal use of marijuana (4, 186). Tetrahydrocanibinoid 
(THC) is the active ingredient of cannabis. Synthetic 
versions such as dronabinol and/or nabilone, devel-
oped for nausea, are versions of delta-9-tetrahydro-
cannabinol (4). Both of these drugs and the cannabis 

extract have profound antinausea and antianxiety ef-
fects. There has been considerable interest in the use of 
cannabis, particularly in patients with MS (186). The 
mechanism of action, other than a reduction in anxiety 
or pain, that may cause spastic hypertonia is not clear.

Pharmacokinetics

Dronabinal reaches peak serum concentration in 1 to 
2.5 hours after ingestion and has a biphasic half-life 
for the active compounds of 19 to 36 hours (187). 
The drug is rapidly metabolized into the active com-
pound11-hydroxy-delta-9- tetrahydrocannabinol and 
is 10% to 15% renally cleared with the rest cleared 
in the feces (187, 188). Dizziness and somnolence are 
the most common side effects, although ataxia and 
memory issues have been reported (187).

Nabilone reaches peak serum concentration in  
2 hours and has a half-life of only 2 hours (189). It 
is extensively metabolized by the liver via the P450 
enzyme and predominately excreted in the feces with 
20% to 24% renal clearance (189–191).

Treatment

The recommended initial dose for dronabinol in pa-
tients is 2.5 mg orally twice daily and slowly increased 
over and may be gradually increased to a maximum 
of 20 mg/d (187). Nabilone is started at a dosage of  
1 mg/d and increased slowly to a maximum dosage of 
6 mg/d in 3 divided dosages (189). There have been 
several suggestions on the effectiveness of cannabis-
related compounds on spasticity for years. These stud-
ies were either open-label subjective studies (192–194) 
or small blinded studies utilizing electromyographic 
(EMG) analyses (195). Only 2 of the studies were 
outside of MS, with one having a mixed population 
of stroke, MS, and SCI (195), and another subjective 
study in patients with SCI (194).

In a recent large placebo-controlled study, 630 
participants were treated with oral cannabis extract 
(n = 211), delta9-tetrahydrocannabinol (delta9-THC; 
n = 206), or placebo (n = 213). The trial duration was 
15 weeks (196). The primary outcome measure was 
change in overall spasticity scores using the Ashworth 
Scale. There was no treatment effect of cannabinoids, 
either cannabis extract or delta9-THC, on the pri-
mary outcome measure (196). However, there was 
a trend toward improvement that was superior with 
delta9-THC (196). Interestingly, the placebo group  
improved significantly, and it is not clear as to whether 
therapies were controlled for in the study population. 
There was some objective improvement in mobility 
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and patients’ opinion of an improvement in pain, al-
though there were also some difficulties in the blind-
ing of the study (196).

A 12-month open-label study on these same pa-
tients who continued in the trial for 12 months indi-
cated that patients felt that both cannabis extract and 
delta9-THC helped their spasticity (197). This was 
confirmed objectively only in the deltal9-THC group 
by an improvement of approximately 2 points on the 
Ashworth Scale from the baseline. There was sugges-
tive evidence for treatment effects of delta9-THC on 
some aspects of disability at 12 months as there was 
in the shorter 15-week study (196, 197). Interestingly, 
despite the movement for medicinal marijuana, pure 
cannabis extract was not effective in this extended 
study (197). There were no major safety concerns. 
However, memory issues were not addressed, and this 
appears to be a significant problem even in those who 
are normal and use cannabis (198). Another more re-
cent randomized trial on 189 patients did not reach 
statistical significance on the Ashworth Scale but did 
have an improvement in functional status (190).

Overall, patients felt that these drugs were help-
ful in treating their disease in the larger trials (196, 
197, 199). Others have reported improvement in up-
per motor neuron-related bladder issues in MS (199). 
There are those who feel that the side effects of can-
nabis extract can be alleviated by the use of synthetic 
cannabinoids (200), and clearly, the dosing is more 
predictable than the organic version.

OTHER AGENTS

Dantrolene Sodium

Dantrolene, (1-((5-p-nitrophenyl)furfurylidene)amino) 
hydantoin)sodium hydrate or dantrolene sodium, is 
the only FDA-approved oral antispasticity medication 
that is classed as a direct acting skeletal muscle re-
laxant. Dantrolene does not exert its effect centrally. 
Rather, it acts in the periphery by decreasing the re-
lease of calcium from the sarcoplasmic reticulum of 
the skeletal muscle cell, thus uncoupling electrical ex-
citation from contraction and decreasing the force of 
contraction (201–205). This in turn affects intrafusal 
as well as extrafusal fibers, reducing spindle sensitivity 

(206, 207). Dantrolene’s action is specific for skeletal 
muscle and affects reflex contractions or spasticity 
more than voluntary contraction (208). However, its 
effect is still significant enough that twice the volun-
tary effort is required to maintain a desired muscle 
tension (209).

Pharmacokinetics

Dantrolene is well absorbed, approximately 70% 
(210, 211), and has a half-life of 15 hours after oral 
administration in adults (212). Peak blood levels are 
achieved within 3 to 6 hours, and its active metabolite 
peaks within 4 to 8 hours (42). It is metabolized by 
the liver via hydroxylation, N-reduction, and acety-
lation to form 5-hydroxydantrolene and acetylated 
dantrolene (213). Five-hydroxydantrolene is an ac-
tive metabolite, albeit less potent and acetylated dan-
trolene is inactive (212–214). Approximately 20% 
of an orally administered dose, or 80% of an ab-
sorbed dose is eliminated by the kidney in the urine as  
5-hydroxydantrolene (79%), acetylated dantrolene 
(17%), and unchanged parent drug (1%-4%) (212,  
215).

Treatment 

Dantrolene has been found superior to placebo for 
the treatment of spasticity secondary to stroke, TBI, 
SCI, CP, and MS (216–220). However, because of its 
propensity to cause weakness, several reports advo-
cate limiting its use in CP, spasticity of spinal origin, 
and MS patient populations, as it may hinder func-
tion (15, 85, 217). Correspondingly, in 1980, the 
American Medical Association released the statement, 
“Dantrolene should be used primarily in nonambula-
tory patients and only if the resultant decrease in spas-
ticity will not prevent the patient from functioning” 
(221). A recent report has recommended dantrolene 
as a first line agent in the treatment of spasticity af-
ter TBI, especially in the acute setting, as it exhibits 
minimal cognitive effects and may not interfere with 
neural recovery (217).

The recommended initial dosing for adults is 25 
mg daily for 7 days. This may then be increased to  
3 times daily dosing for 1 week, then to 50 mg 3 times 
daily for 7 days, and then to 100 mg 3 times daily if 
further dose increase is required (212). The maximum 
daily adult dose is 400 mg (212).

Pediatric dosing is similar to most other medica-
tions in that it is weight based. Dosing begins with  
0.5 mg/kg daily for 7 days (212). The dose may then be 
increased as necessary to 0.5 mg/kg 3 times daily for  
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1 week, then to 1 mg/kg 3 times a day for 1 week, and 
then to 2 mg/kg 3 times daily to achieve the desired  
effect (212). Again, a maximum dose of 12 mg/kg per day  
or 400 mg daily should not be exceeded (212, 205).

Dantrolene use is associated with a significantly 
increased risk of hepatotoxicity, 1% overall, especially 
with doses higher than 400 mg a day (212). Not sur-
prisingly, active hepatic disease is a contraindication 
to its use. Female gender, age more than 35 years, and 
polypharmacy are additional risk factors for hepato-
toxicity (222, 223). In one study of 122 cases of dan-
trolene-induced adverse hepatic effects, 47 patients 
(the majority) had asymptomatic elevation of trans-
aminases (224, 225). It is suggested that liver function 
tests be monitored during dantrolene therapy, and in 
accordance with good medical practice, the lowest op-
timally effective dose should be prescribed.

Cyclobenzaprine

Cyclobenzaprine is a centrally acting muscle relaxant 
that has been utilized primarily for muscle spasms. 
The mechanism of action is felt to be primarily at the 
brainstem within the CNS as opposed to the spinal 
cord. It influences both gamma and alpha motor sys-
tems by reducing tonic somatic motor activity (226). 
Cyclobenzaprine is structurally related to and may 
have actions similar to tricyclic antidepressants and 
as such has profound anticholinergic effects as well 
(227). Some of its mechanism of action may be an 
effect on pain.

Pharmacokinetics

Cylobenzaprine is started at a dosage of 2.5 mg 3 times  
per day and increased up to 10 mg/d (228). The medi-
cation has a peak serum concentration within 4 hours 
with a half-life of 8 hours for immediate release and 
longer for various extended release versions (229). It 
is predominately renally cleared with some hepatic 
conversion to glucuronides (228, 229).

Treatment

There are no specific studies with this medication, but 
many physicians use it anecdotally for the treatment of 
spastic hypertonia and the pain noted with spasticity. 
One small study on 15 brain injury and SCI patients 
did not note much of a change in the EMG effect of 
the patellar deep tendon reflexes (230), but this is not 
a commonly utilized outcome measure. Dosing starts 
slowly as above and is titrated up slowly. Somnolence 
is noted to occur in 39% to 100% of patients taking 
the medication (226).

Orphenadrine

Orphenadrine citrate is another commonly utilized 
muscle relaxant (231). It is felt to also work as a 
centrally acting muscle relaxant. Receptor studies re-

TABLE 15.4 
Cerebral Disorders Spastic Hypertonia Treatment 
Paradigm for the First 6 Months After Brain 
Injury

£  Rehabilitation therapies and modalities

° Reduce noxious stimulation

° Prevent contractures

° Reduce exposure to superficial cold
£  Splinting and ROM
£  Modalities and/or casting
£  Systemic medications

° Dantrolene sodium

° Baclofen* (Meythaler et al. JHTR 2004)
	 Predominate lower limb spastic 

hypertonia

° Tizanidine
	 Predominate upper limb spastic 

hypertonia
£  Neurolytics

° Botulinum toxin

° Phenol and alcohol
	 Can be irreversable

£  Intrathecal baclofen

° Controversy over use in the first 6 
months after CNS injury

Note: This paradigm was first suggested by the NIH TBI 
clinical trials centers to control confounding variables poten-
tially impacting recovery after injury during the first 6 months 
after injury. No such paradigms have been established for 
spinal causes of spastic hypertonia, although most clinicians 
start with baclofen or benzodiazepines.
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vealed that orphenadrine is an uncompetitive NMDA 
type glutamate antagonist (4). It is structurally simi-
lar to diphenhydramine but does not directly relax 
muscles (231). It may work by reducing the noxious 
stimulation of pain (231).

Pharmacokinetics

Orphenadrine is usually started at a dosage of 100 mg 
orally or 60 mg intravenously once a day as it has a 
half-life of 13 to 20 hours (231, 232). The medication 
is predominately renally excreted (231).

Treatment

In one significant study in SCI patients in a double-
blind randomized trial, 60 mg of orphenadrine citrate 
significantly reduced spastic hypertonia by 1 point on 
the Ashworth score in 11 subjects (233). The predom-
inant side effects of orphenadrine are lightheadedness, 
syncope, dizziness, drowsiness, dyskinesia, and tremor 
(231, 234).

TREATMENT PARADIGMS SPINAL  
DISORDERS VERSUS  

CEREBRAL DISORDERS

Most clinicians have concluded that one size does 
not fit all. Although most oral medications except for 
dantrolene sodium were initially developed for spinal 
causes of spastic hypertonia, it has become clear that 
cerebral disorders present their own set of complica-
tions. First, there are the cognitive implications, with 
many of the centrally acting medications having a 
more profound effect on cerebrally mediated CNS side 
effects in cerebral causes of spastic hypertonia than in 
spinal disorders. It has become clear that most clini-
cians do not readily utilize medications such as benzo-
diazepines early on in cerebral disorders (Table 15.5).

Furthermore, it is quite clear that in the first few 
months of recovery, one needs to be careful about 
inhibiting neurologic recovery. In cerebral disorders, 
there developed an informal paradigm for the treat-
ment of spastic hypertonia for the first 6 months after 
injury (see Table 15.4; treatment of spasticity in ce-
rebral disorders). This paradigm was first suggested 
by the NIH TBI clinical trial centers to control con-
founding variables potentially impacting recovery af-
ter injury in the first 6 months after injury. No such 
paradigms have been established for spinal causes of 
spastic hypertonia, although most clinicians start with 
baclofen or benzodiazepines.
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Intrathecal baclofen (ITB) therapy is a potent method 
for the management of spastic hypertonia and related 
features of the upper motor neuron syndrome. Intra-
thecal baclofen infusion exerts its therapeutic effect 
by delivering baclofen directly into the cerebrospinal 
fluid (CSF) with rapid distribution to target neurons 
in the spinal cord. Intrathecal administration of bac-
lofen is typically effected through use of an externally 
programmable, surgically implanted pump, delivering 
the drug at precise flow rates via a catheter placed in 
the spinal canal. Studies demonstrate evidence of the 
effectiveness of the ITB infusion system in reducing 
hypertonia in patients with cerebral palsy (CP), spi-
nal cord injury, multiple sclerosis, and acquired brain 
injury due to stroke, trauma, or hypoxia. Although 
most of the information presented in this chapter is 
derived from studies of adults treated with ITB for 
severe spasticity, the discussion also specifically deals 
with clinical experience in pediatric and ambulatory 
patient populations. This chapter reviews important 
aspects of ITB therapy in the treatment of patients 
with multifocal, dysfunctional spasticity. We specifi-
cally address the conceptual framework and indica-
tions for ITB therapy, the role of screening trials in 
patient selection, implantation procedures, post-
implantation management, and long-term mainte-
nance, and the evolving experience in ambulatory  
patients.

HISTORY OF ITB THERAPY

Intrathecal administration facilitates the delivery of 
neurologically active drugs to target receptors in the 
central nervous system (CNS) indirectly via diffusion 
through the CSF. Although this technique has recently 
attained relatively widespread use, its origins can be 
traced back more than a century. In 1898, Bier re-
ported the first therapeutic application of intrathecal 
therapy, performing spinal anesthesia through the use 
of intrathecal cocaine. In 1901, a Romanian physi-
cian, Racoviceanu-Pitesti, described the use of opiates 
for intrathecal anesthesia. Spinal drug administration 
subsequently became one of the foundations of mod-
ern anesthesiology (1).

Intrathecal drug administration was initially 
limited to short-term use; however, nearly 8 decades 
would pass before physicians attempted to implement 
this therapy for chronic conditions. Onofrio et al. (2) 
described the beneficial effects of intrathecal mor-
phine administration for the treatment of chronic pain 
associated with cancer. In 1985, Penn and Kroin (3) 
described the successful use of continuous ITB (CITB) 
infusion for reducing spasticity of spinal origin (mul-
tiple sclerosis or spinal cord injury). Several clinical 
trials then preceded the United States Food and Drug 
Administration (FDA) approval of ITB therapy for 
spasticity of spinal origin in 1992 (4–7). Subsequent  
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investigations expanded the role of this therapy to 
spasticity of cerebral origin (stroke, CP, and brain 
injury) (8–10), with the FDA approval following in 
1996.

INTRATHECAL BACLOFEN INFUSION

Neurophysiological Mechanism of Action

As introduced above, the rationale underlying intra-
thecal infusion therapy is to facilitate the delivery of 
drugs to their respective sites of action within the CNS. 
This also reduces certain types of adverse effects be-
cause systemic drug exposure is reduced or bypassed 
entirely. Any drug that exerts a useful pharmacologic 
effect within the CNS and is capable of being main-
tained in a stable sterile solution can be considered 
a potential agent for intrathecal delivery. Although 
several drugs are commonly used for chronic intrathe-
cal administration, only 3 drugs currently have FDA 
approval for long-term use: baclofen (for spasticity), 
morphine (for pain), and ziconotide (for pain).

Intrathecal baclofen’s most prominent neuro-
physiological effect involves the reduction of spinal 
reflex responses, both monosynaptic (e.g. H reflex) 
and polysynaptic (e.g. flexion withdrawal reflex) (11), 
in a dose-dependent manner (12–14). This is consis-
tent with clinical observations of rapid disappearance 
of tendon taps and decrease in frequency and severity 
of muscle spasms with ITB. Biomechanical and neuro-
physiological studies also provide evidence of decreased 
resistance to imposed passive stretch, accompanied by  
a decrease in threshold and magnitude of electromyo-
graphic response (15). The association of ITB with 
clinical reduction in muscle hypertonia, while present, 
is not as straightforward as its effect on reflex activ-
ity. Further, convincing data remain elusive regard-
ing the degree to which ITB can improve voluntary 
motor control. Anecdotal cases of reduced agonist- 
antagonist electromyographic cocontraction have been 
reported, documenting improved pattern of voluntary 
muscle activation during simple motor tasks (14, 16–
18), some of which coincided with better functional 
outcomes (17).

At the neuronal level, baclofen acts as a potent 
GABAB receptor agonist. GABA-B receptors are ex-
tensively distributed in the spinal cord, making this 
spinal neuronal network a prime target for this drug’s 
antispastic effects (19–21). Baclofen administered di-
rectly to the subarachnoid space has enhanced access 
to GABA receptors compared to oral administration 
and thus allows greater reflex inhibition and hyper-
tonia reduction (19, 20). The exact mechanism of 

baclofen action, however, remains elusive. Baclofen 
could interfere with signal transmission along various 
afferent pathways and with neurotransmitter release 
(presynaptic) or alter motor neuron physical proper-
ties and their excitability (postsynaptic). Although pre-
synaptic mechanisms have been favored, postsynaptic 
baclofen effects on motor neurons and interneurons 
have more recently been reported in experimental ani-
mals (22–24). These offer a plausible explanation for 
some neurophysiological studies in humans that favor 
postsynaptic over presynaptic site of baclofen action.  
For example, Azouvi et al. (12) reported no discernible 
effect of baclofen on vibratory inhibition or heterony-
mous facilitation of the H reflex, thereby challenging 
assumptions regarding the contribution of presynap-
tic mechanisms to the inhibition of monosynaptic re-
flexes. Additional support for the postsynaptic action 
can be found in decreased F-wave frequency after ITB 
bolus (25) or CITB administration (26). At clinically 
achievable ITB doses, the suppressive effect of ITB 
on monosynaptic and polysynaptic reflex pathways 
seems to be presynaptic, most probably by interfer-
ing with neurotransmitter release, with postsynaptic 
effects possible at higher doses (27).

Components of ITB Therapy

Intrathecal delivery systems are composed of a few 
key components. These include an accessible drug 
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FIGURE 16.1

Schematic diagram of intrathecal delivery system.
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reservoir, a method of propelling the drug out of the 
pump, and a catheter that connects the drug reservoir 
to the CSF (Figure 16.1). Although constant flow sys-
tems are available (28), programmable systems are 
overwhelmingly preferred due to their adjustability 
for individual patient need and response (29). Addi-
tional components are needed for programmable sys-
tems, including an external programming device and 
a communication method between the programmer 
and the implanted pump. The propulsion technique 
for variable controlled pumps is typically electronic, 
necessitating an energy source to drive the system. In 
contrast, constant-flow pumps can utilize a pneumatic 
propulsion technique. Future components may include 
automated troubleshooting of the system, self-directed 
patient programming, and integrated sensors to detect 
patient position and functional activity level.

Intrathecal baclofen infusion systems afford po-
tent relief of spastic hypertonia, although some clinical 
presentations are better suited for this therapy. Graham  
et al. (30) used a grid illustration to compare the char-
acteristics of various therapies for spasticity, contrast-
ing reversible versus irreversible options and focal 
versus global effects (Figure 16.2). In this model, ITB 
was considered reversible (neural structures are not 
surgically altered, and the rate of dose administration 
is adjustable) and global (the CNS effects of ITB dis-
tribution are typically observed in all extremities and 
the trunk). Thus, patients with global or multifocal 
spasticity who may benefit from an adjustable (versus 

permanent) clinical effect are generally considered as 
better candidates. Further, ITB can be combined with 
other modalities for synergistic therapeutic effect, in-
cluding rehabilitative therapies, oral pharmacotherapy, 
neurolytic procedures, and muscle/tendon lengthening 
procedures (31). Physical techniques such as stretch-
ing, strengthening, bracing, and gait retraining are es-
sential for attaining maximal functional benefit that 
may follow tone reduction. Patients might continue to 
utilize oral spasticity agents for a variety of reasons, 
including ongoing ITB titration, “breakthrough” 
spasms, an irregular spasticity pattern, disease pro-
gression, or residual upper extremity tone. Combining 
ITB therapy and neurolytic procedures is appropriate 
for patients manifesting both focal dystonic features 
and global hypertonicity, or residual upper extremity 
hypertonia (32). The indications for combining neuro-
orthopedic procedures and ITB therapy include cor-
rection of fixed deformities in the presence of ongoing 
spastic hypertonia. Concomitant use of orthopedic 
surgery and ITB in children with CP may reduce the 
need for subsequent orthopedic surgery (33).

Patient Selection and the Role  
of Preimplant Trials

In terms of higher cost, potential benefit, and compli-
cation risk, few current spasticity treatments compare 
with ITB infusion therapy. This form of therapy may 
be optimal for some patients and yet unsuitable for 
others with comparable degrees of moderate or se-
vere spasticity. Patient selection and education are 
important to achieving optimal outcomes. Appropri-
ate candidates need to be counseled regarding that 
proceeding with this form of therapy represents a 
long-term commitment.

In general, patients can be considered candidates 
for ITB therapy when:

• Spasticity is poorly controlled despite maximal 
therapy with other modalities;

• Spasticity is poorly controlled because of limited 
patient tolerance of other modalities; and

• Adjustable spasticity reduction afforded by a pro-
grammable variable flow pump would be advan-
tageous.

Patients should be clinically stable, understand the 
risks and benefits of ITB therapy, be able to return to 
clinic for titration and refills, and have demonstrated a 
positive response to a test dose of ITB. In severe cases, 
this therapy can be considered early in the postinjury 
recovery period (e.g., <12 months [34]). Intrathecal ba-
clofen therapy generally reduces lower limb hypertonia  

FIGURE 16.2

Characterization of various spasticity treatment modalities. 
With permission from Graham HK, Aoki KR, Autti-Ramo I, 
et al., Gait Posture, vol. II, Elsevier, 2000:67–69.
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to a greater extent than in the upper extremities. More 
cephalad catheter tip placement, however, can po-
tentially improve upper limb response (35, 36). The 
other advantages of ITB therapy include higher po-
tency with potentially less adverse effects compared 
to oral baclofen, the ability to have a global effect 
on all the affected limbs, and the possibility of later 
adjustment with changing patient need or progres-
sive disease. The disadvantages include surgical risks 
(bleeding, infection, damage of neural structures), the 
potential for serious adverse effects including over-
dose and withdrawal, and the requirement for ongo-
ing follow-up with health care professionals for dosing  
adjustments and pump refills. Ventricular shunting 
for hydrocephalus is not a contraindication to ITB 
therapy, but practitioners should be aware of poten-
tial interactions between the devices on CSF flow (37). 
Intrathecal baclofen can also be used in patients with 
seizures with the understanding that this therapy has 
been occasionally associated with an increased risk of 
seizures (38, 39).

For the patient who chooses this form of therapy, 
the preimplant trial is the first of 4 phases of ITB treat-
ment: (1) trial, (2) surgery, (3) titration, and (4) main-
tenance. The preimplant trial involves administration 
of a test dose of ITB to assess the patient’s response to 
this agent. Typically, a lumbar puncture is performed, 
and a bolus of a baclofen solution is injected into the 
CSF. Fifty micrograms of baclofen is the most com-
monly used initial screening dose (40). The onset of 
clinical effects from a screening bolus occurs within  
1 to 3 hours postinjection, and peak effects are typi-
cally observed 4 to 6 hours postinjection. The effects 
of the screening bolus are always temporary, with the 
effects routinely lasting for 6 to 8 hours (25, 41). Pro-
longed effects of a single test bolus have been reported 
(42). Screening boluses can be repeated if the initial 
injection is unsuccessful. “Positive” responses are re-
ported in 80% to 90% of bolus trials (40). Generally, 
antibiotic prophylaxis is not needed for a bolus trial 
(43). For patients on antiplatelet or anticoagulant ther-
apy, recommendations from the American Society of 
Regional Anesthesia are followed (44). Fluoroscopic 
guidance can assist needle localization into the intra-
thecal space (45) because anatomic landmarks for lum-
bar puncture can be variable.

An alternative method for conducting trials 
involves the placement of a temporary intrathecal 
catheter and monitoring the patient response to a 
short-term continuous infusion of baclofen (46). This 
technique is more commonly utilized for evaluating 
chronic pain patients for intrathecal opiate therapy. 
The specifics of catheter placement are described later 
in this chapter. The advantages of catheter ITB trials 

include (1) avoidance of sequential lumbar punctures; 
(2) presumably improved approximation of chronic 
postimplant intrathecal infusion response when com-
pared to single bolus injections; (3) ability to control 
catheter tip placement for the evaluation of upper ex-
tremity effects; and (4) ability to adjust the infusion 
rate while assessing the favorable (and unfavorable) 
effects of ITB administration. The disadvantages of 
catheter trials include increased technical difficulty, 
increased need for observation, and increased risk of 
meningitis and structural damage. Fluoroscopic guid-
ance is generally considered mandatory for catheter 
placement. Although antibiotic prophylaxis is usually 
not needed for bolus trials, it is unclear whether anti-
biotic prophylaxis is needed for short-duration intra-
thecal catheter trials. Factors to consider include the 
duration of the trial, patient immunocompetency, and 
potential chronic bacterial colonization. Evidence sug-
gests that trial duration is a key risk factor for the de-
velopment of infectious complications. Thus, the trial 
should last only as long as required to indicate a po-
tential benefit of chronic ITB therapy (43, 47). There 
is no consensus regarding the optimal method of anes-
thesia utilized for catheter placement. Local anesthesia 
potentially lowers the risk of inadvertent damage to 
neural structures. However, if excessive patient move-
ment or severe anxiety is anticipated, deep sedation 
or general anesthesia may be warranted (48). There 
is little evidence to suggest that catheter trials provide 
better long-term outcomes compared to bolus trials 
when utilized as predictors of postimplant response. 
Prospective data in the pain management literature 
suggest no difference in outcomes from either intra-
thecal trial method (49), although the generalizability 
of these findings to ITB spasticity trials is unclear.

Definitions of “success” for screening trials vary. 
A more liberal description of a successful trial might 
be any improvement in spasticity that suggests future 
benefit from chronic long-term infusion. Subjective 
patient reports can be used to assess spontaneous 
spasm frequency and intensity (50). The most com-
monly cited criterion for a successful ITB trial is a  
2-point reduction on the Modified Ashworth Scale 
(40). Patients may also demonstrate improvement in 
joint range of motion, both actively and passively. In-
trathecal baclofen trials can potentially differentiate 
range of motion deficits due to severe spasticity, which 
are potentially reversible without surgery, from fixed 
contractures.

Although these evaluation techniques are often 
useful for patients with hypertonia in resting posi-
tions, these assessments may be inadequate for the 
prediction of ITB effect during active functional tasks. 
In these patients, excessive tone reduction may im-
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pede the performance of activities such as transfers 
and walking. Observation of ambulation, transfers, 
posture, and wheelchair propulsion during the trial is 
thus warranted. Adjunctive objective evaluation tech-
niques may be helpful and include neurophysiological 
assessment (25, 51, 52) and instrumented gait analysis 
(41, 53). There is an inconsistent correlation between 
subjective report and objective measures of spasticity 
(54). During a screening trial, some individuals may 
experience excessive spasticity reduction during the 
peak effect of the ITB bolus. This occurrence is not a 
contraindication for pump implantation because the 
chronic infusion system has the ability to modulate 
dose and subsequent desired effect. If excessive or 
prolonged hypotonia is observed during a screening 
trial, then a repeat trial at a lower dose or continu-
ous trial may be warranted. Particular care should be 
paid to patients who demonstrate improvement on 
“passive” measures of spasticity (thus qualifying for 
long-term infusion of the basis of trial “success”) yet 
demonstrate functional worsening during the trial. 
Postimplant rehabilitation in this subset of patients is 
particularly important.

Adverse effects can occur during the test phase. 
Spinal headache or postlumbar puncture syndrome is 
a complication of an injection-related dural leak and is 
not a direct medication effect. Spinal headaches occur 
in up to 30% of patients undergoing lumbar puncture 
and can vary in severity from mild to incapacitating 
(55). Postlumbar puncture headache typically wors-
ens when the patient sits or stands up, and decreases 
in the supine position. These headaches typically be-
gin within 2 days but may be delayed for as long as 
2 weeks. Spinal headaches can be accompanied by 
dizziness, neck or arm pain, cranial nerve palsies, tin-
nitus, nausea, and distorted vision. Spinal headaches 
are more common in younger women with a low body 
mass index and in people who have a headache his-
tory in general. The risk of spinal headaches increases 
with the use of larger needles. The headache resolves 
spontaneously in most patients. Supportive measures 
include bedrest, caffeine, and abdominal binders. Epi-
dural blood patch is reserved for persistent cases (56). 
Other procedure-related complications include bacte-
rial and aseptic meningitis. Adverse effects that are 
more likely related to a pharmacologic effect include 
nausea/vomiting, urinary retention, hypotension, sei-
zures, drowsiness/sedation, respiratory depression, 
and coma. Nausea/vomiting and drowsiness/sedation 
are the most common adverse effects observed dur-
ing ITB trials, with reported frequency of 2% to 3% 
(40).

Although the procedural component of the trial 
should take place in a setting where injection steril-

ity is assured, a number of settings are suitable for 
monitoring the effects of the trial. Examples include 
outpatient clinics, ambulatory surgical centers, inpa-
tient hospitals, and inpatient rehabilitation facilities. 
Further, it is helpful to use practice protocols or path-
ways to facilitate the consistent assessment of key trial 
response indicators and reduce the risk of complica-
tions. As described above, sequential evaluations of 
tone, range of motion, and strength are required. For 
patients who utilize spasticity to assist with functional 
mobility, similar sequential evaluations of posture, 
transfers, and gait should be undertaken. Protocols 
for the management of adverse events should be in 
place, including spinal headache, bowel and bladder 
changes, seizures, and respiratory depression. Because 
the effects of ITB trials are occasionally prolonged, the 
practice setting should have the capacity for extended 
observation. Many experienced practitioners of ITB 
therapy believe that inpatient rehabilitation facilities 
are an optimal site for trials since these locations of-
fer the best ability to assess functional changes and 
potentially manage adverse effects.

Some centers proceed directly to pump implan-
tation without a screening trial. For stroke patients, 
2 justifications have been proposed: (1) the increased 
risk of spinal hemorrhage while the patients are in an-
ticoagulation or antiplatelet therapy and (2) the risk 
of recurrent stroke if these agents are discontinued. 
This method reduces the ability to differentiate fixed 
contracture from spasticity before implantation. Al-
though patients may still benefit, it should only be un-
dertaken after a full discussion with the patient and 
caregivers regarding the risks and benefits of a “no 
trial” approach.

IMPLANTATION

Once a positive trial response has been observed, a 
patient may proceed to pump implantation. Patients 
should be clinically stable before surgery to minimize 
perioperative complications. Preoperative antibiotics 
are typically utilized. Patients on chronic anticoagula-
tion will need to discontinue medications in the days 
preceding the procedure (44). The risks of permanent 
pump implantation and infusion are similar to those 
of the screening trial, with the additional risks of drug 
overdose, drug withdrawal, and device complications.

Various options for pump and catheter placement 
should be considered before the procedure. The size of 
the implanted pump should be determined based on 
the patient’s body habitus and anticipated intrathecal 
dosing. Smaller and thinner individuals might prefer 
a smaller pump size, either for esthetic reasons or to 
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prevent erosion of the pump through the skin and sub-
cutaneous tissue. Similarly, the pump can be placed 
under abdominal fascia for similar reasons (57) (see 
Figure 16.3). Patients who are anticipated to require 
high ITB doses or who reside a great distance from the 
follow-up clinic will benefit from larger pumps with 
larger drug reservoirs and longer refill intervals. The 
tip of the intrathecal catheter is routinely placed in 
the midlower thoracic region, particularly if reduction 
of lower extremity spasticity is the primary concern. 
More rostral tip placement may be attempted to im-
prove upper extremity hypertonicity (35, 36).

Pump implantation and continuous catheter tri-
als are typically performed under general anesthesia. 
The patient is placed in either prone or lateral decubi-
tus position. Spinal anatomy is confirmed radiograph-
ically. The typical site of insertion into the spinal canal 
is posteriorly at the L2-3 or L3-4 interspace. A spinal 
needle is inserted through the skin several millimeters 
lateral to the midline and 1 to 2 spinal levels caudal 
to the proposed thecal sac penetration. Advancement 
of the needle should be monitored with fluoroscopic 
guidance, which ideally permits penetration into the 
thecal sac on the first attempt. Multiple dural punc-
tures can potentially allow CSF leakage and result in 

inadvertent subdural or epidural catheter placement. 
Once the needle tip in placed in the thecal sac, the in-
ner cannula is removed, and free-flowing CSF should 
be observed. The intrathecal catheter is then placed 
through the spinal needle and advanced cephalad 
(58). The catheter tip is then positioned to the spinal 
level appropriate for the individual patient, which is 
usually T10-12 for the paraplegic patient and more 
rostrally for the tetraplegic or hemiplegic patient (35). 
The spinal needle is then removed. The catheter should 
be secured without undue tension to avoid kinking. 
The pump is generally implanted under the skin or 
abdominal fascia in the right or left lower quadrant. 
The catheter is then tunneled subcutaneously and con-
nected to the pump. Liquid, preservative-free baclofen 
is placed in the pump, and ITB infusion commences 
intraoperatively. This initial dosage of ITB is often de-
termined by the patient’s response due the test dose. 
A reasonable starting dose is 100% to 200% of the 
bolus dose divided over a 24-hour period. The patient 
should continue all oral antispasticity medications un-
til a weaning schedule is prescribed. The duration of 
acute hospitalization for pump implantation is brief, 
typically a few days (59).

Titration Phase and Postimplantation  
Management

Dose adjustments can commence immediately after 
pump implantation. Further adjustments usually oc-
cur no more frequently than every 24 hours. Dose 
modifications are performed by “interrogating” the 
pump with a handheld programmer, programming 
the needed adjustments, and then updating the pump’s 
dosing schedule. The programmer communicates with 
the pump via radio-telemetry. Various modes of ad-
ministration include simple continuous (dose delivered 
continuously throughout the 24-hour cycle), complex 
continuous (variable dose delivered continuously dur-
ing the 24-hour cycle), and periodic bolus (regularly 
scheduled boluses of ITB within the 24-hour cycle). 
During the titration phase of ITB therapy, the patients 
are usually weaned from oral antispasticity medica-
tions. The amount of each adjustment varies depend-
ing on patient tolerability. Nonambulatory patients 
may tolerate dose adjustments of 20% of the total 
daily dose, whereas others, especially ambulatory 
patients, will require lower titration increments (5%–
10%). Adverse effects that may be seen during this 
phase of therapy include excessive hypotonia, changes 
in bowel (60) and bladder status (61), and increased 
thromboembolic risk (62, 63). The frequency and size 
of dosing adjustments should be individualized based 
on the response to prior changes. Some patients tol-

FIGURE 16.3

A picture of a patient after pump implantation.
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erate rapid titration with daily dosing adjustments, 
whereas others may require longer periods of observa-
tion and accommodation before undertaking further 
adjustments. The titration phase of therapy usually 
lasts 6 to 9 months after implantation.

If ITB is anticipated to affect the patient’s active 
functional status, then a rehabilitation program after im-
plantation is appropriate. The setting, scope, and com-
plexity of this program will vary depending upon the 
patient’s individual goals. The timing of rehabilitation is 
also subject to some debate. Some centers defer thera-
pies for a few weeks after the implant due to concerns  
of catheter fracture or incisional dehiscence, whereas  
others favor immediate postimplant rehabilitation. Poten-
tial disciplines involve in the rehabilitation process include 
physiatry/neurorehabilitation, physical therapy, occupa-
tional therapy, and rehabilitation nursing. Issues that po-
tentially require attention include incisional care, medical 
management (spinal headache, pain assessment, medica-
tion adjustment, dosing changes), mobility, self-care abil-
ity, bowel/bladder function, and caregiver training.

Long-Term Maintenance 

After the titration phase of ITB therapy, the patient 
enters the chronic maintenance phase of therapy. 
Aspects of this treatment period include refilling the 
pump reservoir with new medication, troubleshooting 
any infusion system malfunction, and replacing the 
pump for battery replenishment.

Reservoir refills are a sterile, office-based proce-
dure that occur every few weeks to few months for the 
duration of treatment. The baclofen solution is stable 
in the pump reservoir for up to 6 months. The pump 
has a low residual reservoir volume, which is the 
lowest volume that supports stable flow through the  
catheter. The refill interval is the time required for 
the pump to dispense the volume of solution from a 
full reservoir to the low reservoir volume. The refill 
interval will reflect the baclofen concentration and 
daily dose. Pump refills are scheduled to have suffi-
cient residual reservoir volume before the alarm date 
to avoid “low reservoir syndrome” and associated 
symptoms of ITB withdrawal (64, 65). Pump refills 
are typically accomplished by palpating the pump ex-
ternally and using a template to guide a needle into 
the reservoir chamber. Fluoroscopy or ultrasound 
can be used to assist in guiding the needle through 
the access port into the reservoir chamber (66). The 
remaining solution of the previous refill is aspirated 
and should correspond to the calculated volume by 
the pump programmer. The new baclofen solution is 
then instilled through the same needle. The needle tip 
must be reliably determined to be within the reservoir 

chamber. Inadvertent injection of an intrathecal solu-
tion into the subcutaneous tissue can result in serious 
adverse events (67).

During titration, some patients require ITB dose 
increases with a subsequent increase in refill frequency. 
Under these circumstances, a higher concentration of 
baclofen solution will extend the refill interval. When 
changing concentrations, it is imperative to program 
the pump correctly by incorporating a bridge bolus to 
compensate for the residual baclofen solution in the 
pump and catheter (68). Failure to compensate for 
this residual solution can result in serious underdos-
ing or overdosing.

Two concentrations of ITB (Lioresal Intrathecal) 
are FDA-approved and commercially available for 
use in reservoir refills, that is, 500 and 2000 mg/mL. 
Clinical use of higher concentrations of noncommer-
cially prepared, compounded baclofen has occurred 
by those seeking lower cost and less frequent pump re-
fills. In a study of 27 samples of compounded baclofen 
obtained from 7 compounding pharmacies, over 40% 
were more than 5% above or below their labeled con-
centration, and 22% deviated more than 10% from 
its labeled concentration (69). The sterility, duration 
of stability, and density of the preparations were also 
not routinely tested or reported as is required for com-
mercial preparations. Thus, compounded baclofen 
may lead to inaccurate or inconsistent dosing due to 
concentration variations, causing symptoms of un-
derdose or overdose. There is also anecdotal evidence 
that baclofen concentrations above 2000 mg/mL can 
contribute to catheter tip abnormalities (70). Because 
of the potential for contamination and/or drug pre-
cipitation, use of compounded ITB should only be 
utilized with a full realization of the potential risks 
associated with this strategy.

Other issues related to long-term intrathecal 
therapy include precautions for use and battery re-
placement. The current intrathecal delivery systems 
are considered magnetic resonance imaging (MRI) 
compatible and have been formally tested in magnets 
up to 1.5 T. Intrathecal delivery will automatically 
stop in the presence of the magnetic field and restart 
when removed from the magnetic field. An electronic 
check of the intrathecal delivery can be done with the 
programmer to insure restart of intrathecal delivery. 
Normally, the duration of MRI scan is of insufficient 
duration to result in clinically significant withdrawal 
(71, 72). Whole-body shock-wave lithotripsy is rela-
tively contraindicated with intrathecal delivery sys-
tems due to the potential for electronic damage by the 
sound waves. Hyperbaric oxygen therapy has been 
reported to result in a degree of underdosing, and 
thus, clinicians should proceed with caution with this 
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therapy in patients who have intrathecal pumps (73). 
Battery replenishment, typically a same day surgical 
procedure, is undertaken approximately every 5 to 6 
years. There may be some benefit in planning a pump 
replacement before detecting alarm condition in an ef-
fort to avoid serious withdrawal symptoms (74).

ExPERIENCE WITH SPECIFIC  
PATIENT GROUPS

Children

Intrathecal baclofen has been used safely and success-
fully in pediatric patients with spasticity and dystonia 
with quadraparetic, hemiparetic, or diplegic distribu-
tion patterns (75, 76). The reversibility and adjust-
ability of this therapy in this young age group are seen 
as an advantage to many families. Pediatric movement 
disorders may be related to CP, brain injury, and spi-
nal cord injury or less common disorders such as Rett 
syndrome (77). Early use of ITB in acutely injured pa-
tients who manifest “dysautonomia” or “storming” 
may also produce clinical improvements (78). Intra-
thecal baclofen may reduce the need for orthopedic 
surgery and improve comfort, speech, upper extrem-
ity use, ease of caregiving, and overall quality of life 
(79–82). Weight gain, which is often difficult in chil-
dren with severe spasticity, may be more achievable. 
Initially used primarily in children with severe spas-
ticity who required wheelchairs for positioning and 
mobility, recent studies have shown ITB’s usefulness 
in children who are ambulatory, with either diplegia 
or hemiparesis (83, 84). Reducing the need for assis-
tive devices or improving gait efficiency may lead to 
improved endurance as well as social integration.

 Ambulatory Patients

Over the past 2 decades, a number of studies have 
reported that CITB administration effectively reduces 
hypertonia and spasm frequency and improves func-
tion, comfort, and ease of caregiving in patients with 
severe spasticity associated with CNS injury or dis-
ease. Most of these studies focus on global measures 
of tone and function; however, the effects of ITB 
therapy on specific domains of function, including 
walking performance, were seldom quantitatively in-
vestigated. This is unfortunate, as published reports 
describe both a potential for improvement in ambula-
tory function with ITB (85) and a sobering possibility 
for worsening (86).

From a clinical perspective, 3 related questions 
are often posed regarding ITB therapy and ambula-

tory function. For patients with CNS injury or disease 
who are presently unable to walk, will ITB admin-
istration permit them to walk or otherwise improve 
mobility? Similarly, for patients already able to walk 
with assistance, will ITB help improve their walking 
ability or permit them to walk independently? Con-
versely, for those patients who are able to walk, will 
they experience worsening of their walking ability af-
ter ITB? The published scientific literature currently 
provides few definitive answers to these related ques-
tions. Isolated case reports describe nonambulatory 
individuals with spasticity who regained an ability to 
walk after implantation of the ITB pump (87, 88). It 
appears, however, that such occurrences are relatively 
infrequent and that prognosis for improving ambula-
tory function appears to favor those who have better 
baseline ambulatory function over those with slower 
baseline gait velocity (41). Most of the larger studies 
(84, 89–91) report mixed results, with some patients 
significantly improving in walking outcomes, a smaller 
percentage significantly worsening, with the largest 
subgroup demonstrating nonsignificant changes over-
all (84, 90, 91).

In summary, most studies addressing ambulatory 
function after bolus or continuous administration of 
ITB report either positive effects or no overall signifi-
cant changes in ambulatory status or gait function. 
At present, these studies provide only tentative sup-
port and limited guidance for recommendations that 
clinicians have offered previously based on anecdotal 
experience. For patients whose locomotor function 
is impaired by spasticity, a reduction in spasticity 
through ITB therapy may improve the ambulation 
status or gait performance with concurrent intensive 
therapy. On the other hand, diminished spasticity may 
be counterproductive to patients who rely on spastic 
cocontraction for support during walking and stand-
ing, particularly at larger doses among patients with 
multiple sclerosis and incomplete spinal cord injury. 
For domains of passive function, ITB effectively re-
duces spasticity and thus provides relief in position-
ing, pain, and discomfort and facilitates caregiving. 
Improvement in walking function, however, currently 
cannot be reliably assured to a prospective patient be-
fore ITB pump implantation.

APPARENT LOSS OF DRUG EFFECT,  
WITHDRAWAL, SYSTEM MALFUNCTIONS, 

AND TROUBLESHOOTING

For patients with chronic, nonprogressive neurologic 
conditions, ITB dosing should be relatively stable dur-
ing the maintenance phase of therapy. Individuals 
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with progressive diseases, such as amyotrophic lat-
eral sclerosis or multiple sclerosis, may require more 
frequent evaluation and dose adjustments. Patients 
with previously well-controlled hypertonia on a stable 
dosing regimen who present with increased spasticity 
should be examined carefully (92). Comorbidities of 
neurological disease can serve as noxious stimuli that 
act as “triggers” for increased spasticity (e.g. urinary 
tract infection, bladder distention, urolithiasis [61]). 
If no cause for increased spasticity is discovered, then 
an investigation for system malfunction should be 
promptly undertaken. An approach to this explora-
tion will be discussed below.

Abrupt reduction or cessation of ITB delivery 
can result in withdrawal, a serious and potentially 
fatal complication. Perhaps the most common symp-
tomatic presentation for withdrawal includes return 
of the patient’s “baseline” degree of hypertonia. 
Other symptoms of ITB withdrawal include pruritus, 
seizures, hallucinations, and autonomic dysreflexia. 
Some patients will demonstrate a life-threatening syn-
drome characterized by exaggerated/rebound spastic-
ity (ie, greater than baseline degree of hypertonia), 
fever, hemodynamic instability, and altered mental 
status. If not treated aggressively, this syndrome can  
progress over 24 to 72 hours to include rhabdomyoly-
sis (with associated elevation of creatine kinase or cre-
atine phosphokinase), elevated transaminase levels, 
hepatic and renal failure, disseminated intravascular 
coagulation, multiorgan system failure, and rarely 
death (93). Typically, the withdrawal symptoms will 
abate in several days, although there are reports of 
prolonged ITB withdrawal syndrome (94). After rec-
ognition of ITB withdrawal, initial treatment includes 
supportive care, careful observation and replacement 
of baclofen either via enteral, or preferably through 
restoration of intrathecal delivery. Adjunctive phar-
macotherapy includes administration of benzodiaz-
epines (enteral or intravenous [95]), dantrolene (96), 
or cyproheptadine (97, 98).

Potential causes for loss of effectiveness of ITB 
therapy include programming errors and mechanical 
problems involving the pump or catheter (eg, kinks, 
holes, occlusions) (99, 100) (Table 16.1). Some of 
these problems are readily detectable, whereas the 
others are more challenging to identify. Programming 
and refilling errors tend to be easily identified and cor-
rected. Malfunctions involving the pump mechanism 
are rare, but when present, these malfunctions are also 
rather simply confirmed. Catheter problems are rela-
tively frequent, however, and may vary in their pre-
sentations and ease of diagnostic identification. Figure 
16.4 illustrates potential sites of catheter disruption. 
Approaches to pump and catheter malfunction will be 

presented next. It is important to note that no consen-
sus exists regarding an optimal diagnostic algorithm. 
Physicians should make decisions based upon their in-
dividual resources and familiarity with each diagnos-
tic technique. Prompt identification of the underlying 
problem is important, if possible, so timely restora-
tion of drug delivery can ensue.

Pharmacodynamic tolerance refers to the adap-
tive changes that have taken place within systems af-
fected by the drug so that clinical response to the drug 
is reduced (101). Tolerance has been implicated as a 
cause of acquired loss of response to ITB despite es-
calating ITB doses, often in the context of failure to 
demonstrate radiological evidence of an ITB system 
malfunction. Controversy exists, however, regarding 

TABLE 16.1
Possible Causes of Intrathecal  

Drug Deliver Failure

Pump

•  Mechanical failure: rotor stall, computer error
•  No/low drug in reservoir
•  Battery failure 

Catheter
•  Migration: subcutaneous, subdural, epidural space
•  Fracture: micro versus macro leak
•  Kink/Occlusion: connection points, suture points, 

pump flip, catheter tip loculations
•  Disconnection of catheter from pump

Human Error
•  Programming error for bolus dose, maintenance 

dose, reservoir volume, catheter length
•  Refill error: subcutaneous refill, incorrect drug or 

concentration

FIGURE 16.4

Potential catheter disruptions.
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whether ITB response failure in such scenarios repre-
sents undiagnosed problems with drug administration 
through the pump and catheter system rather than 
actual pharmacodynamic tolerance (102) in GABA-
ergic target neurons of the spinal cord. Accordingly, 
a thorough analysis of any potential system malfunc-
tion should be undertaken before attributing dose es-
calation to tolerance. Neurophysiological assessment 
may be helpful in this scenario (52, 103). Assuming 
that these steps have been unsuccessfully attempted, 
interventions for tolerance include decreasing the con-
centration of baclofen solution with a concomitant 
increase in flow rate (104), utilization of periodic bo-
lus delivery (105), and substitution with intrathecal 
morphine (106).

Two initial techniques for the investigation of 
pump malfunction include pump “interrogation” and 
checking the pump residual reservoir volume. Detec-
tion of an audible alarm during pump interrogation, 
or discovery of an unexpected “extra” residual vol-
ume in the reservoir, suggests a pump-related mal-
function. The most common culprit is the pump rotor. 
Rotor failure will result in loss of drug delivery with 
a residual volume on reservoir aspiration that exceeds 
the predicted reservoir volume. Rotor failure is diag-
nosed with a “rotor test.” This involves imaging of 
the pump rotors, then programming a specific bolus  
that rotates the rotor axis 90°, and then repeating the 
x-ray. Failure to rotate the expected amount is an in-
dication of possible rotor failure. Rotor stall can also 
be seen with a severely kinked catheter. A temporary 
rotor stall will occur when a patient enters an MRI 
scanner, but the pump will self-restart as soon as the 
patient leaves the magnetic field. A low battery alarm 
will sound when the battery has reached significant 
discharge. The presence of a permanent rotor stall 
or a low-battery condition should prompt urgent re-
placement of the pump.

Imaging evaluation of the catheter typically be-
gins with plain radiography. A KUB, anteroposterior 
and lateral lumbar and thoracic spine series should 
be obtained to visualize all tubing, connectors, and 
entrance of the catheter into the spinal canal. If the 
films are normal, then a catheter access port (CAP) 
aspiration can be undertaken. This procedure involves 
accessing a port that is in direct continuity with the 
catheter (the CAP). Because the distal end of the cath-
eter lies with the subarachnoid space, the CSF should 
be readily withdrawn through the catheter. Aspiration 
of at least 2 to 3 mL is necessary for the determina-
tion of a “normal” aspiration since the volume of the 
catheter is typically less than 0.25 mL. Failure to as-
pirate fluid strongly suggests catheter disruption or 
occlusion. Once the catheter has been cleared of the 

drug solution and the CSF is obtained, a contrast me-
dium can be injected and visualized fluoroscopically 
or with computed tomography. Extravasation of dye 
out of catheter can diagnose catheter breaks, catheter 
tip loculations, and migration of the catheter into the 
subdural or epidural spaces. Contrast should not be 
injected if 2 to 3 mL of CSF cannot be easily aspirated 
since this can potential expose the patient to ITB over-
dose from infusion of drug remaining in the catheter 
(107).

Other imaging techniques for the diagnosis of 
catheter malfunction include radionuclide scintigra-
phy and MRI. Indium I-111 DTPA can be injected 
into the pump reservoir and used as a tracer to deter-
mine the patency of the infusion system. After injec-
tion, serial sequential scanning occurs every 24 hours 
for 2 to 3 days. Normal studies should demonstrate 
an intact catheter and a full ventriculogram. This tech-
nique can detect evidence of catheter occlusion, pump 
malfunctions, and large leaks. The disadvantages of 
this procedure include cost, the need for 2 to 3 days to 
confirm the abnormality, and limited anatomic resolu-
tion (108). The MRI imaging of the thoracic spine can 
demonstrate spinal hemorrhage, abscess, and other 
soft tissue abnormalities near the catheter tip. Rarely, 
granulomas can develop at the catheter tip, but these 
have only been pathologically confirmed with intra-
thecal opiate therapy for chronic pain. Although rare, 
granulomas have the potential to cause serious neuro-
logic injury from spinal cord compression. The MRI 
imaging of the catheter tip with gadolinium contrast 
is the diagnostic test of choice for granuloma detec-
tion (109).

The enhanced sensitivity of the H/M ratio to the 
presence of baclofen in the CSF contributes to the po-
tential application of this technique as an objective 
adjunctive troubleshooting technique (51, 52). It is 
reliably sensitive to both time-dependent and dose-
dependent changes after bolus or CITB administra-
tion (13, 25). The absence of response to bolus doses 
of ITB, whether administered via lumbar puncture or 
programmed through the pump and catheter, consti-
tutes an objective evidence of dose delivery failure to 
target receptors in the spinal cord (52) that is more 
sensitive than clinical assessment with the Ashworth 
scale (25). For patients receiving CITB administra-
tion, the greatest diagnostic yield of H/M ratio mea-
surement, particularly in troubleshooting scenarios, 
is achieved with serial assessment (52). The assess-
ment ideally includes bilateral recordings of baseline 
H reflexes before ITB bolus administration, on 2 to 
3 occasions after ITB bolus injection, immediately 
after pump implantation, followed by repeated re-
cordings during dose titration until its disappearance. 
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This occurs in many patients within a dose range of 
150 to 200 mg/d or less (13). Conversely, the reemer-
gence of an elevated H/M ratio that has previously 
been suppressed suggests that spinal reflex hyperex-
citability has been reestablished by loss or reduction 
of ITB exposure. Although some limitations warrant 
consideration (51, 52), particularly in children (110), 
the sensitivity and reliability of this neurophysiologi-
cal technique suggest that catheter problems can be 
detected early, often before clinically or radiographi-
cally verifiable changes occur.

In contrast to withdrawal, which can occur de-
spite vigilant attention, ITB overdose is generally due 
to human miscalculation during dosing adjustments 
or concentration changes. Mechanical difficulties with 
the pump are exceedingly rare. There are rare reports 
of inadvertent injection of a refill solution into the 
CAP that results in massive overdose (111). Overdose 
more commonly occurs during catheter patency stud-
ies without emptying the catheter. Clinical evidence 
of baclofen overdose includes profound hypotonia or 
flaccidity, hyporeflexia, respiratory depression, ap-
nea, seizures, coma, autonomic instability, hallucina-
tions, hypothermia, and cardiac rhythm abnormalities 
(112). The plasma and CSF levels of baclofen can be 
obtained, but the results may be misleading because 
there is no direct correlation between the programmed 
intrathecal dosing and the CSF baclofen levels (113). 
Initial management of ITB overdose is supportive and 
includes maintenance of airway, respiration, and cir-
culation. Intubation and ventilatory support may be 
necessary. Secondary measures include interruption 
of ITB delivery. Optional measures for ITB overdose 
include CSF drainage via CAP aspiration or lumbar 
puncture and administration of an “antidote.” Al-
though not true antidotes, both physostigmine and 
flumazenil have been reported to reduce central side 
effects, such as somnolence and respiratory depres-
sion. Physostigmine is the more commonly utilized 
agent but may produce adverse affects such as brady-
cardia, seizures, and increased respiratory secretions. 
Patients who are treated for baclofen overdose must 
be watched closely for rebound ITB withdrawal once 
the pump is stopped and the drug load is decreased 
(112).

SUMMARY

Intrathecal baclofen therapy has evolved from an in-
vestigational therapeutic modality to a mainstay for 
spasticity management. Yet after almost 2 decades of 
widespread clinical use, there remain aspects of this 
therapy that challenge even experienced clinicians. 
Many of the interventions described in this chapter 

are based upon expert consensus and large clinical 
series. Further investigations, especially well-designed 
randomized trials, are warranted to refine the role of 
ITB therapy within spasticity management. Because 
neurotransmitters other than GABA can influence the 
spastic condition, other molecules may be worthy of 
study for chronic intrathecal delivery. Lastly, as with 
many aspects of rehabilitative care, a dedicated team 
approach can maximize the achievable outcomes with 
ITB therapy.
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PHILOSOPHY OF SURGERY FOR  
SPASTICITY

Spasticity occurs as a result of injury to the central 
nervous system (CNS). Existing surgical techniques do 
not repair the injury to the CNS but rather aim to im-
prove or modulate the output of the CNS to improve 
a person’s function. Surgical intervention may be tar-
geted at the brain, spinal cord, peripheral nerves, or 
musculoskeletal system (Table 17.1). The goal of this 
chapter is for the reader to gain understanding of sur-
gical options for spasticity and understand the chal-
lenges in the evolving field.

History of Surgical Interventions in Spasticity

The success rate of surgical intervention for spastic-
ity has typically utilized as a secondary option fail-
ing more conservation treatments covered elsewhere 
in this text. Although peripheral musculoskeletal sur-
gery will be the focus of this chapter, a brief review of 
other past uses of surgery for spasticity is useful for 
the reader.

Of the 3 techniques used in the past, that is, brain 
surgery, rhizotomy, neurectomy, each has a unique 
role to play in a very specialized patient population.  
Brain surgery utilizing temperature control electro-
coagulation and cerebellar stimulation has been at-
tempted with poor results (1–3). The most popular 

form of spinal cord surgery for spasticity is selective 
posterior rhizotomy. Typically, posterior rhizotomy is 
done for patients with cerebral palsy who have pure 
spasticity, good strength and motor control, minimal 
fixed contractures, and good intelligence. Posterior 
rhizotomy is currently utilized with variable success in 
very limited patients (4, 5). Neurectomy has been used 
with some success for very specific problems. How-
ever, neurectomy, particularly of mixed motor and 
sensory nerves, can have the unfortunate consequence 
of permanent painful dysesthetic pain (6). These tech-
niques will be discussed more completely elsewhere in 
this text. The greatest success and the majority of sur-
gical interventions for the management of spasticity 
are performed on the peripheral muscles and tendons 
(7) and will be the focus of this discussion as tech-
niques and examples of musculoskeletal surgery will 
be discussed in detail.

Spasticity is a motor disorder characterized by 
a velocity-dependent increase in tonic stretch reflexes 
(muscle tone) with exaggerated tendon jerks, result-
ing from hyperexcitability of the stretch reflex (8–13). 
The result manifested in the musculoskeletal system 
is altered limb function. When this affects the upper 
extremity, one’s ability to interact with the environ-
ment and perform many of his or her activities of 
daily living is impaired. Although deficits are noted 
in the lower extremities, the greatest impact is noted 
in ambulation and position. Surgery for spasticity is 

17
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directed at correcting these deficits. Sometimes, it can 
be highly effective, providing permanent correction. 
Other times, the procedure is not successful, perhaps 
even worsening a difficult situation. To be an appro-
priate option, a procedure needs to be as effective, 
predictable, permanent, and painless as possible. The 
more that is known about the CNS injury and the pa-
thology and residual function of the muscles that are 
being treated, the better is the potential outcome.

Surgery can alter the force that a muscle exerts, 
either by decreasing, redirecting, or eliminating the 
muscle force (14, 15). It can also increase a muscle’s 
effect by eliminating or decreasing the force from an 
antagonist muscle (16). Mobilization of stiff joints  
resulting from spasticity by removing passive re-
straints to movement such as heterotopic ossification, 
adhesions, or contracted ligaments can also be treated 
in the operating room. Although surgery cannot in-
crease the force that a muscle generates, nor impart 
volitional control to a muscle with no underlying mo-
tor control, it can sometimes unmask motor control 
in a muscle that may not have been evident initially 
(Figure 17.1).

Surgery should be thought of as an important 
component of the paradigm for the management of 
the upper motor neuron syndrome. As a result, it 
has an important place in a comprehensive spasticity 
management program. Even after surgical interven-
tion, there may be a need for other treatment interven-
tions, including physical therapy, oral medications, 
chemodenervation, chemoneurolysis, and intrathecal 
medications. The challenge for clinicians is to pick 
the best modality or combination of them to treat the 
problems related to a person’s spasticity. Each avail-
able treatment for spasticity has unique benefits, costs, 
and risks. Surgery has historically been viewed as a 
last resort, but this view is now antiquated and can be 
costly to patients. For some patients, especially those 

with a focal presentation, surgical intervention should 
be considered earlier perhaps as the first treatment.

For some patients, an operative procedure has 
many advantages over many of the other treatment 
modalities available for spasticity, and for some pa-
tients, it may be considered ahead of other modali-
ties. In the right patient, when properly planned and 
performed by a skilled clinician, the results are pre-
dictable as well as permanent, which is in contrast to 
many other interventions that are commonly used. In 
this chapter, the reader will have examples of proven 
surgical techniques provided to familiarize them with 
conditions amenable to surgical treatment. The pri-
mary focus will be on principles of surgical manage-
ment, which will be discussed first, followed by 
specific surgical procedures later. Spasticity is encoun-
tered in many disorders including traumatic brain in-
jury (TBI), stroke (cerebrovascular accident [CVA]), 
cerebral palsy, and multiple sclerosis (12, 17) The prin-
ciples discussed in this chapter are applicable to all of 
these disorders in all age ranges.

Goals of Surgery for Spasticity

The goals of surgery for spasticity are no different than 
those of nonsurgical treatment. Some goals focus on 
improving function and active movement. These goals 
are classified as active goals. Examples of these include 
better forward flexion of the shoulder for grooming, 
better opening and closing of the hand for grasping and 
releasing objects, or an improved overall gait. In other 
cases, where patients have more advanced spasticity 
and demonstrate no or very limited active movement, 
the goals consist of passive functional improvement,  
and treatment addresses improving passive function 
and movement. Examples of these include increased 

TABLE 17.1 
Surgery for Spasticity

TargeT organ ProCeDure

Brain Stereotactic neurosurgery
Cerebellar stimulation

Spinal cord Posterior rhizotomy
Peripheral nerve Neurectomy
Muscle or tendon Lengthening

Release
Transfer

FIGURE 17.1 

Although surgery cannot increase the force that a muscle 
generates nor impart volitional control to a muscle with no 
underlying motor control, it can sometimes unmask mo-
tor control in a muscle that may not have been evident 
initially.



1�� SuRGERY�IN�THE�MANAGEMENT�OF�SPASTICITY 24�

ease for the patient or caregiver to position the patient 
or limb more easily, easier hip abduction for perineal 
care, improved elbow extension for ease of dressing, 
or easier finger extension for improved hygiene of 
palm (18).

Other goals of surgery for spasticity include pain 
relief, improved cosmesis, decreased reliance on sys-
temic medication, or chemodenervation. In regards to 
pain, spastic muscles can be a source of pain, which 
can be addressed by eliminating the spasticity (19). 
Cosmesis can be an important issue to a person’s self-
esteem and quality of life; surgical management of 
spasticity can address many of the balance and aes-
thetics to the limb and person. Sedation is a side ef-
fect of many of the oral medications prescribed for 
the treatment of spasticity. Sedating medications can 
exacerbate the already impaired sensorium of a per-
son with TBI or CVA, and they can also hinder recov-
ery. Many of the interventions for the management 

of muscle overactivity have a limited duration of ef-
fect. Physical therapy and serial casting may be very 
effective at stretching out a mildly contracted joint, 
but once the treatment is stopped, the deformity of-
ten returns. Chemodenervation with the botulinum 
toxins can provide treatment for muscle overactivity, 
but the results last months and not a lifetime (Table 
17.2). Muscle overactivity can also exacerbate other 
conditions. Examples of this include exacerbation of 
posttraumatic elbow osteroarthrosis by increased el-
bow tone or exacerbation of median nerve compres-
sion and carpal tunnel syndrome as a result of flexor 
spasticity at the wrist and or finger flexors (20).

Factors Important the Decision-Making  
Process 

Surgery is indicated when nonoperative options have 
failed. It may also be indicated when nonsurgical options 
can be expected to fail, such as a rigid, long-standing  
equinus contracture at the ankle (Figure 17.2). At-
tempts at managing this condition by physical therapy  
or chemodenervation would not be successful and 
would be inadvisable for a number of reasons. They 
would consume valuable resources, require time, po-
tentially promote prolongation and exacerbation of 
the deformity, and with a potentially high risk/benefit 
ratio potentially, hurt the patient without a realistic 
expectation of clinical improvement. An operation to 
address equinus deformity is safe, effective, and cost-
effective and should be the treatment of choice in cases 
such as this (21).

Medical stability is important for a person to safely 
undergo a procedure and is an important factor in the 
decision to take a person to the operating room. Some 
patients with spasticity are healthier than others. Of-
ten, people with TBI-related spasticity are younger and 
healthier than those with spasticity from CVA. Preop-
erative evaluation should ensure that the patient has 
adequate vascularity to heal lower extremity surgical 
wounds. In addition, a cardiovascular evaluation is usu-
ally necessary before operating on a patient with a prior 
CVA. A person’s medication regimen must be carefully 
reviewed when planning surgery; management of dia-
betic treatment and anticoagulants need to be considered 
and managed appropriately perioperatively.

The sensory component of a person’s deficits is 
often overlooked in the assessment of spasticity and 
the development of a treatment program. Profound 
sensory loss can significantly limit functional improve-
ment even after the motor control issues are addressed 
successfully. This is true for both the upper and lower 
extremities. In the upper extremity, severe sensory loss 
may prevent a patient from using the limb even if they 

    

FIGURE 17.2 

A severe, long-standing equinus contracture due to spas-
ticity such as this is unlikely to respond to nonsurgical 
treatment.

TABLE 17.2 
Surgical Goals

1. Improved function
– Active function
– Passive function

2. Pain relief
3. Decreased reliance on systemic medications
4.  Permanent solution rather than temporizing  

treatment
5. Improved cosmesis
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are capable. Similarly, in the lower extremity, sensory 
deficit may put the patient at risk for skin ulceration 
with increased weight-bearing and no change in gait 
function. Profound sensory loss can be a contraindica-
tion to either upper or lower extremity surgery.

Appropriate Timing for Intervention

Selecting the appropriate time for a surgical interven-
tion for spasticity is critical because operating too 
early or too late can lead to inferior outcomes. Some 
variables influencing the timing of surgery are specific 
to a patient, such as age, overall health, motivation, 
and cognition. Other considerations are procedure-
specific. An operation to rebalance soft tissue structure 
is a good demonstration of this concept. It will only 
be successful if the underlying joints are supple, which 
may only exist for a short period after the onset of 
spasticity. Surgical arthrodesis, on the other hand, can 
be expected to yield good results even when performed 
a long period after onset. Figure 17.3 demonstrates a 
person with a significant equinovarus deformity in-
volving the right foot. Addressing this condition early 
on will ensure greater success and enable the person to 
begin ambulating more comfortably earlier.

For many patients with spasticity, an injury oc-
curs to the CNS at a discreet point in time, regardless 
of etiology. After the initial event, a period of neuro-
logic recovery occurs, which can potentially continue 
for years. At some point in the recovery, a plateau 
is reached. However, in some patients, even before 
reaching this plateau, the manifestations of spasticity 
and its effect on their function are known. A pattern 
of movement, impairment, and disability becomes evi-
dent as demonstrated in Figure 17.4; surgery should 
only be contemplated after it is apparent what pattern 
will result after neurologic recovery is near complete.

Performing surgery, when there is a reasonable 
likelihood that the spasticity and disability will re-
solve with time, is not indicated. Complicating this 
issue is that the natural history of recovery is not al-
ways known early after the injury, and therefore, a 
period of observation is appropriate. During this pe-
riod of early recovery when surgery is relatively con-
traindicated, observation and temporizing treatments 
are essential to maintain supple joints and surgery. For 
many patients, this dynamic period will last about 6 
months or perhaps a little more. During this period, 
extensive rehabilitation and recovery can take place, 
and multimodal nonsurgical treatments are indicated.

In many patients, approximately 6 months af-
ter the initial event, the examination and pattern of 
spastic muscles will begin to stabilize (Figure 17.2) 
Surgery can be contemplated at this point depending 

on other patient-specific issues. Some of these issues 
include nutrition, pain tolerance, cognition, ability 
to cooperate with rehabilitation, and comorbidities 
such as cardiovascular disease. Some operations re-
quire more patient cooperation and rehabilitation 

FIGURE 17.3 

A spastic equinovarus deformity with associated cavus 
and claw toes prevents comfortable weight-bearing and 
gait. Patients often desire return to function as quickly 
as possible. Delay of treatment will prolong disability. A 
single surgery can predictably and permanently correct 
this deformity.

FIGURE 17.4 

An example of functional recovery is shown graphically 
after an injury to the CNS. If functional recovery is in-
complete, a plateau is reached at some point in time. At 
the time point A that a plateau of recovery is beginning, 
surgery can be done to recover additional function. Sur-
gery can also be done later in time B, but surgery should 
not be delayed too long. Typically, surgery should be done 
between 6 and 18 months after the injury to the CNS.
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afterwards than others. If the patient is not capable 
of participating in postoperative rehabilitation, then 
surgery may need to be delayed. Malnutrition, poor 
skin integrity, and poor pain control may be the other 
relative contraindications to surgery. Significant vas-
cular disease may also preclude surgery, particularly 
on the lower extremities where wound healing may be 
compromised.

Conversely, delaying an operation for too long 
may also problematic and limit the best outcome. The 
result of waiting for surgery may in some cases do 
nothing more than increase and/or prolong disability 
and suffering. It is also possible that by letting too 
much time pass, the performance of the procedure 
may make it more difficult if not impossible to per-
form. Many of the interventions for spasticity involve 
rebalancing the muscle forces around a joint. If the 
activity has been out of balance for a prolonged pe-
riod, then it is possible that rigid contractures will 
have developed in the joint precluding attempts at 
rebalancing. Spasticity at the foot/ankle serves as an 
excellent example of this issue. Waiting too long for 
the treatment of equinovarus deformity may result 
in a contracture that would have responded well to 
tendon rebalancing earlier in recovery but may only 
be amenable to an ankle arthrodesis later in recovery. 
Advanced, rigid deformities also put neurovascular 
structures at higher risk when a surgical procedure 
stretches a contracted joint. Waiting too long to re-
lease or lengthen the hamstrings can allow the popli-
teal artery to contract, and attempts to straighten the 
knee late in recovery will stretch the artery beyond its 
limits, possibly leading to ischemia in the leg. A pa-
tient with advanced knee flexion contracture is shown 
in Figure 17.5, where the window of opportunity for 
effective soft tissue releases has been missed.

Typically, the ideal timing for surgery for spas-
ticity is usually between 6 and 18 months after the 
injury to the CNS; however, it is occasionally done 
earlier in some extreme cases that are not respond-
ing to nonsurgical treatment. A procedure can also be 
performed later than 18 months after injury with good 
results, but the 6- to 18-month time frame is a good 
general guideline. The decision to take a patient to the 
operating room should be made after input from all 
of the clinicians and other stakeholders. This includes 
the patient, family, physiatrist, neurologist, therapists, 
nurses, and surgeon. Table 17.3 highlights advantages 
and disadvantages of early and late surgery.

Planning Surgery for Spasticity

Planning is especially critical for this type of surgery. 
The author will discuss the process in depth for the 

management of spastic elbow flexion contracture in 
3 different patients (see Table 17.4). For each of these 
patients, the goal is the same: improved elbow exten-
sion. However, the goal is achieved in a very differ-
ent manner for each of these patients. Lessons from 
these 3 patient examples are applicable for any joint 
with spastic muscles producing disability. Reproduc-
ible surgical techniques are necessary, and reasonable 
goals are always requisite for a successful outcome.

Information is necessary to plan a successful sur-
gery. Knowledge regarding both the underlying struc-
ture (bones and joints) and the motors (muscles) is 
necessary to proceed. Once the skeleton has been eval-
uated, then the muscles need to be considered because 
a muscle-specific approach is necessary at the time of 
surgery. Physical examination alone is not adequate 
to understand individual muscle activity. The 3 main 
flexors of the elbow are the biceps brachii, brachialis, 
and brachioradialis, and these may demonstrate vary-
ing degrees of spasticity and volitional control. Instru-
mented, dynamic electromyography (EMG) serves this 
role, providing critical muscle-specific information re-
garding activation, volitional control, and spasticity 
of each muscle (22–26).

Although dynamic EMG does provide some crit-
ical information, it does not currently provide force 
generation data for each muscle. Force generation may 
be estimated based on the size of the muscle and its 
moment arm related to the joint under consideration.  

FIGURE 17.5 

A patient with advanced flexion contractures of the hips 
and knees. Passive function is severely compromised. Sit-
ting posture, clothing, and hygiene are impossible in this 
patient. Too much time has passed for effective soft tissue 
releases to treat the spasticity in this patient.
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Once each muscle that can contribute to the defor-
mity, both agonists and antagonists, is understood, 
then treatment can be planned. Each muscle can  
be left alone, lengthened, shortened, released, or trans-
ferred based on it function and contribution to the  
deformity.

In addition to understanding the function of the 
agonist muscles with muscle activity, it is also criti-
cal to have a good understanding of the function of 
antagonist muscles, the elbow extensors. If there is 
no volitional control or force generation of the elbow 
extensors, then it is unlikely the patient will ever be 
able to actively extend the elbow even if the elbow 
flexors are lengthened and weakened. A surgery that 
lengthens the elbow flexors reduces their force genera-

tion, but if there is no antagonist extension force, the 
flexion deformity will recur with certainty. Balance at 
the joint can never be achieved if the extension force 
is zero until the flexion force equals zero also and 
then the elbow has no motors and this is not desirable  
either.

In our first patient example (see Figure 17.6), the 
joint does not have a passive block to motion, and the 
dynamic EMG for the 3 elbow flexors is illustrated 
in Figure 17.7. Interpretation of this figure reveals all 
3 muscles to have spasticity but also underlying voli-
tional control with phasic activation with elbow flex-
ion and extension.

The dynamic EMG for the triceps is also shown 
in Figure 17.8 for patient 1. There is demonstrated 
appropriate activation of the elbow extensors with no 
spasticity. The patient is able to voluntarily activate 
and relax the triceps muscle. Based on this analysis, 
a plan for surgical lengthening of all 3 flexor muscles 
should be made. Figure 17.9 summarizes these consid-
erations when planning a surgery to improve elbow 
extension with a spastic elbow flexion contracture. 
The goal of this planned surgery, as described, is to 
improve active elbow extension.

In a patient with a spastic elbow flexion contrac-
ture, the presentation is somewhat different, but the 
goal remains the same. For patient 2, the physical ex-
amination reveals lack of full passive extension with 
a rigid end point. The clinical picture of patient 2 at 
full active extension may look similar to patient 1. Ra-
diographs, however, for patient 2 are necessary due to 
the passive limitations to movement and may reveal a 
structural problem with the joint such as heterotopic 
ossification as shown in Figure 17.10. Computed to-
mography scans are occasionally necessary to define 
subtle or complex structural deformities. If a struc-

TABLE 17.3 
Timing of Surgery

earLy surgery  
(Time PoinT a,  
figure 17.4)

LaTer surgery  
(Time PoinT B,  
figure 17.4)

Advantages: Advantages:
– Supply joints 
–  Shorter duration  

of disability

–  Natural history of  
recovery more clearly  
known

–  Greater healing of 
initial injury

Disadvantages: Disadvantages:
–  Neurologic condition 

may stir be dynamic  
and unpredictable

–  Medical morbidities  
and initial injury
are relatively recent

– Stiffer joints
– Longer disability

TABLE 17.4 
Three Examples of Patients With Spastic Elbow 

Flexion Contracture

PaTienT 1 PaTienT 2 PaTienT 3

– Age 58 – Age 23 – Age 17
– CVA
– Supple elbow
–  Full passive  

extension
– Active control

– TBI
–  Limited  

passive  
movement

–  Anoxic brain  
injury

– Rigid elbow
–  Active infection  

antecebral  
fossa 

– Active control

FIGURE 17.6 

A patient with a spastic elbow flexion contracture lacks 
full active extension of the elbow. Physical examina-
tion alone does not allow identification of the offending 
muscles, and dynamic EMG is necessary as shown in Fig-
ures 17.7 and 17.8.
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tural problem is identified, then it must be addressed 
at the time of surgery. All passive restraints to motion 
need to be eliminated before achieving improved mo-
tion. Surgical incisions need to be made to allow ac-
cess to the structural block.

Sometimes elbow motion can be so limited that 
through physical examination it is difficult to ascer-
tain whether volitional muscle control is present or 
not. In these cases, dynamic EMG can be helpful to 
ensure that the patient is able to activate the appro-

priate muscles at the appropriate times. The dynamic 
EMG for patient 2 is shown in Figure 17.11, and it 
has a different appearance than the one seen in Figure 
17.4 for patient 1. No volitional control is evident in 
the brachioradialis of Figure 17.11, rather just base-
line spasticity. The goal of improved elbow exten-
sion can still be achieved, but a different procedure 
will be required. Rather than lengthening all 3 elbow 
flexors as was done for patient 1, the brachioradialis 
should be released for patient 2 and the other 2 elbow  
flexors lengthened. Different incisions are necessary 
for patient 2 to accomplish the goal of increased el-
bow extension, particularly for the resection of the 
heterotopic bone. The surgical plan for patient 2 is 
shown in Figure 17.12.

In the third patient (Figures 17.13 and 17.14) 
with a spastic elbow flexion deformity, the clinical 
problem appears differently. In this patient with no 
volitional control of the elbow, skin breakdown has 
occurred in the antecubital fossa, and an abscess has 
developed. The deformity is more severe and longer 
standing, and the patient has had poor access to the 
antecubital fossa for hygiene. Radiographs shown in 
Figure 17.13 demonstrate prior trauma, heterotopic 
ossification, and ankylosis of the joint. The goal re-
mains the same: improved elbow extension. Two sur-
gical options exist for this patient: complete release of 
all 3 flexors and resection of the heterotopic bone or 
amputation. This represents an extreme case, but one 
that if left untreated will result in advanced spasticity 
at the elbow. Figure 17.14 represents the surgical plan 
for this patient.

In planning surgery, these 3 examples have all 
examined the clinical problem of elbow flexor spastic-
ity. Three different surgeries have been planned and 
hopefully executed successfully with predictable, last-
ing, excellent outcomes. The principles and thought 
that went into planning these surgeries at the elbow 
are applicable to deformity at any joint in the upper or 
lower extremity. At the different joints, the anatomy 
and the surgical approaches will vary but the principles  
remain the same. Spastic muscles with volitional con-
trol should be lengthened. Spastic muscles without 
volitional control should be released or potentially 
transferred to redirect the force.

FIGURE 17.7 

A dynamic EMG is shown for patient 1 with a spastic el-
bow flexion contracture. Phasic activation of all three el-
bow flexors is seen. When elbow flexion occurs, all three 
flexors are active. Spasticity is also seen in all three elbow 
flexors. When the elbow is extended, muscle activity is re-
corded in all three elbow flexors, which should be silent.

FIGURE 17.8 

A dynamic EMG for patient 1 is shown for the elbow ex-
tensors. Phasic activation is seen for the triceps. When the 
elbow is extended, the triceps are activated. No spasticity 
is noted during elbow flexion.

FIGURE 17.9 

Surgical plan for patient 1.
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Specific Surgical Techniques for  
Treatment of Spasticity

Spasticity is in part due to the stretch reflex of the mus-
cle. A principle of surgery for spasticity is to lengthen 
the spastic muscle, therefore decreasing the tension in 
the muscle and hence decreasing the spastic stretch 
response. By lengthening a muscle or tendon, the ten-
sion in the intrafusal muscle spindle is decreased and 
the stretch reflex is diminished (7, 12). Different tech-
niques have evolved to effectively lengthen muscles 
(Table 17.5).

The most valuable and versatile lengthening tech-
nique in spasticity surgery is called a fractional length-
ening. Most muscles have a region wherein there exists 
overlap between the muscle and the tendon. At this 
level where there is overlap between the muscle and 
the tendon, the fractional lengthening is performed. 
The tendon is simply transected within the substance 
of the muscle. The muscle at the myotendinous junc-
tion is then able to stretch in the region where the 
tendon was cut, allowing overall lengthening of the 
structure. Clinical pictures of a fractional lengthening 

of a superficial finger flexor in the forearm are shown 
in Figure 17.15.

The amount of lengthening that occurs with a  
fractional lengthening will be proportional to the 
amount of tension in the muscle or the amount of passive 
stretch that is applied. This is depicted in Figure 17.16  
using a spring mechanism analogy. In a muscle 
with greater spasticity, more lengthening will occur, 
whereas one with less will have a smaller amount of 
lengthening. This allows the intrinsic spasticity of the 
specific muscle to determine the amount of lengthen-
ing that will occur. If greater passive stretch is applied 
either intraoperatively or postoperatively with reha-

FIGURE 17.11 

A dynamic EMG is shown for patient 2 with a spastic 
elbow flexion contracture. Phasic activation is observed 
for only the biceps and brachialis. When the elbow is 
extended, muscle activity is also noted in both biceps 
and brachialis. Spasticity is present in these 2 muscles. 
Brachioradialis shows no alteration in activity during ei-
ther flexion or extension and therefore does not contrib-
ute to effective functional movement. Spasticity is present 
in brachioradialis. Brachioradialis does not and will not 
contribute to functional elbow movement. Brachioradialis 
should be released.

FIGURE 17.12 

Surgical plan for patient 2.

FIGURE 17.10 

For patient 2, passive elbow motion is limited, and radio-
graphs demonstrate heterotropic ossification. To improve 
motion, a resection of this passive block to motion is re-
quired at the time of surgery.
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bilitation, then greater lengthening will also occur. If 
there is no adequate muscle surrounding the tendon, 
then it is possible for the myotendinous junction to 
overlengthen and rupture.

After some period (approximately 3 months) 
after a fractional lengthening has been performed, a 
new tendon will heal, filling in gap that was created 
with the surgery. Before the tendon gap is filled with 
a new tendon, the lengthening can be increased with 
passive stretch of the muscle or due to the spasticity. 
During this period of rehabilitation, it is important 
not to overstretch the muscle and excessively weaken 
or rupture the muscle.

Another surgical technique to decreases spastic-
ity is a muscle slide or advancement. In this proce-
dure, the entire origin of the muscle is advanced and 
is done occasionally with the thenar muscles in the 
hand for a thumb contracture. By advancing the mus-
cle origin, the distance across which a muscle works 
is shortened, in effect lengthening the muscle relative 
to its task. Lengthening techniques are directed at 
the tendon portion of the muscle and require a long 
healthy tendon. Three such techniques that lengthen 
the tendon include a V-to-Y lengthening, a Z length-
ening, or a lengthening with multiple hemitenotomies. 
These additional 4 lengthening techniques differ from 
a fractional lengthening and are shown Figure 17.17. 
Choosing one technique over another usually is based 
on specific anatomical constraints.

A difficulty of the Z lengthening or the V-to-Y 
lengthening is that the surgeon is required to pick a 
new length for the tendon at the time of surgery. This 
is not an ideal situation because there is no way to 
make a precise decision intraoperatively, and the sur-
geon is forced to guess the appropriate length. When 
a person with muscle overactivity undergoes surgery, 
they are under anesthesia, which reduces to making 
it near impossible to judge. Once a new length is set 
with the Z lengthening or the V-to-Y lengthening, it 
is established and cannot be changed. It takes about 
3 months for the tendon to heal at its new established 
length during which time it must be protected or risk 
rupture. The lengthening with multiple hemitenoto-
mies has similar disadvantages and is primarily used 
for the Achilles tendon. Achieving substantial length-
ening with the V-to-Y lengthening, Z lengthening, or 
hemitenotomy lengthening technique is very difficult 
with small or weak tendons.

