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Preface

The application of exercise as a preventive and therapeutic
medium was once largely limited to patients with pul-
monary or cardiovascular disease, mainly those who had
recently sustained a myocardial infarction. Over the last
three decades, many resources and guidelines have been
published that have been directed toward the application
of exercise evaluation and therapy in cardiovascular and
pulmonary disease. The range of individuals for whom ap-
propriately prescribed exercise has documented benefits
has broadened considerably in recent years. This text was
written in response to the need for guidance among exer-
cise clinicians working with patients with a broad range of
chronic diseases and disabilities beyond cardiovascular
and pulmonary disease, including orthopedic, neurologic,
metabolic, musculoskeletal, neoplastic, and immunodefi-
ciency conditions—populations that have been largely un-
derserved. It is intended to complement and extend exist-
ing ACSM publications, including ACSM5 Guidelines for
Exercise Testing and Prescription and ACSM5% Resource
Manual for Exercise Testing and Prescription.

The ACSM Registered Clinical Exercise Physiologist
(RCEP) pilot examination, initiated in 1999, was de-
signed to establish the existence of appropriate knowl-
edge, skills, and abilities for healthcare professionals
working with individuals with a broad range of chronic
diseases and disabilities. Ten years later, the RCEP has be-
come established as a standard certification for individu-
als working in clinical settings among patients with
chronic diseases and disabilities. The ACSM has defined
the RCEP as a “healthcare professional who works in the
application of exercise and physical activity for those clini-
cal and pathological situations where it has been shown to
provide therapeutic or functional benefit. Patients for whom
services are appropriate may include, but are not limited to,
those with cardiovascular, pulmonary, metabolic, muscu-
loskeletal, neuromuscular, neoplastic, immunologic, and
hematologic diseases and conditions. The RCEP applies ex-
ercise principles to groups such as geriatric, pediatric, or ob-
stetric populations, and to society as a whole in preventive
activities. The RCEP performs exercise evaluation, exercise
prescription, exercise supervision, exercise education, and
exercise outcome evaluation.” For each of the conditions
covered in this text, the chapters are therefore organized
by epidemiology, pathophysiology, diagnosis, medical
and surgical treatments, exercise/fitness/functional test-
ing, and exercise prescription and programming. Where
appropriate, case studies are included to underscore the

role of exercise in managing individuals with a particular
condition.

Although this text is intended to be a resource for in-
dividuals preparing for the RCEP examination, it is also
an appropriate resource for any individual trained in the
exercise sciences working in the clinical setting among
persons with chronic conditions and disabilities beyond
cardiovascular and pulmonary disease. It should serve as
a reference for physical therapists, nurses, physicians,
and other rehabilitation specialists who deal with the
conditions addressed in these chapters. These resources
generally apply to patients with chronic disease who, in
the opinion of their physician provider, are clinically sta-
ble and have sufficient functional capabilities to partici-
pate in individually prescribed exercise that is aimed at
improving fitness, function, physical work potential, and
quality of life, and which reduces exercise-related risk
factors that have an impact on progression of their dis-
ease. Much recent research has been performed related to
the benefits of exercise for patients with the wide variety
of conditions described in this text. Many physicians and
other health professionals have embraced the use of exer-
cise in the diagnosis, prevention, and treatment of vari-
ous chronic health problems. However, similar to cardio-
vascular disease, exercise as an intervention is greatly
underutilized for most of these conditions. The multi-
tude of disorders associated with a sedentary lifestyle ap-
plies to individuals with chronic disabilities just as it ap-
plies to those without such disabilities. An important
goal must be to better convey the value of appropriately
applied exercise therapy for these patients so that it is an
integrated part of the healthcare paradigm. This text rep-
resents another step, however small, in bringing this re-
search to the public and the medical community to foster
a greater appreciation of the value of the therapeutic ben-
efits of exercise across a broad spectrum of patients.

In this new edition of the RCEP resources, chapters
from the first edition have been updated and a section has
been added on Clinical Practice Issues for the RCEP. The
Clinical Practice Issues section includes chapters on the
evolution of the clinical exercise physiologist, demon-
strating functional outcomes for health and fitness, legal
and ethical considerations, and client referral and con-
sulting relations with allied professions. The latter sec-
tion was included to help provide the RCEP and other
healthcare professionals with a better the understanding
of their role and how they can have an important and
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integral place in today’s healthcare environment. In-
cluded in the Appendix are the updated knowledge,
skills, and abilities that have been developed to address
the role of the clinical exercise physiologist in the exercise
management of patients with chronic diseases and disabil-
ities. We hope that this text serves not only as resource for
credentialing by ACSM, but also to help further define the

important role of the exercise physiologist in the clinical
setting, as well as to extend the principles and recom-
mendations of exercise programming to a broader spec-
trum of the population.

Jonathan Myers, PhD
David Nieman, PhD
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CHAPTER

EPIDEMIOLOGY AND
PATHOPHYSIOLOGY

DEFINITION AND PREVALENCE

The primary cause of stroke is an interruption of blood
flow and oxygen delivery to the brain (1,2). Some ex-
perts refer to it as a brain attack to relate its symptoms
and sequelae with a heart attack. It is also known as a
cerebrovascular accident or CVA. Because of the signifi-
cant improvements in stroke emergency medicine and
acute management of stroke, most individuals survive,
recover, and experience only a modest decrease in life
expectancy (3).

Stroke is the most common cause of adult disability in
the United States as well as in many other industrialized
nations throughout the world, with the incidence ap-
proximately doubling each decade after the age of 55 (4).
In the United States alone, the annual rate of stroke
prevalence is approximately 700,000; 500,000 of these
are first stroke and 200,000 are recurrent stroke (2).
Stroke is the second most common cause of death world-
wide and the third most common cause of death, behind
coronary heart disease and cancer, in Europe and the
United States (5). However, most strokes are not fatal and
the common occurrence is physical and cognitive impair-
ment that affect daily functioning (6). The health and
economic consequences of stroke impose a substantial
economic burden on the individual, family, and society at
large. In 2004, the medical costs in the United States
alone was estimated at $33 billion (1).

Current estimates are that there are 4 million stroke
survivors living in the United States (2). Although all
segments of the population are affected by stroke,
blacks have nearly twice the risk than whites or His-
panics and are more likely to be disabled from a stroke
(2). Men have a 30% greater risk of stroke than women
in earlier life, whereas women have a greater risk in
later life. Despite advances in medical treatment for
stroke, it remains the leading cause of disability in
adults (2). Although the incidence of severe stroke has
decreased, milder stroke incidence has increased, re-
flecting the important need to maintain health and
function through exercise training programs after reha-
bilitation (7,8).

2

Stroke

CLASSIFICATION

A stroke is considered a heterogeneous disorder that can
involve the rupturing of a large blood vessel in the brain,
or the occlusion of a tiny blood vessel that may affect a
certain area of the brain (9). Cell damage and impaired
neurologic function associated with strokes result from a
restricted blood supply (ischemia) or by bleeding (hem-
orrhage) into the brain tissue. As such, strokes are classi-
fied as hemorrhagic or ischemic. The injury to the brain af-
fects multiple systems, depending on the site of injury
and the amount of damage sustained during the event.
These include motor and sensory impairments and lan-
guage, perception, affective, and cognitive dysfunction
(10). Strokes can cause severe limitations in mobility and
cognition or can be very mild with only short-term con-
sequences that are often not permanent.

Hemorrhagic strokes are subclassified as intracerebral
(bleeding directly into the brain) or subarachnoid (bleed-
ing into the spaces and spinal fluid around the brain), de-
pending on where the injury occurs. Ischemic strokes are
usually divided into two types: thrombotic and embolic.
Hemorrhagic strokes constitute approximately 15% of all
strokes, whereas the ischemic type make up the remain-
der of strokes (10-12). Risk factors for stroke are listed in
Table 1.1.

PATHOPHYSIOLOGY

A hemorrhagic stroke results in blood leaking into the ex-
travascular space within the cranium or into the brain tis-
sue itself. This bleeding damages the brain by cutting off
connecting pathways and by causing localized or general-
ized pressure injury to brain tissue. Biochemical sub-
stances released before and after the hemorrhage can also
adversely affect vascular and brain tissues (9).

Ischemic strokes result from some type of thrombosis
or embolus. Thrombosis refers to an obstruction of blood
flow owing to a localized occlusion within one or more
blood vessels (9). Thrombotic infarction occurs when a
thrombus or clot forms on an atherosclerotic plaque. Em-
bolic infarction results when a material (embolus) formed
elsewhere in the vascular system occludes an artery or ar-
teriole (10). Infarcts resulting from occlusion of the
carotid artery or proximal middle artery have the worst
prognosis (10).



TABLE 1.1. RISK FACTORS FOR STROKE

Ischemic Stroke

* Atherosclerosis—associated with the following risk factors:
hypertension, cigarette smoking, hyperlipidemia, diabetes,
sedentary lifestyle

¢ Hypothyroidism

* Use of oral contraceptives

« Sickle cell disease

* Coagulation disorders

* Polycythemia vera

e Arteritis

¢ Dehydration combined with any of the previous conditions

* Atrial fibrillation

Hemorrhagic Stroke

* Hypertension

¢ Arteriovenous malformation

* Anticoagulant therapy

* Drug abuse with cocaine, amphetamines, or alcohol

Atrial fibrillation and stroke is a common cause of
stroke manifested by a rapid uncoordinated generation of
electrical impulses by the atria of the heart. This condi-
tion often precedes a stroke and must be controlled with
medication to reduce the risk of recurrent stroke.

Clinical features of stroke depend on the location and
severity of the injury. Signs of a hemorrhagic stroke in-
clude altered level of consciousness, severe headache,
and usually elevated blood pressure (13). Cerebellar
hemorrhage usually occurs unilaterally and is associated
with dysequilibrium, nausea, and vomiting. Hemorrhage
into the brainstem is often fatal (10).

Cerebral blood flow (CBF) is the primary marker for
assessing ischemic strokes. When CBF drops below 18
mL/100 g/min (normal CBF is 50-55 mL/100 g/min),
synaptic transmission failure occurs. When CBF drops
below 8 mL/100 g/min, cell death results. The ischemic
cascade refers to a complex series of biochemical events
that result from ischemic stroke (13). Acidosis, altered
calcium homeostasis, transmitter dysfunction, free rad-
ical production, cerebral edema, and microcirculatory
obstruction are all involved in the injury phase. Diag-
nostic tests used to assess stroke include computed to-
mography (CT) and magnetic resonance imaging
(MRI) (13).

FUNCTIONAL CONSEQUENCES
OF STROKE

The injury that occurs as a result of a stroke affects multi-
ple systems, depending on the site of injury and the
amount of damage sustained during the event. These
include motor and sensory impairments and language,
perception, affective, and cognitive dysfunction (10).
Strokes can cause severe limitations in mobility and cog-
nition or can be very mild with only short-term conse-
quences that are often not permanent.

CHAPTER 1 Stroke 3

COMORBIDITY, SECONDARY CONDITIONS,
AND ASSOCIATED CONDITIONS'

The loss in function that often accompanies a stroke af-
fects both physical and psychological function (14,15).
The magnitude of impairments or activity limitations will
vary depending on the severity of stroke. Poststroke de-
pression (PSD) is a very common condition experienced
by approximatly 30% of stroke survivors (11). Those
with PSD have increased risk of second strokes, cardio-
vascular events, increased mortality, and increased
healthcare costs (11). In efforts to decrease the risk of re-
current stroke, it is critical that risk factor modification,
lifestyle modification, and compliance with prescribed
pharmacologic therapy are adopted (8).

Many stroke survivors require moderate to extensive
care after rehabilitation (16). Comorbid conditions, which
occur independent of the primary condition, include
coronary artery disease (CAD), obesity, hypertension,
type 2 diabetes, and hyperlipidemia (17). Secondary con-
ditions, which occur as a direct or indirect result of the
primary condition, include a higher incidence of injury
from falls, pain, fatigue, stress, depression, and social iso-
lation. Associated conditions, which occur simultane-
ously with the stroke and directly result from it, include
spasticity, weakness (hemiparesis, quadriparesis), paraly-
sis (hemiplegia, tetraplegia), impaired balance, memory
loss, aphasia, and sleep apnea (17).

The combination of a loss in physical function and
an exacerbation of one or more comorbidit conditions
or secondary conditions severely compromises the
functional independence and quality of life of many
stroke survivors (18). Additionally, persons dealing
with the combination of physical limitations and fa-
tigue are even less likely to participate in social and
leisure-time activities (19). These conditions add com-
plexity to the design of the exercise prescription for
this population. A list of comorbid conditions, and
secondary and associated conditions can be found in
Table 1.2.

CLINICAL EXERCISE PHYSIOLOGY

ACUTE RESPONSES TO EXERCISE

Many factors associated with stroke negatively affect
daily living and functioning (20-23). These factors may
be classified as direct medical consequences impacting
function, such as the ability to walk or dress independ-
ently, or as secondary responses to the degree of impair-
ment or disability, including reduced functional aerobic
capacity and activity intolerance (24-29). At discharge

'A comorbidity exists before having a stroke (e.g., obesity, hyper-
tension). A secondary condition is the direct result of having a
stroke (e.g., pain, fatigue).
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TABLE 1.2. COMMON AgSOCIATED, SECONDARY, AND CHRONIC CONDITIONS

IN STROKE SURVIVORS
ASSOCIATED SECONDARY CHRONIC
Spasticity Depression Coronary artery disease
Muscle weakness Social isolation Hypertension
Balance impairments Falls Hyperlipidemia
Paralysis Memory loss Diabetes mellitus
Paresis Low self-esteem Obesity
Aphasia Low self-efficacy Peripheral vascular disease

Visual disturbance

Cognitive impairment Fatigue

Emotional lability

“An associated condition is a direct result of a having a stroke and is not preventable; a secondary condition occurs after a stroke and is considered
preventable; chronic conditions affect the the general population and do not occur at a higher occurrence in individuals with stroke.

from rehabilitation, most stroke survivors regain their
ability to walk independently, but only a small percentage
have sufficient functional (aerobic) capacity to ambulate
outside of their homes and function effectively within
their community (30-33). Furthermore, multiple comor-
bid conditions associated with stroke, including hyper-
tension, CAD, diabetes, depression, and obesity, worsen
recovery and compound the loss in movement and over-
all function (27-29,34).

Most strokes are caused by vascular disease resulting
in physiologic limitations during acute exercise (35,36).
The few studies that have assessed the peak oxygen up-
take (VO,) of stroke survivors have reported very low
peak Vo, levels in this cohort (37). Most studies reported
cardiorespiratory fitness levels (peak V0,) in stroke popu-
lations between 12.0 mLkg ' - min~' and 17.0 mLkg " -
min~ }(37-39). As a comparison, nondisabled, sedentary
but otherwise healthy individuals in a similar age group
generally have peak Vo, levels that range between 25 and
30 mLkg_1 -min ! (38).

In randomized, controlled trials involving aerobic ex-
ercise training with stroke survivors, changes in peak Vo,
ranged from 9.0% (40) to 22.5% (41). Potempa et al. (42)
reported changes in peak Vo, values after 10 weeks of
training ranging from 0% to 35.7%. Rimmer et al. (43)
used a more severely disabled stroke population and re-
ported a mean improvement of 8.2% after a 12-week in-
tervention. The relatively low baseline aerobic capacity is
associated with a number of factors, including multiple
comorbid conditions (e.g., CAD, obesity) and lifestyle-
related behaviors (e.g., lack of regular physical activity).

Peak heart rate during acute exercise will vary for per-
sons with stroke, depending on their age, level of disability
(extent of muscle atrophy on hemiparetic side), number
and severity of comorbid conditions (e.g., hypertension,
CAD); associated conditions (e.g., spasticity, cognitive im-
pairment); secondary conditions (e.g., pain, fatigue, de-
pression); and medication use (e.g., 3-blockers). Potempa
et al. (44) noted that some stroke survivors may reach
near-normal peak heart rates, whereas others may attain
significantly lower peak heart rates for a similar bout of
exercise. Although this will vary for each individual, in

general, peak heart rates for stroke survivors during acute
exercise will be lower than those for persons of the same
age and gender who do not have a disability (8). The rel-
atively low aerobic capacity reported in stroke survivors
is likely attributed to a reduction in the number of motor
units capable of being recruited during dynamic exercise,
the reduced oxidative capacity of paretic muscle, and the
sedentary lifestyle of most stroke survivors.

Improving functional capacity in stroke survivors can
reduce the physiologic burden of performing basic activ-
ities of daily living (BADL) and instrumental activities of
daily living (IADL), thus increasing the likelihood that
individuals with stroke will be able to perform a greater
volume of daily physical activity at a lower percentage of
their maximal functional capacity (45-47). The 3.77 Vo,
peak metabolic equivalent (MET) level reported in one
study (48) is well below the threshold (energy cost) re-
quired to perform various BADL and IADL. This suggests
that a given task will require a higher percentage of peak
oxygen uptake, making it difficult or impossible to per-
form these common household chores necessary for in-
dependent living.

Muscular strength and endurance are also deficient in
stroke survivors. Rimmer et al. (43) evaluated the
strength levels of a relatively young group of male and fe-
male stroke survivors (Mean age = 53 yr). Mean strength
scores 10 repetitions maximum (10-RM) on two LifeFit-
ness machines were 26 1b on the bench press and 147 lb
on the leg press. Grip strength on the nonaffected side
was 30.7 1b, and on the affected side, 20.4 Ib. Considering
the average weight of the subjects (M = 200 lb), scores
on both of these measures would be less than the tenth
percentile according to data reported on nondisabled in-
dividuals of the same age and gender (49). Other studies
have confirmed low strength scores in this population
(50).

PHYSICAL EXAMINATION

The extent of damage occurring from a stroke can be
physical and cognitive. Left-hemisphere lesions are typi-
cally associated with expressive and receptive language
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deficits compared with right-hemisphere lesions. The
motor impairment from stroke usually results in hemiple-
gia (paralysis) or hemiparesis (weakness). When damage
occurs to the descending neural pathways, an abnormal
regulation of spinal motor neurons results in adverse
changes in postural and stretch reflexes and difficulty
with voluntary movement. Deficits in motor control can
involve muscle weakness, abnormal synergistic organiza-
tion of movements, impaired regulation of force, de-
creased reaction times, abnormal muscle tone, and loss of
active range of motion (ROM) (51).

EXERCISE TESTING AND
SCREENING CRITERIA

SCREENING PROTOCOL

Before conducting a graded exercise test, persons with
stroke should be screened by their primary care physi-
cian. Although no published guidelines exist on the type
of screening that should be conducted before a graded ex-
ercise test, taking the utmost precaution is critical be-
cause many stroke survivors are older and have cardio-
vascular disease. The screening should include a fasting
blood draw, resting electrocardiogram (ECG), resting
heart rate, resting blood pressure (standing, seated,
supine), and basal temperature. To be approved for peak
VO, testing, participants’ blood screening tests (i.e., com-
plete blood count [CBC], enzymes, protein levels) should
be within normal limits. If the preliminary blood work is
acceptable, the participant can be scheduled for testing.
Participants who successfully complete the graded exer-
cise test can be recommended for an exercise program.
Individuals who have adverse cardiovascular changes
during exercise testing should be advised for further
follow-up and may need to begin an exercise program in
a closely supervised setting, such as cardiac rehabilitation.

EXERCISE TESTING
Peak Oxygen Uptake (Cardiorespiratory Fitness)

Cycle ergometer testing with stroke survivors is consid-
ered safe and feasible when a medical prescreening is per-
formed and the participant’s exercise response is closely
monitored to minimize risk (52). Determination of aero-
bic exercise capacity is an important component for de-
veloping appropriate exercise programs and evaluating
the effectiveness of the programming (52). Because of a
significant loss of muscle function resulting from hemi-
paresis or hemiplegia, stroke survivors have a severely re-
duced maximal or peak oxygen uptake (37,52). Because
many stroke survivors also have cardiovascular comor-
bidity (e.g., hypertension, CAD), graded exercise tests
are often symptom-limited, thus not allowing the person
to achieve high peak capacities. Additionally, limited
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data are available on the test-retest reliability of peak ex-
ercise testing among stroke survivors and it is recom-
mended that at least one preliminary testing trial be per-
formed to minimize the possible practice effect (53). In
the postacute stage, a symptom-limited graded exercise
test (peak VO,) can be performed on a stationary bike or
treadmill, or in persons with severe hemiplegia, with an
arm ergometer. Although it may be necessary to perform
the exercise test with an arm ergometer, performance will
be limited because of the limited amount of muscle re-
cruitment and a greater strain on the cardiac system per
unit of peripheral muscle mass recruited (53). Typi-
cally, arm-cranking yields a peak Vo, 30%-35% less than
treadmill performance. The two most preferred exercise
modes are the stationary cycle and treadmill. For individ-
uals with balance difficulties or severe hemiplegia where
walking on a treadmill is difficult or not possible, the sta-
tionary cycle is preferred because it eliminates the risk of
falls.

Ramp Cycle Protocol

There are several different testing protocols that have
been used with persons with stroke. Rimmer et al. (43)
measured peak VO, in 35 stroke survivors using a ramp
cycle ergometer testing protocol. Participants began cy-
cling at a workload of 20 W at a target cadence of 60 rev-
olutions per minute (rpm) and increased by 10 W every
minute until maximal effort was achieved. Heart rate and
blood pressure were recorded every 2 minutes. Tests were
terminated if one of the following criteria was observed:
(a) respiratory exchange ratio (RER) =1.1, (b) peak heart
rate within 10 beat per min~ " of age-predicted maximal
value, (c¢) abnormal blood pressure or ECG response, or
(d) unable to continue pedaling above 50 rpm. Potempa
et al. (22) used a similar ramp cycle ergometer protocol
with stroke survivors. Testing began at 10 W and in-
creased 10 W each minute until maximal effort was at-
tained.