Tendon transfer is another important potential 
technique to treat spasticity. Tendon transfer is a tech-
nique that has shown great value in the treatment of 
peripheral nerve injuries but has limited utility in the 
management of spasticity. Because of the unpredict-
able nature of spasticity, the tendon transfer may lead 
to overcorrection or undercorrection of a deformity 

FIGURE 17.13 

For patient 3, a profound rigid flexion contracture prevents 
movement. This contracture also makes hygiene in the an-
tecubital fossa impossible. Fractures were associated with 
the original trauma. Uncontrolled spasticity was present 
after the initial injury. Heterotopic ossification formed 
with the elbow in a severely flexed position. Early effec-
tive treatment of the spasticity and heterotopic ossification 
may have prevented this outcome.

FIGURE 17.14 

Surgical plan for patient 3.

TABLE 17.5
Surgical Lengthening Techniques

1. Fractional lengthening
2. Muscle slide or advancement
3. V-to-Y lengthening
4. Z lengthening
5. Hemitenotomy lengthening



2�2 III� TREATMENT�OF�SPASTICITY

FIGURE 17.15 

A fractional lengthening of a superficial finger flexor is shown. (A) A flexor digitorum superficialis is pictured at the time of 
surgery. The muscle belly is to the right and the tendon to the left of the figure. The myotendinous junction is the overlap 
region of muscle and tendon. (B) A surgical instrument is gently probing the muscle. (C) The tendon is being cut. There is 
extensive overlapping of the muscle in the region where the tendon is being cut. After cutting the tendon, the muscle will 
elongate, effectively lengthening the overall length of the muscle tendon unit.

A

B

C

D

and thus failure of the surgery. In this procedure, the 
surgeon detaches a tendon from one location and re-
attaches it to another. The intention of transfer is to 
redirect the force of the muscle. A deforming or desta-
bilizing force can potentially be redirected into a use-
ful, functional force. An example of a tendon transfer 
for spasticity is the split anterior tibialis tendon trans-
fer for the equinovarus foot and ankle. In this transfer, 
the anterior tibialis tendon is split and the lateral half 
of the tendon is detached from the medial foot and 
is newly attached to the lateral foot (Figure 17.18). 
When performed properly, the anterior tibialis tendon 
becomes a neutral dorsiflexor of the ankle. This pro-
cedure can be successfully performed even with un-
derlying spasticity being present.

In addition to the techniques of lengthening and 
transfers, other surgical techniques that can be potentially  
useful include neurectomy and joint arthrodesis. Neu-
rectomy is the cutting of a nerve. This is irreversible, 
and once a nerve is cut, no recovery can be expected. 
This can be valuable with a pure motor nerve, such 
as the obturator nerve in the thigh or the ulnar motor 
nerve in the palm. When performing neurectomies, it 
is important to avoid interrupting significant sensory 
nerves. Sensory denervation increases the risk for skin 
breakdown in patients that may already have other 
risk factors for skin ulceration.

Joint fusion procedures are performed occasion-
ally when it is not possible or unnecessary to rebal-
ance the joint. This is most commonly done at the 
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wrist, ankle, or foot. For severe wrist or foot/ankle 
deformity, a fusion or arthrodesis can be done to per-
manently place the joint in one position for function. 
In the ankle for example, a severe equinovarus defor-
mity due to spasticity can be corrected with an ankle 
fusion placing the ankle in a permanent plantigrade 
(foot flat on the ground) position for sitting comfort, 
standing, or gait.

Surgery Management of Specific Conditions

Some clinical deformities are seen frequency in pa-
tients with spasticity. This section will review many of 
these common clinical presentations and discuss their 
most appropriate surgical treatment. Patients have 
their own unique pattern of movement and spasticity, 
and as a result of this, each requires a program tai-
lored to them. It is critical to have a thorough knowl-
edge of anatomy, kinesiology, and surgical approaches 
to the involved muscles. However, the decision of 
which technique to choose, which muscles and joints 
to treat, and which to leave alone will depend on each 
individual patient. At the time of surgery, the surgeon 

must ensure that there is no passive restraint to mo-
tion at every joint treated. Multiple surgeries can be 
done in combination, and multiple joints can be oper-
ated on at the same time.

FIGURE 17.16 

(A) The intrinsic spasticity of a muscle will determine the 
amount of lengthening that occurs with a fractional length-
ening. (B) Once the tendon is cut, the amount of length-
ening that occurs will be proportion to the tension in the 
muscle. (C) A muscle with little spasticity will exert only a 
small pull on the spring, and only a little lengthening will 
occur. For a muscle with a high degree of spasticity, once 
the tendon is cut, a stronger pull is exerted and a greater 
lengthening will occur.

FIGURE 17.17 

Four other lengthening techniques are depicted, including 
(A) muscle slide, (B) V-to-Y lengthening, (C) Z lengthen-
ing or (D) hemitenotomy lengthening. Choosing between 
a fractional lengthening and one of these other techniques 
is often dictated by anatomical constraints for each spe-
cific muscle.
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Typically, if more that one joint or deformity is 
to be treated in a limb at one surgery, the incisions 
are made from proximal to distal on the limb. For 
example, if both an elbow and a shoulder require 
surgery, the surgery is done at the shoulder before 
the elbow. Usually, correcting the more proximal de-
formity first allows easier access and positioning for 
the more distal deformity, whereas the reverse is not 
true. Sometimes, it is even necessary to perform the 
more proximal surgery first before the more distal 
surgery can even be done. Bilateral surgery is occa-
sionally necessary as well. In addition to the specific 
surgeries discussed below, a brief discussion of reha-
bilitation priorities is included with each example as  
 necessary.

Upper Extremity

Shoulder Adduction, Internal  
Rotation Spasticity

The spasticity observed in the shoulder commonly 
produces an adducted, internally rotated position for 
the shoulder. This position can limit a patient’s ability 
to move the arm in the environment and position their 
hand for function. For patients with a more advanced 

deformity, this shoulder position can make hygiene of 
the axilla difficult and puts the humerus at risk for 
fracture with aggressive manipulation of the arm.

The surgical approach for this deformity is typi-
cally made through an incision in the anterior shoul-
der, usually along the anterior axillary line. Through 
this incision, the spastic muscles contributing to the 
shoulder deformity can be accessed. The pectoralis 
major, latissimus dorsi, teres major, and subscapu-
laris can all be accessed. Each of these muscles has 
the requisite myotendinous junction necessary for a 
fractional lengthening. Selective lengthenings or re-
leases can be performed to increase external rotation 
and abduction of the shoulder. Once the muscles have 
been lengthened, the anterior capsule is easily accessi-
ble if anterior capsular release can also be performed.

If fractional lengthenings have been performed, 
some care must be taken with postoperative passive 
stretching to reduce the risk of rupture particularly 
of the pectoralis major muscle. The pectoralis major 
muscle does not have a large myotendinous overlap 
and may rupture if stretched too aggressively after a 
fractional lengthening, and generally active motion 
with only gentle assistance is allowed after the frac-
tional lengthening. If muscle releases are performed 
for a more advanced deformity where simply access 
to the axilla with improvement in passive movement 
is the goal, then typically passive stretching is allowed 
postoperatively (27–32).

Elbow Flexion Spasticity

Lack of elbow extension limits a patient’s ability to 
extend the arm for activities. The surgery is typically 
directed at the spasticity in the 3 primary elbow flex-
ors: the biceps brachii, the brachialis, and the brachio-
radialis. Whether a release or lengthening of each 
muscle is necessary has been discussed previously 
under planning of surgery. This decision is often de-
pendent on dynamic EMG data for the elbow flexor 
muscles. For the biceps brachii, if a lengthening is 
to be done, a proximal fractional lengthening at the 
myotendinous junction is recommended. The biceps 
brachii has a large myotendinous junction proxi-
mally and an incision over the anterior shoulder will 
allow access to it. The muscle of the biceps brachii 
has only a very short myotendinous junction distally, 
and if surgery is done at the distal end, then only the 
Z lengthening of the muscle can be performed. If a 
distal Z lengthening is done, then early postopera-
tive motion cannot be allowed as the tendon requires 
time for healing. The brachialis muscle, on the other 
hand, has a broad myotendinous junction distally that 
can be approached through a transverse incision over 

FIGURE 17.18

A split anterior tibialis tendon transfer is shown. The ten-
don transfer redirects the deforming force. In this example,  
(A) the anterior tibialis tendon is causing a varus deformity 
of the foot before transfer. (B) By transferring the lateral half  
of the tendon into the lateral foot, balance is restored to 
the foot.
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the antecubital fossa. The brachioradialis should be 
lengthened in the midforearm with a longitudinal inci-
sion over the radial border of the brachioradialis. The 
tendon of the brachioradialis is on the undersurface 
of the muscle. Figure 17.19 shows a fractional length-
ening of the brachioradialis in the forearm. After a 
fractional lengthening of each of the 3 elbow flexors, 
early active movement is encouraged. Gentle passive 
stretching can be done as well because the muscles are 
unlikely to rupture or overlengthen due to their broad 
and long myotendinous junctions.

Figure 17.20 shows an advanced flexion con-
tracture of the elbow with no volitional control of the 
muscles at the elbow. If a release of the elbow muscles 
is necessary for advanced flexion contracture of the 
elbow, such as this due to spasticity, then a lateral in-
cision over the elbow is recommended. Surgery is usu-
ally being done in situations such as this to improve 
access to the antecubital fossa for improved hygiene. 
The lateral skin incision is preferred over an anterior 
incision. An anterior incision is often difficult to per-
form with the elbow flexed, and the anterior incision 
does not tolerate aggressive postoperative stretching 
well. Through a lateral incision at the elbow, the 3 ma-
jor elbow flexors can be released. First, the bicep bra-
chii tendon is identified anteriorly and released. Next, 
the brachioradialis is released by cutting through the 
muscle belly with electrocautery while protecting the 
radial nerve. The brachialis is then released by cutting 
its muscle belly across the anterior humerus. The ante-
rior capsule can be easily released from this approach 
as well. Once these muscles are released, the elbow 
can be passively stretched intraoperatively. After the 
3 elbow flexor muscles have been released, the skin, 

brachial artery, and median nerve will then limit ex-
tension. Attention should be paid to not injure these 
structures acutely with overzealous stretching. Typi-
cally at the time of surgery, about a 50% improve-
ment can be realized with releases without compro-
mising the skin or neurovascular structures. Stretching 
postoperatively can slowly realize more significant  
gains.

On rare occasions, other muscles can contribute 
to the spastic elbow flexion deformity, such as the ori-
gin of the flexor-pronator muscles, which are attached 
to the medial epicondyle. These muscles, or others, 
occasionally require releases also at the elbow for 
very advanced deformity due to spasticity. For most 
of cases, simply releasing the 3 primary elbow flexors 
is adequate (27–31).

Forearm Pronation Spasticity

Spasticity involving the pronator muscles makes it dif-
ficult for a patient to supinate the arm and may com-
plicate one’s ability to use the hand. A flexed and 
pronated forearm can be treated in selected patients 
by simply releasing the flexor pronator origin (33). 
Alternatively, a more functional, muscle-specific ap-
proach requires selective lengthening of the 2 prona-
tor muscles: the pronator quadratus and the pronator 
teres. The pronator quadratus is a short broad muscle 
in the distal forearm. Its ulnar attachment is usually 
approached for the lengthening. Either a fractional 
lengthening or muscle slide can be done at its origin 
on the ulna. For a more severe deformity, a release 
of its entire attachment into the ulna can be done, 
which allows the muscle attachment to slide radially. 

FIGURE 17.19 

Preoperative (A) and postoperative (B) images of a fractional lengthening of the brachioradialis are shown. The broad 
tendon is on the undersurface of the brachioradialis muscle in the mid forearm. The ultimate amount of lengthening that 
occurs to this muscle will be determined by the amount of spasticity in the muscle and the passive stretch that may be 
applied after fractional lengthening.

A B
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The ulnar origin of the pronator quadratus is shown 
in Figure 17.21(A). The pronator teres is approached 
through an incision over the volar and radial aspect of 
the midforearm. A fractional lengthening can be done 
at the myotendinous junction, or if desired, it can sim-
ply be released from the radius. A fractional lengthen-
ing of the pronator teres is shown in Figure 17.21(B). 
Postoperatively, for either a fractional lengthening 
or a release, gentle stretching is appropriate. When a 
contracture has been long standing, other structures 
may contribute to the deformity. Other potential con-
tributing structures include the interosseous ligament 
or the capsule of the distal radioulnar joint. Address-
ing these other restraints to rotation can be difficult 
for some patients.

Wrist Flexion Spasticity

Wrist flexion spasticity is often encountered in com-
bination with finger flexion spasticity and exacerbates 
difficulties with the use of one’s hand. It may also 
contribute to symptoms of carpal tunnel syndrome. 
For mild wrist flexion deformity, in which active wrist 
extension is present, myotendinous lengthening of the 
wrist flexors is possible through a volar incision over 
the forearm. The flexor carpi radialis, flexor carpi ul-
naris, and palmaris longus can all be treated with frac-
tional lengthening. Dynamic EMG can be particularly 
helpful in determining which muscles are firing appro-
priately and which are contributing to the deformity 
and can also establish the presence of wrist extensor 
activation when it is a very weak wrist. For patients 
with no active wrist extension or very weak extension, 
the wrist flexion deformity will recur after lengthening 
of the wrist flexors, and a wrist arthrodesis should be 
considered as the primary treatment.

For severe wrist flexion contractures, a wrist ar-
throdesis is recommended. Arthrodesis will provide a 
permanent neutral position of the wrist that is desir-
able for patients with severe deformity. This will place 
the hand in a better position for both active func-
tion and passive care needs. Preoperative and post-
operative images of a wrist arthrodesis are shown in  
Figure 17.22. At the time of arthrodesis, typically a 
skeletal shortening is also done to relax tension on 
the volar skin and neurovascular structures. The skel-
etal shortening can be accomplished by resection of 
the distal radius and ulna or resection of the proximal 
carpal row at the time of surgery. A dorsal incision is 
made over the wrist, and a wrist fusion plate is used 
bridging and compressive from the third metacarpal 
to the distal radius. Typically, iliac crest bone graft is 
not necessary. The wrist arthrodesis also prevents de-
velopment of a hyperextension deformity of the wrist, 
which can occur if wrist flexors are simply released 
and spasticity exists in the wrist extensors. This is a 
greater concern for a patient with a longer life expec-
tancy, for example, a young person with a TBI, rather 
than someone with a shorter life expectancy, such as 
a stroke patient.

Finger Flexion Spasticity  
(Extrinsic Hand Spasticity)

Extrinsic finger flexion spasticity severely impairs hand  
function. Patients have difficulty with grasp and re-
lease activity as well as difficulties performing their 
activities of daily living both active and passive. Selec-
tive fractional lengthening is a very powerful tool for 

FIGURE 17.20 

Advanced spasticity has led to deformity in this arm. Elbow 
flexion, forearm pronation, wrist flexion, and finger flexion 
lead to the typical posture. Normally, more adduction and 
internal rotation of the shoulder are seen, but this patient 
has had a chronically anteriorly dislocated shoulder since 
the time of her trauma. Difficulty with control of her spas-
ticity after the initial injury lead to inability to maintain the 
shoulder in a reduced position, and ultimately, it required 
an arthrodesis to control pain.
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lengthening the extrinsic finger flexors, improving fin-
ger flexor spasticity. All the superficialis and profundus  
finger flexors have generous myotendinous junctions 
in the midforearm that can be reached through a lon-
gitudinal incision over the midforearm for lengthen-
ing. Images of a selective fractional lengthening of an 
individual extrinsic finger flexor have been shown pre-
viously in Figure 17.15. Alternatively, for an advanced 
contracture, where the goal is simply passive open-
ing of the hand, a superficialis to profundus tendon 
transfer is an extremely effective surgical tool. The 
choice of active or passive finger opening is entirely 
dependent on the underlying motor control of both 
the extrinsic finger flexors and extensors.

Dynamic EMG is valuable in planning surgical 
interventions to treat this deformity. Evaluating with 
EMG enables the identification of which muscles are 
firing appropriately or demonstrating spasticity, co-
contraction, or other components of the upper motor 
neuron syndrome. It increases the surgeon’s knowl-
edge of the underlying motor control and assist him 
or her in muscle and procedure selection (34). If one 
muscle group of finger flexors exhibits spasticity with 
volitional control and the other muscle group is nor-
mal, then a selective fractional lengthening of only the 
one spastic group is all that is necessary (35). Oper-
ating unnecessarily on the normal, nonspastic muscle 
group will produce iatrogenic, undesirable weakness 
in the muscles that were otherwise normal. Alterna-
tively, if some of the muscles studied showed no voli-

tional control, then selective releases may be indicated 
to treat the deformity. After fractional lengthenings of 
the extrinsic finger flexors, immediate postoperative 
active finger movement is allowed and encouraged. 
Passive extension stretching of the fingers is discour-
aged after a fractional lengthening of the extrinsic 
finger flexors for the first 6 weeks postoperatively be-
cause it can cause overlengthening or rupture of the  
muscles.

For an advanced finger flexion deformity, a super-
ficialis to profundus tendon transfer is recommended 
(36–39). This requires an extended volar incision in-
cluding a carpal tunnel release. All of the superficialis 
tendons are transected in the palm at the level of the 
carpal tunnel. All of the profundus tendons are tran-
sected proximally in the forearm just distal to their 
myotendinous junctions. The fingers are then maxi-
mally extended intraoperatively. Figure 17.23 shows 
an intraoperative image of a superficialis to profundus 
transfer. A wrist arthrodesis (see Figure 17.22) was 
performed at the same time.

The superficialis to profundus tendon transfer 
does not necessarily provide active control to the fin-
gers, but it does provide a small amount of antagonist 
force in case extensor tendon spasticity exists. In rare 
cases, some active finger flexion may be observed if 
there exists underlying motor control of the super-
ficialis muscles. If the thumb has a spastic flexion 
contracture, its tendon should be released and trans-
ferred also to the superficialis tendons proximally  

FIGURE 17.21 

The origin of the pronator quadratus (A) is amenable to either fractional lengthening, muscle slide, or release in the 
distal forearm. The pronator teres (B) has undergone a fractional lengthening in this picture to improve active forearm 
supination.

A B



2�� III� TREATMENT�OF�SPASTICITY

and also when a superficialis to profundus trans-
fer is performed. Generally, extension splinting is 
done for about 6 weeks after the procedure. Often, 
this superficialis to profundus transfer is performed 
in combination with a wrist arthrodesis and an ul-
nar motor neurectomy used to treat intrinsic hand  
spasticity.

Hand Spasticity (Intrinsic Spasticity)

Finger�Flexion�Spasticity

If the intrinsic muscles of the hand are contracted, 
either a lengthening or denervation can be done. A 
hand with mild intrinsic spasticity is shown in Fig-
ure 17.24. Lengthening can be done of the palmar in-
trinsic muscles at the myotendinous junction through 
selective palmar incisions. The dorsal intrinsics can 
be approached through dorsal longitudinal incisions 
over the metacarpals. Dorsally, the muscle origins are 
released and advanced distally to lengthening the dor-
sal intrinsics. Early active finger motion is encouraged 
after the lengthening procedures (40).

For a more severe hand intrinsic contracture due 
to spasticity with no volitional control, an ulnar mo-
tor nerve neurectomy can be done at Guyon canal. 
The ulnar motor branch runs deep around the hook 
of the hamate where it can be isolated and transected. 
Resection of a 1-cm segment of the nerve is recom-
mended to reduce the risk of regeneration of the nerve. 
Passive splinting with the fingers in extension is done 
postoperatively after the neurectomy.

Thumb�Spasticity�(Intrinsic�Spasticity)

Patients with thumb spasticity have difficulty extending 
the thumb for opposition. This is seen in Figure 17.24 
and is called a thumb-in-palm deformity. When there 
is underlying volitional control of the thenar muscles, 
the Matev slide is the recommended lengthening tech-
nique. The thenar muscle slide is performed using a 
longitudinal palmar incision, through which the ori-
gin of the thenar muscles is identified as they arise off 
of the palmar fascia. Using a surgical blade, the the-
nar muscles are then elevated and advanced radially. 
Protection of the recurrent motor branch is essential 
so that the muscles are not denervated. Early active 
movement is allowed during rehabilitation after the 
muscle slide has been performed. If the patient also 
has extrinsic spasticity of the flexor pollicis longus, a 
fractional lengthening should be done simultaneously 
in the forearm for extrinsic thumb flexor (41–43).

For a severe intrinsic contracture of the thumb 
with uncontrolled spasticity, it is also possible to sim-
ply cut the recurrent motor nerve in the palm at the 
same time that the muscles are advanced. The influ-
ence of any ulnar innervated muscle must also be con-
sidered. If an ulnar motor neurectomy is performed 
concomitantly, then the active contribution from the 
ulnar innervated muscles is also eliminated. Release 
of the adductor pollicis tendon may be necessary if an 
advanced, rigid contracture is present. Occasionally, a 
fusion of the thumb interphalangeal joint is necessary 
if the flexion deformity is advanced due to extrinsic 
flexor spasticity. Selective temporary nerve blocks at 
the wrist with lidocaine can help determine the rela-

FIGURE 17.22 

A severe wrist flexion contracture is shown (A). Despite the spasticity in the wrist and intrinsic muscles, the extrinsic finger 
flexors have not contracted the interphalangeal joints in this position. Once the wrist is straightened however, the tension 
in the extrinsic finger flexors will become apparent also. Mild wrist flexion contractures may be amenable to selective 
lengthening, but severe contractures such as this one are treated surgically with fusion (B).

A B
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tive contribution of the median and ulnar innervate 
muscles (41–43).

Lower Extremity (30, 44–50)

Hip Flexion and Adduction Spasticity

Deformities secondary to muscle overactivity in the 
hip muscles are encountered in patients with both 
higher and lower levels of function. In the ambula-
tory patient, it results in the impairment of gait. Hip 
flexor spasticity can contribute to a crouched gait de-
formity, with a resultant much energy-consuming gait 

than one with normal extension of the hip and knee. 
Adductor spasticity leads to a scissoring gait defor-
mity. In this gait deformity, the width of stance is 
compromised and one leg can strike the other as limb 
advancement is attempted, which results in greater 
instability and greater risk of falls. For the lower-level 
patient, these deformities can greatly complicate po-
sitioning, personal hygiene sitting posture, transfers, 
and hygiene.

The muscles that contribute to this deformity can 
be approached surgically through a longitudinal in-
cision over the proximal, medial thigh. Through this 
incision the adductor muscles are easily approached 
and can be either lengthened or released. The adduc-
tor muscles that can be addressed through this inci-
sion include the gracillis, adductor longus, adductor 
brevis, and adductor magnus. Also accessible through 
this incision is the obturator nerve. Rather than re-
leasing the muscles, an obturator nerve neurectomy 
can be performed through this same incision. The neu-
rectomy at this level will not completely denervate the 
adductors but only partially due to its many proximal 
branches to these muscles.

Once the adductors have been corrected, deeper 
dissection through this same incision will expose sev-
eral of the critical hip flexors at the level of the proxi-
mal femur. Once the femur can be palpated, retractors 
should be placed above and below the femur at the 
level of the lesser trochanter to expose the pectineus 
and the iliopsoas. Both of these muscles can be re-
leased under direct vision at this point. The iliospoas is 
released off of the lesser trochanter. Because of the soft 
tissue attachments of the iliospoas to the anterior hip 
capsule and to the presence of other hip flexor muscles, 
this surgery will not eliminate all active hip flexion. A 
patient with severe adductor spasticity with scissoring 
of the legs is shown in Figure 17.25(A). In this exam-
ple, a hip flexion contracture is demonstrated. Figure 
17.25(B) shows a postoperative image after the release 
of the spastic hip adductors and flexor muscles.

Physical therapy begins immediately after surgery. 
Early active motion and weight-bearing are encour-
aged after the procedure. Often, an abduction pillow 
is used between the legs for about 6 weeks postopera-
tively while the patient is in bed. This surgical incision 
is at an increased risk of wound infection due to its 
proximity to the perineum. A drain should be left in 
this proximal thigh wound postoperatively, and close 
attention to wound hygiene is necessary.

Hip Extension Spasticity

Occasionally, spasticity in the hip extensors can lead 
to functional problems for patients. For active, ambu-

FIGURE 17.23 

An intraoperative photograph of a superficialis to profun-
dus tendon transfer for extrinsic finger flexor spasticity. The 
profundus tendons have been released from their muscles 
proximally and remain attached to the fingers distally. The 
superficialis tendons have been released from the fingers 
distally and remain attached to their muscles proximally. 
Full passive extension of the fingers is now possible.

FIGURE 17.24 

A hand with intrinsic spasticity is shown. In addition to 
the intrinsic-plus position of the fingers, a thumb-in-palm 
deformity is also seen.
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latory patients, hip extensor spasticity can limit for-
ward progression of the limb and limit stride length. 
For the nonambulatory patient, limited forward flex-
ion of the hip can impair sitting posture. If the pa-
tient cannot flex adequately at the hip, attempts to 
flex the hip and seat the patient will transmit forces 
and motion to the lumbar spine. To treat this problem 
surgically, a lengthening of the hip extensors can be 
performed.

With the patient in the prone position, a longi-
tudinal incision is made over the proximal hamstring 
tendon. While protecting the sciatic nerve, the proxi-
mal hamstring tendons are released off of the is-
chium. This allows the origin of the muscle to retract 
distally, thus decreasing the hip extensor pull of the 
hamstrings. In addition, the gluteal muscles can be 

lengthened or selectively released if necessary. A risk 
of this operation is that it places a surgical wound in 
a weight-bearing area during seating and is at risk for 
breakdown during healing.

Knee Flexion Spasticity

Flexor spasticity at the knee makes it difficult for a 
patient to straighten the knee. For the ambulatory pa-
tient, this leads to the high-energy gait crouched gait 
pattern. When a person’s knees are bent at 30°, his 
quadriceps are required to perform twice the work 
they have to do normally. This can have deleterious 
effects on a person’s ambulation, ability to stand, 
and transfer. Often, hip and knee spasticity occur in  

FIGURE 17.25 

A patient with spastic hip adduction contracture is shown both preoperatively (A) and postoperatively (B). The hip ad-
ductors and flexors have been released through incisions in the proximal medial thigh, and surgical drains have been left 
in the wounds. In the left leg, the knee flexion deformity was treated with hamstring release as well, and the foot was cor-
rected with soft tissue rebalancing. A hip adduction pillow is used, postoperatively and a long leg cast was chosen for the 
left knee and ankle.

A B
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combination, and surgery is necessary at both joints 
to improve posture. For the less-active patient, ad-
vanced deformity at the knee can lead to hygiene 
problems in the popliteal fossa. Sitting posture can be 
compromised because rigid knee flexion deformities 
can exceed 90° for some patients with spasticity. An 
advanced knee flexion contracture is shown in Figure 
17.26.

Surgical treatment of knee flexor spasticity needs 
to consider all of the muscle forces posterior to the 
knee flexion axis that can contribute to this deformity. 
These muscles are approached surgically through me-
dial and lateral incisions over the distal hamstring 
tendons. Through the medial incision, the sartorius, 
gracillis, semitendinosus, and semimembranosis can 
be isolated and either lengthened or released. Through 
the lateral incision, the biceps femoris can be isolated 
and treated. Importantly, through the lateral incision, 
the posterior portion of the iliotibial band, which can 
contribute to the knee flexion deformity, should be in-
cised (51, 52).

Typically, dynamic EMG data are not available 
on the individual knee flexors. Therefore, decisions 
regarding treatment of the knee flexors, whether to 
release or lengthen, require a degree of intraoperative 
decision making coupled with knowledge of preoper-
ative analysis. A lengthening or release of each muscle 
can be done. Once the muscles have been treated, if 
there is also a posterior knee capsular contracture, 
then a posterior knee capsulotomy can be done to in-
crease knee extension. Through the lateral incision, 
an elevator is advanced across the posterior aspect of 
the knee joint, releasing the posterior capsule off of 
the distal femur. This needs to be done carefully to 
protect the neurovascular structure behind the knee. 
Occasionally, for severe contractures at the knee, an 
amputation should be considered (53). Figure 17.5 
shows severe knee flexion contractures for which am-
putation may be the appropriate surgical treatment to 
prevent ulceration of the popliteal fossa.

Postoperative physical therapy can begin imme-
diately whether lengthenings or releases of the ham-
strings have been done. Daily stretching, gait retraining, 
and ambulation are allowed for patients with mild de-
formity. Occasionally, a knee immobilizer is used for 
about 6 weeks. For patients with advanced deformity, 
a period of extension casting or use of an external fix-
ator that is adjusted weekly can slowly stretch a firm 
contracture. Figure 17.25(B) shows a postoperative 
cast for the left leg after release of the knee flexors. 
Neurovascular structures posterior to the knee are at 
risk of injury not only during performance of the pro-
cedure but also during the postoperative period from 
stretching.

Knee Extension Spasticity

Muscle overactivity can be a problem for both ambu-
latory and nonambulatory patients. Although ambu-
latory patients may have active goals, the latter may 
have more passive goals. Knee extensor spasticity 
leads to a slow and energy-costly pattern that makes 
it challenging for a person to maneuver on stairs and 
other obstacles. For the nonambulatory, a spastic 
knee can make comfortable sitting difficult. A well- 
designed operative procedure can address issues in 
both of these groups.

For mild knee extension spasticity, a selective frac-
tional lengthening of the quadriceps muscle can be 
performed. This is typically done through an ante-
rior midline incision just proximal to the patella. The 
different sections of the quadriceps can be isolated 
and fractional lengthenings performed. In about one 
quarter of patients, the spasticity is due to the cen-
tral portion of the quadriceps, the rectus femoris, 
which is shown in Figure 17.27(A). For these pa-
tients, the rectus femoris can be selectively lengthened  
(Figure 17.27(B)), released, or even transferred 
(Figure 17.27(C)) to the medial hamstrings to act as 
a knee flexor during swing phase of gait (54–56). A 
fractional lengthening of the vastus lateralis and me-
dialis can also be performed if necessary.

The transfer of the rectus femoris should be done 
if the rectus femoris demonstrates phasic EMG activity 
synchronous with appropriate hamstring activation. 
A second incision is necessary over the distal, medial 
hamstrings to accomplish this procedure. Typically, 
enough length of tendon can be harvested with the rec-
tus femoris anteriorly to weave it through the gracillis 
muscle in the medial thigh. The defect left in the quad-
riceps tendon anteriorly can be closed in a side-to-side 

FIGURE 17.26 

A severe knee flexion contracture due to spasticity is 
shown. The ipsilateral leg also has a hip flexion contrac-
ture and an equinovarus deformity at the foot and ankle.
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fashion. Immediate weight-bearing and knee flexion 
are typically allowed after such a procedure.

For nonambulatory patients where the goal is 
simply better knee flexion for improved sitting pos-
ture, a V-to-Y lengthening of the distal quadriceps ten-
don is recommended. Significant gains in flexion can 
be realized with this tendon lengthening. Preoperative 
and postoperative images of a knee treated with a V-
to-Y lengthening of the quadriceps are shown in Figure 
17.28. A reverse deformity, that is, a flexion deformity 
of the knee, can be created with excessive lengthening 

of the quadriceps tendon in a V-to-Y fashion, particu-
larly if underlying hamstring spasticity exists.

Foot and Ankle Spasticity

Surgery is an incredibly powerful tool in the lower 
extremity especially around the foot and ankle. For 
effective ambulation, a plantigrade foot is necessary. 
Surgery is very effective at accomplishing this goal. A 
supple, well-balanced, well-aligned active foot is the 
highest goal. However, this goal may not always be 

A

CB

FIGURE 17.27 

Spastic knee extension contracture can often be due to isolated spasticity in the rectus femoris. In (A), the rectus femoris 
has been isolated. In (B), a myotendinous lengthening of the rectus femoris has been performed to help a patient with a 
mild stiff knee gait. (C) demonstrates another patient where the rectus femoris is being transferred into the medial thigh 
and attached to the gracillis.
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attainable, in which case an arthrodesis provides an 
excellent alternative goal to provide a stable, painless 
foot for weight-bearing. The flexibility of the patient’s 
foot and ankle, as well as the underlying motor con-
trol of the muscles, often determines whether a soft 
tissue reconstruction or an arthrodesis is the surgical 
goal. Achieving either goal can provide significant im-
provement in patient function.

Equinus�Ankle�Spasticity 

Equinus spasticity leads to significant alterations in 
gait. An equinus posture contracture of the ankle 
will prevent forward progression of the tibia during 
stance phase. Acutely, this will limit stride length and 
gait, and over time, compensatory deterioration of the 
midfoot and knee can be observed in response to the 
deformity. The majority of equinus deformity is a re-
sult of overactivity of the soleus and gastrocnemius 
muscles; however, other muscles that cross the ankle 
can also contribute to this deformity and need to be 
considered during corrective surgery (57, 58).

There are several different procedures that have 
demonstrated efficacy in the management of equinus 
ankle spasticity. Two of them utilize a lengthening 
technique and include a fractional lengthening at the 
myotendinous junction and percutaneous hemiten-
otomies through the tendon. To perform fractional 
lengthening of the soleus and gastrocnemius, a lon-
gitudinal incision is made over either the medial or 
the lateral calf. The interval between the gastrocne-
mius and soleus muscles is identified and developed. 
Through this interval, the myotendinous junctions of 

both muscles are identifiable and can be lengthened. 
The interval between the 2 muscles is shown at mid-
calf level in Figure 17.29 (57, 58).

Alternatively, the Achilles tendon can be length-
ened percutaneously distally using 3 hemitenotomies. 
Once the hemitenotomies are performed, the ankle is 
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FIGURE 17.28 

A more severe knee extension contracture is seen (A), and a V-to-Y lengthening of the quadriceps tendon was performed 
to improve passive knee flexion (B) for better sitting posture.

FIGURE 17.29 

A longitudinal incision is shown in the midportion of the 
calf. The broad tendons of the gastrocnemius and soleus 
are evident through this incision and can be selectively 
lengthened.
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passively dorsiflexed, effectively tearing the weakened 
tendon. The hemitenotomies allow the tendon to tear 
longitudinally, thus leaving some residual tendon fibers 
in continuity for healing if performed correctly. This 
percutaneous, distal technique does not allow selective 
lengthening of the soleus and gastrocnemius (57, 58).

Immediate weight-bearing is allowed after either 
lengthening techniques. The ankle must be protected 
for 8 to 12 weeks after surgery with either a cast or 
orthotic to prevent overlengthening or rupture of the 
calf muscles. If there is no active dorsiflexion, the 
equinus contracture will likely recur unless bracing 
and stretching are continued into the future (57, 58).

varus�Foot�Spasticity

Mild deformity can be treated with orthotics, but 
unfortunately for many patients, the varus foot de-
formity progresses. The foot may develop such ad-
vanced deformity that weight-bearing is impossible 
on the plantar surface. Over time, a very rigid con-
tracture can develop and will only be treatable with 
arthrodesis. A patient with bilateral equinovarus de-
formities is shown in Figure 17.30. Before advanced 
rigid deformity development, it may be possible to 
rebalance the spastic muscles and produce a supple, 
plantigrade foot. Radiographs are essential to ensure 
no structural problems with the underlying joint. Oc-
casionally, instability of the joint is detected as shown 
in Figure 17.31. Before attempts at soft tissue rebal-
ances, these structural problems need to be recognized 
(58–60).

The varus foot is seen most commonly in con-
junction with an equinus deformity. Spasticity in any 

muscle on the medial aspect of the foot can contribute 
to the varus deformity including the anterior tibialis, 
posterior tibialis, extensor hallucis longus, or flexor 
digitorum longus. As the heel shifts into increasing 
varus, the spasticity in the ankle plantar flexors will 
also exacerbate the varus deformity (58–60).

Fractional lengthenings can be performed to any 
of the muscles that contribute to a varus foot. Fractional 
lengthening is the recommended treatment when the 
deformity is mild. When performing this procedure, 
the myotendinous junctions of many of these muscles 
should be approached through longitudinal incisions 
over the mid to distal tibia. The posterior tibialis 
muscle is accessed via an incision just posterior to the 
medial tibia. The anterior tibialis and extensor hallu-
cis longus can be lengthened in the anterior compart-

FIGURE 17.30

A patient with bilateral equinovarus deformity is shown. 
The deformity on the right limb is more advanced.

	

FIGURE 17.31 

A weight-bearing radiograph of a patient with a clinical 
equinovarus deformity is shown. In addition to surgical 
correction of the spasticity, it is necessary to reconstruct 
the lateral collateral ligament of the ankle to improve the 
posture of the foot and ankle.
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ment. If the muscles have moderate to severe spasticity,  
the addition of a tendon transfer is also recommended 
to treat the deformity. Dynamic EMG assists in the 
muscle selection process for the performance of any 
procedure (22, 61).

Tendon transfers are routinely performed through  
very small incisions over the distal insertions of the 
appropriate tendons. The detached tendons are then 
tunneled and transferred into bone and secured with 
bone anchors (62, 63). For the varus foot, if the an-
terior tibialis is involved, then a split anterior tibialis 
tendon transfer is recommended (Figure 17.18). In 
this transfer, the lateral half of the anterior tibialis 
tendon is detached from the medial foot, tunneled 
subcutaneously across the foot, and reattached into 
the cuboid. Figure 17.32 demonstrates the attach-
ment of the lateral limb of the tendon into the cuboid 
using a bone anchor. If the 2 limbs of the tendon are 
tensioned equally, then the muscle should produce 
neutral dorsiflexion without a varus or valgus torque 
(58–60).

If the posterior tibialis tendon is also contribut-
ing to the varus deformity, then a fractional lengthen-
ing of this muscle is recommended at the same time 
that the split anterior tibialis transfer is done. If the 

extensor hallucis and flexor digitorum longus are also 
contributing to the varus deformity, then they may 
be lengthened, released, or transferred. The flexor 
digitorum longus has been used as a transfer into the 
medial calcaneus to increase calf strength. The exten-
sor hallucis longus has been transferred into the mid-
foot to supplement ankle dorsiflexion during swing 
phase.

When soft tissue rebalancing has been done, 
whether with lengthenings or tendon transfers, imme-
diate weight-bearing is allowed in a short leg cast. The 
position of the foot and ankle must be held in a neu-
tral position for 12 weeks after surgery. The cast can 
be converted to a molded orthotic or a well-fitting cast 
boot during early recovery if the patient is compliant 
with removable devices. Using a removable device al-
lows daily monitoring of the soft tissues, whereas a 
cast for the 12-week tendon-healing period ensures 
compliance (58–60).

If soft tissue rebalancing is not possible, then it is 
usually possible to restore proper position to the foot 
and ankle with bone surgery. An ankle arthrodesis can 
restore a plantigrade ankle, and a triple arthrodesis  
can restore a neutrally aligned heel. Occasionally, a 
plantar arthrodesis is necessary with fusion of the 
tibia, talus, calcaneus, cuboid, and navicular. Such 
an arthrodesis is shown in Figure 17.33 using an 
intramedullary fibula strut graft. If arthrodesis is 
done, basic soft tissue rebalancing should also be 
performed to help maintain the position of the foot 
and ankle during healing and subsequent ambula-
tion. Immediate weight-bearing is often allowed af-
ter arthrodesis also in a well-molded short leg walk-
ing cast (58–60).

valgus�Foot�Spasticity

Spasticity with a resultant valgus foot (outward angu-
lation of the foot at the ankle) is much less common 
than equinovarus deformity. The main deforming  
force in this presentation is a result of spasticity in-
volving the peroneal muscles (Figure 17.34). Muscle 
overactivity from the plantar flexors also contributes 
to the deformity, as the heel moves into an increas-
ingly valgus position. Depending in the severity of 
the deformity, the spastic muscles can be treated with 
either fractional lengthening or transfer. The pero-
neal muscles are accessible through a longitudinal in-
cision over lateral compartment of the calf. For more 
advanced spasticity, the peroneus longus, if it is the 
main contributing muscle to the valgus, should be 
transferred to the medial aspect of the midfoot. Rigid 
valgus deformities can be salvaged with arthrod-
esis (64).

FIGURE 17.32 

Tendon transfers can be done through very small incisions 
using bioabsorbable bone anchors (interference screws) to 
secure the tendons into the bone. Shown here is a bone 
anchor being inserted into the cuboid to secure the lateral 
half of the anterior tibialis tendon that has been trans-
ferred. The tendon has been pulled through the cuboid 
and is secured with the screw.
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FIGURE 17.33 

When soft tissue rebalancing is not possible, ankle arthrodesis can restore a plantigrade foot. Lateral (A) and anteroposte-
rior (B) radiographs of an ankle arthrodesis using an intramedullary fibula are shown.
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Cavus�Spasticity

A cavus foot (a high-arched foot that does not flatten 
with weight-bearing) can be very painful to a patient 
and may not be amenable to support with orthotics. 
A supple cavus deformity due to spasticity can be 
treated with soft tissue releases. Through a medial 
incision over the foot, the spastic abductor tendon 
can be lengthened or released. Dissection across the 
plantar aspect of the foot will allow a release of the 
plantar fascia. For a more rigid deformity as shown in 
Figure 17.35, a dorsal closing wedge osteotomy of the 
foot is necessary in addition to the soft tissue releases 
to correct the cavus deformity.

Toe�Spasticity

Toe flexor spasticity can be a source of significant pain 
and functional disability because painful clawed toes 
make walking difficult. As shown in Figure 17.30, 
spasticity involving the toe flexors forces the toes into 
a claw pattern and the tips of the toes drive into the 
sole of the shoe. Toe flexion deformity can be due to 
either intrinsic (flexor digitorum brevis) or extrinsic 
spasticity (flexor digitorum longus). Typically, treat-
ment of this condition is performed through release 
of the spastic muscles causing the deformity. The ex-

FIGURE 17.34 

A mild spastic valgus foot as shown may be corrected with 
either tendon lengthening or transfer.
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trinsic flexors are released through an incision over 
the medial foot at the knot of Henry. The intrinsic 
toe flexors are released through a longitudinal incision 
under the plantar aspect of each toe. If the spasticity 
has been long-standing and rigid contractures have 
developed, then resection of the bone may be neces-
sary. Usually, the bone is shortened at the proximal 
phalanx by resection of the distal condyles and short-
ening the shaft as much as is necessary to allow full 
extension of the toe.

Hyperextension deformity of the great toe can 
be extremely painful because the toe extends into the 
top of the shoe. With hyperextension, paronychia and 
skin breakdown can result due to chronic irritation of 
the nail. This can be addressed surgically with length-
ening, release, or transfer of the extensor hallucis lon-
gus. A lengthening of the extensor hallucis longus can 
be done in the anterior compartment of the calf in 
a fractional manner or a Z lengthening can be done 
in the foot. If the tendon is released or transferred, 
the distal stump of the tendon can be sutured into the 
dorsal capsule of the metatarsophalangeal joint of the 
great toe to reduce the risk of a reverse hyperflexion 
deformity (65).

The Role of Rehabilitation After Surgery  
for Spasticity

Pain Management

Effective perioperative pain management is essential 
for obtaining optimal results from surgical interven-
tion. The entire surgical process can be considered 
noxious stimuli. In addition to operative site-specific 
pain, there is also an overall increase in generalized 
spasticity throughout the body for at least the first 

few days after the procedure. Recent advances in pain 
management have been developed to ease a person’s 
recovery. Adequate pain relief facilitates early therapy 
and functional retraining process.

Oral medications have been used with regularity 
and continue to have a valuable role in postoperative 
treatment. Oral analgesics, muscle relaxants, and an-
tispasticity medications can provide relief to patients. 
Newer modalities of perioperative pain management 
include continuous intravenous or transdermal anal-
gesics, indwelling postoperative pain pumps, and 
perioperative use of botulinum toxin injections. All of 
these treatments have been shown to be useful and can 
be used on an individual basis. Patients with limited  
cognition may require a pain management program 
independent of patient input. Transdermal and con-
tinuous intravenous delivery have the advantage of 
maintaining a constant level of analgesia independent 
of patient input. A risk of a continuous, systemic de-
livery, however, is overdose and toxicity. This can be 
avoided by using indwelling pain catheters. These 
pain catheters are left in the surgical wound and de-
liver a continuous infusion of analgesics to the surgi-
cal site. This technique has been shown to be safe and 
effective. Recently, botulinum toxin injections have 
been used as an adjunct to surgery for pain relief and 
rehabilitation. Perioperative use of botulinum toxin 
injections may decrease spasticity and pain from the 
muscles. Bone procedures (arthrodesis, arthroplasty) 
typically are more painful than soft tissue proce-
dures, and longer duration of treatment should be  
anticipated.

Mobilization

Patients with spasticity and movement disorders often 
suffer from disuse osteopenia. A prolonged period of 
immobilization or limited weight-bearing should be 
avoided, if at all possible, after surgery. Many of the 
patients with spasticity have very limited ability to fol-
low partial weight-bearing protocols. Therefore, full 
weight-bearing should be anticipated postoperatively 
once weight-bearing is allowed.

Some surgical procedures for spasticity do re-
quire protection postoperatively. In these situations, 
a lightweight cast or orthotic should be used while 
maximizing mobilization of other joints. Early weight-
bearing has been employed regularly in the rehabilita-
tion population even for surgeries that are typically 
treated with prolonged non–weight-bearing, such as 
ankle arthrodesis. Prolonged non–weight-bearing sit-
uations and bed rest are to be discouraged.

Physical and occupational therapy typically begin 
immediately after surgery. Communication between 

FIGURE 17.35 

A severe cavus foot as shown is not likely to respond to 
soft tissue release alone.
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surgeon, therapist, and patient is essential. The thera-
pist must know what muscles have been lengthened 
and which muscles may be at risk for passive stretch 
rupture. Active movement is encouraged at any joint 
where fractional lengthenings have been performed. 
Passive stretch is done at the joint where releases have 
been done. It must be done cautiously and sometimes 
avoided where fractional lengthenings have been per-
formed because of the risk of tendon or muscle in-
jury. In some muscles that have undergone a fractional 
lengthening, passive stretch should not be performed 
for a period of 8 to 12 weeks after the procedure due 
to a risk of overlengthening. This is particularly true 
of the finger flexors, which are at particular risk for 
overlengthening and overweakening. Other muscle 
groups such as the elbow flexors and knee flexors can 
tolerate gentle passive stretching after a fractional 
lengthening early after the procedure.

Skin Integrity

Patients with spasticity and movement disorders are 
predisposed to skin breakdown. Before surgery, the 
skin requires full inspection to understand areas at 
risk or preexisting ulceration. A history of skin dif-
ficulties needs to be obtained, particularly if a patient 
has had prior flaps done for breakdown. During and 
after surgery, skin integrity needs to be monitored 
closely. Pressure-relieving padding should be placed 
at the bony prominences. Patients that are bedridden 
require frequent turning after surgery.

Nutrition

Although sometimes overlooked, it is important that 
a patient’s nutritional status be optimized before they 
undergo an operation. Malnutrition can lead to poor 
wound healing and infection, and unfortunately, a 
well-executed surgery may fail if the patient does not 
have the ability to heal after surgery. Optimizing the 
nutritional status is also critical postoperatively. Pa-
tients should be well hydrated and have caloric needs 
met as they recover. Caloric demands increase as a re-
sult of the surgery and the postoperative mobilization. 
Many patients that were once nonambulatory will ex-
perience nutritional demands well beyond preopera-
tive levels as a result of intervention.

Future Considerations in Surgery for Spasticity

Most of the current strategies that were reviewed in 
this chapter are directed at the peripheral structures: 
nerves, muscles, tendons, and joints. There are limita-

tions in the current procedures, and hopefully, some 
of these inadequacies will be addressed. Ideally, in the 
future, interventions will directly address the injury 
more centrally at the CNS level, and perhaps, it will 
be possible to repair the CNS lesion itself.

Hopefully, techniques will be developed to miti-
gate the problems and expand the scope of limb de-
formities amendable to surgical correction. One of 
the current limitations is that the procedures used for 
lengthening spastic muscles routinely weaken muscles. 
It may be possible in the future to strengthen or reani-
mate weak antagonist muscles. In the future, this may 
possibly be addressed through stem cell transplants, 
reconstruction of the neurologic system with implant-
able neurologic systems, or nerve transfers. Perhaps, 
improvements in the available techniques for tendon 
transfers will be developed that will enable the rebuild-
ing of weak antagonist muscles. Better understanding 
of the forces generated by the existing spastic muscles 
may facilitate these developments.

In the meantime, in an appropriately selected pa-
tient, surgery for spasticity remains a safe, effective, and 
predictable technique for providing permanent correc-
tion of many deformities with an acceptable risk-benefit 
ratio. Well-established surgical techniques are available 
that restore function for many patients. It is important 
that all patients suffering from the sequela of spasticity 
who would benefit from surgical intervention should 
have access to it. The opportunity for improved lifelong 
function and improved quality of life continues to moti-
vate patients and physicians alike.
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This chapter will discuss the diagnostic approach to 
the patient with spasticity and associated forms of mo-
tor overactivity. It will begin with a discussion of the 
upper motor neuron (UMN) syndrome and the types 
of motor overactivity that can arise from it, of which 
spasticity is only one. Next, there is a discussion of 
other neurologic and nonneurologic disorders that 
could mimic these UMN motor overactivities, a kind 
of phenomenological differential diagnosis. Follow-
ing that is a discussion of the approach to making an 
etiological diagnosis using history, examination, and 
investigations.

UPPER MOTOR NEURON SYNDROME

The UMNs are descending motor pathways that origi-
nate in the cortex or brainstem that influence excit-
ability of the lower motor neurons (cranial motor 
neurons or anterior horn cells). Damage to the UMNs 
results in the UMN syndrome, which has clinical fea-
tures that are classified as either negative (loss of func-
tion or motor underactivity, eg, weakness) or positive 
(gain of function or motor overactivity). The forms 
of motor overactivity include spasticity, as classically 
defined, and can be further grouped into hyperkinetic 
(involuntary movements) and hypokinetic (impair-
ment of movement) (Table 18.1).

Thus, a variety of motor overactivities can be seen 
in the UMN syndrome, and so the differential diagno-
sis will depend upon which are present (Table 18.2).  
For example, the differential diagnosis of spastic hy-
pertonia (spasticity or spastic dystonia) will include all 
other causes of hypertonia, neurologic and musculo-
skeletal, and will differ considerably from the differen-
tial diagnosis of, say, extensor spasms. Differentiating  
spastic hypertonia from other causes of hypertonia 
will be based on velocity and length dependence and 
a pattern favoring extensors over flexors or vice versa, 
and a tendency to be greater in adductors and pro-
nators than in abductors and supinators. Other clues  
that motor overactivity is due to the UMN syndrome 
might come from associated positive features such as 
deep tendon hyperreflexia, an extensor plantar re-
sponse, and from associated negative features, such as 
weakness in a UMN distribution, associated sensory 
loss, loss of superficial abdominal reflexes, aphasia, 
and so on.

CAUSES OF SPASTICITY

Very often, the cause of spasticity in an adult is already 
apparent because it follows a known event, such as a 
stroke, head injury, spinal cord injury, or episode of 
anoxia, or it occurs in the course of a known disease, 
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such as multiple sclerosis (MS). If not, the cause is fre-
quently found with neuroimaging of the brain or spinal 
cord with magnetic resonance imaging (MRI), which 
reveals spinal cord compression, a brain or spinal  
cord tumor, hydrocephalus, myelomalacia, plaques of 
MS, diffuse demyelination of a leukodystrophy, and 
so on. This chapter will deal with causes of spasticity 
that are not so readily apparent, as well as uncommon 
causes that have nonspecific features on neuroimaging 
(Table 18.3).

Spasticity usually does not develop rapidly but 
rather gradually. The sudden onset of something that 
appears to be spasticity is probably some other type or 
motor overactivity, for example, tetanus, strychnine 
poisoning, or decerebrate rigidity. Furthermore, most 
of the occult causes of spasticity are slowly progres-
sive disorders.

EVALUATION OF THE PATIENT WITH  
SPASTICITY

History

History taking might reveal a family history of a spas-
tic disorder (eg, hereditary spastic paraparesis [HSP]) 
or another genetic neurologic disorder that can cause 
spasticity. Previous transient neurologic symptoms 
might suggest MS. A history of electrocution or irra-
diation might be relevant. Excessive alcohol consump-
tion, a strict vegan diet (vitamin B12), and a history of 
tick bite and a rash (Lyme disease) could point to the 
cause. A history of cirrhosis, especially with a porto-
systemic shunt (spontaneous or surgical), might sug-
gest a diagnosis of hepatic myelopathy. Alcoholism 
can result in spasticity in several ways. Adults with 
phenylketonuria who abandon their diet can present 
with spasticity. A history of spinal injury in the past 

could raise concern for a delayed posttraumatic com-
plication. A history of repair of myelomeningocele or  
other congenital abnormality in childhood would make  
one consider a tethered cord. Some unusual causes of 
spasticity have symptoms of autonomic dysfunction 
or dementia. A history of urinary or fecal incontinence 
would also narrow the field of possibilities.

Examination

The examination should include testing of muscle tone  
at different velocities of muscle stretch to determine 
whether the hypertonia is velocity-dependent or not. 
Observation of whether hypertonia affects some mus-
cle groups more than their antagonists (eg, wrist flexors 
more than extensors) should be made to help distinguish 
spasticity from rigidity. The clasp-knife phenomenon 
might be present in the elbow flexors or quadriceps, 
for example, rapid flexion of the knee proceeds until it 
soon meets sudden strong resistance (a “catch”) slow-
ing movement, but under a continuing stretching force, 
the resistance gradually “melts away.” Brisk deep ten-
don reflexes and clonus at the knees or ankles are sup-

TABLE 18.1 
Positive Features of the UMN Syndrome

hyperkinetic  
(invOluntary  
mOvementS)

hypOkinetic  
(impaireD mOvementa)

Spasms—flexor, extensor Spasticity
Action-induced spastic 

dystonia (dynamic)
Spastic dystonia (static)

Positive support reaction Spastic cocontraction
Associated movements
Extensor toe response

aActive or passive.

TABLE 18.2 
Differential Diagnosis of Spastic Motor  

Overactivity

type Of SpaStic mOtOr 
Overactivity Differential DiagnOSiS

Spasticity/spastic  
dystonia (static)

Rigidity (extrapyramidal)
Myotonia
Neuromyotonia
Stiff person syndrome
Encephalomyelitis with 

rigidity
Soft tissue stiffness or 

contracture
Joint calcification
Decerebrate or decorticate 

posturing
Spasms Stiff person syndrome

Decerebrate or decorticate 
posturing

Tetany
Paroxysmal tonic spasms 

in MS
Dynamic spastic  

dystonia
Extrapyramidal dystonia

Extensor toe response “Striatal” toe
Spastic cocontraction Dystonic cocontraction
Clonus Tremor

Seizure
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TABLE 18.3 
Nonobvious Causes of Spasticity

Genetic
Friedreich ataxia (1)
Spinocerebellar ataxia (especially SCA3 types II  

and IV (2), SCA7 (3)
Adrenomyeloneuropathy/Adrenoleukodystrophy (4)  

(including females (5))
Adult Alexander disease (6)
HSP
Inborn errors of metabolism (7)

Dopa-responsive dystonia (8)
Sjogren-Larsson Syndrome, etc (9)

Huntington disease (10, 11)
Adult GM2-gangliosidosis (12)
Adult polyglucosan body disease (13)
Mitochondrial (e.g., Leigh disease (14), Leber (15))
Hallervorden-spatz (16)
Fragile X syndrome (17)
Phenylketonuria (18, 19)
Hereditary motor-sensory neuropathy type 5 (20)
Charlevoix-Saguenay syndrome (spastic ataxia) (21)

Infectious
HIV
HTLV 1, 2
Neurosyphilis
Neuroborreliosis (22)
Spinal tuberculosis
Neurocysticercosis (23)
Neurobrucellosis (24)
Prion diseases (e.g., Creutzfeld-Jacob disease (25),  

Gerstmann-Sträussler-Scheinker (GSS) (26)
Whipple disease (27)
Subacute sclerosing panencephalitis (28)

Neurodegenerative
Amyotrophic lateral sclerosis/ 

Primary lateral sclerosis (ALS/PLS)
Alzheimer disease (29)
Multiple system atrophy
Corticobasal degeneration
Progressive supranuclear palsy

Physical
Electrocution (30)
Irradiation (31)
Congenital or acquired tethered cord (32–34)
Posttraumatic progressive myelomalacia (35) or 

syringomyelia (36)
Basilar impression and impacted cisterna magna (38)
Spinal epidural venous engorgement during  

pregnancy (39)

Toxic/Metabolic
Lathyrism
Cassava ingestion (Konzo) (40)
Nitrous oxide
Hepatic (portosystemic) myelopathy/hepatocerebral 

degeneration (41, 42)
Alcoholic myelopathy (43)
Solvents (e.g., n-hexane (44), 1-bromopropane (45))
Organophosphates (e.g., triorthocresyl phosphate: 

Jamaican ginger paralysis (46), trichloronate (47))
Opiates (48, 49)
Cyclosporine (50)
Methanol (51)

Nutritional
B12 deficiency (52)
Copper deficiency (53)
Vitamin E deficiency (54)

Demyelinating
Transverse myelitis (55)
Central nervous system myelinolysis

Other
Spinal Sarcoidosis (56)
Sjogren syndrome (57)
Spinal dural ateriovenous malformation  

(AVM) (58)
Hashimotos encephalopathy (59)
Paraneoplastic disorder (eg, anti-Yo (60), breast 

cancer (61)
Superficial siderosis (62)

portive of a UMN syndrome but can be physiological 
or due to other disorders such as hyperthyroidism. Sim-
ilarly, radiation of reflexes, crossed adductor reflexes, 
and Hoffman sign only indicate hyperreflexia, which 
is not necessarily pathological. Clonus at the wrists 
can be difficult to distinguish from the cog-wheeling of 
parkinsonism, but the latter would be associated with 
rigidity rather than spasticity. The absence of superfi-
cial abdominal reflexes supports a UMN syndrome but 
can be absent in multiparous women, obese people, 
and those with extensive abdominal surgery. Extensor 
toe responses, whether obtained by plantar stimula-

tion (Babinski sign) or otherwise, indicate pathology of 
the corticospinal tract: an astute observer might notice 
that pulling off the patient’s socks elicits an extensor 
great toe response. There may or may not be evidence 
of the negative features of the UMN syndrome, such 
as a UMN pattern of weakness. Fine finger movements 
might be impaired, and there may be a pronator drift in 
the outstretched upper limbs.

Active movement may elicit spastic cocontrac-
tion, for example, cocontraction of the finger or el-
bow flexors when attempting extension. Standing 
and walking might reveal the abnormal posturing of  
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spastic dystonia (eg, the “hemiplegic posture or gait” 
or the ‘spastic diplegic gait”). Some patients do not 
have spasticity (at rest) and only develop motor over-
activity during active movement.

Clues might also be obtained from the topography  
of the spasticity. Affliction of the lower limbs only sug-
gests a spinal cord lesion below T1 or a parasagittal fron-
tal lesion. A hemibody pattern suggests a lesion above 
C5, whereas facial or bulbar involvement places the  
lesion above the brainstem, as does a brisk jaw jerk.

Involvement of other neurologic systems and 
other bodily systems can also yield clues to the etiol-
ogy (Table 18.4).

Investigations

In some cases, tests might be performed simply to dis-
tinguish spasticity from other types of motor overac-
tivity. For example, electromyography (EMG) would 
distinguish myotonia or neuromyotonia from spastic-
ity, or soft tissue stiffness from muscle contraction. 
Prolongation of central motor conduction time mea-
sured by transcranial magnetic stimulation would fa-
vor spasticity over rigidity. Diffusion tensor imaging 
(DTI) might show abnormalities of the UMN tracts 
that strongly suggest amyotrophic lateral sclerosis. 
However, transcranial magnetic stimulation and DTI 
are not readily available.

If after MRI scanning of the relevant areas of 
the brain and spinal cord the cause of the spasticity 
remains unknown, other tests could be performed, 
which follow directly from the etiological differential 
diagnosis (Table 18.5).

Depending on the presentation, a trial of levodopa 
for Dopa-responsive dystonia might be warranted, al-
though this is unlikely to present as spasticity in an 
adult.

Cerebrospinal fluid (CSF) examination might re-
veal evidence suggestive of MS when the MRI scan 
does not. Cerebrospinal fluid abnormalities might 
lead to a discovery of spinal tuberculosis, Lyme dis-
ease, neurosyphilis, or sarcoidosis.

Genetic testing for HSP is commercially avail-
able (eg, Athena Daignostics), but unfortunately, not 
all types are covered. Other diagnoses that might be 
revealed by readily available DNA analysis include 
Friedreich ataxia and SCA3, among others.

Other tests might be performed to look for in-
volvement of other systems, such as EMG for lower 
motor neuron disease, nerve conduction testing for 
polyneuropathy (demyelinating or axonal), and evoked 
potentials for involvement of special sensory and so-
matosensory fibers. Liver function tests could supply a 
clue to cirrhosis, alcoholism, Wilson disease, or mito-

TABLE 18.4 
Signs to Look for During an  Examination  

as Clues to Etiology

regiOn Or 
SyStem SignS

Cognitive  
function

Dementia
Psychiatric disorder

Motor system Chorea, dystonia, myoclonus,  
parkinsonism, tremor

Muscle atrophy, fasciculations
Oculomasticatory or  

oculofacialskeletal myorhythmia
Sensory system Polyneuropathy

Dorsal column dysfunction
Dissociated sensory loss over 

shoulders
Cerebellar Cerebellar signs
Ocular Retinitis pigmentosa other retinal 

degenerations
Optic atrophy
Cataracts
Kayser-Fleischer (KF) rings
Jaundice
Ocular motility disorders (gaze 

palsies)
Skin Icthyosis

Hyperpigmentation
Spider naevi, palmar erythema, 

leuconychia
Radiation changes
Cutaneous signs of spina bifida 

occulta
Musculoskeletal Scoliosis

Pes cavus
Tendon xanthomas

Oral Dental abnormalities
Glossitis
Xerostomia
Palatal myoclonus

Autonomic Orthostatic hypotension
Other Lymphadenopathy

chondrial disease. A chest x-ray might lead to a diag-
nosis of sarcoidosis. Elevated creatine phosphokinase 
could be due to a myopathy, such as might be seen in a 
mitochondrial disorder.

Basic tests include (MRI) scans of the neuraxis, 
serum B12 levels, and possibly routine CSF examina-
tion, including electropheresis for oligoclonal bands. 
Table 18.5 is a list of suggestions for advanced tests 
that could be run to investigate for the cause of spas-
ticity. As always, investigation must include looking 
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Table 18.6 is a list of common factors that can ag-
gravate existing spasticity, often through noxious stim-
ulation, which should be considered in the evaluation.  
Additional causes of spasticity could be spondylotic cer-
vical myelopathy in patients with cervical dystonia and 
spasticity, which might arise in cerebral palsy, Hunting-
ton disease, and Wilson disease. Another might be a 
patient with a Chiari malformation and syringomyelia, 
an unrecognized congenital tethered cord that becomes 
symptomatic later, or an acquired tethered cord that 
developed after meningomyelocoele repair. Patients 
with spinal cord injury can develop posttraumatic pro-
gressive myelomalacia (or cystic myelopathy) or a teth-
ered cord from adhesions, or syringomyelia, which can 
aggravate underlying spasticity.

TABLE 18.5 
Advanced Investigationsa

inveStigatiOn cOnDitiOn

Serology—blood or CSF Lyme, syphilis, HIV, HTLV 1,2, brucellosis, measles
Vitamin E levels Vitamin E deficiency
Serum copper and ceruloplasmin, 24 hour urinary copper Wilson disease, copper deficiency
Serum ammonia Hepatic myelopathy
Magnetic resonance angiography (MRA)  

or spinal angiography
Spinal dural AVM

Lactate, pyruvate Mitochondrial disorders
Hexosaminidase A levels Adult GM2 gangliosidosis
Serum angioconverting enzyme levels Sarcoidosis
Sural nerve biopsy Polyglucosan body disease, leucodystrophies
Thyroid peroxidase antibodies Hashimoto disease
Serum phytanic acid level Refsum disease
Computed tomography myelogram of spine Arachnoid cyst (may not be seen on MRI)
Muscle biopsy Mitochondrial disorders
Small bowel biopsy Whipple disease
CSF polymerase chain reaction Whipple disease
Electroencephalogram Prion diseases, SSPE
CSF 14-3-3 Prion diseases
DTI ALS
Nerve conduction testing Polyglucosan body disease, B12 deficiency, vitamin E 

deficiency, leucodystrophies, spinocerebellar ataxias, 
some types of HSP, copper deficiency, hereditary  
motor-sensory neuropathy type 5,  
Charlevoix-Saguenay syndrome

EMG ALS, GM2-gangliosidosis, mitochondrial myopathy, 
sarcoid myopathy, myopathy associated with  
polyglucosan body disease

Somatosensory-evoked potentials Dorsal column dysfunction
Chest x-ray Sarcoidosis
Creatine phosphokinase Myopathy
Paraneoplastic antibodies (e.g., anti-Yo) Paraneoplastic syndrome
Mammography Primary lateral sclerosis associated with breast cancer
Specific metabolic testing Inborn errors of metabolism

aDoes not include numerous genetic tests possible.

for potentially treatable causes, no matter how rare  
or unlikely, assuming the cost (medical or otherwise) 
is not too great.

After all this, the cause may still be unknown. 
The development of additional symptoms or signs 
over time may ultimately reveal the cause.

Worsening Spasticity

Another aspect of dealing with patients with spasticity 
is the workup of patients in whom spasticity is wors-
ening unexpectedly, that is, in patients with usually 
nonprogressive disorders. This usually occurs because 
the underlying spasticity is aggravated by other fac-
tors or because of an additional cause of spasticity.
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CONCLUSION

The clinician should first satisfy themselves that they 
are dealing with spasticity or some form of spastic 
motor overactivity, whether hyperkinetic or hypoki-
netic. In most cases, the cause will already be obvious 
or readily found with neuroimaging. In the remaining 
cases, a thoughtful approach to the history and exam-
ination is needed together with a judicious application 
of diagnostic testing. In some situations, time alone 
will deliver the answer.

CASE STUDIES

Case 1: Woman With Primary Lateral Sclerosis

A 39-year-old Hispanic woman presented with a year-
long history of progressive dysarthria and dysphagia. 
In recent months, she had developed difficulty mov-
ing her left upper and lower limbs. On examination, 
she was unable to speak and had drooling. She was 
unable to protrude her tongue or to make voluntary 
facial movements. However, emotional facial expres-
sions were intact and apparently exaggerated. The jaw 
jerk was increased. Tone was increased in the left upper 
and lower limbs with normal strength, but movements, 
especially fine finger movements, were slow. The deep 
tendon reflexes were brisk throughout but symmetrical. 
Plantar responses were extensor. There was no tremor 
or atrophy and no fasciculations. Sensory examination 
was intact. Cognitive function was difficult to examine, 
but her family maintained that it was intact.

Magnetic resonance imaging scans of the brain 
and cervical cord were normal. Electromyography 
and nerve conduction testing found no abnormalities. 
Blood testing was negative or normal for B12, syphi-
lis, Lyme disease, HIV, HTLV-1 and HTLV-2, ANA, 

angiotensin-converting enzyme, and antiphospholip-
ids. Cerebrospinal fluid examination was normal.

A trial of levodopa, 750 mg per day, made no 
difference.

Her condition gradually deteriorated, with wors-
ening hypertonia and reduced and slow voluntary 
movements now affecting all limbs but still worse on 
the left. Strength appeared to remain intact.

A provisional diagnosis of primary lateral sclero-
sis beginning as pseudobulbar palsy was made.

Case 2: Myotonia Congenita Woman

A 35-year-old woman was referred for evaluation of 
difficulty in walking, which was thought to be due to 
spasticity or dystonia. Since her teenaged years, she 
had experienced difficulty in walking due to stiffness 
of her legs, particularly after resting for a while and 
especially if she started to move quickly. She described 
herself as walking “like a robot.” With continued 
walking, her legs would loosen up somewhat. The 
symptoms were worse in cold weather.

Examination revealed normal strength and tone 
in her upper limbs and in her lower limbs, which 
were quite muscular. Deep tendon reflexes were nor-
mal, and plantar responses were flexor. Her gait was 
stiff and awkward and did resemble spastic diplegia 
mildly. There was a delayed release of her handgrip, 
slow relaxation after strong eye closure, and percus-
sion myotonia in her thenar eminence.

Needle EMG examination revealed profuse myo-
tonia in her upper and lower limbs. A diagnosis was 
made of myotonia congenita, and her symptoms im-
proved on mexiletine.

Case 3: Possible MS

A previously healthy 31-year-old man was referred for 
EMG to evaluate muscle stiffness and weakness in his 
arms, which was thought to be due to myotonia con-
genita. The symptoms began in the right upper limb 6 
months beforehand, first with loss of sensation, par-
esthesias, and pain 6 in proximal to his elbow. These 
symptoms lasted about 1 week. He next developed 
“stiffness” in his right upper limb described as his ten-
don being shorter on the right. These symptoms pro-
gressed to involve the left upper limb in the succeeding 
month. The proximal arm and shoulder girdle mus-
cles were most affected, but he had some loss of grip 
strength. Symptoms were worse in morning and after 
rest. The symptoms improve partially with use and are 
not worse in cold weather. His legs were unaffected.

Examination revealed a very muscular young 
man with normal strength in the upper and lower 

TABLE 18.6 
Factors Aggravating Spasticity

Medications (eg, SSRIs) (63)
Urinary tract infections
Constipation
Ingrown toenail
Inflamed skin creases
In-dwelling catheter
Tight clothing
Poor positioning
Tight orthoses
Pressure sores
Joint subluxation
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limbs. Muscle tone was mildly increased in the arms, 
with a “catch” in the elbow flexors. He had great dif-
ficulty flexing and extending his elbows. Deep tendon 
reflexes were brisk throughout the upper and lower 
limbs, but the plantar responses were flexor. Muscle 
tone and strength were normal in the lower limbs. 
Sensory examination was normal. 

Nerve conduction studies were normal. Needle 
EMG examination revealed no myotonia in the arms, 
but there was evidence of a tonic stretch reflex and 
cocontraction of the biceps and triceps muscles during 
flexion and extension of the elbows. An UMN lesion 
was considered most likely.

Blood tests were normal or negative for ESR, 
ANA, B12, homocysteine, angiotensin-converting en-
zyme, syphilis and Lyme serology, HIV, HTLV-1, and 
HTLV-2.

An MRI of the cervical cord was normal. The MRI 
of the brain with contrast revealed multifocal abnormal, 
somewhat subtle, nonenhancing supratentorial white 
matter lesions that demonstrate T2 prolongation and 
are predominantly “smudgy” in appearance on a back-
ground of slightly “dirty” white matter (Figure 18.1). 
There was no abnormal restricted diffusion in the brain. 
Cerebrospinal fluid had a mildly elevated protein of 54 
(<45 g/dL) and a mild lymphocytic pleocytosis (WCC =  
27). Oligoclonal bands were present, and IgG synthe-
sis was elevated. Myelin basic protein was normal.

He had mildly prolonged prothrombin time and 
partial thromboplastin time, with an abnormal di-
luted Russell viper venom test indicating the presence 
of a lupus anticoagulant. Anticardiolipin antibodies 
were absent.

A provisional diagnosis of MS was made, with 
an associated antiphospholipid syndrome.

This case demonstrates that severe spastic cocon-
traction can occur with only mild resting hypertonia 
(spasticity). 
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Spasticity is a common symptom in neurology and has 
a direct genetic cause in the clinically simple and com-
plex forms of hereditary spastic paraplegias (HSPs). 
Hereditary spastic paraplegia comprises a group of 
clinically and genetically heterogeneous diseases that 
affect the upper motor neurons and their axonal pro-
jections. To date, 39 chromosomal loci have been 
identified for autosomal dominant, recessive, and X-
linked HSP. The underlying genes for 17 of these loci 
have been described. The molecular dissection of the 
cellular functions of the related gene products has al-
ready greatly advanced our understanding of the most 
critical pathways involved in HSP. This chapter will 
give a detailed overview of the current state of genetic 
and molecular research and its applications for genetic 
testing. It is hoped that in the foreseeable future, this 
knowledge will begin to translate into novel pharma-
cologic approaches for this devastating disease.

INTRODUCTION

Spasticity as a neurologic symptom has many faces. In-
stead of being a disease entity in itself, spasticity more 
often accompanies complex conditions that involve 
the upper motor neuron. Diseases as heterogeneous as 
multiple sclerosis, stroke, trauma, inflammation, tu-
mors, and amyotrophic lateral sclerosis (ALS) are able 
to cause spasticity. In most cases, spasticity is a more 

or less voluntary symptom in neurologic disorders 
that are clinically defined by other lead symptoms. 
Probably the only disease where spasticity is viewed 
as the defining symptom is HSP, also known as fa-
milial spastic paraplegia. Utilizing spasticity to define 
and categorize HSP has been extremely successful for 
the identification of phenotypically similar families 
and the identification of underlying genes (1, 2). From 
this clinical and genetic work, it became evident that  
HSP is indeed a very heterogeneous group of diseases 
(1, 3). Hereditary spastic paraplegia can be accompa-
nied by a number of additional neurologic and non-
neurologic symptoms. This brings some complex HSP 
forms in close relationship to motor neuron diseases, 
ataxias, and axonopathies. This clinical, pathological, 
and genetic overlap of diseases, such as ALS, distal he-
reditary motor neuropathy (dHMN), and hereditary 
motor and sensory neuropathy type 2, will ultimately 
be advantageous for the understanding of the biology 
of HSP and the development of new therapies (4). Ul-
timately, the underlying gene defects will provide the 
basis of classifying such conditions. This book chapter 
will focus on the HSPs and describe the spectrum of 
genes identified thus far. The molecular genetic find-
ings of each gene are summarized, and the major cell 
biological pathways involved in HSP are being dis-
cussed. Finally, a perspective is provided on new de-
velopments in this field, and potential approaches to 
therapeutic intervention are laid out.

Overview of Genetic 
Causes of Spasticity  
in Adults and Children19
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HEREDITARY SPASTIC PARAPLEGIAS

Hereditary spastic paraplegia affects approximately 
1.2 to 9.6 in every 100,000 individuals (5, 6). This 
makes it a rare neurodegenerative disease. Tradition-
ally, HSPs are divided into “pure” and “complicated” 
forms. The latter are characterized by additional neu-
rologic and nonneurologic symptoms. In complicated 
HSP, clinical examination frequently reveals mental 
retardation, epilepsy, cerebellar ataxia, or optic atro-
phy (1). Some of these complex phenotypes are clini-
cally quite characteristic, and the genetic diagnosis 
can be greatly facilitated by careful clinical assess-
ment (e.g. Silver syndrome in SPG17). This distinction  
is usually not possible in uncomplicated HSP forms, 
although frequent nonspasticity symptoms may in-
clude scoliosis, sphincter disturbances, and mild sen-
sory loss at the distal lower limbs. The few exceptions 
include SPG3A (atlastin), where families often have 
an earlier onset than in the most prevalent form SPG4 
(spastin) (7). A bimodal age of onset distribution has 
been suggested for SPG31 (REEP1), but this has not 
yet been confirmed by additional studies (8). As seen 
in other monogenic neurodegenerative diseases, age 
of onset, clinical course, and degree of disability often 
vary between the different subtypes and even within 
families. This is probably due to additional genetic 
risk factors or environmental influences.

Generally, the diagnosis of HSP is made by the 
presence of gait disturbance, spasticity of the lower 
extremities, hyperreflexia, weakness, and often uri-
nary urgency. The presence of a family history of simi-
lar conditions can confirm the familial nature of the 
condition and provide information of the Mendelian 
trait (e.g. X-linked, autosomal recessive, or autosomal 
dominant disorder) (9).

GENETIC HETEROGENEITY IN HSP

Genetic studies have revealed as many as 39 differ-
ent chromosomal HSP loci (9). Of the 17 identified 
genes, 9 cause autosomal dominant disease, 4 reces-
sive, and 2 X-linked forms. The autosomal dominant 
HSP represents the most prominent forms. Mutations 
in the genes spastin (SPG4) and atlastin (SPG3A) ac-
count for 40% and 10% of all HSP cases, respectively 
(10). Mutations in REEP1 (SPG31) account for 4% to 
8.2% of autosomal dominant HSP (8, 11). All other 
dominant genes (KIF5A, HSP60, NIPA1, KIAA1096, 
BSCL2, ZFYVE27) seem to cause HSP in less than 
1%, respectively (12, 13).

Recessive HSPs are rare causes for disease in the 
outbred white population but are more frequent in 

regions such as Northern Africa and the Near East 
(14). Mutations in recessive genes are often associ-
ated with complicated forms of HSP. Some forms are 
more reminiscent of a genetic syndrome. For example, 
SPG21, also known as mast syndrome, was defined 
in an Amish family, and the underlying (founder-) 
mutation was later identified in the gene maspardin 
(ACP33) (15). The affected patients have dementia, 
developmental delay, pseudobulbar, cerebellar, and 
extrapyramidal abnormalities (16).

Two genes are known to cause X-linked HSP: 
L1CAM and PLP1 (Table 19.1). Both genes cause 
complicated forms of HSP. Other examples of rare, 
and not yet clarified loci, are SPG23 and SPG29 (17, 
18). SPG23 is a recessive HSP form with skin pig-
mentary abnormalities, and SPG29 is complicated by 
hearing impairment and persistent vomiting due to 
hiatal hernia (18).

Most genetic defects in HSP are point mutations 
or small insertions and deletions. However, Beetz et al. 
 (19) showed recently that small copy number varia-
tions in spastin at the subgene level are a relatively fre-
quent cause for SPG4. It remains to be seen whether 
this mutation mechanism does apply to other HSP 
genes. Another novel molecular mechanism causing 
HSP has been proposed that involves variations in 
highly conserved binding sites for micro-RNAs (20). 
These binding or target sites are generally present 
only in the 3 untranslated regions of genes. Micro-
RNAs confer another means of gene expression by 
controlling translation and mRNA stability (21). Sev-
eral SPG31 (REEP1) families have been reported that 
carried mutations in the target site of micro-RNA140 
(miR140) in REEP1 (8, 11, 22).

EMERGING PATHWAYS IN HSP

The remarkable heterogeneity of HSP, although pos-
ing a considerable obstacle to clinical genetic diag-
noses, has provided invaluable genetic data, which 
appear to converge on several important cellular 
pathways (23, 24). Unlike other neurodegenerative 
diseases such as Alzheimer and Parkinson, in which 
genetic data have yielded an important but less co-
herent understanding of the underlying pathogenic 
pathways as of yet, the growing identified HSP genes 
continue to highlight the same or similar molecular 
pathways. The growing body of molecular work 
on the 17 genes identified from the 39 SPG loci has 
provided the first cogent models of how mutations 
in a wide variety of genes might explain the neuro-
nal specificity and complex clinical manifestation of 
HSP.
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Moreover, when the molecular genetics of HSP 
is incorporated into a broader understanding of other 
hereditary axonopathies, a more general concept re-
garding cell-specific vulnerabilities becomes apparent. 
Although genetic neurodegenerative diseases such as 
Charcot-Marie-Tooth disease type 2, dHMN, spinal 
muscle atrophy, and familial ALS are clinically differ-
entiated based on neurologic diagnostic schemes, they 
all share important elements. Chiefly, both the upper 
and lower motor neurons, particularly in the case of 
neurons innervating the most distal sites, have axon 
projections that extend over distances 1,000 times 
the diameter of a neuronal cell body. Such a morpho-
logical arrangement makes distal molecular processes  
exceedingly dependent on efficient transport. The ge-
netics of HSP and other hereditary axonopathies point 
more to the importance the cellular logistics and less 
to genes associated with the sophisticated molecular 
strategies underlying neurotransmission and synap-
tic function. The exceptionally long axons affected in 
HSP and other genetic forms of axonal degeneration 
serve in a sense as a model system in which the ex-
treme axonal length pushes cellular processes to limits 
not reached in other cells types. Small inefficiencies in 
transport and trafficking result in the manifestation of 
disease. Because these axonal transport processes are 
shared by shorter neurons in the central and periph-
eral nervous system, a greater understanding of the 

molecular processes underlying HSP will likely shed 
light on other axonal degenerative diseases and neu-
rodegeneration in general. Most importantly, a unified 
understanding of the cellular pathways deranged in 
HSP will allow for the development of new therapeu-
tic approaches (see Figure 19.1).

AUTOSOMAL DOMINANT HSP

SPG3, Atlastin-1 (ATL1). SPG3 is caused by muta-
tions in the gene atlastin-1 (ATL1) (25). SPG3 is an 
uncomplicated HSP form with symptoms usually be-
ginning in early childhood (26). Durr et al. (7) studied 
12 SPG3 families and found that scoliosis was present 
in 22% of patients, mild pes cavus in 15%, and brisk 
upper limb reflexes in 10%, although sensation was 
not impaired and only 13% of patients reported de-
creased vibration sense in the ankles. In another study, 
17% of 36 affected individuals exhibited an axonal, 
predominantly motor polyneuropathy (27). SPG3 
mutations account for up to 10% of all autosomal 
cases, and the characteristic early age at onset should 
guide the genetic testing efforts.

Before its association with SPG3, ATL1 was 
called guanylate-binding protein 3 or GBP3 (28). 
GBP3 was found to interact with the hydropho-
bic leucine-rich CHN domain of mitogen-activated  

FIGURE 19.1

Model of HSP. See color insert.
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protein kinase 4, a known activator of the SAPK/
JNK cascade (28). Subsequent to the identification 
of mutations in ATL1 in SPG3, molecular studies re-
vealed that ATL1 is an oligomeric integral membrane  
GTPase with 2 putative transmembrane domains pro-
jecting the N- and C-terminals into the cytoplasm (29). 
Two additional members of the atlastin family were 
identified, alastin-2 and atlastin-3, that have a similar 
membrane orientation and high sequence homology. 
The atlastin family shares membrane topology and has 
high sequence homology with other dynamin-like GT-
Pase, such as mitofusin, which causes axonal degenera-
tion in peripheral nerves (29, 30). Examination atlastin 
in rat brain showed that it is enriched in the lamina 
V pyramidal neurons of the cerebral cortex, which is 
selectively affected in HSP (31, 32). Two independent 
groups reported yeast 2-hybrid screens using SPG4 
(spastin) as bait, with subsequent identification of at-
lastin as a binding partner of spastin (31, 32). These ex-
periments thus linked the 2 most common HSP genes. 
SPG3 has also been shown to regulate vesicular traf-
fic at the ER/Golgi interface, making it likely that its 
dynamin-like GTPase domain regulates vesicular bud-
ding or severing from the ER and/or subsequent fusion 
with the Golgi (33). Highly relevant to HSP, mutations 
in the GTPase domain halted vesicle budding from 
the ER and resulted in the formation of aggregates, 
positive for ER markers, which most likely represent 
“aborted vesiculation” (33). SPG3 was also shown to 
interact with p24, a protein thought to act as a scaf-
fold in the trafficking of cargo vesicles and control-
ling the integrity of cholesterol-poor membranes in the 
Golgi (33–35). These finding add experimental weight 
to a regulatory function of SPG3 in the vesicular traf-
ficking at the ER/Golgi interface, where mutations in 
SPG3 may alter ER to Golgi vesicular trafficking along  
microtubules.