Macko et al. (26) performed several exercise testing
and training studies with stroke survivors using a tread-
mill protocol. They recommended that a treadmill test at
0% incline be conducted before the maximal exercise test
to assess gait safety and walking velocity. As a safety
measure, individual wore a gait support belt. Participants
who successfully completed at least 3 consecutive min-
utes of treamill walking at .22 m/s or faster (0.5 mph)
were allowed to have a maximal exercise stress. After a
15-minute rest, the participants performed a constant ve-
locity, progressively graded treadmill test to volitional fa-
tigue or peak effort and were continuously monitored
(ECG and vital signs) during testing.

Tang et al. (52) conducted exercise testing on stroke
survivors who were in the subacute (<3 months) stage of
recovery. They used a semirecumbent cycle ergometer
(Biodex) to perform the exercise test. The ramp protocol
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included a 2-minute warm-up at 10W at a cadence of 50
rpm, followed by progressive 5 W increases in work rate
every minute. The test lasted 8-10 minutes and heart
rate, blood pressure, and ECG were monitored during
testing. The investigators reported that 89% (31 of 35
participants; 2 participants were excluded because of
blood pressure or ECG abnormalities) completed the
graded exercise test without incident. Details on criteria
for stopping the test are reported in the study and in-
cluded such things as participant choice, breathing effort,
generalized fatigue, or nonaerobic issues such as leg dis-
comfort. Based on the successful completion rate by most
of the subjects, the investigators stated that exercise test-
ing is feasible and safe in those in a subacute stage pro-
vided pretest medical screening is conducted and ongo-
ing monitoring is performed during testing. It is also
recommended that at least one practice trial is conducted
before testing to familiarize individuals with the protocol
and minimize the potential for confounding training-
related benefits.

Based on the studies that have been conducted with
this population, several recommendations can be made.
First, blood pressure should be measured on the unaf-
fected (nonparetic) arm. Testing time in most of the
studies ranged from 4 to 12 minutes. The use of the
American College of Sports Medicine (ACSM) test ter-
mination guidelines with a more conservative blood
pressure endpoint (systolic =210 mm Hg) is considered
appropriate for patients in the subacute and postacute
stages (52).

Strength

Strength testing has been shown to be reliable in stroke
populations. Weiss et al. (54) and Ouellette et al. (55)
both used 1-RM testing in stroke survivors and found it
to be a safe procedure with this population. Rimmer et al.
(43) used the 10-RM method on two exercise machines,
one measuring upper body strength and one measuring
lower body strength in stroke survivors. A handgrip dy-
namometer was also used to measure grip strength on the
affected and nonaffected sides. Strength can be assessed
in a number of ways using standard exercise machines,
free weights, or dynamometers. Instruction on proper
lifting technique must be conducted before testing. Per-
sons with cognitive impairments or severe mobility limi-
tations may require more time to perform the test cor-
rectly. Adaptive gloves or Velcro may be necessary to
secure a hand to the weight or bar. During the strength
assessment, it is important to evaluate each limb sepa-
rately to determine the disparity in strength between the
hemiparetic and nonhemiparetic side. It is also important
to ascertain whether the affected limb(s) has sufficient
residual innervation to allow strength gains. This is typi-
cally determined by manual muscle test of the muscles to
be strengthened to see that they can contract and cause

movement against gravity or greater than ‘fair grade’
strength. If that is the case, then the individual can begin
gradual use of weights or related resistance devices. Sur-
face electromyography (EMG) may be helpful as well.

Flexibility

Hamstring and low back flexibility are important muscle
groups to evaluate in stroke survivors participating in ex-
ercise testing because of the increased spasticity on the
hemiparetic side. These muscle groups can be assessed
using a modified version of the sit-and-reach test. If sit-
ting on the floor is difficult, a modified version can be
performed using a bench. The patient is asked to sit on a
bench with legs fully extended and feet placed against the
sit-and-reach box. Participants extend their arms and
reach in the direction of their feet. The distance from the
middle finger to the center of the box is recorded.

A good measure of functional shoulder flexibility is to
have the person put one hand over the shoulder (slide the
hand down the back) and the other hand behind the back
(slide the back of the hand up the middle of the back).
The participant is asked to bring the fingers as close as
possible to each other. The distance between the two
middle fingers of each hand is recorded. Record scores on
both sides of the body by reversing the position of the
arms. A more comprehensive evaluation of flexibility can
be performed with a goniometer.

Body Composition

Body composition measurements should include height,
weight, skinfold measures, body mass index (BMI), and
waist-to-hip ratio (WHR). The sum of skinfold measure-
ments can be used in place of an estimated percent body
fat if the skinfold calipers do not open sufficiently wide to
obtain the entire skinfold. Some stroke survivors are se-
verely obese (56) and it may not be possible to obtain an
accurate skinfold measure at certain sites (e.g., thigh).
Because it is sometimes difficult to distinguish between
subcutaneous fat and muscle tissue on the hemiparetic
side, it is recommended that skinfold measurements be
taken on the noninvolved side.

PRESCRIPTION AND PROGRAMMING

The emphasis in working with stroke survivors tradition-
ally has been directed at rehabilitation during the first 6
months of recovery (16,57). Relatively few studies have
been conducted on improving the fitness in stroke sur-
vivors after rehabilitation (58). The small number of
training studies that have been completed, however, have
supported the use of exercise in improving mobility and
functional independence and in preventing or reducing
further disease and functional impairment in persons
with stroke (38,55,59-65). Research data provide evidence
that physical activity for stroke survivors is beneficial by
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documenting reduced risk factors and reduced risk for
mortality from cardiovascular disease and stroke (8,606).

Most people with stroke go through a significant re-
covery period during the first 6 months after having had
a stroke, whereas others will see significant recovery for
up to a year or longer (8). The goal of resistance training
is to maximize recovery and sustain and improve fitness
throughout the lifespan (55). The clinical exercise physi-
ologist should work closely with the client’s physician or
therapist in developing a safe and effective program.
Stroke survivors who return home from a hospital or re-
habilitation facility shortly after their injury will need
greater attention to ensure that cardiovascular adapta-
tions are conducted in a safe environment with timely
and appropriate supervision.

CARDIORESPIRATORY ENDURANCE TRAINING

Cardiorespiratory fitness training is of critical importance
to stroke survivors. Cardiovascular-related morbidity and
mortality remains high after stroke and cardiovascular
deconditioning places added risk on the individual (38).
Stroke survivors often vary widely in age, severity of dis-
ability, motivational level, and number and severity of co-
morbid conditions, secondary conditions, and associated
conditions (Table 1.2). Although gait training and use of
the affected side (arm, leg) are major components of
stroke rehabilitation, several important studies have sug-
gested that aerobic exercise training should be a critical
part of the recovery process (26,38,44,63). Aerobic exer-
cise training can result in improved tolerance performing
ADL and allow more physical activity to be completed at
a lower submaximal threshold, thus reducing myocardial
oxygen demand (67).

FREQUENCY AND DURATION

The goal of the exercise program for stroke survivors
should be to have each participant engage in a tolerable
level of physical fitness depending on their overall health
and function. Thirty to 60 minutes a day most days of the
week is ideal, but if the individual has substantial barriers
to participating in physical activity (68,69), a lower
volume of exercise is also beneficial given their high rate
of deconditioning. If the individual is at a higher risk be-
cause of cardiovascular comorbidity or falls, suggestion is
that the person exercise under the supervision of a quali-
fied staff person, preferably trained in rehabilitation or
clinical exercise physiology. Hospital wellness centers
are excellent places for stroke survivors to exercise
because staff are usually trained in working with individ-
uals who have various types of disabilities. These pro-
grams, however, are usually located in only a few select
communities.

The cardiovascular exercise program should consist of
a warm-up and cool-down. Participants should have their
blood pressure checked at regular intervals before, dur-
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ing, and after the training session. The cardiovascular
exercise can be continuous or accumulated over the day
to total 20-60 minutes (8). Obviously for individuals
who are older and more severely deconditioned, smaller
doses of physical activity may be necessary (i.e., 5-20
min/day). After the comprehensive screening has been
completed according to ACSM guidelines (49), the first
2-4 weeks of the program should be used to train partic-
ipants in using the equipment and becoming accus-
tomed to the program. Individual goals should be estab-
lished for each participant to ensure that he or she is
exercising within his or her comfort zone and achieving
the desired training effect.

INTENSITY LEVEL

When possible, the intensity level of the cardiovascular
exercise should be established for each participant from
the graded exercise test. The American Heart Association
scientific statement on physical activity and exercise rec-
ommendations for stroke survivors recommends training
at an intensity of 40%-70% of peak Vo, or heart rate re-
serve (HRR) while also monitoring rating of perceived
exertion (RPE) (8). In the few studies that have been con-
ducted on stroke survivors, intensity was set at different
levels. Rimmer et al. (43) based the intensity level on the
participants’ peak Vo, measure. The heart rate that the
participant reached at a respiratory quotient (RQ) of 1.00
was used to set the target heart rate range (THRR). Five
beats per minute was subtracted from this value, and the
THRR for the participant was then set from this heart rate
to 10 bpm below this heart rate. For example, if a partic-
ipant’s heart rate was 130 bpm at an RQ = 1.00, subtract-
ing 5 bpm from this value would put the THRR at
115-125 bpm.

In the work by Potempa et al. (42), initial training for
stroke survivors was set at 40%-60% of measured peak
Vo, for a duration of 30 minutes of continuous or dis-
continuous exercise. The emphasis during the early
stages of the program was on duration as opposed to in-
tensity. Once the person was able to exercise for 30 min-
utes, training intensity was progressively increased to the
highest workload tolerance without cardiac symptoms. It
is important to note that the investigators used telemetry
monitoring with their subjects and were thus able to be
more aggressive in their training intensity.

Macko et al. (26,36,63,67) have done a substantial
amount of treadmill training with stroke survivors. Their
training protocol started at low intensity (40%-50%
HRR) for 10-20 minutes and increased approximately 5
minutes every 2 weeks as tolerated until participants
were able to train at 60%—70% of HRR. Teixeira-Salmela
et al. (50) used an intensity of 70% of the maximal heart
rate attained from an exercise test with a higher function-
ing group of stroke survivors. Chu et al. (41) developed an
8-week, water-based program for 12 postroke survivors
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using shallow water walking, mild running, and various
other activities and increased training intensity from
50%—-70% HRR (weeks 1-2), to 75% (weeks 3-5), and
finally to 80% HRR (weeks 6-8). This is the only study in
the published literature that trained stroke survivors at
such a high intensity level (80%), although it was only
for a couple of weeks. Interestingly, they reported the
highest increases in peak Vo, (22%) after an exercise in-
tervention with stroke subjects.

In the study by Rimmer et al. (43), participants who had
an abnormal blood pressure response during the exercise
test (systolic =220 mm Hg, diastolic =110 mm Hg) had a
modification to their exercise prescription. They were in-
structed not to exceed a rate pressure product (RPP) of 200.
The RPP was calculated by multiplying heart rate times sys-
tolic blood pressure, divided by 100. For example, if a par-
ticipant’s blood pressure response during an exercise ses-
sion was 180 mm Hg at a heart rate of 130 bpm, the RPP
would be 180 X 130/100 or 234. Because the value is more
than 200, the participant would not be allowed to exercise
on that day or had to wait until RPP dropped below 200.

Resting diastolic blood pressure (DBP) should be less
than 100 mm Hg to begin exercising. If resting DBP is
greater than 100 mm Hg, ROM exercises should be per-
formed until the DBP drops below 100. Exercise should
be terminated if blood pressure is elevated to 220/110
mm Hg or higher and should only be resumed when
blood pressure drops below this value.

Participants should begin with intermittent exercise
during the first 4 weeks of the program. At the end of 4
weeks, most participants should be able to complete 30
minutes of continuous or discontinuous exercise in their
THRR. However, it is important that participants have ap-
proval from their physician before participating in the
training program and that physicians are updated on
their patient’s performance at regular intervals.

TRAINING MODALITIES

Examples of cardiovascular training modalities for stroke
survivors include stationary cycling (recumbent and up-
right), over-ground walking, or walking on a treadmill
(provided the patients have adequate balance, are closely
supervised, and do not experience joint pain), elliptical
crosstraining, and recumbent stepping (especially useful
for those with severe hemiplegia). Participants should be
given the opportunity to select their own equipment as
long as it is considered safe and does not cause adverse
cardiovascular (i.e., excessive rise in blood pressure or
heart rate) or musculoskeletal complications (i.e., pain,
injury). Individuals with balance difficulties and a high
risk of falls should use a sitting modality such as the re-
cumbent stepper or stationary or recumbent cycle.
Several training advantages are seen to using a tread-
mill for improving cardiorespiratory fitness, gait, and
strength (70). Treadmill training allows the individual to

practice walking, which is critical to overall function;
handrails and body weight support (BWS) system (i.e.,
harness) allow professionals to load or unload some of
the body weight, depending on the patient’s strength and
balance; and grade can be used to adjust intensity, allow-
ing a comfortable speed to be maintained (63).

STRENGTH TRAINING

Muscle weakness has been recognized as a major symptom
following stroke (71). Research has also demonstrated that
the torque generated by the knee extensors, ankle plantar
flexors, and hip flexors is correlated to gait performance in
stroke survivors (72). Poor levels of strength can also be a
major factor contributing to significant functional limita-
tions, reduced walking speed and endurance, impaired sta-
bility, and increased postural sway (73-75). The primary
goal of strength training is to increase independence in
function, which can include walking, prevention of falls,
and performing BADL and IADL (76).

TRAINING INTENSITY

No published guidelines exist for developing resistance
training programs for persons with stroke. Based on the
research, several studies have demonstrated significant
improvements in strength using various levels of resis-
tance (73). Training intensity varied from 30%-50% of
maximal strength (77), to as high as 80% of 1-RM after a
2-week adjustment period (50,78). One study also found
significant improvements in strength using a circuit
training program that involved persons with stroke using
their body weight as the overload by performing sit-to-
stand from various chair heights; stepping forward, back-
ward, and sideways onto blocks of various heights; and
performing heel raises.

Rimmer et al. (43) initiated a strength training proto-
col for stroke survivors at 70% of each participant’s 10-
RM for one set of 15-20 repetitions. When participants
were able to complete 25 repetitions for 2 consecutive
sessions with proper lifting technique (i.e., proper bio-
mechanical motion, without Valsalva maneuver), the
weight was increased by 10% of their 10-RM. Participants
trained using a variety of exercises, including the bench
press, leg press, leg curl, triceps push-down, seated
shoulder press, seated row, lateral pull-down, and biceps
curl.

A general strength training prescription should use a
minimum of one set of 8-10 lifts using the large muscle
groups of the body, lighter weights, and higher repeti-
tions (e.g., 10-15 repetitions), and perform them 2-3
days a week. Blood pressure and RPE should be recorded
at the completion of each set until the person adjusts to
the program. Adaptive gloves and other types of assistive
aids may be necessary to ensure that the participant can
safely hold or grasp the weight.
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TRAINING VOLUME

A major determinant of training volume is the amount of
muscle mass that is still functional. Persons with paralysis,
hemiplegia, impaired motor control, or limited joint mo-
bility have less functional muscle mass and, therefore, will
only tolerate a lower training volume. For individuals who
cannot lift the minimal weight on certain machines, resist-
ance bands or cuff weights are recommended. If bands and
cuff weights are too difficult, use the person’s own limb
weight as the initial resistance. For example, lifting an arm
or leg against gravity for 5-10 seconds may be the initial
starting point for those with very low strength levels.
Training volume will also depend on the patient’s
health status. Many individuals with stroke have been in-
active for much of their lives and will need only a small
amount of resistance exercise during the initial stage of
the program to obtain a training effect. How responsive
individuals with stroke will be to resistance exercise dur-
ing the conditioning stage depend on their current health
status and the severity of their stroke. For individuals
who start out at very low levels of strength, significant
improvements can be made with very light resistance.

TRAINING MODALITIES

Certain muscle groups need strengthening in persons
with physical disabilities (including stroke survivors) to
maintain the ability to perform BADL (e.g., dressing and
undressing) and IADL (e.g., lifting and carrying items,
walking up and down stairs). Lifting any type of resistance
requires good trunk stability and may be difficult to per-
form for individuals who have severe limitations in motor
control and coordination. Modes of resistance exercise fall
into four general categories: free weights, portable equip-
ment (i.e., elastic bands, tubing), machines, and person’s
own body weight. Any of these modalities is acceptable
for improving strength levels in stroke survivors, provided
the person is not at risk for injury. When an instructor
feels that the resistance mode presents a concern to the
person, the exercise routine should be either adapted
(e.g., securing the weight to the hand, changing the move-
ment) or substituted with a safer piece of equipment.

In persons with very low strength levels, gravity-
resistance exercise (lifting limbs against gravity) may be
all that the person is capable of performing. Abducting an
arm or extending a leg for several repetitions may be a
good entry point. These exercises can be used for persons
who are extremely weak after a stroke, whereas other
modes of resistance exercise can be used those who are
stronger. Once an individual is able to complete 8-12
repetitions of a gravity-resistance exercise, the person
could progress to free weight, bands, or machines. If an
individual is unable to move a limb against gravity be-
cause of extreme weakness, the instructor could place the
limb in a certain position (e.g., shoulder abduction) and
have that person hold the position isometrically for a few
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seconds, gradually increasing the time. Horizontal move-
ments and aquatic exercises can be performed with grav-
ity eliminated, thus allowing the limb to move more
freely.

Rehabilitation professionals are also recommending
the use of treadmill training for improving functional
strength in stroke participants. A recent study found that
BWS treadmill training increased gait speed and strength
in individuals with stroke (70).

Active-assistive exercise may be required for certain in-
dividuals who do not have sufficient strength to over-
come the force of gravity. The instructor can assist that
person in performing the movement by providing as
much physical assistance as necessary. At various points
in the concentric phase, the instructor may have to assist
the person in overcoming the force of gravity. During the
eccentric phase, the instructor may need to control the
movement so that the weight or limb is not lowered too
quickly. In many instances, active-assistive exercise can
be used with severely weak musculature whereas active
exercise can be used with stronger muscle groups.

FLEXIBILITY TRAINING

Participants should be taught a variety of stretching exer-
cises targeting both upper and lower body muscle groups.
Participants should stretch at the beginning of each ex-
ercise session, at the end of the cardiovascular exercise
session, between strength exercises, and at the end of the
exercise session. Stretches should held with mild tension
for 15-30 seconds, being careful not to cause pain. A par-
ticular emphasis should be made to stretch the tight
(spastic) muscle groups on the hemiparetic side, which in-
clude the finger and wrist flexors, elbow flexors, shoulder
adductors, hip flexors, knee flexors, and ankle plantar flex-
ors. The primary goal of flexibility training for stroke sur-
vivors is to increase ROM and prevent joint contractures (8).

GENERAL PROGRAM GUIDELINES

STAFF SUPERVISION

Exercise sessions should be supervised by a clinical exer-
cise physiologist with guidance and support from the pa-
tient’s physician. It is helpful to have an assistant who can
be trained to monitor blood pressure, heart rate, and vital
signs, especially if several stroke survivors are exercising
in the facility at the same time. A recommended staff-to-
client ratio will depend on the functional level of the
client, number and type of comorbid conditions, associ-
ated or secondary conditions, and the expertise of the fit-
ness professional in working with stroke participants.

FACILITY PREPARATION

An emergency contact number should be posted in the ex-
ercise facility. If possible, physician pager numbers of stroke
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survivors should be available. An automated external defib-
rillator is a good safety device to keep in the fitness center.
An infectious waste container for blood specimens should
be available for clients who must check their blood glucose
level. Blood specimens should be performed in a sterile set-
ting away from equipment and high-volume traffic areas.

CLIENT MONITORING

Given the higher level of comorbid and secondary condi-
tions associated with stroke, it is important for the clini-
cal exercise physiologist to monitor the exercise session
closely until the client adjusts to the exercise bout and
does not show signs of discomfort or exhibit any unusual
symptoms (e.g., fluctuations in blood pressure, dyspnea,
light-headedness). One way that many clinical exercise
physiologists monitor their client’s progress is with a
SOAP form. S stands for Subjective, which is a client self-
report of his or her current state (e.g., how much sleep
they had, do they feel well, did they eat breakfast, did they
take their medication(s), symptoms). O stands for Objec-
tive, which is the clinical staff’s evaluation of the partici-
pants current state and quantitative performance during
the exercise session (i.e., modality, workload, blood pres-
sure response, physiologic signs). A stands for Assess-
ment, which is how the clinician interprets S and O. P
stands for Plan, which refers to the prescribed or recom-
mended treatment plan, including modifications that
need to be made to the exercise prescription in the next
session (e.g., trying a new exercise, increasing resistance).
At the end of each session, blood pressure and heart rate
should be recorded to ensure that the participant returns
to resting values before departure from the fitness center.

The instructor should attempt to provide a program
that is appropriate in intensity, mode, duration, fre-
quency, and progression to minimize the likelihood of de-
veloping prolonged or unusual fatigue and delayed-onset
muscle soreness. Although this occasionally can be a com-
mon side effect of any new training regimen, it could
present a problem for persons with stroke if the soreness
prevents them from conducting their normal BADL or
IADL. Although a client with stroke may aspire to make
rapid gains in strength and can train at a moderate-to-
high intensity level, the clinical exercise physiologist
should be cautious not to overwork the muscle groups.
Use light resistance for at least the first 2 weeks of the
program (50% of 1-RM), and only proceed to higher train-
ing loads if muscle soreness and fatigue are not evident
and no other side effects are evident. A verbal evaluation
of the previous session should be conducted with the pa-
tient on return for the next session. If it is determined that
some soreness in certain muscle groups prevented the
person from performing routine daily activities, the exer-
cise should be discontinued until the soreness improves.
On continuation of the program, the clinical exercise
physiologist may need to reduce the training volume or

avoid certain exercises that result in pain or fatigue. If
prolonged bouts of pain or soreness occur 24-48 hours
after exercise, the client should consult with his or her
physician to determine the cause.

It is worth repeating that blood pressure must be mon-
itored closely in persons with stroke. Because hyperten-
sion is a common comorbidity, follow the guidelines in
ACSM’s Guidelines for Exercise Testing and Prescription for
working with persons with hypertension (49). It is espe-
cially important for the person’s blood pressure to be
under control before initiating the program. During the
first 4 weeks of the program, monitor blood pressure fre-
quently to ensure that complications or adverse changes
are not occurring. If blood pressure continually fluctu-
ates, contact the patient’s physician. Under no circum-
stances should a person who has had a stroke and con-
tinues to have difficulty maintaining a stable blood
pressure be allowed to exercise.

Persons with type 1 diabetes should bring their own
portable glucometer to the fitness center and take a blood
glucose measurement before and after each exercise ses-
sion. Orange juice and other high carbohydrate snacks
should be available for those who become hypoglycemic
(<50 mg - dL™"). Participants should be encouraged to
drink adequate amounts of water during the exercise ses-
sion to avoid dehydration.

Many individuals with stroke will exhibit asymmetrica
weakness or will have a disproportionately greater degree
of weakness to the flexor or extensor muscle groups. It is
important to evaluate individual muscle groups on both
sides of the body, including both agonists and antago-
nists, to isolate the degree of weakness in key muscle
groups. Individuals with asymmetric weakness will often
“hike” their body toward the weaker side to compensate
for this weakness while performing resistance training.
Make sure that each person is performing the activity
with proper form. If there is a tendency to “hike” the
body, lower the resistance and emphasize good form.

An important goal of the clinical exercise physiologist
is to teach the client how to measure his or her own RPE,
how to use the equipment safely, and to understand the
warning signs when to stop exercising. A sample check-
list of safety guidelines for self-regulating exercise is
shown in Table 1.3. Stroke survivors should also be
taught the warning signs for when they should stop exer-
cising. Table 1.4 provides a list of items that should be re-
viewed with each person. Once the persons understands
these warning signs and can repeat them back to the in-
structor, both parties should sign the form. This assures
the instructor that the client has a basic understanding of
how to exercise safely.

EDUCATION AND COUNSELING

The clinical exercise physiologist has an important respon-
sibility to teach stroke survivors the importance of good
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TABLE 1.3. SAMPLE CHECKLIST FOR TEACHING CLIENTS TO PERFORM EXERCISE SAFELY

Client Name: Staff Name:

Date:

Before participation in an exercise program, you must be able to competently execute the tasks listed below. If you have difficulty performing any

of these tasks, you will receive additional training before participating in the program.

Able to monitor target heart rate.

Able to use the rating of perceived exertion (RPE) scale.

Knows the warning signs to stop exercising.

Able to safely operate the treadmill.

Able to program the treadmill.

Able to safely operate the upright bike.

Able to program the upright bike.

Can record aerobic and strength activities on assigned log sheet.

Display knowledge of the goals of strength training.

Know what a set is.

Know what a repetition is.

Can adjust the bench press to fit him or her.

Can display proper form when using the bench press.

Can display proper breathing (lack of Valsalva maneuver) when using the bench press.

Can adjust the leg press to fit him or her.

Can display proper form when using the leg press.

Can display proper breathing (lack of Valsalva maneuver) when using the leg press.

Can adjust the shoulder press to fit him or her.

Can display proper form when using the shoulder press.

Can display proper breathing (lack of Valsalva maneuver) when using the shoulder press.

Can adjust the triceps push-down to fit him or her.

Can display proper form when using the triceps push-down.

Can display proper breathing (lack of Valsalva maneuver) when using the triceps push-down.

Can adjust the biceps curl to fit him or her.

Can display proper form when using the biceps curl.

Can display proper breathing (lack of Valsalva maneuver) when using the biceps curl.

Can adjust the front row to fit him or her.

Can display proper form when using the front row.

Can display proper breathing (lack of ValsalLva maneuver) when using the front row.

Can adjust the lat pull-down to fit him or her.

Can display proper form when using the lat pull-down.

Can display proper breathing (Lack of Valsalva maneuver) when using the lat pull-down.

Can adjust the hamstring curl to fit him or her.

Can display proper form when using the hamstring curl.

Can display proper breathing (lack of Valsalva maneuver) when using the hamstring curl.

health promotion practices (mind-body relationship)
where clients and their caregiver can learn about various
strategies to enhance their health. Limited access to
healthcare and healthcare follow-up, combined with lack
of health education and health awareness, presents for-
midable barriers to effective health promotion in this
population. Subsequently, many stroke survivors do not
understand the importance of good health maintenance
(e.g., diet, exercise, health behavior) in preventing a re-
current stroke and the educational component is an ex-
tremely important part of the exercise plan.

Structured lectures that address questions and miscon-
ceptions should be an integral part of the program. Partici-
pants must learn new ways to think about changes in their
lives following a stroke and thus facilitate healthier living.
Group discussions about stressful events related to stroke
(e.g., change in family roles) can be an important part of the
educational component and can be used to facilitate devel-
opment of peer support relationships. Through these peer
relationships, participants can help each other develop new
ways to think about coping and adapting following their
stroke and identify ways to incorporate exercise, healthier
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TABLE 1.4. GUIDELINES FOR SELF-REGULATING
EXERCISE IN STROKE PARTICIPANTS

You understand that you are being asked to exercise within your own
comfort level. During exercise, your body may give you signs that you
should stop exercising.

These signs Include:
Lightheadedness or dizzyness
Chest heaviness, pain, or tightness; angina
Palpitations or irregular heart beat
Sudden shortness of breath not due to increased activity
Discomfort or stiffness in muscles and joints persisting for several
days after exercise

Call your doctor if you experience any of these sensations.

Please call your exercise instructor at (111-1111) if you experience
any of the following signs:
A change in your medication.
A change in your health, such as:
An increase or change in blood pressure, resting heart rate (just
sitting around), or other symptoms related to your heart
Hospitalization for any reason
Cold/flu
Emotional stress or upset at work or at home
Any other change that you feel is important
Your doctor advises you to stop exercising for any reason

| realize that it is my responsibility to report any of these
signs/symptoms to my DOCTOR. Once the situation is resolved, |
must contact MY INSTRUCTOR, Clinical Exercise Physiologist, at
111-1111.

Signature of Participant Date

Signature of Instructor Date

cooking and eating habits, and new approaches to adjusting
to life changes living with a disability.

BARRIERS TO EXERCISE

Rimmer et al. (79) examined barriers to exercise in per-
sons with stroke and other physical disabilities. Data
were collected through an in-depth telephone interview
using an instrument that addressed issues related to
physical activity and the subjects’ disability (Barriers to
Physical Activity and Disability Survey—B-PADS). Sub-

It should be noted that in all cases, physical, occupational,
and speech therapists had seen these patients and
completed programs in these allied healthcare disciplines.
Physician care included primary management by an
internist and a neurologist, with other specialty consults,
as needed. A psychiatrist, cognitive psychologist, or both
were also involved in patient care where needed for
depression and deficits in task processing were noted.

jects were asked questions pertaining to their participa-
tion or interest level in structured exercise. The four
major barriers were cost of the exercise program (84.2%),
lack of energy (65.8%), transportation (60.5%), and did
not know where to exercise (57.9%). Barriers commonly
reported in nondisabled persons (e.g., lack of time, bore-
dom, too lazy) were not observed in this cohort. Interest-
ingly, only 11% of the subjects reported that they were
not interested in starting an exercise program. Most sub-
jects (81.5%) wanted to join an exercise program, but
were restricted by the number of barriers reported. The
investigators noted that black women with stroke and
other physical disabilities were interested in joining exer-
cise programs, but were limited in doing so because of
their inability to overcome several barriers to increased
physical activity participation.

In a more recent study (69), researchers reported that
the five most common barriers reported by a cohort of
stroke survivors in rank order were (1) cost of the pro-
gram (61%), (2) lack of awareness of fitness center in the
area (57%), (3) no means of transportation to get to a
facility (57%), (4) don’t know how to exercise (46%), (5)
don’t know where to exercise (44%). Least common barri-
ers were (1) lack of interest (16%), (2) lack of time (11%),
and (3) exercise will make my condition worse (1%).

To increase exercise adherence among stroke sur-
vivors, the clinical exercise physiologist must first assess
and subsequently work with the individual and other
support systems to problem-solve removing as many of
the actual (i.e., transportation) and perceived (i.e., exer-
cise will not improve condition) barriers as possible.
Available resources should be utilized, such as the Na-
tional Center on Physical Activity and Disability
(www.ncpad.org, 800/900-8086), which is a federally
funded information center that contains many useful
physical activities for people with stroke, including ways
to reduce or remove barriers to participation by providing
home exercise videos and a listing of organizations and
facilities that provide specialized programs for people
with disabilities. The website also provices access to the
aformentioned B-PADS instrument, which a useful way
to sytematically identifyand remove barriers to particip-
tion for stroke survivors.

CASE STUDIES | .

CASE 1

RM: 55-year-old married businessman, retired because
of a cerebrovascular accident, which left him with partial
left hemiplegia (hemiparesis). Chief complaint at the
time of visit was tightness of the left shoulder and
reduced grip strength, especially notable when golfing.
There was also a longstanding history of recurrent low
back pain with x-rays showing degenerative joint disease
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in the spine. Medications: Plavix, Bayer ASA, Procardia,
Zocor, MVI, vitamins Bg, B4, and folic acid. With
patient upright, his posture showed a left shoulder
droop relative to the right side. Rhomberg sign was neg-
ative. Gait up to 2 miles/hour was normal. He was
unable to walk on a narrow straight line for 10 feet with-
out making a side balance error. He was able to do a
partial squat. Spine ROM showed blocking of movement
with side tilt to the right side. The shoulder ROM was
limited to 90 degrees for abduction and 100 degrees for
forward flexion, 50 degrees of 90 degree abducted-exter-
nal rotation. There were no one-sided sensory, position
sense, or one-sided sensory neglect deficits detected.
Babinski sign was absent and muscle stretch reflexes
were normal. Cranial nerves showed a mild left facial
paresis. A program with the exercise physiologist was
conducted for 20 sessions over a 9-month period.
Initially, he was able to walk 2 mph for 10 minutes, and
reached a heart rate of 130 bpm. He could hold a 2 Ib.
weight in the left hand, although was unable to use the
thumb. He could not control a coffee cup full of fluid
without spilling it. Exercises to establish a neutral spine
posture were initiated. Isometric program for the left
scapular muscles was initiated with feedback from a
take-home electrical muscle stimulation device. He was
able to progress to diagonal pattern upper extremity ex-
ercises and some grip movements of the left thumb. His
endurance improved to 4 mph for 20 minutes at a heart
rate of 140 bpm. The low back pain became more
evident as the patient became more active and played
golf 3 times per week, completing 18 holes, using a golf
cart for transportation. X-rays showed osteophytes and
degenerative joint changes in the facets, sacroiliac, sym-
physis pubis, and hip joints, no change since x-rays taken
5 months earlier. Fluoroscopically guided injection was
done to the left sacroiliac joint, which reduced pain and
interference from guarding of that area during sessions
with the exercise physiologist.

Problems to Consider
Left hemiparesis primarily involved the left upper extremity,
the most common form of hemiparesis. Usually some
muscles are spared, but it is rare to see complete sensori-
motor hemiplegia of every muscle group on the left side.
Deficits on the left side sometimes are more obvious
with fatigue after a period of ambulation at a given
speed, or after an increased challenge to coordination,
such a line-walking

Low back pain, which may lateralize to the side of poor-
est function, but the presence of pain alerts the
healthcare practitioner that the individual is aware of af-
fected side. The biomechanical deficits associated with
low back pain in this case are questionable. X-rays show
a long history of low back cumulative wear that probably
extends before the onset of the stroke. X-rays without
findings of unstable conditions, such as stress fracture
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(spondylolysis), osteoporotic fracture, or tumors, will
not interfere with the exercise program. It is important
to address motor control of the oblique muscles of the
lumbopelvic girdle, emphasizing spine posture and
avoiding fatigue to those muscles. [sometric exercises,
while maintaining the neutral spine (the most relaxed
midposition between full spine flexion and full spine ex-
tension), will be beneficial. Weakness and increased tone
of the muscles on the hemiplegic side should be noted.

Golfer. The fact that the client is still able to golf
demonstrates an ability to swing right-handed. Assistive
devices, such as the tube device hooked to a glove for the
left hand, may minimize grip deficits and optimize the in-
dividual’s ability to coordinate the movements of the
upper extremity. He was also able to sometimes golfin
the 90s score range because of focus on ball direction in-
stead of distance. The emphasis in this program was first
normal trunk control, then head position and retraining
of the scapular movement with the golf swing.

The electromuscle stimulation machine was prescribed to
increase muscle contraction beyond the individual’s abil-
ity to do it simply by his own volition. Such devices are
used in disorders of the central nervous system to (a)
compensate for loss of maximal contraction owing to
loss of central nervous system input and (b) provide in-
creased feedback to the brain by the sensory input from
the electrical impulse to the muscle. It is important to
know the difference between this device and other
devices, such as a transcutaneous stimulation machine.
The latter only stimulates skin sensors to try to block
pain, but does not have the proper electrical settings to
reach muscle.

CASE 2

DK: 46-year-old woman with juvenile onset diabetes mel-
litus (type 1), smoker, suffered a cerebrovascular
accident at age 17 and has a history of seizures. This left
her with a spastic type of hemiparesis of the right upper
and lower extremities and aphasia (expressive type). Her
chief complaint is of difficulty with sustained daily activi-
ties and exercise because of the hemiplegia. In addition,
she complains of tender points in the left hand over the
thenar (thumb) muscle pad in the palm along with pain
and numbness into her fingers of that hand, the left ten-
sor fascia lata, and the left heel. Her lifestyle was
basically self-care, community errands, and a long-term
relationship with a boyfriend. She finished high school,
but never developed a career. She smoked one-half pack
per day. Medications: Tegretol, Dilantin, Provera,
Valium, metoprolol, gabapentin, cyclobenzaprine, alen-
dronate, and Insulin pump (implantable device for infu-
sion of insulin instead of injection needles). On physical
examination, she was an alert, oriented person who un-
derstood and obeyed either simple or multistep instruc-
tions. Her speech was markedly limited by nonfluent use
of single words and phrases and she often corrected
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herself. Naming of simple objects, such as a pen or
watch, resulted in mispronunciations and nonwords.
She could communicate during most routine conversa-
tion if allowed to self-correct. Sensation was decreased,
but present for the right side, no neglect or sensory ex-
tinction was noted. The presence of the trigger points
in the areas of tenderness supported the absence of
neglect on the right side. Increased tone was noted in
the right lower extremity with a knee-extended gait.
Posturing of the foot was partially masked by previous
ankle/tendon surgery for equinovarus ankle posturing.
Increased tone was noted in the right hand in the form
of a grip posture. Range of motion was otherwise, nor-
mal. Pressure over any of the trigger points would cause
a sudden spastic response. Reflexes were increased for
the right upper and lower extremities, Babinski sign was
positive on the right, but negative on the left side.
Strength and motor control were evaluated. Volitional
movements tended to follow flexion or extension
synergy patterns on the right side. Movement could be
isolated for the scapulothoracic and hip muscles. The
individual could assume upright posture with cuing.
The individual entered a clinical exercise physiology
program for a period of 6 months. The first 3 months
involved every-other-week visits for endurance and a
home exercise program. She was independent and safe
in the community at the time of initial visit, however
her speed of gait was approximately 1.5 mph and very
labor intensive with aerobic level heart rates greater
than 130 bpm. She was unable to progress in the pro-
gram initially, owing to the painful trigger points
described. Phenol blocks were performed twice over the
treatment period, which provided marked relief of
symptoms and reduction in spasticity. The second 3
months of the program was done in an exercise class
setting. She made marked progress in the ability
control the right lower extremity during the swing
phase of gait. She also was prescribed a plastic ankle-
foot brace. The right upper extremity function
improved with the combined effect of improved scapu-
lar control with electrical muscle stimulation and the
use of a wrist-hand brace to help positioning for gross
grip of objects during daily activity and weight training.
She initially avoided use of the right upper extremity,
but by the end of the treatment session she was able to
use it as an assist in two-handed activities with the left
upper extremity. Throughout the program, blood
glucose levels were monitored and low blood sugars
less than 60 mg - dL™ ' were treated with a high glucose
content beverage. High blood sugars were addressed
with increased water ingestion. Dietary adjustments
and insulin pump (physician or nurse adjusted) dosage
changes were made in response to increased physical
activity, blood glucose and glucometer readings, and
physical symptoms. The program is now focusing on
help toward further education and career pursuits.

Problems to Consider

In insulin-dependent diabetes, even with an implantable
device, wide fluctuations of blood sugar can occur,
resulting in loss of consciousness or lethargy. Lethargic
mood can be misinterpreted as fatigue, lack of enthusi-
asm, or poor ability to follow instructions.

Aphasia is a broad family of classifications to describe
communication deficits in relationship to organic brain
disorders. They can be considered most simply as prima-
rily disorders of comprehension or disorders of
expression. Disorders of comprehension aphasias are the
most difficult to address during exercise programs. This
individual was primarily in the expressive disorders cate-
gory. Aphasia should not be confused with apraxia, in
which the individual can appropriately name objects and
converse, but has difficulty with the formation of words.
Also, paralysis of facial muscles or the tongue, such as an
injury to a nerve, is not aphasia. If a patient has an
aphasia, then communication through a very few written
words and pictures can improve exercise comprehension
and compliance.

Spasticity and increased tone in the spine and extremities
must be addressed by first working with muscles that do
have near normal function. Then, progression extends to
the next group of muscles, usually spine-related muscles
first, followed by more distal muscles, in the hope of se-
quential spread of motor control. Spasticity is usually
stimulated an undesirable increase in response to fast
movements or sudden large loads for resistance training.
Single sustained submaximal contractions, rather than
fast repetitions may be better. Proprioceptive neuromuscular
facilitation is used to describe various forms of feedback
through either tapping or light pressure during use of the
muscle desired. The individual should be positioned in a
lying or sitting position to avoid excessive spasticity
response. Electrical muscle stimulation may have a
biofeedback effect in combination with a voluntary con-
traction of a given muscle.

Contracture of the hemiplegic ankle received tendon
lengthening surgery to relieve the contracture. Contractures
can respond at least in part to single prolonged stretch-
ing, sometimes in excess of 2 minutes. If surgery is done,
then the contracture will be relieved, but anticipate
weakening of that muscle as a side effect of the surgery.

Tender points and trigger points are specific mapped out
areas where tenderness can be greatest in a muscle. The
tenderness can cause a noxious (pain) response that may
lead to muscle guarding and spasticity. Phenol blocks ei-
ther to a trigger point or to the actual nerve or its junction
in the muscle may reduce the spasticity and pain.

One-sided neglect was not present in this individual.
This is important in stroke because brain injury can
affect sensory processing areas. The patient can
sometimes feel the paralyzed side; however, neglect is
when both sides are stimulated at the same time with
the individual stating that she can only feel one side.
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Smoking history is part of the risk factor profile that
accompanies stroke. In this case, her pulmonary
function may be a limiting factor during exercise. An in-
quiry regarding her pulmonary function is important, es-
pecially if she is short of breath.

Pharmacologic issues: Be aware of reduced patient
arousal because of the somnolence side effects of her
medications (e.g., muscle relaxant [cyclobenzaprine],
antiseizure medications [carbamazepine]). Metoprolol is
a B-blocker that reduces maximal heart rate and may
limit her exercise endurance.

Nerve conduction studies and needle electromyography test-
ing were used to discover the slowed median nerve con-
duction across the wrist called carpal tunnel syndrome,
explaining the numbness and pain in the nonhemiplegic
left hand. Electrical stimulation by a recording device
measures the speed and size (amplitude) of nerve
conduction to determine if the nerve is healthy or
injured. She has both a nerve pinch (i.e., carpal tunnel
syndrome) and diabetes, which will also show abnormal
results on nerve conduction study. The needle form of
electromyography is also used to assess for loss of motor
nerve function or muscle disease by observing the electri-
cal muscle membrane and muscle contraction potentials
heard and viewed on a screen.

CASE 3

JP: 72-year-old man suffered a cerebrovascular accident
2 years before his visit. He was a depressed gentleman, a
retired successful businessman, and he had a history of
participation in competitive sports. His chief complaint
was lack of improvement from a left hemiparesis after
the stroke and lack of energy. Extensive medical work-up
uncovered sleep apnea and a home airway (CPAP)
device was implemented through an affiliated sleep lab-
oratory. He needed help in bathing, dressing, and for
community walks greater than household distances (i.e.,
50 feet). He could eat, but not cut his own food. A
wheelchair was used for community mobility pushed
usually by his wife. His wife would state that he had sev-
eral falls at home while ambulating, none with any
injury. Medications: Dilantin, Coumadin, Synthroid,
Prozac, Zocor, MVI, Digoxin. The physical examination
noted a tall slender man with clear speech and commu-
nication, but with wandering of thoughts during his re-
sponses and slowed responses. He showed a left facial
hemiparesis. He could repeat five of seven numbers in
forward order, but was unable to repeat them in reverse
order. He also would tend to avoid looking over to his
left side and would not pay attention to his left arm
hanging off of the wheelchair. He displayed minimal
movement of the proximal scapula-related muscles and
no voluntary motor response in the more distal upper
extremity. The lower extremity strength was graded fair in
the proximal muscle of the hip and knee and poor in
more distal muscles of the ankle and foot. Sensation was
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partially decreased on the left side, with sensory
extinction on simultaneous (left and right tested at the
same time) light touch. Grafesthesia was also impaired
but present on the left side. Reflexes were decreased on
the left side, with a positive Babinski sign on the left and
right sides. Cranial deficits were noted in facial muscles
on the left side. No aphasia was present. He needed sev-
eral attempts to arise from a sitting to a stand position.
However, with a quad cane he did ambulate at less than
1 mph with no deviations at that speed on noncarpeted
surface. He had a foot drop and would have difficulty
clearing his toe during swing phase of gait. He entered
the clinical exercise physiology program to improve both
safety in ambulation and focus on details as they related
to a home exercise program. The goal was also to facili-
tate maximal use of the left upper extremity and attention
to his left side. Throughout the program he displayed in-
terruption in ambulation, reaching tasks, and therapeutic
exercises, accompanied by random conversations about
issues that concerned him. He would also periodically
bump his left side in the doorway or other obstacles. The
program was adjusted to raise his awareness by having
him navigate various obstacle courses and objects to
reach another point. He was noted to not bump into
these obstacles when asked specifically to walk around
them. He also gradually responded to verbal cues to the
left side. Resistance exercise for the right side involved
lifting the left extremities. Electrical muscle stimulation
pulsed to turn on every 5 seconds for 5 seconds duration
was used to cue muscles of the left shoulder, and left hip-
and knee-related muscles. No gait training was done on
the treadmill, because his speed of ambulation was
initially 0.6 mph and never faster than 1.5 mph. He was
successful in the cessation of any falls at home. His speed
of ambulation increased, and he could discontinue his
left plastic ankle foot orthosis without a foot drop at the
end of 6 months of the program, on an every-other-week
basis. His left upper extremity became functional for arm
swing during ambulation. He was successfully connected
with psychological support care, as well as support coun-
seling for him and his wife.