SPG4, Spastin (SPAST). SPG4 is caused by muta-
tions in the gene spastin (36). This HSP form is un-
complicated, and symptoms start from age 2 to 75 
(37). The clinical expression of the disorder within a 
family may include asymptomatic patients who are 
unaware of their condition, mildly affected individuals 
who have a spastic gait but are able to walk indepen-
dently, and severely affected patients who are wheel-
chair-bound (37). Urinary urgency or other symptoms 
compatible with a neurogenic bladder, leg weakness, 
and decreased vibration sense can be present in some 
but not all SPG4 patients (38). Few reports have im-
plicated a possible link to dementia in SPG4 (39, 40). 
Orlacchio et al. reported a large family from Italy 
with additional symptoms that included pes cavus and 
weak intrinsic hand muscles with severe amyotrophy 
of the thenar eminence (41). Most importantly, SPG4 

accounts for up to 45% of all autosomal dominant 
HSP (42, 43). Testing of SPG4 is therefore the first 
step in a molecular-genetic evaluation.

The identification of mutations in SPAST was ac-
companied with the immediate recognition of spastin 
as a member of the AAA protein family (like SPG7, 
paraplegin). Other conserved protein domains in spas-
tin suggested interaction with nuclear protein com-
plexes (25, 36). Although the molecular function of 
spastin was at the time unknown, unique splice site 
mutations were reported to be partially penetrant or 
“leaky,” as expressions of both mutant and wild-type 
splice variants were observed (44). Such a phenom-
ena suggested that the function of spastin was highly 
dependent on expression levels (44). In experiments 
with controlled spastin expression, it was confirmed 
that different levels of spastin have pleiotropic effects 
on neuronal morphology (45). Two alternative tran-
scription start sites within spastin result in 2 spastin 
isoforms of 68 and 60 kDa, whereas alternative splic-
ing of both isoforms can include or skip exon 4, yield-
ing a 64- and 55-kDa protein (46). It is still debated 
which isoform is the more abundant or predominant 
player in HSP (46, 47).

Cell models and molecular analysis revealed that 
spastin functions in a very similar way to the micro-
tubule-severing protein, katanin (47–49). Overexpres-
sion of exogenous spastin in cultured cells resulted in 
the localizing of spastin to microtubule asters (48, 49).  
Disease-associated mutations in the ATPase domain 
abrogate ATPase activity and are sufficient to ablate 
the microtubule-severing activity of spastin in mam-
malian cell models and Drosophila (47, 50, 51). As a  
consequence, microtubule-dependent transport is dis-
rupted as indicated by perinuclear clustering of mito-
chondria and peroxisomes (49). Spastin and spartin 
(SPG2) contain a conserved microtubule-interacting 
and trafficking domain (MIT), within which disease-
causing mutations are found (52).

Silencing of spg4 in zebra fish caused widespread 
defects in neuronal connectivity and extensive neu-
ronal apoptosis, with specific defects in motor neu-
ron outgrowth and disorganized axonal microtubule 
arrays (53). Drosophila models of spastin revealed 
irregularities in microtubules of neurons, severe re-
duction of the synaptic terminal area at the neuro-
muscular junction, and subsequent neurotransmission 
defects (54–56). The so-called cut-and-run hypothesis 
describes a system of mobile short microtubule seg-
ments, severed by spastin from intact microtubule lat-
tices, that are transported, anchored, and immobilized 
again as they elongate microtubules in a treadmill-like 
process (57, 58). In this model, the mobility of severed 
microtubules is inversely proportional to its length 
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providing a potential explanation for the length- 
dependent defects in HSP (57, 58). Interestingly, in 
spastin null flies, administration of the vinca alkaloid 
vinblastin, which inhibits microtubule assemble, di-
minishes phenotypes associated with loss of spastin in 
Drosophila (55). Although this observation suggests 
a potential therapeutic mechanism for HSP, it directly 
conflicts with important published reports of vincris-
tine administration exacerbating axonal neuropathies 
in peripheral nerves (59–64). 

Mice deficient in spastin are viable and show no 
motor deficiencies until 2 years of age (65). However, 
examination of corticospinal neurons demonstrated 
an age-dependent progressive increase in focal axonal 
swellings, accumulations of organelles, and interme-
diate filaments within the regions where stable and 
dynamic microtubule lattices meet (65). Conversely, 
spastin overexpression resulted in more microtubule 
branching and shorter severed microtubule segments 
(66). It has also been suggested that the role of spastin 
at microtubules is linked to protein tau (66). This is 
interesting because brain lesions from spastin patients 
stain positively for tau (67, 68). 

SPG6, Nonimprinted in Prader-Willi/Angelman 
1 (NIPA1). NIPA1 was named for “nonimprinted in  

Prader-Willi/Angelman,” as a 1 of 4 genes falling 
within the centromeric end of a 4mb deletion within 
15q11-q13 associated with Prader-Willi/Angelman  
syndrome (69). Its association with SPG6 was iden-
tified by Rainier et al. (70). SPG6 represents an un-
complicated HSP form, often with late onset but severe  
progression (9, 70, 71). Some patients may have pes 
cavus and tonic-clonic seizures (72). Genetic screens 
have suggested that NIPA is a relatively rare cause for 
HSP (73, 74).

The NIPA protein contains conserved domains 
that suggest a role as a membrane-based receptor 
or transporter (75). A screen for up-regulated genes 
in epithelial cells in conditions of low magnesium 
(Mg+) identified NIPA2, and subsequently NIPA1, as 
a magnesium response gene. Expression of NIPA1 in 
Xenopus oocytes and electrophysiological recording 
of Mg+ indicator dyes demonstrated that NIPA1 se-
lectively conducts Mg+ (75). The mouse equivalent of 
2 clinically observed mutations, T45R (mouse T39R) 
and G106R (mouse G100R), were tested in different 
mouse models (75). The T39R mutation reduced Mg+ 
current by 30% when expressed in the same experi-
mental model, whereas the G106 mutant resulted in 
a complete loss of Mg+ conduction. When the cel-
lular distribution of the 2 mutated NIPA1 isoforms 
were examined, it appeared that the T39R mutation 
reduced the transport of NIPA1 to the plasma mem-
brane, whereas the G100R mutation caused complete 

retention of NIPA1 in the ER. These results suggest 
that mutations in NIPA1 alter the folding and subse-
quent insertion of NIPA1 proteins into membranes. 
Wild-type NIPA1 was found to colocalize with the 
trafficking proteins EEA1 and Rab5, and functional 
studies suggested that NIPA1 is actively recycled from 
the plasma membrane and the early endosomal com-
partment in response to Mg+ levels (75). In vivo over-
expression of the wild-type Caenorhabditis elegans 
homologue of NIPA1 was well tolerated in C elegans, 
but the T45R and G106R mutations caused progres-
sive motor paralysis (76). The motor paralysis pheno-
type was rescued in mutants deficient of the unfolded 
protein response (UPR) machinery (76). The authors 
suggested that NIPA1 mutations created a toxic gain 
of function, caused ER stress, and elicited the UPR 
to initiate cell death pathways (76). The Drosophila 
homologue of NIPA1 is also localized to early endo-
somes. Flies expressing mutated NIPA1 have longer 
and overgrown neuromuscular junctions with increased  
numbers of synaptic boutons (77). Thus, although Dro-
sophila models suggest a role in presynaptic growth (via 
BMP signaling), mammalian and C elegans models sug-
gest that mutations in NIPA1 cause toxic gain of func-
tions, caused by misfolding and subsequent ER stress. 

SPG8, Strumpellin (KIAA0196). Mutations in 
KIAA0196 cause SPG8 (78). This HSP form is rela-
tively new, and clinical data are scarce. SPG8 is con-
sidered a clinically uncomplicated HSP form with adult 
onset (79). Mutations in KIAA0196 are likely to be a 
rare cause of HSP.

There are no detailed functional analyses reported 
on strumpellin. KIAA0196 is composed of 28 exons, 
encoding a 1159 amino acid protein. The European Bio-
informatics Institute InterProScan predicts a spectrin- 
repeat–containing domain in amino acids 434–518, 
within which a mutation at position 471 may interfere 
(78). The secondary structure is predicted to be 74% 
alpha-helical, with 2 mutations within the amino acids 
606–644 making up an alpha helix (78). Injection of 
wild-type, but not mutant strumpellin, into zebrafish 
is sufficient to rescue the phenotype associated with 
strumpellin knockdown (enlarged heart cavity and 
curly tail) (78). In addition, increased expression of 
KIAA0196 was found in prostate tumors (80).

SPG10, Kinesin 5A (KIF5A). SPG10 is caused 
by mutations in the gene KIF5A (12). Only few fami-
lies with KIF5A mutations have been reported to date 
(81, 82). Recently, Goizet et al. (83) reported several 
new KIF5A families with additional clinical features 
including peripheral neuropathy, severe upper limb 
amyotrophy (Silver syndrome–like), mental impair-
ment, parkinsonism, deafness, and retinitis pigmen-
tosa. They concluded that KIF5A accounts for 10% 
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of complicated HSP forms in their sample making 
KIF5A the most important from of complicated auto-
somal dominant HSP (83). If confirmed, this would be 
important for future decisions on medical genetic test-
ing. The age of onset in uncomplicated SPG10 ranges 
from 8 to 40 years (82).

Kinesin motor proteins are microtubule-dependent  
trafficking machines. Axonal transport genes are very 
good candidates for spastic paraplegia, as some of the 
longest axons in the human body are involved in the 
disease. Studies found that KIF5A-/- mice were neona-
tal lethal (84). In a conditional knockout model, the 
postnatal loss of KIF5A caused sensory neuron degen-
eration and seizures, with no morphological abnor-
malities in the spinal cord (84). Fast axonal transport 
appeared to be normal in the absence of KIF5A (84). 
However, slow axonal transport and, more specifi-
cally, the transport of neurofilaments were profoundly 
disrupted in KIF5A-/- mice (84). Neurofilaments are 
thought to play an important role in the increase in 
caliber of large axons during development, as heavy 
neurofilament (NF-H) -/- mice exhibit a severe axo-
nal hypotrophy (85). Mutations in neurofilaments are 
also associated with forms of axonal degeneration 
in the peripheral nerve, suggesting that these disease 
pathways converge (86).

Two models of how mutations in KIF5A cause 
HSP have been suggested. The first model proposes that 
mutant KIF5A are slower motor proteins, with slower 
transport rates having retarding effects on axonal 
transport (87). Alternatively, mutations may abrogate 
microtubule binding, allowing free mutant KIF5A to 
compete with microtubule-bound wild-type KIF5A for 
cargo (87). Using in vitro homodimeric motor gliding 
assays, it was determined that both these models may 
be true depending on the exact mutation. The K253N 
and R280S mutations diminished the fraction of trans-
ported cargo, suggesting they competed with wild-type 
KIF5A for cargo, statistically sequestering it from trans-
port (87). The N256S mutant still binds to microtubules 
but slowed down the transport of cargo (87). 

SPG13, Heat Shock Protein 60 (HSP60). Muta-
tions in HSP60 cause SPG13 (88). Only few SPG13 
families have been identified since the description of 
the underlying gene (88, 89). SPG13 is a rare, late-
onset, and uncomplicated HSP form.

Hereditary spastic paraplegia 60 represents a 
mitochondrial heat shock protein that prevents other 
proteins from misfolding; this protein family is also 
known as chaperones. The correct folding of proteins 
is crucial to their function. Cellular environments that 
are rich with free radicals, such as mitochondria, are 
prone to induce misfolding of proteins. To investigate 
the function of HSP60, in vitro chaperone assays were 

applied to measure the ability of wild-type and mutant 
forms to refold denatured malate dehydrogenase (90). 
The V98I mutation causes severe reduction in refold-
ing capacity, whereas the G67S mutation was similar 
to wild-type HSP60 (90). ATPase assays revealed that 
the V98I mutation decreases rates of ATP hydrolysis, 
as compared to wild-type HSP60. Using primary pa-
tient fibroblasts from a patient with HSP with the V98I 
mutation, no differences were found in mitochondrial 
functions, including mitochondrial membrane poten-
tial, cell viability, and sensitivity toward oxidative 
stress (89). However, the authors observed a down-
regulation of mitochondrial proteases (89). Interest-
ingly, SPG7 (paraplegin) is a mitochondrial protease, 
which suggests that mitochondrial protein turnover 
may represent a pathogenic mechanism in HSP (89). 

SPG17, Seipin (BSCL2). SPG17 or Silver syn-
drome is caused by mutations in BSCL2 (91). Silver et 
al. (92) reported 2 families with spastic paraplegia and 
amyotrophy of the hands inherited in an autosomal 
dominant pattern. However, mutations in the BSCL2 
gene are associated with a broader array of diseases, 
including the recessive Berardinelli-Seip congenital li-
podystrophy type 2 (BSCL2 or CGL2), dHMN type V, 
and variants of axonal Charcot-Marie-Tooth disease 
(93–95). Additional symptoms of SPG17 include dis-
tal motor neuropathy and pes cavus (96–99). The age 
of onset varies from childhood to the fourth decade of 
live (92). Few families have been reported so far with 
SPG17 and BSCL2 mutations. 

The involvement of upper motor neurons, lower 
motor neurons, and peripheral nerves has led Ito and 
Suzuki (100) to propose the term seipinopathies to 
describe this collection of related diseases. Seipin has 
no closely related homologue genes. The highly con-
served amino acids 1 to 280 encode a leucine zipper 
domain motif. The predicted secondary structure of 
the zipper domain is similar to sterol regulatory ele-
ment binding proteins, which regulate cholesterol and 
lipid metabolism (100). Seipin also contains 2 trans-
membrane domains and has been shown in multiple 
studies to be an ER membrane protein (91, 100, 101). 
Two seipin transcripts (1.8 and 2.4 kb) are ubiqui-
tously expressed, whereas the 2.0-kb transcript is ex-
pressed at high levels in the central nervous system 
(CNS) and testis (91). Molecular studies have demon-
strated that seipinopathies associated with mutations 
in BSCL2 are diseases resulting from problems with 
dysfunctional protein folding within the endoplas-
mic reticulum (102). Eventually, misfolded mutant 
proteins undergo a conformational change that leads 
to aggregation, a phenomena common to other neu-
rodegenerative diseases of the CNS (102, 103). The 
N88S and S90L BSCL2 mutations, which are asso-
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ciated with “seipinopathic” motor neuron diseases, 
alter the N-glycosylation site of seipin and cause ac-
cumulation of unfolded protein in the ER (102). It was 
demonstrated that expression of mutant seipin in cul-
tured cells activates UPR stress and induces ER stress– 
mediated apoptosis (103). 

Recent reports suggest a function for seipin in 
the interface between the ER and lipid droplets, or 
adiposomes. Deletion of yeast seipin results in irregu-
lar adiposome formation (104). Fibroblasts from pa-
tients with congenital lipodystrophy type 2 also form 
irregular lipid droplets (104). Other reports have re-
vealed a role of seipin in the adipogenesis, with obvi-
ous relevance to the lack of adipose tissue observed in  
Berardinelli-Seip congenital lipodystrophy type 2 (105). 

SPG31, Receptor Expression Enhancing Protein 
1 (REEP1). SPG31 is caused by mutations in REEP1 
(11). An increasing number of families have recently 
been reported with SPG31, and it is suggested that 
this HSP form accounts for up to 8.2% of all autoso-
mal dominant cases (8, 22, 106, 107). Most cases are 
clinically uncomplicated, but additional symptoms 
may include scoliosis, peripheral neuropathy, spastic 
tetraparesis, and bulbar dysfunction (8, 22). The age 
of onset appears to be bimodal, with a subgroup of 
patients showing early onset in childhood and a sec-
ond peak in the third and fourth decade of life (8).

REEP1 was first reported as a protein, which as-
sociated with odorant receptor proteins and enhanced 
the receptor response to odorant ligands (108). Along 
with its identification as the gene mapping to SPG31, 
REEP1 was shown to be ubiquitously expressed and 
localized to mitochondria in a number of cell types 
(11). Interestingly, mutation analysis has revealed 
mutations in highly conserved predicted micro-RNA 
binding sites (8). REEP1 also contains a TB2/DP1/
HVA22 domain common to heat-shock proteins. Re-
cent work in our laboratory suggests that REEP1 may 
have alternative splice isoforms, which are expressed 
and have contrasting subcellular localization patterns 
(unpublished data). Along with HSP60 (SPG13) and 
paraplegin (SPG7), mutations in REEP1 point to the 
importance of mitochondria in the pathogenesis of 
HSP.

SPG33, Protrudin (ZFYVE27). This form of 
spastic paraplegia may be caused by mutation in 
the ZFYVE27 gene (109). The only family reported 
to date had a pure form of HSP with a late onset of 
symptoms. More genetic screening studies are neces-
sary to verify the phenotypic spectrum and evaluate 
the frequency of this HSP form. A recent report sug-
gested that the G191C change in protrudin is a poly-
morphism (rs35077384) with higher than expected 
allele frequencies in multiple populations (110).

Protrudin was identified in a yeast 2-hybrid 
screen as a binding partner of spastin (109). There 
are, however, conflicting reports regarding how mu-
tations, specifically the single G191V change, affect 
interactions with spastin (SPG4) (110, 111). Protru-
din contains a FYVE-finger domain, which is thought 
to mediate interactions with phosphoinositide during 
regulation of vesicular trafficking. Protrudin also has 
a Rab11 binding domain (RBD11), a guanosine di-
phosphate dissociation inhibitor consensus sequence, 
2 hydrophobic domains, a FFAT endoplasmic reticu-
lum–targeting signal, and a coiled-coil domain (111). 
Protrudin also plays a critical role in adhesion mol-
ecule expression, membrane trafficking, and neurite 

formation (111). Recently, protrudin was also shown 
to interact with vesicle-associated membrane protein–
associated protein A (VAP-A) (112). Interestingly, mu-
tations in VAP-B, a protein very similar to VAP-A, are 
associated with ALS (113). 

AUTOSOMAL RECESSIVE HSP

SPG5, Cytochrome P450, Family 7, Subfamily B, 
Polypeptide 1 (CYP7B1). SPG5 is caused by mutations 
in CYP7B1 (114–121). All patients reported had a 
pure form of motor neuron degeneration with pro-
gressive spastic paraplegia and variable bladder and 
sensory impairment (121). The findings indicated a 
pivotal role of altered cholesterol metabolism in the 
pathogenesis of motor neuron degenerative disease. 
Recent genetic screens identified additional mutations 
in CYP7B1, with some families expressing symptoms 
of the complicated HSP spectrum, including optic at-
rophy, cerebellar abnormalities, and white matter le-
sions (122, 123). However, other reports suggested 
that screening for mutations in CYP7B1 in sporadic 
and familial cases is of low diagnostic yield (123). 

The majority of work on CYP7B1 relate to its 
function as the first catabolic enzyme in the degrada-
tion of cholesterol to bile acids in extrahepatic tissue. 
CYP7B1 is also thought to function in the pathogenic 
cholesterol pathways involved in atherosclerosis and 
act as a metabolic enzyme of neurosteroids and sex 
hormones. How cholesterol metabolism is related to 
the pathogenesis of HSP remains an intriguing and 
unanswered question.

SPG7, Paraplegin. SPG7 is caused by mutations 
in paraplegin (124). SPG7 presents an autosomal re-
cessive complicated HSP characterized by progressive  
weakness and spasticity of the lower limbs, diminished 
vibratory sense, and urinary incontinence. Additional 
symptoms include peripheral neuropathy, optic atro-
phy, supranuclear palsy, and cerebelar and cortical  
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atrophy (124–126). SPG7 accounts for about 4% of 
the autosomal recessive HSP forms. Recently, Brug-
man et al. (127) screened apparently sporadic HSP 
cases and found that 8.2% of uncomplicated patients 
had compound heterozygous paraplegin mutations. 
However, caution should be taken in interpreting 
paraplegin sequencing results, as the gene contains 
a number of common coding changes, some of them 
were questioned whether they have a direct, causative 
role in SPG7 (125, 128). These variants may neverthe-
less amount to modulating or risk alleles for HSP (2).

Paraplegin encodes a mitochondrial inner- 
membrane ATP-dependent protease. Paraplegin also 
shows high sequence homology to a family of well-
studied yeast ATP-dependent zinc metalloproteases, 
which suggested a role as a mitochondrial chaper-
one and proteolytic enzyme (129). In muscle biopsies 
and cultured primary fibroblasts from SGP7 patients, 
paraplegin causes defects in oxidative phosphoryla-
tion (124, 130, 131). Furthermore, it has been shown 
that paraplegin interacts with AFG3L2 in the mito-
chondrial inner membrane to form a high molecular 
mass complex known as the matrix AAA ATP-depen-
dent protease (m-AAA protease) (130). In cultured 
SPG7 patient fibroblasts, the paraplegin-AFG3L2 
complex fails to function and results in reduced com-
plex I activity and increased sensitivity to oxidative 
stress (130). Paraplegin knockout mice develop nor-
mally up to the age of 1 year, when they begin to show 
loss of body weight (131). By 17 months, paraplegin 
null mice display a profound scoliosis along with an 
uncoordinated movement of the hindlimbs leading to 
an abnormal gait (131). Histological analysis of spinal 
cord sections showed axonal degeneration and axon 
swelling (131). Electron microscopy revealed that 
mitochondrial abnormalities preceded axonal degen-
eration and correlated with the appearance of motor 
impairments (131). Mitochondrial abnormalities and 
neurofilament aggregates were also seen in optic and 
sciatic nerve, and retrograde axonal transport was 
impaired (131). Interestingly, and of potential future 
therapeutic value, intramuscular injection of adeno-
associated virus encoding wild-type paraplegin into 
paraplegin null mice significantly delayed the onset of 
motor (132). Regarding the occurrence of optic atro-
phy in SPG7, it is of interest that the mitochondrial 
gene OPA1, which causes the most common pure form 
of optic atrophy, is processed by the m-AAA protease 
paraplegin. 

SPG11, Spatacsin (KIAA1840). Mutations in 
spatacsin are associated with complicated forms of 
HSP with mental impairment, thinning of the corpus 
callosum, among other neurologic findings (133–136). 
One case of juvenile parkinsonism was associated with 

mutations in spatacsin (137). Mutations in KIAA1840 
account for up to 21% of all autosomal recessive HSP, 
which makes SPG11 the most important recessive HSP 
(133). Recently, it has been shown that large genomic 
rearrangements can disrupt KIAA1840 (138). 

In his original report, Stevanin et al. (133) pro-
vided the first description of spatacsin as a 40-exon 
gene with a ubiquitously expressed full-length 8-kb 
transcript, encoding a predicted protein of 2,443 
amino acids. Spatacsin is highly conserved, but the 
transcript or protein sequence does not show any sig-
nificant sequence similarity to known cDNA or pro-
tein sequences (133). It is predicted to have 4 putative 
transmembrane domains. Cell-based experiments also 
suggested that spatacsin is associated with membranes 
(133). However, the diffuse staining demonstrated 
partial overlap with multiple organelles, including mi-
tochondria, ER, but not with Golgi structures, trans-
port vesicles, or alpha-tubulin (133).

SPG15, Spastizin (ZFYVE26). Complicated HSP 
with pigmentary maculopathy, also known as Kjellin 
syndrome, is associated with mutations in spastizin 
(139). Clinical features can also include saccadic 
pursuit, cognitive impairment, cerebellar signs, dys-
arthria, peripheral neuropathy, and thin corpus cal-
losum (140, 141). As most recessive HSP forms, the 
disorder starts in early childhood. HSP15 is a rare re-
cessive HSP form. 

Spastizin is a member of the FYVE-finger family, 
which includes the early endosome antigen 1 and prot-
rudin (SPG33), is thought to mediate interactions with 
phosphoinositides in endocytic membrane trafficking. 
The gene is widely expressed in many adult tissues 
but appears to be more highly expressed in embryonic 
cells (139). In cell-based experiments, spastizin was 
found to colocalize with markers of early endosomes 
and the ER (139). More detailed functional analyses 
of spastizin will shed light on how endosomal path-
ways are related to the pathogenesis of HSP.

SPG20, Spartin (KIAA0610). Frameshift muta-
tions in spartin cause this complicated form of HSP, 
known as Troyer syndrome (142, 143). The disorder 
has its onset in early childhood with dysarthria, dis-
tal muscle wasting, and difficulty in learning to walk. 
Lower limb spasticity and contractures usually make 
walking impossible by the third or fourth decade. 
The syndrome also includes weakness and atrophy of 
thenar, hypothenar, and dorsal interosseous muscles 
(143–145).

Both spastin and spartin share an 80 amino acid 
sequence, which has been termed MIT (contained 
within microtubule-interacting and trafficking mol-
ecules), which is thought to mediate interactions with 
microtubules in both proteins (52). Initial functional 
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studies showed spartin is a cytosolic protein with some 
association with membranes (146). In a yeast 2-hybrid 
screen spartin interacted with the endocytotic protein 
Eps15, which suggests that it has a role in endosomal 
trafficking (146). Two spartin isoforms are expressed 
and show different subcellular localizations (147). In 
humans, the major cytosolic or membranous spartin 
isoform is 85 kDa with a larger 100-kDa isoform 
present in the nucleus (147). Spartin is also present in 
distal neuronal processes, which appear to partially 
colocalize with synaptotagmin-positive vesicles (147). 
Studies of EGF receptor trafficking in HeLa cells also 
suggest that spartin functions in intracellular traffick-
ing (148). Contrastingly, other reports using mouse 
and human neuroblastoma cell lines demonstrated 
mitochondrial localization for spartin (149). Spartin 
was also identified in a screen for proteins interacting 
with “homologous to the E6AP C terminus” (HECT) 
ubiquitin ligase WWP1. Ubiquitination of spartin will 
target it for degradation and appeared to limit its as-
sociation to lipid droplets or adiposomes in a number 
of cell lines (150). This latter report, along with data 
from seipin mutations, suggests that lipid droplet for-
mation and regulation may have special significance 
in the pathogenesis of HSP.

SPG21, Maspardin (ACP33). Much like SPG20 
and Troyer syndrome, SPG21 and mast syndrome 
were first described in an Amish family as a slowly 
progressing form of complicated HSP, including prese-
nile dementia, thin corpus callosum, white matter ab-
normalities, and cerebellar and extrapyramidal signs 
(15). Genetic mutations in masparadin were described 
by Simpson et al. (16). SPG21 presents a rare, clini-
cally complex HSP form (2).

Maspardin has been shown to localize to the en-
dosomal and trans-Golgi network, where it negatively 
regulates the expression of CD4 in T cells, most likely 
via endocytosis (151). Subsequent reports confirmed 
its localization to endosomal and Golgi structures, 
and mass spectrometry of immunoprecipitated com-
plex identified interactions with aldehyde dehydroge-
nase ALDH16A1 (152). At this time, no data have 
been reported that might suggest how mutations in 
maspardin cause HSP. 

SPG39, Neuropathy Target Esterase (NTE). 
Triaryl phosphates have been use in many commer-
cial and industrial applications, and growing evidence 
suggest that they may potentially cause organophos-
phate-induced delayed neuropathy (114). Although 
acute organophosphate toxicity is associated with a 
cholinergic crisis, the neurologic syndromes result-
ing from organophosphate toxicity are highly vari-
able but may lead to progressive spastic paraplegia 
(115–117). NTE is thought to be the target of neuro-

toxic organophosphates, which inhibit its catalytic ac-
tions or forms a neurotoxic complex. NTE is a lipase 
that acts to cleave acyl chains from phospholipids in 
neurons and has been shown to have important roles 
in cell proliferation and differentiation (118–120). 
Exogenously expressed NTE is localized to the en-
doplasmic reticulum and Golgi in mammalian cell 
lines and is thought to be an important regulator of 
organelle membrane composition (118). Mutations 
in the catalytic domains of NTE were found in the 
genetic analysis of 2 families with HSP resembling  
organophosphate-induced delayed neuropathy and 
Troyer syndrome (SPG20) (117). This exciting finding 
suggests that NTE may contribute to other forms of 
upper and lower motor neuron disease. A more de-
tailed functional understanding of NTE will be impor-
tant in our understanding of how membrane and lipid 
metabolism support axonal processes. The identifica-
tion of NTE along with BSCL2 and CYP7B1 highlight 
the potential importance of lipid metabolism in HSP.

x-LINKED HSP

SPG1, L1 Cellular Adhesion Molecule (L1CAM). 
SPG1 is allelic with the MASA syndrome (mental retar-
dation, aphasia, shuffling gait, and adducted thumbs) 
and caused by mutations in L1CAM (153). Spastic 
paraplegia is found in 90% of patients, however (154). 
Another allelic disorder is X-linked aqueductal steno-
sis (HSAS). Another acronym that has been suggested 
is CRASH syndrome (corpus callosum hypoplasia, re-
tardation, adducted thumbs, spastic paraplegia, and 
hydrocephalus) (155). X-linked spastic paraplegia is 
a rare disease. HSAS, SPG1, and MASA syndrome 
occur very early in infancy and neuropathological 
examination of HSAS patient spinal cord reveals the 
absence of the corticospinal tract (153). It is thought 
that mutations associated with SPG1 cause a slightly 
less severe loss of function, which allows for the de-
velopment, but not for the proper function, of the cor-
ticospinal tract (153). With such a severe and early  
presentation, the identification of L1CAM as the cause 
of SPG1 highlights its importance in the development 
of the corticospinal tract but reveals little about the 
more slowly progressing HSP forms occurring later in 
life. L1CAM is an important cell adhesion molecule in 
the central neurons and was shown to stimulate axon 
growth (156). 

SPG2, Proteolipid Protein 1 (PLP). Pelizaeus-
Merzbacher disease (PMD) and SPG2 share the com-
mon features of cerebellar ataxia, mental retardation, 
congenital nystagmus, and seizures (157). Histological 
analysis of PMD patient CNS tissues revealed diffuse 
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loss of myelin across the brain (157). The clinical and 
neuropathogial similarities between PMD and SPG21 
led investigators to analyze the PLP gene in SPG2 fam-
ilies (157). Indeed, unique mutations were identified 
in SPG2 patients, suggesting that different mutations 
in PLP alter the pathogenesis and explain the differ-
ences in clinical presentation between PMD and SPG2 
(157–159). A mouse line with a spontaneous mutation 
in PLP coined “rumpshaker” indicates increased rates 
of myelin degradation (160). Interestingly, it was also 
found that the UPR, which appears to be activated 
in response to mutations in PLP in specific strains of 
mice but not others, modifies the severity of the result-
ing phenotype (161). It is suggested that genetic back-
ground may have a strong influence in the phenotypes 
resulting from PLP mutations (161).

PERSPECTIVE

With the rapid expansion of known genes in HSP, the 
key proteins in the pathology of the disease come into 
focus of molecular research. There is cautious opti-
mism that we will further dissect the major pathways 
for HSP in the coming decade. Examples of these 
emerging pathways in HSP are given in the paragraphs 
above. The main two pathways discussed at the cur-
rent stage of knowledge are axonal transport/traffick-
ing and mitochondrial function. Yet, these two basic 
cellular functions involve hundreds if not thousands of 
proteins and cascades of regulatory and signaling fac-
tors. The next aim should therefore be to further spec-
ify which functions are inhibited in axonal transport 
in long axons. This will hopefully shed light on the old 
question why ubiquitously expressed genes cause such 
specific phenotypes. Moreover, deciphering the molec-
ular biology of HSP will likely help research on other 
form of spasticity that are not necessarily genetic in 
origin. This includes spasticity due to stroke, trauma, 
or inflammation, as well as spasticity as a symptom 
within a broader phenotype. Genetic research on a 
rare condition could therefore well produce the most 
significant initial pieces of this puzzle. With its unbi-
ased methods, it often leads the investigator to unex-
pected targets that offer new opportunities of studying  
this condition.

As for most monogenic neurodegenerative dis-
eases, one should be careful about predicting the  
appearance of an effective pharmacotherapy. The com-
plicated architecture of the CNS, which does not show 
significant capacity for regeneration, makes it hard to 
imagine reparative pharmacologic strategies. The cur-
rent treatment of HSP consists of symptomatic medi-
cal management and physical therapy. No therapies 

that slow the progression of HSP or even prevent or 
reverse the symptoms are known. A reduction of mus-
cle spasticity can be achieved with a skeletal muscle 
relaxant such as the GABA receptor agonist baclofen. 
Another skeletal muscle relaxant that may improve 
spasticity is dantrolene. The dose has to be adjusted 
individually to each patient because variations in drug 
response exist. In addition, not all patients with HSP 
exhibit the same degree of spasticity. Other medica-
tions include zanaflex, which has been approved to 
treat muscle spasms, diazepam, and clonazepam. Oxy-
butynin, a smooth muscle relaxant, is given to reduce 
the urinary urgency that some patients with HSP 
complain about. Some patients may be candidates 
for “chemodenervation,” This approach may help 
to reduce muscle overactivity and can be achieved by 
intramuscular injections of botulinum toxin. In some  
patients, neuro-orthopedic surgery to lengthen the 
ankle plantar flexors or hip adductors may be appro-
priate. Although physical therapy does not prevent or  
reduce degenerative changes, it is important to maintain 
and improve the range of motion and muscle strength. 

Hereditary spastic paraplegia probably starts  
long before recognition of the first clinical symptoms; 
thus, the availability of comprehensive genetic testing 
will be important to begin therapy as early as possible 
for at-risk individuals. This goes in hand with the need 
to further improve the existing genotype/phenotype 
data to better predict the actual risk and course of a 
certain mutation. The variability of the clinical course, 
even within families, is not well understood. Besides en-
vironmental factors, additional genetic susceptibility 
genes are likely to play a role. The identification and 
pharmacologic targeting of HSP susceptibility genes 
might allow for modulation of the clinical course to-
ward milder phenotypes.

For the initial evaluation of new compounds, it 
will be necessary to focus on one HSP form or on a 
circumscript pathway. Otherwise, the genetic hetero-
geneity could be a serious confound for clinical trials. 
Thus, future clinical trials will require the cooperation 
of many specialized centers because of the low preva-
lence of even the most frequent forms of HSP. Specific 
HSP subtypes might turn out to be better accessible 
for future compounds, yet another reason for genetic 
testing. However, the existence of key pathways, such 
as axonal trafficking, could allow for therapeutic 
strategies that will improve not just one but several 
different types of HSP. A potential problem is that 
many HSP genes are expressed in different tissues but 
cause specific neurologic disease. Drugs that directly 
interact with these molecules might have unexpected 
side effects in other tissues. Animal models will guide 
the way to successful drug development. Substances 
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such as Vinca alkaloids have already proven potential 
in Drosophila models. However, Drosophila is not a 
full substitute for mammalian models and can only be 
a first step.

As mentioned above, the potential involvement of 
micro-RNA binding sites in some cases of HSP could 
lead the way to new experimental therapeutic strategies. 
Micro-RNAs are small RNA genes that have only very 
recently been discovered. Those RNAs target specific 
conserved regions in the 3’-UTR of many, but not all 
mRNAs. The disruption of such sites interferes with the 
binding of micro-RNA’s and causes abnormal transla-
tion or altered stability of the particular mRNA. Beyond 
this being the likely mechanism of action for a very lim-
ited number of cases in SPG31, it might be possible to 
develop artificial micro-RNAs that interfere with natu-
ral occurring binding sites and thereby change the avail-
ability of specific mRNAs that encode for HSP genes. 
This mechanism would preferentially target loss-of- 
function HSP genes.

Taken together, the scientific progress in HSP has 
never been faster than in the last 15 years. This was 
largely possibly through the advances of human ge-
netics and the availability of ever more detailed maps 
of the human genome. We are still in the phase of ex-
ploring the full spectrum of contributing genes and 
molecules. The genes identified to date explain about 
50% to 60% of all HSP cases, and we might end up 
with up to 100 HSP genes. Consequently, genetic di-
agnosis of HSP will become much more complicated 
as it is today. The molecular deciphering of HSP has 
already narrowed the focus to a few major pathways, 
and with the increasing availability of cell and animal 
models, the evaluation of pharmacologic compounds 
should progress faster in the near future.
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Neuromuscular disorders are defined as those whose 
pathology affects any process in the motor unit, in-
cluding the anterior horn cells, motor roots, periph-
eral nerve, neuromuscular junction, and muscle. The 
common presentation of neuromuscular disorders is 
weakness. Atrophy is frequently observed in neuro-
muscular disorders but may not be present in the ini-
tial phase of the illness. The weakness and atrophy 
are often asymmetric in anterior horn cell disorders 
and radiculopathy and typically symmetric in diseases 
of the peripheral nerve, neuromuscular junction, and 
muscle. Fasciculations are random discharges of mo-
tor units and are most commonly associated with 
amyotrophic lateral sclerosis (ALS) but can be seen 
in radiculopathy and peripheral neuropathy. Sensory 
symptoms and sensory loss are observed in peripheral 
neuropathies and radiculopathy but are not seen in 
diseases of the anterior horn cell, neuromuscular junc-
tion, or muscle unless a superimposed neuropathy, 
radiculopathy, myelopathy, or other central nervous 
system disorder is present.

Spasticity is not detected in most patients pre-
senting with neuromuscular disorders. This chapter 
discusses 6 conditions where spasticity may play a 
role in the disability of the patient. Spasticity is very 
common in ALS and is the predominate feature in 
patients with primary lateral sclerosis (PLS) and he-
reditary spastic paraparesis (HSP) or paraplegia. It is 
not uncommonly detected in patients with Friedreich 

ataxia (FA), B12 deficiency, and copper deficiency but 
may not be present in many patients, and often, it is 
not a distinctive feature of the neurologic presentation 
or examination.

AMYOTROPHIC LATERAL SCLEROSIS

Overview

Amyotrophic lateral sclerosis is a progressive neu-
rodegenerative disease that targets both upper and 
lower motor neurons in the motor cortex, brainstem, 
and spinal cord. Amyotrophic lateral sclerosis is 
sometimes referred to as Lou Gehrig disease, after the 
famous baseball player who died of the disease and 
who raised awareness of the illness. Clinical symp-
toms involve limb and bulbar weakness, the latter 
manifesting as dysarthria and dysphagia, along with 
fasciculations and spasticity. Signs include atrophy, 
hyperreflexia, clonus, and extensor plantar responses; 
the demonstration of hyperreflexia in a weak and 
wasted extremity is highly suggestive of ALS. Figure 
20.1 demonstrates severe atrophy of the hands in a 
young woman who has ALS. Figure 20.2 shows at-
rophy of the tongue in the same person. The illness is 
relentlessly progressive and debilitating. The combi-
nation of weakness and spasticity eventually interferes 
with ambulation, impairs performance of activities of 
daily living, and causes significant pain.

Spasticity Affecting 
Those With 
Neuromuscular Diseases: 
Pathology, Epidemiology, 
and Treatment

20
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The diagnosis of ALS is made on clinical grounds 
after mimicking illnesses have been excluded. The re-
vised El Escorial Criteria (1) provide a framework for 
diagnosis, dividing the clinical presentation into cat-
egories ranging from definite to possible ALS based 
on the presence of upper and lower motor neuron de-
generation, progressive spread of symptoms or signs 
within or to additional anatomically defined regions 
(craniobulbar, cervical, thoracic, and lumbosacral), 
and absence of electrophysiologic, pathological, and 
neuroimaging evidence of alternate etiologies to ex-
plain symptoms and signs. The differential diagnosis 
of ALS is broad. A limited list is as follows: for bul-
bar symptoms—myasthenia gravis, brainstem lesions, 
progressive bulbar palsy, and oculopharyngeal dystro-
phy; for upper motor neuron dysfunction—cervical 
spondolytic myeloradiculopathy, multiple sclerosis, 
PLS, hereditary spastic paraplegia, infectious my-
elopathy (HIV or HTLV-1), and subacute combined 
degeneration of the spinal cord; and for lower motor 
neuron disease—spinal or progressive muscular at-
rophy, multifocal motor neuropathy, chronic inflam-
matory demyelinating neuropathy, and spinobulbar  
muscular atrophy (2).

No single diagnostic test is confirmatory for 
ALS. Electrophysiologic testing documents lower mo-
tor neuron dysfunction in the setting of normal sen-
sory studies. Magnetic resonance imaging of the brain 
and spine excludes structural causes for symptoms; 
T2 hyperintensity in the corticospinal tracts, most 
likely secondary to Wallerian degeneration, has been 
demonstrated in some patients. Additional laboratory 
studies to rule out infectious, inflammatory, meta-
bolic, or nutritional etiologies may be necessary in 

patients whose clinical presentation is not compelling 
for ALS.

Amyotrophic lateral sclerosis is inevitably fatal, 
usually due to failure of respiratory function. Popula-
tion studies have reported the cumulative probability 
of survival after diagnosis as 78% at 12 months, 56% 
at 24 months, and 32% at 36 months. Only 25% live 
beyond 5 years (3, 4). Median survival is approxi-
mately 3 to 5 years from symptom onset. Negative 
prognostic factors for survival are older age, rapid 
progression of symptoms, site of disease onset, and 
low compound muscle action potential amplitudes on 
motor conduction studies. Bulbar onset disease com-
prises 25% of cases and portends a poorer prognosis 
than spinal onset (4).

Amyotrophic lateral sclerosis is currently with-
out an adequate disease-modifying therapy to halt or 
reverse the progression of disease. As such, treatment 
efforts are concentrated on symptom management to 
optimize the quality of life.

Epidemiology

Amyotrophic lateral sclerosis is a relatively rare dis-
ease. In population studies from Europe and North 
America, the reported incidence is 1.5 to 2.5 per 
100,000 individuals per year (3), whereas the preva-
lence is 4 to 6 per 100,000 (4). The incidence is 50 to 
150 times higher in the Western Pacific where ALS is 
associated with the parkinsonism-dementia complex, 
and environmental, rather than genetic, factors are 
thought to play a role.

The incidence of ALS increases after the age 
of 40 years, peaks in the 7th and 8th decades, and 
then rapidly declines. Approximately 15% of pa-

FIGURE 20.1

Photo of the hands of a young woman with ALS showing 
pronounced atrophy of intrinsic hand muscles and finger 
contractures.

FIGURE 20.2

Photo of the tongue of the same young woman with ALS in 
Figure 20.1. Tongue atrophy and fissuring are observed.



20� SPASTICITY�AFFECTING�THOSE�WITH�NEuROMuSCuLAR�DISEASES 299

tients are diagnosed at an age younger than 40. In 
this setting, a positive family history is often present. 
Familial cases associated with superoxide dismutase  
1 (SOD1) mutations present, on average, 10 years 
earlier than sporadic cases with an average age of on-
set of 46 versus 56 years (5). Gender studies indicate 
nearly equal incidence with a male-to-female ratio of  
1.3-1.6:1 (4). The incidence of ALS appears to be 
lower among African, Asian, and Hispanic ethnici-
ties than among whites (6). The current hypothesis is 
that ALS is a complex genetic condition with signifi-
cant variability in presentation ranging from sporadic 
cases without any family history to families displaying 
a typical autosomal dominant inheritance pattern (4). 
Sporadic cases account for 90% of all ALS diagnoses; 
any prior family history denotes familial ALS in the 
remaining 10%. Thus far, the SOD1 gene has been the 
most thoroughly investigated in familial ALS. Muta-
tions of this gene, localized to chromosome 21, lead 
to a toxic gain-of-function pathology, which accounts 
for 10% to 20% of the autosomal dominant familial 
ALS cases (5).

Pathogenesis of ALS

Familial ALS

As stated above, SOD1 mutations have been impli-
cated in familial autosomal dominant ALS. Despite 
the identification of genetic defects in juvenile-onset 
disease and in families displaying autosomal domi-
nant inheritance patterns, the SOD1 mutations are 
the only ones that lead specifically and exclusively to 
classic ALS (4, 5). Superoxide dismutase 1 works as 
an antioxidant to transform superoxide anions into 
hydrogen peroxide. Oxidation and subsequent mis-
folding of SOD1 are believed to lead to an extracellu-
lar protein secreted by neurons and glial cells, which is 
selectively toxic to cortical and spinal motor neurons, 
cortical and certain spinal interneurons, and dopami-
nergic neurons (5).

Sporadic ALS 

Several mechanisms, which are not mutually exclu-
sive, have been hypothesized in the initiation and 
propagation of the neurodegeneration in ALS. The 
major theories include excitotoxicity, oxidative stress, 
mitochondrial dysfunction, immune or inflamma-
tory mechanisms, neurofilament abnormalities, and  
microglial-mediated neurotoxicity (7, 8).

The excitotoxicity model is based on glutamate. 
Excitotoxicity leads to neuronal cell death by repeti-
tive firing or elevation of intracellular calcium by  
calcium-permeable glutamate receptors.

Glutamate is released by presynaptic terminals 
and then diffuses across synaptic clefts to induce re-
ceptors on postsynaptic dendrites. Glutamate trans-
porters facilitate the reuptake of glutamate to prevent 
repetitive motor firing. Excitatory amino acid trans-
porter type 2 is the main glial glutamate transporter; 
loss of this protein and subsequently reduced transport 
and elevated cerebrospinal fluid (CSF) glutamate have  
been implicated in the pathogenesis of ALS (7, 8).

The hypothesis of oxidative stress involves the 
failure of antioxidant defenses in motor neurons to 
limit the attack of subcellular components by oxy-
gen free radicals, which causes lipid peroxidation, 
cytoskeletal disruption, and mitochondrial damage  
(8, 9–17). 

Mitochondrial dysfunction is proposed as an 
additional cause of neurodegeneration. Morphologic 
studies have demonstrated mitochondrial abnormali-
ties in patients with sporadic ALS and in familial ALS 
mice (with SOD1 mutation) in which mitochondrial 
swelling and vacuolization were seen early in the 
course of the disease (8, 18–20).

Environmental factors, including cycad seeds 
and mineral imbalances in the ALS-parkinsonism- 
dementia complex of the Western Pacific and pesti-
cides and heavy metals, have been proposed to play a 
role in the development of ALS (5). In most patients, 
however, the contribution of environmental factors to 
the pathogenesis of ALS is unclear.

Pathogenesis of Spasticity

Amyotrophic lateral sclerosis encompasses a combi-
nation of upper and lower motor neuron symptoms 
and signs. The upper motor neuron features are the 
negative signs of weakness and loss of dexterity and 
positive signs of hyperreflexia, clonus, flexor spasms, 
and spasticity. Spasticity is thought to arise from hy-
perexcitability of lower motor neurons and abnormal 
processing of proprioceptive input in the spinal cord. 
The increased excitability of lower motor neurons 
is a result of damage in the descending modulatory 
tracts, which include the corticospinal, reticulospinal, 
vestibulospinal, and tectospinal tracts. Corticospinal 
tract axons provide both excitatory and inhibitory  
influences through the alpha motor neurons, gamma 
motor neurons, and Ia inhibitory interneurons. A pure 
pyramidal lesion, however, is thought to have a minimal  
contribution to spasticity as demonstrated extensively 
in animal studies. Rather, it is the dorsal reticulospinal 
tract that appears to be the main inhibitory pathway,  
providing tonic inhibition of flexor reflex afferents 
and spinal stretch reflexes. Excitatory pathways are 
conducted through the medial reticulospinal and  



300 Iv� EvALuATION�AND�MANAGEMENT�OF�DISEASES�INvOLvING�SPASTICITY�

vestibulospinal tracts; lesions of these axons seem to 
have some contribution to spasticity.

Normal tone thus consists of a balance between 
inhibitory effects on stretch reflexes mediated by the 
dorsal reticulospinal tract and excitatory effects on 
extensor tone modulated by the medial reticulospi-
nal and vestibulospinal tracts. Lesions of these upper 
motor neurons therefore disturb this delicate balance, 
which produces a state of net disinhibition of the spi-
nal reflexes (9–11).

Pathology

On gross examination, there is atrophy of the pre-
central gyrus of the motor cortex and ventral spinal 
roots. Microscopically, there is a loss of anterior horn 
neurons, anterior root myelinated fibers, and brain-
stem motor nuclei with specific involvement of the 
hypoglossal, ambiguus, and motor trigeminal cranial 
nerves. Destruction of these and other upper motor 
neurons leads to Wallerian degeneration in the corti-
cospinal tracts. Characteristic Bunina bodies, Periodic 
Acid Schiff-positive cytoplasmic inclusions, and ubi-
quinated inclusions are present in remaining neurons. 
The sensory system is typically spared.

Neurofibrillary tangles composed of hyperphos-
phorylated tau protein are often seen in patients with 
the ALS-parkinsonism-dementia complex of Guam 
(11, 12).

Treatment

Disease Modifying

Riluzole is currently the only disease-modifying agent 
approved for the treatment of ALS. This medication 
works on 3 separate mechanisms to inhibit glutamate 
release, block postsynaptic N-methyl-d-aspartic acid 
receptor-mediated responses, and inactivate voltage-
sensitive sodium channels (8). 

The use of riluzole is based on the results of 2 
large randomized, double-blind, placebo-controlled 
clinical trials. Bensimon et al. (13) analyzed the pri-
mary outcome measures of survival and rate of change 
in functional outcomes and the secondary outcome of 
change in muscle strength as assessed manually using 
the Medical Research Council Scale in 155 patients 
with ALS taking either riluzole 100 mg per day or pla-
cebo for 12 months. After a median follow-up of 18 
months, the drug appeared to slow the progression 
of the disease, showing a more prominent therapeu-
tic benefit in patients with bulbar versus those with 
limb onset. For patients with bulbar-onset disease, the  
1-year survival rate was 73% (compared to 35% 

in placebo), and for those with limb-onset disease,  
1-year survival was 74% (vs 64% in placebo). A bene-
ficial effect on rate of muscle strength deterioration was 
also noted to be significant in the riluzole group (13).

A second dose-ranging trial of riluzole was per-
formed by Lacomblez et al. (14) to evaluate a primary 
outcome of survival without tracheostomy and sec-
ondary outcomes of rates of change of functional mea-
sures including muscle strength (as manually measured 
by the Medical Research Council Scale), functional 
status, respiratory function, and the participant’s sub-
jective assessments of fasciculations, cramps, stiffness, 
and tiredness. Patients with ALS (959 patients) were 
followed up for a median period of 18 months after 
being randomized to receive placebo, or 50, 100, or 
200 mg per day for 12 months. The results demon-
strated a small but significant survival prolongation in 
patients receiving riluzole compared to placebo with 
an inverse dose response in the risk of death (50.4% 
of placebo patients alive at 18 months compared to 
55.3%, 56.8%, and 57.8% in those taking 50, 100, 
and 200 mg riluzole per day, respectively). Notably, 
functional scales did not differentiate between treat-
ment groups, and the trial was unable to confirm a 
difference in therapeutic response based on site of dis-
ease onset, a result different from the original trial by 
Bensimon et al. (14).

Bensimon et al undertook another study of rilu-
zole 100 mg per day versus placebo in 168 more ad-
vanced patients with ALS (age >75, disease duration 
>5 years, forced vital capacity <60%). This study 
failed to demonstrate a significant survival advantage 
in the riluzole-treated patients based on survival anal-
ysis at 12 months (15).

Pooling data from these pivotal trials, the au-
thors of the Cochrane Collaboration concluded that 
riluzole offers a modest prolongation of median sur-
vival of 2 to 3 months. The drug is well tolerated; 
the most common adverse effects are gastrointestinal 
upset, asthenia, and transaminase elevation (16).

Based on the previously described theories for 
the pathogenesis of ALS and successful results in the 
mouse model of the SOD1 mutation, a variety of drugs 
have been investigated in large placebo-controlled tri-
als. Unfortunately, none has been able to show ad-
ditional disease-modifying benefits. One example is 
gabapentin. Gabapentin has been hypothesized to 
reduce the pool of releasable glutamate, and any ben-
efit could be explained by the glutamate excitotoxicity 
theory of ALS. Several studies have been completed 
with this drug. Miller et al. (17) administered gaba-
pentin 800 mg 3 times per day versus placebo for 6 
months to 152 patients with ALS in a randomized, 
double-blind trial. The primary outcome measure was 
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the slope of the arm megascore, the average maximum 
voluntary isometric contraction strength from 8 arm 
muscles standardized against a reference ALS popu-
lation. The secondary outcome measure was forced 
vital capacity. The results did not show a statistically 
significant trend toward a slower rate of decline of 
arm strength in the gabapentin-versus-placebo group; 
in addition, there was no observed treatment effect on 
forced vital capacity (17). The authors thereafter initi-
ated a randomized, double-blind, placebo-controlled 
trial of 128 patients with ALS who took gabapentin 
3600 mg per day for 9 months; the same outcome 
measures were utilized. Once again, there was no dif-
ference in the rate of decline of arm scores between 
the groups (18). A combined analysis of the phase II 
and phase III studies showed a more rapid rate of de-
cline of the forced vital capacity in patients treated 
with gabapentin (8).

Topiramate, which also possesses anti-excitatory 
properties, was proposed as a potential ALS therapy. 
This drug reduces glutamate release from neurons 
and antagonizes kainate activation of the a-amino-3- 
hydroxy-5-methyl-isoxazole-4-propionic acid gluta-
matergic excitatory amino acid receptor. Cudkowicz 
et al. (19) randomized 296 patients with ALS to either 
placebo or topiramate (maximum 800 mg per day) for 
12 months of treatment in a double-blind trial. The 
primary end point was rate of change in the upper 
extremity motor function measured by the maximum 
voluntary isometric contraction strength; surprisingly, 
subjects in the topiramate group showed a faster de-
crease in arm and grip strength compared to placebo. 
There was no significant effect on secondary outcomes 
of rates of decline in forced vital capacity, ALS Func-
tional Rating Scale (ALSFRS), and survival. In addi-
tion, a large number of adverse effects were reported 
with the medication (19).

Cyclooxygenase-2 is thought to play a key role in 
both glutamate-mediated excitotoxicty and inflamma-
tion. The enzyme catalyzes the synthesis of prostaglan-
dins, which trigger neuronal and astrocytic glutamate 
release. As for inflammation, the enzyme is involved in 
the production of reactive oxygen species, free radicals, 
and pro-inflammatory cytokines (8). Cudkowicz et al. 
conducted a double-blind, placebo-controlled trial of 
300 patients with ALS, administering celecoxib, a se-
lective cyclooxygenase-2 inhibitor, in a dose of 800 
mg per day versus placebo for 12 months. The pri-
mary outcome was rate of change of upper extremity 
motor function measured by the maximum voluntary 
isometric contraction strength; secondary outcomes 
were safety, survival, change in CSF prostaglandin E2 
levels, and changes in the rate of decline of leg and 
grip strength, forced vital capacity, ALSFRS-Revised, 

and motor unit number estimates. Although celecoxib 
was well tolerated, it did not significantly affect sur-
vival nor did it slow decline in muscle strength, forced 
vital capacity, motor unit estimates, or scores on the 
Functional Rating Scale (20).

Minocycline, a tetracycline antibiotic with anti-
inflammatory and antiapoptotic properties, was  
evaluated in several randomized, double-blind, pla-
cebo-controlled trials by Gordon et al. (21). The 
initial trial demonstrated that minocycline could be 
taken safely in combination with riluzole (21). A sub-
sequent randomized, placebo-controlled study was 
conducted in 412 patients who received either placebo 
or escalating doses of minocycline to 400 mg per day 
for 9 months. The study organizers selected the rate 
of change of the ALSFRS as the primary outcome and 
analyzed forced vital capacity, manual muscle testing, 
quality of life, survival, and safety as secondary out-
comes. The final result was a 25% faster rate of de-
terioration of the ALSFRS score and a nonsignificant 
tendency toward faster decline in functional vital ca-
pacity, manual muscle testing, and increased mortality  
in the group receiving minocycline (21, 22).

To evaluate the role of oxidative stress in the 
pathogenesis of ALS, vitamin E has been tested in 
conjunction with riluzole. Desnuelle et al. (23) studied 
289 patients with ALS taking riluzole 50 mg per day 
in a randomized, double-blind trial of placebo versus 
vitamin E 500 mg, BID. There was no significant dif-
ference in the primary outcome measure of the Norris 
Limb Scale at 12 months (23). A subsequent random-
ized, double-blind trial of 160 patients with ALS on 
riluzole, done by Graf et al. (24), compared placebo 
to vitamin E 5000 mg per day. At 18 months, a signifi-
cant difference could not be shown in the survival rate 
(the primary outcome) or in the secondary outcomes 
of rate of deterioration of function, manual muscle 
testing, or spasticity scale (24).

Creatine plays a significant role in mitochondrial 
ATP production; thus, its use in ALS might attenuate 
mitochondrial dysfunction and neurodegeneration. 
The supplement also has direct antioxidant effects, 
may contribute to prevention of excitotoxicity and 
apoptosis, and has been shown to improve muscle 
strength in healthy individuals. However, 2 random-
ized, double-blind, placebo-controlled trials failed to 
identify a beneficial effect on survival or disease pro-
gression in ALS. Groeneveld et al. (25) performed a 
double-blind placebo controlled trial in 175 patients 
with ALS randomized to either creatine monohydrate 
5 g, BID, or placebo. The authors failed to identify 
a difference in survival, the primary outcome, at 12 
months; secondary outcome measures, including rate 
of decline of isometric arm muscle strength, forced  
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vital capacity, functional status, and quality of life, 
similarly did not demonstrate a difference in treatment 
groups (25). Shefner et al. (26) conducted a random-
ized, placebo-controlled, double-blind trial of 104 
patients with ALS to evaluate the efficacy of creatine  
5 g per day. The authors also were unable to observe 
a significant effect of creatine on maximum voluntary 
isometric contraction of upper extremity muscles, 
grip strength, ALSFRS-Revised scores, and motor unit 
number estimates when analysis was completed at  
6 months (26).

Motor neuron degeneration is the cornerstone of 
ALS. A lack of trophic factors, molecules that support 
cell survival and promote cell differentiation, has been 
hypothesized as a causative factor. One example is the 
ciliary neurotrophic factor (CNTF), an endogenous 
protein of Schwann cells in the peripheral nervous sys-
tem that is released in response to injury purportedly 
to limit neuronal damage (27, 28). In ALS wobbler 
mouse models, CNTF slowed disease progression and 
improved muscle strength (29). Miller et al. (27) con-
ducted a placebo-controlled trial of escalating doses 
of recombinant human CNTF (rhCNTF) in 570 pa-
tients with ALS. Participants received either placebo 
or rhCNTF 0.5, 2, or 5 μg/kg per day for 6 months. 
Primary outcomes were based on changes in maxi-
mum voluntary isometric contraction in the upper 
and lower extremities and pulmonary function; sec-
ondary outcomes included survival among other mea-
sures. The authors found no beneficial effects of the 
medication. In fact, more deaths and adverse events 
were observed in the group receiving the highest dose 
of rhCNTF (27). The ALS Study Group completed a 
trial of rhCNTF 15 or 30 μg/kg or placebo injected  
3 times weekly for 9 months in 730 patients with ALS. 
The authors found no statistically significant differ-
ence between the treatment and placebo groups (28). 
Side effects were noted to limit dosing of rhCNTF.

Another neutrophic factor, insulin-like growth 
factor-1 (IGF-1), is a naturally occurring peptide that 
exerts its influence on motor neurons, neuromuscular 
junctions, and muscles and has been shown to pro-
mote motor neuron survival in vitro and to improve 
strength in the wobbler mouse model of ALS. The 
combined results of 2 important trials provide a small 
statistically significant benefit after taking IGF-1 based 
on a change in the score of the Appel Amyotrophic 
Lateral Sclerosis Rating Scale; the clinical relevance 
of this remains unclear (30). In the first study of 266 
patients, subjects were randomized to placebo, recom-
binant human IGF-1 (rhIGF-1) 0.5 mg/kg per day, or 
rhIGF-1 0.10 mg/kg per day for 9 months. The treated 
groups displayed a slowed progression of functional 
impairment and health-related quality of life (31). A 

second trial, done by Borasio et al. (32), compared 
183 patients who either received placebo or rhIGF-1 
0.10 mg/kg per day for 9 months. The outcome was a 
nonsignificant difference in the treatment group (32).

Other drugs and therapies have been proposed 
as disease-modifying agents but have failed to show a 
beneficial effect. Using the concept that a serum factor 
might be playing a role in ALS, plasmapheresis has 
been proposed as a disease-modifying therapy. In at 
least 2 small case studies, the treatment did not alter 
the course of the disease (33, 34).

Symptomatic (Spasticity)

Spasticity is a major component of ALS and leads 
to functional impairment and pain. Usually, a multi-
modal symptomatic treatment plan is needed, com-
bining medications and physical therapy to improve 
the quality of life in patients with ALS. Oral medica-
tions form the mainstay of therapy despite the absence 
of large studies specifically showing that the drugs are 
useful in patients with ALS (35). The most commonly 
utilized medications include baclofen, diazepam, tiza-
nidine, and dantrolene. Additional therapies include 
intrathecal baclofen (ITB) and botulinum toxin A  
injections.

Baclofen stimulates the GABAB receptor to sup-
press excitatory neurotransmitter release and to en-
hance presynaptic inhibition. Its use is limited by side 
effects of central nervous system depression, such as 
sedation, confusion, and dizziness, as well as weak-
ness. In those patients with severe spasticity who ex-
perience dose-limiting side effects or are otherwise 
refractory to medical management, ITB may be an 
option. This therapy involves the long-term delivery 
of baclofen, at a dose 1% of the typical oral dose, di-
rectly into the intrathecal space through an implanted 
programmable pump. Potential complications of 
this procedure include infection, pump dysfunction, 
and baclofen withdrawal symptoms such as seizures  
(36–38). The literature in ALS is limited to small co-
horts, but 2 specific studies suggest that a decrease 
in spasticity and pain, improved quality of life, and 
improved function can result from ITB, even in the 
terminal stages of ALS (39–41).

Benzodiazepines, primarily diazepam, are often 
used as an adjunct to baclofen. These medications 
work centrally to increase presynaptic inhibition by 
binding to GABAA receptors. Side effects are similar 
to those listed for baclofen; dependence and tolerance 
can develop in high doses (36, 37).

Tizanidine, a centrally acting alpha-2 agonist, 
inhibits the release of excitatory amino acids in spinal 
interneurons (36, 37). Tizanidine in certain trials re-
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duces spasticity without significantly altering muscle 
strength and has a similar efficacy and better toler-
ability as compared to baclofen and diazepam (42, 
43). Side effects include sedation, dizziness, and dry 
mouth.

Dantrolene is the only antispasticity agent that 
works peripherally to inhibit calcium release from the 
sarcoplasmic reticulum in skeletal muscle and thereby 
interferes with the excitation-coupling reaction to de-
crease the force of muscle contraction. Adverse reac-
tions are gastrointestinal symptoms, hepatotoxicity, 
generalized weakness, and sedation (36, 37, 44–46).

Botulinum toxin A (botox), derived from the an-
aerobic bacteria Clostridium botulinum, acts presyn-
aptically in the neuromuscular junction to prevent the 
release of acetylcholine. Injections of botox are widely 
used to treat spasticity secondary to stroke and mul-
tiple sclerosis. They are less commonly utilized in ALS 
but have been shown to be effective for trismus and 
stridor in case reports (46, 47). The injections exert a 
local effect; there remains a risk of generalized weak-
ness if injected intravenously.

Medications should be coupled with exercise and 
physical therapy. A randomized, controlled trial found 
that moderate-intensity, endurance-type exercises for 
the trunk and limbs may reduce spasticity and impact 
positively disability in ALS (48).

PRIMARY LATERAL SCLEROSIS

Overview

Primary lateral sclerosis is a rare, nonhereditary, neu-
rodegenerative disorder targeting only upper motor 
neurons. The main clinical manifestation is spasticity, 
which is accompanied by symptoms and signs of upper 
motor neuron dysfunction, including hyperreflexia, 
clonus, and extensor plantar responses. The disease 
has an insidious onset, typically beginning with spas-
ticity of one or both lower limbs. Patients complain 
of loss of dexterity, slowness, and stiffness along with 
gait abnormalities; weakness may be present but is 
not as prominent as in ALS (49). Often, patients with 
PLS complain of weakness, yet the neurologic exami-
nation demonstrates little if any true weakness, and 
the predominant sign is profoundly increased tone. 
Primary lateral sclerosis has the tendency to gradually 
ascend and evolve into a tetrapyramidal syndrome in-
cluding pseudobulbar involvement characterized by 
unprovoked and inappropriate emotional displays. 
In some instances, the disease presents initially in 
the upper extremities or the bulbar region (50). The 
course is very slowly progressive, often with periods 

of stabilization, but eventually leading to debilitating 
spasticity. Median survival rate is not well defined; it 
is generally accepted to be much longer than survival 
in ALS. Survival ranges from 1 to 15 years from dis-
ease onset and has been described as approximately 8 
years in a number of studies (51). Sensory symptoms 
are usually absent. Urinary incontinence, most likely 
due to detrusor hyperreflexia and internal sphincter 
spasticity, is fairly common in later stages of the illness 
(49, 51, 52).

The diagnosis is made on clinical grounds, when 
other disorders causing spasticity are excluded. Crite-
ria for PLS were originally proposed by Pringle et al.  
(53, 54), but modifications have been suggested based 
on additional research. The initial guidelines permit-
ted occasional fibrillation potentials and increased 
insertional activity on electrophysiologic testing to 
be included in the diagnosis of PLS, but subsequent 
guidelines have categorized patients with those electro-
graphic abnormalities to clinical or suspected, rather 
than classic, PLS (54). Pringle et al. in his criterion 
required only 3 years of monitoring for the devel-
opment of lower motor neuron symptoms before 
establishing the formal diagnosis of PLS, whereas  
Gordon et al. (55) extended this observation period 
to 4 years.

Corticospinal spasticity with or without corti-
cobulbar symptoms can be observed in many ill-
nesses including structural disorders (Arnold-Chiari 
malformation, cervical spondylotic myelopathy, spi-
nal arteriovenous malformation, or hydrocephalus), 
degenerative diseases (multiple sclerosis and spino-
cerebellar ataxia), leukodystrophy, toxic/metabolic ill-
nesses (subacute combined degeneration, vitamin E 
deficiency), and infectious etiologies (syphilitic hyper-
trophic pachymeningitis, tropical spastic paraparesis, 
AIDS) (56). However, when patients present with an 
isolated syndrome of progressive spinobulbar spastic-
ity, the list is substantially narrowed to PLS, heredi-
tary spastic paraplegia, and upper motor neuron-onset  
ALS (49).

Nearly all patients with suspected PLS undergo 
electrophysiologic testing to determine the presence of 
subclinical lower motor neuron disease. Further eval-
uation for alternate explanations of generalized upper 
motor neuron disease is individually tailored to the 
specifics of the clinical presentation.

Hematologic and CSF testing is performed to 
exclude infectious etiologies of myelopathy (syphilis, 
Lyme disease, HTLV-1, HIV), nutritional (vitamin B12,  
folic acid, copper deficiencies), and genetic disorders 
(specific mutations for HSP, spinocerebellar ataxia, 
and hexosaminidase A deficiency and very long chain 
fatty acids for adrenomyeloneuropathy) (1). In rare 
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cases, PLS symptoms have been associated with HIV 
infection, paraneoplastic syndromes, sprue, and Sjo-
gren syndrome (57).

Imaging of the brain and spine are performed to 
eliminate structural anomalies (Chiari malformation, 
spondylosis, and intrinsic spinal cord lesions), com-
pressive etiologies, and T2 hyperintensities of multiple 
sclerosis (1). Cortical atrophy, either diffuse or focal 
in the primary motor region, has been observed in PLS 
but is not a consistent feature (58–60).

Debate continues as to whether PLS is a distinct 
pathological entity or represents one point on a spec-
trum of motor neuron disease between ALS with its 
upper and lower motor neuron involvement and a 
pure upper motor neuron syndrome, which has not 
yet been clearly defined. Features that differentiate 
this disease from ALS are the prolonged course and 
lack of impressive weakness and lower motor neuron 
signs. Occasionally, patients with suspected PLS dem-
onstrate electrophysiologic evidence of lower motor 
neuron dysfunction or clinical evidence of cramps, 
fasciculations, or amyotrophy either at the time of 
diagnosis or at follow-up (52, 53, 58, 59). Several au-
thors have attributed these signs, particularly atrophy, 
to disuse, whereas others judge them to be a signal 
that the disease has evolved into classic ALS. Still, oth-
ers believe that the lower motor neuron dysfunction is 
either transient or a product of the chronicity of PLS 
as it progresses (61).

Similarities between ALS and PLS are the age 
of onset, presence of spinal and bulbar forms of the 
disease, and lack of sensory disturbances. Additional 
clues to a continuous relationship between the 2 mo-
tor neuron diseases and to other neurodegenerative 
disorders are the presence of frontal lobe dementia or 
neuropsychological impairment and ocular movement 
abnormalities (49, 54, 58).

Epidemiology

Primary lateral sclerosis is rare, comprising only 2% of 
5% of all patients with motor neuron disease. Symp-
toms begin in the fifth to sixth decade; the mean age of 
onset is 45.4 to 53.7 years. There may be a slight male 
predominance, but this is based on small population 
studies (49, 52).

Pathophysiology of Spasticity

As in ALS, the increased tone of PLS is thought to 
be a manifestation of the disturbed balance between 
inhibitory input of the dorsal reticulospinal tract and 
facilitatory input of the medial reticulospinal and ves-
tibulospinal tracts on lower motor neurons (62–64).

Pathology

Only a few patients with PLS have gone to autopsy. In 
PLS, there is degeneration of the frontal and prefron-
tal motor cortex with selective loss of Betz cells and 
giant pyramidal neurons located in layer 5. Laminar 
gliosis is seen in layers 3 and 5. Atrophy of the pre-
central gyrus can be visualized on gross examination 
(58, 65). Loss of these upper motor neurons results 
in secondary demyelination and degeneration of the 
descending corticospinal and corticobulbar pathways 
(59). Anterior horn motor neurons are typically pre-
served in classic PLS, but loss of these neurons, to a 
lesser extent than that in ALS, has been documented 
(60, 65). Bunina bodies and ubiquinated inclusions, 
previously thought to be the hallmark of ALS, have 
also been noted in patients with PLS (49, 53).

Treatment

Primary Lateral Sclerosis

No disease-modifying therapy for PLS has been found 
based on the lack of clinical trials showing any ther-
apy to be useful for the illness. Patients may be offered 
high doses of the antioxidants, vitamins C and E, and 
beta carotene (49).

Spasticity

Therapy is directed at symptomatic management. As in 
ALS, oral baclofen, a GABAB agonist, and tizanidine, 
a central alpha-2 agonist, are first-line medications; 
benzodiazepines and dantrolene are utilized less fre-
quently. Intrathecal baclofen is an option in refractory 
cases. In case reports, ITB has been shown to partially 
relieve spasticity and improve quality of life without 
causing excessive weakness out of proportion to that 
expected by disease progression itself (49, 66, 67).

HEREDITARY SPASTIC PARAPARESIS

Overview

The term hereditary spastic paraparesis encompasses 
a heterogeneous group of inherited disorders charac-
terized by progressive gait dysfunction secondary to 
symmetric lower extremity spasticity (68). The dis-
ease is classified by clinical presentation into pure and 
complicated forms.

Pure HSP is a syndrome of insidiously progressive 
and symmetric lower extremity spasticity that leads to 
gait disturbances (69). The age of onset spans from 
infancy into the eighth decade (68), although most 
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develop symptoms between the second and fourth 
decades (70). Patients initially present with difficulty 
walking, stumbling, and tripping along with stiffness 
and cramping (69). Childhood onset may present as a 
delay in walking (68). Frequently associated symptoms 
are urinary urgency, hesitancy, and frequency (in up to 
50%) and mildly impaired distal vibratory sense (10%–
65%), especially in long-standing disease (68, 69).  
Pes cavus deformities, absence of ankle reflexes, upper 
extremity ataxia, and mild distal amyotrophy, particu-
larly of the shins, have also been noted (68). The latter 
muscle wasting is usually attributed to disuse atrophy, 
as it is primarily present in patients with a prolonged 
disease course. In general, strength and dexterity of 
the upper extremities, speech, and swallowing remain 
unaffected in pure HSP (71).

Complicated HSP is diagnosed when HSP is 
associated with neurologic symptoms and signs not 
commonly observed in a myelopathy such as epilepsy, 
cataracts, amyotrophy, extrapyramidal disease, cuta-
neous abnormalities, mental retardation, peripheral 
neuropathy, and dementia (68, 69). Of note, cognitive 
impairment has been described in some families with 
HSP (69).

Although gait disturbance is a universal symp-
tom, the severity ranges from one of no functional con-
sequence to spastic diplegia requiring a cane, walker, 
or wheelchair (69, 71). Severity and prognosis can-
not be reliably predicted given the extent of variation  
in disease progression between and within families 
with the same genetic mutation. It has been observed 
that a younger age of disease onset (<35 years) tends to 
be associated with slow progression and preservation 
of ambulation (68). Regardless of the age of presenta-
tion, patients with HSP have a normal life expectancy 
(68).

Autosomal dominant, autosomal recessive, and 
X-linked forms of the disease have been delineated, 
and at least 20 genetic loci have been identified (72). 
An autosomal dominant pattern is the most common, 
and among these, the spastin mutation of the spastic 
paraplegia loci (SPG) 4 gene on chromosome 2p ac-
counts for approximately 40% of the autosomal dom-
inant forms (68). In the majority, the spastin mutation 
confers a phenotypic pattern of pure HSP (73).

Neurologic examination reveals bilateral lower 
extremity spasticity, particularly in the hamstrings, 
quadriceps, and ankles, hyperreflexia, and extensor 
plantar responses (68). Weakness is present, often in 
the tibialis anterior, hamstrings, and iliopsoas muscles, 
but is often mild in comparison to the degree of spas-
ticity (69). The upper extremities may display hyper-
reflexia but are otherwise unaffected, as is function of 
cranial nerves. Sensory testing may reveal decreased 

vibratory sense in the distal lower extremities. Gait 
testing demonstrates short stride length due to limited 
thigh flexion and foot dorsiflexion, leg circumduction, 
and often toe walking or a tendency to keep the legs 
partially flexed (68).

Hereditary spastic paraparesis is a diagnosis of ex-
clusion and is based on the distinctive symptoms of gait 
disturbance, positive family history, and typical features 
on examination (70). Mimicking disorders include sub-
acute combined degeneration, vitamin E deficiency, 
copper deficiency, Dopa-responsive dystonia, structural 
disorders (cervical spondylosis, Chiari malformation, 
tethered cord, spinal cord ateriovenous malformation) 
and compressive spinal cord disorders, progressive mul-
tiple sclerosis, motor neuron disorders (PLS and upper 
motor neuron-onset ALS), spinocerebellar ataxia type 
3, Friedrich ataxia, inherited leukodystrophies, HIV or 
HTLV-1 myelopathy, and neurosyphilis (68, 69).

The necessity of laboratory and imaging investiga-
tion varies depending on the clinical presentation and 
physical findings. Electrophysiologic testing is not rou-
tinely performed but is typically normal in pure HSP. 
Magnetic resonance imaging of the brain is negative; 
spinal imaging may reveal minor atrophy, particularly 
in the thoracolumbar segments of the cord (68, 69). 
Genetic testing for the common forms of dominantly 
inherited HSP is commercially available (71).

Epidemiology 

The prevalence of the disease ranges from 2.0 to 9.6 
per 100,000 people. An accurate estimate is made dif-
ficult by the indolent nature of the disease (68, 70).

Pathophysiology

Hereditary spastic paraparesis is transmitted through 
autosomal dominant, autosomal recessive, and X-linked  
inheritance modes.

The spastin mutation, responsible for an autoso-
mal dominant form of HSP, has been the most widely 
characterized. Spastin belongs to a group of proteins 
known as the ATPases, which are involved in diverse 
cellular activities (AAA). These proteins participate 
in cell cycle regulation, protein degradation, organ-
elle biogenesis, and vesicle-mediated protein function 
(68). All spastin mutations elucidated thus far confer 
a loss of function of the protein and have been shown 
to disrupt microtubule regulation and intracellular 
transport (73). The SPG3A mutations cause a domi-
nant form of HSP; this and the SPG4 mutation ac-
count for 50% of dominantly inherited HSP (71).

Paraplegin, like spastin, is a member of an AAA 
subgroup but encodes a mitochondrial metalloprotease.  
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Mutations at SPG7 have been linked to autosomal re-
cessive forms of HSP (71, 74).

Axonal degeneration is a common pathological 
finding. The molecular mechanisms underlying this 
pathologic process are still poorly understood, but in 
different genetic subtypes may involve intrinsic central 
nervous system myelin protein composition, embry-
onic development of the corticospinal tracts, deficits 
of oxidative phosphorylation, axonal transport, and 
cytoskeletal disturbance (71).

Pathology 

The major neuropathological feature in HSP is axo-
nal degeneration, which is maximal in the terminal 
portions of the corticospinal and dorsal column path-
ways. In most patients, this is apparent in the tho-
racolumbar regions of corticospinal tracts and the 
fasciculus gracilis of the dorsal columns at the cervico-
medullary region. Secondary demyelination and glio-
sis are observed. Spinocerebellar tracts are involved 
in about half of autopsy cases of HSP. Anterior horn 
cell and Betz cell loss has been reported but is rare  
(68, 69, 73, 74).

Treatment

Presently, only symptomatic therapies are available. 
Physical therapy and oral medications, such as baclofen,  
dantrolene, and tizanadine, are utilized. Intrathecal 
baclofen has also been tried in small cohorts of pa-
tients with HSP with good functional improvement 
and maintenance of ambulation (75), decreased mus-
cle tone (76), and improved joint coordination (77). 
Botulinum toxin A injections can be administered to 
lessen lower extremity spasticity in patients who have 
suboptimal responses to oral medications. In a small 
open-label study, botulinum injections were shown to 
significantly reduce spasticity in specific lower extrem-
ity muscle groups, improve range of motion at the 
ankle, and increase gait velocity without worsening of 
weakness (78). Another study showed improvement 
in gait pattern in a small number of patients with HSP 
(79). Physical therapy is advocated to improve muscle 
flexibility, strength, and range of motion and to main-
tain walking reflexes (69, 71).

FRIEDREICH ATAxIA

Overview

Friedreich ataxia is an autosomal recessive hereditary 
ataxia. The age of onset ranges from 5 to 25 years, but 

the disease most often manifests around the time of 
puberty. Essential criteria for the clinical diagnosis are 
autosomal recessive inheritance, age of onset prior to 
25 years, cerebellar ataxia, lower extremity areflexia, 
extensor plantar responses, and electrophysiologic 
evidence of a sensory axonal neuropathy (80). The 
classical phenotype is characterized by progressive 
gait and limb cerebellar and sensory ataxia associated 
with dysarthria, mild lower extremity weakness, and 
oculomotor abnormalities (81). Loss of ambulation 
occurs on average about 10 to 15 years after disease 
onset; life expectancy is somewhat shortened (81, 82).

The disease is associated with scoliosis and hy-
pertrophic cardiomyopathy, the latter being the most 
common cause of death (82). Other less commonly 
associated features are nystagmus, optic atrophy, sen-
sorineural hearing loss, distal amyotrophy, pes cavus, 
and diabetes mellitus (83).

Because of the availability of testing for the ge-
netic mutation of FA, the clinical phenotype has been 
broadened to include patients with atypical features, 
a characteristic of approximately 25% of patients 
(84). These atypical features include late-onset disease  
(25–39 years) or very-late-onset (£40 years) disease, 
slow progression, lack of classical features, and re-
tained reflexes or spasticity (83–85). In a study com-
paring patients with typical FA to those with late-onset  
disease, the latter group was found to have fewer skel-
etal anomalies and a longer period from disease onset 
to wheelchair confinement. Those patients were also 
more likely to display lower limb spasticity and re-
tained reflexes (86). Several cases of patients with FA 
presenting with adult-onset spastic paraparesis or tet-
raparesis are reported in the literature (84, 85, 87).

In the most common clinical presentation, neu-
rologic examination demonstrates absence of lower 
extremity reflexes, extensor plantar responses, and 
impaired distal vibration and proprioception (83).

Electrophysiologic studies reveal absent or re-
duced sensory nerve action potentials and normal mo-
tor nerve conduction studies. Imaging of the brain 
is usually normal in the early course of the disease, 
although mild cerebellar atrophy has been noted in 
late-onset FA and in advanced disease (81, 86). Spinal 
imaging shows significant atrophy, particularly in the 
cervical region of the spinal cord (82).

Differential diagnosis of progressive ataxia in-
cludes posterior fossa tumors and malformations, mul-
tiple sclerosis, and autoimmune and paraneoplastic 
disorders (81). The differential of the FA phenotype 
includes ataxia with vitamin E deficiency, abetalipo-
proteinemia, and Refsum disease (88). Diseases that 
have a similar phenotype but prominent cerebellar 
atrophy are late-onset Tay-Sachs disease, cerebroten-
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dinous xanthomatosis, mitochondrial recessive ataxia 
syndrome, spinocerebellar ataxia with axonal neurop-
athy and infantile-onset spinocerebellar ataxia, ataxia 
telangiectasia, autosomal recessive spastic ataxia of 
Charlevoix-Saguenay, posterior column ataxia with 
retinal pigmentary changes, and early-onset cerebellar 
atrophy with retained reflexes (83, 88).

Epidemiology 

Friedreich ataxia is the most common hereditary 
ataxia. The prevalence of the disease varies from 
1 person in 30,000 to 1 in 50,000 in most popula-
tions (88).

Pathophysiology 

The illness results from a deficiency of the protein 
frataxin, which is involved in mitochondrial iron ho-
meostasis and is essential for normal mitochondrial 
function. Loss of frataxin disturbs mitochondrial iron 
homeostasis resulting in iron accumulation and re-
spiratory chain dysfunction, which leads to oxidative 
stress and cellular damage (88–90).

The genetic abnormality in FA is located in chro-
mosome 9, and mutations most often involve GAA 
expansions. Ninety-five percent of patients are ho-
mozygous for this trinucleotide repeat expansion; the 
remaining are heterozygotes with GAA expansion 
and point mutations (85, 90). Larger expansions are 
linked to atypical features such as spasticity, earlier age 
of onset, and more rapid disease progression (83, 85).

Pathology

There is loss of dorsal root ganglion neurons and de-
generation of the dorsal columns. Corticospinal and 
spinocerebellar tracts are affected, as is Clarke’s col-
umn (83). The dentate nucleus and other deep cer-
ebellar nuclei are severely affected; there is mild loss 
of purkinje cells, yet cerebellar atrophy itself is not 
prominent (83, 86). Loss of large pyramidal cells in the  
primary motor areas is a late finding (86). Macroscop-
ically, the spinal cord is small, primarily affecting the 
posterior and lateral columns (82).

Treatment 

Given the current theory of FA pathogenesis, treatment 
attempts have focused on antioxidants. Studies of the 
coenzyme Q analogue, idebenone, have shown a de-
crease in cardiac hypertrophy but no improvement in 
neurologic symptoms (91–94). A small uncontrolled, 
open-label study of a combination of coenzyme Q and 

vitamin E also demonstrated improvement in cardiac 
function. Although certain neurologic symptoms sta-
bilized in this study, gait, posture, and hand dexterity 
continued to decline (95). No disease-modifying ther-
apy has been found; treatment remains largely sup-
portive focusing on management of cardiomyopathy, 
arrhythmias, scoliosis, and diabetes.

VITAMIN B12 DEFICIENCY

Overview

Vitamin B12 deficiency can present as a myelopathy  
with or without a peripheral neuropathy, cognitive  
impairment, optic neuropathy, and paresthesias (96, 97).  
The myelopathy, termed subacute combined degen-
eration, involves the dorsal columns, which interferes 
with proprioception and vibration sense, and the lat-
eral columns, which manifests as a spastic parapare-
sis and extensor plantar responses. Onset is subacute; 
symptoms typically begin symmetrically in the distal 
lower extremities (96, 97). If the disease is severe, pa-
tients may have weakness, spasticity, clonus, paraple-
gia, and rarely, bowel and fecal incontinence (96). 
Lhermitte phenomenon, a feature commonly associ-
ated with multiple sclerosis, can be seen in cobalamin 
deficiency. Patients may have subtle neuropsychiatric 
symptoms such as impaired memory, irritability, and 
changes in personality and behavior (96, 97). Often 
taught as the classical presentation of cobalamin de-
ficiency is an elderly white woman of northern Eu-
ropean decent who has light-colored skin, blue eyes, 
blonde hair, a shiny tongue, a wide-based gait, and 
paresthesias in the legs.

Laboratory investigation usually shows low vi-
tamin B12 levels. In the case of borderline values, 
methylmalonic acid and homocysteine can be mea-
sured. Both are elevated in B12 deficiency, although 
homocysteine elevation is not specific for the disorder. 
Hematologic anomalies, including megaloblastic ane-
mia and neutrophil hypersegmentation, are also pres-
ent but not necessarily in conjunction with neurologic 
symptoms (96, 97). Other hematologic abnormalities 
sometime observed in cobalamin deficiency include a 
low reticulocyte count, high serum iron, mild hemo-
lysis, low haptoglobin level, high lactic acid dehydro-
genase, and elevated bilirubin. In the severest patients, 
thrombocytopenia and neutropenia will be observed.

Magnetic resonance imaging of the spine typi-
cally shows T2 hyperintensity in the posterior and 
lateral columns. Contrast enhancement of both col-
umns, T1 hypointensity in the dorsal columns, spi-
nal cord atrophy, and anterior column involvement 
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have all been reported in B12 deficiency. Treatment 
may reverse imaging abnormalities, but the radiologic 
changes do not always correlate with clinical improve-
ment. Nerve conduction studies may reveal a periph-
eral axonal sensorimotor polyneuropathy (96).

Epidemiology

Neurologic dysfunction secondary to vitamin B12 de-
ficiency is common and occurs more often in elderly 
persons. In one study, the incidence of pernicious ane-
mia was 4.1% in white and black women and 2.1% 
in white and black men (96). It occurs in both sexes 
primarily between the ages of 40 and 90 years with a 
peak at age 60 to 70 years. In one study, the prevalence 
of metabolic vitamin B12 deficiency was 24% in Dutch 
patients between the ages of 74 and 80 years (98).

Pathophysiology

The recommended daily allowance of vitamin B12 for 
adults is 2.4 μg per day. The median intake from food 
in the United States is 3.5 μg for women and 5 μg for 
men. Foods rich in the vitamin include meats, primar-
ily game and organ, shellfish, eggs, and milk.

Vitamin B12 binds intrinsic factor in the stom-
ach, and this complex is absorbed in the ileum. The 
liver takes up approximately 50% of the vitamin, and 
the rest is transported to tissues. Excess is excreted in 
the urine. Body stores of the vitamin are large at 2.5 
mg, which explains why decreased dietary intake is 
rarely a cause for deficiency, and even in strict veg-
etarians, symptoms will not develop for about 2 to 5 
years (99).

Vitamin B12 is a cofactor in the conversion of ho-
mocysteine to methionine, which is then adenosylated 
to form S-adenosylmethionine. Decreased production 
of S-adenosylmethionine in vitamin B12 deficiency 
leads to reduced myelin basic protein methylation and 
white matter vacuolization. Methionine also plays a 
key role in the formation of tetrahydrofolate, a pre-
cursor for purine and pyrimidine synthesis. Impaired 
DNA synthesis could interfere with oligodendrocyte 
growth and myelin production. It has also been sug-
gested that increased myelinolytic tumor necrosis fac-
tor alpha and decreased epidermal growth factor and 
interleukin-6 may contribute to the neurologic mani-
festations of vitamin B12 deficiency.

Most patients with vitamin B12 deficiency have 
pernicious anemia, which results from a deficit of in-
trinsic factor, a metabolic component necessary for 
absorption of vitamin B12 (97). Several studies state 
that 70% of patients with pernicious anemia have 
antibodies against intrinsic factor (98, 100). Certain 

medications, such as acid reducers, like H2 blockers, 
and nitrous oxide, an inhalational anesthetic, can lead 
to deficiency. The latter precipitates symptoms rela-
tively rapidly after use, either when used as a routine 
anesthetic or when abused as a recreational drug. 
Malabsorption may occur from structural problems, 
such as atrophic gastritis, which is common in el-
derly persons, or ileal resection from gastric bypass 
surgery. Infections leading to bacterial overgrowth or 
tropical sprue affect the ileum, and certain parasitic 
infections can block absorption of vitamin B12. Defi-
ciency has also been described in patients with AIDS, 
although HIV itself is a known cause of myelopathy. 
Hereditary enzyme defects have also been described 
as an etiology. In juvenile megaloblastic anemia or 
Imerslund-Grasbeck disease, a qualitatively abnormal 
intrinsic factor is responsible for abnormal B12 ab-
sorption (101). Other causes of B12 deficiency include 
auto-antibodies against gastric parietal cells, gastrec-
tomy, malnutrition, and infection from Helicobacter  
pylori.

Despite the name, pernicious anemia, anemia is 
often not seen in the setting of B12 deficiency. In a 
recent study, only 29% of patients with B12 deficiency 
had anemia, and only 64% had a mean corpuscular 
volume greater than 100 (98).

Pathology

The most severely affected regions of the spinal cord 
in B12 deficiency are the cervical and upper thoracic 
dorsal columns. When involved, the lateral columns 
are less affected. Rarely are anterior columns targeted. 
Microscopically, the white matter demonstrates spon-
giform changes, myelin loss, axonal degeneration, and 
gliosis.

Treatment

When normal absorption is present, oral administra-
tion of 3 to 5 μg daily is sufficient. In patients with 
food-bound B12 malabsorption from achlorhydia, 50 
to 100 μg is necessary. Those with impaired absorp-
tion require parenteral therapy. A common regimen is 
2 weeks of 100 μg intramuscularly daily or 1000 μg 
twice weekly followed by weekly injections of 1000 μg  
for 2 months and thereafter, 1000 μg intramuscular 
B12 monthly (102). Patients with B12 deficiency who 
will undergo anesthesia with nitrous oxide should be 
treated prophylactically.

Remission of symptoms is inversely related to 
time between symptom onset and initiation of ther-
apy, which argues for early institution of treatment. 
Most symptomatic improvement occurs within the 
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first 6 months. Methylmalonic acid and homocysteine 
levels will normalize after treatment, as will hemato-
logic anomalies.

COPPER DEFICIENCY MYELOPATHY

Overview

The most common clinical manifestation of cop-
per deficiency is a myelopathy or myeloneuropathy, 
which presents subacutely with a spastic gait and sen-
sory ataxia. Patients complain of difficulty in walking 
and lower limb paresthesias. The symptoms and signs 
very closely resemble those of vitamin B12 deficiency 
and the 2 disorders may coexist (103–105). Other de-
scribed features of copper deficiency include isolated 
peripheral neuropathy, central nervous system demy-
elination, myopathy, and optic neuritis (104).

Neurologic examination may demonstrate hy-
perreflexia with extensor plantar responses and clo-
nus, but depressed or absent ankle reflexes may also 
be seen (105).

Differential diagnosis is broad when patients 
present with a myelopathy, particularly in the absence 
of spinal cord imaging abnormalities. Nutritional de-
ficiencies (vitamin B12 and folate), infectious etiolo-
gies (HIV and HTLV-1), and autoimmune (Sjogren) 
and inflammatory processes (multiple sclerosis) are all 
possibilities (106).

Laboratory investigation includes serum copper, 
ceruloplasmin, and urinary copper excretion. Ceru-
loplasmin is an acute phase reactant and therefore is 
not as sensitive in diagnosing copper deficiency. He-
matologic abnormalities are often, but not necessarily, 
present and usually involve anemia, neutropenia, and 
a left shift in granulocytic and erythroid maturation 
(107). Laboratory evaluation of copper deficiency 
myeloneuropathy includes electrophysiologic stud-
ies, which show varying degrees of axonal peripheral 
neuropathy. Magnetic resonance imaging of the spinal 
cord may reveal increased T2 signal in the parame-
dian dorsal column cervical cord; thoracic and lumbar 
segments are less commonly affected (103, 104, 106). 
Involvement of anterior segments of the cord and mild 
cord atrophy have also been reported in patients with 
copper deficiency myelopathy (106). The imaging 
findings often improve parallel to rising serum copper 
levels.

Pathophysiology

Copper is a prosthetic group in several metalloen-
zymes, which serve as oxidases. Many of these, in-

cluding the copper/zinc superoxide dismutase, cy-
tochrome c oxidase, dopamine B-monoxygenase, 
tyrosinase, and ferroxidase I and II, play a key role in 
maintaining the structure and function of the nervous 
system (103). The recommended daily allowance of 
copper for adults is 900 μg; median intake from foods 
is 1.0 to 1.6 mg per day. Foods rich in copper include 
organ meats, seafood, nuts, seeds, wheat bran cere-
als, whole grain products, and cocoa products (103). 
Copper absorption occurs primarily in the small in-
tensine; copper is then bound to albumin and trans-
ported to the liver, after which it is released into the 
plasma and most of which is bound to ceruloplasmin. 
Excretion through the gastrointestinal tract is the 
main route through which copper toxicity is avoided 
(103).

Acquired copper deficiency secondary to low die-
tary intake is rare. Copper deficiency is often idio-
pathic. However, it is observed after gastric surgery 
and in malnourished or premature infants, in ne-
phrotic syndrome, and in enteropathies associated 
with malabsorption. It can be a complication of in-
adequate copper supplementation in prolonged total 
parenteral nutrition or enteral feedings. Congenital 
copper deficiency is present in Menkes disease (103). 
Medications, including ascorbic acid and antacids, 
may interfere with copper bioavailability. Excessive 
ingestion of zinc and treatment with tetrathiomolyb-
date (in chemotherapeutic agents) can lead to copper 
deficiency (104).

Pathology

The typical distribution of lesions in copper deficiency 
is in the cervical cord; there is less severe involvement 
of the thoracic and lumbar regions. Wallerian degen-
eration and microcavitation of the white matter of the 
spinal cord and brainstem are seen (104).

Treatment 

No studies have addressed the most appropriate dose, 
duration, route, and form of copper supplementa-
tion. Oral copper supplementation will typically lead 
to normal serum levels even when malabsorption is 
a concern. A proposed regimen is elemental copper, 
either copper gluconate or copper chloride, 6 mg 
per day for 1 week, followed by 4 mg per day for 1 
week, and then 2 mg per day thereafter. Parenteral 
administration is occasionally used for initial therapy 
or because of a lack of improvement after prolonged 
oral therapy. In patients with zinc-induced copper de-
ficiency, discontinuation of the offending agent may 
be sufficient (103).
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Hematologic recovery is prompt. Complete neu-
rologic recovery rarely occurs. Imaging studies can 
show reversal of signal abnormalities, but this im-
provement does not always predict symptomatic re-
covery (103). Treatment appears to stop progression 
of the disease; if improvement occurs, it more often 
affects sensory symptoms than motor. For this reason, 
early recognition and treatment can prevent signifi-
cant neurologic morbidity.
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Spasticity is a common sensorimotor symptom com-
plex commonly experienced by individuals sustain-
ing spinal cord injury (SCI) with upper motor neuron 
(UMN) involvement, that is, injury above the level 
of the conus medullaris. Although spasticity may oc-
casionally contribute to improved function (ie, trans-
fers, standing, ambulation, and assisting in activities 
of daily living [ADL]), it more often leads to various 
complications including contractures, pain, impaired 
function, and decreased quality of life (QOL). This 
chapter will discuss the presumed pathophysiology, 
causes, classification, and treatment options of this 
common problem in regard to the person with SCI.

DEFINITION AND SCOPE OF THE PROBLEM

Lance (1) classically described spasticity as “a mo-
tor disorder characterized by a velocity-dependent 
increase in tonic stretch reflexes (muscle tone) with 
exaggerated tendon jerks, resulting from hyperexcit-
ability of the stretch reflex, as one component of the 
upper motor neuron syndrome” (UMNS). Others have  
proposed newer definitions to include the many dif-

ferent clinical signs and symptoms of spasticity (2–5). 
Spasticity is a component of the UMNS that is com-
posed of positive and negative symptoms. The positive 
symptoms include hyperreflexia, clonus, spasms and 
postural abnormalities, and the negative symptoms 
include weakness, incoordination, fatigue, and pain 
(6). The positive symptoms are easier to see and treat, 
whereas the negative symptoms are more functionally 
limiting and may be more resistant to treatment. The 
components of spasticity may be further delineated 
into tonic and phasic spasticity; tonic spasticity mani-
fests clinically as increased tone that is due to an exag-
geration of the tonic component of the stretch reflex, 
whereas phasic spasticity can be observed clinically as 
hyperreflexia and clonus due to an exaggeration of the 
phasic component of the stretch reflex (2).

Spasticity is a common complication of SCI. The 
incidence in UMN-related SCI during rehabilitation 
is approximately 70%, with roughly half the patients 
requiring pharmacologic intervention (7, 8). At 1 year 
postdischarge, 78% of people have spasticity, with 
49% requiring pharmacologic treatment (7). Spas-
ticity occurs more frequently in persons with cervi-
cal and upper thoracic SCI than in those with lower 
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thoracic and lumbosacral SCI and is usually more sig-
nificant in persons with specific types of incomplete 
injuries, with persons with ASIA grades B and C hav-
ing greater issues with spasticity than persons with 
grades A or D. In an analysis of 466 patients with 
traumatic SCI treated in model SCI centers over a  
2-year period, Maynard et al. (7). reported a higher in-
cidence of spasticity in individuals with SCI graded as 
Frankel B or C (50% and 52%) compared with those 
with Frankel A or D SCI (27% and 29%). Little et al. 
(9) found that individuals with motor incomplete SCI 
had a greater flexor withdrawal response and greater 
extensor spasms on examination than those individu-
als with complete SCI. In addition, these investigators 
reported that patients with Frankel C SCI had greater 
hypertonus and flexor withdrawal than those with 
Frankel D SCI. (Frankel scores were reported because 
this study was published before the ASIA Impairment 
Scale was available.) The authors explained that this 
finding may have been due to sparing of inhibitory de-
scending spinal pathways in the patients with Frankel 
D SCI (9).

More recently, Skold et al. (10) published that 
patients with incomplete SCI reported a higher inci-
dence of self-reported spasticity and possibly greater 
variability throughout the day as compared with in-
dividuals with complete SCI. This group also investi-
gated the relationship between self-reported spasticity 
and objective evidence of spasticity and found that in 
patients reporting the presence of spasticity, only 60% 
had measurable spasticity on physical examination.

Although each of the components of the UMNS 
may have an impact on an individual’s function (ie, 
fatigue, incoordination, cocontraction of antagonist 
muscles), QOL, pain, and other aspects of his or her 
life, this chapter will focus only on spasticity as one of 
the components of the UMNS.

PATHOPHYSIOLOGY

Immediately after SCI, there are depressed spinal re-
flexes during the state of spinal shock, followed by 
development of hyperreflexia and spasticity over the 
following weeks to months. The pathophysiology of 
spasticity is not completely understood; however, it is 
believed to arise primarily from loss of the effect of 
numerous descending inhibitory pathways. These in-
clude reciprocal Ia interneuronal inhibition, presynap-
tic inhibition, Renshaw-mediated recurrent inhibition, 
group II afferent inhibition, and the Golgi tendon or-
gans (11). Axonal collateral sprouting and denerva-
tion supersensitivity are changes that may also play a 
role in the development of spasticity (12). In addition 

to these changes that result in decreased input from 
descending inhibitory pathways, mechanical changes 
to the muscle after SCI may also play a role in the 
pathophysiology of spasticity (13). These mechanisms 
will be further explored individually.

NORMAL MOTOR CONTROL

To understand how loss of descending inhibition 
plays a role in spasticity, one must first understand 
the physiology of the monosynaptic stretch reflex arc. 
The muscle spindles are specialized intrafusal fibers 
that when stretched, send afferent impulses to the spi-
nal cord by way of type Ia and type II afferent fibers, 
providing information about muscle length and posi-
tion. Once activated, the Ia fibers make a monosynap-
tic connection with, and have an excitatory influence 
over, the alpha motor neurons supplying the extra-
fusal muscle fibers of both the agonist muscle and also 
the agonist’s synergistic muscles, leading to contrac-
tion of these muscle groups. The Ia fibers also syn-
apse on interneurons that inhibit antagonist muscle 
groups, thereby preventing contraction of these mus-
cles during activation of the agonist muscle groups; 
this inhibitory pathway is referred to as reciprocal Ia 
inhibition and can be altered after SCI. Clinically, re-
ciprocal inhibition can be grossly observed by eliciting 
monosynaptic muscle stretch reflexes: when the ten-
don is tapped, a stretch is applied to the target muscle, 
which is transmitted to the spinal cord through the Ia 
afferent fibers. The Ia afferent fibers exert an excit-
atory influence over the efferent alpha motor neurons 
that innervate the target muscle and an inhibitory in-
fluence to the interneurons that synapse on the alpha 
motor neurons that innervate the antagonist muscles. 
This reciprocal Ia inhibition allows contraction of the 
target muscle while inhibiting contraction of the an-
tagonist muscles. Impairment of reciprocal inhibition 
after SCI may result in simultaneous coactivation of 
agonist and antagonist muscle groups, as is often seen 
in patients with spasticity (14).

Recurrent inhibition is mediated by Renshaw 
cells, which are inhibitory interneurons located in 
the ventral horn of the spinal cord. Axon collaterals 
from alpha motor neurons synapse on and activate 
the Renshaw cells, which in turn project inhibitory 
impulses back to these motor neurons, as well as to 
Ia inhibitory interneurons. Renshaw activity decreases 
the activity of the motor neurons that were previously 
active and also inhibits the Ia inhibitory interneurons. 
The level of recurrent inhibition has been explored 
in patients with UMN lesions, and these individuals 
have been noted to maintain normal recurrent inhibi-
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FIGURE

tion at rest but impaired recurrent inhibition during 
voluntary movement; this may contribute to impaired 
motor function in these patients (12, 15). There is 
evidence for increased recurrent inhibition in the SCI 
population, which increases inhibition to the Ia inter-
neurons (16). This ultimately allows for cocontraction 
of agonist and antagonist muscle groups due to the 
decreased Ia interneuron activity.

Reduction in presynaptic inhibition of Ia affer-
ents is another potential contributor to the pathophys-
iology of spasticity in SCI. Reciprocal inhibition was 
described by Sherrington in 1906, and this process 
is responsible for relaxation of an antagonist muscle 
during contraction of the agonist (17). In the absence 
of reciprocal inhibition, cocontraction of agonist and 
antagonist muscle groups is seen simultaneously, in-
terfering with intentional voluntary movement. GABA 
mediates spinal inhibition both presynaptically and 
postsynaptically. Presynaptic inhibition of Ia afferents 
occurs when the inhibitory amino acid GABA binds 
to receptors on the Ia terminals, which subsequently 
increases the amount of input required to activate the 
alpha motor neurons (18). The decreased excitatory 
input to the alpha motor neurons in turn depresses 
the monosynaptic stretch reflex. Postsynaptic activa-
tion of GABA-A receptors can decrease the activity of 
motor neurons and interneurons (18). After SCI, the 
decrease in presynaptic inhibition ultimately results in 
increased activity of the alpha motor neuron; this may 
contribute to the hyperreflexia and spasticity seen in 
these individuals (12). It is possible to modulate the 
presynaptic inhibition in individuals with SCI with 
the use of GABA-ergic medications including baclofen 
and diazepam, which will be discussed later in this 
chapter.

Nonreciprocal Ib inhibition is another mecha-
nism that may play a role in the development of spas-
ticity of supraspinal origin but does not appear to be 
involved in spasticity related to SCI. Golgi tendon or-
gans, which are contraction-sensitive receptors, have 
group I afferents and Ib inhibitory interneurons that 
project to the spinal cord and are involved in prevent-
ing antagonist muscles from firing while the agonist 
is firing (19). There is evidence for replacement of Ib 
inhibition with facilitation in hemiplegic individuals 
with supraspinal lesions, leading to simultaneous co-
firing of agonist and antagonist muscle groups (20); 
however, studies in individuals with SCI have shown 
that Ib inhibition is unaltered (Figure 21.1).

Two additional mechanisms that may play a role 
in the development of spasticity after SCI are axonal 
sprouting and denervation supersensitivity. Ditunno 
et al. (23) describe the transition from spinal shock 
immediately after SCI to the development of spasticity 

and hyperreflexia 1 to 12 months later. In their pro-
posed 4-phase model of spinal shock, there is observa-
tion of areflexia or hyporeflexia, as well as paralysis  
and muscle flaccidity for the initial 0 to 24 hours 
postinjury. These findings are due to loss of excitatory 
input from supraspinal pathways, including vestibu-
lospinal and reticulospinal pathways, among others. 
Loss of descending inhibitory input to spinal inhibitory  
interneurons may cause further hyporeflexia. In the 
second phase of spinal shock, there is return of the 
tibial H reflex 1 to 3 days after injury, although mus-
cle stretch reflexes are still absent. This is likely due to 
denervation supersensitivity, which causes increased 
neuronal firing in response to neurotransmitters and 
has been reported to occur in the brain and spinal 
cord. The denervation supersensitivity may be due to 
decreased reuptake of excitatory neurotransmitters, 
up-regulation of receptors on the postsynaptic mem-
brane, or alteration of degradation and synthesis of 
receptors. Phases 3 and 4 of Ditunno’s model describe 
early hyperreflexia and later development of spastic-
ity in patients with SCI. The proposed physiologic 
mechanism for both phases is axonal regrowth. New 
synapses are formed by spinal afferents and interneu-
rons, as well as spared supraspinal descending path-
ways (24). Axonal sprouting of spared descending 
motor tracts may result in motor recovery, whereas 
axonal sprouting of the neurons involved in segmental 

FIGURE 21.1

Potential spinal mechanisms involved in the development 
of spasticity. (Adapted from Satkunam LE. Rehabilita-
tion medicine: 3. Management of adult spasticity. CMAJ. 
2003;169:1175.)
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reflexes may produce less desirable effects, such as the 
development of hyperreflexia and spasticity (25).

Intrinsic changes within the muscle may also play 
a role in the development of increased muscle tone. 
These mechanical changes may include loss of sar-
comeres, increased stiffness of muscle fibers, altered 
muscle fiber size and distribution of fiber types, and 
changes in collagen tissue and tendons (22, 26). The 
work of Kamper et al. (27) in stroke patients demon-
strated that muscle fiber played some part in the phe-
nomenon of spasticity as decreasing the initial length 
of tested spastic metacarpophalangeal fibers reduced 
muscle stiffness suggesting that the biomechanical 
qualities of muscle fibers play some part in the devel-
opment of spasticity. These changes in spastic muscle 
may be a result of the development of subclinical con-
tracture rather than true reflex hyperexcitability (26) 
or be an intrinsic property of the changes in biome-
chanical properties of the muscle (27).

MEASURES

Although spasticity may seem simple to recognize 
clinically, it is difficult to quantify. Having tools avail-
able that objectively measure spasticity is important 
to evaluate and monitor response to treatment. Cur-
rently, there are a variety of different outcome mea-
sures available that can be used to quantify tone (28). 
These outcome measures can be categorized into 
subjective measures including clinical scales and self-
reported measures, and objective measures includ-
ing biomechanical techniques and electrophysiologic 
measurements. Extensive reviews have been published 
on the various subjective and objective spasticity mea-
sures (29–31); however, we will discuss the tools that 
are most commonly used to assess spasticity in indi-
viduals with SCI. A review of measures applicable in 
the clinical setting for persons with SCI has been under-
taken that revealed 66 different measures found (5), of 
which only 6 had been tested psychometrically (32).

Clinical Measures

Ashworth Scale and Modified Ashworth Scale

The Ashworth Scale (AS) (33) (developed initially to 
assess hypertonicity in persons with multiple sclerosis 
[MS]) and the Modified Ashworth Scale (MAS) (34) 
(Table 21.1) are the most common clinical methods 
used to measure the degree of muscle tone or “the 
sensation of resistance felt as one manipulates a joint 
through a range of motion (ROM), with the subject 

attempting to relax.” (35) These tests are relatively 
quick and simple to perform and do not require any 
instrumentation. When performing these tests, the ex-
aminer passively moves the subject’s joints through 
full ROM and judges the degree of tone felt during 
passive range on a 0-to-4 scale on the AS, with a score 
of 0 indicating that there is no increase in tone, and 
a score of 4 signifying that the affected part is rigid 
in flexion or extension. For the MAS, an additional 
grade was added (1+) to enhance sensitivity at the 
lower end of the scale. The amount of time allotted 
for passive movement of the joint through full ROM 
is not well specified, although several studies suggest 
1 second. In regard to testing procedure, Pandyan (36) 
suggests that the examiner should limit the number of 
repetitions performed during the testing procedure be-
cause repetitive passive ROM will decrease the resis-
tance of the muscle to passive stretch and may affect 
scoring on the AS and MAS. Skold et al. (37) likewise 

TABLE 21.1
Clinical Measures of Spasticity

ashWorTh sCaLe

0 No increased tone
1 Slight increase in tone, giving a “catch” when 

affected part is moved in flexion or extension
2 More marked increase in tone, but affected 

part easily flexed
3 Considerable increase in tone; passive  

movement difficult
4 Affected part rigid in flexion or extension

moDifieD ashWorTh sCaLe

0 No increased tone
1 Slight�increase�in�muscle�tone,�manifested�by�a�

catch�and�release�or�by�minimal�resistance�at�
the�end�of�the�ROM�when�the�affected�part(s)�
is�moved�in�flexion�or�extension

1+ Slight�increase�in�muscle�tone,�manifested��
by�a�catch,�followed�by�minimal�resistance�
throughout�the�remainder�(less�than�half�)�of�
the�ROM

2 More marked increase in tone, but affected 
part easily flexed

3 Considerable increase in tone; passive move-
ment difficult

4 Affected part rigid in flexion or extension
(Changes compared to the standard AS are 

italicized.)

TABLES



21� SPASTICITY�DuE�TO�DISEASE�OF�THE�SPINAL�CORD 31�

reported a decrease in spasticity with repetitive pas-
sive movements.

A number of investigators have studied the in-
terrater reliability of these scales when used to evalu-
ate people with SCI. Haas et al. (38) found that the 
most commonly used scores were generally on the 
lower end of the scales, and interrater reliability was 
variable among muscle groups tested for both scales. 
Skold et al. investigated the relationship between the 
objective findings of spasticity rated using the MAS 
and patients’ self-reported ratings of spasticity using a 
Visual Analogue Scale and found a significant correla-
tion between these 2 measures (37). Lechner et al. (39) 
however reported a weak correlation between self- 
reported spasticity rated on the Visual Analogue Scale 
and clinical measures of spasticity according to the AS 
in 3 of 8 subjects with spasticity secondary to SCI and 
no correlation in the remaining 5 subjects.

Spasm Frequency Scales

Quantification of the frequency of spasm occurrence 
has also been described and is often used clinically. 
One of the most commonly used scales is the Penn 
spasm frequency scale (PSFS), which was created to 
measure the effectiveness of intrathecal baclofen (ITB) 
in the treatment of spasticity in subjects with spasticity 
of spinal origin (Table 21.2) (40). This scale measures 
the number of spasms experienced by patients within 
a 1-hour period. The PSFS measures an entity differ-
ent from tone, as Priebe et al. found no correlation 
between it and the AS (40). The PSFS has been modi-
fied by Priebe et al. (41) and referred to as the modi-
fied PSFS. This consists of a second self-report 3-point 
scale only if the PSFS is greater than 1 and assesses se-
verity of spasms from “1 = mild” to “3 = severe”; this 
provides a more comprehensive understanding of the 
individuals spasticity status. An alternative scale is the 
spasm frequency score, which measures the number of 
spasms per day (Table 21.2) (42).

Spinal Cord Assessment Tool for Spasticity

This scale was developed by Benz et al. (3) to measure 
spasticity in SCI. This easy-to-administer tool utilizes 
elements of the standard neurologic examination of 
the lower extremities (LE). The Spinal Cord Assess-
ment Tool for Spasticity (SCATS) flexor spasms and 
clonus scores correlate well with AS scores, but only 
the SCATS clonus score correlated with the PSFS. This 
tool may provide additional information in compari-
son to the AS and MAS in assessing multijoint spas-

ticity (3), although it has not as of yet been adopted 
widely (Table 21.3) (5).

Spinal Cord Injury Spasticity Evaluation Tool 
(SCI-SET)

Described by Adams et al. (43) the SCI-SET is a 35-
item, 7-day recall self-report scale. This tool assesses 
the impact of spasticity on various ADL to issues of so-
cial participation, with a Likert scale of -3 (extremely 
problematic) to +3 (extremely helpful) in asking how 
spasticity affects their lives. It is a short survey that 
has shown test-retest reliability and construct validity 
(Table 21.4) (43).

Patient Reported Impact of Spasticity Measure

The Patient Reported Impact of Spasticity Measure 
is a new instrument that standardizes the collection 
of self-report information (both positive and negative 
impacts) relevant to the clinical assessment of spastic-
ity (44). There are subscales that include social avoid-
ance/anxiety, psychological agitation, daily activities, 
needs for assistance/positioning, needs for interven-
tion, and social embarrassment from the spasticity.

TABLE 21.2
Spasm Frequency Scales

Penn sPasm frequenCy sCore (PSFS)

0 No spasms
1 Mild spasms induced by stimulation
2 Infrequent spasms occurring less than once per 

hour
3 Spasms occurring more than once per hour
4 Spasms occurring more than ten times per hour

MoDifieD PSFS: 2 ParT

Part 1: spasm frequency score (as above)
Part 2: spasm severity scale

1 Mild
2 Moderate
3 Severe

SPasm frequenCy sCore

0 No spasms
1 1 or fewer spasms per day
2 Between 1 and 5 spasms per day
3 5 to >10 spasms per day
4 10 or more spasms per day, or continuous 

contraction
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Tardieu Scale 

The Tardieu Scale was introduced in 1954 and has 
undergone some revisions. This scale has mostly been 
used in cerebral palsy and adult stroke but has some 
benefits over other scales. The key to this scale is that 
resistance to passive stretch may be from more than 
just spasticity (ie, soft tissue changes) and that there 
are “neural versus peripheral contributions” to the 
spasticity present. There are 3 key components to the 
testing: (1) velocity of stretch; (2) quality of muscle 
reaction, and (3) angle of muscle reaction. This can 
be used in SCI when serial casting is performed (see 
later). By varying the velocity of the stretch during 
testing, the Tardieu may be superior to the Ashworth 
in the assessment of true spasticity, which by defini-
tion has a velocity component. 

Biomechanical Measures

Biomechanical techniques can be used to objectively 
quantify spasticity by evaluating resistance to passive 
movement at a joint. Commonly used techniques are 
the pendulum test and measurements using isokinetic 
dynamometers (45–49). The pendulum test was first 
described by Wartenberg (47) in 1951 and assesses 
spasticity in the hamstring and quadriceps muscles. 
To perform this test, the patient is in the seated or 
supine position with the examination table ending at 
the distal thigh of both legs; this allows passive flexion 
and extension at the knee joint without interference of 
movement from the examination table. The patient is 
asked to relax his lower limb, and the examiner pas-
sively extends the knee fully, then releases, allowing 
the limb to fall freely. Electrogoniometers may be used 
to evaluate the swing of the leg at the knee joint, and 
tachometers can assess the rate of movement. In the 
spastic limb, the degree of movement at the knee joint 
is decreased when compared to movement in the non-
spastic limb. It is difficult to determine whether the 
dampening of movement is due to intrinsic changes 
within the spastic muscle, such as alterations in visco-
elastic properties, or due to the other pathophysiologic 
changes after SCI that result in velocity-dependent re-
sistance to movement (50). Although the pendulum 
test has its limitations, the test-retest variability and 
reliability have been evaluated, and this test has been 
shown to have a high correlation between measures 
on repeated trials using a commercially available iso-
kinetic dynamometer (46). The pendulum test was 
one of the outcome variables used in the tizanidine tri-
als for the management of spasticity in patients with  
SCI (51).

Electrophysiologic Measurements

There are a variety of electrophysiologic methods that 
can be used to objectively assess spasticity; however, 
these techniques are used primarily for research pur-
poses. To understand the most commonly used meth-
ods, one must have a basic understanding of several 
electrophysiologic tests. Maximal electrical stimula-
tion of a peripheral nerve results in the development 
of a compound motor action potential (CMAP), 
which can be recorded over a muscle innervated by 
the stimulated nerve; this is the M response. The Hoff-
man reflex, or H reflex, is a late response that can be 
obtained by delivering a submaximal electrical stimu-
lus to the tibial nerve with the CMAP recorded over 
the soleus. The H reflex is an electrically elicited reflex 
comprised of an orthodromic sensory and an ortho-
dromic motor response. The stimulus delivered to the 

TABLE 21.3
Spinal Cord Assessment Tool  

for Spastic Reflexes

SCATS: CLonus

Clonus quantified in response to rapid dorsiflexion of 
the ankle.

0 No reaction
1 Mild, clonus maintained less than 3 seconds
2 Moderate, clonus persists 3–10 seconds
3 Severe, clonus persists >10 seconds

SCATS: FLexor sPasms

Measurement of excursion of big toe into extension, 
ankle dorsiflexion, knee flexion, or hip flexion when 
pinprick stimulus applied to plantar surface of the 
foot.

0 No reaction to stimulus
1 Mild, <10°
2 Moderate, 10°–30°
3 Severe, >30°

SCATS: ExTensor SPasms

Starting position with hip and knee placed at 90°–110° 
of flexion with contralateral limb extended. Hip and 
knee joints then simultaneously extended and dura-
tion of quadriceps muscle contraction is measured.

0 No reaction
1 Mild, contraction maintained <3 seconds
2 Moderate, contraction persists 3–10 seconds
3 Severe, contraction persists >10 seconds

(Summarized from Benz EN, Hornby TG, Bode RK, Scheidt 
RA, Schmit BD. A physiologically based clinical measure for 
spastic reflexes in spinal cord injury. Arch�Phys�Med�Rehabil. 
2005;86:52–59.)
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(Continued)

TABLE 21.4
SCI-SET

For each of the following, please choose the answer that best describes how your spasticity symptoms have 
affected that area of your life during the past 7 years. When I talk about “spasticity symptoms”. I mean: A) 
uncontrolled, involuntary muscle contraction or movement (slow or rapid; short or prolonged), B) involuntary, 
repetitive, quick muscle movement (up and down; side to side), C) muscle tightness, and D) what you might 
describe as “spasms”. Please let me know when a question is not applicable to you.
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–3 –2   –1      0 +1 +2 +3

DURING THE PAST 7 DAYS. HOW HAVE YOUR SPASTICITY SYMPTOMS AFFECTED:

1. your showering? –3 –2 –1 0 +1 +2 +3 N/A

2. your dressing/undressing? –3 –2 –1 0 +1 +2 +3 N/A

3. your transfers (to and from bed, chair, vehicle, etc.)? –3 –2 –1 0 +1 +2 +3 N/A

4. your sitting positioning (in your chair, etc.)? –3 –2 –1 0 +1 +2 +3 N/A

5. the preparation of meals? –3 –2 –1 0 +1 +2 +3 N/A

6. eating? –3 –2 –1 0 +1 +2 +3 N/A

7. drinking? –3 –2 –1 0 +1 +2 +3 N/A

8. your small hand movements (writing, use of computer, etc)? –3 –2 –1 0 +1 +2 +3 N/A

9. your ability to perform household chores? –3 –2 –1 0 +1 +2 +3 N/A

10. your hobbies/recreational activities? –3 –2 –1 0 +1 +2 +3 N/A

11. your enjoyment of social outings? –3 –2 –1 0 +1 +2 +3 N/A

12. your ability to stand/weight-bear? –3 –2 –1 0 +1 +2 +3 N/A

13. your walking ability? –3 –2 –1 0 +1 +2 +3 N/A

14. your stability/balance? –3 –2 –1 0 +1 +2 +3 N/A

15. your muscle fatigue? –3 –2 –1 0 +1 +2 +3 N/A

16. the flexibility of your joints? –3 –2 –1 0 +1 +2 +3 N/A

17. your therapy/exercise routine? –3 –2 –1 0 +1 +2 +3 N/A

18. your manual wheelchair use? –3 –2 –1 0 +1 +2 +3 N/A

19. your power wheelchair use? –3 –2 –1 0 +1 +2 +3 N/A

20. you lying position (in bed, etc.)? –3 –2 –1 0 +1 +2 +3 N/A

21. your ability to change positions in bed? –3 –2 –1 0 +1 +2 +3 N/A

22. your ability to get sleep? –3 –2 –1 0 +1 +2 +3 N/A

23. the quality of your sleep? –3 –2 –1 0 +1 +2 +3 N/A
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tibial nerve travels up the large Ia afferents into the 
spinal cord, synapses with the alpha motor neurons 
after entering the spinal cord, and travels back down 
the alpha motor neurons innervating the soleus mus-
cle, where the H reflex CMAP is ultimately recorded 
(52). The H reflex can be considered as the electrical 
equivalent of the Achilles reflex; however, the muscle 
spindle is bypassed (53).

The H(max)/M(max) ratio is the ratio of the 
maximal H reflex to the maximal M response and has 
been investigated in several studies of patients with 
SCI (54–56). The H(max)/M(max) ratio is used to de-
termine the percentage of motor neurons that are acti-

vated reflexively (H reflex) compared to those that are 
directly activated (M response); this gives an estima-
tion of motor neuron excitability at rest. Some studies 
have shown an increased H(max)/M(max) ratio in in-
dividuals with SCI; however, there is little correlation 
between severity of spasticity and H(max)/M(max) 
ratios (53). Similar results can be obtained by substi-
tuting T(max), the Achilles tendon jerk, for H(max). 
The T(max)/M(max) ratio is similar to the H(max)/
M(max) ratio, with the exception that rather than ac-
tivating the Ia afferent fibers electrically as with the 
H reflex, the fibers are activated with a mechanically 
induced stretch to the muscle fibers when the Achil-

TABLE 21.4  
(Continued)

–3 –2   –1      0 +1 +2 +3

DURING THE PAST 7 DAYS. HOW HAVE YOUR SPASTICITY SYMPTOMS AFFECTED:

24. your sex life? –3 –2 –1 0 +1 +2 +3 N/A

25. the feeling of being annoyed? –3 –2 –1 0 +1 +2 +3 N/A

26. the feeling of being embarassed? –3 –2 –1 0 +1 +2 +3 N/A

27. your feeling of comfort socially? –3 –2 –1 0 +1 +2 +3 N/A

28. your feeling of comfort physically? –3 –2 –1 0 +1 +2 +3 N/A

29. your pain? –3 –2 –1 0 +1 +2 +3 N/A

30. your concern with falling? –3 –2 –1 0 +1 +2 +3 N/A

31. your concern with getting injured? –3 –2 –1 0 +1 +2 +3 N/A

32. your concern with accidentally injuring someone else? –3 –2 –1 0 +1 +2 +3 N/A

33. your ability to concentrate? –3 –2 –1 0 +1 +2 +3 N/A

34. your feelings of control over your body? –3 –2 –1 0 +1 +2 +3 N/A

35. your need to ask for help? –3 –2 –1 0 +1 +2 +3 N/A

Number of (+) items: __________                                  Negative score:__________
Number of (–) items: __________                                  Positive score:__________
Number of (0) items: __________                                  Total score:__________
                                                                                      Applicable items (#):__________
                                                                                      Average score:__________
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les tendon is tapped. Similar to the H(max)/M(max) 
ratio, the T(max)/M(max) ratio reflects motor neuron 
excitability, and there is not a correlation between it 
and the severity of spasticity (51); however, unlike the 
H(max)/M(max) ratio, the T(max)/M(max) ratio is 
influenced by the gamma system (6).

F waves are another late response that, similar 
to the H-reflex, reflect proximal conduction along the 
peripheral nerves. The F wave is elicited by supramax-
imal electrical stimulation of a mixed nerve while re-
cording over a distal muscle innervated by that nerve. 
The electrical stimulus travels antidromically along 
the motor nerve, and once it reaches the axon hillock, 
a small percentage of the motor neurons backfire, and 
the action potential then travels orthodromically back 
down the motor neurons; this causes a late response 
that can be recorded over the distal muscle (52). Some 
studies have shown increased amplitude and persis-
tence of F waves in individuals with spasticity, and this 
may reflect excitability of the motor neuron pool (53).

Spasticity may also be evaluated using electro-
myography (EMG). Skold et al. evaluated lower ex-
tremity spasticity in patients with SCI by using surface 
EMG to record muscle activity of the quadriceps and 
hamstrings during passive flexion and extension at the 
knee joint, as well as using the MAS to clinically as-
sess the presence of spasticity. These researchers found 
a correlation between spasticity ratings on the MAS 
and electrical activity on surface EMG recordings; in 
addition, they noted that with each increasing grade 
on the MAS, there was evidence of increased myoelec-
tric activity on EMG recordings (57).

The difficulties with quantitative tests to mea-
sure spasticity are due to a number of reasons. These 
include difficulty using a static test for a dynamic 
process; spasticity changes based on time of day and 
with many other factors (ie, stress, infections); test po-
sition usually is not the position of function for the 
patient; different scales measure different aspects of 
spasticity; individual tools correlate weakly with each 
other (5); discrepancy between self-rated and clinical 
scores; and a decrease in a score does not necessarily 
correlate with improved function. There is still no ac-
cepted measure that addresses the specific impact of 
spasticity in limiting activity or participation. Priebe 
has suggested that spasticity is best measured by a bat-
tery of tests that assess the different variables and the 
patient’s perspective (58).

TREATMENT 

Spasticity is present in most individuals with SCI and 
may have a significant negative impact on QOL and 

functional activities. Little et al. (9) found that 59% 
of patients with traumatic SCI reported that spasticity 
interfered with transfers, and 65% claimed that it dis-
rupted their sleep. Lundqvist et al. (59) noted that in 
patients with SCI, those with spasticity scored signifi-
cantly worse on the Sickness Impact Profile for ambu-
lation and feeding activities than those without. Other 
studies have not found a negative association between 
QOL and spasticity, and some have even reported a 
positive impact of spasticity. In a study by Skold et al.,  
40% of individuals with spasticity reported that it had 
a positive impact (10), and another study found that 
23% reported the positive effects of spasticity out-
weighed the negative (44). Some individuals use their 
spasticity to assist with standing and positioning, as 
well as to aide them in ADL, such as assisting with 
lower body dressing by eliciting flexor spasms in the 
LE. Fifty-three percent of individuals with tetraple-
gia and 26% with paraplegia report that they elicit 
spasms to assist with repositioning, dressing, trans-
fers, and pressure relief (9). Some individuals with SCI 
find spasticity useful because it can serve as a warning 
sign that there is a change in their normal physiologic 
state, including the presence of a distended bladder, 
urinary tract infection, or pressure ulcer (60). In ad-
dition, spasticity may help to preserve muscle bulk by 
preventing atrophy (61). Overall, it seems that spas-
ticity more often than not can have a negative im-
pact on a patient’s life. Treatment should occur not 
because spasticity is present but rather because it in-
terferes with specific activities and the treatment has 
the potential to address a passive or active functional 
goal. Because of the variable impact of spasticity on 
the QOL and functional status in individuals with 
SCI, it is important to determine the necessity of in-
tervention, discuss treatment goals, and tailor treat-
ment plans on an individual basis. Some of the most 
pertinent questions to ask include the following: Does 
the spasticity cause pain? Is it leading to contracture? 
Does it interfere with function or sleep? Does it affect 
QOL?

There are a variety of indications for treatment 
of spasticity, and the approach should be dictated by 
the patient’s overall functional status and symptom 
severity. Some of the aspects that should be consid-
ered include the severity of the spasticity, the scope 
(ie, whether the spasticity is focal, regional, or gener-
alized), what the medical and cognitive status of the 
patient is, and taking into account the side effects of 
treatments as well as the cost-benefit ratio. Treatment 
goals vary from patient to patient and may range 
from maximizing gait in a highly functional patients 
to goals of decreasing quantity of painful spasms or 
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to improve the ease of care in patients who are depen-
dent for their self-care needs (62).

Treatment of spasticity should be approached 
in a stepwise fashion, with initiation of noninvasive 
interventions including stretching and therapy pro-
grams before consideration of pharmacologic or sur-
gical treatments (63). When increases in spasticity are 
noted in patients with a SCI that is stable, one must 
first consider potential causes of the change, such as 
presence of infection, bladder calculi, pressure ulcers, 
abdominal pathology, ingrown toenail, hemorrhoids, 
deep vein thrombosis, heterotopic ossification, or 
medication side effect, before initiating other inter-
ventions to treat the spasticity (6). Drug effects can 
serve as a source of newly increased spasticity, that 
is, selective serotonin reuptake inhibitors have been 
reported to increase spasticity (64). Changes in spas-
ticity in an otherwise stable patient with a chronic SCI 
may also be an important presenting sign in syringo-
myelia (65). Spasticity-related interventions should be 
aimed at what matters most to the patient, improving 
comfort and function and allowing the individual to 
participate in life activities.

Nonpharmacologic Interventions

Initial treatment of spasticity typically involves non-
pharmacologic, noninvasive measures. It is important 
to ensure that noxious stimuli are not contributing to 
the patient’s spasticity. Prevention of pressure ulcers 
and complications related to the patient’s neurogenic 
bowel and bladder by maintaining appropriate skin 
protocols and bowel and bladder management regi-
mens will help to minimize noxious stimuli commonly 
encountered in this population. Positioning and 
stretching are also useful and necessary for decreas-
ing spasticity and maintaining ROM at the affected 
joints and may even decrease long term spasticity (6, 
66). The frequency, duration, and type of stretching 
that should be performed, as well as its long-term 
benefit, has been studied. A recent literature search 
on the effect of stretching showed that although there 
is some benefit to each stretching session, there is a 
wide diversity regarding its impact. Specifically, this 
review found that the available evidence on its clinical 
benefit is overall inconclusive (67). Tilt table stand-
ing reduces spasticity in individuals with SCI, most 
likely by providing a prolonged stretch on the ankle 
plantar flexors (68), and has demonstrated efficacy in 
reduction of extensor spasms (69). Posture and ad-
equate low back support are also important factors 
for tone reduction. Adequate low back support in the 
wheelchair to maintain lumbar lordosis and a positive 
seat plane angle or “dump,” with a reduction in seat-

to-back angle, encourages proper upright posture and 
may reduce extensor tone.

Modalities

Other modalities and therapeutic interventions are 
available to therapists for the management of spastic-
ity. Local cryotherapy has been reported to temporarily 
decrease spasticity, possibly due to temporary slowing 
of nerve conduction and reduction in the sensitivity of 
the muscle spindle fibers. The results obtained with lo-
cal cooling typically diminish within 15 to 20 minutes 
after removal of the cold application (70). Electrical 
stimulation is another commonly used modality that 
is reported to decrease spasticity in individuals with 
SCI. Transcutaneous electrical nerve stimulation is one 
technique that has been utilized in the management of 
chronic pain using the gate control theory (71), and it 
may also play a role in the management of spasticity. 
Several studies have described a reduction in spasticity 
of the lower limbs in individuals with stroke or SCI 
receiving transcutaneous electrical nerve stimulation 
therapy over the spastic muscles or over correspond-
ing spinal dermatomes (72–76). Functional electrical 
stimulation has been noted to have beneficial effects 
on cardiovascular function and circulation, reversal 
of muscle atrophy, and possible prevention of deep 
venous thrombosis and osteoporosis, and one study 
has shown that it may also be beneficial in reducing 
spasticity (77). In a crossover study comparing electri-
cal stimulation to the LE in a small group of persons 
with SCI versus passive movement in an LE ergometer 
machine, spasticity as measured by the MAS and the 
pendulum test was significantly decreased (78). Elec-
troejaculation using a rectal probe (79) as well as vi-
bratory stimulation (80) have also shown to decrease 
spasticity in persons with SCI.

Orthotics

Tone-reducing orthotics are designed to improve gait 
patterns and decrease reflexive muscle activation in 
individuals with spasticity. There are several impor-
tant design features of these orthotics that decrease 
spasticity in users, including the metatarsal pad and 
the great toe shelf that cause unloading of the meta-
tarsal heads and extension of the great toe, delivery of 
constant pressure at the site gastrocnemius and soleus 
insertion into the calcaneous, joint stabilization, and 
full contact with the muscle bellies provided by the 
thermoplastic material (81). The use of tone-reducing 
orthotics has previously been described in individu-
als with spasticity due to stroke and cerebral palsy, 
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and a recent study demonstrated efficacy when used 
in individuals with SCI. Nash et al. (81) demonstrated 
improvement in step length, gait velocity, and scores 
on the SCI-Functional Ambulation Inventory, as well 
as a reduction in abnormal EMG activity in the gas-
trocnemius in an individual with incomplete SCI and 
spasticity when using tone-reducing Ankle Foot Or-
thoses (AFO’s) bilaterally. 

Nontraditional Interventions

Other alternative interventions may play a role in 
the reduction of spasticity in individuals with SCI. 
Lechner et al. (82) reported a short-term decrease in 
spasticity as quantified by the Ashworth score in indi-
viduals with SCI after participation in hippotherapy 
sessions. The beneficial effects of hippotherapy on 
spasticity reduction are thought to be related to sad-
dle position, which places the patient’s LE into hip 
flexion, abduction, and external rotation; other ben-
efits may be due to the effects of rhythmical trunk side 
flexion and extension produced during hippotherapy 
sessions. Acupuncture has been studied as a potential 
intervention in SCI-related conditions, including mo-
tor deficits, pain, and spasticity. Electroacupuncture 
and stimulation of acupoints may be beneficial in 
the reduction of spasticity related to SCI, but further 
studies are needed (83). Hydrotherapy has also been 
studied in persons with SCI. In a randomized control 
study of 20 patients, exercise in a 71°F pool, 3 times 
per week for 20 minutes, demonstrated an increase in 
Functional Independence Measure score, a decrease in 
spasm severity, and a decrease in oral baclofen dose 
intake (84).

Serial Casting

Serial casting involves a series of casts to reduce spas-
ticity by stretching soft tissue and/or muscle length-
ening. This can also be effective in stretching out a 
contracture. One can utilize the Tardieu Scale to know 
how much range one can achieve. The technique in-
volves finding the end range, then slightly backing off 
to prevent tendonitis and improve tolerance to the 
cast. After 24 hours, the cast should be removed to 
check the skin. Subsequent casts can remain on for 2 
to 3 days. The cast can be bivalved to allow for ex-
amination of the skin. Casting should continue until 
there is no improvement noted in 2 consecutive casts. 
To loosen the spasticity and improve the stretch, che-
modenervation with localized injections can be admin-
istered first. Prolonged use of splints can be utilized in 
place of the casts.

Pharmacologic Interventions

A variety of pharmacologic agents with different 
mechanisms of action are available for the treatment 
of spasticity of spinal cord origin; however, only 4 
are Food and Drug Administration (FDA)-approved 
for this use. These agents include baclofen, diazepam, 
dantrolene sodium, and tizanidine (85). A systematic 
review indicated that there is insufficient evidence to 
assist clinicians in a rational approach to antispastic-
ity treatment in SCI (86), and therefore, some amount 
of trial-and-error is required. The person’s age, co-
morbidities, and cognitive status should be carefully 
considered when choosing a medication for spasticity. 
Centrally acting agents typically suppress excitation 
or enhance inhibition within the central nervous sys-
tem, whereas peripherally acting agents act directly at 
the neuromuscular sites (Table 21.5).

Baclofen (Lioresal®)

Baclofen is an antispasticity agent that is commonly 
used in the treatment of spasticity of spinal origin. 
Baclofen is considered by many to be the first-line of 
treatment, although there are no studies definitively 
supporting this approach (86). Baclofen is a deriva-
tive of the inhibitory neurotransmitter GABA. It binds 
presynaptically to the GABA-B receptors in the brain 
and spinal cord and is thought to decrease monosyn-
aptic and polysynaptic reflexes. Binding of baclofen to 
the GABA-B receptors decreases calcium influx into 
the presynaptic terminal; this in turn decreases the re-
lease of excitatory neurotransmitters. The decreased 
release of excitatory neurotransmitters by the inter-
neurons and afferent fibers is responsible for the dimi-
nution of reflex activity (87). Binding of baclofen to 
GABA-B receptors may also decrease gamma motor 
neuron activity, which may decrease muscle spindle 
activity (85).

The mean half-life of baclofen is approximately 
3½ hours (range, 2–6 hours), necessitating dosing 
3 to 4 times daily. Baclofen is excreted primarily by 
the kidney, although 15% is metabolized by the liver; 
therefore, caution must be exerted when using ba-
clofen in patients with renal insufficiency, and liver 
function tests should be checked before initiation of 
treatment and periodically thereafter (85).

Baclofen can be administered orally and intrathe-
cally; intrathecal dosing will be discussed later. Oral 
baclofen should be initiated at a dose of 5 mg 2 to 3 
times daily and gradually titrated up to an appropriate 
dose based upon patient response and side effects. The 
Physician’s Desk Reference recommends 80 mg as the 
maximum daily dose of baclofen; however, there are 
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TABLE 21.5
Oral Medications for Spasticity

meDiCaTion usuaL Dosage

major meChanism  
of aCTion Common siDe effeCTs

Baclofen 5 mg TID to  
40 mg QID

Presynaptic inhibition of GABA-B 
receptors

Sedation, ataxia, muscle weakness. 
Abrupt withdrawal may result in  
seizures and hallucinations. May 
cause respiratory failure, seizures, 
coma and death in overdose.

Clonidine 0.05 mg BID to  
0.2 mg BID (oral) 
0.1–0.3 mg  
(transdermal)

Alpha-2 adrenergic agonist,  
increases presynaptic inhibition 
of motor neurons

Orthostasis, bradycardia dy mouth, 
constipation, ankle edema and  
drowsiness.

Diazepam 5 mg qday to  
15 mg QID

Facilitates postsynaptic effects of 
GABA, increasing presynaptic 
inhibition

Sedation, impaired memory and  
attention, impaired motor  
coordination. May cause respiratory 
depression and coma in overdose.

Dantrolene 25 mg qday to  
100 mg QID

Reduces calcium release, interfer-
ing with excitation contraction 
coupling in skeletal muscle

Nausea, vomiting, diarrhea, malaise, 
and generalized muscle weakness. 
May cause hepatotoxicity; therefore, 
liver enzymes should be monitored.

Tizanidine 2 mg qday to  
36 mg/d in divided 
doses; better 
tolerated as a QID 
dosing

Alpha-2 adrenergic agonist,  
increases presynaptic inhibition  
of motor neurons

Dry mouth, sedation, dizziness, mild 
hypotension. May cause  
elevated liver enzymes, therefore 
must monitor.

Gabapentin 100 mg TID to  
1200 mg QID

Unknown Somnolence, dizziness, ataxia, tremor, 
dyspepsia and constipation.

reports and clinical experience of using higher doses 
in SCI (88). A study by Aisen et al. (89) showed that 
higher doses of baclofen (up to 240 mg/d) may be used 
safely in patients with spasticity due to MS or SCI. We 
(authors of this chapter) routinely titrate Lioresel up 
to 80 mg/d in divided doses (as long as there is contin-
ued benefit) and feel comfortable increasing to higher 
doses (monitoring for side effects), often adding a sec-
ond agent between 80 and 160 mg/d.

Several open-label studies have demonstrated the 
effectiveness of baclofen. Baclofen has been shown to 
decrease spasticity in 70% to 87% of patients with 
SCI or MS, and it has also been shown to decrease 
flexor spasms in individuals with SCI (85–90), as well 
as to decrease pain in both animal and human studies 
(87). Baclofen appears to have an anxiolytic property 
as well, as has been demonstrated in the SCI popula-
tion (91) as well as individuals with panic disorder 
and chronic schizophrenia (92, 93). Baclofen may 
also improve bladder function by decreasing outlet 
obstruction secondary to hyperreflexia of the external 

urethral sphincter (94). Baclofen has been compared 
to other antispasticity agents, and its effectiveness has 
been demonstrated to be equivalent to tizanidine in 
several studies; however, some studies showed more 
weakness in patients treated with baclofen compared 
to those treated with tizanadine. In studies comparing 
baclofen to diazepam, both were effective in decreas-
ing spasticity; however, diazepam was more likely to 
cause sedation (90). As with many of the medications 
used for spasticity, although spasticity itself may be 
decreased, there is a paucity of literature documenting 
functional benefits. For this reason, dosages should be 
titrated based upon improvement noted by the patient 
in their daily routine.

Although baclofen is generally well tolerated, 
dose titration may be limited by side effects. Most 
commonly, baclofen can cause sedation and mental 
confusion, ataxia, hypotonia, muscle weakness, and 
constipation. Respiratory failure, seizures, coma, and 
death have been reported after significant overdose. 
Abrupt withdrawal of baclofen should be avoided  
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because it can result in seizures, hallucinations, and po-
tentially death. Clinicians need to be especially mind-
ful of this fact after the placement of an ITB pump. 
Because the amount of medication that is needed for 
spasticity management is so low, there is a real risk 
for baclofen withdrawal if the oral dose is weaned too 
quickly.

Benzodiazepines

Diazepam (Valium®), a member of the benzodiaz-
epine family, is one of the oldest antispasticity agents. 
Diazepam acts through the GABA system; however, 
its mechanism of action is different from baclofen in 
that it does not bind directly to the GABA receptor, 
rather it is presumed to bind near the GABA-A recep-
tor to indirectly facilitate the binding of GABA to the 
GABA-A receptors, thereby increasing presynaptic in-
hibition and reducing monosynaptic and polysynaptic 
reflexes.

Diazepam displays good oral absorption; after 
oral administration, blood levels peak within 1 hour. 
It is one of the long-acting benzodiazepines, with a 
half-life of 20 to 80 hours. Diazepam is metabolized 
in the liver, so it may cause side effects in individuals 
with liver dysfunction. In addition, diazepam is 98% 
protein-bound so caution must be exercised when 
using this medication in individuals with low serum 
albumin (ie, acute SCI), as they may demonstrate in-
creased susceptibility to side effects (85). Diazepam 
may be dosed starting at 5 mg when given at bedtime 
or 2 mg given during the daytime. Dosage should be 
gradually titrated up to a total daily dose of 40 to  
60 mg (given in divided doses) as tolerated and re-
quired by the patient (6, 85).

Diazepam has been shown to be effective in 
treatment of spasticity; however, it was noted to be 
more sedating than baclofen in a comparison study 
(90). Benzodiazepines may affect cognitive perfor-
mance measures such as attention, concentration, and 
memory and are not recommended in persons with 
concomitant brain injury. Diazepam may be less effec-
tive in treating spasticity in individuals with complete 
SCI compared to those with incomplete SCI, as it ap-
pears that the brainstem reticular formation is more 
sensitive to the effects of diazepam than other spinal 
pathways (95–97).

Diazepam produces depression of the central ner-
vous system, which can decrease the level of arousal, 
can cause sedation and impaired motor coordination, 
impair memory and attention, and may cause respi-
ratory depression and coma in overdose. Flumazenil 
is a benzodiazepine antagonist that may be effective 

if overdose occurs (98). Diazepam may cause physi-
ologic addiction, and abrupt discontinuation may re-
sult in a withdrawal syndrome, with symptom onset 
typically occurring 2 to 4 days after discontinuation. 
Typical withdrawal symptoms may include anxiety, 
agitation, nausea, and restlessness; however, severe 
cases can result in seizures and death (85). Because of 
the potential cognitive side effects associated with the 
use of diazepam, this medication should be avoided 
in those patients with SCI who have a concomitant 
brain injury.

Other benzodiazepine agents have been investi-
gated for use in patients with spasticity. Ketazolam is 
a long-acting benzodiazepine given in a single daily 
dose of 30 to 60 mg. It has been studied in patients 
with spasticity secondary to MS, stroke, and brain 
injury and was noted to have equal efficacy and less 
sedating properties than diazepam (99, 100). Ket-
azolam is not FDA-approved in the United States but 
is available in Canada. Clonazepam (Klonopin®) is 
another benzodiazepine agent that may be considered 
for use in the treatment of spasticity and is typically 
used for painful nocturnal spasms. The half-life is 18 
to 28 hours, and it is initiated at doses of 0.25 mg to  
1 mg at night and titrated up to a total dose of 3 mg as 
tolerated and required. In a study comparing baclofen 
and clonazepam in the treatment of spasticity related 
to MS, clonazepam demonstrated similar efficacy to 
baclofen; however, sedation, fatigue, and confusion 
were more common with clonazepam use (101).

Dantrolene Sodium (Dantrium®)

Dantrolene sodium is the only antispasticity agent 
that acts peripherally within the muscle to decrease 
spasticity. It decreases the release of calcium from the 
sarcoplasmic reticulum within the skeletal muscle fi-
bers, which results in decreased muscle contraction 
force generation due to partial excitation-contraction 
uncoupling (102, 103). Dantrolene sodium has little 
effect on cardiac and smooth muscles but acts on both 
intrafusal and extrafusal fibers in skeletal muscle. 
Dantrolene sodium is metabolized primarily in the 
liver and eliminated in the urine and bile. The blood 
concentration peaks in 3 to 8 hours after administra-
tion of an oral dose of 100 mg, and half-life is ap-
proximately 15 hours. Dantrolene sodium is initiated 
at 25 mg/d and slowly increased every 5 to 7 days to a 
maximal dosage of 100 mg given 4 times per day.

Dantrolene sodium has been used primarily in 
individuals with spasticity of cerebral origin. It has 
demonstrated efficacy in decreasing muscle tone, clo-
nus, and tendon reflexes and improving ROM in this 
patient population (104, 105). Some studies have dem-
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onstrated efficacy of dantrolene sodium in the treat-
ment of spasticity of spinal cord origin; however, it 
is usually considered a second-line medication (106). 
Dantrolene sodium may be considered as a first-line 
agent in individuals with SCI and concomitant cog-
nitive dysfunction (6). Otherwise, dantrolene is not  
routinely used to treat spasticity in patients with SCI.

Common side effects of dantrolene sodium in-
clude nausea, vomiting, diarrhea, malaise, and dizzi-
ness. This medication has fewer cognitive side effects 
and is less likely to cause drowsiness than baclofen 
or diazepam. Dantrolene sodium may cause hepato-
toxicity, which has been reported in 1% to 2% of pa-
tients, with fatal hepatitis occurring in up to 0.3%. 
The populations at greatest risk for hepatotoxicity are 
females more than 30 years of age, individuals taking 
other medications simultaneously that are processed 
through the liver, and those patients taking high-dose 
dantrolene sodium (300 mg or more per day) for more 
than 60 days (107). Because of this risk, baseline liver 
function tests should be obtained before initiation of 
treatment with dantrolene sodium, and liver func-
tion tests should be monitored intermittently thereaf-
ter. Concern also exists that dantrolene sodium may 
cause a slight decrease in maximal voluntary power; 
however, some studies show only modest reduction in 
strength, up to 93% of baseline (108). Other studies 
have shown functional loss of strength; Chyatte et al. 
(109) reported difficulty with stair-climbing ability in 
hemiplegic patients receiving dantrolene sodium for 
spasticity treatment. For patients with initial marginal 
strength, dantrolene may cause more obvious weak-
ness and should be used cautiously.

Tizanidine (Zanaflex®)

Tizanadine is a centrally acting antispasticity agent 
that has been investigated for use in treatment of spas-
ticity related to MS, SCI, stroke, and brain injury. The 
exact mechanism of action is not clearly understood, 
but tizanidine’s antispastic effects are thought to be 
due primarily to its central alpha-2 agonist proper-
ties, although its ability to bind to the imidazole re-
ceptors may also play a role. Upon binding to the 
alpha-2 receptors, tizanidine prevents the release of 
the excitatory amino acids glutamate and aspartate 
presynaptically from spinal interneurons (110). Tiza-
nidine may also enhance the release of the inhibitory 
neurotransmitter glycine, which may inhibit facilita-
tory coeruleospinal pathways (111, 112).

Tizanidine is well absorbed after oral administra-
tion and reaches peak plasma concentration and effect 
in 1 to 2 hours. It is a short-acting agent, with a half-
life of 2 to 4 hours. Dosing recommendations suggest 

that tizanidine be given 2 to 3 times daily; however, 
due to its short half-life, it may be more effective when 
given in smaller doses at more frequent intervals (4 
to 6 times daily) (113, 114). Treatment is initiated at 
doses of 2 to 4 mg given initially at night, with gradual 
titration by 2 to 4 mg every 2 to 4 days, to a maximal 
daily dose of 36 mg/d, as tolerated and required (6). 
Tizanidine is metabolized in the liver by cytochrome 
P450 1A2 (115). It has recently been noted that CYP 
1A2 inhibitors (including ciprofloxacin, fluvoxamine, 
rofecoxib, and certain oral contraceptives) may affect 
tizanidine kinetics, resulting in increased plasma lev-
els and adverse effects of tizanidine (116–119). There 
does not appear to be a clinically significant interac-
tion with coadministration of tizanidine with baclofen, 
(120) and they are frequently prescribed together.

In patients with SCI, tizanidine has been reported 
to significantly decrease muscle tone as determined on 
the AS, and with video motion analysis of the pendu-
lum test, spasm frequency was reduced by 50%, and 
there were no significant decreases in strength noted in 
patients with SCI receiving tizanidine (50). Similarly, 
tizanidine has demonstrated efficacy in decreasing 
muscle tone in individuals with spasticity secondary 
to MS (121, 122), stroke (123), and acquired brain 
injury (traumatic brain injury versus stroke) (124), 
without adversely affecting muscle strength.

The most common side effects associated with 
tizanidine are dry mouth, drowsiness, and dizziness. 
Hallucinations have been reported in 3% of patients 
within the first several weeks of treatment, and elevated 
liver function tests have been noted in as many as 5% 
(113). For this reason, liver function tests should be 
monitored at baseline and at 1, 3, and 6 months af-
ter initiation of treatment with tizanidine (6). Because 
tizanidine is an alpha-2 agonist, some studies have in-
dicated that tizanidine decreases blood pressure and 
heart rate in animals and humans (112); however, 
other studies do not support this finding (125, 126). 
Caution should be exercised when using tizanidine in 
conjunction with antihypertensive agents.

Tizanidine is available in a tablet or capsule for-
mulation. A difference that the prescribers should be 
aware of is that while on an empty stomach, the time 
to peak plasma concentration is equal; however, if 
taken after a meal, the tablet is absorbed much faster 
than the capsule. Therefore, if the tablet is taken with 
food, the patient may experience increased adverse ef-
fects, including somnolence (127). In addition, if one 
opens the capsule, its absorption will be much faster.

Clonidine (Catapres®)
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Clonidine is a well-known antihypertensive agent but  
has also demonstrated efficacy in the treatment of 
spasticity. Clonidine is a centrally acting agent that 
similar to tizanidine is an alpha-2 agonist. (Tizanidine 
has ~1/50th the antihypertensive effect of clonidine.) 
Clonidine binds to alpha-2 receptors in the brain, 
brainstem, and dorsal horn of the spinal cord and is 
believed to exert its antispasticity effects through en-
hancement of presynaptic inhibition (128–130). Ad-
ministration of yohimbine, an alpha-2 antagonist, has 
been shown to abolish the ability of clonidine to sup-
press spasticity (131).

Peak plasma concentration of clonidine occurs 3 
to 5 hours after oral administration, and half-life is 
5 to 19 hours in patients with normal renal function 
and up to 40 hours in those with impaired renal func-
tion. Approximately half of the dose is metabolized in 
the liver, and the remainder is excreted unchanged in 
the urine. Clonidine should be initiated at low doses 
and titrated cautiously to avoid adverse effects. Initial 
starting dose is 0.05 mg given twice daily; this can 
be increased to 0.1 mg twice daily after 3 days, then 
increases of 0.1 mg/d can be made on a weekly ba-
sis, with a maximal dosage of 0.4 mg/d (130). Studies 
have shown that oral clonidine is effective in decreas-
ing spasticity in patients with SCI (128, 132). In ad-
dition, some patients were able to decrease baclofen 
dose requirements with the addition of clonidine to 
their medical regimen (130). Clonidine is available in 
a transdermal system (Catapres-TTS), and it is also 
available for intrathecal use. The transdermal Cata-
pres® patch is available in 0.1 to 0.3 mg doses and is 
designed to deliver the designated dose of clonidine on 
a daily basis for 7 days. The transdermal Catapres® 
patch has demonstrated efficacy in the treatment of 
spasticity in patients with SCI with minimal side ef-
fects (133). Clonidine has also shown improvement in 
gait patterns (134) and walking speed (135) in patients 
with incomplete SCI. The most common side effects 
associated with the use of clonidine are orthostasis, 
bradycardia, dry mouth, constipation, ankle edema, 
and drowsiness (85).

Cyproheptadine (Periactin®)

Cyproheptadine is a medication with potent antihis-
tamine activity, as well as antiserotonergic and mild 
anticholinergic properties. Its antispasticity effects are 
thought to be due to neutralization of serotonergic 
excitatory inputs at the spinal and supraspinal levels 
(136). Cyproheptadine has demonstrated efficacy in 
the reduction of clonus and spasms in patients with 
MS and SCI (136) and has also been shown to increase 
walking speed in individuals with spastic gait second-

ary to SCI (137, 138). When compared to baclofen  
and clonidine, cyproheptadine was noted to have effi-
cacy superior to clonidine and similar to baclofen (139).  
The combined use of clonidine and cyproheptadine 
was shown to be more beneficial for improvement 
of gait than treatment with either medication alone 
(135, 139, 140). Cyproheptadine can be initiated at 
doses of 4 mg given at bedtime, with dose increases of  
4 mg every 3 to 4 days. The maximum recommended 
dose is 36 mg/d given in divided doses, although the 
most common effective dose is 16 to 24 mg/d. (6, 85) 
Side effects are generally related to the central nervous 
system depression and the anticholinergic activity of 
this medication, causing sedation and dry mouth. This 
medication will stimulate appetite and should be used 
with caution when weight gain will pose an impedi-
ment to activities.

Gabapentin (Neurontin®)

Gabapentin is an antiepileptic medication that is 
structurally similar to GABA and acts at the neocor-
tex and hippocampus; it does not appear to bind to 
GABA-A, GABA-B, glycine, glutamate, benzodiaz-
epine, or NMDA receptors (141). Gabapentin reaches 
peak plasma concentrations within 2 to 3 hours af-
ter oral administration. It is excreted unchanged in 
the urine, and literature has shown that doses up to 
3600 mg/d are well tolerated (142), although higher 
doses are often used clinically when appropriate. In 
a crossover study by Priebe et al., gabapentin showed 
efficacy in decreasing spasticity in individuals with 
SCI, as demonstrated by a surface EMG technique 
designed to quantify spasticity. Only one individual 
demonstrated improvement of spasticity at doses of 
400 mg 3 times daily; however, 5 subjects displayed 
reduced spasticity at doses up to 1200 mg 3 times 
daily in the open-label extension of the study (142). In 
another crossover study by Gruenthal et al. (143) 25 
individuals with SCI received gabapentin at doses of 
2400 mg given over 48 hours. These authors reported 
an 11% reduction in spasticity as measured by the 
AS and a 20% reduction in patient-reported spastic-
ity severity as measured using a 6-point Likert scale. 
Gabapentin has also been investigated in a crossover 
study by Cutter et al. (144) as an antispasticity agent 
in the MS population. In doses titrated to 900 mg  
3 times daily, gabapentin significantly improved spas-
ticity compared to placebo as measured using the MAS 
and self-reported scales (144). The most common ad-
verse effects associated with the use of gabapentin are 
somnolence, dizziness, ataxia, tremor, dyspepsia, and 
constipation (145).
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Pregabalin (Lyrica®) is another antiepileptic 
agent that is used by some practitioners to treat pain 
associated with SCI and may be useful in the treat-
ment of spasticity. The mechanism of action is not 
fully understood, but pregabalin is thought to increase 
GABA levels in the brain. It does not appear to bind 
to neurotransmitter receptors including GABA, glu-
tamate, acetylcholine, or opiate receptors (146). In a 
retrospective study evaluating the effects of pregabalin 
in individuals with spasticity secondary to MS, brain 
injury, or cerebral palsy, more than half of the patients 
described positive effects of pregabalin on spasticity; 
however, one third reported side effects that limited 
the use of pregabalin (147). Further controlled studies 
investigating the role of pregabalin in the treatment of 
spasticity secondary to SCI are needed.

4-Aminopyridine (Fampridine®)

4-Aminopyridine is an agent that has a long history 
of various applications but most recently has gained 
interest due to evidence that it may restore neuro-
logic function in individuals with SCI and MS (148). 
4-Aminopyridine restores conduction along focally 
damaged axons by blocking the potassium channels, 
thereby increasing the safety factor and prolonging 
the action potential that allows for restoration of con-
duction across demyelinated internodes (149, 150). 
It also enhances transmission across spared neuronal 
tracts (148, 150). 4-Aminopyridine is available in an 
immediate-release formulation with peak plasma con-
centrations attained in approximately 1 hour, with 
half-life of 3.5 hours (148, 151). A sustained-release 
formulation of 4-aminopyridine (fampridine-SR) has 
been developed for investigational purposes to allow 
for less frequent dosing and to decrease side effects 
from high-peak serum levels that occur with the im-
mediate-release formulation. Pharmacokinetic data 
from trials of fampridine-SR in patients with MS re-
vealed peak plasma concentration at 5 hours, with 
mean serum half-life of 5.2 hours (152). Steady-state 
concentrations of fampridine-SR can be obtained with 
twice daily dosing after 5 days (153). Adverse events 
associated with fampridine in doses less than 80 mg/d  
include dizziness, headache, paresthesias, insomnia, 
and nausea (154). Seizures have been reported in 
overdoses with fampridine (150, 154). The immedi-
ate-release formulation of 4-aminopyridine can be ob-
tained from compounding pharmacies; however, the 
sustained release formulation is not available in the 
United States.

Several small randomized controlled trials have 
been conducted to investigate the safety and efficacy 
of the use of fampridine-SR in SCI (155–160). These 

studies indicate that the use of fampridine may en-
hance neurologic recovery after SCI, as noted by im-
provement in motor and sensory function, pulmonary 
function, and reductions in spasticity, and sexual dys-
function; however, the magnitude of gains noted in 
most studies was generally small. Phase 2 randomized 
controlled trials investigating the efficacy of fampri-
dine-SR in individuals with chronic incomplete SCI 
have been completed. These studies showed benefits 
including reduction in spasticity as measured by the 
Ashworth score, as well as improvement in motor and 
sensory scores and patient satisfaction measures in the 
groups receiving fampridine-SR (154, 161). In 2004, 
Acorda therapeutics completed 2 large phase 3 ran-
domized controlled trials evaluating fampridine-SR 
for the management of spasticity in individuals with 
chronic SCI. These studies did not reach statistical 
significance in the primary end point (reduction of 
spasticity as measured by the AS) in those individu-
als receiving fampridine-SR (162). However, positive 
results from phase 3 clinical trials have shown that 
fampridine-SR can improve walking speed and lower 
extremity strength in patients with MS and may be on 
the path for approval (152).

Cannabinoids (Marinol®, Cesamet®)

Although it is not approved for clinical use in the treat-
ment of spasticity secondary to SCI, marijuana (can-
nabis) is often used by individuals with SCI to prevent 
or relieve spasticity (60). The active chemical in mari-
juana, D9-tetrahydrocannabinol (THC), was inves-
tigated in a double-blind, placebo-controlled trial in  
individuals with spasticity from central origin, includ-
ing patients with MS or SCI. Clinical measures of spas-
ticity and EMG activity were noted to be decreased in 
the study group receiving THC (163). Hagenbach et al. 
(164) performed a 3-phase study evaluating the effect 
of treatment with THC on spasticity in patients with 
SCI. In the initial open-label phases, subjects received 
either oral or rectal THC in escalating doses. During 
the third phase, which was a randomized controlled 
study, subjects received oral THC or placebo. The in-
vestigators reported that THC was safe and effective 
for the treatment of spasticity in doses of 15 to 20 mg/d.  
There were a relatively high number of dropouts in 
this study secondary to exacerbation of pain and ad-
verse psychological effects in some subjects with the 
use of THC (164).

Opiates exhibit potent antispasticity activity 
(165) by suppressing polysynaptic reflexes to a greater 
extent than monosynaptic reflexes but are not con-
sidered a primary treatment option for SCI-related 
spasticity.
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Intrathecal Baclofen

Intrathecal baclofen may be an option for spasticity 
management in patients who benefit from oral ba-
clofen but cannot tolerate side effects. Oral baclofen  
has poor lipid solubility and does not cross the blood-
brain barrier well, so relatively high doses are neces-
sary to achieve therapeutic benefit. Unlike oral ba-
clofen, ITB is delivered directly to the central nervous 
system, thereby avoiding the blood-brain barrier. 
Therapeutic effects are achieved with ITB using only 
1% of the total dose that would be required orally 
to produce similar effects (166). This allows for de-
livery of much higher concentrations of baclofen to 
the intrathecal space at doses that are much lower 
than required with oral delivery of baclofen, which si-
multaneously improves spasticity control and reduces 
side effects. Intrathecal baclofen is FDA-approved for 
spasticity management in SCI, and in multiple studies, 
it has been proven efficacious in reducing spasticity, 
(39, 166) improving sleep (167), decreasing caregiver 
burden, and improving ADL (168).

Intrathecal baclofen is delivered by an electronic 
pump and catheter system. The most commonly used 
pump is an electronic programmable pump. The  
SynchroMed-EL® and the SynchroMed-II® are 2 pro-
grammable pumps that are commonly used for delivery 
of ITB. The original Synchromed-EL® pump has an 
18-mL reservoir, whereas the newer SynchroMed-II®  
pump has a 40-mL medication reservoir, allowing for 
less frequent pump refills. Pump refills can be per-
formed in an outpatient setting. The pump reservoir 
is accessed through a central access port; the medica-
tion remaining in the pump reservoir at time of refill 
is removed, and the new drug is subsequently injected 
into the reservoir. The pump is reprogrammed with 
updated information including reservoir volume, 
drug concentration, dosing regimen, and alarm dates 
using an external programming device that com-
municates with the computer chip in the pump via  
radio-telemetry.

The pump is approximately 8 cm in diameter and 
is placed subcutaneously or subfascially into the ante-
rior abdominal wall. The catheter is tunneled subcuta-
neously to the low lumbar area where the catheter tip 
is subsequently inserted into the spinal canal by para-
median approach at the L1 level and is then threaded 
to the appropriate level into the subarachnoid space. 
Historically, the catheter tip has been threaded to the 
low thoracic or high lumbar area; however, more re-
cently, some clinicians have placed the catheter tip 
higher in an attempt to influence spasticity in the up-
per extremities. Positioning of the catheter tip affects 
the site of action of the medication, as the ITB con-

centration is highest at the catheter tip and does not 
tend to diffuse cranially within the spinal canal. Upon 
injection of baclofen intrathecally at L1, concentra-
tions gradients are 4:1 when comparing the lumbar 
and cervical regions (169); therefore, control of spas-
ticity is more effective in the LE than the upper ex-
tremities. Currently, there is no standard protocol for 
catheter tip placement; however, Vender et al. (170) 
report positive outcomes when using their protocol 
of catheter tip placement between T6–T10 for spastic 
diplegia, T1-T2 for spastic tetraplegia, and in the mid 
cervical region for dystonia. Another study reported 
the importance of catheter tip level (at T6) in obtain-
ing good upper extremity relief of spasticity (171).

Appropriate patient selection is important to 
avoid complications and maximize benefits of ITB. 
The patient should be free from any infections and 
should not have any active pressure ulcers, unless the 
spasticity is the source of the pressure ulcer (85). In 
addition, the patient should have good social support 
and demonstrate compliance with medical recommen-
dations because the patient will be required to return 
to the clinic approximately every 3 to 6 months for 
pump refills. Penn et al. (40) propose that appropriate 
candidates for ITB therapy should have severe spastic-
ity lasting for at least 6 months, with a spasticity rat-
ing of at least 3 on the AS or a Penn spasm frequency 
score of at least 2 during screening. In addition, the pa-
tient should have failed or shown intolerance to maxi-
mal doses of oral antispasticity agents (172). During  
the screening trial, a lumbar puncture is performed, 
and an initial test dose of 50 μg is delivered. Onset of 
action is 30 to 60 minutes, with peak effect achieved 
at 4 hours (6). Patient response to the ITB is closely 
monitored every 2 hours after drug administration 
through measurements of spasticity using the Modi-
fied Ashworth Score, frequency of spasms, and other 
functional tests including the timed up and go test 
(173) or other timed walking tests if appropriate. If 
the patient does not demonstrate an appropriate re-
sponse to the initial test dose (reduction in objectively 
measured spasticity, spasm frequency, or improvement 
in functional tasks), a second test dose of 75 μg may 
be given 24 hours later. Occasionally, a third test dose 
of 100 μg is required.

Following implantation of the pump, patients 
are started on a continuous infusion of ITB. If the pa-
tient initially demonstrated improvement in symptoms 
for greater than 12 hours with the test dose, then the 
pump is programmed to give that dose over 24 hours; 
if the effects lasted less than 12 hours, a dose equal 
to double the initial test dose is used. A maintenance 
dose is eventually reached with titration of the daily 
dose in 10% to 20% increments, with increases per-
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formed no more often than every 24 hours. Normally, 
dosing ranges from 200 to 1000 μg per day but can 
be as high as 1500 μg in some patients (174), and a 
dosing plateau is usually reached by 6 months postim-
plantation (85). More complex programmable dosing 
schedules may be used in patients with specific needs, 
such as bolus dosing to better control spasticity at cer-
tain times of the day to assist with sleep or functional 
activities. If patients are noted to require continually 
escalating doses of ITB and are not showing improve-
ment in spasticity, one must consider possible device 
malfunction.