Problems to Consider
One-sided neglect is a problem most common to individu-
als who have had a stroke to the right (or dominant side)
hemisphere with left hemiplegia. They will ignore the left
side of the body, often as if it did not exist. Setting up
safe challenges that requires the individual to become
aware of that side, such as an obstacle course, is one
form of cuing to that side. Other strategies are to use the
recognized extremities to find and use the neglected side
in bilateral two-extremity exercises. Biofeedback, such as
electrical stimulation with activities, can be useful.
Sensory extinction is the absence of recognition of a sen-
sory stimulus to one extremity when both are touched.
For example, if both extremities recognize a sensory
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stimulus when touched or pin-pricked one at a time, one
side will not be recognized if both are simultaneously
touched. This sensory extinction is considered a sign of a
one-side brain injury or disease. Grafesthesia, or the
recognition of numeric signs gently traced (no marker or
inks), is another organic brain function test.

Depression and distractibility appear the same, but are
different in the underlying cause. Depression is a
disorder of the mind, with feelings of helplessness and
hopelessness. People with depression may not be very
arousable and will appear distractible. Organic brain
diseases will often have distractibility without depression
because of lack of arousal. In this case, depression
played a significant role in the individual’s distraction.

Flaccid hemiparesis is distinct from the spastic hemiparesis
in that the muscles show decreased activity, both with
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Cerebral Palsy

EPIDEMIOLOGY AND
PATHOPHYSIOLOGY

In 1959, cerebral palsy (CP) was viewed as an unchang-
ing disorder of movement and posture that appeared
early in life and was caused by a nonprogressive brain le-
sion (1). With advancements in the understanding of CP,
the view has expanded and it is now considered an um-
brella term that encompasses a group of nonprogressive,
but changing motor impairments that affect muscle tone
and occur secondary to early development lesions or
anomalies in the motor control areas of the brain (2). It is
important to note that, although the brain lesion is static,
the resultant movement disorder many times is not, and
symptoms may improve or become worse (3). Nelson
and Ellenberg (4) found that half of all children diag-
nosed with CP and two-thirds of those diagnosed with
spastic diplegia by their first birthday had “outgrown” the
motor signs of the condition by age 7. Other studies have
shown that the motor skills of children diagnosed with
dystonic and athetoid CP can continue to worsen for
years (4,5).

The overall incidence of CP in the United States is
1.5-2.5 per 1,000 live births (3). The incidence is higher
among black children in the United States (7) and among
ethnic minority children in other parts of the world (8,9).
The Metropolitan Atlanta Developmental Disabilities
Surveillance Program reported in 2000 that the preva-
lence of CP in the five-county metropolitan area of At-
lanta was 3.1 per 1,000, with a higher prevalence among
males and blacks (10). Sinha et al. (11) reported inci-
dences of CP among Asian families in the Yorkshire re-
gion of Britain of between 5.48 and 6.42 per 1,000 live
births. The Surveillance of Cerebral Palsy in Europe re-
ported an increasing trend in the prevalence of CP in Eu-
rope from 1.7 per 1,000 live births in the 1970s to 2.4 per
1,000 live births in the 1990s. Also, a strong association
was noted between socioeconomic status and the occur-
rence of CP. In the United Kingdom, the prevalence of CP
was 3.33 per 1,000 in the poorest socioeconomic quartile
compared with 2.08 per 1,000 in the most affluent quar-
tile. This was true for both children of normal birth
weight as well as low birth weight children (12).

The most readily identified cause of CP is the combi-
nation of prematurity and low birth weight (13). The di-
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agnosis of CP has been associated with several prenatal
factors, including viral infections, maternal substance
abuse, multiple births, congenital brain malformations,
and certain genetic conditions. In addition, certain peri-
natal factors, such as anoxia from traumatic delivery,
hemorrhage with direct brain damage from birth trauma,
and kernicterus, may all cause CP. Postnatal factors oc-
curring before the age of 2, such as viral and bacterial
meningitis, traumatic head injury, anoxia, and toxin-
induced encephalopathy, are also considered risk factors
for CP (13). According to Stanley et al. (14), CP is the re-
sult of a causal pathway rather than a single event. This
pathway identifies multiple causal factors that lead to the
child developing CP. For example, multiple births may
lead to preterm delivery, and preterm delivery can lead to
neonatal cerebral damage and, ultimately, CP. These fac-
tors increase the child’s vulnerability to other causal fac-
tors, such as intrauterine growth restriction, which may
decrease the childs capacity to cope with intrapartum
stress.

Classification of CP may be done using physiologic
(Table 2.1) or anatomic (Table 2.2) categorization, or by
predominant movement disorder (Table 2.3). Classifica-
tion allows the categorization of CP into subtypes that
display certain specific characteristics. For each person
with CP, the type and degree of motor impairment, com-
bined with other effects of diffuse brain damage, ulti-
mately determines functional level and the need for a va-
riety of intervention services, regardless of classification.

The prevalence of other conditions related to CP has
also been noted in the literature. Saito et al. (15) reported
a 68% incidence of scoliosis in those diagnosed with
spastic CP. Scoliosis usually started before the age of 10
and progressed rapidly during the growth period. Risk
factors for progression of scoliosis in this population in-
cluded having a spinal curve of 40 degrees before the age
of 15 years, having spasticity which involved the total
body, being bedridden, and having a thoracolumbar
curve.

Odding et al. (12) also reported an increased incidence
of CP-related impairments. Motor impairment in some
form was found in 100% of children with CP. The inci-
dence of musculoskeletal impairments increased in those
with spastic type of CP and included hip luxations
(75%), joint contractures (73%), and scoliosis (72%).
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TABLE 2.1. PHYSIOLOGIC CLASSIFICATION OF

TABLE 2.2. ANATOMIC CLASSIFICATION OF

CEREBRAL PALSY (13,79) CEREBRAL PALSY (13,79)
TYPE SITE OF INJURY PRESENTATION TYPE PRESENTATION
Pyramidal Cortical system Spastic, hyperreflexia, Hemiplegia Unilateral involvement; upper extremity

“clasp-knife” hypertonia,
susceptible to contractures
Extrapyramidal Basal ganglia

and cerebellum

Athetosis, ataxia, “lead-pipe”
rigidity, chorea
Combination of above

Mixed Combination of

above

They also reported cognitive impairments in 23%-44% of
cases. Sensory impairments included decreased stereog-
nosis and proprioception, speech impairments, and
dysarthria. Ophthalmic abnormalities were seen in 62%
of children with CP. Urogenital impairments were also
noted in 25% of children with CP having primary urinary
incontinence. Endocrine impairments noted in this pop-
ulation included feeding problems, silent aspiration,
growth disturbances, body mass issues, and reduced
bone mineral density. Del Giudice et al. (16) reported
that 92% of children with CP in their sample had clini-
cally significant gastrointestinal (GI) symptoms. These
included swallowing disorders, regurgitation and vomit-
ing, abdominal pain, chronic pulmonary aspiration, and
chronic constipation. They concluded that most of these
GI clinical manifestations were the result of motility dis-
orders and were not related to any specific brain damage.

CLINICAL EXERCISE PHYSIOLOGY

Limited research has been conducted on exercise re-
sponses in individuals with CP. This may be related to the
fact that participation in exercise programs has been lim-

generally more involved than lower extremity

Diplegia Bilateral involvement; legs generally more
involved than arms

Tetraplegia Total body involvement, including cranial
nerves; frequently with mental retardation

Monoplegia Single limb involvement

Paraplegia Legs only involved; arms normal

Triplegia One limb unaffected

ited in this population. This lack of participation should
not be construed as a lack of desire to participate. In
many instances, lack of participation is related to a
paucity of programs designed for, or accessible to, per-
sons with disabilities.

In some individuals with CP, impaired motor function
can cause a decrease in daily activity and diminished
function associated with physical activity (17-18). Per-
sons with CP have also been reported to have increased
adiposity (17), low muscle force (19), lower aerobic and
anaerobic power (18,20), decreased mechanical effi-
ciency (20), and decreased respiratory function (21). All
of these factors are signs of poor overall fitness. This may
be related to poor exercise habits, difficulty in performing
skilled movements, muscle imbalances, or overall poor
functional strength. It has also been reported that fatigue
and stress associated with a strenuous exercise program
can cause a transient increase in spasticity and discoordi-
nation in persons with CP (22).

Exercise testing of individuals with CP may be difficult
because of their spasticity and dyskinesia, and the ineffi-
cient nature of their mobility often leads to higher than
expected exercise response values. Studies examining

TABLE 2.3. CLASSIFICATION OF CEREBRAL PALSY BASED ON MOVEMENT DISORDER (3,47)

CLASSIFICATION PRESENTATION

Spastic cerebral palsy

Present in ~65 % of those with CP; diplegia most common; typically greater lower extremity involvement than

upper (diplegia, hemiplegia, extremity; involves flexors, adductors, and internal rotators greater than their
antagonists; hypotonia at birth progressing tetraplegia, paraplegia, to spasticity after infancy; increased DTR;
clonus; abnormal postural reflexes.monoplegia, triplegia)

Dyskinetic cebebral palsy

Athetosis—slow, writhing motions of the appendicular musculature; present in ~25% of those with CP;

impairment of dystonia, chorea, ataxia) postural reflexes; nonrhythmic involuntary movement; dysarthria;
dysphagia; signs increase with anxiety, absent during sleep.
Dystonia—sustained muscle contractions that result in twisting and repetitive movement or abnormal posture;
resent in 15%-25% of those wi ; persists throughout life, but no joint contractures or deformities owing to
p tin 15%-25% of th th CP; persists throughout life, but no joint contract deformit gt

continuous movement.

Chorea—state of excessive, spontaneous movements, irregularly timed; nonrepetitive and abrupt; unable to
maintain voluntary muscle contraction; present in ~25% of those with CP.

Ataxia—uncoordinated, voluntary movements; wide-based gait with genurecurvatum; mild intention tremors; in

the infant, generalized hypotonia; normal DTR; in its mildest form, called apraxia, which is an inability to
perform coordinated voluntary gross and fine motor skills.

Mixed cerebral palsy

Present in ~20% of those with CP; both spastic and dyskinetic components

CP, cerebral palsy; DTR, deep tendon reflex.
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heart rate, blood pressure, expired air, and blood lactate
have shown that individuals with CP respond with
higher heart and respiratory rates, as well as elevated
blood pressures and blood lactate levels for a given sub-
maximal work rate than those without CP. Peak physio-
logic responses are also lowered (10%—20%) in persons
with CP. Physical work capacity has been shown to be
50% that of able-bodied subjects (22). Bowen et al. (23),
however, reported no statistically significant differences
in the percentage of variability of oxygen cost, oxygen
consumption, or physiologic cost index between subjects
with and without CP at free-walking velocity.

PHARMACOLOGY

Pharmacotherapy for the movement disorders of CP has
focused on the dyskinesia that most affects the person’s
functional level. Several main drugs are used to treat the
types of involuntary movements found in CP, specifically
dystonia, myoclonus, chorea and athetosis, and spasticity
4).

The main categories of drugs used to treat dystonia,
myoclonus, chorea, athetosis, and spasticity are listed in
Table 2.4. Up to 50% of patients with dystonia positively
respond to anti-Parkinsonian drugs and less than 25% re-
spond positively to antispasticity, dopaminergic, or anti-
convulsant drugs. Anticholinergic drugs may be helpful
in controlling the drooling in CP and may be delivered
via a transdermal patch. Drugs used for myoclonus typi-
cally are anticonvulsants which facilitate the action of -
aminobutyric acid (GABA), the principal inhibitory neu-
rotransmitter in mammalian brain. Benzodiazepines are
often used to treat chorea and athetosis, but are subject to
development of tolerance. Neuroleptics, which block
dopamine receptors, are effective drugs for chorea and
athetosis, but they are also associated with the most per-
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manent side effects and are the most problematic with
chronic use. Spasticity may be of either cerebral or spinal
origin, and each requires a specific drug therapy. Ba-
clofen, however, has been shown to be effective in con-
trolling both cerebral and spinal spasticity (24).

Continuous intrathecal baclofen is perhaps the first
highly effective medical treatment of spasticity in persons
with CP (25) and it has been used for more than 15 years
(26). The first double-blind study on the use of intrathe-
cal baclofen for spinal spasticity reported that lower ex-
tremity spasticity was significantly reduced and that mus-
cle tone on the Ashworth scale was decreased from 4.0
(considerable increased tone—passive movement diffi-
cult) before treatment to 1.2 (slight increased tone) after
treatment (27). Baclofen has no direct effect on improv-
ing function, although it improves the effectiveness of
other treatments, such as physical therapy (28).

General indications for continuous intrathecal ba-
clofen infusion are to improve function, to facilitate care,
and to retard or prevent the development of contractures.
Another uncommon indication is to decrease pain associ-
ated with involuntary muscle spasms. According to Al-
bright (26) and Bodensteiner (29), continuous intrathecal
baclofen is indicated for treating spasticity in four distinct
groups: (a) those whose gait and lower extremity move-
ments are impeded by spasticity, but whose underlying
strength is poor; (b) individuals older than age 16 with
spasticity of the lower or both the upper and lower ex-
tremities that is interfering with gait or lower extremity
function; (¢) nonambulatory persons with spastic quadri-
paresis whose spasticity interferes with their activities of
daily living (ADLs), comfort, and endurance; and (d) non-
functional persons in whom the goal is to enable their care.

Almeida et al. (30) described a case study in which the
reflex status, range of motion (ROM), strength, and
motor performance of an 11-year-old boy with spastic
diplegia were assessed before and following implantation

TABLE 2.4. PHARMACOLOGIC MANAGEMENT OF CEREBRAL PALSY (24,79)

DISORDER CATEGORY EXAMPLES SIDE EFFECTS
Dystonia Anti-Parkinsonian, anticholinergic, Baclofen, carbamazepine, Drowsiness, dizziness, weakness fatigue,
anticonvulsants, dopaminergic, clonazepam, levadopa/, skin rash, bone marrow suppression,
antispasmotics, antidopaminergic carbidopa lorazepam, ataxia, nausa, hepatotoxicity, depression,
and antidepressants reserbine tetrabenazine, psychosis, dry mouth, blurred vision,
trihexyphenidyl and nervousness
Myoclonus Anticonvulsants Clonazepam, valproate, Drowsiness, dizziness, weakness,
phenobarbital,baclofen, ataxia, fatigue, sedation, dry mouth,
piracetam, lorazepam and hyperactivity
Chorea/ Anticonvulsants, Baclofen, clonazepam, Drowsiness, dizziness, weakness,
Athetosis neuroleptics fluphenazine, haloperidol, dizziness, weakness, fatigue, skin rash,
pimozide, reserbine, bone marrow suppression,
tetrabenazine, valproate hepatotoxicity, ataxia, sedation,
extrapyramidal reactions, and
depression
Spasticity Muscle relaxants, Baclofen, dantrolene, Drowsiness, fatigue, hepatotoxicity,

antispasmotics

diazepam

ataxia, and diarrhea
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of an intrathecal baclofen pump. They showed that spas-
ticity, Babinski reflexes, clonus, strength, and coactiva-
tion of antagonist muscles during voluntary movement
were decreased following baclofen administration. They
also reported an increase in hip and ankle ROM and
upper extremity movement speed, as well as improved
independence in dressing and transfers and elimination
of orthoses. Gerszten et al. (31) reported that continuous
intrathecal baclofen for the treatment of spastic CP re-
duces the need for subsequent orthopedic surgery for the
effects of lower extremity spasticity. They further recom-
mended that in people with spastic CP, spasticity should be
treated before orthopedic procedures are performed.

Continuous intrathecal baclofen has no affect on
athetosis, ataxia, and chorea, and is contraindicated for
choreathetoid CP, ataxic CP, and for individuals with se-
vere contractures. It may be effective in treating extensor
rigidity that occurs after anoxic episodes and appears to
improve generalized dystonia. Children receiving contin-
uous intrathecal baclofen have demonstrated insignifi-
cant increases in plasma baclofen (32). Excessive dosages
of baclofen result in patient listlessness, apathy, urinary
hesitancy, or leg weakness, but these symptoms respond
readily to lowering the dosage (25). Complications
owing to the intrathecal catheter occur in approximately
20% of patients, and infection requiring the removal of
the pump occurs in approximately 5% of patients (33).

Physicians have used neuromuscular blocking agents,
such as 45% ethyl alcohol, 4%-6% phenol, local anes-
thetics, or botulinum A toxin to treat the muscle imbal-
ance, spasticity, and joint deformities associated with CP
for over 30 years. The neuromuscular blockade may be
used to interrupt the function of the nerve, the neuro-
muscular junction, or the muscle. The blockade is used
to balance agonist—antagonist muscle forces by (a) di-
minishing stretch reflexes through neural destruction
and blocking of nerve transmission (phenol, alcohol,
local anesthetic); (b) preventing or decreasing muscle
fiber contraction by direct muscle fiber destruction (alco-
hol or phenol); or (¢) blocking neuromuscular junction
activity (botulinum A toxin). The goal is complete or par-
tial paralysis of the agonist muscle while leaving antago-
nist muscles unaffected. All neuromuscular blockade
procedures are contraindicated in the presence of fixed
contractures (34).

Local anesthetics can be used diagnostically to differ-
entiate between dynamic deformity and fixed contracture
or to evaluate the performance of antagonist muscles and
to determine the potential functional effects of longer-
acting agents. Injection of the drugs within the target
muscle in the vicinity of the myoneural junction pro-
duces the maximum blockade effect. No well-controlled
studies have documented the effectiveness of alcohol in-
jection in modifying spasticity in those with CP. Reports
in peer-reviewed literature indicate that the clinical ef-
fects of alcohol vary in duration and that there are occa-

sional complications, including the need for anesthetic
because of the pain. Phenol, which produces a functional
and clinical effect for 3-18 months, depending on the
concentration and duration of exposure, may also be ex-
tremely painful if injected in the vicinity of a sensory
nerve. However, phenol has been reported as safe, simple,
and economically advantageous in children with CP
G4).

The use of botulinum A toxin, although widely used
as a neuromuscular blockade, is a bit more controversial.
Botulinum A toxin was first introduced to treat strabis-
mus and blepherospasm and is now being used in an in-
creasing number of conditions, including involuntary
tremor, focal dystonias (e.g., spasmodic torticollis), and
autonomic disorders (e.g., focal hyperhydrosis of the
palms) (35). Botulinum A toxin has been used in persons
with CP to diminish paravertebral spasticity, to facilitate
positioning and hygiene, to improve ambulation, as an al-
ternative to serial casting, diagnostically to determine the
efficacy of surgery, as an adjunct to further therapy;, to fa-
cilitate or replace bracing, to delay surgery, and to im-
prove upper extremity function (34-38). Following in-
jection, the onset of weakness is usually detectable in 2 or
3 days. Generally, weakness wears off by 3 months, but
functional improvement may last considerably longer
(37). Treatment may be given at periodic intervals, as
long as continued efficacy is documented. A positive re-
sponse rate of 70% has been reported in appropriately se-
lected ambulatory patients (34). Massin and Allington
(39) demonstrated that botulinum A toxin was effective
in reducing the energy cost of movement and in improv-
ing the endurance of spastic muscles in children with CP.

Postoperative pain in children with CP is often a prob-
lem and may be difficult to manage with traditional anal-
gesics, such as opiates and benzodiazepines. Barwood
et al. (40) conducted a double-blind, randomized,
placebo-controlled clinical trial looking at the analgesic
affect of botulinum A toxin in children with CP following
surgery. They found that botulinum A toxin reduced
mean pain scores by 74%, reduced mean analgesic re-
quirements by 50%, and reduced mean length of hospital
stay by 33%. They concluded that an important part of
postoperative pain in this population was caused by mus-
cle spasm, which can be effectively managed by preoper-
ative injection of botulinum A toxin.

Few adverse effects from botulinum A toxin injection
have been reported, and when they have occurred, they
are generally mild. The most common complaints were
excessive weakness in the injected muscle or unwanted
weakness in adjacent muscles (37). Other side effects
may include pain around the injection site, frequent falls
from balance problems, and generalized fatigue (41).
Contraindications for the use of botulinum A toxin in-
clude fixed contracture, the presence of certain neuro-
muscular diseases (e.g., myasthenia gravis), treatment
with medications that may exaggerate the neuromuscular
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blockade response, muscles that fail to respond to alcohol
or phenol injections, the absence of objective benefit, or
the presence of botulinum A toxin antibodies (34). The
presence of such antibodies may contribute to a phenom-
enon known as secondary unresponsiveness, where an in-
dividual fails to respond to botulinum A toxin on a sub-
sequent administration, after an earlier successful
treatment. The presence of these antibodies is reported to
be 3%-10% in adults, but thus far the incidence has not
been established in children (42). Disadvantages include
the requirement of repeated treatment at regular intervals
and cost (35).

The controversy that exists regarding the use of botu-
linum A toxin relates to a perceived lack of scientifically
rigorous studies on the efficacy of the treatment. Forss-
berg and Tedroff (43) reviewed the literature on botu-
linum A toxin and found scientific rigor lacking in the
published studies. Lannin et al. (44) conducted a system-
atic review of the effectiveness of therapy for children
with CP after botulinum A toxin injections and concluded
that insufficient evidence existed to either support or re-
fute the use of therapy interventions after this treatment.
Reeuwijk and Van Schie (45) also concluded that insuffi-
cient evidence existed to support the use of botulinum A
toxin injections to reduce spasticity or increase ROM and
upper limb function in people with CP. In addition, a
Cochrane review published in 2007 (46) reported that
there was not strong evidence to either support or refute
the use of botulinum A toxin injections for the treatment
of leg spasticity in children with CP. However, consensus
is that more, well-designed and well-controlled studies
are needed to better evaluate the efficacy of botulinum A
toxin, inducing functional improvements in people with
CP.

PHYSICAL EXAMINATION

In children with CP, movement disorders become appar-
ent as the nervous system matures and new motor skills
are learned. This produces what appears to be a progres-
sive rather than a static disorder. The extent of the disor-
der may not be recognized until the child reaches age 2 or
3 years or even later. A definitive diagnosis of CP is rarely
made before age 6 months and many times much later,
but certain clinical findings should arouse suspicion of
the diagnosis (47).

Children with CP commonly exhibit tonal abnormali-
ties, such as hypotonia, hypertonia, or a combination of
both. Hypotonia may be identified by increased ROM of
the shoulders and hips. Hypertonicity of the lower ex-
tremities may be present if the infant displays a scissoring
posture of the legs. Asymmetry of movement or posture
between the right and left sides of the body should be
evaluated for possible dysfunction (47). Prechtl (48) re-
ported that even at very early infancy, distinct movement
patterns called general movements are predictive of neu-
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rologic outcome over 2 years, in particular the presence
of CP.

Persistence of primitive reflexes and the delayed ap-
pearance of postural reflexes are consistent with a diag-
nosis of CP. Asymmetry of reflex response should also be
regarded as significant. Both hyperreflexia of the deep
tendon reflexes and ankle clonus should signal further
evaluation. Abnormal behavioral characteristics, such as
irritability, irregular sleep patterns, continuous gross
motor activity, delayed speech, and diminished attention
span, are more subtle, but may signify central nervous
system dysfunction. Additional behavioral signs include
delayed achievement of motor milestones, which is often
the first recognized sign and primary complaint (47).

MEDICAL AND SURGICAL TREATMENTS

Conservative treatment of people with CP is directed at
improving overall function and facilitating care. Besides
traditional physical and occupational therapy, a number
of different approaches have been used. Traditional ther-
apy has focused on improving strength and ROM to pro-
mote improved function through a combination of thera-
peutic exercise, neurodevelopmental treatment (NDT),
and motor learning approaches (49). The efficacy of such
treatments alone has been questioned. Law et al. (50)
found no significant differences in upper extremity func-
tion, quality of movement, or parents’ perception of func-
tional performance in children with CP between a group
receiving intensive NDT and casting, and a group receiv-
ing regular occupational therapy programs. Weindling
etal. (51) found no difference in functional outcomes be-
tween infants at high risk for CP receiving NDT and a
group whose therapy was delayed until abnormal signs
were present. Bower et al. (52) reported that, in children
with CP, the use of specific measurable goals directed at
motor skill acquisition was more strongly associated with
the actual skill acquisition than either conventional
amounts or intensive amounts of physical therapy alone.

Several studies have demonstrated the positive effects
of various conservative interventions. Normal movement
with emphasis on weight bearing in children with spastic
CP has been shown to significantly increase femoral neck
bone mineral content and volumetric bone mineral den-
sity (53). Carlson et al. (54) showed that using an ankle-
foot orthosis during gait training provided biomechanical
benefits with more efficient gait in children with spastic
diplegia, whereas using supramalleolar orthoses ap-
peared to have little measurable effect. No differences in
walking speed, energy cost, and perceived exertion have
been shown when using anterior versus posterior walkers
among children with CP who were familiar with both
walkers, and most children preferred the posterior walker
(55).

Exercise can also be viewed as a treatment to improve
physical functioning in this population. Damiano and
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Abel (56) showed that children with spastic diplegia and
spastic hemiplegia could have significant strength gains
in targeted muscles following a 6-week strength training
program. In addition, they demonstrated that, with in-
creased strength, these children had higher gait velocities
with increased cadence, as well as an increase in the
Gross Motor Function Measure with no increase in en-
ergy expenditure. Swimming has been shown to im-
prove baseline vital capacity in children with CP (21).
Van den Berg-Emons et al. (18) looked at the effects of
two 9-month sports programs on level of daily physical
activity, fat mass, and physical fitness in children with
spastic CP. They found that the children involved in the
training had no increase in fat mass compared with the
control group who showed an increase. Also noted, were
a favorable increase in muscle strength and peak aerobic
power in those involved in the training program.

Surgical intervention in persons with CP is designed
to improve function by relieving spasticity or by correct-
ing deformity. Selective dorsal (posterior) rhizotomy
(SDR) is the surgery used to treat spastic diplegia and
quadriplegia in children with spastic CP. Numerous stud-
ies have demonstrated the effectiveness of this procedure
(57). Wright et al. (58), Steinbok et al. (59,60) found that
SDR in combination with physical, occupational therapy,
or both leads to significantly greater functional improve-
ment at 1 year following surgery than either physical
therapy or occupational therapy alone. The functional
improvement was achieved through reduced knee and
ankle tone, increased ankle dorsiflexion ROM, and more
normal foot-floor contact during gait. Buckon et al. (61)
compared SDR and orthopedic surgery outcomes using
the Gross Motor Performance Measure, the Gross Motor
Function Measure, and the Pediatric Evaluation and Dis-
ability Inventory. They found that both surgical interven-
tions demonstrated multidimensional benefits for ambu-
latory children with spastic diplegia. Subramanian et al.
(62) reported that SDR alleviated spasticity resulting in
lasting functional benefits as measured by improved gait
in children with spastic CP.

Postoperative weakness following SDR has been re-
ported (63), but it is not consistently confirmed. For ex-
ample, Engsberg et al. (64,65) found no loss of hamstring
or ankle plantar flexor strength following SDR.

Abbott (63) reported various complications, either im-
mediately postoperative or at long term follow-up after
SDR. Besides postoperative hypotonia, other complica-
tions include persistent sensory loss, postoperative uro-
logic dysfunction, cerebrospinal fluid leakage around the
wound, subdural hematomas, and headache. Long-term
complications include changes in postural spinal align-
ment, low back pain, spondylolisthesis, soft tissue con-
tractures, hip dislocation, and persisting neurogenic
bladder. Buckon et al. (61) found no significant decrease
in upper extremity muscle tone at 1 year following SDR
in ambulatory children with spastic CP.

Stereotactic surgery of the basal ganglia for the im-
provement of rigidity, choreoathetosis, and tremor in per-
sons with CP is another option (66). The surgery in-
volves placing a well-planned lesion either in the
ventrolateral nucleus of the thalamus or ventroposterior
pallidum and the site is chosen based on the predomi-
nance of individual symptoms. Speelman and van Manen
(67) conducted a 21-year follow-up on people who re-
ceived stereotactic surgery for CP and found subjective
improvement in function in 44% of the sample, with 64%
reporting side effects, such as hemiparesis and speech im-
pairments. In persons with unilateral dystonia, tremor,
and choreathetoid symptoms, it is the consensus that this
surgery is very successful (60).

Surgery to correct upper and lower extremity defor-
mity in persons with CP generally falls into one of three
categories: (a) soft tissue releases; (b) tendon transfers; or
(c) bone/joint stabilization. Table 2.5 describes these pro-
cedures with specific examples of how each is used in the
upper and lower extremity (68,69).

Hip problems, such as subluxation or dislocation, are
commonly seen in children with CP and they are usually
related to the severity of involvement. The incidence of
hip displacement ranges from 1% in those with spastic
hemiplegia to 75% in those with spastic quadriplegia
(70). These hip problems can lead to significant morbid-
ity in terms of pain, soft tissue contractures, and prob-
lems with sitting, standing, or walking; fractures, skin
ulceration, difficulty with perineal care, pelvic obliquity,
or scoliosis (71). Soft tissue release, such as adductor, il-
iopsoas tenotomy, or psoas release has been shown to be
effective in preventing hip dislocation, particularly in
those children who were ambulatory before surgery and
in those with spastic diplegia (72,73). Dobson et al. (74)
and Hagglund et al. (71) reported that early screening
through radiological hip examination of all children
with bilateral CP is an effective way to prevent future hip
problems in this population. Screening should begin at
18 months of age and be performed at 6- to 12-month in-
tervals thereafter, with appropriate surgical or pharma-
cologic management implemented to reduce the chance
of hip dislocation.

Van Heest et al. (68) observed significant improvement
with regard to upper limb function following surgical in-
tervention for upper extremity dysfunction in people with
CP over a 25-year period. Subjects were rated before and
after surgery on a Classification of Upper Extremity Func-
tional Use Scale from 0 (does not use) to 8 (spontaneous
use, complete) developed by House et al. (75). The aver-
age functional use score was 2.3 before surgery (range,
0-7) and 5.0 after surgery (range, 2-8). The average
change of 2.7 levels of improvement in functional use
scores was significant (68).

Davids et al. (76) suggest that orthopedic clinical
decision-making regarding surgery to optimize the
walking ability of children with CP should be based on
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TABLE 2.5. COMMON SURGICAL PROCEDURES TO CORRECT DEFORMITIES ASSOCIATED WITH
CEREBRAL PALSY (68,69,79)

PROCEDURE

TYPE UPPER EXTREMITY

LOWER EXTREMITY

Soft-tissue releases

Tendon transfers

Bone/Joint stabilization

Tendon lengthening; Biceps lengthening
for elbow flexion
contracture; Biceps

aponeurosis release for

tendon release;
aponeurosis release

pronation contracture;
Adductor pollicis flexion
and first dorsal interosseous
release for thumb in palm

Tendon rerouting; Pronator teres rerouting for
pronation contracture;
Flexor carpi ulnaris
transfer to extensor digitorum

communis for finger deformity

tendon transfer for
muscle substitution

Rotational osteotomies; Rotational osteotomy of the

arthrodesis; capsulodesis radius for pronation
contracture; Wrist arthrodesis
with proximal row carpectomy

for wrist flexion/ulnar deviation

Achilles tendon

lengthening for equinus
deformity; Fasciectomy
of medial and lateral
hamstrings for knee
contracture; Long

head of the rectus
femoris release for hip
flexion contracture

Distal rectus femoris
tendon transfer to
sartorius to assist
knee flexion during
gait; Posterior tibial
tendon rerouting
for supination/varus
deformity of forefoot

External rotation
osteotomy of the
femur for femoral
anteversion;
Extra-articular subtalar

deformity; Palmar plate
capsulodesis for finger deformity

arthrodesis for valgus
deformity of the foot;
Palmar plate capsulodesis
for hammer toe deformity

five sources of information, which are then plugged
into a diagnostic matrix. These include clinical history,
physical examination, diagnostic imaging, quantitative
gait analysis, and examination under anesthesia. Their
indications for common orthopedic surgical interven-
tions (iliopsoas recession, femoral rotational os-
teotomy, medial hamstring lengthening, rectus femoris
transfer, and gastrocnemius lengthening) are presented
in Table 2.6.

Persons with CP commonly develop deformities of the
spine, such as scoliosis, kyphosis, and lordosis. Kyphosis
and lordosis are usually treated conservatively unless ten-
don lengthening of the hip flexors or extensors is re-
quired to correct the deformity. Conservative manage-
ment of scoliosis in persons with CP is usually ineffective
in stopping the progression of the deformity. Surgical in-
tervention is indicated if the scoliosis curve exceeds
40%-50% and the spine will not be severely shortened by
arrest of its further growth. Spinal arthrodesis with inter-
nal fixation is the definitive treatment of progressive sco-
liosis in persons with CP. This procedure should produce
a balanced spine over a level pelvis to facilitate sitting bal-
ance, improve sitting endurance, facilitate care and per-
sonal hygiene, and improve patient outlook (69). Both
Teli et al. (77) and Vialle et al. (78) report positive out-
comes following surgical stabilization for scoliosis in
those with CP, including a reduction of the scoliosis with

correction of the pelvic obliquity, as well as an improve-
ment in quality of life.

DIAGNOSTIC TECHNIQUES

Along with the risk factors of prematurity, low birth
weight, and maternal history of smoking or drug abuse,
delayed motor milestones are often the first recognized
signs and primary complaint that eventually may lead to
the diagnosis of CP (79). The Early Motor Pattern Profile
is an effective instrument to identify children in their first
year of life who are at greatest risk for the development of
CP. This profile, consisting of 15 items related to varia-
tions in muscle tone, reflexes, and movement and organ-
ized into a standardized format, may be incorporated into
a routine health screening. The format only adds minutes
to the routine screening and has high sensitivity and
specificity (80). A number of tests and measures are use-
ful in documenting and quantifying the outcomes of in-
tervention for children with CP. These tests may be cate-
gorized in a variety of ways, including tests for assessing
ADLs (e.g., Canadian Occupational Performance Mea-
sure and Pediatric Evaluation of Disability Inventory);
tests of motor function (e.g., Pediatric Evaluation Dis-
ability Inventory, Gross Motor Function Measure, and
Peabody Developmental Motor Scales); and measures of
functional ability (Table 2.7) (81,82).
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TABLE 2.6. INDICATIONS FOR THE SELECTION OF SPECIFIC ORTHOPEDIC SURGICAL INTERVENTIONS TO
OPTIMIZE THE GAIT OF CHILDREN WITH CEREBRAL PALSY (13,47,76)

CLINICAL HISTORY

PHYSICAL EXAMINATION

QUANTITATIVE GAIT ANALYSIS

lliopsoas Recession

Femoral Rotational
Osteotomy

Medial Hamstring
Lengthening

Inability to stand and walk

with upper body erect

In-toeing, genu valgum,
tripping

Inability to stand up
straight, walks with
knees bent

Anterior knee pain,
fatigue with prolonged
walking

Hip flexion
contracture >30°

T Femoral anteversion
+T Hip internal rotation
+! Hip external rotation

*Straight leg raise
limited <60°

«| Popliteal V angle
<130°

* Spastic response to
fast stretch of
hamstrings

* Anterior pelvic tilt with
“double bump” waveform
during stance phase
ol Hip external in terminal stance with
 dynamic range throughout gait cycle
+T Internal or external moment in
midstance with delayed crossover to an
int. flexion moment in terminal stance

«T Hip internal rotation throughout
gait cycle

+T Knee flexion during loading response

*Variable knee alignment
during mid- and terminal stance
+} Knee extension in terminal swing
+T Internal or external moment
during stance

Rectus Femoris
Transfer

Stiff knees, toe
dragging, tripping

Gastrocnemius Walks on toes,

Lengthening toe dragging,

tripping, in-toeing -%Ionus
T Achilles

DTR

(+) prone rectus
test (Duncan-Ely)

«| Passive ankle
dorsiflexion

* Prolonged medial hamstring activity
into midstance

'»LDynamic ROM <80% normal

+Delayed and { peak flexion in
swing phase

* Activation of rectus femoris during
midswing

*(+) coactivation of vastus lateralis
during midswing

* Excessive plantarflexion in stance and
swing phase

¢ Disruption of all 3 ankle rockers in
stance phase

* Absence of internal dorsiflexion
moment in loading response

T Internal plantarflexion moment in
midstance

* Premature activation of the gastrocnemius
in stance phase, beginning at initial
contact

DTR, deep tendon reflex; ROM, range of motion.

EXERCISE/FITNESS/FUNCTIONAL
TESTING

Given the varied presentations of CP in terms of physical
attributes, cognitive abilities, communication abilities,
visual and hearing deficits, and chronological age, it not
possible to provide a simple recipe for exercise testing in
this population. In addition, limited research is available
to support the application of the able-bodied exercise
adaptation model, testing protocols, principles, and tech-
niques among people with CP (22,83-85). Therefore, it is
up to clinicians to use their experience, common sense,
the details provided in this chapter, and the basic princi-
ples of exercise testing as published by the American Col-
lege of Sports Medicine (86,87) to devise the most appro-
priate individualized exercise testing. To assist in the
assessment of needs, goals, and objectives, it is suggested

that the clinician utilize the Cerebral Palsy—Interna-
tional Sports and Recreation Association’s Functional
Classification System (see Table 2.8) (84,88). This classi-
fication system, although developed for sports, can be
used as a tool to help the clinician gain insight into a per-
son’s functional abilities. With this information, the clini-
cian will be better prepared to recommend specific exer-
cise test protocols and recognize the need for adaptations
that will help ensure the success of the testing session.

CARDIOVASCULAR

Cardiovascular fitness can be evaluated in wheelchair
uses with CP using a wheelchair or arm-crank ergome-
ter. In wheelchair ergometry, allowing persons to push
their own chair on a roller system provides the most
functional assessment. A disadvantage of the wheelchair
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TABLE 2.7. MEASUREMENTS OF FUNCTIONAL ABILITY (81,82)

IMPAIRMENT

MEASURMENT TOOL

27

Involuntary Movement

Motion analysis

Position and orientation of multiple joints and body segments

Biofeedback training to reduce unwanted movements or to measure changes
following intervention

Speed/Progression of Movement Motion analysis

Position and orientation of multiple joints and body segments
Measure changes following intervention

Spasticity

Ashworth scale
Measure resistance to passive movement following intervention

Postural Control/Alignment Gross motor performance measure

Quantifying impairment in postural alignment, weightshifting, coordination, and
select activation of specific joints or segments during gross motor skill performance

Assessment of behavioral components

Capture disordered postural alignment in children with cerebral palsy (CP) using
illustrated criterion referenced postures in children

Sitting assessment scale

Ratings of postural control of the head, trunk, and feet during performance of reaching and

various functional tasks in addition to functional performance measures of these skills

Melbourne assessment of unilateral upper limb function

Quality-of-movement scale addressing trunk control and alignment, fluence and range of
movement, and quality of grasp and release during 12 fine motor and reaching activities

Examination of a child with mild neurological dysfunction
Measures balance, coordination, posture, and motor function

Force

Hand-held dynamometry or isokinetic dynamometry
Useful measures of outcomes of strength training programs for children with CP

Range of Motion

Goniometry or electrogoniometry

Goniometry lacks satisfactory reliability in the presence of spasticity; electrogoniometry

shown to be more reliable than traditional approaches

Balance

Functional reach test
Assess ability to reach forward in standing without losing one’s balance—simple, fast,
and reliable

Energy Cost

Physiological cost index

Indicates biological cost of ambulation using heart rate during walking minus resting
heart rate divided by speed of walking; owing to inefficient gait of persons with CP,
this measure is only an estimate of energy cost

TABLE 2.8. OVERVIEW OF THE CEREBRAL PALSY—INTERNATIONAL SPORTS AND RECREATION
ASSOCIATION’S FUNCTIONAL PROFILES FOR ATHLETES WITH NONPROGRESSIVE BRAIN

INJURIES (22,84,88)
CLASS FUNCTIONAL PROFILE
1 Moderate to severe spasticity—severe involvement of all four limbs. Poor trunk control and functional strength in
upper extremities (UE).
2 (Lower) Moderate to severe spasticity—severe involvement of upper extremities and trunk. Poor functional strength and
control of UE. Propels wheelchair with legs.
2 (Upper) Moderate to severe spasticity—severe involvement of lower extremities and trunk. Poor functional strength and
control of lower extremities. Propels wheelchair poorly with arms.
3 Fair functional strength and moderate control in UE. Almost full functional strength in dominant UE. Propels
wheelchair slowly with one or both arms.
4 Moderate to severe involvement of lower limbs. Functional strength and minimal control problems in UE.
5 Good functional strength; minimal control problems in UE. Usually ambulates with an assistive device.
6 Moderate to minimal involvement of all four limbs and trunk (typically athetoid); competes without an assistive
device.
7 Moderate to minimal hemiplegia. Good functional ability on nonaffected side. Ambulates well.
8 Minimally affected or monoplegic. Good coordination and balance.
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roller ergometer is the difficulty in accurately calculating,
controlling, and progressing the rolling resistance. Often,
the persons are asked to wheel at progressively faster ca-
dences during each stage of the test protocol. Spasticity
and athetosis may be aggravated, however, by the in-
creased speed of movement. Ultimately, coordination
and, therefore, performance may be limited.

Various forms of arm-crank ergometers have been
used to assess cardiovascular function in this population
(83). Starting power outputs range from 0-15 W at
30-50 rpm and increasing in 5-10W increments every 2
minutes during typical arm-crank ergometry tests to voli-
tional exhaustion (83,89), but the specific resistance or
cadence will depend on the person’s functional abilities
and the presence of any concomitant secondary condi-
tions. Individual should be positioned so that during the
pedaling action their forearms do not rise above the hor-
izontal plane and their elbows do not fully extend. Their
stability in the seated position is critical. An axiom in re-
habilitation is that one cannot achieve distal mobility
without proximal stability. Participants with CP typically
present with increased muscle tone in the extremities and
decreased tone in the trunk. Using the patient’s own
wheelchair or some other stable seating system, with or
without strapping of the trunk, pelvis, and lower extrem-
ities may be necessary.