Complications from ITB can include hypotonia, 
headaches, dizziness, sedation, seizures, and weakness; 
(6) these adverse effects can usually be reversed by de-
creasing the total daily dose of ITB by 10% to 20%. 
Intrathecal baclofen can also impair sexual function 
(in males and females), including affecting erection 
and ejaculation in some patients. Clinicians should be 
aware of this risk and inform patients of this possibil-
ity. This effect is reversible (175, 176). In cases of ITB 
overdose, patients should be admitted to the hospital 
for supportive measures, as reversible coma and re-
spiratory depression may occur (85). Physostigmine 
has been used in overdose with ITB (177); however, 
this should be considered with caution because it may 
induce cardiac arrythmias and seizures.

Complications may also arise due to withdrawal 
from ITB due to failure of drug delivery. Symptoms 
may include seizures, auditory and visual hallucina-
tions, dyskinesia, rebound spasticity, hyperthermia, 
and death (178). Intrathecal baclofen withdrawal 
can occur if the patient fails to return for pump re-
fills, or it may be a result of device malfunction, in-
cluding pump or catheter failure. Plassat et al. (179) 
reported that 63% of patients receiving ITB had at 
least one episode of pump malfunction, of which 
90% required surgical intervention, whereas Gooch 
et al. (180) reported a complication rate of 24% in 
the pediatric population, most commonly as a result 
of proximal catheter disconnection (9%) or dislodge-
ment from the intrathecal space (8%). In cases of 
baclofen withdrawal due to device failure, symptoms 
usually present over a course of 1 to 3 days. Multiple 
regimens have been presented for treatment and in-
clude oral baclofen and benzodiazepines, as well as 
other medications such as propranolol, cyprohepta-
dine, dantrolene, and opiates in addition to support-
ive care. Oral baclofen dosage is typically 10 to 30 
mg, given every 4 to 8 hours, and improvement may 
not be seen for several hours after administration. 
Intravenous benzodiazepines (or even intramuscular) 
can also be given. Alternatively, a lumbar puncture 
may be performed with direct administration of a bo-

lus dose of baclofen into the intrathecal space. After 
initiation of ITB, symptoms should resolve within 30 
minutes, with maximal benefit in 4 to 6 hours. When 
withdrawal is associated with severe hyperthermia, 
dantrolene is recommended (181).

Other medications may be given intrathecally for 
the management of spasticity. Intrathecal clonidine 
may also be effective either alone (182) or in combi-
nation with baclofen (183), although this is not FDA-
approved.

Chemoneurolysis

Several options are available for management of focal 
spasticity with chemical neurolysis. Diagnostic and 
therapeutic peripheral nerve blocks can be performed 
using anesthetic agents or alcohol and phenol. Other 
potential options for treatment of focal spasticity in-
clude botulinum toxin injections into spastic muscle, 
as well as motor point blocks. These injections tech-
niques should be utilized when focal management of 
spasticity will allow improvement in functional tasks, 
decrease pain, prevent or delay musculoskeletal com-
plications, reduce disfigurement, or ease caregiver 
burden.

Peripheral Nerve Blocks

Temporary peripheral nerve blocks can be performed 
using anesthetic agents such as lidocaine or bupivic-
aine, whereas phenol and alcohol are utilized for more 
permanent nerve blocks. Temporary nerve blocks can 
help delineate which muscles are most involved in the 
spastic positioning, differentiate between severe spas-
ticity and contracture, and can also help determine if 
a more permanent nerve block will potentially help 
to meet treatment goals (6). Target nerves are local-
ized using landmarks and electrical stimulation. When 
using electrical stimulation for nerve localization, the 
injector attempts to elicit a marked clinical contrac-
tion of the muscles innervated by the target nerve with 
decreasing level of current. The goal is to produce a 
maximal muscle contraction with 1.0 mA or less of 
current being used; this indicates that the tip of the 
monopolar needle electrode is situated near the target 
nerve. Specific landmarks and descriptions of tech-
niques used for various peripheral nerve injections 
are discussed elsewhere (184). When performing tem-
porary diagnostic nerve blocks, the injector may use  
1 to 5 mL of 0.5% to 2% lidocaine, which has onset 
of action within 3 minutes and can last up to 2 hours. 
An alternative anesthetic agent that is often used is  
1 to 5 mL of 0.25% to 0.5% bupivicaine, which may 
last up to 7 hours (6).
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Therapeutic nerve blocks can be accomplished 
using longer-acting agents, such as alcohol or phe-
nol. The same injection technique is used as described 
above. The use of phenol in concentrations as low as 
2% has been shown to damage the microcirculation 
around peripheral nerves, whereas higher concentra-
tions of phenol (5% phenol in saline) cause protein 
denaturation and coagulation of peripheral nerves at 
the site of injection (185). Dilutions of 5% to 7% phe-
nol are most frequently used for chemoneurolysis in 
volumes up to 10 cc per nerve. In the weeks after the 
perineural injection of phenol, Wallerian degeneration 
occurs; however, axonal regrowth eventually occurs. 
It is for this reason that the effects of chemoneurolysis 
with phenol are not permanent, and typically, the re-
sults last approximately 6 months (184). The maximum 
dose of 5% phenol is 20 mL (1 g/d) (6). Side effects as-
sociated with the use of phenol include painful pares-
thesias and dysesthesias, which may occur in 10% to 
32% of patients (186–188). The risk for development 
of these symptoms appears higher with sensorimotor 
blocks than with pure motor blocks. Symptom onset 
is usually within days to weeks of injection and may 
last for several weeks or longer (189). These painful 
dysesthesias and paresthesias are likely due to incom-
plete block or axonal regrowth of sensory nerves. 
Treatment options include desensitization techniques, 
compressive garments, antidepressants, or membrane- 
stabilizing anticonvulsant agents (184). Repeat nerve 
block may also be an effective way to treat these symp-
toms, as has been described by Petrillo et al. (190) If 
this is not effective, surgical neurolysis is an option 
(191).

Ethyl alcohol has been used in the treatment of 
spasticity since the early 1900s (184) and has been 
used in individuals with spasticity secondary to cere-
bral palsy, MS, multifocal leukoencephalopathy, and 
SCI (192). Ethyl alcohol may be used (usually in con-
centrations of 40% to 49%) at doses of 2 to 5 mL 
per site (6). Currently, its use is limited in the United 
States despite the fact that it appears to be a relatively 
safe, effective means for treatment of spasticity. There 
have been few reports of adverse events associated 
with the use of ethyl alcohol, especially in comparison 
to phenol. It is unclear whether this is due to a safer 
side effect profile associated with the use of alcohol  
or just due to more frequent use of phenol (189). 
Complications associated with the use of alcohol  
include skin ulceration at sites of superficial injections, 
paresthesias, vascular phlebitis, and vasovagal attacks 
(193, 194).

Motor Point Blocks

Motor point blocks are another option for the man-
agement of focal spasticity. With this technique, phe-
nol or alcohol solutions are injected using electrical 
stimulation guidance to localize the greatest concen-
tration of motor end plates within the target muscle 
(6). The technique is similar to that described above 
for peripheral nerve injections; however, different 
landmarks are utilized to localize the motor. This is 
followed by needle localization using electrical stimu-
lation guidance. A smaller quantity of phenol or al-
cohol is used for motor point blocks in comparison 
to nerve blocks, typically 0.5 to 1.5 mL per site (6). 
Potential complications include phlebitis, muscle ne-
crosis, nerve palsy, and systemic effects (189). Thera-
peutic effects can last from 3 to 8 months (6).

Botulinum Toxin Injections

Botulinum toxin injections are another therapeutic  
intervention that clinicians have available for the treat-
ment of focal spasticity in individuals with SCI. Botu-
linum toxin was initially introduced for clinical use in 
the 1980s, at which time it was used in the treatment 
of strabismus (195). Botulinum toxin has since gained 
wider use in the management of other disorders in-
cluding dystonias and spasticity secondary to the ease 
of use and the effectiveness of this treatment, although 
the use of botulinum toxin in the treatment of spastic-
ity is not FDA-approved.

Seven serotypes of the potent botulinum toxin 
produced by the bacterium Clostridium botulinum 
have been identified (A through G). The toxin is com-
prised of light and heavy chains that are joined by a 
disulfide bond. Botulinum toxin ultimately inhibits 
muscular contraction by blocking the release of acetyl-
choline from presynaptic nerve terminals into the neu-
romuscular junction, thereby uncoupling excitation 
contraction. Botulinum toxin’s paralytic effects are 
dependent on a 3-step process, including internaliza-
tion of the toxin, molecule cleavage, and inhibition of 
neurotransmitter release. The intact botulinum toxin 
molecule is initially taken up into the nerve terminal 
by receptor-mediated endocytosis (196). After inter-
nalization, the disulfide bond is cleaved, allowing sep-
aration of the light and heavy chains; the light chain 
subsequently interrupts the binding of synaptosomal 
vesicles, preventing the release of acetylcholine from 
the nerve terminal. Vesicles containing acetylcholine 
normally bind to the inner membrane of the nerve 
terminal with the assistance of a complex of docking 
proteins including synaptosomal-associated protein 
(SNAP-25), vesicle-associated membrane protein, and 
syntaxin. Botulinum toxins A and E cleave SNAP-25; 
botulinum toxins B, D, F, and G have been noted to 
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cleave vesicle-associated membrane protein; and botu-
linum toxin C cleaves syntaxin and SNAP-25 (197,  
198). Although the mechanism of action differs for each 
of these serotypes, they all prevent the docking and fu-
sion of the synaptic vesicles containing acetylcholine  
to the nerve membrane, thereby inhibiting the release 
of acetylcholine from the nerve terminal.

OnabotulinumtoxinA (Botox®), abobotulinum-
toxinA (Dysport®), and rimabotulinumtoxinB (Myo-
bloc®) are the only serotypes that are available for 
clinical use. AbobotulinumtoxinA has recently been 
approved by the FDA and will soon be available for 
clinical use in the United States. Onabotulinumtox-
inA is currently FDA-approved for the treatment of 
blepharospasm, strabismus, cervical dystonia, axillary 
hyperhydrosis, and glabeller lines. Rimabotulinum-
toxinB is approved for the treatment of cervical dysto-
nia. There is typically a 24- to 72-hour delay between 
injection of the botulinum toxin into spastic muscles 
and onset of clinical effect, although some individuals 
report immediate benefits. Peak action is noted at 2 
to 6 weeks, and clinical effects last for approximately  
3 to 5 months (6). Basic science and clinical studies in-
dicate that the duration of action is slightly longer for 
onabotulinumtoxinA than rimabotulinumtoxinB (14 
vs 12 weeks) (199). The use of rimabotulinumtoxinB 
may potentially result in a higher incidence of anti-
body-mediated nonresponsiveness to botulinum toxin, 
as indicated by several studies using onabotulinum-
toxinA and rimabotulinumtoxinB in the treatment of 
cervical dystoni (199). There are also more anticho-
linergic side effects noted with rimabotulinumtoxinB. 
Long-term exposure to the botulinum toxin results in 
reversible denervation atrophy, with reinnervation oc-
curring through noncollateral sprouting (196).

OnabotulinumtoxinA is available in 100-U 
vials that must be kept frozen until used. The ona-
botulinumtoxinA is reconstituted by injecting sterile 
preservative-free normal saline into the vial, which is 
then gently swirled rather than shaken to prevent pro-
tein denaturation (201). No study in SCI has defini-
tively determined if there is a benefit to higher versus 
lower dilutions; however, there is some evidence that 
high-volume dilution (20 U/mL) may be superior to 
lower-volume dilutions (100 U/mL) in management 
of spasticity in the biceps brachii (202). Once ona-
botulinumtoxinA is reconstituted, it should be used 
within 24 hours. RimabotulinumtoxinB is available 
in an injectable solution and does not require recon-
stitution. It is available in vials containing dosage of 
2500, 5000, and 10,000 U. The maximum dose of 
onabotulinumtoxinA used per patient per injection 
session varies among clinicians; however, most feel 
that it is safe and efficacious to use doses as high as 

400 to 600 U per session, with some individuals using 
as much as 1200 U per session (203). There is how-
ever a potentially higher risk of the development of 
antibody-mediated resistance to the botulinum toxin 
due to the higher protein load. The maximum recom-
mended dose of onabotulinumtoxinA per injection site 
is 50 U, 200 U for abobotulinumtoxinA, or 2500 U of 
rimabotulinumtoxinB, although the total dose recom-
mended per muscle group varies depending on the size 
of the muscle. The maximum dose recommendations 
for Dysport® and Myobloc® are 1500 and 10,000 U 
per session, respectively (Table 21.6) (203).

There are several techniques that are commonly 
used for injection of botulinum toxin into spastic 
muscles, including utilization of anatomic land-
marks, electrical stimulation, and EMG guidance. 
More recently, ultrasound guidance for localiza-
tion for spasticity management has been suggested 
as being a superior way to identify sites for injec-
tion (204). Botulinum toxin has a great propensity 
to seek the neuromuscular junction, and placing the 
toxin as near as practical to them may achieve better 
results. This may possibly allow a smaller dose to 
achieve the same clinical outcome (205). The use of 
EMG guidance or electrical stimulation may not be 
necessary for large, easily isolated muscles (although 
recommended); however, it is preferable to use these 
methods for localizing smaller, deep muscles. Mus-
cles that are commonly injected with the assistance 
of EMG guidance include the wrist and finger flexors 
and extensors, hand intrinsics, hip flexors, and lower 
leg muscles including posterior tibialis and extensor 
hallucis longus (206). When using EMG guidance 
for localization, a hollow Teflon-coated EMG nee-
dle with a port for syringe attachment is used. The 
goal is to position the needle tip near the motor end 
plate to produce the most effective results. If the in-
jection is positioned 0.5 cm away from the motor 
endplate, there may be as much as a 50% decrease 
in the paralysis of the target muscle (207). With the 
use of EMG guidance, the clinician should note ei-
ther crisp sounding motor unit potential on auditory 
evaluation or motor unit potentials with a sharp rise 
time (<500 microseconds) on visual analysis. The ac-
curate localization of the motor end plate may de-
crease the required dose of botulinum toxin, helping 
to control cost as well as decreasing the potential for 
development of antibody-mediated nonresponsive-
ness to the botulinum toxin, which may be associ-
ated with repetitive injections in high doses (205). 
Motor point stimulation using electrical stimulation 
can also be useful for botulinum toxin administra-
tion but is typically more time-consuming than EMG 
guidance. This technique is also performed using a 
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Teflon-coated needle as described for the EMG guid-
ance procedure. The needle is inserted into the tar-
get muscle, and an electrical stimulus is delivered in 
an attempt to produce a muscular contraction in the 
target muscle. The injector will attempt to continue 
to elicit the desired muscular contraction using se-
quentially lower levels of current with the electrical 
stimulation device, with the ultimate goal being elici-
tation of muscular contraction using 1.0 mA or less 
of current; this indicates that the tip of the needle 
is situated near the target motor point. This is par-
ticularly useful for muscles like the flexor digitiorum 
profundus and extensor digitorum communis, which 
are organized in similar fascicles supplying each digit. 
Correct placement of the needle can allow a more ac-
curate result (205).

Botulinum toxin has been shown to be effective 
in the treatment of focal spasticity in the upper and 
LE resulting from diverse etiologies, including stroke, 
trauma, and MS by reducing muscle tone and improv-
ing function (208). Although there are no randomized  
controlled trials evaluating the efficacy of botulinum 
toxin injections in the treatment of spasticity second-
ary to SCI, Marciniak et al. (209) published a retro-
spective study addressing this issue. These investigators  
reviewed the charts of 28 patients receiving their first 
injections of botulinum toxin type A for spasticity 
management, and they found improvement in upper 
extremity function, hygiene, and pain after botulinum 
toxin type A injections in individuals with spasticity 
secondary to SCI (209). The effectiveness of botuli-

num toxin injections may be enhanced with the use of 
adjunct therapeutic techniques after injection, includ-
ing gait training, stretching, positioning, and use of 
modalities such as taping, serial casting, and electri-
cal stimulation (203, 205, 210). Botulinum toxin in-
jections have also shown benefit before serial casting 
in relieving the spasticity and pain (221). Botulinum 
toxin injections have also been investigated for the 
management of detrusor overactivity due to various 
disease processes including MS, stroke, Parkinson 
disease, and SCI. Results from a systematic review 
suggest that botulinum toxin injections may be an 
effective treatment option for neurogenic bladder in 
individuals with SCI or MS (212).

The use of botulinum toxin is contraindicated in 
patients who have neuromuscular disorders, are tak-
ing aminoglycoside antibiotics, or are pregnant or lac-
tating. Botulinum toxin injections are well tolerated, 
although some patients may experience discomfort at 
the injection site, including bruising and hematoma 
formation. Other reported side effects include weak-
ness of nontarget muscles due to toxin spread or in-
advertent injection of nontarget muscles, generalized 
weakness, flu-like symptoms, and dysphagia (213). 
Dysphagia most commonly occurs after the treatment 
of cervical dystonia due to spread of toxin from injec-
tion sites in the sternocleidomastoid, scalene, or other 
anterior neck muscles (214, 215); however, onset of 
dysphagia after botulinum toxin injections into the 
extremities has also been reported (216).

TABLE 21.6
Botulinum Toxin Dosing Guidelines

musCLe

onaBoTuLinumToxina  
Dose (u)

aBoBoTuLinumToxina  
Dose (u)

rimaBoTuLinumToxinB  
Dose (u)

Pectoralis 75–150 2500–5000
Biceps 50–200 100–400 2500–5000
Triceps 50–200
Flexor carpi radialis 25–100 150 1000–3000
Flexor carpi ulnaris 20–70 100–150 1000–3000
Flexor digitorum superficialis 20–60 150–300 1000–3000
Flexor digitorum profundus 20–60 150–200 1000–3000
Hip adductors 200–400 500–1000 5000–10,000
Quadriceps 50–200 5000–7500
Gastrocnemius 50–250 250–1000 3000–7500
Posterior tibialis 50–150 200–500 3000–7500
Anterior tibialis 50–150 2500–5000

Dosing table summarized from Francisco GE. Botulinum toxin: dosing and dilution. Am�J�Phys�Med�Rehabil. 2004;83:S30–S37 and 
www.mdvu.org; Gracies JM. Impact of botulinum toxin type A (BTX-A) dilution and ENdplate targeting technique in upper limb spastic-
ity. Ann Neurol 2002;52:S87; Chambers FG, Koshy SS, Saidi RF, Clark DP, Moore RD, Sears CL. Bacteroides fragilis toxin exhibits polar 
activity on monolayers of human intestinal epithelial cells (T84 cells) in vitro. Infect Immun 1997;65:3561–70.

http://www.mdvu.org
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Surgical Interventions

Surgical interventions for the control of spasticity may 
be necessary in some individuals with SCI who have 
failed other less invasive measures. The goal of the 
various surgical procedures is to decrease spasms and 
spasticity without having a detrimental effect on the 
patient’s motor, sensory, or bowel and bladder func-
tion. Neurotomies may be performed in the peripheral 
nervous system to obtain more permanent results than 
what can be accomplished with phenol or alcohol nerve 
blocks. During this surgical procedure, the target nerve 
is selectively exposed and transected. Obturator neu-
rotomy for adductor spasticity is the most common of 
these procedures to be performed; however, neurotomy 
of the tibial nerve for foot spasticity and selective neu-
rotomy of the sciatic branches for knee flexor spasms 
have been described (217). Neurotomies may be com-
bined with tendon-lengthening procedures (218).

Ventral (anterior) and dorsal (posterior) root 
rhizotomies have been described for spasticity man-
agement. In these procedures, the nerve rootlets are 
severed as they enter the spinal cord. Anterior rhi-
zotomies have been performed in individuals with 
complete SCI; this procedure abolishes voluntary and  
involuntary movement in the muscles innervated by the 
ablated nerve rootlets. Anterior rhizotomies may pro- 
vide complete resolution of spasticity; however, side  
effects include muscle atrophy and flaccidity, making 
this procedure less popular at present (217). Dorsal 
rhizotomy involves sectioning of the dorsal rootlets 
as they enter the spinal cord. Sectioning of these roots 
disrupts the afferent limb of the reflex arc, resulting 
in decreased spasticity without adversely affecting 
muscle bulk. Sensory function may be diminished de-
pending on the extent of rootlet ablation (217). Bowel 
and bladder reflexes usually are not altered, as long 
as rootlets at or below S1 are not sectioned. Selective 
dorsal rhizotomy may provide similar results with less 
risk of hypoesthesia. During this procedure, individual 
rootlets are stimulated to evaluate for an abnormal 
EMG response with stimulation; if so, an abnormal 
response is noted, the nerve root is cut. Usually 25% 
to 50% of the tested rootlets are cut. Sensory deficit 
is usually limited due to the selective nature of this 
procedure and the overlapping innervation within ad-
jacent dermatomes (219, 220).

CONCLUSION

Spasticity is a very common condition resulting from 
SCI that can have an adverse effect on some individu-
als resulting in pain and impaired functional status 

and may have a negative impact on overall QOL. It 
is important to recognize spasticity clinically, but it  
is also important to appreciate that a significant num-
ber of individuals with SCI who experience painful 
spasms and spasticity may not always demonstrate 
measurable increases in tone on physical examination. 
As described above, there are a variety of treatment 
options available; before initiation of treatment, it 
is important to establish realistic goals with the pa-
tient. Therapeutic interventions should begin with the 
least invasive options and progress to pharmacologic  
and invasive interventions only when necessary.
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SPASTICITY IN MULTIPLE SCLEROSIS

Multiple sclerosis (MS) is a chronic, debilitating, in-
flammatory disease of the central nervous system. 
There is no cure for the disease, and management of it 
includes use of disease-modifying therapies and symp-
tomatic agents to reduce and/or prevent relapses and 
disease progression. Multiple sclerosis affects approx-
imately 350,000 persons in the United States (1, 2), 
with an estimated prevalence of 1 in 1000 individu-
als in North America and is one of the most common 
causes of disability in young adults. The symptoms of 
MS are numerous and include weakness, paresthesias, 
visual changes, fatigue, cognitive dysfunction, ataxia, 
and spasticity. Patients with MS report that their spas-
ticity has a significant detrimental effect on their lives. 
A survey of 1554 self-reporting people with MS resid-
ing in the United Kingdom demonstrated that 82% 
experience spasticity and 54% classified the impact of 
spasticity as “high” or “moderate.” (3) Greater than 
80% of patients with MS report some degree of spas-
ticity, with one third of these modifying or eliminating 
daily activities as a result of it (4).

Spasticity is a disorder of increased resistance of a 
muscle, or group of muscles, to an externally imposed 
stretch, with more resistance to rapid stretch (5, 6). 
What differentiates spasticity from other components 
of the upper motor neuron (UMN) syndrome is its re-
lationship to the velocity of movement. A rigid muscle 

displays the same mechanical properties whether it is 
stretched slowly or quickly. Spasticity in the patient 
with MS ultimately leads to a detrimental increase in 
disability resulting in increased energy requirement 
for daily activities and decreased quality of life (7, 8).

Treating spasticity in the person with MS poses 
some unique challenges. By definition, MS is a progres-
sive disease, and it is common for a patient’s symptoms 
to fluctuate daily and is highly dependent on tempera-
ture, time of day, and fatigue. Patients with MS-re-
lated spasticity frequently present clinically similar  
to patients with stroke, traumatic brain injury (TBI), 
or spinal cord injury (SCI) secondary to the distribu-
tion of plaque in the brain and spinal cord. However, 
unlike those patients who have static injuries, MS- 
related symptoms vacillate frequently by nature of the 
disease process. This logic extends to include spastic-
ity. The clinician and the patient must be aware of this 
to allow for varying dosage of medications or treat-
ments at different points in the disease.

It is important for the clinician to be aware of 
the profound effect fatigue and cognitive dysfunc-
tion have on people with MS. Patients will frequently 
forego spasticity treatment options if their fatigue or 
cognitive function is compromised. It is vital for the 
clinician to treat spasticity adequately without wors-
ening other symptoms.

The goal of this chapter is to review the etiol-
ogy, pathophysiology, diagnosis, and evaluation of  
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spasticity in this patient population. In addition, treat-
ment and management strategies of MS-associated 
spasticity will be reviewed with emphasis on those 
items that are unique to this clinical population.

EPIDEMIOLOGY

About 1 in 1000 persons is affected with MS in North 
America (1, 2), with a worldwide prevalence of more 
than 1,000,000 persons. Females are affected about 
twice as frequently as males; diagnosis typically oc-
curs between ages 20 and 40 years, and first-degree 
relatives of a person with MS have approximately 2% 
to 5% risk of being diagnosed with MS (9). The ad-
vent of magnetic resonance imaging has allowed for 
earlier diagnosis. Multiple sclerosis was originally 
deemed a disease of Northern European descents and 
more prevalent in populations further from the equa-
tor; however, MS now affects persons of all races and 
ethnicity and the latitude gradient of MS are believed 
to be decreasing (10, 11). Whites remain the most 
commonly affected group.

There are 4 main types of MS (see Figure 22.1):

£  Relapsing-Remitting—This is the most common 
form of MS and affects approximately 85% of pa-
tients. Individuals have relapses or exacerbations 
with remissions during which time some or all of 
their disability recovers to their baseline. Females 
are affected twice as frequently as males in this 
form.

£  Secondary Progressive—These individuals expe-
rienced relapsing-remitting MS initially and then 

begin to have increasing amounts of disability ac-
cumulation or progression with no remission. All 
relapsing-remitting patients will convert to this 
form at some stage of their disease.

£  Primary Progressive—This subtype is character-
ized by increasing disability accumulation over 
time without periods of relapses or remissions. 
The course and severity vary between individuals. 
Currently, there are no disease-modifying agents 
for this type of MS. Males and females are equally 
affected, and about 10% of MS patients have pri-
mary progressive MS.

£  Progressive Relapsing—This is the most aggres-
sive and rarest type of MS. Approximately 5% of 
patients are affected. The disease course is charac-
terized by rapid accumulation of disability with or 
without periods of remission.

The North American Research Committee on 
Multiple Sclerosis conducted a survey studying the 
prevalence of spasticity as well as its relationship to 
functional activity. The survey results reported that 
84% of patients reported some degree of spasticity 
ranging from mild to completely incapacitating (4). In 
addition, patients with higher levels of spasticity were 
more likely to be male, disabled, and unemployed 
compared to those with reduced amounts of spastic-
ity. The study found a linear correlation in the amount 
of spasticity and degree of disability ranging from am-
bulatory to bed- bound.

PATHOPHYSIOLOGY

Normal muscle does not display resistance to passive 
movement, nor does it exhibit electromyographic activ-
ity. A spastic muscle will have abnormal muscle activ-
ity with slow or fast stretch movements (12). Spasticity  
is a component of the UMN syndrome, which also in-
cludes increased spinal reflexes, muscle hyperactivity, 
flexor spasms, and disordered control. Although the 
pathophysiology remains a subject of debate, spastic-
ity appears to occur as a result of spinal, supraspinal, 
and/or cerebral dysfunction. The result is an imbalance 
between classic inhibitory (dorsal reticulospinal) and 
excitatory (mostly bulbopontine tegmentum) pathways 
that leads to abnormal proprioceptive input in the spi-
nal cord (12–15). The clinical presentation is largely 
dependent on the anatomic site of injury or insult.

In MS, spasticity can be due to lesions in the 
brain, spinal cord, or both (5), with lower limb spas-
ticity almost twice as prevalent as upper limb spasticity  
(97% vs 50%) (7). One of the most common ques-
tions asked by a person who is newly diagnosed with 

FIGURE 22.1 

Four main subtypes of MS.
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MS is if their ability to ambulate will be affected and 
how quickly they will be in a wheelchair. Adequate 
assessment and timely treatment of spasticity can help 
ensure long-term ambulatory and functional ability of 
the patient with MS.

In addition to receiving input from the muscle spin-
dle, motor units receive information and are influenced 
by proprioceptive, enteroceptive, and suprasegmental 
pathways. Noxious stimuli, such as pain, distended  
bladder, renal calculi, constipation, ingrown toenail, 
infection, or pressure ulcers, as well as nonnoxious 
stimuli (yawning, transferring), can trigger exacerba-
tion of spasticity or other components of the UMN 
syndrome. Patients who complain of sudden worsen-
ing should be screened for the presence of above nox-
ious stimuli before making more aggressive changes to 
their treatment.

NEGATIVE EFFECTS OF SPASTICITY  
AND REASONS TO TREAT

Spasticity can have deleterious effects on the per-
formance of numerous tasks that are important to 
one’s daily living. When compared to healthy sub-
jects, patients with gait abnormalities secondary to 
MS-related spasticity demonstrated increased cost 
of walking in the 10-meter walking test (7). The in-
creased cost of walking, coupled with a population 
with decreased cardiorespiratory systems, frequently 
results in diminished endurance for ambulation or 
other activities.

The involvement of spasticity in one or more 
limbs can lead to immobility and/or inactivity. The 
long-term effects of immobility have been well char-
acterized in several studies involving prolonged bed 
rest (16, 17). Prolonged periods of bed rest have been 
reported to be detrimental and could potentially lead 
to further complications to multiple body systems 
(18). Immobility can lead to disuse atrophy and loss 
of strength and endurance in the musculoskeletal sys-
tem. This is commonly seen in the patient with muscle 
atrophy in the involved spastic limb(s). People who 
are on bed rest may lose 10% to 15% of their muscle 
mass in 1 week and the time required to regain this 
bulk is frequently 2 to 3 times the duration of their 
bed rest (19). Daily isometric exercises focusing on 
the gastrocnemius, soleus, and tibialis anterior mus-
cles should be encouraged to maintain muscle mass. 
Lower limb exercises should be performed regularly 
because these muscles lose significantly more muscle 
mass with inactivity compared to the upper limbs.

Collagen comprises 20% of total body mass and 
is the most abundant protein in the body (20). During  

periods of inactivity or immobility, the connective 
tissue properties of tendons and ligaments change 
drastically and affect the collagen and proteoglycan 
properties of soft tissue. This can lead to decreased 
gliding and lubrication of tendons and ligaments re-
sulting in myogenic and soft tissue contractures. This 
can profoundly compromise one’s independence and 
may necessitate assistance for transfers, toileting, 
bathing, and dressing. Patients should be encour-
aged to stretch daily for 15 minutes with focus on 
the spastic limbs (21). Patients who are bed-bound 
would benefit from active and passive range of mo-
tion (ROM) exercises. They may require hospital beds 
that are equipped with side rails and an overhead tra-
peze so that they can conduct some position changes  
independently.

Bone mineral status is affected by immobility 
(22, 23). Repeated loading will increase bone mass, 
whereas decreased loading will negatively affect the 
mass. In addition, patients with MS are frequently 
treated with intravenous or oral steroids for exa-
cerbations or maintenance therapy, which adds addi-
tional risk for bone mineral decline. Glucocorticoids 
are the most common form of drug-related osteopo-
rosis. They should be counseled to perform weight-
bearing exercises (standing daily for 15–20 minutes 
either alone or with assistance of a walker, tilt table, 
or standing frame). For those who are unable to stand, 
isometric exercise and supplementation with calcium, 
vitamin D, and bisphosphonate therapy is strongly 
recommended.

Immobility due to spasticity will also compro-
mise cardiovascular and pulmonary status. Periods 
of prolonged immobility can increase heart rate by 1 
beat/min every 2 days (24). Patients may acquire im-
mobilization tachycardia and reduced exercise toler-
ance. Stroke volume and maximal oxygen uptake by 
the heart and skeletal muscles decrease in as little as 2 
to 3 weeks of inactivity (25).

Adequate and timely treatment of spasticity can 
prevent compromise of the cardiovascular, pulmonary, 
and musculoskeletal systems. In addition, preservation 
of bone mineral density status is maintained. Finally, 
through the above preventative measures, prevention 
of long-term complications of inactivity such as pres-
sure ulcers, contractures, and deep venous thrombosis 
formation secondary to spasticity can occur.

EVALUATING SPASTICITY

Although spasticity is generally recognized as a symp-
tom of MS, it is frequently not adequately controlled 
or assessed in routine office visits (5). A study of  
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people with MS in England reported that about 50% 
of patients were either on a suboptimal dosage of their 
oral antispasmodic medication or not treated at all 
(7). Only 32% of the group reportedly had adequate 
treatment of their spasticity. Clinicians are encour-
aged to question and assess the presence of increased 
muscle tone of patients with MS at their office visits.

The Consortium of Multiple Sclerosis Cen-
ters recommends that spasticity be screened as part 
of routine visits for patients with MS. In addition to 
evaluating a patient’s strength, ROM, deep tendon 
reflexes, and muscle tone with the patient seated on 
the examination table, the patient should be exam-
ined in a dynamic setting such as observing their gait 
pattern and how their hand intrinsics flex and extend 
while picking up an object and looking for evidence of 
cocontraction. The patient may also report difficulty 
falling or staying asleep due to increased muscle spas-
ticity at night.

In addition to the clinical examination, spasticity 
can be assessed based on clinical scales, neurophysi-
ologic testing, or biomechanical techniques (26). No 
single measurement has demonstrated superiority over 
the other, as the evaluation and assessment of spasticity 
can focus on several areas including ROM, resistance, 
and speed, which can be subjective or objective evalua-
tions. The varying number of scales available for spas-
ticity make study comparison challenging, as it is not 
unusual to see different scales used in papers dealing 
with the evaluation and management of spasticity.

Multiple Sclerosis Spasticity Scale 

The Multiple Sclerosis Spasticity Scale is an 88-item self-
reported questionnaire (26). It was generated through  
a series of 2 postal surveys, face-to-face interviews 
with people with MS, and focus groups of MS special-
ists, patients, and other health professionals involved 
in the care of this treatment population. The ques-
tionnaire is designed to provide information about 
the impact of spasticity on a patient’s mobility, pain, 
activities of daily living (ADL), emotions, and social 
functioning. It consists of 8 subscales that can be used 
alone or in conjunction with each other. The Multiple 
Sclerosis Spasticity Scale is unique in providing infor-
mation about the multiple ways spasticity can affect 
a patient. It can be used to complement clinical scales 
(summarized below) that clinicians frequently use to 
score the level of spasticity involvement.

Ashworth and Modified Ashworth Scale

Spasticity assessment is most commonly performed us-
ing the Ashworth (Table 22.1) and the Modified Ash-

worth Scale (MAS) (Table 22.2) (27). The Ashworth 
Scale (AS) was developed in 1964 (28). The MAS was 
developed in 1987 in response to concerns by the au-
thors that the “Ashworth grade of ‘1’ was indiscrete.” 
(29). Both scales are ordinal scales with scores ranging 
from 0 to 4. The MAS has an additional value of 1+ 
and has demonstrated interrater reliability of 86.7% 
in assessment of elbow flexor muscle spasticity. Both 
scales have been criticized for their lack of sensitivity 
to subtle changes in spasticity and therefore exhibit 
challenges in demonstrating clinical effect in trials.

Tardieu Scale

The Tardieu Scale evaluates muscle response to veloc-
ity and movement quality (29). It adds the response to 
muscle moved at 3 different speeds. The original scale 
was developed in 1954 and has undergone several revi-
sions. The following 3 factors are involved in the Tar-
dieu Scale when assessing spasticity: (1) strength and 
duration of the stretch reflex (2), angle at which the 
stretch reflex is activated, and (3) the speed necessary 
to trigger the stretch reflex (30). It is also an ordinal  
scale that is graded from 0 to 4. The patient should 
be seated for upper limb evaluation, whereas supine 
position is recommended for lower limb testing (31).

Penn Spasm Frequency Scale and Spasm  
Frequency Scale

The Penn spasm frequency scale is a self-reported scale 
that was developed to assess spasticity in patients with 
MS and SCI after insertion of an intrathecal baclofen 
(ITB) pump (Table 22.3) (32). The scale ranks the oc-
currence of spasms by scoring as follows: 0, no spasm; 
1, mild spasm induced by stimulation; 2, infrequent 
full spasms occurring less than 1 per hour; 3, spasms 
occurring more than once per hour; and 4, spasms oc-
curring more than 10 times per hour (15). A variation 
to the Penn spasm frequency scale is the spasm fre-

TABLE 22.1 
Ashworth Scale

0 Normal tone
1 Slight hypertonus, a “catch” when limb is moved
2 Mild hypertonus, limb moves easily
3 Moderate hypertonus, passive limb movement  

difficult
4 Severe hypertonus, limb rigid

Ashworth B. Preliminary trial of carisoprodol in multiple 
sclerosis. Practitioner 1964;192:540–2.
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quency scale that ranks the number of spasms occur-
ring by day instead of by the hour (33).

Timed Up and Go Test

The timed up and go test is a functional assessment 
that requires a person to stand from a chair, walk 3 m,  
turn around, walk back to the chair, and return to a 
seated position (34). The patient performs the test at 
a comfortable pace and may use any required assistive 
device. Timing of the test commences as the patient 
stands and is complete with a return to the chair. The 
normal duration of the timed up and go test is 7 to 
10 seconds. Patients requiring greater than 20 seconds 
are considered to have functional mobility problems. 
The test is validated, reliable, and correlated with the 
Berg Balance Scale.

Ambulation Index

The Ambulation Index (AI) was developed for pa-
tients with MS. It assesses a patient’s ability to walk 
a 25-ft distance rapidly and safely (35). The time re-
quired to complete the AI and assistive device used are 
documented. Scores range from 0, which indicates an 
independent ambulator, to 10, which indicates a bed-
ridden patient. Similar to the AS and MAS, the AI is 
not always sensitive to changes in focal spasticity.

Berg Balance Scale

The Berg Balance Scale is a 14-item scale that assesses 
balance by means of a series of tasks, which require a 
patient to hold postures for a given duration (36). It 
is a 5-point ordinal scale, with 0 the lowest and 4 the 
highest score. Points are deducted for patients who 
cannot hold a position for the required time, as well 
for patients who lose their balance and require assis-
tance. The test takes approximately 10 minutes to ad-
minister. Scores are stratified according to fall risk as 
follows: 41 to 56, low fall risk; 21 to 40, medium fall 
risk; 0 to 20, high fall risk. A score of 45/56 is consid-
ered the cutoff for safe independent ambulation.

 Expanded Disability Status Scale

The Expanded Disability Status Scale (EDSS) is an ordi-
nal scale ranging from 0 to 10 that is utilized in assess-
ment of disability in people with MS (37). A score of 0 
indicates no disability, and a score of 10 is death due 
to MS. There are 8 functional systems (FS) included in 
the EDSS: visual, pyramidal, cerebellar, brainstem, sen-
sory, bowel and bladder function, cognition, mental, 
and other. In addition to assessing the 8 FS, a patient’s 
ambulation ability and reliance on an assistive device 
are assessed. A patient’s score on each FS is evalu-
ated in conjunction with their ambulatory ability for 
their score. In general, scores of 0 to 4.0 mean patients 
can ambulate with no assistance and the FS score has 
greater influence over the overall scale. An EDSS score 
of 4.0 to 7.5 indicates dependence on an assistive de-
vice with limited ambulation distance. A score of 6.0 or 
greater indicates reliance on at least a single point cane. 
Scores of 7.5 to 10.0 are determined by the patient’s 
ability to transfer from a wheelchair to bed.

TREATMENT

Prevention

People with MS and their caregivers should receive an 
education about the risk of developing spasticity and 

TABLE 22.2 
Modified Ashworth Scale

0 No increase in tone
1 Slight increase in tone, manifested by a catch  

and release or by minimal resistance at the end  
of the ROM when the affected part(s) is moved  
in flexion or extension

1+ Slight increase in muscle tone, manifested by a 
catch, followed by minimal resistance through-
out the remainder (less than half ) of the ROM

2 More marked increase in muscle tone through 
most of the ROM, but affected part(s) easily  
moved

3 Considerable increase in muscle tone, passive  
movement difficult

4 Affected part(s) rigid in flexion or extension

Bohannon RW, Smith MB. Interrater reliability of a 
Modified Ashworth Scale of muscle spasticity. Phys� Ther 
1987;67:206–7.

TABLE 22.3 
Penn Spasm Frequency Scale

sCore

0 No spasm
1 Mild spasm at stimulation
2 Irregular strong spasms less occurring <1 per 

hour
3 Spasms occurring >1 per hour
4 Spasms occurring >10 per hour

Penn RD, Savoy SM, Corcos D, et al. Intrathecal baclofen 
for severe spinal spasticity. N�Engl�J�Med�1989;320:1517–21.
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suggested methods to prevent the onset of spasticity. 
Suggested factors that could negatively affect spastic-
ity are listed in Table 22.4. It is recommended that 
patients stretch frequently, even before the onset of 
spasticity, to prevent or delay the onset of changes in 
muscle tone or weakness. For patients with limited 
mobility, caregivers are encouraged to perform pas-
sive stretches of commonly affected muscles on a daily 
basis because this patient population is at greater risk 
of contracture and decubitus ulcer formation. There 
are several online resources available that demon-
strate stretches and exercises for patients with MS. 
Interestingly, there is no research study of the effects 
of exercise on the ramifications of spasticity in this 
population.

REHABILITATIVE STRATEGIES

There are several rehabilitative interventions available 
for spasticity management. The Consortium of Mul-
tiple Sclerosis Centers panel on spasticity recommends 
the use of skilled rehabilitation strategies for its man-
agement. A summary of possible therapeutic interven-
tions is listed below.

Range of Motion and Stretching. Muscles that 
cross 2 joints (e.g., lumbricals, gastrocnemius, ilio-
psoas, hamstring) are most at risk for the development 
of spasticity. Daily stretching to maintain full ROM of 

these muscles is suggested. The lower limbs are more 
frequently involved and stretching of the heel cord 
and hamstrings with Thera-bands is encouraged (7). 
Stretches should be sustained for at least 30 seconds 
and done multiple times in each leg.

Strengthening. The development of spasticity can  
lead to decreased activity and muscle weakness. Al-
though no specific recommendations exist for people 
with MS, therapies should be prescribed based on a 
person’s abilities and can include isometric exercises, 
progressive resistance exercises, endurance exercises, 
and core body strengthening. No specific type of exer-
cise has been proven superior in this population.

Stroking. One small pilot study that included 10 
people with MS-related plantar flexor spasticity eval-
uated the effects of “slow stroking” over the lower 
limbs for the management of their spasticity (38).  
H reflex activity was measured prestroking, immedi-
ate poststroking, and 30 minutes poststroking. There 
was a 30% decrease in H reflex amplitude from base-
line, reflecting reduced spasticity. Light pressure may 
facilitate decreases in spasticity; however, larger stud-
ies are necessary.

Heat Therapy. Approximately 80% of patients 
with MS exhibit heat insensitivity, which can lead 
to the temporary development of new symptoms or 
worsening of current symptoms (39). In general for 
people with MS, function generally deteriorates with 
heat and improves with cold (40). As a result, heating 
modalities are generally not recommended as a treat-
ment in this population (5).

Cold Therapy. Muscle cooling has been found 
to reduce muscle stretch activity and clonus (41). 
Cooling demyelinated nerves can reduce conduction 
block and transiently improve nerve conduction (42), 
as well as reduce fatigue in patients with MS. Fifteen 
minutes of muscle cooling before engaging in heavy 
physical activity is recommended to reduce spas-
modic activity (43); however, it should be noted that 
the immediate effect of cooling is transient increase 
in muscle tone. The use of cooling suits can reduce 
core body temperature by 0.2°F to 1.8°F (44). In ad-
dition to the traditional cooling vest, other cooling 
devices such as hats, bandanas, seats, and pillows 
are also commercially available. Aquatic therapy 
in swimming pools that are approximately 80°F to 
82°F is recommended to stretch spastic muscles and 
for cardiovascular and muscle-strengthening thera-
peutic interventions (5). Swimming pools maintained 
at a temperature greater than 85°F should be avoided 
at all times. It is critical that therapists should be 
cautioned to ensure that the patient’s sensory sys-
tem is intact before engaging in heating or cooling  
applications.

TABLE 22.4 
Potential Spasticity Precipitating Factors in  

Patients With MS

Noxious stimuli
MS exacerbation
MS pseudo-exacerbation
MS disease progression
Urinary tract infection
Kidney Stone
Heat/Cold
Fatigue
Menses
Pain
Distended bladder or bowel
Pressure ulcer
Infection
Stool impaction
Fracture

Haselkorn JK, Balsdon Richer C, Fry Welch D, et al. Over-
view of spasticity management in multiple sclerosis. Evi-
dence-based management strategies for spasticity treatment 
in multiple sclerosis. J�Spinal�Cord�Med�2005;28:167–99.
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Transcutaneous Electrical Stimulation. Transcu-
taneous electrical stimulation (TENS) is used to con-
trol pain in several disorders, and the utility of TENS 
units demonstrated spasticity reduction in spasticity 
secondary to stroke and SCI (45, 46). Armutlu et al. 
(47) reported significant reduction in plantar flexor 
spasticity in 10 patients with MS using high-frequency 
(100 Hz) TENS unit for 20 minutes daily for 4 weeks. 
Reduction was noted on MAS, electrophysiologic 
measurements, and the AI (35). Long-term effects on 
spasticity after discontinuation of TENS application 
was not commented on in this study.

Another study assessed the utility of TENS for 
management of spasticity using a crossover design. 
Thirty-two subjects were divided and received either 
60 minutes or 8 hours of high-frequency (100 Hz) 
TENS treatment daily for 2 weeks (48). No reduc-
tion in spasticity was found in either group. Despite 
the lack of significant reduction in spasticity, 87.5% 
of participants noted reduction in spasms, 73.3% re-
ported pain reduction, and 73.3% had reduced stiff-
ness. Follow-up of the subjects ranged from 8 to 20 
months, and the authors reported that most subjects 
were still using TENS units on an as needed basis.

The use of TENS units is recommended in the 
skilled rehabilitation setting under the guidance of a 
trained therapist. If the patient demonstrated clinical 
improvement, recommendation for purchase is appro-
priate and indicated.

There is some evidence to suggest that functional 
electrical stimulation may result in a reduction of 
spasticity. Szecsi et al. (49) found a significant short-
term reduction in spasticity in patients with MS who 
engaged in functional electrical stimulation–assisted 
cycling for 2 weeks. In addition, there are currently 
2 Functional Neuromuscular Electrical Stimulation 
devices, the BioNess L300 and the Walkaide, that 
are being used clinically to manage MS-related foot 
drops. Although there has been significant marketing 
and media hype regarding the efficacy of these devices 
on safety, gait quality and speed, ambulation distance, 
and overall strengthening, there is currently a paucity 
of research documenting the manufactures’ claims.

Orthotics. Various bracing devices are frequently 
prescribed to assist patients with weakness or joint 
instability secondary to spasticity. There are conflict-
ing reports on the benefit of orthotics such as the hip 
flexion assist orthosis, static ankle foot orthosis, and 
dynamic ankle foot orthosis in terms of improved 
ambulation (50–52). It is postulated that the use of 
assistive devices such as orthotics may reduce energy 
expenditure by assisting mobility and improving bal-
ance. However, there are no published studies on the 
effects of orthotics in reducing spasticity.

Serial Casting. This modality is utilized to cor-
rect deformity, lengthen contractures, and reduce 
spasticity through the repeated application and re-
moval of casts (53). The precise mechanism of serial 
casting is unknown. Muscles immobilized in a short-
ened state usually lose sarcomeres. It has been theo-
rized that serial casting may reduce excitation of the 
alpha or gamma motor neurons in the spinal cord and 
increase the length and number of sarcomeres in the 
targeted muscle (54, 55). Serial casting is noninvasive 
and strong enough to counteract joints with increased 
tone that may not be amenable to dynamic casts. In 
addition, serial casting can be done as an adjunctive 
agent to oral agents, as well as nerve blocks. The dis-
advantage of casting is the time required to apply and 
change the cast. It can be difficult for caregivers, as the 
cast cannot get wet and is heavy, making assistance 
with transferring challenging. Skin ulcers or break-
down are uncommon but can occur with improperly 
placed casts. Contraindications to casting include open  
wounds, unhealed fractures, impaired sensation or 
circulation, and uncontrolled hypertension.

Oral Medications

Oral agents are frequently used in the management of 
spasticity for people with MS. The choice of the most 
appropriate agent is dependent on the characteristics 
of the person and their muscle overactivity, distribu-
tion (focal vs. diffuse), time of presentation (all day 
vs. nighttime), presence of other medical conditions, 
and cognitive status. There are also factors that are 
agent-specific, such as the side effect profile and cost 
of each agent. Three agents are approved for use in 
the treatment of spasticity: baclofen, dantrolene, and 
tizanidine (56). Although only these agents have an 
approval for the management of spasticity, there are 
several other oral medications that are commonly 
used. It has been reported that most patients with MS 
are inadequately treated with oral medications due 
to clinician’s concern about sedation and fatigue (7). 
The discussion that follows contains a summary of the 
agents most commonly used in this population.

Baclofen. Baclofen is believed to mediate its 
activity at the GABA receptors. Through its binding 
to GABA-B receptors, it reduces spasticity, specifi-
cally flexor-type spasticity. Baclofen is well tolerated 
in the MS patient population and is dosed between 
5 and 120 mg daily (57–60). It is a typical first-line 
oral agent for spasticity management. Renal, hepatic, 
and hematopoietic safety has been demonstrated in 
patients with MS taking the medication for more than 
3 years (61). Treatment is more effective when begun 
at earlier stages of spasticity. Typically, initial dosing 
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is recommended at night and titrated gradually to TID 
dosing. Common side effects include somnolence, fa-
tigue, constipation, nausea, and vomiting. Liver func-
tion testing is recommended every 6 months.

Dantrolene Sodium. Dantrolene inhibits calcium 
release from the sarcoplasmic reticulum and thereby 
reduces the strength of muscle contraction (62). The 
recommended dosage is 25 to 400 mg daily with a 
slow titration. Doses higher than this can result in se-
vere hepatotoxicity (63). The half-life of dantrolene 
is approximately 15 hours. Although dantrolene had 
reduced muscle tone and increased ROM, its most 
profound effect is reduction in clonus. Because of its 
effect at the skeletal muscle level, it usually does not 
affect cognitive functioning. However, because of 
dantrolene’s site of action at the skeletal muscle level, 
one of its main side effects is muscle weakness. This 
effect severely limits its use in the MS patient popula-
tion (64, 65).

Tizanidine. Tizanidine modulates the release of 
glycine and excitatory neurotransmitters and is an al-
pha-2 central agonist (63). Several studies investigated 
its efficacy in the management of spasticity for people 
with MS (66–69). It is available in capsule and tab-
let formulation. It is recommended to begin dosing at  
2 mg and gradually titrate up to 36 mg daily as tolera-
ted. Comparative studies between tizanidine, baclofen, 
and dantrolene demonstrate increased to equivalent 
efficacy with tizanidine and baclofen. The side effect 
profile for tizanidine includes sedation, dizziness, dry 
mouth, and asthenia, which has limited its usefulness 
in this population due to poor tolerability. It is sug-
gested that liver function testings be monitored every 
3 to 6 months to ensure patient safety. Hepatic trans-
aminase levels of 3 times the upper limit of normal 
has been reported in 5% of patients who participated 
in postmarketing surveillance studies (56). Patients 
are typically asymptomatic, and a return to normal 
transaminase levels usually occurs after withdrawal of 
tizanidine therapy.

Benzodiazepines. Diazepam and clonazepam are 
commonly used for spasticity management in patients 
with MS. Diazepam is a GABA-A agonist, and animal 
studies have found that it increases presynaptic inhibi-
tion of polysynaptic and monosynaptic reflexes (70). 
Past work has demonstrated the efficacy of diazepam 
in the management of spasticity associated with MS 
(71–73). The recommended dosage for diazepam is 
between 4 and 40 mg daily and should be given in 2 
to 4 divided doses. The side effect profile is significant 
and includes sedation and memory impairment. Al-
though comparative studies between diazepam, dan-
trolene sodium, and baclofen showed no significant 
difference in therapeutic effects, diazepam’s side ef-

fect profile has limited patient tolerance. Overdosage 
can lead to somnolence, coma, and death, and abrupt 
withdrawal can lead to insomnia, anxiety, seizures, 
psychosis, and even death (63).

When compared to baclofen, clonazepam has 
demonstrated equivalent clinical efficacy in the man-
agement of spasticity overall and superior efficacy 
with spasticity secondary to cerebral origin (74). It is 
frequently used to treat phasic limb spasticity in peo-
ple with MS.

Cannabis. Cannabis has been used as an agent to 
treat spasticity and pain that is found in patients with 
MS. It also demonstrated reduced central nervous sys-
tem neurodegeneration in animal models of MS (75). 
The active component of marijuana is 9-tetrahydro-
cannibinol (9-THC) (76), and it is believed that most 
of the effects of cannabinoids occur through binding 
to CB1 and CB2 receptors. CB1 receptors are present 
throughout the nervous system, and CB2 receptors 
are located mainly on immune cells (63, 77, 78).

Cannabis is available as synthetic THC agents 
in 2 tablet forms, dronabinol and nabilone. Both 
agents are approved for chemotherapy-induced nau-
sea, human immunodeficiency virus–related wasting, 
and glaucoma (63). Dronabinol is marketed under 
the trade name Marinol® and is available in 2.5-, 5-, 
and 10-mg capsules, with a maximum daily dosage of  
20 mg. Nabilone is marketed under the name Cesa-
met®. It is available in 1-mg capsules with a rec-
ommended maximum dose of 6 mg per 24 hours.  
Sativex® is an 9-THC containing oral-mucosal spray 
currently available in Canada, where it is approved 
for the treatment of MS-related pain (79).

The literature concerning the use of cannabis on 
MS-related spasticity has been mixed. Zajicek et al. 
(77) conducted a randomized, double-blind, placebo-
controlled trial evaluating the effects of cannabinoids 
on spasticity in 611 patients and found that the use 
of cannabis did not result in significant change in 
spasticity scores. They did note subjective improve-
ment in spasm and sleep quality as well as a decrease 
in hospitalizations for exacerbation in the treatment 
group. The authors hypothesized that their inability 
to detect changes in spasticity may have been due to 
the inadequacy of the metric used (AS) to detect subtle 
changes. In addition, the patient sample consisted of 
a very impaired population as demonstrated by the 
fact that the EDSS of almost all the participants was 
greater than 6.0. It is possible that similar to the other 
oral antispasmodic medications, a greater benefit oc-
curs when interventions are implemented earlier in the 
MS disease course. A 12-month follow-up study was 
conducted on the same patient group (80). Eighty per-
cent of the original participants were followed up and 
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they remained on active or placebo treatment. No sig-
nificant improvement in spasticity scores was noticed 
in the active or placebo group. Another randomized, 
double-blind, placebo-controlled trial of 160 patients 
with MS demonstrated statistically significant reduc-
tion of spasticity with active cannabis compound over 
placebo (81). Both studies reported good tolerance of 
the medication. Common reported side effects of oral 
THC included increased appetite, dry mouth, somno-
lence, and bowel disturbance.

The potential clinical benefit of cannabis for 
people with MS remains unclear. In a survey of 14 
patients with MS, each subject was asked a series of 
questions regarding the perceived benefit of marijuana 
(82). The participants reported improvement and re-
duction in spasms, pain, tremors, nausea, numbness, 
and bladder and bowel symptoms. Some negative ef-
fects reported by patients included decreased ability 
to concentrate as well as ataxia and fatigue. All par-
ticipants used medical marijuana. Smoking marijuana 
for medical purposes is currently legal in 12 states; 
however, the federal government’s authority can over-
ride a state’s position.

Other Oral Medications. Threonine is a natu-
rally occurring amino acid that is believed to have 
effects on the motor reflex arc and was reported to 
increase glycine levels in animal studies (83). Glycine 
is released from the interneurons in the gray matter of 
the spinal cord and Renshaw cells and is believed to 
inhibit excessive motor reflexes. Threonine is believed 
to further enhance glycinergic postsynaptic inhibition 
and thereby reduce increased motor activity or spastic-
ity. A double-blind, placebo-controlled crossover trial 
in 26 ambulatory patients with MS was conducted 
to evaluate the effects of 7.5 mg/d of threonine on 
objective and subjective measures of spasticity (83). 
Threonine failed to demonstrate improvement in Ash-
worth scores or in the Patient Spasticity Scale or ele-
vated glycine levels despite demonstration of elevated 
threonine levels in the cerebrospinal fluid and plasma. 
There was also no improvement in neurophysiologic 
studies. Another double-blind, placebo-controlled cross-
over study in patients with MS and SCI showed modest 
benefit in AS spasticity scores (84). This study by Lee  
et al suggested greater benefit in patients with spinal 
cord involvement. Both studies reported little if any 
sedative or confusion as side effects during the admin-
istration of threonine.

Gabapentin is approved for use as an anticonvul-
sant for partial seizures and for treatment of posther-
petic neuralgia; however, its mechanism of action for 
spasticity is unknown (85). The literature is limited, 
with Dunevsky and Perel (86) reporting on its effec-
tiveness on the spasticity of 2 people with MS-related 

spasticity. A double-blind, placebo-controlled trial 
evaluated the utility of gabapentin as a primary and 
an adjunctive treatment for the management of spas-
ticity (85). Gabapentin was noted to be superior as 
an adjunctive agent than as a primary antispasmodic 
therapy. It is generally well tolerated but can cause 
somnolence and fatigue in some patients and required 
no laboratory monitoring for safety.

Cyproheptadine is another drug that has been 
studied for its antispasmodic effects in this population 
(87). It is also indicated for the treatment of allergic 
symptoms as well as appetite stimulation (63). Inter-
estingly, it has also been studied as a treatment for 
baclofen withdrawal symptoms (88). It functions as a 
serotonergic antagonist that modulates spinal reflexes 
to reduce spasticity. The recommended dosing is 4 mg 
qhs with gradual titration to 16 mg. Doses of 12 to 24 
mg of cyproheptadine were studied in people with or 
SCI-related spasticity over 4 to 24 months and found 
effective as a primary and adjunctive antispasmodic 
agent (87).

Another drug studied for its antispasmodic ef-
fects is progabide, a GABA-A and GABA-B agonist 
(89). A randomized, double-blind, placebo-controlled 
crossover trial was conducted with this agent but 
failed to demonstrate functional changes. There was 
also issues with tolerability due to its side effects of 
drowsiness, dizziness, and nausea. In addition, eleva-
tion of transaminase levels required discontinuations 
in some people.

Carisoprodol, a derivative of the muscle relax-
ant meprobamate, is used for the treatment of skel-
etal muscle pain and frequently used to treat low back 
pain and fibromyalgia (28). Meprobamate functions 
through GABAergic neurotransmitter pathways and 
inhibits polysynaptic spinal reflexes. Carisoprodol 
was beneficial in patients with MS at 350 mg, BID. 
Its overall tolerability was good, with drowsiness and 
confusion as the main side effects.

All of the above agents can be used alone or 
in combination with each other as well as in com-
bination with other modalities including therapy, 
chemodenervation, ITB pump, and surgery. Gradual  
titration is recommended for all of the antispasmodic 
medications to minimize side effects severity. Con-
versely, when discontinuing an agent, gradual titra-
tion is also recommended, as abruptly stopping the 
medication can trigger the onset of seizures and with-
drawal symptoms.

Chemical Denervation

Spasticity that is focal or segmental can be effectively 
managed with chemical denervation (CD). Many of 
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the systemic treatments for MS can cause sedation and 
fatigue confusion or negatively affect cognition. One 
of the biggest advantages of CD over oral medications 
is the lack of these side effects, which may make it 
much more appealing to patients. Unfortunately, none 
of the agents are permanent remedies, and people will 
have to return for reinjection. Chemical denervation 
is used to alleviate spasticity or flexor synergy pat-
terns caused by UMN lesions. It can also be used be-
fore orthopedic procedures to determine if a joint has  
intra-articular contracture. If no improvement in spas-
ticity or ROM is achieved through CD, then surgical 
intervention is usually recommended. As previously 
stated, spasticity can lead to inactivity, decreased joint 
ROM, and possibly contractures. Contractures can 
lead to skin breakdown and increased difficulty for 
the individual or caregiver to perform ADL. Another 
benefit of CD is ease in caregiving and reduced risk 
of contracture, ulcer, and inactivity. Agents commonly 
used for CD include lidocaine, bupivacaine, phenol, 
and botulinum toxin (BT).

Phenol/Ethanol/Alcohol. The first use of phenol 
for the treatment of spasticity was in 1965 by Nathan et 
al. (90) Concentrations of 5% to 7% of phenol are rec-
ommended for optimal effect and minimal side effects.  
Concentrations lower than 5% are usually ineffective, 
whereas concentrations greater than 7% can cause 
significant side effects including dysesthias, fibrosis, 
cellular damage, and cardiovascular complications. 
Phenol mixed with glycerin will form a more viscous 
solution that can reduce medication spread and mini-
mize nerve injury and side effects (91). Phenol is indi-
cated in patients with upper and lower limb spasticity 
who have demonstrated little to no functional ben-
efit from other interventions including therapy, oral 
medications, and possibly BT injections. The effect of 
ethanol on spasticity in patients with MS is unknown. 
Phenol treatment has demonstrated improved per-
sonal hygiene care, transfers, ADL management, and 
decrease in skin ulcer formation in patients with MS 
(92, 93). It has also resulted in improved gait pattern 
with decreased scissoring in patients who underwent 
obturator nerve blocks (94).

Ethanol concentrations between 45% and 100% 
are recommended for CD. It has demonstrated ben-
efit in poststroke knee flexor spasticity, elbow flexor 
spasticity, ankle spasticity, and adductor spasticity 
secondary to stroke or TBI (95–99). The advantages 
of both phenol and ethanol include immediate onset 
of action, duration of action spanning 3 to 9 months, 
and low cost. Both phenol and ethanol are indicated 
for relief of spasticity in ambulatory and bed-bound 
patients.

The potential adverse effects of phenol and eth-
anol injections includes paresthesias, dysesthesias, 
and pain and are more likely if sensory fibers are af-
fected. Peripheral edema and muscle necrosis are also  
possible.

Botulinum Toxin. There are 7 immunological 
types of BT available with only types A and B approved 
for clinical use in the United States. (100) Although all 
7 serotypes work through inhibition of acetylcholine 
release from the neuromuscular junction, they differ 
in their specific site of action. The toxin works selec-
tively at peripheral cholinergic endings that lead to 
binding, internalization, and toxin activation at the 
neuromuscular junction resulting in CD. The inhibi-
tion of acetylcholine release causes muscle weakness. 
The effects of the toxin last approximately 60 to 90 
days, depending on the serotype injected (101).

The efficacy of BT type A in the management of 
MS-related spasticity has been demonstrated in several 
studies (33, 102, 103). There are 2 important points 
that should be noted when using BTs for the manage-
ment of spasticity. First is that the Food and Drug Ad-
ministration has not approved the use of toxin in the 
management of spasticity, and therefore, one is using 
it off-label (104). Second, there is now a black box 
warning because of the relatively minimal risk of distal 
spread of toxin from the site that was injected. Dosing 
recommendations often do not reflect clinical prac-
tice. Allergan has suggested a starting dose of 400 U  
for their toxin Botox®, and Ipsen has suggested a 
starting dose of 1000 U for their toxin Dysport® in 
the treatment of arm spasticity, whereas published 
data showed safety using 1500 U of Dysport® (103). 
Experienced clinicians have often pushed to levels 
substantially higher than these (104), but this may 
require reevaluation with the new Food and Drug 
Administration black box warning. Patients with MS 
may be more prone to fatigue at higher doses. It is rec-
ommended to begin chemodenervation at low doses 
and undergo a gradual titration that balances positive 
effect while limiting fatigue or excessive flaccidity.

The advantages of BT for MS-associated spastic-
ity are numerous. It can be used for focal or segmental 
areas of involvement and serve as a substitute for oral 
medications. The duration of effect of BT injections is 
usually several weeks to months, and the effects are re-
versible (105). The injections are usually well tolerated 
and do not cause sedation or negative cognitive effects 
and only rarely do people report fatigue. Injection site 
pain or discomfort is common and transient. Caution 
for aspiration pneumonia or dysphagia is necessary if 
cervical muscles are targeted. In addition, it is safe if 
used as an adjunctive treatment. Botulinum toxin in-
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jections localizations are normally done with electro-
myographic guidance or with neurostimulation. Some 
injection sites may require ultrasound or fluoroscopic 
guidance. The injector must be knowledgeable about 
the anatomy, innervations, kinesiology, and function 
of the muscles that are targeted. Although surface 
palpation can be used, the accuracy of injecting the 
targeted muscle declines as the muscle size diminishes 
(106–108). The disadvantages of BT injection are cost 
and the need for repeat injection (100). The use of BT 
for spasticity is an off-label use in the United States and 
therefore is not always covered by insurance plans.

In patients with MS-related spasticity, BT injec-
tion is indicated for equinovarus deformity, striatal 
toe, elbow flexor, or extensor spasticity, as well as 
hand involvement. Botulinum toxin injections have 
demonstrated benefit in patients with MS with ad-
ductor spasticity. Snow et al. (33) conducted the first 
double-blind, placebo-controlled crossover study in  
9 wheelchair or bed-bound MS subjects with adductor 
spasticity. Each subject underwent injection of 400 U  
of BT type A (Dysport®) into the adductor brevis  
(2 sites of 50 U), adductor longus (100 U), and ad-
ductor magnus (100 U) through palpation-guided in-
jection technique. A significant reduction in spasticity 
and improvement of hygiene were noted at 6 weeks in 
the active group compared to the placebo injection. 
No adverse events were reported.

A similar but larger dose-response, double-blind, 
placebo-controlled study was conducted by Hyman et 
al. (103) Seventy-four patients with MS with EDSS 
scores 7 or higher (rely on assistive device for ambula-
tion) completed the trial with 4 study groups: placebo, 
500 U, 1000 U, and 1500 U of BT type A (Dysport®). 
The medication was injected by palpation-guided 
technique targeting the adductors. Any oral antispas-
modic medication or therapy the patient was taking 
or participating in before study initiation was con-
tinued. The study reported decrease in hip adductor 
spasticity in all groups, including the placebo group, 
with the greatest benefit and longest duration of ac-
tion in the 1500 U dose group. Reduction in muscle 
tone was unique to the Dysport group. No statistically 
significant reduction was reported at any dose. Ad-
verse events were similar across all groups except for 
muscle weakness, which was dose-dependent.

Physical and occupational therapy after injection 
of BT is frequently indicated and recommended. This 
allows for the subject’s muscle to undergo “retraining”  
as well as to assist with improving ROM, gait, posi-
tioning, and performance of ADL. The use of BT injec-
tions combined with physical therapy to treat upper  
and lower limb spasticity in patients with MS has 

been studied and demonstrated benefit over BT alone 
(109).

Intrathecal Medications

The most common intrathecal drug used for spastic-
ity treatment is baclofen. This is indicated in patients 
whose spasticity is so profound or diffuse that oral med-
ications alone, or in combination with chemodenerva-
tion, are not sufficient to optimally manage spasms.  
An ITB pump allows for direct infusion of baclofen 
into the spinal fluid. Through this, the patient receives 
a dose that is 4 times the strength of oral dosages 
with 1/100 the systemic dose and 1/100 the plasma 
dose. Patients should undergo a trial before ITB pump  
implantation. The ITB pump trial involves injection of 
approximately 50 to 100 μg of baclofen injected into 
the intrathecal space, and the patient’s response to the 
drug is monitored over several hours. This helps dis-
cern between increased muscle tone and contracture, 
as well as to give the patient and their family an idea 
of how their spasticity can be controlled with an ITB 
pump. The infusion of the drug occurs in a 4:1 lum-
bar-to-cervical spine ratio, meaning that significantly 
more drug will be delivered to the lower limbs com-
pared to the upper limbs.

The benefit of ITB is reduced cognitive or fa-
tiguing effects as compared to systemic agents (110). 
In addition, there is also no respiratory depression 
or adverse effect on sleep reported in patients with 
MS (111). Postimplantation, it generally takes about  
6 months for stabilization and optimal dosing of the 
ITB pump. The additional challenge in MS as com-
pared to other conditions (stroke, TBI, cerebral palsy 
[CP]) is the disease variability and its vulnerability to 
heat and fatigue. It normally requires several months 
for ITB pump optimization to obtain maximum func-
tion and comfort (112).

In the population with MS, the use of ITB pumps 
has resulted in improvements in spasticity, quality of 
life, sleep quality, bowel and bladder performance, 
skin integrity, and ambulation in numerous studies 
(32, 112–116). Potential complications include pump 
failure, infection, and catheter kinking, dislodgement, 
or occlusion. The complication rate has also declined 
over the past several years. Catheter problems remain 
one of the most common complications (112). A  
10-year retrospective analysis of 50 patients who had 
MS (n = 19), TBI (n = 28), or CP (n = 13) was conducted. 
The patients with MS who underwent ITB pump im-
plantation reported increase in comfort, ease of care, 
improved safety on transfers, increased independence, 
and better communication (117). Seventy-eight per-
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cent of subjects self-reported that their long-term  
goals were achieved with pump implantation. The av-
erage ITB dosage for the patient with MS was 238 
compared to 535 and 908 μg/d for CP and TBI pa-
tients, respectively.

Intrathecal phenol in concentration of 5% to 8% 
has been administered in 25 patients with MS whose 
EDSS is 8.0 or higher, with significant lower limb 
spasticity, and who did not have any noticeable ben-
efit from other treatments (oral medication, therapies 
CD) (91). After a diagnostic trial was done with bu-
pivacaine, those patients that responded positively re-
ceived 1.5 to 2.5 mL of intrathecal phenol at the L2-3 
or L3-4 space. All patients had significant decreases in 
Ashworth spasticity scales in all tested muscle groups 
with specific decreases in flexor, extensor, and dorsi-
flexor tone in both lower limbs. Pain was not affected 
but also did not increase from the phenol injections. 
Adverse effects included transient bowel dysfunction. 
Bladder and sexual function were not affected. The pos-
itive study results suggest another intervention option  
to ITB in patients who may not have positive benefit 
from the trial, are not suitable candidates, or cannot 
afford the procedure.

Surgical Interventions

Surgical interventions in the patient with MS can be for 
diagnostic or therapeutic reasons (118). Symptomatic 
surgical interventions for spasticity primarily involve 
dorsal rhizotomy, which is believed to alleviate the im-
balance in the sensory input affecting motor control. 
Other surgical procedures, including myelotomy and 
cordectomy, are no longer commonly performed. A 
retrospective study of 154 patients (52 patients with 
MS) who underwent posterior rhizotomy reported 
improved spasticity in all patients, an 86% improve-
ment in ROM, and an 80% reduction in pain (119). 
Adverse reactions included transient bladder inconti-
nence and wound infection.

SUMMARY

A multimodal and dynamic approach to managing 
spasticity in the MS population is crucial for best 
results (120). In contrast to the previously preferred 
stepwise approach to therapies, the combination of 
various modalities, therapies, and interventions is now 
recommended. Establishing clear short-term and long-
term goals with the patient and caregivers is crucial. A 
person’s MS can cause neurologic change from day to 
day, even hour to hour, so it is important that patients 
are aware of their body and be attuned to possible re-

lapses, infection, or disease progression. Accordingly, 
professionals treating patients with MS must be aware 
that spasticity in MS can change rapidly and should 
be prepared to adjust treatments as needed to accom-
modate the patient’s condition.

Short-term and long-term goal-setting is crucial 
in the process. Input from the patient, clinician, and 
care providers should be taken into consideration 
when forming goals. Additional factors to consider 
include the time since onset of spasticity, the sever-
ity of any deformity, and its functional effects. The 
cognitive status of the patient will help determine if 
compliance is anticipated. Finally, cost and adherence 
to therapy are important, especially when considering 
procedures that require regular follow-up, such as se-
rial casting or ITB placement.

Spasticity in MS does not have to be a significant 
barrier to function and well-being. Creative planning 
and intervention with an armamentarium of treat-
ments can result in minimization of the negative ef-
fects of spasticity with preservation of function and 
comfort for the patient.
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Spasticity Due to Stroke 
Pathophysiology

Anthony B. Ward
Surendra Bandi

What is spasticity and why is it so important to manage 
it effectively? This chapter will address these 2 ques-
tions to assist the reader to recognize, assess, and treat 
people with this impairment. Spasticity is a physiologi-
cal consequence of an insult to the brain or spinal cord, 
which can lead to life-threatening, disabling, and costly 
consequences. It is a common but not an inevitable out-
come of the upper motor neuron (UMN) syndrome— 
typically occurring after a stroke, brain injury (whether 
due to trauma or other causes, eg, hypoxia, infections, 
or postsurgery), spinal cord injury, multiple sclerosis, 
cerebral palsy, and other disabling neurologic disorders. 
It is characterized by muscle overactivity and high tone 
spasms, which, if left untreated, will lead to muscle and 
soft tissue contracture (1). It is a complex problem, 
which can cause profound disability, alone or in com-
bination with the other features of the UMN syndrome 
and can give rise to significant difficulties during the 
process of rehabilitation.

DEFINITION OF SPASTICITY

Over time there have been many different attempts to 
define spasticity (2). The difficulty in defining spasticity 
reflects the complex features of the syndrome. Lance’s 
(3) definition since 1980 is still relevant and is widely 
accepted. Lance states, “Spasticity is a motor disorder 
characterized by a velocity-dependent increase in tonic 

stretch reflexes (muscle tone) with exaggerated tendon 
jerks, resulting from hyper-excitability of the stretch 
reflex, as one component of the upper motor neuron 
syndrome.”

More recently, this definition was broadened to 
include other signs of the UMN syndrome and de-
scribed spasticity as “a motor disorder characterized 
by a velocity dependent increase in tonic stretch re-
flexes that results from abnormal intra-spinal process-
ing of primary afferent input.” (4)

Applying Lance’s definition to patients in clini-
cal settings has been difficult because UMN lesions 
produce an array of responses. The pattern depends 
on the age and onset of the lesion and its location 
and size. Patients with diffuse lesions produce, for 
instance, different characteristics to those with  
localized pathology, and the speed of onset changes 
this again (3). The Support Programme for As-
sembly of Database for Spasticity Measurement 
(SPASM) consortium has attempted to adapt the ac-
cepted definition to a more practical base and make 
it more relevant to clinical practice and to clini-
cal research (2). Its definition is thus as follows in  
Table 23.1.

The epidemiology put in terms of a 250,000 pop-
ulation (9) thus equates to:

•  320 new first time strokes with a prevalence 
of 1675 people
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•  48 people with severe traumatic brain injury 
with a prevalence of 260 people

•  500 people with multiple sclerosis, of whom 
100 are severely disabled

•  31 adults with cerebral palsy
• plus other conditions affecting the UMN.

About 500 patients require spasticity treatment 
at some point time.

PATHOPHYSIOLOGY OF SPASTICITY

Overview

Spasticity is one feature of the UMN syndrome— 
historically been described as a collection of positive 
and negative features. Positive features include mus-
cle overactivity, hyperactive tendon reflexes, clonus, 
brisk reflexes, cutaneous reflexes (the most familiar 
of which is the Babinski sign), flexor and extensor 
spasms, spastic dystonia, and mass synergy patterns. 
The negative phenomena are paresis, loss of dexter-
ity and fine control, fatigability, and early hypotonia 
(4).

Pathophysiology

The pathophysiology of the UMN syndrome and its 
associated features are complex and are described 
in the appendix of this chapter for those wishing for 
a more detailed account. This addresses and distin-
guishes spasticity itself from spinal reflexes, hyper-
tonia, clasp-knife response, associated reactions and 
mass reflex action, flexor muscle spasms, disordered 
control of movement, thixotropy, and muscle contrac-
tures and as one consequence of an injury to the UMN 
and results in several physiological scenarios, includ-
ing muscle overactivity.

WHY TREAT SPASTICITY?

The consequences of not treating spasticity adequately 
are listed in Table 23.2. The misery of painful spasms 
or of tendon traction on bones is well known, and 
the complications will prevent patients from achieving 
their optimal functioning (9). Deconditioning from ill 
health and pain will also have a negative effect, which 
will reduce quality of life for patients and their car-
ers. There are therefore very good clinical, humanis-

TABLE 23.1 
SPASM Principles

Domain DesCriPTion

Etiology Typically occurs in patients after any dysfunction to the UMN, such as stroke, brain injury (trauma 
and other causes, e.g., anoxia, postneurosurgery), spinal cord injury, multiple sclerosis, and other 
disabling neurologic diseases and cerebral palsy (5, 6).

Classification Frequently classified by its presentation, and differences exist between the clinical features seen  
after a spinal cause as opposed to a cerebral cause. It is not always harmful but can create  
problems, which may be:
−generalized, and/or
−regional, and/or
−focal problems

Epidemiology Figures for prevalence of spasticity in different conditions are variable (5–7). This may be due to the 
presence of many patients with mild spasticity for whom little or no treatment is required for their 
condition. However, it is estimated that 38% of patients after stroke develop a degree of spasticity. 
Of which about 16% require pharmacologic treatment. Of these, about one third (5% of total) will 
benefit from BoNT injection (8). In addition, 18% of patients with severe traumatic brain injury 
and 60% of patients moderately severely and severely disabled by multiple sclerosis (30% of the 
total population of patients with multiple sclerosis) require specific treatment along with smaller 
numbers of people with cerebral palsy, spinal cord injury, and other cerebral and spinal cord 
pathologies. 

SPASM definition. Disabil�Rehabil. 2006;28 (Suppl. 1).
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tic, and economic reasons to treat it effectively and 
judiciously.

PRINCIPLES OF SPASTICITY TREATMENT

Aims of Management

The main goals for therapy are the following:

•  To increase functional capacity, where it is 
possible to do so

•  To relieve symptoms
•  To improve posture, appearance, and body 

image
•  To decrease carer burden
•  To prevent complications, facilitate therapy, 

and enhance effect of other treatments.

Some goals are listed in Table 23.3 but should be 
consistent with the overall rehabilitation goals agreed 
between the patient, family/carers, and rehabilitation 
professionals (10). All those involved require to be 

clear on the treatment goal(s), and patient expecta-
tions need to be managed in some cases.

Successful treatment strategies have now been 
developed, and there is good evidence of treatment ef-
fectiveness (Figure 23.1). Physical management (good 

TABLE 23.2 
Some Consequences of Inadequate Spasticity 

Treatment

Domain ConsequenCe

Impairment Muscle shortening
Stiff, painful joints
Joint subluxation
Contractures
Limb deformity and disfigurement
Pain—muscle spasms,  

enthesopathy, bone  
(osteoporosis)

Loading on pressure points and 
pressure sores

Mood problems
Activity Loss of mobility, dexterity

Self-care problems
Loss of sexual functioning

Participation Need for special wheelchairs and 
seating and pressure-relieving 
equipment

Inability to participate in  
rehabilitation

Increased care
Quality of Life Altered body image

TABLE 23.3 
Goals for Treatment

inDiCaTion examPLe

Functional  
improvement

Mobility: enhance speed, 
quality or endurance of gait 
or wheelchair propulsion

Improve transfers
Improve dexterity and  

reaching
Ease sexual functioning

Symptom relief Relieve pain and muscle 
spasms

Allow wearing of splints and 
orthoses

Promote hygiene
Prevent contractures

Postural  
improvement

Enhance body image

Decrease carer 
burden

Help with dressing
Improve care and hygiene 
Positioning for feeding, etc

Enhance service  
activity

Prevent need for unnecessary 
medication & other  
treatments

Facilitate therapy
Delay or prevent surgery

FIGURE 23.1 

Management strategy in a patient with spasticity.
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nursing care, physiotherapy, occupational therapy) 
through postural management, exercise, stretching and 
strengthening of limbs, splinting, and pain relief is the 
basis of spasticity management (9). Figure 23.2 demon-
strates early casting for spasticity management. The aim 
of treatment in all cases is to reduce abnormal sensory 
inputs in order to decrease excessive a-motor neuron 
activity (11). A program of physical treatment should 
thus be in place before, during, and after any pharma-
cologic, medical, or surgical intervention, but there is 
little evidence on the ideal prescription for this (12).  
All pharmacologic interventions are adjunctive to a 
program of physical intervention. Stretching plays an 
important part in physical management but needs to 
be applied for several hours per day (13, 14). This is 
of course impossible to do on a one-to-one basis with 
a therapist, and limb casting has been developed in 
this field to provide a prolonged stretch (14). 

Patient Assessment

Spasticity is a movement disorder, and patients cannot 
be adequately assessed unless they are observed dur-
ing movement and function (10). All the team mem-
bers contribute to the clinical evaluation, but some  
patients with complex movement patterns need assess-
ing in a gait laboratory. The assessment process high-
lights the differences in patterns of limb posture and 
movement after a UMN lesion. Where there is no 
movement, the assessment process is fairly straightfor-
ward, but where there is loss of motor control rather 
than a spastic dystonia, one has to attempt to identify 

the different aspects of motor impairment. Patients 
with long-standing problems also develop compen-
satory movements, which may or may not require 
treatment, and the clinician has to be clear about the  
underlying pathophysiological processes.

It is important to identify how function is im-
paired and whether the generalized, focal, or regional 
problem is due to spasticity. Figures 23.3 and 23.4 
demonstrate examples of focal and generalized spas-
ticity. This will then point to the options for treatment. 
The indication for pharmacologic treatment therefore 
is when spasticity is causing the patient harm. Some 
patients early on in their rehabilitation after a stroke or 
brain injury use their spasticity to walk on, when their 

FIGURE 23.2 

A patient with lower extremity spasticity undergoing  
casting.

FIGURE 23.3 

Focal spasticity of the hand and wrist.

FIGURE 23.4 

Diffuse spasticity of the lower extremities, commonly seen 
in patients with more generalized spasticity.
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weakness would otherwise not allow it (10). Clearly, 
treating the spasticity here would not be helpful and 
physical measures to utilize the developing movement 
patterns would be the treatment of choice, but where 
the spasticity gives rise to problems for either the pa-
tient or the carer, then treatment is required.

It is sometimes quite difficult to distinguish be-
tween severe spasticity and contracture formation, but 
it is important to do so and to know what antispastic 
treatment can or cannot achieve so that there are re-
alistic expectations. Limb contracture occurs through 
shortening of muscles and tendons in inadequately 
treated patients (14). If a contracture is fixed, it will 
require serial splinting or surgery to correct it, but  
before it becomes fixed and is dynamic, treating the 
underlying spasticity may allow easier treatment of the 
contracture. Although one way to do this is through 
examination under intravenous sedation (12), it is ad-
visable to use a general anesthetic for children. This 
relaxes spastic muscles and allows the range of passive 
joint movement to be assessed.

Management 

Preventing spasticity from causing problems is very 
important in initial management. See Table 23.4 for a 
list of provocative factors involved in spasticity.