The clinician must also consider the handle position
of the ergometer. It is preferable to use handles that are in
the vertical versus the horizontal plane. If the handles are
grasped in the horizontal plane, the shoulder is forced
into marked internal rotation, thereby increasing the risk
for impingement and rotator cuff overuse syndromes
(22). Caution is warranted when considering strapping
the client’s hand to the handle. This type of strapping is
most commonly done for those with hemiplegia or
marked weakness of the hands. If the affected limb that is
strapped does not have sufficient ROM to complete the
same pedal stroke as the unaffected side, serious injury
could result to the wrist, elbow, or shoulder. A final con-
sideration is the distance between the individual and the
arm-crank ergometer. The typical setup described above
works primarily the upper-extremity musculature, with
the trunk muscles co-contracting for proximal stability.
The clinician may choose to increase the distance be-
tween the ergometer and the patient to force the trunk to
move through a greater ROM during the exercise (22).

Many wheelchair users, although not functional for
ambulation, will have some level of lower extremity use.
Exercise modalities, such as the Schwinn Air-Dyne and
the NuStep Recumbent Stepper, both allow for the use of
all four extremities. Utilization of all four limbs in a dy-
namic rhythmic movement pattern will help control the
spasticity or athetosis experienced by the patient. This
form of exercise will also maximize the number of mus-
cle groups involved in the exercise. The clinician may
choose to perform a graded exercise test on a Schwinn

Air-Dyne; however, the only way to increase the resist-
ance is to increase the cadence. Increasing the cadence
often increases the spasticity in the participant with mod-
erate to severe resting spasticity, thus significantly in-
creasing both the person’sr perceived effort and absolute
energy expenditure at any given workload. The NuStep
Recumbent Stepper allows the user to maintain a con-
stant cadence while resistance is increased, minimizing
the velocity of movement-related increases in spasticity
(22).

The treadmill will optimize the exercise test response
for those with CP who are ambulatory (22,88,90). The
clinician should note that, as the participant fatigues, the
spasticity of the hip adductors might increase (22,88),
leading to an increase in the genu valgus (knocked
knees). This may cause the individual to hit his or her
knees together and fall. Using a treadmill protocol that al-
lows the participant to choose a self-selected pace and in-
crease only the incline has been demonstrated to be the
most appropriate for those with mild to moderate spas-
ticity or athetosis. Because of the increased risk of falls in
this population (even those experienced with treadmill
use), a spotter should always be in place. For persons
with minimal motor deficits, any of the typical able-bod-
ied treadmill protocols would be appropriate (22,83,88).

Limitations in balance and coordination among ambu-
latory individuals with CP may dictate use of a cycle er-
gometer or some other form of ergometry (e.g., arm-
crank), or use of an unweighting system (90). Studies on
cycle ergometry in this population have employed power
outputs varying from an initial 25-50 W at 50-60 rpm
and increases in resistance from 15-25 W every 2 min-
utes until volitional fatigue (22,83). The clinician will
find that cage-type toe clips are invaluable for keeping
the participant’s feet on the pedals of a cycle ergometer,
especially with moderate to high resistances and ca-
dences. As previously mentioned, fatigue can lead to an
increase in the genu valgus (knocked knees) and cause
the individual’s knees to hit against the frame of the er-
gometer.

Research has documented high reliability coefficients
for testing maximal aerobic capacity using wheelchair,
arm-crank, and cycle ergometry in people with CP
(88,91-93). Determination of anaerobic threshold in
wheelchair athletes with CP using a discontinuous proto-
col has demonstrated poor reliability. Bhambhani et al.
(92) suggested that the poor reliability in this type of ex-
ercise may be owing to the protocol used or inconsisten-
cies related to the effect of spasticity and lactate diffusion
from the working muscles into the blood.

Clinicians who elect to collect metabolic data should
be aware that the mouth often develops abnormally in a
person with CP. The long-term effects of increased tone of
the facial muscles and tongue result in a very acute
mandibular angle. This results in oral deformities that
may make the use of the typical mouthpiece difficult in
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terms of fit, comfort, and the assurance of an airtight seal.
Also, a spastic tongue typically thrusts outward, thus
making it difficult for the cpatient to keep the mouth-
piece in place (22). Clinicians who resort to using a mask
must be careful to ensure that the seal remains unbroken
at rest and during exercise.

MUSCULAR STRENGTH AND ENDURANCE

Muscular strength and endurance testing in individuals
with spasticity or athetosis has often been considered in-
appropriate and invalid (94-96), but this is not well sub-
stantiated and several researchers have found these tests
to be appropriate in people with CP (95, 97-99). Strength
testing is a measurement of the capacity of the person to
activate a specific muscle or group while inhibiting the
antagonist. Bohannon et al. (95,97,100) present a body of
evidence that not only highlights the appropriateness of
muscular strength and endurance testing in this popula-
tion, but also demonstrates the predictive traits between
the initial and final clinical evaluations. Other research
has documented high test-retest reliability coefficients
for both upper and lower extremity one repetition maxi-
mal (1-RM) strength testing (83). The clinician must re-
member that, as a result of spasticity, the involuntary
contraction of the opposing muscle group during a man-
ual muscle test may result in a situation of co-contrac-
tion. The co-contracting muscle groups may both be
“strong,” but net little functional muscle strength during
the manual muscle testing procedure.

Before muscular strength and endurance testing, the
appropriate ROM measurements should be performed.
These measurements will help the clinician determine if
there are substantial side-to-side differences and if con-
tractures exist. With substantial side-to-side differences,
the case can be made to test muscle strength and en-
durance unilaterally versus bilaterally. Both active and
passive measurements should be made. If the passive
ROM is substantially greater than the active ROM, then
the difference is likely caused by increased tone or spas-
ticity of the antagonist or weakness of the agonist. If both
the passive and active ROM are equally clinically less
than the expected normal limits, then the loss is most
likely owing to a permanent contracture (79,82,101).

The main considerations for muscular strength and
endurance testing are stability, coordination, ROM, and
timing (75,96,101). The forms and protocols for testing
do not necessarily need to be modified from the able-bod-
ied model. Typically, an 8-RM muscular strength testing
protocol can be used. This protocol will adequately esti-
mate approximately 80%-85% of the individual’s 1-RM.
Using a protocol that utilizes moderate resistances will
help to minimize the risk of increased spasticity resulting
in decreased coordination and functional movement. The
goal for this protocol is to reach volitional fatigue (6-10
repetitions) in no more than three sets. When assessing
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muscular endurance, a resistance in the order of
50%—-60% of the predicted 1-RM should be used (83).
The clinician must pay particular attention to the partici-
pant’s technique. Any deviation from the prescribed tech-
nique or cadence would be reason to discontinue the test
even if the patient does not reach volitional fatigue.
Fatigue-related increases in spasticity and in coordina-
tion should be expected (22,79,101).

As mentioned previously, proximal (trunk) stability is
critical for the optimal performance of the extremity
movements. Wide benches, low seats (so the participant’s
feet can rest on the floor), and trunk and pelvic strapping
are potentially necessary adaptations for the person with
CP. Given the potential for altered coordination and bal-
ance, it would be preferable to use selectorized weight
machines for this population. With the movements
guided, the participant can focus on muscular effort, the
learning curve of the task is diminished, and ultimately
the participant’s performance is optimized. Persons with
athetosis can especially benefit from the guided move-
ment that the weight machines offer. Free weights, al-
though more functional, may pose a safety threat to all
but the most experienced individual (79).

Using a metronome or other timing system to ensure
slow, controlled movements will help optimize the partic-
ipant’s performance. Slow, controlled movements will fa-
cilitate coordination of movement and lessen the impact
of spasticity. Another consideration when testing for
muscular strength and endurance is the use of large, non-
slip hand grips to help those individuals with weak or
dysfunctional handgrip. The clinician may also consider
the use of gloves, tension wraps, or other hand-strapping
systems to augment grip.

It is not uncommon for participants with CP to report
short-term increases in spasticity, athetosis, and incoordi-
nation during testing (79,82,101). After the testing ses-
sion, provide them with plenty of time to recover and be
prepared to assist those whose function has been signifi-
cantly impaired. Individuals often express that one of the
most profound changes that they observe when perform-
ing a regular exercise program is a decrease in their long-
term neurologic symptoms (83). When documenting the
testing session, be sure to record this and other behav-
ioral observations, such as changes in gait pattern and
function or independence.

Regardless of the exercise mode and test protocol
used, provide adequate practice and make the necessary
adaptations to the equipment to help ensure a successful
testing session. At the very least, the clinician must pro-
vide participants with adequate time to familiarize them-
selves with the equipment and testing protocol. This
learning period may be substantially longer than the time
needed for the able-bodied population because of differ-
ences in cognitive ability, previous experience, and the
amount of spasticity or athetosis and incoordination
(79,82,96).
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EXERCISE PRESCRIPTION AND
PROGRAMMING

People with CP typically have low levels of physical fit-
ness and are at extremely high risk for secondary condi-
tions (83,102-104). These low levels of physical fitness
relate to perceptions of poor quality of life, difficulties
with ADLs, and limited abilities to gain and retain em-
ployment. Although the research is limited, it has been
documented that people with CP incur positive adapta-
tions to both muscular strength and cardiovascular exer-
cise programs (22,83,85,88,102). There are resources to
help guide the clinician in developing exercise programs
for this population (86,87). Selection of the specific exer-
cise modes, frequency, intensity, duration, and progres-
sions will be individualized and will require the clinician
to be observant and request client feedback on a regular
basis. As discussed in the exercise testing section, a com-
prehensive initial evaluation will help identify the needs
or goals of clients, their activity preferences, specific pre-
cautions, potential barriers to the exercise program, as
well as considerations for equipment modification and
setup.

In general, the exercise program should be simple and
easy to follow. Initially, it is better to underestimate the
capabilities to the client. The clinician must remember
that the exercise program is just one component of the
person’s day and if unable to complete daily activities be-
cause of an exercise program that was too demanding,
that person might stop participating in the program
(83,85).

The detrained ambulatory client will be used as an ex-
ample of an initial exercise program. This initial exercise
program should start with a cardiovascular activity such
as 10-15 minutes on the treadmill or cycle ergometer at a
self-selected cadence. The activity should be at a conver-
sational pace (50%—65% of the maximal age-predicted
heart rate) and the desired health benefits may be gained
by continuous and discontinuous exercise (86). Because
many ambulatory persons with CP have limited dorsi-
flexion owing to spasticity of the plantar flexors, it is best
to keep the inclination of the treadmill relatively flat. A
few generalized stretches (3-5 repetitions for 15-20 sec-
onds each) for the upper and lower extremities should
be completed after the cardiovascular component of the
program. The clinician must be aware that spastic mus-
cles respond best to slow, controlled movements, there-
fore, stretching is best performed once the perspm has
completed a warm-up and is in a stable, safe seated or
supine position. After stretching, strength training can
be undertaken and typically 1-2 sets of 10-12 repeti-
tions per exercise are sufficient. To help the participants
technique and to maximize the functional nature of
strength exercises, an emphasis is placed on a slow, con-
trolled eccentric phase (count of two concentrically and
a count of four eccentrically) (22,83,85-86). Initial

strength exercises could include chest press, seated row,
lateral pull-down, seated leg press, seated leg curl, and
abdominal curls. Progression of these exercises and the
addition of new exercises would be at the discretion of
the clinician and the desire of the participant.

Another consideration when trying to determine the
appropriate resistance for a given strengthening exercise
is whether or not the antagonistic muscle presents with
increased muscle tone. If this is the case, then the work-
ing muscle must not only overcome the resistance pro-
vided by the exercise, but also the resistance to move-
ment being created by the spastic antagonist. To
minimize this effect, ensure that the participant is well
supported and the exercise is being performed in a rela-
tively slow, controlled manner. Many people with CP
present with altered or nonfunctional movement pat-
terns. These movement patterns have developed because
of the neurologic involvement of the condition or the
client has developed substitution strategies. When using
strapping, avoid direct contact with the skin and watch
for reddened areas.

Because CP is a condition that must be addressed
across the lifespan, the clinician must take into account
the client’s chronological age, and activities should be
age-appropriate and related to the individual’s interests,
needs, and goals. In addition, we have found that these
persons often have limited opportunities for social en-
gagement, therefore, group-oriented programs that facili-
tate social interaction are helpful in maintaining adher-
ence to the program. Frequent positive feedback and
routine supervision are also important to promote exer-
cise adherence (56,79,82-83,85).

EDUCATION AND COUNSELING

Clinicians can educate people with CP by developing a
rapport with each patient and facilitating adherence to a
program. The congenital nature of CP results in a popu-
lation that often has a long history of contact with the
medical and allied health professions. They may also
have lived very sheltered, protected lives. For many, in-
stead of a childhood of play-related recreation and sport,
their experience with exercise is one of regimented
stretching, positioning, and rehabilitation. This scenario
has dramatically changed with the advent of early inter-
vention programs and the Individuals with Disabilities
Education Act legislation (79,82,88). However, the adult
population may have a very jaded and negative opinion
of exercise and health professionals, hence the need for
patient education and participant-driven, goal-oriented
programming. The participant may need to be educated
in areas such as role of exercise in preventing secondary
chronic disease, the effects of exercise on depression, ex-
ercise as a component of weight management, and the
ways in which exercise may facilitate improvements in
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TABLE 2.9. PRIMARY BENEFITS OF AN EXERCISE
PROGRAM FOR PEOPLE WITH CEREBRAL PALSY
(22,79,83,88)

Risk reduction for secondary chronic diseases
Maintain and improve bone health

Maintain and improve muscular strength
Maintain and improve cardiovascular fitness
Maintain and improve flexibility and mobility
Maintain and improve balance and coordination
May facilitate a decrease in spasticity or athetosis
Facilitate weight management

Reduce anxiety and stress

Provide a sense of well-being

Increased participation in individual pursuits and community

=y
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-

engagement

ADLs and quality of life. Table 2.9 summarizes some of
the primary reasons why a person with CP might be mo-
tivated to exercise. Because of communication disorders,
this information may have to be provided in a variety of
formats and repeated numerous times. In addition, edu-
cation can be reinforced by introducing participants with
CP to an appropriate support network that includes other
involved healthcare professionals (79,82).

The primary educational objective of the clinician is to
inform the participant about the benefits of a lifelong
health-oriented exercise program. The clinician could
also present information regarding the recreational and
sporting opportunities that are available to those with
CP. Besides the obvious easily integrated recreational ac-
tivities of walking, cycling, and swimming, numerous
sporting opportunities are available to people with CP.
Clinicians should familiarize themselves with the variety
of local, regional, statewide, national, and international
organizations that provide sporting opportunities for
these individuals (79,82). DePauw and Gavron (88) pub-
lished an excellent resource that provides an overview of
the variety of options and the appropriate contact organ-
izations. Rehabilitation centers, school districts, commu-
nity fitness facilities, and city parks and recreation de-
partments are also potential sources for information
regarding recreation and sporting opportunities for peo-
ple with disabilities (79).

A variety of barriers, including communication, phys-
ical limitations, medications, limited prior exposure to
participating in an exercise program, social and environ-
mental isolation, embarrassment to be in public, diffi-
culty with accessing and using public transportation, un-
supportive caregivers, and financial considerations are
potential barriers to exercise that must be taken into con-
sideration when working with participants with CP. As
such, attendance at the initial evaluation may be a signif-
icant step for the participant (22,79,82) and this is an im-
portant opportunity for the clinician to use his or her
knowledge, experience, and creativity to encourage and
motivate the participant.
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CHAPTER

EPIDEMIOLOGY/ETIOLOGY

Multiple sclerosis (MS) is a common neurologic disease
that affects women at a ratetwo to three times greater
than men (1). It is estimated that approximately
400,000 individuals in the United States have MS, with
a worldwide estimate of 2.5 million (1). Studies of mi-
grating populations have indicated that where a person
resides in relation to the equator before the age of 15 ap-
pears to determine the likelihood of developing MS (2).
The incidence of MS is nearly 3/100,000 in temperate
zones, and below 1/100,000 in tropical areas (3). The
initiation of MS, either propensity for the disease or the
disease itself, begins in childhood. A variety of mild
viral infections, such as measles and upper-respiratory
infections, are thought to be etiological (4). A threefold
increase in the incidence of exacerbations of MS is seen
following an upper-respiratory infection (5,6). Exacer-
bation rate is reduced during pregnancy and is increased
threefold in the postpartum period up to approximately
3 months (7). The onset of MS usually occurs between
the ages of 20 and 40; however, it is often possible to ob-
tain a history of transient neurologic deficits, such as
numbness of an extremity, weakness, blurring of vision,
and diplopia, in childhood or adolescence before the de-
velopment of more persistent neurologic deficits. The
latter often lead to a definitive diagnosis (8,9). It is pos-
sible that viruses causing upper-respiratory infections
may be responsible for sensitizing the brain to subse-
quent autoimmune insult, producing inflammatory de-
myelination.

Several distinct courses of the disease are now recog-
nized, as well as the prevalence rate associated with each
type: Relapsing-remitting MS (RRMS; 85%), primary pro-
gressive MS (PPMS; 10%), and progressive relapsing MS
(PRMS; 5%). After an initial period of RRMS, many de-
velop a secondary-progressive (SPMS) disease course,
characterized by a more steady decline in function with
or without flare-ups and remissions. Of the 85% of those
initially diagnosed with RRMS, more than 50% will go
onto to develop SPMS within 10 years. Furthermore, 90%
of patients with RRMS will develop SPMS within 25
years. These statistics, however, are based on data
collected before the widespread use of newer disease-
modifying agents that may delay or reduce the progression
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of RRMS to SPMS. An overview of the course of each pat-
tern and related disability is presented in Figure 3.1 (10).
For decades scientists have speculated about a “ge-
netic predisposition” for MS; however, only recently has
the presence of two specific genes been identified that
could be related to the increased susceptability (11). Pa-
tients who have a definite diagnosis of MS are more
likely to have a variety of other illnesses of an autoim-
mune nature, such as systemic lupus erythematosus
(SLE), rheumatoid arthritis (RA), polymyositis, myas-
thenia gravis, and so forth (12). Studies have shown that
if a first-degree relative has MS, there is a 12- to 20-fold
increase in the likelihood of having MS (13). In monozy-
gotic twins there is a 33% increase in the incidence of
MS, whereas in dizygotic twins the incidence is about
8%, or that found in the normal population (14,15).

PATHOPHYSIOLOGY

Multiple sclerosis is a disease of the central nervous sys-
tem in which there are multiple areas of inflammatory de-
myelination with a predilection for distribution around
the ventricles and vascular spaces. Multiple mechanisms
are involved in producing damage to central nervous sys-
tem myelin, as well as axons (16,17). An immune reac-
tion to myelin (myelin basic protein [MBP]) and myelin
oligodendrocyte glycoprotein (MOG) occurs. Activated T
cells attach to the endothelium of capillaries within the
brain and migrate into the brain parenchyma, where acti-
vated macrophages attack and digest myelin. A number
of cytokines, including tumor necrosis factor (TNF), and
interferons, as well as IgG, are involved in the immune at-
tack. B cells produce IgG directed at MOG. There is in-
creased production of IgG and an increased prevalence of
specific IgG moieties, some of which represent antiviral
IgG. Recent studies of total brain N-acetylaspartate (NAA)-
to-creatine ratios have provided evidence for loss of axons,
as well as evidence for membrane damage (demyelination)
as an increase in choline-to-creatine ratio (18).

Lesions representing focal areas of inflammatory de-
myelination can be present in the cerebral hemispheres,
brainstem, and spinal cord. For a definite diagnosis to be
established, two or more areas of demyelination (white
matter lesions) must be established. Furthermore, there
must be two or more remissions of neurologic deficits.
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FIGURE 3.1. Graphic illustration of the four clinical subtypes of MS. A. Relapsing-remitting. B. Primary progressive. C. Secondary progressive.

D. Progressive relapsing (10).

This must be accompanied by paraclinical evidence of
disease seen as the presence of magnetic resonance imag-
ing (MRI) T2-weighted lesions in white matter, as well as
evidence of increased IgG synthesis with positive oligo-
clonal bands (OCBs) in the spinal fluid (20). OCBs result
from a reduction in the number of different migrating
species of IgG obtained on electrophoresis. Other condi-
tions, such as bacterial or viral infection, autoimmune
diseases, such as SLE, and vasculitis, may also produce
increased IgG or oligoclonal bands.

CLINICAL FEATURES

Long-fiber pathways or tracts are more likely to be in-
volved in the process of demyelination. For example, it is
very common for patients to have posterior column signs,
such as loss of vibration sense, and pyramidal signs early in
the course of the disease when the disease is virtually
asymptomatic. A common feature of MS is profound fa-
tigue often with a diurnal pattern. This is characterized as
malaise or a lack of motivation for the performance of any
physical activity, as well as motor fatigue, which develops
with continued physical inactivity (19,20). Another ex-
tremely interesting phenomenon is a marked decrease in
heat tolerance (internal and external), which is sometimes
accompanied by the development of neurologic signs (21).
Blurring of vision in one or both eyes may occur with
physical exertion (Uhthoff’s phenomenon). Demyelina-
tion reduces the efficiency of axonal conduction so that

less current is available for depolarization at nodes of Ran-
vier. With demyelination and reduction of current density,
the safety factor for conduction can be exceeded
Common signs and symptoms of MS include painful
blurring or loss of vision in one eye with evidence of deaf-
ferentation (the Marcus-Gunn pupil) occurring as the re-
sult of optic neuritis. Eventually, there will be marked
loss of visual acuity. Most patients will begin to recover
vision within 6 weeks, with more rapid recovery and re-
duced pain when treated with methylprednisolone
(22,23). Various other visual complaints include blurring
of vision with rapid eye movements, difficulty with visual
fixation, diplopia (double vision), decreased night vision,
and an inability to ascertain contrast. The patient may
complain of facial numbness or pain typical of trigeminal
neuralgia. Numbness of the tongue and loss of taste may
occur. Patients rarely complain of difficulty swallowing,
although the prevalence of dysphagia is higher than com-
monly appreciated. Often, weakness and loss of coordi-
nation affect first the lower extremities and then the
upper extremities, sometimes in a typical hemiparetic
pattern. Spastic paraparesis along with ataxia is a com-
mon combination referred to as the “spastic ataxic syn-
drome.” Early in the illness, neurogenic bladder mani-
fests itself as an inability of the bladder to hold an
adequate volume of urine. Consequently, urinary fre-
quency and urgency exceeds six times per day, often with
incontinence. Nocturia is common. There is a high inci-
dence of urinary tract infections. Greater than 50% of
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early diagnosed patients complain of urinary urgency and
frequency (24,25).

Sexual dysfunction is common, with loss of sensation,
lack of the ability to have an orgasm, and impotence
being very common (26). Adynamia (i.e., a loss of
strength or vigor) of the colon is also common with most
patients experiencing severe constipation (25). Some pa-
tients require partial colectomy secondary to obstipation
(intractable constipation).

A variety of skin sensations and loss of sensation
occur, most commonly vibration sense loss in both feet
with position sense preserved until vibration sense loss is
severe. Dysesthesias, characterized as abnormal sensa-
tions produced by touching or stroking the skin, are also
very common. These sensory disturbances do not occur
in a distribution characteristic of involvement of a pe-
ripheral nerve. Abnormal sensation over the trunk, par-
ticularly a bandlike sensation around the abdomen or
chest, is also characteristic. Most patients, however, do
not complain of severe pain in the extremities, but this
does sometimes occur (27,28).

Cognitive difficulties develop along with cranial,
motor, and sensory symptoms (29-31). The patient may
complain of an inability to function in the workplace
when he or she is required to monitor two or more activi-
ties at the same time. Attentiveness is decreased so that
the patient may be unable to register information accu-
rately in memory. Emotional lability is also common in as-
sociation with subfrontal demyelination, which produces
a pseudobulbar palsy. Studies have shown that cognitive
deficit is greater in individuals with prominent signs of
pseudobulbar palsy or excessive emotional lability (32).

MEDICAL AND SURGICAL TREATMENTS

Exacerbations of MS are usually treated with high-dose
adrenocortical steroids customarily administered intra-
venously at a dose of 1000 mg/day for 3 to 5 days, fol-
lowed by a prednisone taper over approximately 6 weeks
(22,23). It has been demonstrated that patients with
monosymptomatic MS initially treated with methylpred-
nisolone defer the development of more typical MS when
they are treated with methylprednisolone (22). Develop-
ment of two or more deficits, marked weakness and inco-
ordination, loss of sensation in both lower extremities, or
all of those are indication for treatment with adrenocorti-
cal steroids.

Prophylactic treatments include interferon beta-1a
(Rebif, Avonex) and -1b (Betaseron), which reduce lym-
phocytic invasion of the brain, induce a suppressor im-
mune reaction, provide an antiviral action, reduce the
number of exacerbations over time, and preserve brain
mass (32-34). Glatiramer (copolymer I or Copaxone), a
peptide consisting of four amino acids—glycine, alanine,
lycine, and tyrosine—act by inducing immune tolerance to
myelin basic protein (35). This is also effective in reducing

the number of exacerbations and preserving brain mass
over time. Chemotherapy, such as methotrexate and mi-
toxantrone (Novantrone), are also recommended for pa-
tients with chronic progressive disease (36,37).

Symptomatic management includes the treatment of
neurogenic bladder with anticholinergic medications,
such as oxybutynin, for urinary frequency and urgency.
Regimens for treating obstipation include psyllium
preparations, laxatives, suppositories, and physical activ-
ity. Spasticity, particularly flexor and extensor spasms, is
treated with either y-aminobutyric acid (GABA-b-ergic)
compound (baclofen), which increases spinal inhibition,
or Tizanidine, which increases supraspinal inhibitors of
spinal reflex activities (38,39).

DIAGNOSTIC TECHNIQUES

If the patient’s history is highly suggestive of MS, then an
MRI of the brain, often combined with imaging of the
spinal cord are obtained. Sometimes, to establish the ex-
istence of another lesion characteristic of MS, evoked po-
tentials of the visual systems (visual evoked potential
[VEP]), the brainstem, or somatosensory (SSEP) systems
are obtained. In MS, there is a marked delay in conduc-
tion of the action potential. Evaluation of the spinal fluid
during an exacerbation early in the disease may reveal a
mild pleocytosis of usually less than 100 cells consisting
predominantly of lymphocytes and a mild elevation of
protein, usually less than 100 mg%. An increase in IgG
synthesis and decreased variability of the different moi-
eties of IgG are also characteristic. In the first few months
of the disease, spinal fluid findings may be normal, but
repeat examination a year or so later may reveal increased
IgG synthesis and OCBs. Early definitive diagnosis is im-
portant so that prophylactic treatment can be instituted
to prevent injury to the central nervous system (40).

CLINICAL EXERCISE PHYSIOLOGY

ACUTE EXERCISE RESPONSE

Studies have shown that persons with MS have a lower
maximal aerobic capacity than the average age- and gen-
der-matched, nondisabled adult without MS (38,39). Fur-
thermore, maximal aerobic capacity appears to be in-
versely related to level of disability (39) as measured on
the Kurtzke Expanded Disability Status Scale (EDSS)
(40). Individuals with a higher EDSS score, indicative of
more neurologic impairment as derived from a clinical ex-
amination, have a lower maximal and submaximal aerobic
exercise capacity. Despite the variability in peformance,
one common effect of acute exercise in individuals with
MS is an overwhelming sense of fatigue during postexer-
cise recovery. No scientific evidence, however, suggests
that the postexercise fatigue is reflective of an exacerba-
tion of existing or new MS symptom. Furthermore, recent
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evidence shows that the level of self-reported postexercise
fatigue as measured by the Modified Fatigue Impact Scale
(MFIS) can be reduced following training (40,41).

To understand basic physiologic responses to an acute
bout of exercise, it is helpful to use the two directions
commonly taken in the literature: (a) as it relates to mus-
cle performance (i.e., strength and endurance) and (b)
cardiovascular responses (i.e., heart rate, blood pressure,
oxygen utilization).

MUSCLE PERFORMANCE

In the absence of documented spasticity or use of anti-
spasmodic drugs, several studies have reported that mus-
cle endurance for persons with MS during a sustained
isometric contraction (e.g., 30% of maximal voluntary
contraction [MVC]) is similar to that of a nondisabled,
healthy adult (42). Although these findings are in direct
conflict with other studies of acute muscle response
(43-47), it is important to consider that in none of the
these other studies was the presence of spasticity or the
use of antispasmodic drugs controlled in the design. Both
Chen et al. (46) and Ponichtera et al. (44) hypothesized
that spasticity of antagonistic muscles may decrease con-
centric agonist force production. In contrast, antagonists
are not stretched during an eccentric contraction,
whereas the agonist receives additional stretch to facili-
tate its contraction. Ponichtera et al. (44) suggested that,
although spasticity in 44% of their sample may have con-
tributed to a significantly lower force production during
concentric knee extension, force production during ec-
centric knee extension for the MS patients was normal.
Thus, spasticity and or co-contraction of opposing mus-
cle groups may be one factor that can reduce concentric
muscle performance in this population.

To believe that spasticity is the sole contributor to dif-
ferences in muscle performance observed between MS
and non-MS persons would be naive. Other contributors
to observed differences have been attributed to conduc-
tion block of demyelinated fibers (48), reduced muscle
metabolic responses during voluntary exercise (49),
muscle weakness owing to fiber atrophy (50,51), as well
as sensory deficits, which have been discussed previously.

Maximal muscle force during isokinetic exercise at var-
ious velocities has also been shown to be consistently
lower for persons with MS when matched to controls
(43-46). Furthermore, maximal aerobic power (PO,,.,)
using leg cycling or combination leg—arm cycling proto-
cols have shown that most persons with MS are likely to
generate 20%—68% less power (38,39) than healthy indi-
viduals. More recently, similar findings have confirmed
that persons with MS have lower PO,,,, than healthy,
sedentary adults. Performance during arm cranking and
combined arm-leg cycling shows similar findings: 31%
lower during arm cranking and 24% lower during com-
bined arm-leg cycling (39). However, when disability
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level (i.e., EDSS) is taken into account and power output
is expressed in terms of body weight (watts/kilogram), it
appears that individuals with an EDSS of 4.0 or less (i.e.,
fully ambulatory) are not significantly weaker than able-
bodied, matched controls (52). Thus, documentation of
disability level in both research and clinical practice is im-
portant to understanding the potential work capacity in
this population and to setting realistic therapeutic goals.

ACUTE CARDIORESPIRATORY RESPONSES

Physiologic responses to an acute bout of submaximal aer-
obic exercise appear to be normal for many persons with
MS. Heart rate (HR), blood pressure (BP), and oxygen up-
take (VO,), and minute ventilation (Vi) have been shown
to increase in a linear fashion to increments in workload
(38,39). Normal metabolic and cardiovascular responses
are consistent over a wide range of impairment levels (i.e.,
EDSS). In contrast, when HR response to incremental ex-
ercise is examined in the context of metabolic cost (i.e.,
oxygen pulse-VO,/HR), Tantucci et al. (53) reported a sig-
nificantly lower oxygen pulse for those with MS compared
with healthy controls. These findings are consistent during
both submaximal and maximal aerobic exercise. A higher
HR at a given VO, might imply that stroke volume is in-
sufficient to support the metabolic demand. However, in a
case study by Vaz Fragoso and associates (54), right and
left ventricular ejection fraction were recorded at rest
and at anaerobic threshold showed normal cardiac output
and O, saturation levels; implicating an abnormality in
peripheral O, distribution or utilization. A reduction in O,
distribution could be related to a diminished sympathetic
outflow to arterial smooth muscle. Cardiovascular auto-
nomic dysfuction, both sympathetic and parasympathetic,
has been well-documented in the MS population (55-58).
A deficiency in O, utilization is suggestive of peripheral
muscle pathology, which has already been supported in
earlier research findings (49-51). Future research should
focus on the question of peripheral issues, such as oxygen
extraction during exercise. Furthermore, whether oxygen
pulse (i.e, reduced HR) can be improved with increased
stroke volume following training is certainly an important
question to be answered.

From a clinical perspective, using HR as an index of ex-
ercise intensity presents a twofold problem. First, if oxygen
pulse is significantly lower in this population, then absolute
workloads will need to be lower during training. With ex-
ercise intensity being lower, smaller absolute gains in aero-
bic capacity are probable. Second, in the presence of dimin-
shed cardioacceleration, the application of either the
Karvonen method or the standard practice of calculating
HR . as 220-age, from which a training HR is calculated,
should be done so with caution. Percieved exertion scales
would be better suited for this population with the use of
the Category-Ratio Rating of Perceived Exertion (59) possi-
bly being the best choice. This scales uses perceived stress
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level in three categories: peripheral, central, and integrated.
This alternative scale appears to represent a potentially use-
ful tool for obtaining information in lieu of a the presences
of unreliable input from “central” (e.g., HR) sources and
has been used successfully with the MS population (38).

Maximal aerobic power (VO,max), when measured
using indirect calorimetry, varies greatly based on the degree
of physical impairment and neurologic symptoms present
(38,39,52-55,60). When compared with that of healthy
adults, even minimally impaired MS clients will perform
more poorly (i.e., lower VO,max), regardless of whether the
test is performed using leg, arm, or combined arm-leg exer-
cise (39,53). Comparison of VO,max (ml/kg/min) of 20
minimally to moderately impaired sedentary persons with
MS against normative fitness standards showed that 75% fell
into the “low fitness” range, whereas 15% and 10% were
“fair” and “average,” respectively (61).

Aerobic exercise endurance (i.e., time to fatigue) has
been measured using various modes of ergometry, and
does not appear to be directly related to the level of phys-
ical impairment. At a moderate level of exercise (i.e.,
50% VO,max) patients have been able to exercise for as
little as 15 minutes to as long as 60 minutes (38). Correla-
tional analysis found no relationship between endurance
time and the level of physical impairment (EDSS).

CHRONIC EXERCISE RESPONSE

The body of research documenting the effects of training
on muscle performance in persons with MS has grown
over the past decade. Current literature confirms that MS
patients have the capacity to improve muscle strength fol-
lowing a supervised program of resistance (i.e., weights)
and aerobic training. Preliminary studies by Petajan et al.
(62) and Ponichtera-Mulcare et al. (63) reported modest
improvements (e.g., 11%-17%) following 15 weeks of
training and more substantial improvements (29%) after
24 weeks of training in muscle performance, respectively.

Resistance Training

Early resistance training research focused primarily on doc-
umenting absolute muscle performance in the MS popula-
tion. More recent data focus on gait kinematics (64) and
mobility (65,60). Training regimens have varied between 8
and 10 weeks in duration, most requiring a minimum of two
sessions per week, and have based resistance levels on
60%—80% of one repetition maximum (1-RM) (66,67). Im-
provements in walking distance, walking speed, endurance,
and perceived levels of fatigue have been reported. Common
among all these studies is the use of fairly mobile subjects
(EDSS =5.5). When a more severely-impaired sample has
been used (e.g., EDSS >5.5), the level of improvement has
been less dramatic (63). Thus, when developing realistic ex-
pectations based on the available literature two specific fac-
tors must be considered. First, subtle neurologic changes
that may not be observable to the clinician may affect
exercise training outcomes. Therefore, it is important to

carefully monitor neurologic changes by periodically inter-
viewing the client regarding subjective impressions of their
disease status. The Kurtzke Expanded Disability Status
Scale, which is most commonly used in qualifying disability
in research, requires physical examination by a trained cli-
nician, most often a neurologist. However, The Guy’s Neu-
rologic Disability Scale offers a valid means for document-
ing baseline disability and subsequent levels of disability
based on patient interview (69). Second, when applying
current research findings to patients it should be remem-
bered that training outcomes observed under strict supervi-
sion may not be similar to unsupervised, uncontrolled envi-
ronments, as would be the case of a home exercise program.

AEROBIC TRAINING

Similar to the new breed of resistance training studies,
aerobic training research is focusing more on indices of
endurance, such timed walking tests, walking speeds,
self-reports of fatigue, percieved vitality and activity
level, and even changes in anaerobic threshold. Most
studies have incorporated the use of cycle ergometry, for
as few as 4 weeks (68,70) and as long as 24 weeks (71).
Although direct comparison among studies is impossible
because of the numerous differences in protocols, there
appears to be a trend toward greater levels of improve-
ment in functional outcome measures as the length of the
training protocols increased (68,70-74).

EXERCISE/FITNESS/
FUNCTIONAL TESTING

General principles of fitness testing as outlined by the
American College of Sports Medicine (67) can be appro-
priately applied to many persons in this population.
When evaluating fitness in the person with MS, it is im-
portant, however, to consider special needs related to the
specific symptoms experienced by the client.

FLEXIBILITY

Because many MS patients experience lower-extremity
spasticity, flexibility may be restricted in the hip, knee,
and ankle joints. Hip flexor, hamstring, and gastrocsoleus
tightness is particularly problematic and should be evalu-
ated in the sitting position (e.g., Sit-and-Reach Test). Use
of this particular test will serve to eliminate any problem
with balance during testing. Lateral trunk flexibility
should also be evaluated from a sitting position or, if
standing, the clinician may place his or her hands on the
client’s waist to prevent loss of balance.

BALANCE

To truly appreciate how balance deficits might affect the
MS client’s ability to perform exercise safely, balance
should be evaluated under both static and dynamic condi-
tions. A fairly short and easy battery of tests can be found
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using the Berg Balance Scale (75). This test is valid for
neurologic conditions such as MS and takes approxi-
mately 15 minutes to administer. The results of this test
will provide a better understanding of the client’s ability to
exercise safely using standard equipment. A home-based
program of balance training that challenges sensory sys-
tems as well as dynamic and static postural control has
been shown to result in significant improvements (76).

AEROBIC FITNESS

Often persons with MS experience problems with balance
as well as foot drop. The latter is commonly associated
with weakness of the tibialis anterior, which can be im-
proved with appropriate resistance training (77,78). Foot
drop can appear during both weight-bearing and non-
weight-bearing exercise. For safety purposes, aerobic fit-
ness is best eevaluated using a bicycle ergometer. Even
so, this mode of exercise testing can also present chal-
lenges. Ankle clonus (i.e., spasmodic alternation of con-
traction and relaxation of muscles) and sensory abnor-
malities (e.g., numbness, tingling, deficits in joint
proprioception) can make it difficult for the client to
keep his or her feet on the pedals. The use of standard toe
clips and Velcro-secured heel straps can reduce or elimi-
nate this problem.

The general procedures for submaximal testing of
cardiorespiratory endurance using a cycle ergometer
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published by the American College of Sports Medicine
can be applied to this population; however, workloads
suggested in standard tests, such as the YMCA Cycle Er-
gometry Protocol or the Astrand-Rhyming Test, may need
to be reduced. Modification of these protocols can be ac-
complished simply by beginning with a warm-up phase of
no-load pedaling, followed by fixed rate pedaling (deter-
mined by the patient’s ability level) at 50 W for 6 minutes
or by proceeding with increments of 0.25 kp at 50 rpm
until the appropriate HR response is achieved. Of these
two protocols, the latter may be more appropriate with ex-
tremely sedentary MS clients (male and female), who may
have maximal workload capacities less than 50 W. Tread-
mill testing and training has been used in fairly nondis-
abled MS clients (68,73), but harness support is recom-
mended with more severely disabled individuals (74).

MUSCULAR STRENGTH AND ENDURANCE

The general procedures for measuring muscle strength
and endurance suggested by the American College of
Sports Medicine can be applied to this population (67).
Again, to proceed safely, any reduction in joint range of
motion, sensory loss (upper and lower extremity), coordi-
nation deficits, ataxia, and spasticity needs to be consid-
ered before testing. Suggestions for activities and special
considerations during testing, training, and counseling
are summarized in Tables 3.1 and 3.2, respectively.

TABLE 3.1. GENERAL GUIDELINES FOR PRESCRIBING PHYSICAL ACTIVITY AND EXERCISE PROGRAMING

MODE OF EXERCISE/ INTENSITY/FREQUENCY/ SPECIAL

ACTIVITY GENERAL GOALS DURATION CONSIDERATIONS

Physical Activity

* Activities of daily living * Increase daily activity energy ¢ 30 minutes of accumulated  Strategies for energy conservation
* Built-in inconveniences expenditure physical activity each day on may be necessary

¢ Leisure activities and hobbies most days

Aerobic and Endurance Exercise

e Stationary cycling ¢ Increase cardiovascular * 60%-70% heart rate (HR)  Air temperature should be kept

function reduce risk for
coronary artery disease
(CAD)

* Walking
* Water or chair aerobics
* Weight supported treadmill

peak/50%-65% VO,peak
¢ 3 sessions/week
¢ 1, 30-min session or

3, 10-min sessions per day

cool; fans are helpful; therapeutic
swimming pool water is often too
warm

Strength Training
* Resistance training
e Therabands

Increase general muscle
strength

* Free weights e Improve muscle tone

* Weight machines * Equalize agonist/antagoist
* Pulley weights strength

* Pilates * Reduce spasticity

¢ Perform on nonendurance .
training days

With upper-extremity sensory
deficit, free weights should not be

¢ 2 sessions/week used.

e 8-15 repetitions * Training should be performed in
* 60%-80% 1-RM seated position if balance

* Minumum of 1 min rest impaired.

between sets/exercises

Flexibility (Stretching)

* Passive range of motion (ROM) ¢ Increased joint ROM

e Active ROM * Counteracts spasticity
* Yoga * Improved balance
* Tai Chi

Perform 1-2 X daily .
* Hold stretch 30-60 sec for
mild/mod tightness

Positional stretching with
assistance of gravity up to

20 min for contracture

Should be performed from a
seated or lying position.
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TABLE 3.2. SPECIAL CONSIDERATIONS WHEN PRESCRIBING PHYSICAL ACTIVITY EXERCISE

CONSIDERATION

DESCRIPTION

Heat Sensitivity

There is ample research documenting the presence of heat sensitivity in most persons with multiple
sclerosis (MS). The exact mechanism of how either external (e.g., environmental) or internal (e.g.,
metabolic) heat affects these individuals remains unknown. The resulting sequelae, however, can
include any one or all of the following: general or severe fatigue, loss of balance, foot drop, visual
changes (e.g., blurred vision), speech changes (e.g., slurred speech), and muscle weakness or
paralysis. Sweating has also been shown as being abnormal in as much as 50% of the population
(52). The absence of sweating may contribute to a perception of being overheated as capillary skin
blood flow increases in an effort to dissipate heat generated from exercising muscles. As such, the
perception of overheating coupled with heat-related fatigue may preempt the exercise session before
the desired time. Use of fans, wet neck wraps, and spray bottles may help reduce the perception of
overheating. Surface cooling has been shown to improve aerobic endurance slightly (84). Others
have shown that precooling before exercise also has a beneficial effect on performance (85).
Exercise is also recommended to occur early in the day. This is when circadian body temperature is
at its lowest. Subjective reports from most individuals with MS indicate a decline in energy level
occurs during the afternoon hours, with the occurrence of fatigue and other MS-related symptoms.

Bladder Dysfunction

Bladder dysfunction is an MS symptom that can indirectly affect exercise performance. Because of
symptoms such as bladder urgency and exertional incontinence, clients with MS may limit their
daily intake of liquids. This is also a common practice observed during exercise. Recommendations
for proper hydration before exercise and rehydration following should be addressed when working
with this population.

Sensory Deficits

Subtle losses in tactile and proprioceptive sensation may make using some equipment difficult and
even dangerous. Deficits may be reflected in an inability to grasp and control free weights, as well as
to perceive muscle and joint position. Visual feedback by training in front of a mirror or performing
rhythmic counting during repetitions can provide alternate forms of input to ensure proper
performance. When possible, the use of machines, such as the LifeCycle Series, is recommended
because it reduces the amount of control and coordination needed by the client and provides visual
feedback regarding range of motion and force produced for each repetition.