Medical 

All medical interventions are an adjunct to a program 
of physical treatment, removal of exacerbating stim-
uli, and patient and carer education.

Oral Medication

Oral agents are useful in treating mild to moderate 
spasticity. The use of baclofen and dantrolene sodium 
has not changed much over the years (15, 16), but some 
newer products have emerged. Forty percent of pa-
tients are unable either to tolerate oral agents because 
of side effects or are unable to produce an adequate 
antispastic effect before side effects occur (17). See  
Table 23.5 for a short synopsis of these treatments.

Intrathecal Treatments

Intrathecal�Baclofen

This consists of fitting a programmable electronic 
pump in the anterior abdominal wall with a subcu-
taneous catheter tunnelled around the trunk and in-
serted into the spine canal. The catheter is placed at 
about the L2/3 level with its tip at a level between 
D8 and D10. This allows baclofen to be delivered at 
higher concentrations at its site of action than would 
be possible with oral administration and without the 
expected central nervous system side effects (44). 

The main indication is for people with significant 
disability. It is usually used in people with regional 
problems from spasticity, such as those with tetraple-
gia and paraplegia, who are unable to tolerate or re-
spond adequately to oral antispastic drugs (45–47). It 
is particularly useful in both brain-injured and spinal 
cord–injured patients who do not have residual func-
tioning, but the pump settings can also deliver doses 
in a highly specific manner to allow ambulant people 
to balance the weakening effect of baclofen against 
the spasticity required for weight support and joint 
mobility (47). 

Intrathecal�Phenol

Five percent intrathecal phenol in glycerine is given 
on infrequent occasions for the management of people 
with very severe spasticity (48). This is only indicated 
for people with progressive disease who are refractory 
to other antispastic treatments, who have no ambula-
tory function, and who are incontinent (eg, terminally 
ill patients with multiple sclerosis). The block is usu-
ally painless, as the phenol exerts a local anesthetic 
effect, and the procedure can be repeated as required.

TABLE 23.4 
Prevention of Provocative Factors

– Avoidance of noxious stimuli
• pressure ulcers
• urinary retention
• constipation
• infection
• pain

– Patient and carer education 
• proper positioning
• regular skin inspection 
• good management of bladder and bowel, 
• Proper positioning

– Daily stretching to maintain range of motion

– Splinting and serial casting, if necessary

–  Functional electrical stimulation, motor reeduca-
tion, and biofeedback
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TABLE 23.5 
Treatments for Spasticity

Drug ProPerTies

Baclofen – Structural analogue of GABA
– Binds to GABA-B receptors both pre- and postsynaptically (18, 19)
– Used as an antispastic drug for more than 30 years
– Used as first-line treatment for cerebral and spinal cord spasticity
– Effective in reducing spasticity and for sudden painful flexor spasms (20)

Dantrolene sodium –  Acts peripherally on muscle fibers by suppressing release of Ca2+ ions from sarcoplasmic 
reticulum

– Dissociates excitation-contraction coupling and diminishes force of muscle contraction 
(21)

– Generally preferred for spasticity due to supraspinal lesions (22, 23)
–  Reported that patients with SCI also responded well to dantrolene (23) but was some-

what less effective in patients with MS (24, 25)
– Associated with idiosyncratic symptomatic hepatitis (fatal in 0.1%–0.2% patients (26, 27))
– Three monthly liver function tests required

Tizanidine – Imidazoline derivative with agonistic action at central alpha-2 adrenergic receptor sites
–  Beneficial in spasticity due to MS and SCI, but definite functional improvements have 

not been shown (28–30)
– Comparable to baclofen in efficacy in MS and SCI patients (31–34)
–  Efficacious compared to diazepam in hemiplegia due to stroke and traumatic brain injury 

and allowed significantly better walking distance ability (34)
–  Favorable adverse effects profile, although sedation remained a prominent side effect 

(35, 36)
– Visual hallucinations and liver function test abnormalities in 5%–7% of patients (37)
–  Liver function tests recommended before starting tizanidine and after 1 month of  

treatment
Benzodiazepines – Antispastic effect mediated via GABA receptors

– Diazepam earliest antispasticity drug—rarely used now because of sedation
– Effective and compares well to baclofen in MS and SCI patients (38)
– Clonazepam used in epilepsy—comparable in effect to baclofen (39)
–  Found to be equally effective as diazepam, but less well tolerated due to sedation,  

confusion, and fatigue resulting in more frequent discontinuation of the drug
– Thus used mainly for suppression of nocturnal painful spasms

Gabapentin (40) and 
pregabalin (41)

–  Useful when there is pain (particularly in cortical dysesthesia) giving rise to abnormal 
sensory inputs (40, 41)

– Gaining in popularity as an adjunct in combination to other anti-spastic treatments
– Poorly tolerated in a significant proportion of patients and therefore limited use

Cannabinoids – No real evidence of efficacity in MS (42) but anecdotal evidence of help in spasticity
–  CAMS study compared oral cannabis extract and delta 9-tetrahydrocannabinol with 

placebo in 667 patients (43)
– 1o outcome measure was a change the Ashworth Scale
–  No beneficial effect on spasticity but evidence of a treatment effect on patient-reported 

spasticity and pain (43)

Abbreviations: GABA, gamma-amiobutyric acid; MS, multiple sclerosis; SCI, spinal cord.

Chemodenervation

Perineural injection of motor nerves using 3% to 6% 
phenol in aqueous solution blocks groups of muscles. 
This provides an initial local anesthetic effect, which 
is later followed by blockade 1 hour later, as protein 

coagulation and inflammation occur (49). Wallerian 
degeneration occurs later on before healing by fibro-
sis. This leaves the nerve with about 25% less func-
tion than before but does not disadvantage people 
with little or no residual function, as a mild progres-
sive denervation can be beneficial in reducing spastic-
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ity (49). The effect can last for 4 to 6 months, and 
the renewal of muscle overactivity is probably due to 
nerve regeneration (50). The indications for use are as 
an alternative to botulinum toxin (BoNT) or surgery 
in the treatment of focal problems (51). Its disadvan-
tages are that it takes relatively more time to perform 
the injection and can cause dysesthesia if the phenol is 
placed in proximity to sensory nerve fibers.

Neuromuscular�Blockade

Botulinum toxin is injected into the overactive target 
muscles, which are responsible for the clinical picture. 
It is a potent neurotoxin that inhibits the release of 
neurotransmitter chemicals by disrupting the func-
tioning of the SNARE complex required for exocytosis  
of synaptic vesicles (52–54). It is suitable for long-
term blocking of neuromuscular transmission through 
the inhibition of release of acetyl choline. This leads 
to muscle paralysis over 3 to 4 months, but this can 
be extended by a program of physical activity (55). 
The toxin will cross about 4 to 5 sarcomeres to get 
to the neuromuscular junction and can be seen there 
after about 12 hours. The toxin’s clinical effect is seen 
at about 4 days and is certainly working at 7 days. It 
works optimally at 1 month and will go to produce 
a clinical effect for 3 to 4 months. The end effect is 
weakening and relaxation of muscle overactivity in  
people experiencing the effects of the UMN syn-
drome. This results in a biomechanical change in the 
muscle’s function and makes it amenable to stretching 
and lengthening. In addition, the weakening allows an 
opportunity to strengthening of antagonist muscles,  
and thereby, it is possible to restore some of the bal-
ance between the two. Electromyographic (EMG) 
guidance can be used to locate the smaller muscles pre-
cisely. Contraindications for BoNT injection include  
known sensitivity to BoNT, concurrent aminoglyco-
side antibiotics, myasthenia gravis, Lambert-Eaton 
syndrome, motor neuron diseases, and upper eyelid 
apraxia (56, 57). 

OUTCOME MEASURES

Outcome measurement in spasticity is controversial 
because of the lack of a uniform measure, which is 
applicable across all the domains of the International 
Classification of Functioning, Disability and Health 
(58–60). As a result, a large of number of tools are 
used in an attempt to reflect change after the treat-
ment process. Most clinicians do not actually mea-
sure the outcomes of their interventions in terms of 
the change to the neurogenic component of the UMN 

lesion. They more often measure the change in either 
the biomechanical consequence of the spastic limb 
(at impairment level) or the functional change (activ-
ity) of the goal of treatment. The main problem here 
is that the accepted measure of spasticity, the Ash-
worth score, does not actually measure what it pur-
ports to do. It does not follow Lance’s definition and 
measures limb stiffness rather than velocity-depen-
dent resistance (61). The Tardieu Scale (62) and the  
Wartenberg pendulum test (63), on the other hand, 
do a better job but are more unwieldy to use in clini-
cal practice.

In clinical practice, measures of disability are the 
most useful to quantify and relate to the patient’s re-
habilitation aims. Spasticity is but one component that 
has to be dealt with, and the outcomes of rehabilita-
tion depend on issues relating to other impairments, to 
activity, and to participation. An easy-to-measure tool 
is needed, whereas in research, a standardized testing 
protocol is required to follow the definition of the con-
dition as closely as possible. The Ashworth Scale fails 
in this and to measure clinically important changes 
in spasticity but remains a useful bedside clinical 
measure. For research purposes, the Wartenberg pen-
dulum test follows the definition and gets round the 
complex variables that occur in the a-motor neurons  
of agonist and antagonist muscles during passive 
movements (63). Katz et al. (64) conclude, however, 
that biomechanical measures correlate most closely 
with the clinical state, as extending a limb against pas-
sive resistance may be related more to the viscoelastic 
properties of the soft tissues than to spasticity. The 
EMG activity and the motor unit magnitude correlate 
well with the torque and ramp and hold displacement 
around the elbow (65). 

Functional aspects are important to measure, 
but one of the problems is that functional change with 
treatment may be dependent on factors other than the 
spasticity. Few studies have shown a global correla-
tion with the Ashworth score and the measurement of 
function, as in the Rivermead or the Fugl-Meyer Mo-
tor Assessment scores (66, 67) is best correlated with 
other impairment measures, like the spasm frequency 
score, adductor tone, pain score, and so on. Therein 
lies the dilemma. We will probably have to keep on 
using the Ashworth Scale in the clinical setting but re-
alize its limitations and always combine management 
of the patient with a functional outcome measure in 
relation to the rehabilitation goal.

Other measures have a particular use in physio-
therapy practice and contribute to the overall picture of 
change after treatment. The walking speed (measured 
by a 10-meter walking time), the stride length, and 
the joint goniometry are useful in measuring change 
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TABLE 23.6 
Outcome Measures

ashWorTh sCaLe (61) 
– The measure against which all other measures are compared
– Based on assessment of resistance to stretch when a limb passively moved
– Originally validated in patients with Multiple Sclerosis (61) and in lower limbs (70)
– Good interrater and intrarater reliability (71)
– Measures multiple aspects of limb stretch, but generally used as a screening tool for spasticity assessment
– Limitation
• Grade 0 is not a floppy limb
• No reference to normality
• Reliability questioned by observer subjectivity during test (11)
• Does not distinguish between spasticity and mechanical limb stiffness

sCore ashWorTh (61) moDifieD ashWorTh (72)

0 No increase in tone No increase in tone
1 Slight increase in tone giving a catch when 

the limb is moved in flexion/extension
Slight increase in tone giving a catch, release and minimal 

resistance at the end of range of motion ROM when the 
limb is moved in flexion/extension

1+ Slight increase in tone giving a catch, release and minimal 
resistance throughout the remainder (less than half ) of 
ROM

2 More marked increase in tone, but the 
limb is easily moved through its full 
ROM

More marked increased in tone through most of the ROM, 
but limb is easily moved

3 Considerable increase in tone—passive 
movement difficult and ROM decreased

Considerable increase in tone—passive movement difficult

4 Limb rigid in flexion and extension Limb rigid in flexion and extension

TarDieu sCaLe (62)
– Note angle of catch at point of resistance by stretching a limb passively
• During as slow a movement as possible (V1)
• Under gravitational pull (V2)
• At a fast rate (V3)

– Good interrater and intrarater reliability (62)
– Training required to achieve this

sTreTCh veLoCiTy

y angLe

(DynamiC range of moTion)
quaLiTy of musCLe reaCTion

Course of Passive movemenT

V1 Slow as possible R2 Slow velocity passive joint range 
of motion or muscle length

0 No resistance

V2 Speed of limb falling under 
gravity

R1 Fast velocity  
movement through full range of  
motion

1 Slight resistance
2 Clear catch at precise angle, then 

release
3 Fatigable clonus at precise angle
4 Unfatigable clonus at precise angle
5 Rigid limb and joint

V3 fast as possible
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in hip and thigh spasticity in spastic diplegics (67). 
Pain has been addressed above, and the Jebsen Taylor 
Hand test demonstrates improvement in dexterity and 
isolated finger movement (68), whereas the Berg Bal-
ance Scale evaluates what it suggests (69). The final 
thought is that clinicians tend to measure what they 
feel is the most relevant aspect of treatment. Just as we 
need to ask the patient and family their views of the 
treatment goal, we should involve them more in the 
measurement process too. Patient satisfaction scores 
are useful in identifying whether patents feel they are 
meeting their targets, so long as there are clear realistic 
expectations of outcome. Patient and physician global 
scores can thus address this aspect (Table 23.6).

APPENDIx 

PATHOPHYSIOLOGY OF THE FEATURES  
OF THE UMN SYNDROME  
(INCLUDING SPASTICITY)

Damage to pyramidal tracts alone does not result in 
spasticity. It occurs only when lesion involves premo-
tor and supplementary motor areas. It arises because 
of hyperexcitability of segmental central nervous sys-
tem processing of sensory feedback from the periphery, 
and they depend on the location, size, and age of the 
lesion. Spasticity is not the only result of a damaged 
UMN. Muscle overactivity occurs in 2 scenarios. The 
first involves high-stretch sensitivity when excessive 
motor unit recruitment occurs with recruitment of 
stretch receptors and forms the stretch-sensitive forms 
of muscle overactivity, which includes spasticity itself, 

spastic dystonia, and cocontraction. These are distin-
guished by their primary triggering factor, that is, pha-
sic muscle stretch, tonic muscle stretch, or volitional 
command. The second scenario is found in muscles 
that are not particularly stretch-sensitive. They include 
associated reactions when there is extrasegmental co-
contraction due to cutaneous or nociceptive stimuli or 
inappropriate muscle recruitment during autonomic or 
reflex activities, such as yawning (73). 

Spasticity is associated with hyperexcitable tonic 
stretch reflexes. It can be distinguished from hyper-
tonia by its dependence on the speed of the muscle 
stretch (74, 75). A UMN lesion disturbs the balance 
of supraspinal inhibitory and excitatory inputs, which 
leads to net disinhibition of the spinal reflexes.

Hyperactive spinal reflexes appear to mediate 
most of the positive phenomena associated with the 
UMN syndrome, whereas abnormal efferent drives 
and disordered control of voluntary movements ac-
count for the other positive features of the syndrome.

• Spinal reflexes rely on afferent sensory feed-
back from the periphery, for example, muscle 
stretch, pain, or cutaneous stimulation.

• Stretch reflexes are proprioceptive and can be 
either tonic (from sustained stretch, as in resting 
muscle tone) or phasic (from a short stretch, 
as in deep tendon reflexes). Exaggerated ten-
don jerks cause clonus.

• Flexor and extensor spasms are nociceptive 
reflexes, whereas the Babinski sign is the most 
familiar cutaneous reflex (74). 

TABLE 23.6 
(Continued)

WarTenBerg PenDuLum TesT (63)

Leg moves under gravity 
Observer measures pendular activity of a spastic limb as it relaxes
Only reliable in lower limb

oTher meThoDs

Clinical  Muscle grading, deep tendon reflexes, range of joint motion, adductor tone, Visual Analogue 
Scale, spasm frequency score, torque devices

Neurophysiological Dynamic multichannel EMG, tonic vibratory reflexes
Tests related to the H reflex, H reflex/M wave ratio and T wave.

Note: Most are time-consuming, expensive, require specialized equipment, and are used mainly in research.
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Lesions of the UMN present a number of pat-
terns, such as muscle overactivity in the absence of  
a volitional command (1). Spastic dystonia is a tonic  
muscle contraction in the absence of a phasic stretch 
or volitional command (5). It is primarily due to ab-
normal supraspinal descending drive, which causes a  
failure of muscle relaxation (despite efforts to do so) 
and is sensitive to the degree of tonic stretch imposed 
on that muscle (76). There is inappropriate recruit-
ment of antagonist muscles in spastic cocontraction 
upon triggering of the agonist under volitional com-
mand. This occurs in the absence of phasic stretch 
and is sensitive to the degree of tonic stretch of the 
cocontracting antagonist (76). The excitability of 
the spinal reflexes is under supraspinal control, both 
inhibitory and excitatory, by the UMNs. The UMN 
fibers descend to the spinal cord to exert a balanced 
control on spinal reflex activity. Both positive and 
negative features of the UMN syndrome are largely 
due to dysfunction of the parapyramidal fibers and to 
a lesser extent the pyramidal fibers. It has been sug-
gested that isolated pyramidal tract lesions do not 
cause spasticity or other forms of muscle overactivity. 
They may, on the other hand, cause some weakness 
with an initial depression followed by some exaggera-
tion of deep tendon reflexes and a Babinski sign.

The main tract that inhibits the spinal reflex ac-
tivity is the dorsal reticulospinal tract, which origi-
nates in the ventromedial reticular formation. The  
excitatory fibers come down in the medial reticulospi-
nal tract, arising in the bulbopontine tegmentum in 
the brainstem. The vestibulospinal fibers also have an 
excitatory effect on spinal reflexes (77). 

Most of the important UMNs controlling spinal 
reflex activity arise in the brainstem. However, the ven-
tromedial reticular formation, from which the dorsal 
reticulospinal tract (main supraspinal inhibitory tract) 
originates, is under cortical control (77). 

The cortical motor areas augment the inhibitory 
drive down to the spinal cord through corticobulbar 
fibers. A lesion of these fibers (either in the cortex or 
in the internal capsule) will mildly reduce inhibitory 
drive and excitation of spinal reflex activity, as corti-
cal facilitation of inhibitory pathways is suppressed 
and the resultant positive UMN features are less se-
vere than those resulting from a lesion of the dorsal 
reticulospinal tract. This explains why the degree of 
spasticity, hyperreflexia, and possibly clonus resulting 
from a cortical/supraspinal lesion is less severe than 
that produced by a spinal cord lesion (78). 

A partial lesion of the spinal cord, which dam-
ages inhibitory pathways but preserves the excitatory 
fibers, would leave a strongly unopposed excitatory 
drive to the spinal reflexes and causes severe spasticity, 

hyperreflexia, and flexor and extensor spasms. With a 
complete spinal cord lesion, spinal reflexes lose both 
inhibitory and excitatory supraspinal control and ulti-
mately become hyperactive (6). 

Immediately after injury, a period of neuronal 
shock occurs and spinal reflexes are lost, which include 
stretch reflexes. A flaccid weakness in seen, but even 
during this, the positive features of hypertonia can 
start to be seen. Limbs are not sufficiently stretched 
and may be immobilized in shortened positions. Rhe-
ological changes occur within muscles in the form of 
loss of proteins and sarcomeres and accumulation of 
connective tissue and fibroblasts (77). Unless treated, 
tendon and soft tissue contracture and limb deformity 
are established. Altered sensory inputs such as pain, 
recurrent infection, and poor posture maintain a fur-
ther stimulus to lead to yet further shortening, and 
this cycle is difficult to break (8). 

Spasticity appears later on, as plastic rearrange-
ment occurs within the brain, spinal cord, and muscles. 
This attempt at restoration of function through new 
neuronal circuitry creates movement patterns based 
on existing damaged pathways. Neuronal sprout-
ing occurs at many levels with interneuronal endings 
moving into unconnected circuits from decreased su-
praspinal command through the vestibular, rubrospi-
nal, and reticulospinal tracts (79). The end effect is 
muscle overactivity and exaggerated reflex responses 
to peripheral stimulation (80). This process occurs at 
anytime but is usually seen between 1 and 6 weeks af-
ter the insult. Muscle overactivity declines over time, 
and the following are suggested as possible causes:

• Structural and functional changes due to plas-
tic rearrangement

• Axonal sprouting
• Increased receptor density.

In reality, biomechanical stiffness takes over and 
tends to diminish exaggerated a-motor neuronal activity.

Spinal Reflexes 

The hyperactive spinal reflexes seen in the positive 
phenomena of the UMN syndrome can be explained 
in 3 ways.

1. There is disinhibition of the existing normal 
reflex activity. One type is the proprioceptive 
phasic stretch reflex, known as deep tendon 
reflexes. This reflex activity becomes disinhib-
ited causing clonus, which is an abnormally 
exaggerated phasic stretch reflex after a UMN 
lesion. Another form of a normally existing 
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reflex that becomes disinhibited is the flexor 
withdrawal reflex. This nociceptive reflex oc-
curs in response to sudden pain, for example, 
standing on a sharp object, which produces a 
swift ankle dorsiflexion, hip flexion, and knee 
flexion to withdraw the limb from the stimu-
lus. An exaggerated flexor withdrawal reflex, 
as happens in the UMN syndrome, leads to 
flexor spasms.

2. There is release of primitive reflexes, which 
are normally present at birth and later disap-
pear with development, such as the Babinski 
sign and the positive support reaction.

3. An active tonic stretch reflex appears to en-
hance spasticity. This does not normally exist 
at rest because reflex activity is not detectable 
in response to muscle stretch at the rates used 
clinically to test for muscle tone. So in this 
context, spasticity may not be considered the 
result of disinhibition of a normally existing 
reflex but rather due to a new reflex activity.

Hypertonia

Among its various definitions, spasticity has been de-
scribed as hypertonia with one or both of the follow-
ing features present:

1. resistance to externally imposed movement 
that increases with increasing the speed of 
stretch and varies with direction of the joint 
movement

2. resistance to externally imposed movement 
that increases above a threshold speed or 
joint angle (6, 81). 

It is important to remember that spasticity is a hy-
perexcitable tonic stretch reflex and that it is medi-
ated by afferents predominantly in the muscle spindle. 
The latter gets excited by passive muscle stretch and 
sends sensory input to the spinal cord through mono-, 
oligo-, and polysynaptic reflexes, which in turn send 
efferent impulse to the muscle to cause it to contract. 
In spastic patients, the excitability of the reflex is in-
creased centrally within the spinal cord. This is con-
trary to what was thought initially, that the greater 
reflex output was due to the muscle spindles becom-
ing more sensitive to muscle stretch, feeding back a 
larger impulse to the spinal cord and causing a greater 
muscle contraction. 

Hence, spasticity should be considered a spi-
nal phenomenon and not a peripheral one (82). The 
excitability of the tonic stretch reflex depends upon 
the length of the muscle at which it is stretched. 

The shorter the muscle, the greater the tonic stretch  
response, and so spasticity is length-dependent. Clas-
sically, spasticity is considered as a dynamic phenom-
enon; a stretched muscle should stop contracting if the 
movement is stopped and the muscle is held stretched. 
It has been demonstrated, however, that if the stretch 
is maintained, the stretch reflex activity continues, 
thereby maintaining muscle contraction for some 
time. On this basis, there may also be a static compo-
nent to spasticity.

The increased resistance to imposed passive 
movements is velocity-dependent. Muscle activity in-
creases with the speed of linear stretch. If the muscle 
is stretched at low speed, tone may feel relatively nor-
mal, but if the stretch is done at high speed, there will 
be clear resistance. However, this is not exclusive to 
spasticity (5, 80), and the velocity-dependent change 
in stiffness is a characteristic response of the viscoelas-
tic properties of soft tissues (muscles, tendons, liga-
ments, etc) (83–85). It is also argued that spasticity 
may not be a pure motor disorder, as other afferents 
(eg, cutaneous and proprioceptive pathways) have 
been shown to be implicated in stretch reflex activity 
(75) and that there is insufficient evidence to support 
the theory that the abnormal muscle activity observed 
in spasticity results exclusively from hyperexcitability 
of the stretch reflex. The SPASM group concluded that 
Lance’s definition was too restrictive and proposed an 
updated definition based on the available evidence (6). 
It could be redefined as a “disordered sensori-motor 
control, resulting from an upper motor neurone le-
sion, presenting as intermittent or sustained involun-
tary activation of muscles.” Under this definition, the 
term spasticity can be used collectively to describe the 
whole range of signs and symptoms that constitute  
the positive features of the UMN syndrome, but it 
narrows the term sufficiently to exclude the negative 
features and the pure biomechanical changes in the 
soft tissue and joints.

Pandyan et al. (80) suggested that this new defi-
nition does not express a causal relationship between 
spasticity and other impairments (eg, contractures), 
activity limitations, participation restrictions, and 
pain and that if links do exist, then they should be 
independently demonstrated. A number of different 
UMN syndromes may thus present, of which spastic-
ity is but one of a number of features.

Clasp-Knife Response

The clasp-knife is an initial resistance to stretch, 
which then suddenly gives way. It is another manifes-
tation of the tonic stretch reflex underlying spasticity, 
modified by flexor reflex afferents (78). Because the 
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tonic stretch reflex is greater when the muscle is short, 
stretch will eventually lead to a point at which the 
resistance to stretch is inhibited. This is important to 
consider when looking at interventions such as casting 
and chemical denervation (8). 

This is exemplified by the stretch applied to a 
muscle when a limb is flexed. There comes a point 
where the resistance to stretch disappears and where 
the combination of length dependence and velocity 
dependence leads to a point where the muscle length 
is so long and the stretch so slow that the excitability 
of the tonic stretch reflex is subthreshold, causing the 
resistance to disappear (86).  

Associated Reactions and Mass Reflex

Associated reactions are sudden responses due to the 
abnormal spread of motor activity. They have been 
likened to a form of spastic dystonia (85) and are 
exemplified by the abducted arm on walking, yawn-
ing, coughing, and so on. The patient with stroke 
may demonstrate increasing synergy patterns with 
increasing effort. These patterns are movements 
that occur with other activities that are not neces-
sary. Synergy and associated reactions may be due to 
radiation or overflow of excitation from the cortex 
or the spinal cord during volitional tasks. Associ-
ated reactions may interfere with dynamic balance 
but are not valid indicators of spasticity after stroke 
(83). Successful treatment of associated reactions in 
ambulatory stroke patients with BoNT may result 
in a more symmetrical gait and increased walking  
speed.

Another reflex response associated with spastic-
ity is the mass reflex. Here, the spinal cord suddenly 
becomes active in response to nociceptive stimuli, pro-
ducing excitation of large areas of the cord. Clinically, 
this usually occurs in patients with long-standing  
spastic paraplegia and presents with urinary and fecal 
incontinence, diaphoresis, elevations in blood pres-
sure, and frequently painful muscle spasms.

Flexor Spasms

Flexor spasms are simply disinhibited normal flexor 
withdrawal reflexes. They occur normally in a pain-
ful limb withdrawal, but in the UMN syndrome, they 
are pathophysiologically independent of spasticity, 
deep tendon jerks, and clonus. Possible mechanisms 
are increased excitability in the flexor reflex afferents, 
decreased presynaptic inhibition, increased a-motor 
neuron excitability, altered reciprocal inhibition, and 
decreased recurrent inhibition (76, 87). In complete 
spinal cord transaction, all the supraspinal inhibi-
tory influences are abolished causing intense flexor 
spasms.

Disordered Control of Movement

A phenomenon often confused with synergies and as-
sociated reactions is cocontraction. It is an example 
of disordered control of voluntary movement, which 
is encountered as one of the positive features of the 
UMN syndrome. Cocontraction refers to the simulta-
neous firing of agonist and antagonist muscle groups. 
Sherrington (88), in 1906, described reciprocal inner-
vation as the process that controls agonist and antago-
nist muscle actions. One muscle group (agonists) must 
relax to allow another group (antagonists) to contract. 
This is called reciprocal inhibition. Normally, agonist 
and antagonist muscle groups cocontract to stabilize a 
joint during a strenuous activity. The UMN syndrome 
interferes with normal movement and function with 
reciprocal innervation occurring at both cortical and 
spinal levels to allow for appropriate cocontraction. It 
may present as either of the following:

1. reduced leading to impaired cocontraction—
for example, in attempting to extend the el-
bow, there may be cocontraction of both 
elbow extensors and flexors. Instead of the el-
bow extensors inhibiting the flexors to allow 
the movement, they oppose the movement. 
Thus, elbow flexor activity is a combination 
of a tonic stretch reflex (elbow extension 
stretches the flexors) and simultaneous UMN 
activation of the elbow flexors and extensors 
(11). 

2. excessive inhibition preventing weakened 
muscles from demonstrating their underlying 
strength.

Thixotropy and Muscle Contractures

Not every “tight” muscle is spastic. Thixotropy is the 
property of some gels to turn into liquids under certain 
conditions. There is a small degree of stiffness in the 
normal resting muscle that disappears on voluntary 
movement or passive muscle stretch. Thixotropy is the 
physiological term used to describe this component of 
muscle tone. The stiffness is determined by the length 
of the muscle fiber in the resting state immediately be-
fore the muscle contracts (89) and reduces as the fiber 
length of the contractile unit changes. In healthy indi-
viduals, the contribution of thixotropy to muscle tone 
is negligible, but when spastic muscles are held for a 
prolonged time, secondary biochemical changes occur 
causing an increase in the thixotropic component of 
muscle stiffness and eventually leading to contracture. 
Fixed contractures develop when the muscle fiber is 
maintained in a shortened state by immobilization or 
sustained muscle activity. The latter is the hallmark of 
spasticity and is the main factor predisposing to the 
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development of contractures in patients with UMN 
lesions.

The contractures are usually aggravated by the 
reduced mobility and poor postures, which are often 
seen in these patient (90–92). Both stiffness and con-
tracture cause a reduced range of movement and im-
paired function.
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Spasticity remains among the most vexing problems 
after severe traumatic brain injury (TBI). Because of 
the often diffuse nature of TBI and its association with 
other forms of polytrauma (eg, limb-based injury) and 
hypoxic ischemic injury, patterns of spasticity with TBI 
can be more complicated and certainly more diffuse 
(1). Spasticity can be the source of lost function, pain, 
contracture, frustration, and behavioral disturbance. To 
avoid replications with other sections in this text, this 
chapter will focus on the issues most applicable to those 
with TBI throughout the continuum of care. Because of 
limited data in this population, in some cases, specific 
reference is made to data from parallel populations.

EPIDEMIOLOGY

Although there are varying accounts of incidence of 
spasticity and more research is required in this area, 1 
study found that 25% of TBI patients in an inpatient 
setting develop spasticity (2). A comparable value was 
found in a study in Turkey consisting of 30 TBI pa-
tients, where 23.4% of patients developed spasticity 
as a complication (3). Most of these patients (73%) 
were severely injured, with Glasgow COMA Scale  
(GCS) scores between 3 and 8, and with 63.3% of the 
patients with spasticity having an Ashworth score of 
1, 16.7% with 2, and only 6.7% with 3. Ten percent 

of these patients had contractures, and this may be 
increased in more severe injured brain injury patients. 
The national guidelines for the management of spas-
ticity using botulinum toxin (BoNT) by the Royal Col-
lege of Physicians estimated that 75% of patients with 
severe TBI would develop spasticity requiring treat-
ment, compared to 33.3% of patients with stroke and 
60% of patients with severe multiple sclerosis (4).

A study by Singer et al. showed that spasticity in 
the plantar flexor and invertor muscles was present in 
13.3% of patients with moderate to severe brain injury 
admitted to an inpatient unit in Western Australia (5). 
In a retrospective cohort study of patients with severe 
acquired brain injury, predictors of spasticity at 1 year 
postinjury were low Functional Independence Measure 
score at admission (P < .001), longer length of stay  
(P < .036), and lower age (P = .01) (6). Spasticity was 
more frequent in patients with brainstem injury com-
pared to those with other types of severe brain injury 
in a retrospective clinical study (7). Immobilization, 
motor weakness, hypoxic ischemic injury, spinal cord 
injury (SCI), and age are risk factors associated with 
early spasticity. (8, 9) Exacerbating factors in spastic-
ity include occult injury, infection, Heterotopic Ossi-
fication (HO), and pain (10). One study found that 
severe brain injuries accompanying SCI, hypoxic isch-
emic injury, and autonomic dysfunction are associated 
with earlier and more severe spasticity (11).

Spasticity in Traumatic 
Brain Injury
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PATHOPHYSIOLOGY AND UNIQUE  
ASPECTS OF TBI

Spasticity has been defined by Lance as a motor disor-
der characterized by a velocity-dependent increase in 
the tonic stretch reflexes (muscle tone) with exagger-
ated tendon jerks, resulting from hyperexcitability of 
the stretch reflex as 1 component of the upper motor 
syndrome (12, 13). In addition to inhibitory influences 
arising from the brain, there are also nonreciprocal Ib 
inhibition (from Golgi tendon organ receptors in ten-
dons), presynaptic inhibition of the Ia terminal (at the 
axoaxonic synapse between 2 axons), reciprocal Ia 
inhibition (inhibition of antagonistic muscles), and re-
current Renshaw inhibition (inhibitory feedback of the 
alpha motor neuron cell body by the inhibitory inter-
neuron) (14). In brain injury, multiple excitatory and 
inhibitory influences on the stretch reflex are affected, 
leading to imbalance that presents as spasticity.

Decorticate posturing may be seen in association 
with spasticity, presenting with arms in flexion and 
legs in extension. Flexion in the arms is the result of 
disinhibition of the red nucleus, leading to the facilita-
tion of the rubrospinal tract. This tract facilitates mo-
tor neurons in the cervical spinal cord that innervate 
flexor muscles in the upper extremities. The rubrospi-
nal tract originates in the ipsilateral motor cortex and 
projects to the red nucleus in the midbrain, where the 
fibers decussate in the midbrain and descend in the 
lateral brainstem and spinal cord, intermixed with  
the lateral corticospinal tract. Brain lesions often oc-
cur in conjunction with the corticospinal tract in the 
internal capsule and cerebral peduncle, resulting in 
contralateral spastic hemiplegia. 

The rubrospinal tract and the medullary reticu-
lospinal tract favor flexion and overpower the medial 
and lateral vestibulospinal and pontine reticulospinal 
tracts, which favor extension. The lateral vestibulo-
spinal tract originates in the lateral vestibular nucleus 
and connects to ipsilateral lower motor neurons in-
volved in extensor movements, especially proximal. 
Inhibitory connections from the red nucleus and cer-
ebellum hold this powerful extensor movement in 
check, preventing extensor hypertonia. The medial 
vestibulospinal tract originates from the medial ves-
tibular nucleus to inhibit lower motor neurons involv-
ing neck and axial muscles. 

The reticulospinal has pontine and medullary 
origins. The pontine tract originates in the medial 
pontine reticular formation and descends ipsilaterally 
and medially in the spinal cord and terminates directly 
and indirectly on lower motor neurons. It works in 
conjunction with the lateral vestibulospinal tract with 
extensor influence. It is not influenced strongly by ce-

rebral inputs, but from trigeminal and somatosensory 
inputs. The medullary reticulospinal tract originates 
in the medial medullary Reticular Formation (RF) and 
ends bilaterally and directly and indirectly on lower 
motor neurons at all levels. It has flexor influence 
along with the corticospinal and reticulospinal tracts 
and receives input from cortex, especially motor and 
premotor/supplemental motor cortices. They regulate 
basic tone and posture and are not organized somato-
topically. In the lower extremities, extension is the re-
sult of the disruption of the lateral corticospinal tract, 
which facilitates motor neurons in the lower spinal 
cord supplying flexor muscles of the lower extremi-
ties. Because the corticospinal tract is interrupted, 
the pontine reticulospinal and the medial and lateral 
vestibulospinal-biased extension tracts overwhelm the 
medullary reticulospinal tract.

The effect on these 2 tracts (corticospinal and 
rubrospinal) by lesions above the red nucleus is what 
leads to the characteristic flexion posturing of the up-
per extremities and extensor posturing of the lower 
extremities. Decorticate posturing indicates that there 
may be damage to areas including the cerebral hemi-
spheres, the internal capsule, and the thalamus. It may 
also indicate damage to the midbrain. Lesions above 
the red nucleus lead to decorticate posturing, whereas 
lesions at or below the level of the red nucleus, in the 
midbrain or cerebellum, lead to decerebrate posturing. 
Decerebrate posturing presents with arms and legs in 
extension, and the head may arch back as well. Such 
postures are typically seen in those with severe brain 
stem disruption and associated hypoxic injury.

CONFOUNDING CAUSES AND  
ASSESSMENT 

As one evaluates those patients with TBI, it is impor-
tant to note that in both acute and postacute settings, 
spasticity can be influenced by superimposed intracra-
nial, metabolic, and infectious problems. In this chap-
ter, we will not discuss patterns of spasticity because 
these patterns and treatment paradigms are discussed 
elsewhere in this text.

ACUTE MANAGEMENT OF POST-TBI  
SPASTICITY

It is important to initiate management and treatment 
of spasticity in the acute care setting to prevent and 
manage the secondary effects of spasticity, especially 
loss of range of motion (ROM), before they become 
severe. Although the patient is in a bed-bound, uncon-
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scious state, it requires particular attention and vigi-
lance to these issues that may otherwise only be noted 
later when the patient improves from a low-level state. 
Early occurring spasticity, which is associated with 
SCI, hypoxic ischemic injury, and autonomic dysfunc-
tion, also tends to be more severe. Hinderer et al. (15) 
has proposed that patients be evaluated in the follow-
ing areas: clinical history, stretch examination, passive 
motion examination, active motion examination, and 
functional examination. Clinical history should note 
risk factors, such as immobilization, motor dysfunc-
tion, hypoxic ischemic injury, SCI, and age, as well as 
prior functional history and any previous neurological 
dysfunction. Zafonte et al. (16) also suggest using an 
objective measurement of tone such as the Ashworth 
Scale and to assess at multiple times of the day as the 
tone may be affected by medications, procedures, and 
other stimuli. One must evaluate for any compound-
ing factors, such as occult injury, hydrocephalus or 
central nervous system lesion, infection, heterotopic 
ossification, and pain. Attention should be given to 
several medications in the acute care setting that may 
affect tone. Neuroparalytic agents can eliminate tone, 
opioids and benzodiazepines can decrease tone, and 
propofol, a short-acting sedative, may also decrease 
tone. 

Physical modalities can be the first line of treat-
ment, without the risk of systemic side effects seen in 
other treatments. Passive stretching with flexion and 
extension of the elbow has been shown to be effec-
tive in reducing tone in patients with brain injury (17). 
Stretching may be performed 1 to 2 times a day. Family  
members can also be involved in this care. Cryo-
therapy also helps reduce spasticity and provide anal-
gesia (5). Treatment should not exceed 20 minutes so 
as to avoid potential injury to sensitive, possibly in-
sensate skin in patients with decreased consciousness. 
Cryotherapy efficacy, however, is limited to about half 
an hour.

Splinting and serial casting may also be used in 
the acute care setting. Singer et al. (18) found that in 
patients with brain injury with spastic equinovarus 
deformity, serial casting for 5 weeks significantly in-
creased muscle extensibility of the triceps surae in  
9 patients and decreased passive torque in 8 patients. 
There was a median improvement in ankle dorsiflex-
ion of 30° with knees flexed and 15° with knees ex-
tended (18). Mortenson and Eng (19) wrote a review 
on 13 studies on the use of casts in patients with brain 
injury. Of these, 2 studies were rated level II.

Moseley (9) conducted a randomized crossover 
in 1997 on 9 patients with acute brain injury. Cast-
ing plus stretching was compared to stretching alone. 
Torque-controlled passive range of motion (PROM) 

was significantly increased by a mean difference of 
15.4° (P < .5) in the casted group. In a double ran-
domized crossover by Hill in 1994 on 15 patients 
after acute TBI, serial casting applied to the elbow 
or wrist 4 to 6 times over 1 month was compared to 
traditional therapy alone. (20) Outcome measures in-
cluded (1) PROM using goniometer, (2) 3-point func-
tional scale, and (3) spasticity as determined by (a) the 
angle when stretch reflex was elicited and (b) timed 
rapid alternating movements. There was a significant 
increase in PROM in the casting group (P = .014), im-
proved spasticity only in the group casted first, and no 
effect on function. In the process, staff must be alert 
to avoid pressure sores.

A case comparison study by Pohl has shown 
that duration of 1 to 4 days is as effective as 5 to 7 
days (21). This was a retrospective study of 2 historic 
groups (1997–1998 for 5–7 days and 1999–2001 for 
1–4 days) of 105 patients with serial casting of elbows, 
wrists, knees, and ankles, which showed improvement 
in PROM in both groups (P < .001) with no signifi-
cant difference between groups (P = .71) and less com-
plications in the shorter-duration group. Casting may 
also reduce spasticity in areas beyond the specific area 
being treated. Barnard et al. (22) showed a reduction 
in tone throughout the patient after 10 days of casting 
the ankles of a comatose patient 10 days postinjury.  
In the acute setting, clinicians should be cautious re-
garding increases in Intra Cranial Pressure (ICP) due 
to casting, however, in patients who are at risk.

Mills (23) showed significant increases in ROM 
of extension in the elbows, wrists, and ankles of pa-
tients with brain injury with flexion posturing with 
splinting. The results did not show any increased elec-
tromyography (EMG) activity during splinting for  
2 hours, which the authors interpreted as accommoda-
tion of the muscles without any increase in tone with 
splinting. Lai et al. (24) studied the efficacy of dynamic 
splinting on stroke patients with elbow flexion spas-
ticity. Thirty patients were randomized to control or 
experimental groups. Both groups received uniform 
doses of botox-A to biceps (150 U), brachialis (75 U), 
and brachioradialis (75 U) muscles and occupational, 
manual therapy weekly for 16 weeks. Protocol for 
therapy included moist heat, patient education, joint 
mobilization, passive and active ROM, proprioneural 
facilitation to retrain sensorimotor deficits, and thera-
peutic exercise. The experimental group received this 
treatment as well as dynamic splinting with the elbow 
extension Dynasplint, worn 6 to 8 hours at night, and 
increasing tension every 2 weeks, as tolerated by the 
patients. The percentage of change in active ROM in 
elbow extension after 14 weeks was greater for the 
experimental than for the control subjects (33.5% 
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vs 18.7%). The Modified Ashworth Scale (exten-
sion) scores showed comparable changes of a mean 
9.3% improvement for experimental versus 8.6% for 
the control subjects. A randomized controlled study 
by Lannin et al. (25) showed that static palmar hand 
splints in the resting functional position worn for up 
to 12 hours overnight in patients with TBI within  
6 months from injury who had no active wrist ex-
tension did not show any significant improvement in 
wrist and finger flexor muscle length, hand function, or 
pain compared to patients who received motor train-
ing and stretching alone (25). Spasticity itself was not 
used as an outcome measure. Custom dynamic splints 
are better tolerated than noncustomized.

Electrical stimulation applied to muscles, mo-
tor nerves, and sensory dermatomes has also shown 
to produce reduction of tone in patients with brain 
injury. This may be due to fatiguing or inhibition of 
spastic muscles and activation of antagonist muscles. 
It generally lasts a few hours but has been shown to 
last up to 24 hours by Seib et al (26). They showed a 
significant decrease in ankle tone in 9 of 10 patients 
with TBI and SCI after electrical stimulation to the 
tibialis anterior muscle and no significant change after 
a sham procedure. 

POSTACUTE AND PHARMACOLOGIC  
MANAGEMENT

Tizanidine

Tizanidine has also been used effectively in the treat-
ment of spasticity. Its mechanism of action is a cen-
tral alpha-2-adrenoreceptor agonist, and its side effect 
profile is considerably better than some of the other 
drugs that are typically used for spasticity, such as ba-
clofen and diazepam. Although its structure (and pos-
sibly its mechanism of action) is similar to clonidine, 
tizanidine, when tested on animals, has a far smaller 
incidence of bradycardia or hypotension than cloni-
dine. It works at both the spinal level and the supra-
spinal level. Despite the facts stated above, the precise 
mechanism of action of tizanidine has not yet been 
fully elucidated. It has both alpha-2 adrenergic and 
imidazoline-binding properties, and whereas the ma-
jority of its impact is believed to be due to the former, 
the latter may also have a significant role. 

Tizanidine mainly acts at the presynaptic level, 
decreasing the release of neurotransmitters aspartate 
and glutamate from interneurons in the spinal cord. 
However, the drug also exerts an impact on neu-
rotransmitter receptors in the postsynapse. Postsyn-
aptically, the impact is again exerted on excitatory 

amino acid neurotransmitters. In addition to these ef-
fects on excitatory neurotransmitters, tizanidine may 
also potentiate the activity of the inhibitory amino 
acid neurotransmitter glycine, which, in turn, inhibits 
pathways traveling from the coeruleus to the spine. 
Unlike other drugs in this chapter, tizanidine does not 
have any GABA-ergic or GABA-inhibitory properties, 
nor does it affect opioid or dopamine systems.

Tizanidine is metabolized in the liver by cyto-
chrome P450 1A2. Therefore, the clinician must be 
aware of whether he or she is coadministering known 
inhibitors of this enzyme, such as rofecoxib. Notably, 
baclofen and acetaminophen can be coadministered 
without any adverse effects, at least according to the 
current state of the literature.

The major adverse effects of tizanidine were sum-
marized by a review article: “dry mouth, somnolence, 
asthenia, and dizziness,” along with transient and 
reversible elevation in liver function tests. Although 
rare, visual hallucinations have been noted. A recent 
study by Gelber showed that somnolence was the 
most frequently noted side effect (62%), followed by 
dizziness (32%) and asthenia (30%). A notable find-
ing of the study, however, is that only 21% of patients 
tolerated their dose of the medicine being increased to 
the maximum level of 36 mg (27).

Tizanidine has been used for spasticity that is 
caused by a number of different diseases, including 
(i) SCI, (ii) multiple sclerosis, (iii) stroke, and (iv) TBI. 
Its effectiveness with regard to all of these diseases 
has been studied. In spinal cord patients, a double-
blind, placebo-controlled, parallel, randomized, mul-
ticenter trial was conducted on 118 patients (28). 
The Ashworth Scale and the pendulum test were used 
as a metric for spasticity (29, 30). Both measures of 
spasticity declined in a statistically significant way in 
the tizanidine-treated group. In addition, when asked 
about the frequency of their daytime spasms, the pa-
tients treated with tizanidine gave a number that was 
one half as large as their previous baseline level. Fi-
nally, with respect to adverse effects, the tizanidine-
treated group did not experience any adverse changes 
to vital signs or muscle strength (nor did the placebo 
group).

Multiple studies have been conducted investigat-
ing the efficacy of tizanidine for use in multiple sclero-
sis. Nance et al. (31) in 1997 showed in a multicenter, 
placebo-controlled study involving 142 patients that 
tizanidine reduced spasticity in a dose-dependent man-
ner. Adverse effects, such as hypotension, were also  
dose-dependent.

A multicenter, placebo-controlled, randomized 
study undertaken by the US Tizanidine Study Group 
yielded more ambiguous results. Based on Ashworth 
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score comparisons, there was no difference between 
the drug and the placebo groups. Why did this oc-
cur? There was an anomalous decrease of –2.84 on 
the Ashworth Scale of the placebo group toward the 
end of the study; this effect is believed to have caused 
the lack of difference between the 2 groups. However, 
when the investigators reanalyzed the data to look at 
the change in Ashworth score 3 hours after admin-
istration of the drug, they found that a significantly 
larger decrease in the Ashworth Scale occurred during 
that 3-hour period (but not after). This rather atypical 
pattern of data means that this study, although valu-
able, is of uncertain significance.

Another similar study was done by the United 
Kingdom Tizanidine Trial Group. The sample size 
was 187 patients. The duration of the study was 12 
weeks, with 9 of those weeks consisting of optimal 
dosing. As measured by the Ashworth score, the pa-
tients taking tizanidine had a notably greater decrease 
in spasticity than the placebo group. The patient- 
reported impression of effectiveness was also greater 
for tizanidine. Unlike other studies, the frequency of 
patient-reported spasms was not affected by the choice 
of drug versus placebo (32).

A study of patients with either TBI or stroke and 
refractory spastic hypertonia was treated with tizani-
dine or placebo in a double-blind, placebo-controlled, 
crossover, randomized study. Spasticity was prefer-
entially reduced by tizanidine, as measured by both 
Ashworth score and motor tone. Spasm was reduced, 
but only in the lower extremities. Unlike other studies 
of tizanidine, muscle strength also increased, however, 
only by a small amount (33). Other studies have also 
yield similar results (34). 

Baclofen

The mechanism of action of baclofen consists of GABA-
ergic activity at both presynaptic and postsynaptic re-
ceptors. This effect influences both monosynaptic and 
polysynaptic reflex responses. The exact neurophysi-
ological mechanism by which the GABA-ergic activity 
occurs is not known. The pharmacological structure 
of baclofen is similar to that of GABA, and thus bac-
lofen may directly potentiate the GABA receptor. The 
overall effect of baclofen is to increase the amount of 
presynaptic inhibition while simultaneously decreas-
ing the amount of excitatory neurotransmitters that 
are emitted. In addition to its GABA-related effects, it 
has been postulated that baclofen has antidopaminer-
gic effects centered around the mesolimbic and nigros-
triatal pathways (or possibly via antagonist effects on 
substance P) (35). Baclofen is given intrathecally and 
enterically, as will be discussed below.

Enteral Baclofen

The literature regarding enteral baclofen is limited. (A 
PubMed study using the search term enteral baclofen 
yields only 4 citations. In comparison, a search for 
intrathecal baclofen yielded more than 800 results.)  
Although baclofen is frequently given to patients as a 
treatment for spasticity secondary to spinal disease, there 
have been very few studies demonstrating its efficacy in 
this regard for either enteric or intrathecal mode of ad-
ministration. A recent review (2000) pointed out that 
one study (the only article on this topic mentioned in 
the review) involving enteric baclofen for spine-caused 
spasticity was comprised of only 6 patients (36).

An important distinction in the treatment of 
spasticity with enteral baclofen (and, indeed, with all 
pharmacological agents) is that between symptom-
atic amelioration of spasticity versus improvement of 
functional outcomes (eg, ability to ambulate, ability 
to perform activities of daily living). As discussed be-
low, baclofen has shown more efficacy in the former 
than in the latter. 

A significant, and one of the earliest, investiga-
tions concerning enteral baclofen was performed in 
1974 by Basmaijan and Yucel (37).

The inclusion criteria for this study was (i) having 
spasticity for at least 90 days before onset of study, (ii) 
absence of diseases that might negatively affect joint 
function (peripheral vascular disease, arthritis, etc), 
and (iii) absence of serious renal, liver, gastrointestinal, 
or hemorrhagic disease. The structure of the study was 
a double-blind, randomized, crossover study of 5-week 
duration (with a 1-week “washout” period).

Two principal measurements of spasticity were 
“patellar reflex force” and quadricep “myoelectrical 
activity.” Spasticity was assessed clinically involving 
a combination of objective tests, subjective patient in-
terviews, and functional assessment.

The study, overall, concluded the following: “Ba-
34647 was shown . . . to successfully control spastic-
ity in patients with SCI, but it was less impressive with 
MS patients.” (38)

Although there is a fair amount of evidence that 
baclofen improves spasticity, there is far less evidence 
that baclofen improves functional outcomes. Accord-
ing to one review article, a study has noted that mus-
cle strength is actually reduced in patients who are on 
baclofen treatment (39). One potential reason for this 
has been discussed in a paper by Nielsen et al. The 
authors argue that the peripheral effects of baclofen 
operate at cross purposes to its central effects. In ad-
dition, there may be an underlying muscle weakness 
that is concealed by spasticity and that then becomes 
significant when the spasticity is treated (36).
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Another study assessed the “effect of baclofen 
on gait in spastic MS patients.” This double-blind, 
placebo-controlled, crossover study was performed 
on 14 patients with spastic multiple sclerosis; the 
patients had a median Ashworth composite score of 
0.8. The authors measured several outcomes, but the 
most relevant for our purposes are (i) spasticity and 
(ii) improvements in gait that may or may not have 
been caused by a decrease in spasticity. A computer- 
associated treadmill device was used to evaluate gait, 
and a “computer-assisted force plate” was used to 
evaluate postural stability. 

The authors found that baclofen did not exert 
any significant ameliorative effect on gait and pos-
tural stability in patients with multiple sclerosis. They 
concluded that there are only valid reasons to use bac-
lofen for “painful spasms, flexor spasms, frequently 
occurring mass reflexes, and co-contractions.” (40)

Another double-blind, placebo-controlled, cross-
over study performed in children with cerebral palsy 
showed that baclofen reduced spasticity. (This study 
was only available in abstract form.) Thus, both adult 
and pediatric populations can be treated for spasticity 
with baclofen (41).

Intrathecal Baclofen

A study conducted in 1989 by Penn et al. (42) tested 
the efficacy of intrathecal baclofen on patients with 
spasticity from SCI (along with others with multiple 
sclerosis). This was a double-blind, randomized, cross-
over study. All of the patients suffered from spasticity 
that could not be appropriately treated with an oral 
antispastic pharmaceutical agent. The outcomes were 
measured by 2 separate metrics. First, the Ashworth 
score declined by 2.8 points on average, specifically 
from a level of 4 to 1.2. Second, a spasm index was 

used, and this also reduced by an average of 2.9 points. 
The patients were then subsequently observed for 19 
months on average, and the outcome persisted during 
this time (42).

A follow-up to the Penn study was conducted 
by Kravitz. Six of the patients who participated in 
the Penn trial participated in this study. These pa-
tients were given electromyograms, and the results 
from those were analyzed. Four patients had altered 
EMGs; specifically, their “phasic EMG activity” had 
decreased since they started taking baclofen (43).

A study by Hugenholz, involving 6 patients, was 
conducted in a double-blind, placebo, randomized, 
cross-over fashion to investigate intrathecal baclofen. 
This involved patients with spasticity due to multiple 
sclerosis or SCI. The study was an open-observation, 
double-blind, crossover, randomized study. The main 
outcome measurements were self-reported symptoms 
and physical examination. All of the patients reported 
a decreased amount of muscle tone and spasms in 
their lower limbs. Most patients described a greater 
capacity to perform activities of daily living (ADL) 
and lower limb PROM. The upper limb joints did not 
display an increased PROM. Of 6 patients, 5 under-
went a reduction in their disability index. The 2 prin-
cipal side effects reported were (i) drowsiness and (ii) 
lumbar catheter repositioning (44).

A study by Burke utilized a different structure. 
It involved patients treated with diazepam who were 
now treated with baclofen. The major metrics were 
the following: decrease in spasticity (5/6 patients), 
reduction in frequency of spasms (3/6), reduction in 
the length of time for ankle clonus (2/6), and finally, 
stretch reflex. All 6 patients displayed a decrease in 

FIGURE 24.1

Electrotherapy (with antagonist stimulation) and casting 
for a spastic upper extremity.

FIGURE 24.2

Resultant improvement in range of motion at the elbow 
from electrotherapy and casting.
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stretch reflex at a velocity of 200°/s. Tendon reflexes 
were unchanged (45).

In summary, then, baclofen may be said to be a 
drug with strengths and clear limitations. It can treat 
spasticity; however, it is primarily effective on spastic-
ity of spinal origin. There is not much evidence for its 
effectiveness in spasticity of cerebral origin. Second, 
although it can ameliorate the symptom of spasticity, it  

has much less of an improved impact on ambulation, 
muscle strength, ability to perform activities of daily  
living, and functional outcomes (Table 24.1) (39, 46).

Gabapentin

Gruenthal et al. performed a double-blind, random-
ized, placebo-controlled crossover trial (N = 25), and 

FIGURE 24.3

Severe bridging HO (Heterotopic Os-
sification) at the elbows. Arrows note 
bridging HO.
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the patients all had SCI. The 2 metrics used were the 
Ashworth Scale and the Likert scale. The Ashworth 
Scale was found to have been decreased by 11%, and 
the Likert scale was decreased by 20%. One potential 
flaw in this study is that some of the necessary biosta-
tistical data, such as 95% confidence intervals, were 
not described in the study (47). 

Valium

Another study was conducted comparing Valium and 
Amytal to a placebo. Unlike other studies, in this ran-
domized, double-blind study, the metric used was an 
independent clinical observation. The study was con-
ducted on 22 patients with SCI. (This is due to the 
fact that this study was conducted prior to the devel-
opment of the Ashworth Scale.) The doctors (and 1 

patient) who observed the patients in the study rated 
them on a scale of 1 to 4. The patients with Valium 
showed an improvement of c2 = 7.091. (Figure 24.1) 
(48).

(See below for additional studies involving a 
comparison between Valium and dantrolene.) 

Dantrolene

Dantrolene mechanism of action differs from most of 
the other drugs in this chapter. It acts directly on the 
sarcoplasmic reticuli of the skeletal muscle, inhibiting 
the efflux of calcium therefrom. An important adverse 
effect of dantrolene is hepatotoxicity; therefore, it 
has been recommended that patients taking this drug 
should undergo monitoring of liver enzymes (49). 

A study comparing the efficacy of dantrolene and 
diazepam was performed by Schmidt in 1976 (50). All 
of the patients had spasticity due to multiple sclerosis, 
and a total of 46 patients participated in the study. 
This was a single-center, double-blind, controlled 
study. The metric used was a neurologist’s evaluation 
of the patient’s spasticity, clonus, and reflexes, as mea-
sured in a 6-point scale (not the Ashworth Scale). The 
study also evaluated the patient’s functional status us-
ing methodology and parameters that are delineated 
in the ACTH Cooperative Study (51, 52).

The results of this study showed that both dan-
trolene and diazepam reduced spasticity in a dose- 
dependent manner; moreover, the magnitude of reduc-
tion was approximately equal between the 2 drugs. 
With respect to adverse effects, the principal ones 
seen were drowsiness, weakness, and feelings of light-
headedness. Weakness predominated in Dantrium, 
and drowsiness, unsurprisingly, was more often seen 
in diazepam. Another study was conducted by Glass 
and Hannah (53) in 1974. The study involved patients 
with spasticity and did not find any notable distinction 
between the efficacy of dantrolene or diazepam (n = 
16) for this study. 

A third study involved 22 pediatric patients 
with spasticity due to cerebral palsy (54). (This 
study was only reviewed in abstract form.) In this 
study, as well, there was not a large disparity found 
between the effectiveness of dantrolene versus diaze-
pam. The authors reported that 7 patients saw more 
of a benefit with diazepam, 9 patients saw more of 
a benefit from Dantrium, and 4 patients appeared 
to experience an equal benefit. However, 8 patients 
seemed to undergo the greatest benefit from a com-
bination of the 2 drugs. The authors concluded that 
“the combination of peripherally and centrally act-
ing agents is more beneficial than either medication  
alone.” (54)

FIGURE 24.4

Severe HO at the hips with resultant no range of motion.
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INJECTION GUIDED THERAPY

Phenol

One possible method of treating spasticity secondary 
to TBI is the use of phenol injections. There are not 
many recent studies of this therapeutic method be-
cause it has largely been supplanted (as is discussed 
elsewhere in this text) by more effective methodolo-
gies, such as BoNT injections and tizanidine. A 1990 
prospective study of 17 patients focused on adult 
patients who had spasticity secondary to TBI. (Avail-
able to the author in abstract form only.) The patients 
were subjected to percutaneous phenol injections and 
evaluated for mean resting position, elbow ROM, and 
adverse effects. The authors reported that “93% of 
extremities improved after the initial injection,” with 
no adverse effects noted (Figures 24.2 and 24.3) (55).

In general, a significant adverse effect of phe-
nol is dysesthesia. Other side effects include fibrosis  
of the soft tissues. The procedural exigencies of inject-
ing phenol are significant as well, which means that 
the effectiveness of phenol injections is contingent on 
operator skill. A review article by Elovic et al lists the 
advantages and disadvantages of phenol and alcohol 
as follows. The advantages are the following: “less 
costly than BoNT; rapid onset of action; facilitation 
of serial casting; potency; its effect on sensory fibers 
can further decrease spasticity reflex arc; potency for 
large muscle groups (hip adductors); less injection 
sites; more spastic regions can be treated at one time 
than BoNT; less storage requirements; can reinject or 
booster in less than 3 months.” The disadvantages are 
the following: “ risk of dysesthesias; muscle fibrosis; 
need for patient sedation; scarring; risk of granuloma 
formation; reduce contraction during voluntary move-
ment; edema can develop after infection; greater pa-
tient discomfort during procedure; procedure requires 
more time to perform; procedure requires more skill to 
perform than toxin[.]” (Figure 24.4, Table 24.2) (56).

Botulinum Toxin

The treatment of focal spastic hypertonia has been 
greatly advanced by the introduction of BoNT as a 
therapeutic modality. Several studies have demonstrated 
the effectiveness of BoNT in this regard. Many of these 
investigations are discussed below (Figure 24.5) (57).

Guettard et al. (58) studied the effect of BoNT 
injections on pediatric patients with spasticity or dys-
tonia secondary to TBI. Assessments were done with 
Zancolli scale, Ashworth Scale, and clinical interviews 
of patients and their families. The basic finding was 
that spasticity was “dramatically reduced,” as mea-
sured by the Ashworth Scale. In the patients’ upper 

limbs, the Zancolli scale changed from class III to class 
I. The most common negative effect in the lower limbs 
was equinus. In summary, the authors conclude that  
“. . . these results suggest that a combination of BTX-A 
and rehabilitation to treat spasticity and dystonia . . .  
is a good option” (58).

Chang et al. (59) performed a prospective co-
hort investigation conducted in an outpatient clinic. 
Twenty-three patients who have spastic hemiparesis 
were given BoNT-A injections; subsequently, they re-
ceived 1.5 months of therapy. Their response was as-
sessed using Motor Activity Log-28, Motor Activity 
Log items. Secondarily, Motor Activity Log Self Re-
port Action Research Arm Test, and Modified Ash-
worth Scale. The results revealed a higher degree of 
change on Motor Activity Log-28 for the high func-
tioning group; both high and low functioning patients 
showed an amelioration of hand function and a re-
duction in spasticity (59).

Simpson et al. (60) conducted a multicenter, pla-
cebo-controlled, randomized, interventional, double-
blind, parallel group investigation that compared 
BoNT and tizanidine. The target population was pa-
tients with upper limb spasticity secondary to stroke 
or TBI. Sixty patients in total were studied. The met-
rics used were the Ashworth Disability Scale (assessed 
at multiple joints), the Disability Assessment Scale 
(again at multiple joints), and, finally, a measurement 
of side effects/adverse effects. The results were as fol-
lows. Botulinum toxin caused a greater reduction in 
muscle tone in both wrist and finger flexors compared 
to tizanidine and placebo. Second, BoNT had a lower 
number of adverse effects than tizanidine or placebo. 
The most common adverse effect in all 3 was somno-
lence; no liver function test abnormalities were noted 
with BoNT, unlike tizanidine (60).

FIGURE 24.5

Severe spasticity with contracture and poor seating posture.
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Francisco et al. (61) conducted a controlled, ran-
domized, blinded trial. Thirteen patients with spas-
ticity in the wrist flexor or finger flexor, caused by 
acquired brain injury, were given BoNT-A injections 
in either high-volume or low-volume preparation. 
Spasticity was measured by the Modified Ashworth 
Scale. Both high-volume and low-volume injected 
patients experienced an important reduction in spas-
ticity. However, the magnitude of this reduction was  
approximately equal in both groups (61).

Wissel et al. (62) conducted an interventional 
study involving single-dose BoNT-A. (Unfortunately, 
this study was published in German and only the ab-
stract was available to the author of this review.) The 
patient population consisted of 204 adults with acute 
or chronic spasticity secondary to TBI, stroke, and 
SCI. Patients were injected with BoNT-A in approxi-
mately 3 muscles. Results measured using Rating of 
Response to BoNT. The results showed that ~93% of 
patients showed an amelioration of their spasticity; 
none showed a worsening thereof. In addition, func-
tional improvement was noted; 5.9% of patients had 
temporary side effects; none had permanent side or 
adverse effects (62).

Pavesi et al. (63) published an open-labeled in-
vestigation involving the use of BoNT type A on 6 
patients with severe TBI and spasticity. Botulinum 
toxin type A was administered by EMG-guided in-
jection. Its effects were assessed by physiatrists and 
neurologists. The metrics used included the Modified 
Ashworth Scale, goniometry-assessed ROM, clinical 
assessment of posture, voluntary motion, and func-
tional outcomes. 

Beneficial effects were seen, including improve-
ments in Ashworth Scale, improved functional activity  
of the upper limb, and reduced spasticity. The authors 
concluded: “These preliminary data show that BTX-A 
treatment is effective in reducing spasticity in selected 
patients with focal upper limb muscular tone disorders 
secondary to traumatic brain injuries.” (63)

Although further studies need to be performed, it 
is clear that BoNT can be of great benefit in patients 
who are experiencing spasticity and dystonia. The ef-
ficacy of BoNT is greater than phenol, and its side 
effects are less deleterious. However, further research 
needs to be done with respect to the ability of BoNT 
to improve functional outcomes; the evidence here is 
less than clear (57). 

SUMMARY

The physiology of spasticity after acquired brain injury 
is complex and influenced by multiple factors. Studies 
examining treatment paradigms in the acute and post-

acute setting have been limited and have often con-
tained methodologic flaws. Enteral pharmacotherapy 
has limitations based on limited impact and potential 
cognitive side effects. Interventional therapies hold the 
promise of more targeted therapies, yet their impact on 
functional status and performance of activities of daily 
living needs to be further appreciated.
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DEFINITION OF CEREBRAL PALSY

Cerebral palsy (CP) is a clinical syndrome rather than 
a specific disease. Although older definitions focused 
exclusively on the motor disorder, the newest defini-
tion from the Executive Committee for the Definition 
of Cerebral Palsy from the American Academy for Ce-
rebral Palsy and Developmental Medicine broadens 
the focus to include accompanying disorders: 

“Cerebral palsy (CP) describes a group of dis-
orders of the development of movement and posture, 
causing activity limitation, that are attributed to non-
progressive disturbances that occurred in the devel-
oping fetal or infant brain. The motor disorders of 
cerebral palsy are often accompanied by disturbances 
of sensation, cognition, communication, perception, 
and/or behaviour, and/or by a seizure disorder.” (1)

Thus, the label of CP does not imply anything 
specific about etiology, and the child with CP may or 
may not have significant impairments of other systems 
beyond the motor system. This chapter primarily fo-
cuses on the motor aspects of CP and their nonsurgi-
cal treatment.

ETIOLOGY AND EPIDEMIOLOGY

The incidence of CP is approximately 3 in 1000 live 
births, making it the most common cause of physical 

disability in children in developed countries. Prenatal 
disturbances including infection, clotting disorders, 
and inflammation are the most common cause of CP 
and are often the most difficult to diagnose. Perinatal 
asphyxia is no longer considered a leading cause of 
CP, likely accounting for less than 10% of cases (2).

Although the brain injury causing CP is static, 
the consequences for the child often are not due to 
developmental changes. Spastic posturing and muscle 
contracture, for instance, may become more severe as 
the child grows.

CLINICAL PRESENTATIONS OF CP

The movement disorders of CP may be classified based 
on their distribution and the types of movements pres-
ent, as indicated in Table 25.1. The classification may 
be used to help guide therapy decisions, as discussed 
in more detail below.

The motor symptoms of CP can also be grouped 
into 4 categories based on their functional conse-
quences, which makes their therapeutic implications 
clear (3).

1.  Loss of selective motor control, which im-
pairs the development of sequential motor 
skills, due to difficulty in individuation and 
coordination of movements. There are no  

Evaluation, Treatment 
Planning, and 
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of Cerebral Palsy25
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effective treatments to overcome loss of selec-
tive control.

2.  Abnormal muscle tone influenced by abnormal 
posture. Hypertonia interferes with normal 
movement and may lead to pain, contracture, 
and other complications. Medical treatments 
for hypertonia are discussed in detail below. 
Surgery is also an important option.

3.  Imbalance between muscle agonists and an-
tagonists, which decreases motor control and 
may lead to contracture. Selective weakening 
of overactive muscles, and strengthening of 
weak ones, may address this problem.

4.  Impaired balance, which interferes with mo-
bility. Orthotics and mobility devices may be 
used to address impaired balance.

EVALUATION

A comprehensive evaluation of the child . is the cor-
nerstone of treatment planning. Although we con-
fine ourselves here to motor evaluation, it is of para-
mount importance that the child be fully evaluated 
in all realms, including sensory, language, social, 
family, school, and recreational activities. The entire 
treatment team—physicians, allied health therapists, 
nurses, and caregivers, as well as surgeons and other 
professionals as needed—should have input into the 
evaluation process.

Evaluation of muscle tone is typically done using 
the Modified Ashworth Scale (4) (Table 25.2). This 
clinically useful scale grades tone from 0 to 5, as in-
dicated in Table 25.2. Of note, it does not measure 
function. The goal of measuring excess tone is not 

simply to document its presence but also to determine 
if it is interfering with some aspect of function, care, 
comfort, or cosmesis. If it is, treatment may be war-
ranted. If it is not, or if reducing tone would present 
new problems (such as increased difficulty with trans-
fers) that outweigh the benefits, then a specific treat-
ment should not proceed.

Evaluation should also include determining the 
child’s level of function, which is often done using the 
Gross Motor Function Classification System (5), as 
shown in Table 25.3. Other useful scales include the 
Functional Independence Measure (6) and the Barthel 
Index (7). In each case, the goal is to document the 
child’s functional status as it changes over time and 
in response to therapy. When choosing a measure to 
use for longitudinal evaluation, it is critical that it be 
relatively easy to administer, in order that it be used 
routinely during clinical visits.

TREATMENT PLANNING

Once the decision to treat has been made, multiple con-
siderations come into play in determining the choice 

TABLE 25.1 
Clinically Based Classification Systems of CP

Movement disorder
 Spastic
 Dystonic
 Mixed 
 Athetoid
 Ataxic
Topographical distribution
 Unilateral
  Monoplegia
  Hemiplegia
 Bilateral
  Diplegia
  Triplegia
  Quadriplegia

TABLE 25.2 
The Modified Ashworth Scale

 0 = No increase in muscle tone
 1 = Slight increase in tone with a catch and release 

or minimal resistance at end of range
1+ = As 1 but with minimal resistance through range 

following catch
 2 =  More marked increase tone through range of  

motion
 3 = Considerable increase in tone, passive move-

ment difficult
 4 = Affected part rigid

Bohannon RW, Smith MB. Interrater reliability of a Modi-
fied Ashworth Scale of muscle spasticity. Phys� Ther� 1987; 
67(2):206–207.

TABLE 25.3 
Gross Motor Function Classification System

Level I    Walks and runs independently
Level II    Walks independently
Level III Walks with assistance 
Level IV     Stands for transfers
Level V    Absent head control and sitting balance

Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, 
Galuppi B. Development and reliability of a system to classify 
gross motor function in children with cerebral palsy. Dev�Med�
Child�Neurol�1997;39(4):214–223.
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and timing of treatment. The goals in all cases are to 
maximize the functional independence of the child and 
to facilitate efforts by the family to aid in the goal. For 
example, the therapeutic program for the school-aged 
child should be tailored to maximizing the child’s ability 
to participate in school activities—sitting in class, taking 
part in play, carrying out fine motor activities such as 
writing, and especially communicating with others.

Factors to consider in choosing therapy include the 
age of the child; any comorbidities including ophthal-
mologic, cognitive, or seizure disorders; distribution  
of excess tone; existing or potential spasticity-related 
complications (eg, contracture); mobility; and recre-
ational activities that may be incorporated into the 
therapeutic program. In addition, financial and trans-
portation concerns may impact the decision on the 
most appropriate treatments.

Depending on the child, treatment goals may in-
clude the following:

•	 reduce pain
•	 decrease decubiti and contracture formation
•	 promote safe and comfortable seating
•	 promote plantegrade foot under the pelvis  

 for gait and plantegrade hand under the  
 shoulder for weight-bearing

•	 promote motor control development
•	 minimize cost, invasiveness, and required 

maintenance of treatment.

Treatment options include the following:

•	 physical and occupational therapy
•	 orthotics and casting
•	 oral medications
•	 nerve and motor point blocks
•	 botulinum toxin
•	 selective dorsal rhizotomy
•	 intrathecal baclofen
•	 orthopedic interventions.

PHYSICAL TREATMENTS

Stretching is an essential part of any treatment pro-
gram for muscle overactivity in CP. Spasticity leads to 
adoption of fixed postures, setting the stage for muscle 
contracture. Stretching counteracts contracture devel-
opment by maintaining the full range of motion of 
affected muscles. The normal or adapted activities of 
play of an active child can often provide a significant 
portion of the needed range of motion and stretch. 
Special attention must be given to those joints limited 
by muscle overactivity.

Physical therapy (PT) goes far beyond stretching, 
however. Programs include motor retraining, sensory 
integration, and strengthening, and the physical thera-
pist aids in the selection and modification of orthotics 
and mobility aids, such as walkers or wheelchairs. The 
PT program may also include activities such as horse-
back riding, hydrotherapy, and modalities including 
biofeedback and electrical stimulation. Bower et al. (8)  
have shown that intensive therapy (1 hour per day,  
5 days per week) was not more effective in improving 
function than routine amounts of therapy.

An ankle-foot orthosis is often used to treat dy-
namic equinus in CP and has been shown to reduce 
ankle excursion and increase dorsiflexion at foot 
strike, along with other biomechanical benefits (9). 
For preambulatory children whose ability to stand is 
impaired by equinus, an ankle-foot orthosis can also 
aid the sit-to-stand transition (10).

Children with balance difficulties are often aided 
with a walker or crutches. In patients with spastic 
diplegia, posterior balance is usually the major limita-
tion to mobility; a posterior walker or crutches may 
allow the child to ambulate independently.

When stretching is inadequate to regain full range 
of motion in a tight joint, serial casting or prolonged 
splinting may be indicated. The cast is typically applied 
at a fraction of the desired final angle, and then reap-
plied at an increased angle every 4 to 7 days. Once the 
desired joint range of motion is achieved, an orthosis 
may be fabricated to use as a splint to maintain the 
desired angle. Although there is debate as to the opti-
mal technique, serial casting is often used in combina-
tion with botulinum toxin (BoNT) injections, with the 
toxin first weakening the overactive muscle and the 
cast used to apply prolonged stretch. In comparative 
trials, toxin injection alone has been shown to be as 
effective as casting alone (11, 12). The 2 treatments 
together have been shown superior to either alone in 
one trial (13), but other trials have not supported this 
(14, 15). This important issue is reviewed in more de-
tail by Logan and Gaebler-Spira elsewhere (16).

Recently, interest in constraint-induced therapy 
(CIT) has undergone a renaissance based on increased 
understanding of the brain’s inherent capacity for “re-
wiring,” known as plasticity. The underlying idea is 
to prevent the patient from using his or her “good” 
limb, forcing the brain to strengthen firing patterns 
that work around the damaged motor control region 
to activate and control the impaired limb. Taub et al. 
(17) studied 18 children with hemiparesis, with ages 
7 months to 8 years, randomly assigned to CIT or 
conventional PT. Constraint was applied for 21 days, 
6 hours per day (17). The CIT-treated children ac-
quired significantly more new classes of motor skills 
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(9 vs 2) and used the affected limb more and with 
better-quality movements. These benefits were sus-
tained at 6 months, suggesting the occurrence of true 
plasticity-dependent brain changes. Similar beneficial 
results have been seen in other recent trials (18, 19). 
However, a CIT program may be a significant bur-
den to the child and the family, and more research is 
needed to define the least intrusive and most effective 
regimen.

ORAL MEDICATIONS

Oral medications can effectively reduce muscle over-
activity in the child with CP but often at the expense 
of significant adverse effects, especially sedation. For 
this reason, their role is not as large as that of other 
treatment options. They also reduce tone globally, 
which, for many children with focal spasticity, is not 
desirable. Thus, oral medications may be most appro-
priate for those with widespread spasticity for whom 
some sedation is not a contraindication. Relatively 
few double-blind trials of oral medications have been 
conducted in children. In addition, older studies mea-
sured technical measures such as tone but did not ad-
dress functional gains.

Diazepam is the most commonly used benzodi-
azepine for spasticity. Trials of diazepam in CP have 
shown its ability to reduce spasticity, especially in 
younger children and those with athetosis (20–24). 
One trial suggests that a combination with dantrolene 
may be superior to either agent alone (25). Side ef-
fects including excessive somnolence, dizziness, mild 
weakness, and withdrawal syndrome may limit its use 
(26).

Baclofen is a GABA-B agonist. It is commonly 
prescribed in CP despite the limited evidence from 
clinical trials supporting its efficacy. One trial indi-
cated it was superior to placebo in reducing spastic-
ity and improving passive and active limb movements 
(27). It is not Food and Drug Administration (FDA)-
approved for use in CP.

Dantrolene acts peripherally, inhibiting calcium 
release in muscle, thereby reducing contractility and 
weakening the muscle. A series of clinical trials 3 de-
cades ago established its efficacy in CP (28, 29). Seda-
tion does occur despite the peripheral site of action. 
The small risk of hepatotoxicity necessitates frequent 
monitoring of liver functions.

Tizanidine is an alpha-2 agonist, inhibiting the 
release of excitatory amino acids and facilitating the 
action of the inhibitory neurotransmitter glycine both 
spinally and supraspinally. Tizanidine is approved 
only in adults, where it has been well studied. It has 

not been studied in pediatric patients with CP. It has 
a very short duration of action so frequent dosing is 
required. Adverse effects include sedation, hypoten-
sion, and dry mouth. Clinically, the sedation and 
short action become assets when the medication is 
used at night for the initiation of sleep. It offers tone 
improvement with sedation, and the effects are con-
cluded upon awakening.

CHEMODENERVATION

The use of BoNT for chemodenervation of overactive 
muscle in CP is now widespread, but FDA approval 
has not been achieved. Its use has largely replaced the 
use of phenol or ethyl alcohol injection for the same 
purpose. Nonetheless, these agents continue to be an 
important option in some cases. The comparative 
advantages of BoNT include ease of administration 
and highly predictable and repeatable clinical ben-
efits with minimal side effects, whereas the advan-
tages of phenol or alcohol include low cost and low 
antigenicity.

The most appropriate candidate for chemode-
nervation is the patient with focal muscle overactivity 
for whom weakening those muscles may potentially 
provide a meaningful improvement in active function, 
comfort, care, or cosmesis. Patients with widespread 
muscle overactivity may nonetheless benefit from this 

FIGURE 25.1 

A 10-year old boy diagnosed with spastic diplegia.
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focal treatment, as long as the treatment of a subset of 
muscles has the potential to lead to benefit. Chemode-
nervation therapy may be used with other treatments, 
including oral medications, intrathecal baclofen (ITB), 
and rhizotomy, which may provide a more global re-
duction of hypertonia, whereas chemodenervation 
provides focal tone reduction.

Case Study

John is a 10-year-old boy who was born at 27 weeks 
of gestation and had a 3-month neonatal intensive 
care unit stay. Complications during his hospitaliza-
tion included respiratory difficulties and apnea. Neu-
roimaging revealed periventricular leukomalacia.

He is now entering fifth grade in regular classes. 
He receives PT for spastic diplegia and has bilateral 
ankle foot orthoses. The therapists report that al-
though he has been compliant with an aggressive ther-
apy program, his gait is deteriorating with significant 
toe walking, and his heels are very difficult to secure 
in his braces.

It was decided to deliver BoNT-A (as BOTOX) 
to the gastrocsoleus complex bilaterally. He received 
60 U per side. His toe walking improved substantially 
as did his brace wear, comfort, and speed of walk-
ing. He has had subsequent injections 6 months later 
in response to his growth spurt. Quantitative and 
functional measures have documented improvement  
(Figure 25.1).

Botulinum Toxin

Of the 7 serotypes of BoNT produced by clostridium 
botulinum, 2—A and B—are available for commercial 
use and are approved by the United States Food and 
Drug Agency, as well as European regulatory agen-
cies. Botulinum toxin type A is marketed in the United 
States as Botox®, and BoNT-B as Myobloc® (Neuro-
bloc® in Europe). Two other BoNT-A formulations, 
Dysport® and Xeomin®, are available outside the 
United States but are not FDA-approved as of late 
2008. Neither Botox nor Myobloc has FDA approval 
for treatment of spasticity, although each has been 
widely used for that purpose as an off-label use.

In our experience, younger children respond 
more fully and for longer periods than do older chil-
dren, possibly due to progression from dynamic pos-
turing to fixed contracture in the older child. Children 
with spastic hemiplegia and spastic diplegia can be 
safely injected as early as age 18 months. Treatment 
should be in the context of a global tone manage-
ment program including the use of orthoses, serial 
casting, and PT. Physical function begins to plateau 

in later childhood, and by age 6 to 10 years, many 
children no longer require injection therapy. Fixed 
contracture may have developed by this time and is 
typically managed by casting and orthopedic surgical  
procedures.

Muscles selected for injection may be localized 
either with palpation or with an assisted guidance 
technique such as electromyography, electrical stimu-
lation, or ultrasonography. Because these techniques 
may increase the anxiety of the child, they are usually 
best left for injections of those muscles that are diffi-
cult to palpate, such as the psoas. Initial clinical benefit 
is seen within several days of injection, and the effect 
peaks at around 3 to 4 weeks. Waning of benefit occurs 
thereafter, with reinjection usually considered at 3 to 
4 months. Injections at more frequent intervals than  
3 months are not recommended, to minimize the poten-
tial for development of neutralizing antibodies. For the 
same reason, guidelines for Botox have been developed 
addressing maximum dose, number of injection sites, 
and other parameters (3). Recommendations from ex-
pert injectors suggest a maximum of 16 U Botox per 
kilogram or 400 U total, whichever is less, at each in-
jection session (3). Muscle bulk, degree of spasticity, 
and injector experience all ultimately influence the dos-
ing. Each commercial BoNT product has its own pro-
file of side effects, duration of effect, and antigenicity, 
and dose recommendations for one product cannot be 
used to determine the proper dose of another.

Botulinum toxin type A has been evaluated in 
more than 3 dozen clinical trials in CP, and its abil-
ity to reduce spasticity in both upper and lower limbs 
has been demonstrated conclusively (11–14, 30–36). 
More recently, trials have attempted to demonstrate 
functional gains from injection, but this has proven 
more difficult. This is likely due in part to the out-
come measures typically used to evaluate function 
in CP. The Gross Motor Functional Measure, for in-
stance, evaluates the whole child and is not designed 
to capture the focal improvements in function—better 
control of a utensil, for instance—that are commonly 
seen by clinicians treating with BoNT. Nonetheless, 
some trials have shown functional improvements (13,  
32, 34, 36). For example, Steenbeek et al. (34) showed 
that injection of BoNT-A in the lower limbs promoted 
significant improvement on 18 of 33 individually set 
goals in 9 of 11 subjects. Fehlings et al. (32) showed 
that upper limb injection plus PT was superior in pro-
moting self-care to PT alone.

Botulinum toxin treatment may also provide an 
alternative to orthopedic surgery in selected patients. 
Recent data support that BoNT-A is equal in efficacy 
to soft tissue surgery in the prevention of progressive 
hip subluxation or dislocation (37).
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A controversial issue is the long-term benefit of 
chemodenervation. A recent article called into ques-
tion the long-term effects of BoNT but did recognize 
the limitations of the instrument to measure improve-
ment (38). Further trials of BoNT with measures that 
are designed to evaluate focal improvements are likely 
to strengthen the impression from clinical practice that 
BoNT is a valuable treatment for improving function 
in this population.

Both serotypes of BoNT have a favorable safety 
profile when used as directed. The most common side 
effects are short-term injection-site soreness and bruis-
ing. Botulinum toxin type B may cause stinging upon 
injection. Although systemic spread of either agent is 
minimal, there have been occasional reports of incon-
tinence and dysphagia after injection. Although both 
resolve quickly, dysphagia may lead to aspiration and 
respiratory infection. Children with spastic quadriple-
gia with pseudobulbar palsy seem to be much more 
sensitive to systemic spread after focal injection of 
BoNT, and treatment may be relatively contraindi-
cated in this group for this reason (39).

Phenol and Ethyl Alcohol

Before the introduction of BoNT, phenol and ethyl 
alcohol were the major choices available for focal 
tone reduction. Botulinum toxin has largely replaced 
these 2 agents (and significantly expanded the use of 
chemodenervation as a whole). Both medications can 
still be useful in some situations, including when treat-
ment of multiple powerful muscles with BoNT would 
exceed dose recommendations, when cost is an issue, 
or when the patient has developed antibody-based re-
sistance to BoNT therapy.

Both phenol and ethyl alcohol are injected in 
close proximity to a motor nerve near where it enters 
a muscle (called a motor nerve block) or within the 
muscle near the nerve terminals (motor point block) 
(40). Both techniques require considerable clinical 
skill, obtained only through experience with repeated 
injections. Even with best practices, both agents may 
cause significant adverse effects, including dysesthe-
sias, pain, vascular complications, and muscle necro-
sis. Kolaski et al. (41) recently reported encouraging 
results from a review of 336 children (90% CP) treated 
with both BoNT and phenol. The overall complica-
tion rate was 6.8%, with 1.2% anesthesia-related and 
6.3% injection-related. Most injection-related com-
plications were localized and of short duration, and 
dysesthesias from phenol treatment were seen in only 
0.4% of cases (41).

Few trials of either agent have been conducted in 
children. Wong et al. (42) compared BoNT-A to phe-
nol in 27 ambulatory children with lower limb spas-
ticity and gait dysfunction. Sixteen received BoNT-A,  
and 11 received phenol motor point blocks. Gait anal-
ysis at 1 week before and 2 months after treatment 
showed superior results for BoNT-A, with fewer ad-
verse effects. In a retrospective study of 68 patients, 
most of whom had CP, Gooch et al. (43) showed that 
adverse effects from either treatment were infrequent 
and that using them in combination allowed many 
more muscles to be injected.

Case Study

Ben is a 15-year-old young man who was a full-term 
infant who developed meningitis 3 weeks after birth. 
He had a 1-month hospitalization. He displayed spas-
ticity and delayed motor milestones from that point 
forward. He has been able to successfully advance in 
school with special education resources.

His spasticity currently involves his upper and 
lower extremities. Functionally, it limits his ability to 
accurately operate his power chair and independently 
achieve several of his dressing and computer skills. In 
his lower extremities, the hypertonia interferes with tub 
and chair transfers due to clonus and extensor tone.

After a successful ITB trial, a pump was placed 
with the catheter tip at the T2 level. He has had a sig-

FIGURE 25.2 

A 15-year old boy who developed meningitis 3 weeks after 
birth resulting in spasticity affecting his upper and lower 
extremities.
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nificant reduction in his generalized tone and clonus. 
His transfers now require less support. In addition, 
dressing, either by him or assisted by caregivers, is 
much improved. He is more active with friends and in 
school activities (Figure 25.2).

Intrathecal Baclofen

Delivery of baclofen to the intrathecal space provides 
the medication to the central nervous system in a 
much more effective manner and dramatically low-
ers the amount of baclofen required compared to 
oral administration. Thus, the cognitive side effects 
that limit the utility of oral antispasmodics are sig-
nificantly reduced (44). Baclofen is delivered to the in-
trathecal space by the Synchromed® infusion system, 
consisting of a pump and drug reservoir implanted 
subcutaneously in the abdomen, and a catheter. Origi-
nally, the catheter was most commonly inserted at the 
T11–T12 level, but now, it is common practice to ad-
vance it to the mid to upper thoracic area to more ef-
fectively provide medication to the upper extremities. 
An exception would be in the patient with significant 
truncal weakness or minimal involvement of the up-
per extremities.

The pump is programmable via a telemetry de-
vice that communicates with the pump’s computer 
chip. The pump reservoir, which contains an alarm 
indicating low drug level, is refilled percutaneously, 
usually every 12 to 24 weeks, depending on pump size 
and medication demands.

Appropriate candidates for ITB therapy are pa-
tients with severe spasticity due to multiple causes 
including multiple sclerosis, CP, brain injury, stroke, 
or spinal cord injury. In addition, patients must 
have sufficient body mass to support the program-
mable implantable infusion system and typically 
have a lower extremity spasticity of 3 or greater  
on the Ashworth Scale, indicating significant mus-
cle overactivity. The following groups of pediatric 
patients are often considered as potential candidates 
for ITB therapy: patients with their gait impeded by 
spasticity and poor strength; older patients with lower 
extremity spasticity; quadriplegic patients for whom 
tome reduction may improve activities of daily living; 
patients without active function but for whom spas-
ticity reduction may improve care and comfort.

Because bolus infusion is frequently used as 
a screening tool, with a decrease in one unit on the 
Ashworth Scale being the standard for proceeding to 
implantation in most centers. In the bolus trials, the 
medication is delivered via spinal tap and the patient 

is evaluated systematically over the next several hours 
to determine if there is an adequate response. The ini-
tial dose is 50 μg, and if the response is not adequate, 
the dose is advanced to 75 and 100 μg on consecutive 
days. If after the final dose the patient does not have 
an acceptable response, then they are not considered 
an eligible candidate.

Clinical trials of ITB indicate that the medica-
tion is capable of reducing muscle overactivity and 
providing an improvement in function over prolonged 
treatment periods (44–47). Potential benefits include 
reduced spasticity, easier care giving, and reduced 
pain. The effects on ambulation may be unpredict-
able, ranging from improvement to worsening (48). 
Gerszten et al. (49) published data showing that ITB 
may reduce the need for orthopedic surgeries to the 
lower limbs. In the 48 patients studied who had re-
ceived pumps, 28 had been recommended for but had 
not yet received orthopedic intervention. In 18 of the 
28, surgery was not deemed necessary after the pump 
implantation due to reduction in lower extremity 
muscle overactivity.

There have been considerable concerns raised 
about the possibility of an increased risk of scoliosis 
after ITB pump placement. Senaran et al. (50) demon-
strated in a retrospective review of matched controls 
that ITB had no significant effect on curve progression, 
pelvic obliquity, or the incidence of scoliosis when 
compared with spastic CP without ITB. In addition, 
on a comprehensive review of the cost-effectiveness  
based on mathematical modeling of incremental cost, 
this modality was found to offer good value for the 
investment (51).

Intrathecal baclofen therapy does carry the risk 
for significant complications. Infection, pump mal-
function, programming errors, and catheter kinking 
are all important concerns (52). These issues are dis-
cussed more fully elsewhere in this volume by Koman. 
Life-threatening drug overdose and withdrawal are 
real possibilities, and families must be educated on 
how to recognize its symptoms and how to respond 
quickly to this medical emergency (53, 54).
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Surgical interventions for the treatment of spastic-
ity are well-accepted treatment options for children 
with cerebral palsy (CP). However, recommenda-
tions for any potential surgical interventions should 
be considered in the context of optimal medical and 
rehabilitative management and rational goal setting 
provided by a multidisciplinary team of health care 
providers who specialize in CP. The surgical options 
currently considered for the child with CP include 
selective dorsal rhizotomy (SDR), chronic adminis-
tration of intrathecal baclofen (ITB), and orthopedic 
surgery. This chapter provides a general review of 
these surgical options; specific topics covered include 
scientific rationale, indications, evaluation, planning, 
techniques, adverse events, and outcomes.

SELECTIVE DORSAL RHIZOTOMY

Rationale

Muscle tone is regulated by the output of the alpha 
motor neurons in the spinal cord. The alpha motor 
neurons normally are regulated by interneurons in 
the spinal cord, which, through a balance of com-
peting excitatory and inhibitory influences, exert a 
net inhibitory influence (1–2). Inhibitory impulses 
travel in descending corticospinal projections from 
the cerebellum and basal ganglia. Excitatory influ-

ences from the muscle spindles travel to the spinal 
cord in the sensory or dorsal roots where they medi-
ate the local spinal reflex arc. In CP, early central 
nervous system (CNS) injury results in a reorgani-
zation of corticospinal projections that reduces the 
descending inhibition on the alpha motor neurons 
(3). During a rhizotomy procedure, excitatory input 
from the dorsal roots is attenuated by sectioning of 
individual rootlets. Theoretically, this selective sec-
tioning results in restoration of the balance of the 
excitatory and inhibitory influences on the alpha mo-
tor neurons.

Sectioning of the dorsal roots to modify spastic-
ity was described in the early 20th century (4); how-
ever, because of concerns that this neuroablative pro-
cedure resulted in excessive sensory and motor loss, 
rhizotomy did not receive much attention until the 
1970s. Gros et al. (5) introduced the concept of selec-
tivity to the procedure with the use of electromyogra-
phy (EMG) monitoring to identify rootlets innervat-
ing more clinically abnormal muscle groups. Fasano 
et al. (6) proposed criteria for rootlet sectioning pri-
marily based upon the results of intraoperative electri-
cal stimulation. In North America, this technique was 
further modified and popularized for the treatment of 
spasticity in patients with CP by Peacock et al. (7–9). 
Today, most centers performing SDR continue to use 
variations of the surgical techniques described in these 
earlier studies.
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Indications for Surgical Treatment  
of Spasticity

The current patient selection guidelines are based on 
those described in several early series of patients with 
CP by Fasano et al. (10, 11) and Peacock et al. (8). The  
best results were reported in primarily spastic, intel-
ligent, motivated patients who possessed some degree 
of independent locomotion but who did not have fixed 
deformity or mass synergy patterns. Peacock et al. (8) 
emphasized the importance of preoperative assess-
ment and postoperative rehabilitation. In these and 
subsequent series, less favorable outcomes in terms of 
both spasticity reduction and function were reported 
in patients with quadriplegic CP (10–12). The reduc-
tion of spasticity after SDR—especially in more se-
verely involved patients—has the potential to unmask 
significant coexisting movement disorders such as 
dystonia (8, 10, 12). Greater functional benefits after  
SDR have been shown in younger patients (13, 14) 
and patients with spastic diplegia versus quadriplegia 
(15–19). Chiccoine et al. (20) reported that a better 
initial gait score and the diagnosis of diplegia versus 
quadriplegia were the strongest predictors of ability to 
walk after SDR. Based on a multivariate analysis, Kim 
et al. (12) found that the diagnosis of spastic diplegia 
versus quadriplegia was the only variable that pre-
dicted a good versus poor outcome after SDR.

The information accumulated about outcomes of 
SDR over the past few decades has led to the develop-
ment of rigorous criteria for SDR candidacy at most 
centers currently offering this treatment option for 
patients with CP (21–24). Screening of potential SDR 
candidates typically involves a comprehensive clinical 
evaluation as described in Chapter 24; videotaping 
and/or gait analysis are also commonly used (25–27). 
Good potential candidates are typically ambulatory, 
intelligent patients 3 to 8 years of age with spastic di-
plegic CP and a history of prematurity. These children 
exhibit good proximal strength and selective motor 
control in the lower extremities with minimal con-
tracture. The ability to participate in and access to a 
physical therapy program post-SDR must also be con-
sidered. Relative contraindications include predomi-
nantly nonspastic movement disorders, poor trunk 
control, severe weakness, and multiple, severe con-
tractures or a history of multiple, previous orthopedic 
surgeries. Parks and Johnston (28) recommend SDR 
for ambulatory, motivated adults less than 40 years 
of age who have mild spastic diplegic CP and minimal 
orthopedic deformity. In general, ITB is recommended 
instead of SDR for nonambulatory patients with more  
severe neurologic impairment (18, 27, 29, 30). How-
ever, a recent study comparing nonconcurrent patients 

treated with SDR or ITB matched by age and func-
tional level found that SDR was more effective in re-
ducing spasticity and improving function (31). Based 
on these findings, the authors suggest consideration of 
SDR for spastic patients with more severe functional 
impairment.

Techniques

The neurosurgical procedure requires general anes-
thesia without the use of muscle relaxants. With the 
patient in the prone position, a 1- to 2-in incision 
along the center of the lower back is made, and the 
dura is opened. Most commonly, this is done through  
multiple-level laminectomies or laminotomies from L1 
or L2 to L5 or S1 with preservation of the facet joints. 
Alternatively, a single-level L1 laminectomy offers the 
advantages of a smaller incision and less dissection 
but is more technically challenging (28). The segmen-
tal levels of the exposed roots are identified with EMG 
surface or needle recording electrodes placed in 4 to 10 
target muscles with L1/2–S2 innervation (32, 33). The 
L1–S2 posterior roots are separated from the anterior 
roots and lower sacral roots. The rootlets within each 
targeted root segment are transected (Figure 26.1).

The neurophysiologic methods used and the cri-
teria applied to identify which rootlets are “abnor-
mal”—that is, contributing most to spasticity—vary 
among centers performing SDR. Original criteria for 
an abnormal EMG response as defined by Fasano 
et al. (6) include a low threshold to a single stimu-
lus, and a sustained response to tetanic stimulation 
in the stimulated muscles that may spread to other 
segmental, contralateral, and/or upper extremity and 
trunk muscles. Over the past few decades, the valid-
ity of these criteria has been questioned. In one series 
of patients with CP, none of the rootlets stimulated 
met the criteria for a “normal” response (34, 35), 
whereas another study found that nonspastic patients 
exhibited sustained contractions that met criteria for 
an abnormal response (36). In a series of 92 patients 
with CP, Hays et al. (37) found that the percentage of 
abnormally responding rootlets sectioned at SDR did 
not correspond to measures of spasticity or function 
performed at baseline and post-SDR evaluations. The 
issue is further confused by the variability that exists in 
the electrophysiologic techniques used among centers 
performing SDR (9, 33, 38). In addition, significant 
intrinsic variability in these responses exists as well 
(39). Accordingly, a wide range of total rootlets tran-
sected are reported in the literature. Peacock et al. (8) 
reported that 25% to 50% of rootlets tested are sec-
tioned in a typical patient with spastic diplegic CP. In 
studies published within the last 5 years, the average  
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rootlet transection rate reported is between 40% and 
70% (23, 27, 28, 30, 31), but the maximal percentage 
imposed varies by center.

There is also specific debate in the literature with 
regard to the inclusion and sectioning of certain dorsal 
roots. The L1 root is included when hip flexor spas-
ticity is problematic, but typically one half or less of 
rootlets are sectioned nonselectively (28). Relatively 
less of the L4 root may be transected to maintain 
some quadriceps tone (27). Many earlier series ex-
cluded the S2 root, presumably because of the poten-
tial for injuring functionally normal S2 afferent fibers, 
which mediate bladder reflexes (8, 10, 16). However, 
preserving the S2 dorsal roots allows persistence of 
potentially abnormal reflex circuits that subserve the 
ankle plantar flexors; thus, exclusion at this level may 
result in continued ankle plantar spasticity interfer-
ing with function. The literature offers inconclusive 
evidence, with case series showing spasticity reduction 
in ankle plantar flexors with (25) and without (40) S2 
root sectioning. Lang et al. (41) compared retrospec-
tive results of SDR in which S2 sectioning was or was 
not performed. At 6 months post-SDR, they found a 
significant reduction in ankle plantar flexor spasticity 
with the addition of the S2 roots but did not evaluate 
any functional changes. These authors used sensory-
evoked potentials to ensure the preservation of bowel 
and bladder function. Other authors support S2 sec-
tioning with pudendal nerve monitoring and less total 
percentage of rootlets cut and/or more stringent EMG 
criteria applied for sectioning (25, 27, 30, 42).

Unfortunately, the ultimate contribution of elec-
trophysiologic monitoring cannot be determined by 
the available evidence. Only one report compares out-
comes after selective versus nonselective rhizotomy, in 
which a certain percentage of rootlets were transected 

randomly. This study found no advantage to electro-
physiologically guided SDR in 26 patients compared 
to a historical cohort at 12 months (43). Although 
most centers currently performing SDR continue to 
use some form of intraoperative neurophysiologic 
monitoring for accurate root identification, different 
approaches to guide rootlet selection have developed 
at different centers (9, 19, 27, 30, 33). These typically 
involve the critical integration of the unfolding results 
of neurophysiologic monitoring along with clinical in-
formation and goals. Although such approaches are 
rational and based to some extent on objective crite-
ria, they remain nonstandardized. Finally, because the 
overall clinical results from centers performing SDR 
are not significantly different, the value of electro-
physiologic techniques remains questionable.

Adverse Events

In general, studies of SDR report a low incidence of 
adverse events and rare occurrence of any serious ad-
verse events resulting in long-term morbidity (44, 45).  
Intraoperative and perioperative adverse events in-
volving respiratory problems were more common 
(1.3%–6.9%) as reported in earlier studies (46, 47). 
Improvements in these rates reported in later series 
are attributed to refinements in surgical and anesthetic 
care (45, 46).

In a review by Steinbok (27), perioperative tran-
sient urinary retention is a common adverse event, with 
an incidence of between 1.25% and 24%. One center 
reports that transient urinary retention was associated 
with the use of postoperative epidural morphine analge-
sia, leading to their recommendation that the epidural 
catheter be removed at postoperative day 3 with main-
tenance of the Foley catheter an additional 24 hours 

FIGURE 26.1 

Techniques for performing SDR. (A) The stimulation of the dorsal roots. (B) The transection of the dorsal roots. (Reproduced 
with permission from Koman LA, ed. Wake�Forest�university�School�of�Medicine�Orthopaedic�Manual�2001. Winston-Salem,  
NC: Orthopaedic Press.)
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(30). Transient dysesthesias are also common (2.5%–
40%), but permanent symptoms occur uncommonly  
(0%–6%) (27). Persistent sensory changes were associ-
ated with more rootlet sectioning in one study (47), but 
this finding was not statistically significant. The lower 
rate of post-SDR is also attributed to the decreased in 
the amount (<70%) of sectioning (23, 30).

Late-onset bowel and bladder dysfunction was 
reported in 5.1% of patients in the series by Steinbok 
and Schrang (47), and this adverse event was associ-
ated with the lack of pudendal nerve monitoring. As 
described above, the current use of pudendal nerve 
monitoring techniques and more stringent criteria 
for sectioning are recommended when the S2 root is 
included. According to several authors, use of these 
techniques also has greatly reduced the occurrence of 
bladder dysfunction (30, 46, 48).

Another important late adverse event is the de-
velopment of musculoskeletal problems. Development 
of foot deformities after SDR has been anecdotally re-
ported (49) but not well documented in any retrospec-
tive or prospective series. Hip subluxation, another 
common problem in patients with CP, has been studied  
more extensively, but many studies are retrospective 
and do not use consistent definitions of hip pathology. 
More systematic, prospective studies suggest that the 
effect of SDR on hip subluxation is likely to be neu-
tral or positive (50–52). One such study found that 
worsening of hip subluxation after SDR may be more 
likely to occur in more severely affected patients (52). 
It has also been suggested that foot deformities and 
hip subluxation may occur in patients with CP after 
SDR or other antispasticity interventions more as the 
result of lever arm dysfunction and growth rather than 
from spasticity (53–54).

The musculoskeletal area of greatest concern af-
ter SDR is the spine. This is because of the association 
of spinal deformity in patients with CP as well as in 
children without CP who undergo multiple lumbar 
laminectomies (55–57). The risk of spinal deformity 
after SDR has been evaluated in numerous studies; 
unfortunately, a lack of consistent surgical and radio-
graphic techniques does not allow for accurate com-
parison. Selective dorsal rhizotomy may increase the 
incidence of scoliosis, kyphosis, hyperlordosis, and 
lumbosacral spondylolisthesis (58–65). The increased 
risk of scoliosis after SDR has been found to be higher 
for nonambulatory patients with spastic quadriplegia 
(30, 61, 62, 65), whereas the risk of spondylolisthesis 
is higher in ambulatory children (58, 60, 61, 65). It 
has been suggested that the use of a limited laminec-
tomy may reduce the risk of these complications (28, 
40). However, this finding has not been demonstrated 
in any controlled studies.

Overall, lower rates of both early operative and 
late adverse events in the last 20 years are attributed 
to a variety of technical improvements and refine-
ments, and currently, SDR is considered to be a very 
safe procedure. More rigorous studies are needed to 
determine the long-term influence of SDR on spinal 
and hip deformities; however, based on the available 
information, development of hip and/or spinal defor-
mities requiring surgical intervention in ambulatory 
patients who undergo SDR is probably not signifi-
cantly increased. Ongoing orthopedic monitoring of 
the spine and hips is recommended for all patients 
who undergo SDR (29, 50, 65).

Outcomes of Surgical Treatment of Spasticity

Of all the surgical procedures currently performed on 
patients with CP, SDR has undergone the most thor-
ough scientific scrutiny. Multiple prospective and retro-
spective case series document long-term improvements  
in spasticity and range of motion (ROM). In 2001, 
Steinbok (66) published an extensive literature review 
of 63 articles that rated the strength of evidence avail-
able for SDR. There was conclusive evidence to sup-
port SDR efficacy at the impairment level, including de-
creased spasticity (Ashworth score) for up to 12 years  
and increased lower extremity joint ROM for up to 
5 years.

The association between SDR and the require-
ment for orthopedic surgery is another outcome of 
interest. However, because of the interdependence 
of spasticity, deformity evolution, and growth, this 
is a difficult outcome to evaluate, especially without 
a control group. In the literature review by Steinbok, 
there was weak evidence to support SDR for decreas-
ing the need for orthopedic procedures (66). Two sub-
sequent studies have evaluated 1- to 2-year outcomes 
after orthopedic surgery or SDR. Seinko-Thomas et 
al. (67) found similar improvements in energy costs 
as well as gait parameters, spasticity, and ROM after 
either type of intervention. Schwartz et al. (26) re-
port improvements in gait parameters, gait efficiency, 
and functional skills in ambulatory children with CP 
after orthopedic surgery, SDR, or a combination of 
both treatments. However, a lower rate of soft tissue 
surgery was performed in subjects who underwent a 
combination of SDR and orthopedic surgery com-
pared to those who underwent orthopedic surgery 
alone. The 2 procedures are indicated for different 
purposes and thus should be viewed as complemen-
tary options in a comprehensive treatment philoso-
phy (3, 26, 53, 68, 69).

Improvements in function in patients undergo-
ing SDR have been documented in several short- and 
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long-term studies. However, compared to improve-
ments in spasticity and ROM, there is more variabil-
ity in the reported results. In addition, findings re-
ported in earlier studies are more difficult to evaluate 
because most of the studies were retrospective and 
used nonstandardized assessments of function (9–
11, 16). Three randomized clinical trials compared 
results of SDR combined with physical therapy to 
physical therapy alone in children ages 3 to 18 years 
with spastic diplegic CP (44, 70, 71). Of the three 
studies, 2 reported increased Gross Motor Functional 
Measure (GMFM) scores. A meta-analysis of these 
3 studies demonstrated greater functional improve-
ment as represented by a 4- to 5-point gain in the 
GMFM score in the SDR group (72). In a systematic 
literature review by Steinbok (66), there was strong 
evidence to support SDR efficacy for improved mo-
tor function based primarily on these same trials and 
other nonrandomized, prospective studies. The Stein-
bok review (66) also found evidence of a moderate 
degree of certainty supporting SDR for improvement 
in function based on Pediatric Evaluation of Disabil-
ity Index and wee-Functional Independence Measure 
scores, improvements in gait including increased 
stride length and velocity, and improvement in supra-
segmental effects including upper limb function and  
cognition.

Several recent noncontrolled studies describe 
lasting functional benefits after SDR. Improvements 
in GMFM scores have been documented at 5 years 
postoperatively (18, 73, 74), and improvements in 
Pediatric Evaluation of Disability Index scores have 
been documented at 5 and 10 years postoperatively 
(73, 75). Langerak et al. (76) report improvements in 
sagittal gait analysis parameters 20 years after SDR in 
13 patients with spastic diplegic CP. Development of 
more accurate predictive outcome variables and long-
term outcome studies are a focus of current and future 
SDR research (22, 23, 77).

INTRATHECAL BACLOFEN

.Direct ITB delivery and continuous infusion via a 
device delivery system evolved to compensate for the 

problems associated with the orally administered 
drug (see Chapter 24). Administration of continuous 

ITB (CITB) is a nonsurgical, pharmacological 
treatment that is typically managed by nonsurgical 

specialists. However, it requires surgical intervention 
for implantation of the drug delivery system and 
for correction of later, potential delivery system 

complications.

Indications

The general indications for CITB in patients with CP 
and the associated screening process for patient selec-
tion are reviewed in Chapter 24. From a surgical per-
spective, candidates for the CITB must be medically 
and neurologically stable and free of infection; in ad-
dition, candidates must have adequate body mass and 
abdominal girth to accommodate the pump (78).

Instrumentation

The Medtronic Synchromed Infusion® system is used 
to treat spasticity with CITB in children with CP. 
The system components are a surgically implanted, 
battery-powered pump connected to a flexible, radi-
opaque intrathecal silicone catheter. The drug dosage 
and mode of delivery (eg, bolus or continuous) are ad-
justed to individual needs with an external program-
mer using radiofrequency telemetry (Figure 26.2). 
Two pump sizes are available that are both approxi-
mately the diameter of a hockey puck; however, the 
pumps differ in the volume of the drug reservoir (20 or  
40 mL) (Figure 26.3). The drug reservoir is accessed 
percutaneously in the office setting to refill the pump. 
The 20-mL reservoir pump is thinner and has less 
volume displacement compared to the 40-mL pump, 
making it more suitable for smaller and thinner pa-
tients (79) (Figure 26.4). The catheter is available as 
1- or 2-piece models that are supplied with spinal 

FIGURE 26.2 

The 8840 N’Vision programmer uses a touch screen dis-
play for data entry, and telemetry for programming drug 
doses and infusion rates. (Photo courtesy of Medtronic, 
Inc.)



402 Iv� EvALuATION�AND�MANAGEMENT�OF�DISEASE�INvOLvING�SPASTICITY

needles, guidewires, and the appropriate anchoring 
devices (Figure 26.5(A) and (B)).

Techniques

Surgical implantation of the ITB delivery system is 
performed under general anesthesia, typically by a 
pediatric neurosurgeon. Details of the procedure are 
described elsewhere (80, 81). The procedure involves  
3 basic steps: placement of the catheter in the spine, con-
nection of the catheter to the pump, and implantation 

of the pump in the abdomen. All steps are performed 
with the patient in the lateral decubitus position. First, 
the spinal needle is placed into the intrathecal space 
at the L2-3 or L3-4 level. The catheter tubing is in-
troduced through the needle and is advanced through 
the intrathecal space (Figure 26.6). The catheter tip 
is positioned under fluoroscopic guidance at a spinal 
cord level predetermined by clinical information. A 
longitudinal incision is made at the needle site, and 
the subcutaneous tissues are dissected to secure the  
catheter with the appropriate anchoring devices.

The next step involves creation of the abdominal 
pump implant site. The site and depth of pump place-
ment in the abdomen are determined before surgery. 
The site and side of abdominal placement depends 
on the presence of feeding tubes, ventriculoperitoneal 
shunts, and abdominal scars from previous surgery as 
well as consideration of the patient’s daily positioning 
and activity level. The pump is placed in either the 
subcutaneous or subfacial plane. Subfascial placement 
is recommended in children with CP because it maxi-
mizes soft tissue coverage and, theoretically, decreases 
the risk of skin breakdown and infection (80, 82–85). 
A transverse skin incision is made, and the subcutane-
ous or subfacial tissues are dissected to form a pocket 
for pump implantation (Figure 26.7(A) and (B)). The 
catheter is tunneled subcutaneously from the spinal 
incision to the abdominal pump implant site where 
it is connected to a pump that is prefilled with bac-
lofen. The catheter is then secured to the pump with 
a sutureless connector. In the final step, the pump is 
anchored using suture loops or a mesh pouch. A post-
operative radiograph is used to confirm the continuity 
and location of the catheter (Figure 26.8(A) and (B)).

Adverse Events

Adverse events may be related to the surgery, infusion 
system components, human error, or the drug itself. 
Surgical adverse events are estimated to occur with a 
frequency of 25% to 40%, with infections having the 
greatest morbidity (85). System-related adverse events 
usually involve issues with the catheter (eg, kinking, 
migration, occlusion, disconnection, fracture) and oc-
cur at rates of 20% to 25% (86). Primary problems 
with the pump itself occur at rates of less than 10% 
(86). Catheter problems typically require corrective 
surgeries but are not associated with significant long-
term morbidity (80, 83, 85). Both human error and 
system failures have the potential to cause abnormally 
high or low drug levels. The acute ITB withdrawal 
syndrome can occur after sudden cessation of CITB 
infusion and is potentially fatal (87). However, all 
cases of pediatric patients with CP who experienced 

FIGURE 26.3 

A SynchroMed II pump showing the catheter access port 
and the reservoir fill port. (Photos courtesy of Medtronic, 
Inc.)

FIGURE 26.4 

A lateral view of the 2 SynchroMed II pumps demonstrat-
ing the difference in their width to accommodate either 20 
or 40 mL of drug. (Photo courtesy of Medtronic, Inc.)



2�� SuRGICAL�MANAGEMENT�OF�SPASTICITY�IN�THE�CHILD�WITH�CEREBRAL�PALSY 403

CITB withdrawal described in the literature recovered 
without long-term morbidity (85). In fact, in studies 
of children with CP, cases of serious overdosage of 
ITB are described more frequently than cases of with-
drawal (85).

Other drug-related adverse events that have re-
ported to occur at presumably appropriate ITB dos-
ages include CNS side effects, reported at rates of 2% 
to 43%, and problems such as nausea, constipation, 
and headaches, reported at rates of 11% to 36% (85). 
In addition, concerns have been raised about an as-
sociation between CITB and increased frequency and/
or severity of 2 problems commonly associated with 
CP—seizures and scoliosis. One retrospective con-
trolled study concluded that seizure activity was not 
aggravated or induced by CITB (88). Two retrospec-
tive studies with control groups matched for a num-
ber of clinical characteristics did not find an increased 
progression of scoliosis in patients with CP treated 
with CITB (89, 90). Special techniques must be used 
in patients who undergo pump implantation before 
or after spinal fusion or who undergo the procedures 
concurrently (91). One retrospective study that used 
a matched control group found that patients with CP 
treated with CITB who subsequently underwent spinal 
fusion experienced higher rates of adverse events (92).

In general, CITB is acknowledged to be associ-
ated with a relatively high rate of adverse events in 
children with CP (85). In a multicenter study, Albright 
et al. report that approximately 50% of patients ex-
perience some adverse event within 2 months after 
implantation, and 50% of patients experience an ad-
verse event during chronic therapy (93). In addition, 
younger patients and those with more neurologic im-

FIGURE 26.6 

During the ITB surgical procedure, the catheter is intro-
duced into the intrathecal space and is advanced to the 
appropriate spinal level. (Reproduced with permission 
from Koman LA, ed. Wake� Forest� university� School� of�
Medicine�Orthopaedic�Manual�2001. Winston-Salem. NC: 
Orthopaedic Press.)

FIGURE 26.5 

Various silicone catheters have been developed for use with the SynchroMed infusion system. Catheters are available in 
1-piece (A) and 2-piece (B) configurations. (Photos courtesy of Medtronic, Inc.)

A. B.
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pairment appear to be at higher risk for adverse events 
(84, 85). Changes in surgical techniques and techno-
logic improvements in the pump and catheter are 
purported to have decreased rates of adverse events, 
but to date, such claims have not been substantiated 
by specific investigations (85). However, there is con-
sensus in the literature that adverse events can be  
minimized when patients are treated with CITB in a 
coordinated system of care by a dedicated and experi-
enced team (85, 93–95).

Outcomes

Two systematic reviews considered all published re-
ports of outcomes in patients with CP since ITB was 

approved for use in patients with spasticity of cerebral 
origin in 1996 (96, 97). Both reviews use an evidence-
based approach (98) and classify outcomes using the 
International Classification of Functioning, Disability 
and Health (ICF) model (99). Of the total of 33 ar-
ticles reviewed, 3 reports provide strong evidence for 
the efficacy of ITB to reduce spasticity (as measured 
by the Ashworth or Modified Ashworth scales) or to 
decrease neurophysiologic reflexes after a single bolus 
injection of ITB (100–102). Multiple noncontrolled, 
prospective, or retrospective case series studies re-
port on the effectiveness of chronic ITB for long-term 
maintenance of decreased muscle tone after pump im-
plantation. Improvements in other aspects of the ICF 
(eg, decreased need for orthopedic surgery, improved 

FIGURE 26.7 

The pump can be placed under the skin (A) or under the fascia (B). (Reproduced with permission from Koman LA, ed. 
Wake�Forest�university�School�of�Medicine�Orthopaedic�Manuel�200�. Winston-Salem, NC: Orthopaedic Press.)

FIGURE 26.8 

Postsurgical radiographs after pump 
placement. (A) anterior-posterior and 
(B) lateral view. (Wake Forest University 
Press, with permission.)

A B
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function, ease of care, and health-related quality of 
life) are reported, but efficacy is not well established 
in the available literature.

ORTHOPEDIC SURGERY

Rationale

Orthopedic procedures have traditionally been—and 
continue to be—the mainstay of surgical intervention 
for children with spastic CP. Of the 5 most frequent 
surgical procedures performed in children with CP in 
the United States, 3 are orthopedic (103). However, 
unlike SDR and CITB, orthopedic surgical procedures 
do not treat spasticity directly; rather, orthopedic sur-
gery is used to address 2 major musculoskeletal con-
sequences of spasticity: (1) soft tissue contractures of 
muscle, tendon, and/or joint and (2) bony deformities. 
In the extremities, bony deformities are often referred 
to as “lever arm dysfunction” and include hip sublux-
ation, torsional deformities of long bones, and foot 
deformities (104).

Orthopedic surgery for correction of these prob-
lems in children with CP must proceed with an under-
standing of the complex, interdependent processes of 
deformity evolution, and growth (53, 54). Contractures 
are initiated by the primary problems of increased and/
or imbalanced muscle tone resulting in dynamic ab-
normalities; these abnormal movements and postures 
can eventually become fixed with muscles in a short-
ened position. This contributes to the secondary prob-
lem of impaired longitudinal muscle growth relative to 
bone growth (105, 106). In the development of bony 
deformity, the abnormal forces around a joint caused 
by spastic and imbalanced muscles result in malalign-
ment, which then interferes with normal bone and joint 
structural development (54, 107, 108). The processes 
of both soft tissue and bony deformity formation are 
exacerbated in children with impaired mobility due to 
the lack of normal developmental stimuli from muscle 
stretch and weight-bearing forces (54, 109).

Evaluation 

In patients with CP, the musculoskeletal complica-
tions of spasticity present with considerable clinical 
heterogeneity. This heterogeneity reflects the variation 
that exists in the type and extent of the primary CNS 
lesion and also depends on the level of skeletal ma-
turity. The orthopedic assessment typically involves 
both clinical and radiological evaluations. Clinical ex-
amination is necessary to document motor function, 
sensibility, balance, joint ROM, the extent and sever-

ity of spasticity, and the presence of other movement 
disorders. Because day-to-day variation in spasticity 
and function is observed in children with CP, a po-
tential surgical candidate may need to be examined 
several times before a final decision for surgical inter-
vention is made (110, 111). Details on specific ortho-
pedic physical examination techniques are available in 
several well-known references (106, 112, 113). Clini-
cal and laboratory measurements of spasticity are re-
viewed in Chapters 5 to 7; the clinical assessment 
of motor function in patients with CP is reviewed 
in Chapter 24, including some of the common mea-
sures and instruments developed and validated in this  
population.

Radiographic assessment is usually performed 
with plain radiographs. Serial radiographs are rec-
ommended to monitor common problems such as 
progressive hip subluxation and scoliosis (114, 115). 
Useful radiographic indices commonly used for the 
measurement of these problems are, respectively, the 
Reimer migration percentage (Figure 26.9) and the 
Cobb angle (Figure 26.10) (107, 116). Computed 
tomography, 3-dimensional computed tomography, 
or magnetic resonance imaging may be indicated to 
evaluate joint congruency and bony architecture (111, 
117). The EMG and diagnostic muscle blocks assist 
n the identification of muscles with clinically relevant 
spasticity and weakness.

For ambulatory patients, the walking ability of 
the child is evaluated. Determination of the causes 
of gait abnormalities may be performed by observa-
tion using a standardized scale such as the Physician’s 
Rating Scale or—when available—the 3-dimensional 
motion analysis (112, 118, 119). For children with 
ambulatory diplegic and hemiplegic CP, gait analysis 
has identified common patterns of muscle overactivity 
and deformity, which are often used to guide surgical 
decision making (120, 121).

Indications and Surgical Planning

Orthopedic surgery is designed to prevent fixed defor-
mities that have the potential to cause pain, interfere 
with function and/or caregiving, or correct such prob-
lems after they have developed. Before orthopedic 
surgery is considered, spasticity management must be  
optimized using nonsurgical interventions as described 
in Chapter 24 and, in selected cases, with the use of 
SDR or ITB. These interventions may prevent the oc-
currence of fixed deformities or slow their progression 
(122–124). When surgery is indicated, potential can-
didates may need referral for a nutritional assessment 
and evaluation of general medical and neurologic sta-
bility (125). Nonsurgical options such as medications, 
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bracing, and adaptive devices may be better long-
term strategies for patients with significant medical  
comorbidities.

Specific issues addressed in preoperative plan-
ning include the following: (1) timing of surgery;  
(2) choice, number, and staging of procedures; and  
(3) postoperative and rehabilitation care. The deci-
sion-making process involved can be complex and is 
often more challenging than the techniques used to 

perform the surgery (110, 126). Ideally, both the rec-
ommendation for orthopedic intervention for a child 
with CP—and the associated preoperative decision-
making process—are informed by the input of a mul-
tidisciplinary team (53, 127, 128).

In general, orthopedic surgery before 4 years of 
age is not recommended because of the higher risk of 
deformity recurrence (129–132). In addition, results in 
younger children may be less predictable because the 
full spectrum of neurologic impairments and move-
ment disorders may not be apparent, and the child’s 
gait pattern is not fully mature (27, 133, 134). If pos-
sible, procedures should be delayed until the patient is 
close to skeletal maturity, but typically, soft tissue pro-
cedures are performed around 5 to 7 years of age and 
bony procedures after 8 to 10 years (112, 135). This 
schedule allows for more longitudinal bone growth 
to occur and improves the available bone stock, thus 
potentially decreasing the chance of recurrence of soft 
tissues contractures and improving the stability of 
bony procedures. However, consideration must also 
be given to the natural history of specific musculosk-
eletal deformities. For example, a major exception to 
this schedule is the treatment of hip subluxation. Soft 
tissue procedures in younger patients with early hip 
subluxation will prevent progression to hip disloca-
tion in most cases (107, 115, 136). In addition, sur-
gery in younger patients with fixed deformity may be 
necessary if function and/or health-related quality of 
life are significantly compromised.

Another general principle guiding the current 
practice of orthopedic surgery for patients with CP 
is the performance of multiple procedures to correct 
soft tissue and bony deformities in a single session as 
opposed to intermittent surgical procedures through-
out childhood. This type of approach, which has been 
termed single-event, multilevel surgery (SEMLS), re-
lies on serial clinical examinations and the anticipa-
tion of potential structural skeletal problems (130, 
137). Because a deformity at one joint can affect the 
function of others, use of SEMLS potentially decreases 
the occurrence of complications from interventions 
performed at a single level (106, 138, 139). In addi-
tion, SEMLS potentially decreases the amount of time 
needed for hospitalization and rehabilitation. Multiple 
noncontrolled studies document the safety and benefits 
of SEMLS (130, 137, 140–144). A small, controlled 
study suggests that this approach may result in stabili-
zation of function and deformity, which represents an 
improvement over the natural history of CP (145).

Surgical planning should also include prepara-
tion for postoperative management, which may be 
the most important contribution to a successful out-
come. Postoperative pain is controlled with epidural, 

FIGURE 26.9 

Reimer migration index for measurement of hip sublux-
ation. (Reproduced with permission from Koman LA, ed. 
Wake Forest University School of Medicine Orthopaedic 
Manual (2009). Winston-Salem, NC: Orthopaedic Press.)

FIGURE 26.10 

Cobb angle technique for measurement of scoliosis. 
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caudal, or local nerve blocks (146). Postoperative 
spasticity may be addressed with intraoperative che-
modenervation with botulinum A toxin intramuscu-
lar injection and/or short-term oral medications such 
as diazepam (110, 126, 147). Patients with CP often 
have significant underlying weakness and steopenia 
and may be more susceptible to the deleterious ef-
fects of immobilization. To prevent loss of muscle 
strength and cardiovascular conditioning, patients 
should be given clearance to return to their preop-
erative level of activity as quickly as possible (148). 
To avoid complete joint immobilization, removable 
splints or short-term casting is utilized. These strat-
egies may also decrease the risk of postoperative 
pathologic fracture (149). For patients with func-
tional goals, intensive outpatient physical and/or 
occupational therapy emphasizing strengthening for 
several months postoperatively is recommended. All 
postoperative patients and their families should re-
ceive instructions for a maintenance home exercise 
program involving positioning, stretching, splinting, 
and/or strengthening.

Surgical Techniques

The orthopedic procedures that are performed to cor-
rect musculoskeletal deformities in children with CP 
are individualized based on patient age, level of neuro-
logic impairment, motor disorder, ambulatory status, 
and goals. Different types of procedures are used for 
correction of soft tissue versus bony deformity, and a 
variety of orthopedic surgical techniques options are 
available for both.

For correction of soft tissue contractures and 
muscle imbalances without significant joint contrac-
ture, the 2 basic categories of surgical procedures 
include (1) musculotendinous lengthenings and (2) 
tendon transfers. Neurectomy is another approach in-
cluded in this category but is rarely indicated because 
of the risks of excessive weakness and development of 
new deformities (112, 150).

Musculotendinous lengthening procedures are 
the most common approach for correction of con-
tractures. The mechanical changes associated with 
these procedures have physiologic effects that are 
complex and not fully understood (109, 151–153). 
There is likely an effect on the stretch reflex that at-
tenuates a spastic muscle’s response to stretch (154, 
155). Four methods of lengthening are described: (1) 
tendon lengthening, which is performed with various 
cuts in the tendon. Common examples include the 
“Z” lengthening and sliding techniques, which are 
frequently done in the tendoachilles and medial ham-
string tendons (Figure 26.11); (2) Tenotomy, which 

involves transection through the tendon, can be done 
near the muscle origin or insertion (Figure 26.12). The 
hip adductors, iliopsoas, rectus femoris, and prona-
tor teres are often lengthened using this technique; (3) 
Intramuscular or fascial lengthening is also referred to 
as a muscle recession. This technique involves transec-
tion—typically with several partial cuts—of the ten-
dinous attachments of the muscle but preserves the 
muscle fibers (Figure 26.13). Sites conducive to this 
procedure include the iliopsoas, semimembranosus, 
biceps femoris, gastrocnemius-soleus, finger flex-
ors, and deltoids; (4) Myotomy involves transection 
through the muscle belly (Figure 26.14). This proce-
dure is rarely used in patients with CP but may be 
indicated for treatment of more severe contractures 
when function is not an issue, for example, the latis-
simus dorsi muscle in a fixed shoulder joint.

Tendon transfer procedures attempt to restore 
balance between the overactive transferred agonist 
muscle and weakness in the antagonist muscle group 
to which the transferred muscle is attached. Tendon 
transfers are performed using an intact or “split” ten-
don (Figure 26.15). Ideally, muscles chosen for ten-
don transfer procedures are overactive and directly 
contribute to a spastic deformity but have adequate 
strength for preserved functioning after transfer. Dy-
namic motion and EMG analyses may assist in these 
determinations in both the upper and lower extremi-
ties (112, 156, 157). For example, tendon transfer 

FIGURE 26.11 

Sliding lengthening of tendoachilles. (Reproduced with 
permission from Koman LA, ed. Wake� Forest� university�
School�of�Medicine�Orthopaedic�Manual�(2009). Winston-
Salem, NC: Orthopaedic Press.)
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in all types of spastic CP. Patients with spastic diple-
gia are typically treated with multiple-level soft tissue 
procedures; bony procedures are performed less often, 
usually for correction of lower extremity rotational 
deformities and/or foot and ankle deformity. Patients 
with spastic quadriplegia are at greatest risk for hip 
subluxation and scoliosis and frequently undergo cor-
rective procedures to address these problems (103). 
Patients with hemiplegia tend to have more distal 
involvement and most commonly undergo surgery 
at the foot and ankle and in the forearm, wrist, and 
hand. Compared to the lower extremities, corrective 
procedures of the upper extremity are, overall, per-
formed far less often and are limited to patients with 
spastic hemiplegia and quadriplegia (160, 161). Up-
per extremity procedures are typically performed to 
improve comfort, hygiene, appearance, self-esteem, 
and/or function; for the latter, good candidates are 
those with good sensation, voluntary control, and 
the ability to participate in postsurgical rehabilita-
tion. In general, orthopedic surgery in patients with 
predominantly nonspastic movement disorders such 
as athetosis and dystonia have more unpredicatable 
results; thus, soft tissue procedures of both the upper 
and lower extremities—especially tendon transfers—
are relatively contraindicated in these patients (110, 
111, 135, 162).

procedures for correction of equinovarus contractures 
include split tendon transfers of either the tibialis an-
terior or tibialis posterior muscles (158, 159). Both 
muscles are ankle invertors, but evaluation of their 
contribution to motion at the ankle joint may not be 
obvious on clinical examination.

For correction of bony deformities, orthope-
dic surgery techniques include (1) reduction of sub-
luxed or dislocated joints; (2) fixation or fusion of 
joints to provide stability; (3) correction of rotational 
problems; and (4) excision of heterotopic bone. Such 
procedures may involve osteotomies, placement of 
various internal—or occasionally external—fixation 
devices, bone grafting, and adjunctive soft tissue pro-
cedures. Common problems addressed are scoliosis, 
hip subluxation (Figure 26.16), rotational deformities 
of the lower extremity long bones, and foot and ankle 
deformities such as equinovarus, equinovalgus, and 
planovalgus (Figure 26.17).

Review of literature for evidence has not identi-
fied any one best technique or combination of pro-
cedures; thus, the specific surgical techniques applied 
will depend to some extent on individual surgeon 
preference and/or institutional bias. However, some 
general trends can be described; these reflect the fact 
that the occurrence of deformities varies by the type 
and severity of CP. Lower extremity deformities occur 

FIGURE 26.12 

Tenotomy of rectus femoris.

FIGURE 26.13 

Intramuscular recession of gastrocnemius. (Reproduced 
with permission from Koman LA, ed. Wake� Forest� uni-
versity� School� of� Medicine� Orthopaedic� Manual�(2009).  
Winston-Salem, NC: Orthopaedic Press.)
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tions with the use of careful surgical site preparation 
and/or prophylactic antibiotics (136, 169, 170).

Neurovascular compromise of the spinal cord 
resulting in neurologic deficts is a well-recognized 
complication of spinal fusion in patients with neuro-
muscular scoliosis (171). Several special surgical and 
anesthetic techniques for patients with CP are rec-
ommended to decrease the risk of neurologic deficits 
(110, 125, 172, 173). Neurovascular compromise of 
peripheral nerves can result from changes in alignment 
and ROM at a joint that cause excessive stretching of 
nearby nerves and vessels. This adverse event is more 
common with soft tissue procedures but can occur in 
bony procedures—for example, correction of more se-
vere torsional deformities and treatment of crouch gait 
with distal femoral extension osteotomy (174, 175). 
Symptoms of postoperative nerve palsy—dysesthesia, 
sensory and/or motor loss—are likely underreported 
for several reasons. Preoperative and postoperative 
changes in sensation and strength are often not well 
documented, and symptoms of nerve injury may be 
difficult to evaluate in more severely involved patients. 

FIGURE 26.14 

Myotomy of latissimus dorsi. (Reproduced with permis-
sion from Koman LA, ed. Wake�Forest�university�School�
of�Medicine�Orthopaedic�Manual�(2009). Winston-Salem, 
NC: Orthopaedic Press.)

Adverse Events

Given the variability in patient types and in the types 
of procedures used to treat them, the frequency of 
adverse events of orthopedic procedures in patients 
with CP is difficult to determine. The operative ad-
verse events with the most potential to cause signifi-
cant morbidity and mortality are most often related 
to cardiopulmonary issues, neurovascular compro-
mise, and infection. These complications are more 
frequent in patients who are more neurologically im-
paired and in procedures which involve greater an-
esthestic exposure and higher risk of blood loss such 
as osteotomies and spinal fusion (163, 164). Care-
ful preoperative evaluation and experienced, inten-
sive postoperative management are recommended to 
minimize complications for higher-risk patients and 
procedures (125, 165).

Postoperative adverse events related to infection 
can occur early or late. In several large series of pa-
tients with CP undergoing spinal fusion, the wound 
infection rate was reported to be 2.5% to 19% (166–
168). Wound infections occur less often with soft tis-
sue compared to bony procedures, but procedures in 
the groin area are at higher risk (110, 112, 130). The 
risk of infection may be lowered in higher-risk situa-

FIGURE 26.15 

Tendon transfer using split tibialis posterior tendon.
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In one study, sciatic nerve palsy was documented in 
9.6% of patients undergoing hamstring lengthening, 
but most resolved with treatment. Older patients and 
those with more neurologic impairment were found to 
be at higher risk (176).

Often categorized together as surgical “failures,” 
other important postoperative adverse events are the 
recurrence of treated deformities and the development 
of new deformities. These types of postoperative ad-
verse events are relatively common and can occur af-
ter soft tissue or bony procedures; in addition, they 
are often associated with long-term morbidity and the 
need for repeat surgical procedures.

The frequency of recurrence reported after soft 
tissue procedures varies greatly from 3% to 40% 
(112, 130–132, 139, 140, 164). In bony procedures 
for correction of lower extremity deformities, re-
currence rates reported ranged from 0% to 33% 
(158, 164, 177–180). Relatively lower recurrence 
rates in bony versus soft tissue procedures may re-
flect the fact that bony procedures are more often 
performed in older children (164). Thus, deformity 
recurrence may not represent surgical failure per se 
(162). Recurrence occurs more often in younger pa-
tients because of their growth potential; in addition, 
some studies have shown that more neurologically 
impaired patients tend to demonstrate higher rates of 
recurrence suggesting a relationship to more severe 
spasticity (132, 181, 182). In some cases, however, 
undercorrection related to surgical technique may 
also contribute to recurrence. Nevertheless, review 
of the literature strongly suggests that undercorrec-
tion is preferable to overcorrection, especially at the 
ankle; in addition, although recurrence occurs fre-
quently, it can be adequately addressed with repeat 
corrective procedures (110, 126, 183).

The development of new postoperative deformi-
ties is attributed to excessive weakness and the exac-
erbation of existing—or the creation of new—muscle 
imbalances. New deformities are of particular concern 
because they can produce worsening of function and/
or deformity that may be irreversible or very difficult 
to correct (110). The most common new postopera-
tive deformities are contractures or bony deformity in 
the opposite direction of the treated deformity. How-
ever, new deformity can also occur in the nontreated 
extremity. Examples of the former include develop-
ment of recurvatum after hamstring lengthenings re-
ported in 3% to 28% cases; calcaneus and/or valgus 

FIGURE 26.17 

Techniques for correction of hindfoot valgus deformity. (A) Opening wedge osteotomy; (B) calcaneal lengthening. 

FIGURE 26.16 

Correction of hip subluxation with peri-ilial pelvic and 
femoral osteotomies with blade plate fixation.

A. B.
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deformity after treatment of equinus or equinovarus 
are reported in 2% to 28% of cases (112, 182, 184–
186). An example of the latter is the development of 
windswept hip deformity after unilateral treatment 
of hip subluxation. Development of a new deformity 
usually results from 2 causes: (1) overcorrection and 
(2) abnormal muscle activity, either from antagonistic 
muscles acting at the same joint or muscles acting at 
adjacent joints (109, 112, 187, 188).

Many joint and procedure-specific strategies are 
described for the prevention of new deformities. For 
example, intramuscular lengthening of eligible mus-
cles has been shown to maintain strength and is rec-
ommended by several authors as the initial soft tissue 
corrective technique for ambulatory patients in whom 
muscle weakness is a concern (117, 189, 190). Mo-
tion analysis and EMG along with the performance 
of multilevel procedures are advocated to minimize 
the risk of problems associated with abnormal mus-
cle activity (53, 54, 114, 127, 139). Guidance for the 
amount of rotation necessary for correction of tor-
sional deformity may be obtained from the preopera-
tive planning process, including physical examination, 
gait analysis, and/or radiographic imaging, but should 
primarily rely on careful intraoperative evaluation of 
the degree of rotation obtained (110, 112). Consider-
ation of surgery on the opposite limb is recommended 
in treatment of hip subluxation to prevent windswept 
deformity (153, 180, 191).

Based on the available information, it is rea-
sonable to conclude that the rate of adverse events 
is higher in bony compared to soft tissue procedures 
(164). This is because bony procedures attempt cor-
rection of complex decompensated joint pathology, 
which involves more complicated and lengthier proce-
dures (53). Additional postoperative risks specifically 
associated with bony surgeries are pseudoarthrosis, 
malunions, delayed unions, nonunions, loss of fixa-
tion, avascular necrosis, osteomyelitis, and fractures. 
These adverse events are uncommon, and the litera-
ture suggests that there has been a decrease in the 
rates of such complications in recent decades, particu-
larly with more frequently performed procedures for 
correction of hip subluxation and spinal deformity. 
This trend has been attributed to various refinements 
in surgical techniques as well as hardware improve-
ments. For example, in spastic hip deformity, loss of 
fixation occurs rarely with the use of rigid internal 
fixation devices compared to the use of pins and cast 
immobilization (112, 169). In spinal fusion, lower 
rates of pseudoarthrosis (0–10%) are associated with 
the replacement of distraction instrumentation by seg-
mental instrumentation along with use of generous 
bone grafting (110).

Outcomes

The literature contains many retrospective reviews 
documenting outcomes of different orthopedic tech-
niques for specific deformities. Some studies attempt 
to compare results using nonconcurrent or historical 
controls (185, 192–197). Most outcomes reported 
are assessments of the extent of deformity correction. 
However, assessment of changes in other ICF dimen-
sions is receiving more attention in recent studies 
(153, 190, 198, 199). Overall, outcomes of “salvage” 
versus reconstructive bony procedures are less suc-
cessful (53, 110, 126). Yet, there has never been a ran-
domized trial in which 2 or more orthopedic operative 
techniques to manage CP have been compared, nor 
has there been a randomized trial comparing surgery 
with observation.

Based on experience, Bleck (112) expects good re-
sults after orthopedic surgery in children with CP to be 
greater than 80% to 90% of cases, provided there is 
careful preoperative evaluation, correct selection of pro-
cedure, proper technique and postoperative care, and 
clearly defined goals. However, as is true for many of 
the interventions to treat spasticity in patients with CP, 
the literature does not contain a high level of evidence 
to support the use of orthopedic surgery (53, 183, 200). 
The use of biomechanical and physiologic measures and 
concurrently gathered multidimensional functional out-
comes is advocated to improve the ability to objectively 
evaluate treatment outcomes (53, 54, 145, 201).
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WHY USE ANIMAL MODELS FOR  
ExAMINING SPASTICTIY

To evaluate a technique designed to reduce impair-
ment or to facilitate recovery, it is important to ap-
preciate fully the physiological and behavioral impact 
of the lesion before treatment or repair (1). The ideal 
model for examination of the impact of injury on the 
central nervous system (CNS) should be able to cor-
relate physiological and behavioral changes to the size 
and position of the lesion. The presentation of spas-
ticity differs based on its etiology, and it is widely ac-
cepted that the different CNS insults (eg, spinal cord 
injury [SCI], stroke, cerebral palsy, multiple sclerosis) 
lead to different presentations and pathophysiologi-
cal origins. This has necessitated the development and 
refinement of multiple different animal models that 
mimic aspects of spasticity as seen in humans to better 
understand the underlying pathology involved with 
the development of this impairment.

In contradistinction to the clinical world, the use 
of animal models allows for the production of repro-
ducible deficits that are appropriate for examining 
the relationship between structures within the CNS 
and their function. For example, hemisection of the 
midthoracic spinal cord in both felines and rodents 
leads to the destruction of the fiber tracts that pro-
vide the descending motor control of spinal reflexes. 
In these animals, there is an increased magnitude of 

lumbar monosynaptic reflexes ipsilateral to the injury 
compared to the intact side (2–4). This is an example 
of how animal models can mimic at least one of the 
features of altered reflex activity that is characteristic 
of human spasticity. This chapter will review several 
of the most common animal models that are used to 
examine spasticity induced by a variety of CNS insults 
and discuss the potential underlying pathologies that 
may be responsible of each type of spasticity.

TYPES OF ANIMAL MODELS FOR  
ExAMINING SPASTICITY

The animal models most commonly used to exam-
ine spasticity can be broken down into 4 main cat-
egories. Although this is not an exhaustive list of the 
models being developed, these are the ones that have 
been studied in the greatest detail. Although there are 
differences in the underlying pathology of spasticity 
based on etiology, there are also some similarities that 
may be applied between them.

Spinal Cord Injury Models of Spasticity

Of the different models that have been developed and 
refined to examine spasticity with respect to upper 
motor neuron lesions, the SCI model was examined 
in the greatest detail. Four main categories of SCI that 
lead to the onset of spasticity will be described.

Animal Models  
of Spasticity

27
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Hemisection Model. Hemisection refers to the 
process of surgically cutting one half or part of one 
half of the spinal cord. Studies have shown that af-
ter hemisection of the lower lumbar spinal cord (L5), 
the monosynaptic response to stimulation below the 
level of the injury is increased between 2 to 5 times 
on the side ipsilateral to the injury as compared to the 
contralateral side or to the response seen in control 
(uninjured) animals (1). However, other physiologi-
cal components associated with reflex activity, such 
as rise times and latencies of the responses, do not ap-
pear to be affected by hemisection. Rise time refers to 
the time it takes from the start of the pulse (baseline) 
to reach the peak amplitude, and latencies refer to the 
time (milliseconds) required to activate the nerve and 
initiate an action potential. In addition to changes in 
monosynaptic responses, hemisection induces a pro-
gressive increase in both deep tendon reflexes and cu-
taneous flexion reflexes. The progressive increase in 
these reflex responses mimics what is observed clini-
cally in humans after SCI.

It is well documented that each level of the spinal 
cord contains both subtle and not so subtle differences 
in circuitry. This is not surprising because each level 
of the spinal cord subserves different functions. Be-
cause of these differences in circuitry, it is important 
to determine if injury at different spinal levels leads to 
similar or different alterations in reflex activity. This 
has been addressed as multiple hemisection studies 
have been performed in the lower thoracic and up-
per lumber spinal regions in felines (2, 5, 6) and have 
demonstrated similar enhanced monosynaptic and 
polysynaptic spinal reflexes.

Although lateral hemisection of the spinal cord 
can produce many symptoms that correlate to spastic-
ity (eg, hypertonia, clasp-knife, exaggerated reflexes), 
these changes appear to be time depended in that they 
diminish over time in long-term injured animals, with 
many animals eventually regaining motor function 
(1–3). In addition, in many cases, hemisection leads 
to only mild hyperreflexia, which differs from what 
is typically seen clinically, where SCI-induced spastic-
ity (SCIID) in humans is a chronic issue, especially in 
cases of incomplete SCI. There is a body of evidence 
that suggest that in many cases spinal hemisection 
may not reliably induce signs of spasticity that mirror 
the clinical presentation seen in humans (1, 2). For 
example, animals who undergo a T12 hemisection ap-
pear behaviorally normal and only detailed testing re-
veal differences in reflexes between the hind limbs and 
the gait abnormalities (2). As a result of these findings, 
additional models of SCIID that more reliably repro-
duce the behavioral and electrophysiological signs and 
symptoms of this impairment have been developed.

Complete Spinal Transection. Studies that use 
complete spinal transection in animal models appear 
to consistently duplicate spastic activity that can be 
observed long term. Transection at the lower lumbar 
(L5) spinal level is associated with enlarged mono-
synaptic excitatory postsynaptic potentials (EPSPs) 
in extensor motoneurons that can be observed for 
at least 4 months after injury (7, 8). The enhanced 
monosynaptic reflexes were also observed in a series 
of experiments by Hochman and McCrea (9–11) that 
examined the effects of complete transection at the 
upper lumbar (L1–L2) level in the cat. These studies 
demonstrated that 6 weeks after spinal cord transac-
tion, EPSPs evoked by low-strength nerve stimulation 
of the Ia primary sensory afferents have increased 
amplitudes as well as decreased rise times and half-
widths. It is of interest that the changes in reflex 
activity were not consistent among different moto-
neuron pools involved with the activation of ankle 
extensors. For example, in chronically injured ani-
mal’s, stimulation of Ia afferents evoked larger EPSPs 
in motoneurons innervating the lateral gastrocnemius 
compared to those in motoneurons that innervate the 
medial gastrocnemius. The observed disparity among 
different extensor motoneuron pools with respect to  
Ia-evoked EPSPs appears to involve differences in mo-
tor unit type and motoneuron class. Specifically, the 
greatest increase in Ia EPSP amplitude and decrease 
in rise time occur in fast-twitch fatigue-resistant mo-
toneurons associated with the lateral gastrocnemius 
motoneurons.

With respect to the time course for the onset 
of enhanced reflex activity postinjury, several stud-
ies have demonstrated that spinal transection in both 
lower thoracic and upper lumbar regions can lead to 
increase reflex activity within hours or a few days of 
injury (12, 13). However, several aspects of the in-
creased reflex activity as well as the development of 
behavioral changes may require longer periods of 
time (ie, weeks) (8, 12, 13). Although complete spinal 
transection of the thoracic spinal cord produces many 
signs normally associated with spasticity (14–16), 
these animals require twice daily bladder and bowel 
expression and are at significant risk of developing 
bladder infections and pressure. Therefore, an ani-
mal model that leads to the development of spasticity 
while preserving bowel and bladder function as well 
as hind limb function could be advantageous.

Low Sacral Transection Model. The earliest 
study that described the use of complete transection 
of the spinal cord that produced signs of spasticity 
while maintaining bowel and bladder function as well 
as hind limb function was conducted by Ritz et al.  
(17) These researchers demonstrated that complete  
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transaction of the sacral (S2) spinal cord in the cat  
leads to hypertonia, hyperactive reflexes, and clonus 
in the tail muscles that can be measured for at least 2 
years postinjury. This animal model allows for studies 
of long-term chronic spasticity. Although the spastic 
behavior that is seen in tail muscles may not com-
pletely mimic the spastic behavior seen in the lower 
extremities, this model is very appropriate for exam-
ining spasticity in the axial postural muscles (which  
are responsible for the maintenance of posture). The 
trunk muscles are important for the control, in both 
animals and humans of the complex instruction be-
tween the lower extremities, hips and trunks. Of the 
postural muscle groups, the trunk musculature is im-
portant for providing the proximal stability required 
for efficient and effective movement of the limbs,  
head and neck movement, and respiration. Thus, 
animal models that can examine the potential patho-
physiology of spasticity within these muscle groups 
are clinically relevant. In addition, comparison of  
the behavioral aspects of spasticity induced by trans-
action at the L5 spinal level versus those observed  
after S2 spinal transaction suggests that tail spasticity 
may in fact be comparable to that seen in the hind 
limbs (1). 

Because most SCI studies use the rodent model, 
Bennett et al. (19) modified Ritz’s protocol and demon-
strated that similar to the cat model, S2 transection in 
the rat reliably produced spasticity in the tail muscles 
with many of the same characteristics found in the hu-
man spastic syndrome, including muscle hypertonus, 
hyperreflexia both to muscle stretch and cutaneous 
stimulation, clonus, flexor spasms, paraesthesia, and 
clasp-knife responses (19–27). Behaviorally, cutane-
ous stimulation significantly increased muscle activa-
tion in both amplitude and duration. Specifically, in 
animals that have undergone S2 spinal injury, applica-
tion of a brief pinch (noxious) stimulus to the tip of 
the tail induced a burst of electromyographic (EMG) 
activity in the tail musculature that remains signifi-
cantly elevated for approximately 6 seconds post-
stimulus (27). The same stimulus applied to the tail 
of control (uninjured) animals produces an increased 
EMG activity lasting only approximately 1 second. 
The significantly prolonged duration of EMG activ-
ity, as seen in the SCI animals, would be considered 
a clinically relevant time period that would result in 
functional restrictions.

Recently, an in vitro version of the S2 transec-
tion model has been developed in which spinal cords 
are removed from injured animals and maintained in 
special recording chambers (21, 23, 28). This in vitro 
preparation has allowed researchers to examine the 
membrane characteristics of spinal motoneurons, such  

as  inward currents (PICs) and plateau potentials (see 
below).

Contusion/Compression Model. A limitation of 
the hemisection and complete transection injury mod-
els is that the lesions produced by these approaches are 
different from those commonly encountered clinically 
in patients with SCI. Most human SCIs are caused by 
contusion or compression of the spinal cord produced 
by acceleration-related fracture/dislocation of the 
spine. Because of this, multiple groups of researchers 
have worked at refining experimental approaches that 
yield reproducible compression/contusion injuries in 
animals (29–33), which lead to multiple permanent 
changes in reflex excitability (spasticity) (30, 34–36).

Although newer models of spinal compression/ 
contusion continue to be developed, the most widely 
used method of inducing a contusion injury to the 
spinal cord in animals involves variations on the 
weight drop method described by Wrathall et al. (32) 
Thompson et al. (34) demonstrated that after midtho-
racic contusion of the spinal cord, the threshold for 
reflex initiation fell progressively subsequent to the 
injury. In addition, the Hoffman reflex (H reflexes; a 
measure of monosynaptic spinal reflex activity) elic-
ited in spinal cord–injured animals was progressively 
less sensitive to rate depression after injury. Rate- 
sensitive depression is a fundamental rate-modulatory 
process that normally attenuates reflex magnitude 
during repetitive afferent stimulation. This work sug-
gests that spinal contusion significantly changes spinal 
reflex excitability. Spasticity was originally defined by 
Lance (37) as a velocity-dependent increase in tone. 
Until relatively recently, this characteristic of spastic-
ity has been difficult to measure in animal models of 
SCI. However, Bose et al. (38) demonstrated that a 
midthoracic spinal contusion in the rat induces a pro-
gressive velocity-dependent increase in ankle torque 
that is consistent with the expression of spastic hyper-
reflexia, as seen clinically.

Although the weight-drop method has been the 
predominate method for reliably inducing compres-
sion/contusion injury, a newer model for spinal com-
pression injury has recently been described (30). This 
model involves implantation of a wax ball at the cer-
vical spinal level to induce compression of the spinal 
cord. Animals that receive this compression type of 
injury display spastic behavior within 4 days of im-
plantation, and this spastic behavior lasts for at least 
8 weeks postsurgery.

Ischemic SCI Model. Not all spasticity of spi-
nal origin results from traumatic injury to the spinal 
cord. A sudden loss of blood flow to the spinal cord 
can lead to an ischemic insult similar to that seen with 
cerebral vascular accidents. Like cerebral vascular  
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accidents, ischemic events within the spinal cord can 
lead to damage to the spinal cord and significant 
changes in spinal circuitry function. Multiple studies 
have demonstrated induction of spinal ischemia using 
an intra-aortic balloon catheter, which leads to the 
development of long-term spasticity in both rats and 
rabbits (39–45). This occlusion injury model causes 
permanent hind limb extensor and flexor hyperto-
nus (39) and exaggerated EMG activity after activa-
tion of either nociceptive or proprioceptive afferents 
as well as a velocity-dependent increase in muscle 
resistance (40). One unique feature of the study by  
Marsala et al. (40) was that spasticity was measured 
using a newly developed limb flexion resistance meter 
that permitted a semi-automated, computer-controlled 
measurement of peripheral muscle resistance in the 
lower extremities during forced flexion of the ankle in 
the awake rat. This type of velocity-dependent mea-
surement of tone is similar to isokinetic measurement 
techniques (eg, Biodex) that have been used for both 
research and clinical applications to measure changes 
in tone in humans. In addition to changes in the  
velocity-dependent characteristic of the limb muscles, 
an increase in tonic EMG activity with a variable de-
gree of rigidity can be seen within the first week after 
ischemic injury (42). Assessment of H reflex activity 
reveals a significant increase in Hmax/Mmax ratio as 
well as a significant loss of rate-dependent inhibition. 
Therefore, the ischemia injury animal model appears 
to provide a reproducible model to examine multiple 
aspects of spasticity in a non–trauma-induced SCI  
system.

Rodent Model of Multiple Sclerosis

Multiple sclerosis is another disease that can cause the 
upper motoneuron syndrome, and individuals often 
present clinically with signs and symptoms of spas-
ticity. Recently, an animal model that mimics many 
of the signs of multiple sclerosis has been developed. 
Chronic relapsing experimental allergic encephalomy-
elitis (CREAE) is an autoimmune model in which ani-
mals demonstrate repeated neurological insults that 
are associated with increasing primary demyelination 
and axonal loss in the CNS (46–49). Approximately 
50% to 60% of CREAE animals develop a form of 
relapsing-remitting multiple sclerosis. Between 60 and 
80 days postinduction of the encephalomyelitis, these 
animals develop clinical signs of upper motor neuron 
syndrome, which include unilateral or bilateral fore-
limb and hind limb tremor and hind limb spasticity 
(46–49). Although the exact cause of spasticity in this 
model remains to be clarified, it appears that altera-
tions in the balance between excitatory and inhibitory 

neural circuits may play a key role in the pathophysi-
ology (49). 

Rodent Model of Cerebral Palsy

Cerebral palsy is characterized as a movement and 
postural disorder caused by premature, nonprogres-
sive damage of the developing brain. Because of the 
difficulties in inducing controlled perinatal damages 
to the developing animal, this injury model has only 
recently been successfully reported in rabbits and 
rodents (50–54). Prenatal uterine ischemia (21, 22 
days gestation) in rabbits produces pups that display 
significant motor impairments, including increased 
tone of the limbs at rest (as measured by a version 
of the Ashworth Scale) and with active flexion and 
extension (50). This study describes one of the first 
animal models in which prenatal insult during devel-
opment of the immature CNS results in hypertonic 
deficits at term birth that are consistent with those 
clinically observed in children with cerebral palsy. A 
major advantage to using rabbits for this model is 
that motor development and white matter develop-
ment in the rabbit progress in a manner similar to 
that seen in humans. Since the publication of this ini-
tial study, additional work has also been published 
that continues to characterize the resultant hyperto-
nia after perinatal ischemic injury (51–53). In addi-
tion to the rabbit model of cerebral palsy, a rodent 
model of perinatal asphyxia has recently been devel-
oped in which spasticity can be measured in the hind  
limbs (54). 

The Spastic, Spasmotic, and Oscillator  
Mutant Mouse Models

Naturally occurring mutations in the glycine receptor 
have been identified in both humans (55) and mice 
(56–60). All of these mutations produce a phenotype 
with an exaggerated startle response to auditory or 
tactile stimuli. The final animal model of spastic-
ity that will be discussed involves 3 lines of mutant 
mice (spastic, spasmodic, and oscillator) that have 
naturally occurring glycine receptor mutations, which 
manifest as motor deficits and an exaggerated “startle  
response.” (61) The spastic mutant mouse is character-
ized by muscle rigidity and a fine tremor that becomes 
more prominent when the animals are disturbed or 
picked up by the tail (62). These homozygous animals 
appear normal at birth but by 2 weeks postnatal dis-
play muscle rigidity, tremors, myoclonic jerks, and 
a pronounced startle reaction (57, 59, 63–66). The 
complex motor disorders associated with this mu-
tant mouse model result from a reduction of the adult 
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form of the glycine receptor, leading to a decrease in 
the inhibitory control of spinal reflex activity.

The second mutant mouse model that demon-
strates exaggerated startle reflexes and neonatal hy-
pertonia is the spasmodic mutant mouse model of 
hereditary startle disease (57). Similar to the spastic 
mutant mouse, spasmotic mutant mice begin to dis-
play motor deficits around 2 weeks postnatal, at which 
time they demonstrate an exaggerated acoustic startle 
reflex and develop rigidity with tremor and impaired 
righting reflexes. The spasmodic mouse is a recessive 
mutation that affects the glycine receptor, which leads 
to a reduction in sensitivity of the glycine receptors to 
this inhibitory neurotransmitter. The ultimate result is 
a decreased ability to control spinal reflex activity.

Finally, the third mutant mouse model that dem-
onstrates several aspects of the spastic syndrome is 
the lethal oscillator mutation. As with the spastic and 
spasmodic mutant mouse models, this mutation leads 
to a heightened startle response, muscle rigidity, and 
tremor by 2 weeks postnatal (61, 67). In addition, like 
the spastic mutant mouse model, the oscillator mouse 
has a naturally occurring autosomal recessive muta-
tion of the glycine receptor.

PATHOPYSIOLOGY OF SPASTICITY  
IN ANIMAL MODELS

As discussed previously, spasticity is a complex col-
lection of clinical conditions, and it is widely accepted 
that though different types of insult to the CNS can 
lead to the development of spasticity, each form of 
spasticity has a different underlying cause (pathophys-
iology). Over the past 2 to 3 decades, the underlying 
pathophysiology behind the development of spastic-
ity in each of the animal models has been the focus 
of intense examination. Because the animal models of 
SCIIS contribute the largest amount of information 
with respect to the underlying pathology related to 
the development of spasticity, the majority of the fol-
lowing section will focus on results gained from the 
examination of animal models of SCI.

Pathophysiology of Spasticity  
Arising From SCI

Changes in Spinal Motoneuron Morphology. One 
essential component to understanding the develop-
ment of SCIIS is determining changes in spinal cord 
neuronal morphology that occur over a time course 
that parallels that of the observed behavior. A great 
deal of evidence exists that demonstrates that particu-
lar features of motoneuron morphology significantly 

influence motoneuron excitability. These include the 
size of the cell body (soma), dendritic architecture, 
and dendritic branching. The size of the cell body 
directly influences the membrane characteristics that 
determine the threshold at which a neuron can be ac-
tivated. The neuronal dendrites are that portion of the 
neuron that receives the enormous amount of synaptic 
input that arises from spinal, supraspinal, and poten-
tially peripheral nervous system sources. Therefore, 
dendrites provide the conduit by which information 
is transmitted to the cell body. Under normal circum-
stances, soma size has been shown to correlate with 
the overall size of the dendritic arbor, dendritic length, 
and amount of branching (68–76). Therefore, as the 
number or length of dendritic branches changes, so 
should the size of the soma. It has been demonstrated 
in multiple regions of the CNS that excitatory synap-
tic stimulation promotes the elaboration of dendrites 
and that the loss of synaptic input leads to atrophy 
(77–82). Consequently, the loss of excitatory drive 
to motoneurons mediated by descending cortical and 
brainstem inputs after SCI would be expected to influ-
ence motoneuron dendritic structure and subsequently 
motoneuronal soma size.

The final major morphological component of  
a neuron is the axon, which is that portion of the neu-
ron that conducts signals away from the cell body,  
thus allowing the neuron to transmit information to 
other targets throughout the nervous system. Neu-
ronal morphology has been shown to be intimately 
involved with neuronal function (68–70). For exam-
ple, of the 3 types of neurons electrophysiologically 
examined in the dorsal commissural nucleus of the 
lumbosacral spinal cord, each type of neuron has a 
characteristic dendritic morphology and extended its 
axon collaterals to distinct regions of the sacral spinal 
segments (68). The distinct anatomy of each of these 
neurons is consistent with each having discrete func-
tional roles as interneurons participating in segmen-
tal, intersegmental, or supraspinal reflexes. Changes 
in dendritic or axonal morphology would directly af-
fect the neuron’s ability to receive and/or transmit in-
formation, which would ultimately affect the neuron’s 
overall function. Therefore, changes in neuronal mor-
phology after SCI or disease states could be indicative 
of the physiological changes involved with the onset 
of spasticity. 

Although alpha motoneurons are only one com-
ponent of the spinal reflex circuitry, the fact that these 
are the neurons that ultimately activate skeletal mus-
cles has made them an attractive target for investiga-
tion. In addition, due to the relative ease in which the 
motoneuronal population can be visualized and thus 
studied, the majority of studies that have examined 
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SCI-induced changes in neuronal morphology have 
focused on this neuronal population. Initially, animal 
studies that examined changes in motoneuronal mor-
phology caudal to the injury site utilized hemisection, 
partial transection, or reversible cold block injury  
models (71–73). However, these initial injury models 
do not consistently induce spastic behavior. More re-
cently, studies have examined changes in the morphol-
ogy of motoneurons, caudal to the injury, after either 
complete spinal transection or contusion (24, 74). Both 
of these models of SCI have been shown to produce 
more reliable, long-term changes in reflex behavior.

After a complete S2 spinal transection, sacro-
caudal motoneuronal somal size remains unchanged 
over the first 2 weeks postinjury (24). During this 
first 2-week period, there is an increase in the length 
of both primary and secondary dendrites. However, 
there is an overall decease in the number of dendritic 
branches. The increase in the primary and secondary 

dendritic lengths could be responsible for maintaining 
the overall size of the dendritic arborization, which in 
turn maintains the somal size at a preinjury level. In 
chronically injured animals (4–12 weeks postinjury), 
a reduction in the length of both primary and second-
ary dendrites to control levels as well as a significant 
loss in the number of secondary and tertiary dendrites 
is observed (Figure 27.1, Table 27.1). As would be 
predicted, a decrease in somal size is also observed in 
these chronically injured animals. It is of interest that 
during the time period in which there is an overall 
progressive loss of dendritic arborization and corre-
sponding decrease in somal size, there is an increase in 
spastic behavior in the tail muscles.

Although there appears to be a correlation be-
tween changes in sacral motoneuron morphology and 
the onset of spasticity, differences in neuronal mor-
phological response to injury can be seen depend-
ing upon the type of spinal injury and the level of 

FIGURE 27.1

CTB labeling of sacrocaudal motoneurons in control and transected spinal cords. (A) Cholera toxin-b labeled motoneuron 
from a control spinal cord. (B)-(D) Labeling of motoneurons from 2-week (A), 4-week (B), and 12-week (C) posttransected 
spinal cords, respectively. (From: Kitzman P. Alteration in axial motoneuronal morphology in the spinal cord injured spas-
tic rat. Exp�Neurol. 2005;192:100–108.)
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the spinal cord examined. For example, it has been 
demonstrated that midthoracic (T8) spinal contusion 
leads to changes in soleus motoneuron morphology 
(74). Specifically, spinal contusion leads to a decrease 
in the overall motoneuronal dendritic arborization, 
including primary, secondary, and tertiary dendrites. 
These changes in motoneuronal morphology are simi-
lar to those seen in sacrocaudal motoneuron after 
spinal transection. However, the response of sacral 
motoneurons to spinal transection differs from spinal 
contusion at the same level. After spinal transection, 
there is an initial increase in the length of the primary 
dendrites at 1 and 2 weeks postinjury followed by a 
return to control levels by 4 weeks postinjury. Spinal 
contusion, on the other hand, leads to an increase in 
primary dendrite length in soleus motoneurons that 
is sustained for at least 4 months postinjury. In ad-
dition to differences in the responses of the primary 
dendrites to different forms of SCI, the neuronal 
soma also appears to respond differently depending 
upon the injury type and the spinal level examined. 
Whereas sacrocaudal motor neurons demonstrate an 
overall decrease in somal size over time after spinal 
transection, soleus motoneurons display a different 
response pattern after spinal contusion. Specifically, 
after spinal contusion, there is a significant decrease 
in the number of small- and medium-sized soleus mo-
toneurons but a significant increase in the number of  
larger neurons in injured animals compared with unin-
jured animals. Therefore, while the dendritic tree gets  
smaller, the soleus motoneuron soma appears to actu-
ally get bigger.

The differences between how sacral and soleus 
motoneurons respond to injury may reflect some in-
nate differences in these motoneuron pools because 
they are located at different levels of the spinal cord. 
Additionally, the difference in responsiveness to injury 
by these different subsets of motoneurons may be re-
flective of the type of injury used (transection versus 
contusion). Thus, as with all critical examination of 
research data, it is important to know at what level 
within the spinal cord each study is evaluating and 
what type of injury model is being employed when 
trying to correlate anatomical changes with changes 
in behavior.

Relationship Between Changes in Motoneuronal 
Morphology and Physiology. The size of the neuronal 
soma directly affects the membrane characteristics that 
determine the threshold at which that cell can be acti-
vated. A change in the size of the soma would directly 
affect its activation threshold and consequently impact 
its overall function. It has been shown that presynap-
tic inhibition and recurrent inhibition can decrease 
with increasing cell size. Therefore, theoretically, an 
increase in the number of larger motoneurons might 
result in an overall decrease in presynaptic inhibition,  
which in turn might produce spastic activity in the 
muscles innervated by these enlarged motoneurons.

The size and complexity of the dendritic arbor re-
late directly to the number of synaptic inputs received 
by the neuron (83, 84) and are intimately connected to 
neuronal identity and the electrophysiological response 
properties of neurons (68–70). By correlating mor-
phological features with action potential propagation,  

TABLE 27.1
Analysis of Dendritic Arborization in the Sacrocaudal Motoneurons After Spinal Transection

grouP

average no. of  
DenDriTes  

Per neuron

average no. of  
Primary DenDriTes  

Per neuron

average no. of  
seConDary DenDriTes 

Per neuron 

average no. of  
TerTiary DenDriTes 

Per neuron

Control 10.38/neuron 3.86/neuron 4.9/ neuron 1.58/neuron
1 week postinjury 9.92/neuron

(5.5% decrease)
3.5/neuron
(9% decrease)

4.86/neuron
(2% decrease)

1.56/neuron
(no change)

2 weeks postinjury 8.24/neuron
(21% decrease)

3.6/neuron
(7% decrease)

3.4/neuron
(31% decrease)

1.16/neuron
(27% decrease)

4 weeks postinjury 7.44/neuron
(28% decrease)

3.5/neuron
(8% decrease)

3.4/neuron
(31% decrease)

0.5/neuron
(69% decrease)

12 weeks postinjury 6.86/neuron
(34% decrease)

3.4/neuron
(12% decrease)

2.96/neuron
(40% decrease)

0.5/neuron
(69% decrease)

The table depicts the number of primary, secondary, and tertiary dendrites on motoneurons at each experimental time point. In 
addition, the values in parentheses are the percentage of change in the number of dendrites, at each experimental time point, as com-
pared to controls. (From: Kitzman P. Alteration in axial motoneuronal morphology in the spinal cord injured spastic rat. Exp�Neurol. 
2005;192:100–108.)
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Vetter et al. (70) demonstrated that the number of 
dendritic branch points is a critical variable for de-
termining propagation efficacy. Dendritic spines are 
also extremely important in regulating action potential 
propagation in dendrites (85, 86). Because dendritic 
spines can contribute more than 50% to the total  
dendritic membrane area, the relationship between 
membrane area and propagation efficacy suggests that 
changes in spine density that occur during develop-
ment and with synaptic plasticity will also modulate 
the extent of propagation (87, 88). Dendritic morpho-
logical features act in concert with dendritic voltage-
gated ion channels to generate a diversity of neuronal 
activities (69, 70). An increase in dendritic complexity 
will reduce neuronal activity unless accompanied by 
a compensatory increase in voltage-gated ion channel 
densities. Conversely, a progressive decrease in den-
dritic complexity, as seen after SCI, without a com-
pensatory decrease in voltage-gated channels could 
lead to an increase in motoneuronal activity, which 
could theoretically lead to the development of spastic 
activity.

Anatomical Changes in Excitatory Inputs and 
Spasticity. Because the function of each neuron is a 
reflection of the type of information (inputs) it receives 
(excitatory and inhibitory), changes in the overall num-
bers of each of these inputs, changes of ratio of excit-
atory to inhibitory inputs, or changes in the frequency 
at which each type of input fires will directly influence 
the activity level of the target neuron and ultimately its 
output. With respect to spinal motoneurons, the out-
put refers to the direct activation of skeletal muscles. 
Spinal motoneurons receive excitatory (glutamater-
gic) input from primary sensory afferents that origi-
nate in the periphery and that provide information to 
the spinal cord with respect to touch, proprioception, 
mechanoreception, and nociception. In addition to ex-
citatory inputs from peripheral sources, motoneurons 
receive excitatory inputs from cortical (corticospinal), 
brain stem (bulbospinal), and spinal interneuron (pro-
priospinal) connections that communicate with and 
integrate information from one level of the CNS with 
another. When discussing excitatory inputs within the 
CNS, especially within the spinal cord, glutamate is 
the prevalent excitatory neurotransmitter.

The circuitry involved with reflex activity to a 
great extent is wired into the spinal cord, and under 
normal circumstances, external stimuli are capable of 
evoking reflex behavior. Spinal reflexes allow for co-
ordinated movements of multiple muscles and muscle 
groups. Normally, these reflexes are tonically con-
trolled by descending inhibitory connections from the 
brainstem. However, after SCI, there is a loss of these 
descending connections that allows spinal reflexes to 

be activated by any external stimuli (eg, stretch, nox-
ious stimuli) of sufficient strength or duration. In addi-
tion, SCIIS may involve an alteration in how primary 
sensory information is processed within the spinal cord 
itself. Primary sensory inputs can influence spinal out-
put either by direct activation of spinal motoneurons 
through monosynaptic inputs from large myelinated Ia 
afferents or by integrating first within the spinal cord 
dorsal horn and then projecting to the motoneurons 
through polysynaptic spinal connections.

With respect to changes in monosynaptic con-
nections to motoneurons after spinal injury, it has 
been shown that complete spinal cord transection in 
the low sacral cord leads to minimal changes in the 
number of glutamatergic inputs arising from myelin-
ated afferents, labeling sacrocaudal motoneurons 
(26). Thus, anatomical changes in monosynaptic glu-
tamatergic inputs to this population of motoneurons 
do not appear to be involved with the development of 
spasticity in the tail musculature. Similarly, thoracic 
level transection leads to an apparent increase in my-
elinated and unmyelinated primary afferent labeling 
in the dorsal horn and middle laminae but not in the 
ventral horn of the lumbar spinal cord (89, 90).

Unlike the lack in apparent SCI-induced changes 
in glutamatergic inputs to the motoneuron pool aris-
ing from myelinated primary afferents, SCI appears 
to significantly increase in the number of glutamater-
gic inputs to sacrocaudal motoneurons arising from 
spinal interneuronal (polysynaptic) sources (25). This 
increase in glutamatergic labeling is especially evident 
in animals that display significant spasticity in the 
tail musculature. The results from these anatomical 
studies would suggest that the interaction between 
sensory afferents and polysynaptic glutamatergic in-
puts to sacrocaudal motoneurons plays a greater role 
in the development of SCIIS in the tail musculature 
than monosynaptic inputs. This would appear to fit 
with the results of current physiological studies that 
demonstrate excessive flexor and extensor reflexes 
in spinal cord–injured individuals appear to be trig-
gered by afferents that utilize polysynaptic interneu-
ronal circuitry more than by monosynaptic activation 
of motoneurons (91–95). One caveat with respect to 
interpreting the results of anatomical studies is that 
an increase in immunological labeling of excitatory 
inputs to the motoneurons does not necessarily dem-
onstrate an actual increase in the release of glutamate 
at those synapses, only that there is the potential of 
increased neurotransmitter release.

Another line of evidence that would suggest that  
an increased release in glutamate plays a role in SCI 
SCIIS comes from a study that demonstrated the ad-
ministration of the antiepileptic agent gabapentin 
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(Neurontin£) significantly reduces SCI-induced exag-
gerated responses to a quick stretch, noxious (pinch), 
and nonnoxious (light touch) cutaneous stimulation of 
the tail muscles in animals with chronic sacral spinal 
transection (27). Although gabapentin possesses mul-
tiple cellular mechanisms, recent work has suggested 
that an inhibition of glutamatergic transmission may 
be preeminent in mediating its therapeutic effects in 
epilepsy, neuropathic pain, and perhaps spasticity 
(96). Specifically, gabapentin reduces presynaptic glu-
tamate release (97–99) in a large part via binding to 
the a2d subunit of presynaptic voltage-sensitive cal-
cium channels (100–103). In animals that receive low 
sacral spinal injury, application of a pinch stimulus 
to the tip of the tail induces a burst of EMG activity 
in the tail musculature that remains significantly el-
evated for approximately 6 seconds poststimulus (27). 
The same stimulus applied to the tail of control (unin-
jured) animals produces an increase in EMG activity 
lasting only approximately 1 second. The significant 
increase in the duration of EMG activity in the SCI 
animals would be considered a clinically relevant time 
period that could result in functional restriction. Ad-
ministration of gabapentin effectively reduces the level 
of EMG activity to control levels and maintains this 
decreased level of activity for 3 to 6 hours postinjec-
tion. The therapeutic window for gabapentin in this 
animal model is similar to that seen clinically after 
administration of gabapentin to control epilepsy and 
neuropathic pain.

Anatomical Changes in Inhibitory Inputs and 
Spasticity. In addition to glutamatergic inputs, spinal 
cord neurons also receive substantial inhibitory in-
puts, mainly in the form of GABAergic and glyciner-
gic inputs. These inhibitory inputs control the ability 
of a neuron to be activated by excitatory inputs and 
thus control (modulate) neuronal output. One theory 
of spasticity predicts that a decrease in the number of 
GABAergic and/or glycinergic inhibitory inputs leads 
to decreased inhibitory control of spinal segments, 
caudal to the injury, and thus an increase in spinal re-
flex activity (104–106). However, anatomical studies 
have demonstrated that the number of both GABAer-
gic and glycinergic inputs to sacrocaudal motoneu-
rons actually increases slightly after spinal transection 
(25, 26). In addition, several studies have demon-
strated an up-regulation of the GABAergic inhibitory 
system after complete thoracic spinal transection in 
both rats and felines (107, 108). This increase in the 
inhibitory system may serve a general role in prevent-
ing premature activity after injury. This would fit with 
the observations that at 1-week postinjury, when the 
animals displayed a decrease in reflex activity, there 
was an increase in inhibitory input labeling without 

a change in excitatory labeling. However, over time, 
when animals demonstrate increased reflex behavior, 
the increase in inhibitory input labeling appears to be 
surpassed by the increase in excitatory glutamatergic 
inputs (25, 26) (Table 27.2). Thus, the normal sup-
pressive activity of the inhibitory inputs may not be 
sufficient to prevent the development of spasticity in 
more chronically injured animals.

 Physiological Changes in Spinal  
Activity and Spasticity

Thompson et al. (34) evaluated spinal cord–injured 
rats at 6, 28, and 60 days after contusion injury at the 
T8 level. In this study, specific attention was given to 
neurophysiological measures that may be related to 
the development of enhanced excitability of hind limb 
reflexes because segmental hyperreflexia is a hallmark 
of transection-type lesions in animals and of spinal 
trauma in humans (109, 110). Accordingly, 4 aspects 
of reflex excitability were tested: (1) reflex thresholds 
(2), slope of the reflex recruitment curve (an estimate 
of reflex gain) (3), maximal plantar H reflex/maxi-
mal plantar M response rations, and (4) rate-sensitive 
depression, which is a fundamental rate-modulatory 
process that normally attenuates reflex magnitude 

TABLE 27.2
Ratio of VGLUT2 Labeling to VGAT Labeling

Time  
PosTinjury soma

ProximaL  
DenDriTe overaLL

Control 1 to 1.2 1 to 1.02 1 to 1.1
1 Week 1 to 1.47 1 to 1.16 1 to 1.3
2 Weeks 1 to 0.65* 1 to 0.64 1 to 0.64***
4 Weeks 1 to 0.57** 1 to 0.56** 1 to 0.57***
12 Weeks 1 to 1.03 1 to 0.71 1 to 0.87

Ratio of VGLUT2-IR labeling to VGAT-IR labeling of CTB- 
labeled sacrocaudal motoneurons after complete transection 
of the S2 spinal cord. At 1 week postinjury, there is a significant 
increase in the ratio of VGLUT2 to VGAT, suggesting an in-
creased inhibitory on influence on sacrocaudal motoneurons 
at this time point. From 2 to 12 weeks postinjury, a decrease in 
the ratio of VGLUT2 to VGAT labeling was observed, suggest-
ing and increase in the excitatory influence on sacrocaudal 
motoneurons at these time points. One-way analysis of vari-
ance was used to compare the mean size of immunoreactive 
boutons for all experimental groups with post hoc compari-
son by the Dunnett many-to-one t test. Data are presented 
as the mean ± SEM; *P < .05; **P < .01; ***P < .001. (From: 
Kitzman P. Changes in vesicular glutamate transporter 2, ve-
sicular GABA transporter and vesicular acetylcholine trans-
porter labeling of sacrocaudal motoneurons in the spastic rat. 
Exp�Neurol. 2006;197:407–419, Table 1, p. 414.)
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during repetitive afferent stimulation. At 6 days after 
contusion injury, H reflex magnitude, as a function 
of reflex repetition rate, was not significantly differ-
ent from that recorded in normal animals. However, 
the H reflex in these animals displayed substantial de-
crease in slope of the recruitment curve, suggesting a 
decrease in the gain of reflex excitability. Collectively, 
these observations indicated that at 1-week postinjury, 
lumbar reflex excitability was significantly depressed. 
When H reflex activity was examined in chronically 
injured animals (28 and 60 days postcontusion), the 
rate sensitivity of H reflex magnitude was significantly 
decreased. In the absence of the normal pattern of 
rate-sensitive depression, the relative reflex magnitude 
in both 28- and 60-day postcontusion animals was in-
creased compared with normal animals. The changes 
in motoneuron excitability, below the level of a spinal 
injury, would suggest that initially spinal injury results 
in a substantial depression of reflex excitability. Dur-
ing the first few weeks postinjury, progressive changes 
occur that result in an increase in the reflex excitabil-
ity of motoneurons.

The results demonstrated in the H reflex study were 
built upon subsequent studies of reflex activity after 
SCI. In particular, in addition to a significant decrease 
in rate depression, posttetanic potentiation, another 
rate-modulatory process that increases excitability, is 
altered after contusion (36). Analysis of monosynaptic 
reflexes after spinal contusion demonstrates a signifi-
cant increase in reflex amplitude, whereas the postte-
tanic potentiation of the tibial monosynaptic reflexes 
significantly decreases. Because the monosynaptic re-
flexes include muscle stretch reflexes, the results of this 
study suggest that a larger proportion of the motoneu-
ron pool is recruited by segmental stimulation in post-
contusion rats than in normal animals. This type of 
exaggerated response is consistent with the increased 
reflex excitability associated with conditions of spas-
ticity (111). The origin of the altered monosynaptic 
spinal reflex to contusion appears to differ from that 
after spinal hemisection, in which enhanced monosyn-
aptic reflex responses may reflect an increased activity 
of a single population of motoneurons rather than re-
cruitment of multiple separate populations responding 
with different time courses (1).

One key aspect of the definition of spasticity has 
always been the velocity dependency of muscle re-
sponse to a stretch. This aspect of spasticity has been 
difficult to measure in animals until recently. Tests of 
velocity-dependent ankle torques and extensor EMGs 
in rodents at 2 months after midthoracic contusion 
injury reveal that the development of significant levels 
of spasticity is present in the ankle extensor muscles 
(38, 112). Bose et al. (38) demonstrated that after spi-

nal contusion, there is an initial transient pattern of 
tonic spasticity that is displayed as a significant in-
creased stiffness that is independent of velocity. This 
pattern was followed by a period of decreased or sup-
pressed velocity-sensitive excitability. Finally, a pat-
tern of spasticity appears that is velocity dependent. In 
these animals, the ankle torques and the ankle exten-
sor EMG magnitudes are significantly increased only 
when tested at the upper range of ankle rotation ve-
locities. Collectively, these observations indicate that 1 
month after midthoracic contusion injury, a velocity- 
dependent exaggeration of the stretch reflexes can 
be demonstrated in the rat that is consistent with the 
clinical assessment of spasticity.

It is important to note that, as in previous stud-
ies, (3) spasticity has not been reliably detected in the 
ankle extensor muscles using manual examination 
of the hind limbs. However, spasticity can be dem-
onstrated using instrumentation that produces ankle 
rotation across a broad range of velocities. The litera-
ture supports the role of the rat spinal contusion injury 
model as a useful model to investigate SCI-induced 
velocity-dependent spasticity and that demonstration 
of spasticity requires a comparison of lengthening re-
sistance across a broad range of muscle-lengthening 
velocities. The contusion injury–associated increase in 
the velocity-dependent ankle torque is consistent with 
the expression of a spastic hyperreflexia that develops 
over time and is of lasting duration.

Low-Sacral Transaction Model. Two weeks af-
ter S2 spinal transection, low-level stimulation that 
would not evoke an EMG reflex in a normal or acute 
spinal rat now evokes long-lasting reflexes that are 
(1) very low threshold, (2) evoked from rest without 
prior EMG activity, (3) of polysynaptic latency with 
more than 6 millisecond central delay, (4) about 2 
seconds long, and (5) enhanced by repeated stimula-
tion (windup) (113, 114). These long-lasting reflexes 
in chronic spinal cord–injured rats have greater ex-
citability and demonstrate a lower threshold to initi-
ate the response, which is similar to the exaggerated 
flexor withdrawal reflexes seen chronically in spastic 
humans after SCI (106, 113).

Input from polysynaptic excitatory postsynaptic 
potentials (pEPSPs) to motoneurons is normally inhib-
ited by descending control. After SCI, these pEPSPs 
are released from inhibition immediately after injury. 
However, in the low sacral injury model, the release 
of polysynaptic potentials does not initially produce 
long-lasting reflexes due to an overall loss in moto-
neuron excitability (114). In more chronically injured 
animals, both in vitro and in vivo studies demonstrate 
that the same low-threshold polysynaptic inputs to the 
motoneurons are greatly amplified and prolonged by 
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calcium and sodium PICs (20–22). The development 
of SCI-induced amplified and prolonged low-threshold  
polysynaptic inputs has been confirmed clinically in 
humans (115, 116). These low-threshold polysynap-
tic EPSPs are NMDA dependent (21, 117) and are 
especially important in triggering spasms in chronic 
injured animals. A single EPSP becomes sufficiently 
long (>200 milliseconds) to evoke the slowly acti-
vating PICs in motoneurons, which in turn induce 
prolonged motoneuron discharges. The exaggerated  
activity of the motoneurons can last for several sec-
onds and is partially the result of the initiation of 
plateau potentials by the PICs (20, 23, 114). Conse-
quently, normally harmless stimulation such as gentle 
rubbing of the skin can evoke pEPSPs, which in turn 
can trigger PICs and plateau potentials that ultimately 
cause exaggerated long-lasting reflex responses.

In addition to changes in PIC discharge after SCI, 
the normal depression of monosynaptic and polysyn-
aptic reflexes with repeated stimulation is also lost 
after injury (34, 118), and cutaneous polysynaptic re-
flexes are instead enhanced with repeated stimulation 
(23, 117, 119). Thus, repeated inputs can summate to 
produce sufficiently long EPSPs to trigger PICs (23). 
These PICs enable motoneurons to produce vigorous 
discharges in response to brief inputs that, without the 
normal descending inhibitory control, ultimately pro-
duce the exaggerated spasms seen with chronic injury. 
(20, 28, 115, 116)

The Role of Plateau Potentials in the Develop-
ment of Spasticity. During the last 2 decades, research 
has shown that multiple active membrane properties 
shape the motoneuronal output. Voltage-dependent 
PICs are an important intrinsic property of spinal 
motoneurons. After SCI, the reemergence of these 
PICs is hypothesized to play a significant role in the 
development of spasticity. One mechanism by which 
PIC plays a role in the development of spasticity is 
through the activation of plateau potentials. With 
the motoneuron already active, plateau potentials are 
able to produce a distinct jump to a higher firing rate 
and produce firing that outlasts the stimulation (self-
sustained firing) in animals and humans, which can 
contribute substantially to long-lasting reflexes and  
spasticity (20, 21, 28, 120, 121).

Overall, there have been 2 categories of PICs that 
have been examined with respect to the generation of 
plateau potentials: the Ca2+ PIC (Ca PIC) and the so-
dium PIC (Na PIC). Of these 2 categories, it is the Ca 
PICs that have been shown to be more involved with 
generating the long-lasting reflexes that are character-
istic of spasticity (21, 22). However, the Na PICs and 
the sodium spike properties also appear to be crucial 
for enabling sustained firing of motoneurons as well 

as significantly interact with the neuromodulators se-
rotonin and noradrenalin (122–124).

With respect to the Ca PICs, it is the postsynap-
tically located L-type voltage-sensitive Ca2+ channels 
that significantly contribute to this active membrane 
property. These L-type voltage-sensitive calcium  
channels can be divided into Cav1.2 and Cav1.3 L-
type channels depending upon the a1 subunit that is 
present. In rodent spinal motoneurons, both Cav1.2 
and Cav1.3 channels are localized in the cell body and 
dendritic processes (125–129), with almost all spinal 
motoneurons expressing Cav1.3 (128). Experimen-
tally, the induction of PICs associated with spinal mo-
toneurons has been shown to be due in a large part 
to Cav1.3 L-type calcium channels (22, 130). While 
the presence of the Cav1.3 channel is important for 
PIC formation, its presence alone is not sufficient for 
producing plateau potentials; there must also be an 
appropriate neuromodulation to enable their func-
tion (121, 131). Specifically, the behavior of Cav1.3 
channels has been shown to be dependent on input 
from axons that originate in the brainstem and release 
monoamines, such as serotonin (5-HT) and norepi-
nephrine (NE) (121, 132, 133). Although the role 
of the Cav1.3 channels in the development of PICs 
has been established, the role of Cav1.2 channels is 
less well known. Recent studies in a variety of CNS 
neurons have shown that, like the Cav1.3 channels, 
Cav1.2 channels are influenced by the modulatory ef-
fects of monoamines (134, 135).

After S2 spinal transaction, a significant increase 
in Cav1.2 a1 subunit expression in the motoneuron 
pool caudal to the injury can be observed (136). How-
ever, there is no apparent change in the expression of 
the Cav1.3 a1 subunit expression. This lack of change 
in the Cav1.3 a1 subunit is surprising because it has 
been hypothesized that the Cav1.3 channels play a 
greater role in the production of PICs, which are im-
plicated in the onset of spasticity after spinal transec-
tion. One possible explanation may be that although 
the overall level of expression of the Cav1.3 channels 
do not change, the distribution of this calcium chan-
nel subtype along the soma and dendrites may change, 
which would lead to an alteration in neuronal func-
tion (136). Subsequently, an alteration in the distri-
bution of these channels could partially account for  
motoneurons developing hypersensitivity to mono-
amines after SCI (28).

The Role of Neuromodulators in Spasticity.  
Although excitatory (glutamatergic) or inhibitory 
(GABAergic and glycinergic) inputs control the over-
all firing rate of neurons, it is the influence of various 
neuromodulators that ultimately shapes the activity 
of the neurons. With respect to the spinal cord, the 
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predominate neuromodulators of neuronal activity 
are serotonin (5-HT) and NE. Anatomically, it has 
been demonstrated that the spinal cord in general and 
the spinal motoneurons specifically are densely inner-
vated by terminals of 5-HT and NE neurons arising 
from brain stem sources as well as a small population 
arising from spinal neurons. Complete SCI eliminates 
all but a very small percentage of the 5-HT content 
within the spinal cord (137–139), with approximately 
10% of 5-HT and NE inputs remaining caudal to the 
injury long after spinal transection (123). Administra-
tion of low doses (20–100 mg/kg) of the serotoninergic 
agonist 5-hydroxtryptophan increases spontaneous 
and evoked muscle activity in chronically spinalized 
rats but not in uninjured animals (138, 139). The 
results from these studies suggest that the release of 
5-HT from residual spinal sources could contribute 
to the development of spastic activity in chronically 
injured animals, possibly through the induction of 
large PICs. This idea has been partially verified when 
it was demonstrated that Na PICs are supersensitive 
to 5-HT2 receptor activation (122). Low doses of 5-
HT significantly lower the threshold and increase the 
amplitude of Ca PICs in sacrocaudal motoneurons 
from chronically transected animals (140). These Ca 
PICs demonstrate approximately a 30-fold increased 
sensitivity to 5-HT in chronic spinal rats when com-
pared to uninjured animals. Thus, after spinal injury, 
the development of 5-HT super sensitivity in the mo-
toneurons appears to more than compensate for the 
lost brainstem 5-HT inputs.

In addition to modulating PICs, 5-HT also sig-
nificantly modulates H reflex activity in spinal cord– 
injured animals (141). At 4 weeks postinjury, H reflex 
recordings from the hind paw plantar muscles of con-
tused rats show twice the H reflex amplitude of that 
in uninjured and transected animals. In animals that 
receive contusion injury, the 5-HT2 receptor antagonist 
significantly reduces H reflex amplitude, whereas the 
5-HT2 agonist significantly increases reflex amplitude. 
In addition, immunohistochemical analysis demon-
strates increased 5-HT2 receptor immunoreactivity in 
plantar muscle motoneurons compared with uninjured 
control animals. The results from this study suggest 
that increased expression of the 5-HT2 receptor is 
likely involved in the enhanced H reflex that develops 
after contusive SCI. The increased H reflex amplitude 
observed at 4 weeks after different severities of contu-
sive SCI in rats is positively correlated with 5-HT im-
munoreactivity around motoneurons involved in the 
reflex (142). That is, the greater their apparent 5-HT 
innervation, the more abnormally elevated their reflex 
activation. The clinical relevance to this work is that 

many individuals with SCI develop depression and are 
prescribed serotoninergic antidepressants. In cases of 
incomplete SCI, where descending 5-HT fibers are pre-
served (142), these antidepressants may cause an in-
crease in the local concentration of 5-HT in the spinal 
cord. If this increase occurs at a time when increased 
sensitivity to 5-HT has developed due to receptor up-
regulation, exaggerated reflexes and spasticity may  
actually be promoted in these individuals (141). In ad-
dition, administration of 5-HT and NE agonist can 
both facilitate and inhibit SCI-induced long-lasting  
reflexes depending upon the dosage (23) and that acti-
vation of select subsets of 5-HT receptors improves lo-
comotor function in the spinal-injured rat (143, 144).

The super sensitivity of spinal motoneurons to 
residual 5-HT may result in part from an SCI-induced 
increase in the expression of 5-HT receptors below 
the level of injury (145, 146). After T13 spinal cord 
transection in the feline, there is a significant increase 
in the expression of the 5 HT1A receptor in lamina 
II, III, and X of the lumbar spinal cord at 15 and 30 
days postinjury (145). Although spinal injury induces 
a compensatory increase in 5-HT receptor expression 
in several lamina of the spinal gray matter, there is 
no apparent change in 5-HT1A receptor labeling of 
lumbar motoneurons. However, a lack of change in 
expression of the 5-HT1A receptor subtype does not 
preclude the lumbar motoneurons from up-regulating  
the expression of another 5-HT receptor subtype to 
compensate for the loss of descending 5-HT input 
after spinal injury. In the phrenic motoneuron pool, 
immunohistochemical analysis reveals that 5-HT2A 
receptor expression significantly increases on phrenic 
motoneurons as well as in the surrounding gray mat-
ter 2 weeks after C2 spinal hemisection (146).

Norepinephrine is another neuromodulator that  
normally regulates spinal activity and continues to 
do so even in chronically spinal-injured animals. 
Administration of amphetamine leads to an increase 
in long-lasting reflexes in the tail muscles of spinal- 
injured rats, which is believed to be mediated by in 
part by the activation of Ca PICs (124). Similarly, ear-
lier studies demonstrated that the administration of 
amphetamine enhances flexor reflex activity in chroni-
cally spinal-injured animals (147, 148). Amphetamine  
is known to specifically enhance the release of NE as 
well as inhibit its reuptake (147, 149). Thus, the in-
crease in reflex activity in spinal-injured animals in-
duced by the application of amphetamine most likely 
involves the release of intraspinal NE. In addition, 
administration of L-dopa, a drug that leads to the 
synthesis and release of NE, leads to increased flexor 
reflexes elicited by a noxious stimulus in acute spinal  
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rats (150). Multiple studies have demonstrated an  
up-regulation of the NEa1 receptors in the spinal cord 
of chronically transected rats (145, 151, 152). As with 
serotonin, an up-regulation in the expression of NE 
receptors would indicate the potential for super sensi-
tivity of spinal neurons to the release of NE from the 
spinal sources that remain after spinal injury, and that 
this super sensitivity to NE likely plays a role in the 
development of SCIID.

In addition to serotoninergic and noradrenergic 
inputs, motoneurons receive innervation from cholin-
ergic inputs. Acetylcholine (Ach) is a powerful modu-
lator of spinal motoneuronal activity that has been 
shown to facilitate rhythmic activity in motoneurons 
in the neonatal rat spinal cord (153, 154). Cholinergic  
inputs arise from collateral branches from the axons 
of motoneurons themselves. These inputs help syn-
chronize the firing patterns of functional groups of 
motoneurons and allow for a coordinated activation 
of muscle groups. Low sacral spinal transection has 
been shown to cause to a progressive loss of the ve-
sicular Ach transporter (VAChT; a marker for cholin-
ergic terminals) labeling of sacrocaudal motoneurons  
(25). At 1 week postinjury, when the animals display 
decreased tail reflexes, there is an almost complete 
loss of cholinergic labeling of motoneurons. However, 
over time, a more complex pattern of labeling emerges 
in which VAChT labeling moderately increases at 2 
weeks postinjury and then progressively decreases 
over the next 2 TO 3 months postinjury. The almost 
complete loss of VAChT labeling at 1 week postinjury 
may be reflective of a decreased motoneuron activity 
that has been demonstrated postspinal transection  
(20). While, at later time points, when the spinal cord 
begins to recover from spinal shock and motoneuron 
activity increases, the production of VAChT from spi-
nal inputs to these motoneuronal pools may be par-
tially reestablished. Because the cholinergic inputs 
help in coordinating the firing pattern of groups of 
muscles, the loss of these inputs would lead to a disor-
ganization of muscle firing patterns.

In addition to serotonin, NE, and Ach, another 
neuromodulator that has been examined with respect 
to the development of spasticity after spinal injury is 
dynorphin. Dynorphin is a member of the opioid fam-
ily that is endogenously produced within the CNS and 
is typically associated with the control of somatosen-
sation. after spinal compression in the cervical region, 
animals display spasticity within 4 days of surgery 
that persists for at least 8 weeks (30). Radioimmu-
noassay results demonstrated that at 1 week after 
compression injury, dynorphin-A immunoreactivity is 
significantly decreased in thoracic and lumbar spinal 

segments. Physiologically, administration of a dynor-
phin k-receptor agonist significantly reduces the level 
of spasticity in these animals. These results suggest 
that a reduction of endogenous dynorphin might play 
an important role in the pathogenesis of spinally in-
duced muscle spasticity, which fits with the results of 
a previous physiological study that demonstrated that 
administration of an analogue of dynorphin success-
fully relives spasticity induced in the rabbit by cervical 
compression injury (155).

Changes in Response to Ischemic SCI. While 
traumatic SCI models remain the predominate models  
for examining pathology underlying the development  
of spasticity, other studies have examined the patho-
physiology involved with ischemic spinal injury-induced  
spasticity (41, 44, 45, 156, 157). Physiologically isch-
emic SCI leads to a clear increase in EMG activity 
measured from gastrocnemius muscles in response 
to noxious stimulus (40). In addition, simultaneous 
measurement of EMG activity in gastrocnemius and 
muscle resistance during ankle rotation shows a clear 
appearance of increased EMG activity during the 
muscle stretch, and the increase in muscle resistance 
is velocity dependent. Together, these observations 
demonstrate the presence of spasticity in the ischemic 
model. However, the ischemia injury model also leads 
to muscle rigidity, which needs to be considered when 
interpreting electrophysiological data.

Biochemical studies indicate that ischemic SCIID 
appears to involve a decrease in the level of spinal gly-
cine. Because glycine has been established as 1 of the 
2 main inhibitory neurotransmitters in the spinal cord 
and is closely associated with the modulation of seg-
mental efferent activity within the ventral horn and 
afferent activity within the dorsal horn, a decrease in 
the level of this neurotransmitter would effectively re-
lease spinal reflexes from inhibitory control. In ani-
mals displaying spinal shock, the glycine levels have 
been shown to be 2 to 3 times higher than spastic or 
control (uninjured) animals (158). Thus, during the 
time frame in which animals display decreased reflex 
activity, there is an elevated level of inhibition. Ad-
ministration of glycine or closely related compounds 
is able to suppress spastic activity, whereas blockade 
of glycine-mediated chloride channels amplifies spas-
tic activity (44).

The decrease in the level of glycine (and GABA) 
that is seen in ischemic injured spasticity animals 
can be linked to the loss of spinal neurons that pro-
duce these inhibitory interneurons (41) Specifically,  
increased motor tone after spinal ischemia may be a 
result of a loss of small-sized and medium-sized in-
hibitory glycine and GABAergic interneurons, which 
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are known to provide the principle local modulation 
of motoneuron excitability (156, 159–161). In addi-
tion to changes within the inhibitory component of 
the spinal cord, ischemic spinal injury also appears to 
induce changes in the excitatory circuitry. Specifically, 
spastic animals demonstrated a significant increase in 
GluR1 but a decrease in GluR2 and GluR4 proteins 
(162). These results suggest that ischemia-induced 
spinal injury differentially effects the expression of 
the different AMPA receptor subtypes, which would 
impact the responsiveness of spinal neurons to gluta-
mate. Pharmacologically blocking the GluR1 receptor 
significantly reduces the manifestation of spasticity 
and rigidity as well as down-regulates the expres-
sion of neuronal and astrocytic GluR1 expression 
in the lumbar spinal cord. These results suggest that  
the injury-induced increase in GluR1 receptor expres-
sion contributes to the expression of spasticity in these 
animals.

Pathophysiology in the Rodent Model  
of Multiple Sclerosis

As with SCI, animal models of multiple sclerosis dem-
onstrate signs and symptoms of upper motor neuron 
lesions, including the development of spasticity. The 
CREAE is an autoimmune model of multiple sclero-
sis that has become the predominate animal model 
for studying this disease. It has been proposed that 
spasticity in CREAE mice is associated with changes 
in the expression of endocannabinoids because en-
docannabinoids are up-regulated locally in areas 
of CREAE-induced damage. For this reason, most 
studies that have examined the pathophysiology of 
spasticity in CREAE animals have focused on the 
role of the cannabinoid system. Physiological stud-
ies have shown that cannabinoid receptor agonists 
significantly decrease tremor and spasticity, whereas 
administration of cannabinoid receptor antagonists 
significantly exacerbates spasticity in these animals 
(46). More recently, it has been demonstrated that 
inhibitors of endocannabinoid reuptake significantly 
inhibit limb spasticity in mice with CREAE (48). Gene 
knockout technology has also been combined with 
this animal model to examine the effects of remov-
ing (knocking out) the expression of the cannabinoid 
type-1 (CB1) receptor subtype on the manifestation of 
spasticity (49). Loss of CB1 receptor subtype expres-
sion leads to an attenuation of the antispastic effects 
of CB agonists, suggesting that the cannabinoid sys-
tem in general and the CB1 receptor subtype specifi-
cally may be very appropriate targets for interventions 
aimed at managing the expression of CREAE-induced  
spasticity.

Pathophysiology in Rodent Models  
of Cerebral Palsy

Of the different animal models of spasticity that have 
been examined, the most recent models to be devel-
oped involve either a hypoxia-ischemia or anoxia- 
induced form of cerebral palsy in the rabbit or rodent,  
respectively (50–52, 54). However, very little work has 
been conducted with respect to determining the ana-
tomical or physiological aspects of the pathophysiology 
behind the hypertonia in either of these animal models. 
Magnetic resonance imaging analysis demonstrates 
that in animals that underwent hypoxia-ischemia  
injury and demonstrate pronounced hypertonia, there 
is white matter damage especially in the corpus cal-
losum and the internal capsule (51, 52). With respect 
to anoxia-injured rodents, mild increases in muscular 
tone paralleled a modest disorganization of the pri-
mary motor cortices (54). These initial studies repre-
sent the first steps in the evolution of animal models of 
cerebral palsy that can be used to elucidate the patho-
physiology involved with the onset of spasticity.

Pathophysiology in Spastic, Spasmotic  
and Oscillator Mutant Mouse Models

Spastic, spasmodic, and oscillator mutant mice have 
naturally occurring glycine receptor mutations that 
manifest as motor deficits and an exaggerated “startle 
response” similar to animal models of multiple scle-
rosis; it appears that changes in the glycinergic system 
play a significant role in the development of spastic-
ity in these mutant animals (57, 59, 61, 63, 64, 162). 
Adult homozygotic spastic mutants exhibit a severe 
reduction of adult isoform of glycine receptors in the 
spinal cord and brain (59, 63). Specifically, it appears 
that the onset of spastic symptoms coincides with a 
developmental switch from the neonatal isoform of 
glycine receptor to the adult isoform glycine recep-
tor (63). The adult glycine receptor isoform is com-
posed of ligand-binding a1 and structural b subunits. 
In spastic mice, there is an aberrant splicing of the b 
subunit (59). Therefore, during the development stage 
in which glycine receptors normally switch from their 
immature to adult forms, the spastic mutants are un-
able to make this transition.

Physiologically, a reduction in glycine receptor-
mediated neurotransmission in spastic mice correlates 
with the severity of the neurological symptoms. Spe-
cifically, the abnormal motor output of the spastic 
mutant mouse appears to be related to a dramatic re-
duction in chloride-dependent glycine-mediated syn-
aptic conductance (64). In addition, the amplitudes 
of glycine receptor-mediated inhibitory postsynaptic  
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currents are significantly reduced in the severe pheno-
type when compared to the wild type and mild pheno-
type mutants, suggesting a release of reflex activity from 
its normal inhibitory control (162). Along with the 
documented alterations in the glycinergic neurotrans-
mitter system, physiological assessment has determined 
that the amplitudes of the GABAA receptor-mediated  
Inhibitory post-synaptic potential (IPSP) which is a lo-
cal hyperpolarization of the post-synaptic membrane. 
It becomes more negative and therefore less likely 
to be activated are also significantly reduced in the 
spastic mutant mice. This attenuation of GABAergic 
inputs would continue to reduce the amount of in-
hibition present in the spinal cord, thus allowing for 
uncontrolled activation of spinal reflexes.

The spasmodic genetic disorder, like the spastic 
mutation, is caused in part to a mutation in spinal gly-
cine receptors, resulting in neurons having a reduced 
sensitivity to glycine (57). Specifically, the spasmodic 
mutation affects the a1 subunit of the adult glycine 
receptor. This alteration in the a1 subunit leads to a 
6-fold reduction in glycine sensitivity by the adult gly-
cine receptor. In addition, glycine receptor kinetics are 
faster in spasmodic mutant mice compared with wild-
type animals (61). The faster inhibitory postsynaptic 
current rise and decay times would suggest that the 
main effect of the spasmodic mutation is to increase 
the rate of glycine unbinding from its receptor, thereby 
shortening the time these inhibitory receptors remain 
activated (163). As with other mutant mouse models, 
the oscillator mutant mice also demonstrate naturally 
occurring mutations to the glycine receptor (61, 67). 
Specifically, these animals appear to have a complete 
absence of the a1-containing glycine receptors.

Finally, in the spastic mouse model of human 
hyperekplexia, researchers have observed a develop-
mental loss of glycinergic presynaptic terminals but 
an increase in the density of GABAergic presynaptic 
terminals during the first 2 postnatal weeks (66). In  
addition, whereas spastic mice display a strong impair-
ment in glycine receptor aggregation postsynaptically, 
the proportion of inhibitory presynaptic terminals 
facing diffuse GABAA receptors significantly increases 
during development. These results suggest that while 
GABAergic neurotransmission may increase in these 
mutant mice, it does not compensate for defects in 
glycine receptor postsynaptic aggregation.

Overall, the results of studies that have exam-
ined mutant mice models of spasticity have all dem-
onstrated different mutations that disrupt glycine 
and GABA receptor-mediated inhibition via different 
physiological mechanisms. Each of these mutations 
would allow excitatory inputs within the spinal cord 
to go relatively unchecked by the inhibitory system 

and therefore potentially allow for exaggerated reflex 
responses (164).

CONCLUSION

As we have shown throughout this chapter, different 
insults to the CNS (eg, SCI, stroke, cerebral palsy, mul-
tiple sclerosis) lead to spasticity with different patho-
physiology. This has necessitated the need to develop 
and refine multiple animal models that mimic aspects 
of spasticity and the upper motor neuron syndrome 
that are seen in humans to better understand the un-
derlying pathology involved with the development of  
this impairment. The use of animal models allows 
for the production of reproducible deficits that are 
appropriate for examining the relationship between 
structures within the CNS and their function. As our 
understanding of the underlying causes of spasticity 
increases and new research techniques become avail-
able, the use of animal models will also evolve and 
will continue to play a significant role in our under-
standing of the underlying pathology of spasticity as 
well as a role in the development of new interventions 
for the treatment of this complex impairment.
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passive and, 53, 61
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Adduction
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shoulder, 72–73
thigh, 125–126

Adhesive capsulitis, 37
Adult-onset spastic paraparesis, 306
Adults

Alexander disease, 273
botox dosing for, 127
box and block test (BBT) in, 59
with CP, 45
daily allowance of copper for, 309
dantrolene in, 211
diazepam in, 204–205
epidemiology of spasticity in, 5–13
gait analysis in, 61
GM2-gangliosidosis, 273, 275
with hemiplegia, 88
paraplegic, 42
phenol injections in, 384
with phenylketonuria, 272
polyglucosan body disease, 273
QOL for, 65
tizanidine in, 390
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work-related injuries in, 8
wrist flexors in, 23

Agonist/antagonist cocontraction, 75
Alcohol, 108–109, 350

administration in pediatric  
population, 112

motor point blocks and, 331
therapeutic nerve blocks and, 331

Alcoholic myelopathy, 273
Alcoholism, 272
Alexander disease, 273
ALS. See Amyotrophic lateral sclerosis (ALS)
ALS Functional Rating Scale (ALSFRS), 301
Alzheimer disease, 282
Ambulation Index (AI), 345
Ambulatory children, 400
Ambulatory patients, 236
4-Aminopyridine (Fampridine®), 328
Amyotrophic lateral sclerosis (ALS), 281

epidemiology, 298–299
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pathogenesis of

familial ALS, 299
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pathology, 300
symptomatic (spasticity), 302–303
treatment

disease modifying, 300–302
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Animal models for examining spasticity, 419

pathophysiology in rodent models of 
cerebral palsy, 432

pathophysiology in spastic, spasmotic 
and oscillator mutant mouse 
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pathophysiology in the rodent model of 
multiple sclerosis, 432

pathophysiology of, 423
arising from SCI, 423–427

physiological changes in spinal activity 
and spasticity, 427–432

types of
rodent model of cerebral palsy, 422
rodent model of multiple sclerosis, 422
spastic, spasmotic, and  

oscillator mutant mouse mod-
els, 422–423

spinal cord injury models of spasticity, 
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Ankle

dorsiflexion, 153
eversion, 153

Ankle
great toe extension, 153
inversion, 153
joint anatomy, 153
plantar flexion, 153

Ankle Ashworth test, 84
Ankle-foot orthosis, 389
Antispasmodic agent, 349
Antispasticity medications, adverse drug 

reactions for, 208
Appel Amyotrophic Lateral Sclerosis Rating 

Scale, 302
Ashworth Disability Scale, 384
Ashworth Scale, 42, 52, 56–57, 134, 

316–317, 344, 381
for assessment of muscle tone, 58, 82, 
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limitations of, 363
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Ashworth Scale (cont.)
as a metric for spasticity, 374
for physical assessments of spasticity, 157
psychological issues, 42

ASIA Impairment Scale, 314
Associated antiphospholipid syndrome, 277
Associated reactions, 26–27

and mass reflex, 368
Atlastin-1 (ATL1), 283–284
ATPases, 305
Atrophy, 297
AutoCITE, 192
Axonal sprouting, 315–316

Babinski sign, 26, 366
Baclofen, 41, 175, 347–348, 374, 375, 390. 

See also Intrathecal baclofen (ITB)
comparison with clonazepam, 325, 348
comparison with cyproheptadine, 327
GABA receptor agonist, 290, 302
on gait in spastic MS patients, 379
in MS patients, 347–348
oral dosage, 330
overdose, 239
side effect of, 204
structure, 203
withdrawal, 330, 349

Baclofen/Clonidine Pump Clinic  
Follow-Up Evaluation, 202

Baclofen (Lioresal®), 323–325
Baropodometric tests, 178
Barthel Index (BI), 6, 64, 83, 388
Beckman exercises, 37
Bed positioning programs, 42
Benzodiazepines, 204, 205, 221, 325, 348

administration of, 237
and baclofen, 302
intravenous, 330
pharmacokinetics, 204
treatment, 204–205

Berg Balance Scale, 53, 345
Biering-Sorensen postural analysis, 83
Bilateral spastic CP, 13. See also Cerebral 

palsy (CP)
Blood oxygen level difference fMRI, 185
Body image integrity, 30
Body weight–supported ambulation, 168
Body weight-supported treadmill training 

(BWSTT), 192–194
Bone

and joint integrity, 30
mineral status, 343

BoNT. See Botulinum neurotoxin (BoNT)
Botulinum toxin (BoNT), 6, 83–84

chemodenervation, 87
role in spasticity treatment, 126–128
for TBI treatment, 10

Botulinum toxin (BoNT), treatment of 
upper extremity spasticity with, 
131–132

BoNT-ona in poststroke spasticity, 
133–135

BoNT-nima in spas, 136
case report, 138–139
clinical impact, 136–137
common presentations, 137
consensus statements and evidence 

reviews, 139
dosing concerns, 132–133
injection technique, 137–138
mechanism of action, 132
studies of BoNT-abo, 135–136
sustained improvement with repeated 

injections, 135
Botulinum toxin injections, 4, 37, 331–333

for bowel and bladder, 39–40
Botulinum toxins (BT), 21

chemodenervation with, 245
dosing for adults, 127
dosing guidelines, 333
FDA terminology for different formula-

tions of, 133
skills required for use of, 95
for spasmodic dysphonia, 39

Bowel and bladder, 39–40
basic considerations in, programs, 42

Box and block test (BBT)
in adults, 59

Brace Wearing Scale, 110
Bracing devices, 347, 406
Bruxism, 37
BT. See Botulinum toxins (BT)
Bulbopontine tegmentum, 342

Canavan disease, 207
Cannabinoids

pharmacokinetics, 210
treatment, 210–211

Cannabinoids (Marinol®, Cesamet®), 328
Cannabis, 348–349
Caregivers

and family, 52, 71, 92
Carisoprodol, 349
Carpal tunnel syndrome, 36, 74, 245, 256
Casting, 36. See also Serial casting (SC)

inhibitive, 54
Casts, 78

application of, 165
children, 59
immobilization, 411
lightweight, 268
postoperative, 260
walking, 265

Catheter
imaging evaluation of, 238
malfunction, 238

Catheter access port (CAP), 238
Cavus deformity, 266
Cavus foot, 266
C elegans models, 285

Central alpha-adrenergic agents
clonidine, 207–208
tizanidine, 208–209

Central pain syndrome, 35, 36. See also 
Pain

Cerebellar stimulation, 243, 244
Cerebral Disorders Spastic Hypertonia 

Treatment Paradigm, 212
Cerebral disorders versus spinal disorders, 

221
Cerebral lesions, 203
Cerebral palsy (CP), 12–13, 28–29, 35

botulinum toxin, 391–392
case study, 391, 392–393
in children. See Children, with CP
clinical presentations of, 387–388
defined, 387
etiology and epidemiology, 387
evaluation, 388
intrathecal baclofen, 393
oral medications, 390, 391
phenol and ethyl alcohol, 392
physical treatments, 389–390
treatment planning, 388–389

Chaperones, 286
Charlevoix-Saguenay syndrome, 273, 276
Chemodenervation, 349–351, 361–362

and range of motion (ROM), 92
Chemoneurolysis, 101–102, 331
Child Health Questionnaire, 177
Children. See also Hereditary spastic 

paraplegias (HSP)
baclofen in, 374
with balance difficulties, 389
BoNT in, 131, 391

dosing, 132
casts, 59
congenital abnormality in, 272
with CP, 59, 171, 388–389

alcohol administration in, 108–112
ambulatory children, 400
BTX A injection in, 178
CITB in, 401
CIT program for, 390
deformities in, 36
with equinus foot, 178–179
musculoskeletal deformities in, 407
orthopedic surgical interventions for, 

405, 406
prevalence, 12–13
speech, 34
subfascial placement, 402
surgical options for, 397, 398

diazepam in, 204
dynamic splinting in, 167
gabapentin in, 205–206
gait analysis, 61
intrathecal baclofen in, 236
Pediatric Evaluation of Disability Inven-

tory (PEDI), 64
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preambulatory, 389
prevalence of multiple sclerosis, 11
with spastic ankle equinus foot, 178
with spasticity from Canavan  

disease, 207
spasticity treatment in, 156
with spastic quadriplegia, 392
sports-related spinal cord injuries, 8
with symptomatic infantile spasms, 207
tiagabine in, 206

Christopher & Dana Reeve Foundation 
Paralysis Resource Center (PRC), 5

Chronic relapsing experimental allergic 
encephalomyelitis (CREAE), 422

Ciliary neurotrophic factor (CNTF), 302
CIMT. See Constraint-induced movement 

therapy (CIMT)
CIT. See Constraint-induced therapy (CIT)
CITB. See Continuous ITB (CITB) infusion
Clasp-knife response, 367–368
Clenched fist, 92

anatomy, 147
due to UMNS, 75
in hemiparetic patient, 29
interfering with splinting and hand 

hygiene, 138
and skin integrity, 30
spastic postures, 148

Clinical assessment of spasticity, 121
adducted (scissoring) thigh, 125–126
equinovarus foot, 122–124
flexed hip, 126
hyperextended great toe, 124
impact of gait, 121–122
patterns of UMN dysfunction, 122
stiff knee, 124

Clonazepam, 204
Clonidine, 207–208
Clonidine (Catapres®), 326–327
Clonus, 22. See also Stretch reflexes
Clostridium botulinum, 132
Cocontraction, 24, 94, 119, 368

of antagonist muscles, 86
due to decreased Ia interneuron activity, 

315
dystonic, 272
nerve conduction and, 275
of shoulder extensors, 73
spastic, 75, 236, 272, 273

Cold, 172–174
Cold therapy, 346
Collagen, 343
Colorado Spinal Cord Injury Early Notifica-

tion System, 9
Coma, 233, 239, 324, 325, 330, 348
Combination therapies, 174

botulinum toxin type A injection and 
CIMT, 176–177

botulinum toxin type A injection and 
electrical modalities, 174–176

botulinum toxin type A injection and SC, 
177–179

botulinum toxin type A injection and 
therapeutic exercise, 177

Compartment syndrome, 107, 165
Complex regional pain syndrome (CRPS), 

35. See also Pain
Composite Spasticity Scale (CSS), 161
Conditional knockout model, 286
Confusion, 203, 205, 302, 324, 325, 349, 

350
Consortium of Multiple Sclerosis  

Centers, 344
Constraint-induced movement therapy 

(CIMT), 45, 186–187, 187
botulinum toxin type A injection and, 

176–177
modified, 176, 177
using AutoCITE, 192

Constraint-induced therapy (CIT), 389–390
Continued medical education (CME), 133
Continuous ITB (CITB) infusion, 229–230
Contractile tension, 22–23
Contracture, 28, 120
Contusion/Compression Model, 421
Copper deficiency myelopathy

overview, 309
pathology, 309
pathophysiology, 309
treatment, 309–310

Cost
comparisons of phenol neurolysis, 

111–112
CP. See Cerebral palsy (CP)
CRASH syndrome, 289
Cyclobenzaprine

pharmacokinetics, 212
treatment, 212

Cyproheptadine, 209–210, 349
Cyproheptadine (Periactin®), 327

Daily isometric exercises, 343
Dantrolene, 211–212, 381
Dantrolene sodium, 21, 348

pharmacokinetics, 211
treatment, 211–212

Dantrolene sodium (Dantrium®), 325–326
Daytime hypersomnia, 41
Deep tendon reflexes, 366

brisk, 272–273, 276, 277
Delayed sleep phase syndrome, 42
Dendritic arborization, 325
Depression, 43
Detrusor-sphincter dyssynergia, 33
Diagnostic and Statistical Manual of Mental 

Disorders, Fourth  
Edition

for sleep disorders, 41
Diazepam, 204
Diazepam withdrawal syndrome, 325, 390

Diffuse axonal injury, 184
Diffusion imaging, 184–185
Diffusion-perfusion mismatch, 184
Disability Assessment Scale (DAS), 52, 92, 

133, 134, 384
Disabling spasticity (DS), 6
Distal hereditary motor neuropathy 

(dHMN), 281
Disuse atrophy, 305, 343
Ditunno’s model, 315–316
Drawing Test, 169
Dronabinal, 210–211
Drooling, 33
Drosophila models, 284–285, 291
Drowsiness, 203

due to benzodiazepines, 205
due to carisoprodol, 349
due to clonidine, 327
due to dantrolene sodium, 326,  

381
due to orphenadrine, 221
due to progabide, 349
due to vigabatrin, 206–207
during ITB trials, 233

Dry mouth, 303, 326, 327, 348, 349, 374, 
390

BoNT and, 136
Dutch children. See also Children

prevalence of cerebral palsy (CP) in, 13
Dynamic Gait Index, 161
Dynamic splinting, 166
Dynasplints, 166–167
Dynorphin, 431
Dysarthrias, 37, 39
Dysphagia, 37
Dyssomnia, 41
Dystonia, 24–25
Dystonic posturing, 77

Elbow
assessment, 73–74, 144–146
extension, 167
flexion spasticity, 248, 254–255

Electrical stimulation (ES), 168, 189–190, 
322, 374

biofeedback and, 389
to hip abductors, 126
intraoperative, 397
maximal, 318
motor point stimulation using, 332–333
percutaneous, 114
transcutaneous electrical stimulation 

(TENS), 347
Emory Functional Ambulation Profile, 63
Enteral baclofen, 375, 379. See also  

Baclofen
Equinovarus deformity, 84
Equinovarus foot, 122–124
Equinovarus of foot/ankle, 112
Equinus gait, 109
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ES. See Electrical stimulation (ES)
Ethanol, 350, 392
EuroQol, 65
Excitatory postsynaptic potentials (EPSPs), 

420
Excitotoxicity model, 299
Expanded Disability Status Scale (EDSS), 

345
Extensor reflexes, 26
Extrafusal muscle fibers, 22

Familial spastic paraplegia, 281. See also 
Hereditary spastic paraplegias (HSP)

Family
AAA protein, 284, 286
benzodiazepine, 325
and caregivers, 52, 71, 92
FYVE-finger, 288
history of HSP, 282
history of spastic disorder, 272

FDA terminology for different formulations 
of botulinum toxins, 133

Fecal incontinence, 40
Fibromyalgia, 349
Finger flexion, 147–148

spasticity, 256–258, 258–259
Finger flexor spasticity, 72
Fingers, 75
Fixed attitude dystonia, 24. See also Dys-

tonia
Flaccid dysarthria, 37
Flexed elbow, 18, 25, 30, 137, 144

musculocutaneous nerve block versus 
botulinum for, 111, 114–115

Flexed hip, 126
Flexion plus extension, 148
Flexor digitorum profundus (FDP), 147
Flexor reflex, 26

afferents, 26
Flexor spasms, 26, 368
Flexor synergy pattern, 18–19
fMRI. See Functional magnetic resonance 

imaging (fMRI)
Focal distribution, 92
Foot

dorsiflexion, 153
eversion, 153
great toe extension, 153
inversion, 153
joint anatomy, 153
plantar flexion, 153

Foot and ankle spasticity, 262–267
Forearm pronation spasticity, 255–256
Fractional anisotropy (FA), 184
Fractional lengthening, 250
Fracture, 156, 164, 235, 251, 347, 407, 421
Fragile X syndrome, 273
Frankel grades, 9
Frenchay Arm Test, 63–64
Friedreich ataxia (FA), 297

epidemiology, 307
overview, 306–307
pathology, 307
pathophysiology, 307
treatment, 307

Fugl-Meyer Upper Limb Test, 161
Functional ES, 168–170. See also  

Electrical stimulation (ES)
Functional goals, 85
Functional implications of spasticity, 

120–121
Functional Independence Measure (FIM), 53

score, 84
Functional magnetic resonance imaging 

(fMRI), 185–186
Functional near infrared spectroscopy 

(fNIRS), 186
F waves, 321

Gabapentin, 349, 380–381
pharmacokinetics, 205
treatment, 205–206

Gabapentin (Neurontin®), 327–328
Gain, 56
Gait analysis, 61
Gamma-aminobutyric acid (GABA) ago-

nists, 200, 203
pharmacokinetics, 203
treatment, 203–204

GBP3, 283–284
Glasgow COMA Scale (GCS), 371
Global Attainment Scale, 177
Global Spasticity Scale, 171
Glycine, 326, 349
Goal Attainment Scale, 84, 136
Gracillis muscle, 261
Gross Motor Function Classification Sys-

tem, 388
Gross Motor Function Measure (GMFM), 

171
Guanylate-binding protein 3, 283–284

Hallucinations, 203, 204, 209, 237, 325, 
325, 330, 374

Hand
anatomy, 147–148
spastic postures, 148–149

Hand hygiene, 93, 94, 97, 134, 135
BoNT and, 137

Health-related quality of life (HRQL), 7. 
See also Quality of life (QOL), 
measures

Heat, 174
Heat therapy, 346
Hemineglect phenomena, 45
Hereditary spastic paraparesis (HSP). See 

Hereditary spastic paraplegias (HSP)
Hereditary spastic paraplegias (HSP), 281

autosomal dominant, 283–287
SPG3, atlastin-1 (ATL1), 283–284

SPG4, spastin (SPAST), 284–285
SPG6, nonimprinted in Prader-Willi/

Angelman 1 (NIPA1), 285
SPG8, strumpellin (KIAA0196), 285
SPG10, kinesin 5A (KIF5A), 285–286
SPG13, heat shock protein 60 

(HSP60), 286
SPG17, seipin (BSCL2), 286–287
SPG31, receptor expression enhancing 

protein 1 (REEP1), 287
SPG33, protrudin (ZFYVE27), 287

autosomal recessive, 287–289
emerging pathways in, 282–283
epidemiology, 305
genetic heterogeneity in, 282
overview, 304–305
pathology, 306
pathophysiology, 305–306
perspective, 290–291
prevalence, 282
treatment, 306
X-linked, 289–290

Hip, 149–151
abduction, 151
adduction, 150–151
adductor spasticity, 54
extension, 150

spasticity, 260
external rotation, 150
flexion, 126, 149

and adduction spasticity, 259–260
internal rotation, 150
joint anatomy, 149

Hispanic children. See also Children
prevalence of cerebral palsy  

(CP) in, 13
Hitchhiker’s toe, 124
Hmax/Mmax ratio, 52–53

sensitivity in presence of baclofen, 
238–239

Hoffman reflex (H reflexes), 421
Homocysteine, 309
HSP. See Hereditary spastic paraplegias 

(HSP)
Human spastic syndrome, 421
Hyperextended great toe, 124
Hyperextension deformity, 267
Hyperkinetic dysarthria, 37
Hypertonia, 367
Hypokinetic dysarthrias, 37

Immobility due to spasticity, 343
Impingement syndrome, 30
Indium I-111 DTPA, 238
Infants, 13, 309
Infections, 308, 393
Inhibitory casting, 164
Injection guided therapy

botulinum toxin, 384–385
phenol, 384
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Injury and physical pressure, 30
Insomnia, 42

after traumatic brain injury, 42
Interhemispheric inhibition, 189
International Classification of Disease 

codes, 13
International Classification of Functioning, 

Disability and Health (ICF)
framework, 86
model, 86, 404

Interneuronal circuitry, 22
Intrarater and interrater reliability, 81
Intrathecal baclofen (ITB), 4, 6, 328–330, 

361, 379–380
adverse events, 402–404
ambulatory patients, 236
in children, 236
for CP treatment, 393
delivery, cessation of, 237
dosing, 236–237
indications, 401
instrumentation, 401–402
outcomes, 404–405
overdose, 239
rationale, 401
in stroke, 45
for TBI treatment, 10
techniques, 402

Intrathecal baclofen (ITB) implantation, 233
long-term maintenance, 235–236
titration phase and postimplantation 

management, 234–235
Intrathecal baclofen (ITB) infusion

components of ITB therapy,  
230–231

neurophysiological mechanism of action, 
230

patient selection and the role of preim-
plant trials, 231–233

Intrathecal baclofen (ITB) therapy, 39, 45, 
304

history of, 229–230
loss of effectiveness of, 237
in treating HSP, 306
use of, 93

Intrathecal baclofen (ITB) withdrawal syn-
drome, 237, 302–303, 330

Intrathecal clonidine, 330
Intrathecal drug deliver failure, 237
Intrathecal medications, 351–352
Intrathecal phenol, 361

administration, 352
injection, 107

Intrathecal treatments
chemodenervation, 361–363
intrathecal baclofen, 361
intrathecal phenol, 361
neuromuscular blockade, 363

Ischemic SCI Model, 421–422
Isokinetic dynamometers, 318

Isolated syndrome of progressive spinobul-
bar spasticity, 303

Isolated voluntary time movement tests, 
59–60

Isotropy, 184
ITB. See Intrathecal baclofen (ITB)

Jackson’s hierarchial model, 17
Jackson’s release phenomena formulation, 

26
Jebsen Taylor Hand Function Tests,  

60, 169
Jebsen Taylor Hand test, 365
Joints, 76–77

and bone integrity, 30
Joints, anatomical considerations for major

ankle and foot, 153
elbow, 144–146
hand

anatomy, 147–148
spastic postures, 148–149

hip, 149–151
Joints, anatomical considerations for major 

knee, 151–153
shoulder

anatomy, 141–143
spastic postures, 143–144

wrist, 146–147

Kessler Institute for Rehabilitation,  
10–11

Kinesin 5A (KIF5A), 285–286
Kinesin motor proteins, 286
Kjellin syndrome, 288
Knee

extension, 152–153
flexion, 152
joint anatomy, 151–152

extension spasticity, 262
flexion spasticity, 260–261

Kurtzke Functional Systems Scale, 11

Learned nonuse, 186
Leeds Adult Spasticity Impact Scale, 85
Lee Silverman Voice Treatment, 39
“Lever arm dysfunction,” 405
Life-threatening syndrome, 237
Likert Scale, 52–53, 63
Liver function tests, 274
Locus ceruleus, 207
Lou Gehrig disease, 297
Low back pain, 349
Lower limb dysfunction

functional assessment of gait, 87–89
Lower limb joint ROM, normal, 82
“Low reservoir syndrome,” 235
Low-Sacral Transaction Model, 428
Low Sacral Transection Model, 420–421
Lumbar and sacral nerve blocks, 105
Lycra garments, 167

Magnetic resonance spectroscopy (MRS), 
185

compounds detected by, 185
imaging, 185

Manual muscle testing, 121
MASA syndrome, 289
Mass reflex and associated reactions, 368
Mast syndrome, 282, 289
Matrix AAA ATP-dependent protease (m-

AAA protease), 288
Medical College of Wisconsin (MCW), 5–6
Medical Research Council Scale, 82, 300
Medtronic Synchromed Infusion® system, 

401
Menkes disease, 309
Meprobamate, 349
Methylmalonic acid, 309
Mitochondrial recessive ataxia  

syndrome, 307
Modified Ashworth Scale (MAS), 56–57, 

157, 316–317, 344, 345, 374, 388
score, 6

Modified Modified Ashworth Scale,  
56–57

Modified Penn spasm frequency scale 
(PSFS), 317. See also Penn Spasm 
Frequency Scale (PSFS)

Modified Tardieu Scale, 57. See also Tardieu 
Scale

Monosynaptic connections, 22
Mood issues, 42, 45
Motor Activity Log Self Report Action 

Research Arm Test, 384
Motor Assessment Scale, 8
Motor disability, 13
Motor impairment syndromes, 12
Motor nerve block, 392
Motor neuron degeneration, 302
Mouse model, 300
MRS. See Magnetic resonance spectroscopy 

(MRS)
MS. See Multiple sclerosis (MS)
Multiple sclerosis (MS), 11–12, 

epidemiology, 342
evaluating spasticity, 343

Ambulation Index (AI), 345
Ashworth and Modified Ashworth 

Scale, 344
Berg Balance Scale, 345
Expanded Disability Status Scale 

(EDSS), 345
Multiple Sclerosis Spasticity Scale, 344
Penn Spasm Frequency Scale and 

Spasm Frequency Scale, 
344–345

Tardieu Scale, 344
timed up and go test, 345

Kurtzke Functional Systems Scale,  
11

negative effects of spasticity, 343
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Multiple sclerosis (cont.)
Newcastle Independence Assessment 

Form, 11
pathophysiology, 342–343
prevalence of spasticity in patients with, 

11
treatment

chemical denervation, 349–351
intrathecal medications, 351–352
oral medications, 347–349
prevention, 345–346
rehabilitative strategies, 346–347
surgical interventions, 352

types of, 342
Multiple Sclerosis Spasticity Scale (MSSS-

88), 159
Muscle

cooling, 346
overactivity, 17, 245
recession, 407
tone, 58
tonus, 21
weakness, 17

Muscle contractures, 25, 28, 82
and thixotropy, 368

Mutant mouse models, pathophysiology in 
spastic, spasmotic and oscillator, 
432–433

Myelopathy, copper deficiency
overview, 309
pathology, 309
pathophysiology, 309
treatment, 309–310

MyoBloc, 133

Nabilone, 210–211
National Institutes of Health (NIH), 204
Nephrotic syndrome, 309
Nerve root entrapment, 36
Neurodevelopmental training (NDT), 155
Neuroimaging technologies

body weight-supported treadmill training 
(BWSTT), 192–194

constraint-induced movement therapy, 
186–187

diffusion imaging, 184–185
electrical stimulation, 189–190
functional magnetic resonance  

imaging, 185–186
functional near infrared spectroscopy 

(fNIRS), 186
magnetic resonance spectroscopy (MRS), 

185
robot therapy, 190–192
transcranial magnetic stimulation, 

188–189
virtual reality, 187–188

Neurologic syndromes, 289
Neuromuscular disorders, 297

Neurotransmitters, 34, 126, 203, 230, 239, 
323, 326, 331

GABAergic, 349
Newcastle Independence Assessment Form, 

11
Nine-hole peg test, 52
NIPA protein, 285
N-methyl-d-aspartate (NMDA), 200, 203
Nonneural stiffness, 21
Norepinephrine (NE), 207

Oral antispasticity medications, 213–220
Oral baclofen, 41
Oral medications, 34, 78, 324, 347–349, 

361, 390
and adductor tone, 96
benefit of, 200
in pain management, 267
and physical therapy, 306

Oromandibular dystonia, 37
Orphenadrine, 212, 221
Orthopedic surgery

adverse events, 408–411
evaluation, 405
indications and surgical planning, 

405–407
outcomes, 411
rationale, 405
surgical techniques, 407–408

Orthotics, 81, 322, 347
and mobility devices, 388, 389

Pain, 34, 45, 75, 352
botulinum toxin injections for, 35
in CP, 36
oral medications, 34
treatment plans for, 35–36
types of, 35

Pain management
in surgery after spasticity, 267

Paralysis
prevalence of, in the United States, 6

Paraneoplastic syndrome, 275, 304
Paraplegin, 288
Parasomnias, 41
Paresis, 5
Parkinson disease, 39, 282
Parkinsonism, 273
Passive function, 85
Passive ROM (PROM), 81, 82

torque-controlled, 373
Passive tissue stiffness, 25
Pathogenesis of spasticity, 299
Pathophysiology of spasticity

overview, 358
Patient Disability and Caregiver  

Burden Rating Scale, 136
Patient Reported Impact of Spasticity Mea-

sure (PRISM), 159–160, 317

Patient Spasticity Scale, 349
Patient with spasticity, evaluation of

examination, 272–274
history, 272
investigations, 274–275
worsening spasticity, 275

Pediatric Evaluation of Disability Index, 
401

Pediatric Evaluation of Disability Inventory 
(PEDI), 64

Pediatric population
alcohol administration in, 112
baclofen for, 379
chemoneurolysis in, 113
ITB complications in, 330
ordinal rating assessment tool for, 82–83
spasticity in, 112–113

Pedobarography, 60
Pendulum test, 58–59, 318, 374
Penn spasm frequency ordinal rank scale, 83
Penn Spasm Frequency Scale (PSFS), 159, 

317, 344–345, 345
Perineal hygiene, 63
Peripheral nerve blocks, 330–331

mixed motor/sensory, 105, 106, 107
Pernicious anemia, 308
Persistent inward currents (PICs), 421,  

429
Personal care integrity, 30
Pharmacodynamic tolerance, 237–238
Phasic behavior, 21
Phenol, 102, 350, 384, 392

administration in pediatric  
population, 112

chemodenervation, 111
and ethyl alcohol, 392

Phenol neurolysis, 95, 106
and BT, 109–111
duration of action of, 106
histologic changes, 102–103
hypothetical cost comparisons, 111–112
side effects and complications of, 

106–108
technique of injection, 103–104

site of injection, 104–106
uses of, 97, 114

Physical and occupational therapies
combination therapies, 174

botulinum toxin type A injection and 
CIMT, 176–177

botulinum toxin type A injection and 
electrical modalities, 174–176

botulinum toxin type A injection and 
SC, 177–179

botulinum toxin type A injection and 
therapeutic exercise, 177

evaluation, 156–157
factors to consider, 155–156
functional assessments, 160–161
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modalities
cold, 172–174
electrical stimulation, 168
functional ES, 168–170
heat, 174
thermal, 172
transcutaneous electrical nerve stimula-

tion, 170–172
patient reported assessments, 159–160
physical assessments, 157–159
therapeutic exercise

body weight–supported  
ambulation, 168

strength training, 168
unloaded cycling, 167–168

treatment options
dynamic splinting, 166
dynasplints, 166–167
lycra garments, 167
saeboflex, 166
serial casting, 164–165
stretching, 161–164

Physical pressure and injury, 30
Physical therapy (PT), 245, 259, 389

BTX-A injections and, 177
exercise and, 303
interventions, 169
and oral medications, 306
postoperative, 260
poststroke, 170
program post-SDR, 398
SDR combined with, 401

Physician Global Assessment Scale Score, 84
Physician Rating Scale, 176
Plasticity, 389
PLS. See Primary lateral sclerosis (PLS)
Polyglucosan body disease, 273
Polysynaptic excitatory postsynaptic poten-

tials (pEPSPs), 428–429
Polysynaptic reflexes, 26
Postlumbar puncture syndrome, 233
Postpolio syndrome, 6
Posturography, 62
Prader-Willi/Angelman syndrome, 285
Preambulatory children, 389
Pregnancy

spinal epidural venous engorgement dur-
ing, 273

Primary lateral sclerosis (PLS)
epidemiology, 304
overview, 303–304
pathology, 304
pathophysiology of spasticity, 304
spasticity, 304
treatment, 304

Progabide, 349
drowsiness due to, 349

Proprioceptive afferent activity, 23
Prosody, 37

Protrudin (ZFYVE27), 287
PSFS. See Penn Spasm Frequency Scale (PSFS)
Pump malfunction, 238. See also  

Intrathecal baclofen (ITB)
Pusher syndrome, 163

QOL. See Quality of life (QOL)
Quality of life (QOL), 45, 52

measures, 53
Quality of speech, 39
Quality of Upper Extremity Skills Test, 177

Range of motion (ROM), 58, 82, 316, 400
active, 127, 343
Beckman exercises for, 37
chemodenervation and, 92
dorsiflexion, 122
exercises, 25
improving, 101
ITB and, 232–233
loss of, 75–76
passive, 75, 82, 121, 127, 139, 343
shoulder assessment and, 72
sleep relaxation and, 42
and stretching, 346

Rankin Scale, 6
Receptor expression enhancing protein 1 

(REEP1), 287
Reciprocal Ia inhibition, 314
Reciprocal inhibition, 368
Reflex sympathetic dystrophy, 35
Rehabilitation after surgery for spasticity, 

role of
mobilization, 267–268
nutrition, 268
pain management, 267
skin integrity, 268

Relaxation index, 59
Renshaw cells, 349
Renshaw system, 24
Restless leg syndrome (RLS), 42
Rett syndrome, 236
Riluzole, 300
Rivermead Motor Assessment Scale, 83–84
Robot therapy, 190–192
Rodent models

of cerebral palsy, 422
pathophysiology in, 432

of multiple sclerosis, 422
pathophysiology in, 432

ROM. See Range of motion (ROM)
Rotor test, 238
Russell viper venom test, 277

Sacral and lumbar nerve blocks, 105
Saeboflex, 166
Saebo splints, 166
Sarcomere, 28–29
Satisfaction With Life Scale (SWLS), 65

SATISPART stroke, 84
SC. See Serial casting (SC)
SCI. See Spinal cord injury (SCI)
SCI-induced spasticity (SCIID), 420
SCI-SET, 319–320
SDR. See Selective dorsal rhizotomy (SDR)
Sedation, 33

in CP, 390
due to baclofen, 302, 324
due to CNS depressant medications, 204, 

205
due to diazepam, 324, 325, 348
due to oral antispasticity agents,  

111
due to tizanidine, 209, 348
intravenous, 361
during ITB trials, 233, 330
in MS, 350
risks and benefits of, 112
during surgery, 245

Seipin (BSCL2), 286–287
Seizures, 204

tonic-clonic, 207
Selective dorsal rhizotomy (SDR)

adverse events, 399–400
indications for surgical treatment of 

spasticity, 398
outcomes of surgical treatment of spastic-

ity, 400–401
rationale, 397
techniques, 398–399

Self-reported assessments of spasticity, 158
Serial casting (SC), 78, 124, 164–165, 245, 

323, 347, 373
Serotonergic agents

pharmacokinetics, 209–210
treatment, 210

Serotonin syndrome, 204, 209
Sexuality, 33
Shaping, 187
Sherrington’s “dorsal root” strategy, 21
Sherrington’s seminal studies, 20
36-Item Short Form [SF-36], 52
Shoulder, 72–73

adduction and internal rotation spasticity, 
143–144, 254

adductor tone, 73
anatomy, 141–143
bone and joint integrity, 30
hyperextension, 144
spastic postures, 143–144
subluxation, 144, 190

Shoulder assessment
and range of motion (ROM), 72, 191

Sickness Impact Profile, 45
Silver syndrome, 282, 285, 286
Single voxel spectroscopy, 185
Six6-Minute Walk test, 86
Sjögren syndrome, 273, 304
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Skin integrity, 30
in surgery for spasticity, 268

Sleep apnea
in tetraplegic patients, 41

Sleep disorders, 40
bed positioning programs, 42
classification of, 41
insomnia, 41

Sleep relaxation
and range of motion (ROM), 41

SNAP-25, 132
SNARE proteins, 132
Soft tissue contracture, 76
Soft tissue integrity, 30
SPASM. See Support Programme for As-

sembly of Database for Spasticity 
Measurement (SPASM)

Spasm Frequency Scale, 317, 344–345
Spastic, Spasmotic, and Oscillator  

Mutant Mouse Models, 422–423
Spastic dysarthria, 37
Spastic dystonia, 25. See also Dystonia
Spastic elbow flexion contracture, 248
Spastic hemiplegia, 13
Spastic hypertonia, 199–200

benzodiazepine derivatives
pharmacokinetics, 204
treatment, 204–205

cannabinoids
pharmacokinetics, 210
treatment, 210–211

central alpha-adrenergic agents
clonidine, 207–208
tizanidine, 208–209

cyclobenzaprine
pharmacokinetics, 212
treatment, 212

dantrolene sodium
pharmacokinetics, 211
treatment, 211–212

gabapentin
pharmacokinetics, 205
treatment, 205–206

gamma-aminobutyric acid (GABA) ago-
nists, 200, 203

pharmacokinetics, 203
treatment, 203–204

orphenadrine, 212, 221
serotonergic agents

pharmacokinetics, 209–210
treatment, 210

tiagabine
pharmacokinetic, 206
treatment, 206

topiramate
pharmacokinetics, 207
treatment, 207

vigabatrin
pharmacokinetic, 206
treatment, 207

Spastic hypertonia, 8
Spasticity

4-aminopyridine (Fampridine®),  
328

baclofen (Lioresal®), 323–325
balance, 61–62
benzodiazepines, 325
body segment analysis, 62
botulinum toxin injections, 331–333
cannabinoids (Marinol®,  

Cesamet®), 328
chemoneurolysis, 330
choice of outcome measures, 53–54
clinical assessment of, 86–87
clinical measures

Ashworth Scale and Modified Ash-
worth Scale, 316–317

biomechanical techniques, 318
electrophysiologic measurements, 318, 

320–321
Patient Reported Impact of Spasticity 

Measure, 317
Spasm Frequency Scales, 317
Spinal Cord Assessment Tool, 317
Spinal Cord Injury Spasticity Evalua-

tion Tool (SCI-SET), 317
Tardieu Scale, 318

clonidine (Catapres®), 326–327
cyproheptadine (Periactin®), 327
dantrolene sodium (Dantrium®), 

325–326
defined, 3–4, 51, 357
definition and scope of problem,  

313–314
EuroQol, 65
factors aggravating, 276
functional performance measures,  

63–64
gabapentin (Neurontin®), 327–328
gait analysis, 61
intrathecal baclofen, 328–330
isolated voluntary time movement tests, 

59–60
36-item short form health survey,  

64–65
Lance’s definition, 357
measures, 316

of passive activity, 53, 56
utilizing nerve conductions, 54
of voluntary activity, 53

modalities, 322
Modified Ashworth Scales (MASs), 

56–57
motor point blocks, 331
movement detection, 60–61
nonpharmacologic interventions, 322
nontraditional interventions, 323
normal motor control, 314–316
orthotics, 322–323
outcome measures, 51–52, 55

passive and active function, 53
pathophysiology, 314
Pediatric Evaluation of Disability Inven-

tory (PEDI), 64
pedobarography, 60
pendulum test, 58–59
performance-based measures, 60
peripheral nerve blocks, 330–331
pharmacologic interventions, 323
quality of life measures, 53, 64
range of motion, 58
reflex threshold angle, 59
Satisfaction With Life Scale (SWLS), 65
serial casting, 323
stiffness and muscle tone, 58
stretch and stretch reflexes, 58
surgical interventions, 333–334
Tardieu Scale, 57–58
tendon reflex, 56
Timed Ambulation tests, 63
Tizanidine (Zanaflex®), 326
treatment. See Spasticity treatment
Visual Analog Scale and Likert Scale, 

62–63
Spasticity and problematic spasticity in the 

United States, prevalence of, 10
Spasticity Clinic Initial Evaluation, 201
Spasticity treatment, 321–322

consequences of, 358–359
intrathecal treatments

chemodenervation, 361–363
intrathecal baclofen, 361
intrathecal phenol, 361
neuromuscular blockade, 363

oral medication, 361
outcome measures, 363, 365
principles of

aims of management, 359–360
management, 361
medical, 361
patient assessment, 360–361

Spastic joints, 77
Spastic postures

clenched fist, 148
Spastic reactivity, 83
Spastic stretch reflexes, 20
Spastic syndrome, 423
Spastic tetraplegia, 13
Spastin (SPAST), 284–285
Spastizin, 288
Speech, quality of, 39
SPG10, 285–286
SPG21, 282
Spinal activity and spasticity

physiological changes in, 427–432
Spinal Cord Assessment Tool, 317

for spastic reflexes, 318
Spinal cord injury (SCI)

common cause of, 8
models of spasticity, 419–422
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pathophysiology of animal models arising 
from, 423–427

prevalence in United States, 8
prevalence of spasticity in patients with, 

8–9
sports-related, 8

Spinal Cord Injury Spasticity  
Evaluation Tool (SCI-SET),  
159

Spinal disorders versus cerebral  
disorders, 221

Spinal headache, 233
Spinal reflexes, 366–367
Spinobulbar spasticity, isolated syndrome of 

progressive, 303
Splinting, 78, 85, 389

dynamic, 166
extension, 258
and hand hygiene, 138
in Lycra garments, 167
passive, 258
serial, 361
and serial casting, 373. See also Serial 

casting (SC)
Static stretch reflex, 23
Steopenia, 407
Stiff knee, 124–125
Stiff knee syndrome, 84
Stiff person syndrome, 272
Strengthening, 346
Strength training, 168
Stress relaxation, 164
Stretching, 36, 161–164, 389

and range of motion (ROM), 346
Stretch reflexes, 20–22

phasic, 22
tonic, 22–24

Stretch sensitive cocontraction, 24
Stretch sensitive dystonia, 24–25
Stroke, 6

ITB in, 45
in nonspastic patients, 7
prevalence of spasticity after, 8

Stroking, 346
Strumpellin (KIAA0196), 285
Support Programme for Assembly of Da-

tabase for Spasticity Measurement 
(SPASM), 357–358

principles, 358
Supraspinal lesions, 315, 366
Surgery for spasticity

future considerations, 268
goals of, 244–246

Surgery management of specific  
conditions, 253–254

Surgical interventions in spasticity
appropriate timing for, 246–247
goals of, 244–246
history of, 243–244
planning, 247–250

Surgical lengthening techniques, 250–251
Surgical techniques for treatment of spastic-

ity, 250–253
Swallowing, 37
Synaptobrevin, 132
SynchroMed-EL®, 329
SynchroMed-II®, 329

Tardeau test, 121
for pediatric population, 121

Tardieu Scale, 53, 57–58, 178, 318, 344
for pediatric population, 82–83

TBI. See Traumatic brain injury (TBI)
Tendon jerk reflex, 20
Tendon transfers, 265
Ten10-meter walk test (TUG), 63, 88, 160, 

161, 169, 343
Test-Retest reliability, 81–82
Tetraplegic patients

sleep apnea in, 41
Tetrapyramidal syndrome, 303
Thalamic pain, 35. See also Pain
Therapeutic exercise

body weight–supported ambulation, 168
strength training, 168
unloaded cycling, 167–168

Thermal modalities, 172
Thigh, 363

adducted (scissoring), 125–126
muscle, 149

Thixotropy and muscle contractures, 368
Threonine, 349
Thumb curling, 149
Thumb-in-palm deformity, 258
Thumb spasticity (intrinsic spasticity), 

258–259
Tiagabine

pharmacokinetic, 206
treatment, 206

Tilt table, 162–163, 322
Timed Ambulation Tests, 63
Timed Up and Go (TUG) test, 86, 161, 345
Tizanidine, 208–209, 348, 374–375
Tizanidine (Zanaflex®), 326
Toe flexor spasticity, 266–267
Tone Assessment Scale (TAS), 7
Tonic stretch reflexes, 21–22, 120
Topiramate

pharmacokinetics, 207
treatment, 207

Torque, 58
velocity-dependent ankle, 428

Transcranial magnetic stimulation, 188–189
Transcutaneous electrical nerve stimulation 

(TENS), 170–172, 347
Traumatic Brain Injury Model Systems, 10
Traumatic brain injury (TBI), 9, 56, 84,  

119
acute management of post-TBI spasticity, 

372–374

confounding causes and assessment,  
372

disability rating scale, 10
epidemiology, 371
functional independence measure scores, 

10
injection guided therapy

botulinum toxin, 384–385
phenol, 384

insomnia after, 48
pathophysiology and unique aspects of, 

372
postacute and pharmacologic  

management
baclofen, 375
dantrolene, 381
enteral baclofen, 375, 379
gabapentin, 380–381
intrathecal baclofen, 379–380
tizanidine, 374–375
valium, 381

prevalence of spasticity after, 10–11
Troyer syndrome, 288, 289

UMNS. See Upper motor neuron  
syndrome (UMNS)

UMNS-related dysfunction, patterns of 
lower limb, 87

Unloaded cycling, 167–168
Upper extremity assessment, 71–72

anatomic considerations, 72
assessment of elbow, 73–74
assessment of fingers, 75
assessment of shoulder, 72–73
assessment of wrist, 74

follow-up assessments, 78–79
functional considerations

agonist/antagonist cocontraction, 75
dystonic posturing, 77
joints, 76–77
orthopedic complications, 76
soft tissue contracture, 76

weakness, 77
goal setting, 71–72
treatment plan development, 77–78

Upper Extremity Function test, 169
Upper limb spasticity, 199–200
Upper motor neuron disorders

examples and 
recommendations, 113

lower body, 115
upper body, 113–115

Upper motor neuron syndrome (UMNS), 
5, 17

available support system, 94
bowel and bladder, 39–40

basic considerations in, programs, 42
case discussions, 96–98
case study, 45
causes of spasticity, 271–272
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Upper motor neuron syndrome (UMNS) 
(cont.)

clinical expression of motor dysfunction 
in, 81

clinical features of, 81
determining treatment goals, 95–96
dysarthrias, 37, 39
dysphagia, 37
financial resources, 95
maladaptive consequences, 29–30
negative signs, 18–19
pain in, 34
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