Incoordination

Safety is also an issue for persons who have coordination deficits. The presence of spasticity, ataxia,
or tremor can result in uncoordinated movement patterns in the affected extremities. Therefore, use
of equipment that requires coordinated movement (i.e., free weights) is contraindicated. Use of
synchronized arm or leg ergometers may improve exercise performance by allowing the arms to
assist the less-coordinated legs.

Cognitive and Memory Deficits

Subtle cognitive changes and memory deficits may require a modified approach to instructing the
client with MS. This might include providing information in both written and diagrammatic format,
and reminders of proper form, repetitions, and use of equipment. In addition, providing an easy
form of recording exercises will eliminate the need for accurate recall.

Neurologic Impairment Level

Depending on the level of neurologic impairment, it may take longer for some persons with MS to
experience notable improvements in muscle strength, endurance, and aerobic fitness. In more
extensively impaired clients, this may be related to any or all of the following: the need to (a) begin
with very low levels of resistance, (b) reduce the number of weekly sessions because of a protracted
recovery time, and (c) disperse the daily exercise time into two to three smaller bouts.

EDUCATION AND COUNSELING

Many people with disabilities (79), particularly those
with MS (80), believe that they do not possess the knowl-
edge and skills needed to exercise safely. Because of these
beliefs, it is not surprising to find that preliminary evi-
dence shows that persons with MS are less active than the
average, nondisabled American (81). However, before the
person with MS can be counseled regarding exercise and
physical activity, it is important to understand the per-
cived barriers that may be present.

In disabled populations, the major barriers to partici-
pation in an exercise program have been reported as fi-
nancial cost, lack of energy, transportation, and not

knowing where to exercise (82). Other barriers that have
been cited include not having someone to exercise with,
childcare responsibilities, lack of confidence, and lack of
encouragement from healthcare providers (81,82). These
factors, some more than others (e.g., lack of energy, lack
of confidence), are more than likely real issues for the
person with MS. Such barriers need to be overcome be-
fore successful participation in a program of regular exer-
cise can be facilitated.

At the foundation, counseling should focus on the
basic principles of training (i.e., frequency, intensity, du-
ration, and mode). Special emphasis on how to modify
each principle specific to the client’s lifestyle and physical
impairments is very important. Advice related to dealing
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with spasticity, tremor, incoordination, balance deficits,
and general fatigue, when appropriate, will set a tone of
“understanding” that will help to promote a level of con-
fidence for these individuals. These issues have been out-
lined in the section “Special Considerations.”

Although evidence related to the efficacy of surface
cooling for improving exercise performance is equivocal,
previous research has shown that persons with MS per-
ceive exercise to be less stressful when surface cooling is
present (38,52). As such, strategies to promote surface
cooling may improve exercise tolerance and adherence.
These include (a) selecting water exercise instead of land,
(b) using a bicycle ergometer with a fan-style flywheel,
(c) wearing a presoaked neck scarf, (d) ingesting ice
chips before exercise, and (e) skin surface misting with
cool water. Prehydration and drinking during exercise
should also be discussed.

HISTORY

Patient is a 67-year-old woman with a 30-year history of
relapsing-remitting and secondary progressive MS. Her
current medications include Rebif and Baclofen. She is
retired, and uses a four-wheeled walker for mobility in
the home setting but has begun using an electric scooter
outdoors following a recent fall. This patient was
referred to a hospital-based wellness center after formal
physical therapy for instruction in a community-based
exercise program.

EVALUATION FINDINGS

Height: 5'4"; Weight: 152 |b; BMI: 26; BP: 128/83;
RHR: 85 Muscle Performance: Manual muscle testing
reveals the following; both upper extremities and the
right lower extremity are grossly 4/5. Left ankle dorsi-
flexion and knee flexion are 2+/5, left knee extension
and hip flexion 3+/5. Endurance: 6-Minute Walk—90 m
(normal 512-640 m) with an ending HR of 124 bpm.
Functional Measures: 30-Second Sit to Stand Test—four
repetitions (normal 12-18). Timed Up-an-Go—47 sec
(normal <10 sec), Berg Balance Test—37 (normal
54-56). Range of Motion: Mild hip flexion contractures
of 10° bilaterally and a 5° plantarflexion contracture in
the left ankle. Tone: Moderately increased extensor
tone in left lower extremity with two to three beat
clonus in the left ankle. Sensation: Moderate loss of vi-
bration sense in the left LE distal to the knee, light
touch and sharp dull are mildly impaired. Gait: The pa-
tient ambulates with a four-wheel walker with excessive
trunk flexion with decreased step length and occasional
toe drag on the left. She also demonstrates knee hyper-
extension on the left during stance.
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Providing information to the client regarding cost, ac-
cessibility, and scheduling of local exercise opportunities
sponsored by community recreational facilities, senior
citizen centers, universities, and hospital outreach pro-
grams can reduce or eliminate several other barriers.
However, if clients feel sufficiently confident in their gen-
eral knowledge base, they may prefer to exercise at home.
This will require the clinician to provide basic informa-
tion regarding appropriate choices of home equipment,
particularly as it relates to safety, cost, and ease of use.

Finally, an important key to successful counseling and
education for persons with MS, or any other disability, is
the building of confidence to practice self-advocacy. A
candid and comprehensive discussion of basic exercise
responses, training principles, modifications related to
symptomatology, safety issues, and programming can
provide a solid foundation for this to occur.

CASE STUDY

INTERPRETATION OF FINDINGS

This patient demonstrates deficits in muscle perform-
ance as evidenced by her manual muscle grades

and her 30-Second Sit to Stand Test. The results of

her 6-Minute Walk Test demonstrate a significant
impairment in walking endurance and speed. Her
Berg Balance and Timed Up-and-Go indicate a higher
risk for falls and her lack of sensation and increased
tone will have an impact on selection of appropriate
and safe exercises.

EXERCISE PRESCRIPTION

Cardiorespiratory Endurance

Use of NuStep recumbent stepper beginning with 5-10
minutes at 60%-75% of predicted max heart rate and
progressing to 30 minutes, 3-5 days a week.

Rationale: Provides reciprocal upper and lower extrem-
ity movement similar to walking while distributing work
to all four extremities to reduce chances of local muscle
fatigue limiting exercise time. Seated position is safe for
persons with balance deficits and large platform pedals
are easier to use for persons with coordination and sen-
sory deficits.

Strength and Muscular Endurance
Circuit training of leg press, seated knee flexion, standing
hip and knee flexion, latissimus pull-downs and seated
rows starting with 1 set of 12-15 repetitions at 60%-70%
1-RM progressing to 2 sets of 8-12 repetitions at
70%-80% 1-RM twice a week.

Rationale: Seated leg press will improve strength of
muscles used for activities such as sit to stand transfers.
Seated knee flexion to increase hamstring strength and
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counter extensor tone bias. Standing hip and knee
flexion to improve toe clearance during swing phase of
gait. Lateral pull-downs and seated rows to increase
strength of postural extensor muscles to reduce effects
of prolonged sitting and improve antigravity muscle con-
trol during functional activities.
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CHAPTER

EPIDEMIOLOGY

Parkinsonism is a progressive, degenerative neurological
disorder. The pathology of Parkinson’s disease (PD) is asso-
ciated with the dysfunction of the central nervous system
resulting in the decrease, or abnormal activity, of neuro-
transmitter systems. The resulting neurotransmitter imbal-
ance is exhibited by abnormal movements of the body:

Parkinsonism is ranked as one of the most common
neurological syndromes affecting individuals older than
age 50 and includes a variety of disorders that consist of
varying degrees of resting tremor, bradykinesia (slowness
of movement), rigidity, and impaired postural reflexes
(15,64,146)(Marttila, 1983). Primary or idiopathic Parkin-
son’s disease (IPD) is the most common type of parkinson-
ism with the median age of onset being 56 years (119) and
most often presents itself between the ages of 50 and 79
years (75,104).

IPD is thought to occur worldwide, and to date, no
population has been found immune to the disease
(15,85). It is the most common neurodegenerative
movement disorder in the world and effects 1% of indi-
viduals older than age 60 and increases in prevalence
with increasing age (105,119). Races are affected differ-
ently by the disease; crude prevalence ratios in the Cau-
casian population vary from 84 to 270 per 100,000 peo-
ple (85), while African Americans and Asians appear to
have lower prevalence rates, ranging from 4 to 85.7 per
100,000 (Marttila, 1983). The ratio of African Americans
to Caucasians is reported to be 1:4 (85). In the United
States alone, based on a population of 250 million and
using an average prevalence ratio of 160 per 100,000, the
number of persons affected by IPD would be approxi-
mately 400,000 (104). In the United States, it is also es-
timated that 1 million Americans are impacted by PD
(119).

The incidence of PD has been studied less often than
prevalence, with rates varying from 5 to 24 per 100,000
(85). Because the incidence of PD increases with age,
after the age of 50, age-specific incidence is said to
sharply increase varying from 53 to 229 per 100,000
(Marttila, 1983; 82).

Because prevalence and incidence are closely related,
changes in one can affect the other. Prevalence is “the
proportion of individuals in a population who have the
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disease at a specific instant” (45), whereas “incidence
quantifies the number of new events or cases of disease
that develop in a population of individuals at risk during
a specified time interval” (45). Since the advent of lev-
odopa (L-dopa) therapy in the late 1960s, the incidence
of PD has remained relatively constant, although the
prevalence has increased. This increase in prevalence has
been attributed to an increase in the age at time of
death—the result of the success of L-dopa therapy (Mart-
tilla, 1983; 75). Consequently, individuals with IPD are
living longer with the disease.

Prevalence and/or incidence rates between males and
females vary depending on whether crude or sex-specific
calculations are determined. In studies where sex-specific
prevalence and incidence calculations were used, no dif-
ferences between the sexes in PD affliction have been
shown (80,103). Other studies have found that the preva-
lence and incidence are lower in women versus men
(60-62,116).

As with prevalence and incidence, mortality rates as-
sociated with PD vary between studies. Prior to L-dopa
therapy, mortality related to PD was reported to be 2.9
times higher than in the general population (50). With
the advent of L-dopa therapy, this rate has decreased to
1.3 to 1.9 times higher than that in the general popula-
tion (Marttila, 1983; 21,81,129,145). Because coding and
reporting of diseases on death certificates can be incon-
sistent and often times inaccurate, the underlying cause
of death due to complications related to the PD is thought
to be underestimated (45). Respiratory and urinary infec-
tions are the leading causes of death in individuals having
PD (116,123).

CLASSIFICATION

Parkinsonism is a complex of neurological syndromes
characterized by clinical symptoms consisting of varying
degrees of tremor, bradykinesia, rigidity, and impaired
postural reflexes (64). Idiopathic Parkinson’s disease
(IPD) is classified as such because the damage to the
dopaminergic nigrostriatal pathway is unknown and be-
cause there is the distinct presence of Lewy body inclu-
sions found in the substantia nigra and locus ceruleus
(39,54,102). In contrast, secondary parkinsonism is a



neurological syndrome displaying similar motor symp-
toms as IPD, but the cause of damage to the nigrostriatal
system has been identified (40). This secondary classifi-
cation includes postencephalitic, drug-induced, toxic,
traumatic, metabolic, and neoplastic causes (40,54). A
third classification includes parkinsonism due to multi-
ple system degenerations or atrophies and has also been
labeled parkinsonism-plus syndromes (40). This classifi-
cation includes striatonigral and pallidonigral degenera-
tions, olivopontocerebellar atrophy, progressive supranu-
clear palsy, and Shy-Drager syndrome (40,64). This
category also includes various degenerative diseases and
disorders of the nervous system that are inherited, all of
which can present with or cause parkinsonianlike symp-
toms (54). Approximately 10% of all patients with
parkinsonism have “secondary” parkinsonism, and 15%
of all patients seen in specialized clinics are diagnosed
with multiple system degenerations (54).

For purposes of this chapter, emphasis will be placed
on IPD. As much as 75% to 90% of parkinsonian syn-
dromes are thought to be IPD (54,116). Within this clas-
sification, distinct clinical pictures occur with the de-
scriptive subgroups labeled depending on which
authority one reads (40,54,64).

Clinical symptoms for IPD may be categorized within
three subgroups (64): (i) tremor predominant; (ii) pos-
tural instability-gait difficulty (PIGD), and (iii) akinetic-
rigidity predominant. In addition, there are differentiat-
ing features dependent upon age of onset, mental status,
and clinical course of the disease. The age of onset is typ-
ically broken down into juvenile, younger than 40 years,
between 40 and 75 years, or older than 75 years. Classifi-
cation of mental status is dependent upon dementia
being present or absent. The clinical course of the disease
can be classified as benign, progressive, or malignant.

As a means to classify the severity of the disease, one of
the historical scales, which continues to be used by neu-
rologists today, is the Hoehn and Yahr Staging Scale (50).
This original scale stages the progression or severity of the
disease from I to V. The scale is based upon symptoms
being unilateral or bilateral (I), one’s impairment of bal-
ance (II), one’s functional capability in relation to normal
activities (III), employment status (IV), and level of inde-
pendence (V). In the original version, the descriptives
under each stage lack congruity and allow for extreme sub-
jectivity when trying to rate an individual (Table 4.1). Al-
though modified scales have been developed that are more
congruent and less ambiguous (such as the United Parkin-
son’s Disease Rating Scale [32]), they still allow for subjec-
tivity when rating an individual. The latter scale is fre-
quently used clinically and in research as a means of
classifying patients according to the severity of their dis-
ease. Despite its measurement limitations, when reference
is made to a particular stage these scales, permit some con-
cept of where an individual is in the possible progression
of the disease.
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TABLE 4.1. HOEHN AND YAHR STAGING OF
PARKINSON’S DISEASE

Stage 1
1. Signs and symptoms on one side only

2. Symptoms mild

3. Symptoms inconvenient but not disabling

4. Usually presents with tremor of one limb

5. Friends have noticed changes in posture, locomotion, and facial
expression

Stage 2

1. Symptoms are bilateral
2. Minimal disability
3. Posture and gait affected

Stage 3

1. Significant slowing of body movements

2. Early impairment of equilibrium on walking or standing
3. Generalized dysfunction that is moderately severe

Stage 4

. Severe symptoms

. Can still walk to a limited extent
. Rigidity and bradykinesia

. No longer able to live alone

[ N R

. Tremor may be less than earlier stages

Stage 5

1. Cachectic stage

2. Invalidism complete

3. Cannot stand or walk

4. Requires constant nursing care

PATHOPHYSIOLOGY

As stated previously, IPD is a neurodegenerative process
that can result in movement disorders. In addition, these
symptoms of dysfunctional movement are often accompa-
nied by nonmotor abnormalities, such as cognitive
changes and mood disturbances. The anatomical struc-
ture within the central nervous system known to be a pri-
mary area affected by the disease is the basal ganglia. Col-
lectively, the basal ganglia are thought to control the more
complex aspects of motor planning. In addition, parts of
the thalamus and reticular formation work in close associ-
ation with the above structures and are, therefore, consid-
ered to be part of the basal ganglia system for motor con-
trol. Furthermore, the basal ganglia is anatomically linked
to other parts of the brain that control not only motor and
sensory programs, but cognitive and motivational aspects
of the human body and psyche as well. Therefore, any dis-
ease of the basal ganglia can result in various movement
disorders as well as nonmotor abnormalities.

Although it is not the only area affected by the disease,
the structure within the basal ganglia most vulnerable to
the pathological process of IPD is the substantia nigra.
Widespread destruction of the pigmented neurons in the
substantia nigra pars compacta is associated with IPD,
and as a result of this destruction, the nigrostriatal tract
degenerates. The degeneration of the dopaminergic
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nigrostriatal pathway has been recognized as the primary
pathological event resulting in parkinsonian syndromes
(40,42,144). This degeneration results in the loss of
dopamine normally secreted in the caudate nucleus and
putamen, resulting in the classic motor symptoms. The
cause of the destruction within the substantia nigra in
IPD remains to be answered.

As mentioned previously, there are numerous nonmo-
tor difficulties that can be equally debilitating for those
with IPD. These include autonomic dysfunctions, neu-
ropsychiatric problems, sleep disorders, and sensory disor-
ders (119). Some of these problems are thought to be asso-
ciated with the length of time having had the disease, the
severity of the disease, and/or the use of antiparkinsonian
medications.

The presentation of autonomic dysfunction appears to
be associated with the duration and severity of the disease
or the use of antiparkinsonian medications. Structurally,
there have been lesions found within the hypothalamus
and the locus ceruleus that are both involved in the cen-
tral control of the autonomic nervous system (74). In ad-
dition, abnormalities within the dorsal nucleus of the
vagus nerve, a disturbed metabolism of catecholamines,
as well as Lewy bodies found within the enteric system
have been implicated in autonomic nervous system dys-
function (79,99,129,140-142).

ETIOLOGY

Although the cause of IPD is currently unknown, there
are two main theories that have been frequently studied
and debated. These involve genetic predisposition and of
environmental etiology.

Early twin studies lead researchers to believe that ge-
netics did not provide a significant contribution in the
cause of IPD (25,65,78,84,143). Even as recent as the
mid-1990s, it was thought that there was no genetic link
in the development of PD. Re-examinations of some of
the old studies as well as design of newer studies have
brought investigators back to reconsidering IPD as a ge-
netically inherited disease. The results of more recent re-
search indicate that genetics may indeed be a causative
factor in the development of PD (43). Although the links
between the genetic markers to sporadic cases of PD are
still unclear, it has generated a significant increase in re-
search examining a genetic cause to PD. The goals of this
research have been to determine whether there is indeed
a connection and then to determine whether early ge-
netic testing and counseling will impact the development
and prognosis of PD, if detected.

As support for an environmental cause, a bizarre out-
break of parkinsonism in northern California in 1983 led
to the theory that environmental factors play a role in the
etiology of IPD. The victims of this outbreak were drug
abusers and had been inadvertently exposed to 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). MPTP can

result as a by-product during the synthesis of the nar-
cotic,1-methyl-r-phenyl-r-proprionorypiperidine (MPPP),
a synthetic form of heroine. The drug abusers were ex-
posed to the MPTP as a result of injecting contaminated
MPPP and later developed rapid and severe parkinsonian
symptoms that included bradykinesia, rigidity, weakness,
severe speech difficulties, tremor, masked faces, seborrhea,
festinating gait, drooling, flexed posture, as well as a fixed
stare and decreased blinking (121). L-dopa/carbidopa
treatment was initiated in all patients and improved symp-
toms, but within a few weeks drug-related side effects of
dyskinesias and clinical fluctuations ensued. Thus, an
earnest endeavor to search for an environmental cause of
IPD began.

Currently, there are no definitive data clearly support-
ing a genetic or environmental cause. Some believe that it
is likely a combination of both. Consequently, the search
goes on.

Two other theories that have been suggested as possible
mechanisms contributing to the pathogenesis of the disease
include mitochondrial dysfunction and free-radical toxicity.
Several studies currently suggest that nigral mitochondrial
Complex I is abnormal in those with IPD (11,12,108,130).
This abnormality appears to be specific to the brain because
other studies looking at tissues, such as platelets and mus-
cle (as well as other components of the electron transport
chain), have been less consistent in their results. Conse-
quently, more research is needed in this area.

Another body of evidence that is growing suggests that
free-radical toxicity causes nigral cell degeneration in
those with IPD (27,47,56). This theory suggests that free
radicals are produced in the basal ganglia and lead to the
progressive degeneration and eventual cell death of neu-
rons in the substantia nigra, although more research is
also needed in this area. Unfortunately, there are cur-
rently no definitive recognizable risk factors for the de-
velopment of IPD.

FUNCTIONAL IMPACT

The functional problems that a person with PD displays are
dependent upon the symptoms with which they present.
Some of the common motor problems related to function in
those with PD include gait and balance deficits and diffi-
culty getting out of bed, out of a car, or arising from a chair.
Other problems include difficulties with getting dressed
(especially fastening buttons), writing, and speech or swal-
lowing problems. Nonmotor problems that can result in
functional difficulty and decline include sleep disorders,
sensory disorders, and neuropsychiatric problems. In gen-
eral, the person with PD has trouble doing more than one
task at a time. As the disease progresses, these problems
usually become more pronounced and the person will
eventually lose their ability to perform activities of daily
living (ADL). In the last stage of the disease, the person is
usually wheelchair- and/or bed-bound.
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FUNCTIONAL DIFFICULTY RELATED
TO MOTOR SYMPTOMS

In general, problems associated with PD can be catego-
rized into either motor or nonmotor problems. The clas-
sic gait pattern displayed by the person with PD is a de-
crease in step length and foot clearance. The heel-toe
pattern is lost, and there is a tendency to shuffle the feet.
Posture is flexed forward out of the base of support,
which causes the person to take quicker and quicker
steps with an inability to stop. This propulsion forward
with quick steps is called festination. The person often
has difficulty stopping and may eventually fall. In addi-
tion, the natural arm swing with gait is greatly decreased
or absent.

Balance deficits are also common in those with PD. Be-
cause postural reflexes are absent (if the person is per-
turbed outside the base of support), he or she is often un-
able to recover and will fall. Falls are a major concern in
those with PD and should be kept in mind when pre-
scribing any kind of exercise program.

In addition to gait and balance deficits, segmental
movements in the joints (especially in the vertebrae) are
greatly decreased if rigidity is present. As a result, the
person will have difficulty isolating movements such as
rolling from side-to-side as is required when getting out
of bed, or being able to rotate the trunk when getting out
of a car. In general, movement can be very difficult due to
the rigidity and bradykinesia.

Another phenomenon that can greatly impact func-
tion is called “freezing.” This most typically occurs dur-
ing gait. The person will be unable to initiate gait or while
walking will suddenly become “frozen” in place, as if the
person’s feet have become glued to the floor. Various
techniques such as taking a step backward, marching in
place, or visualizing stepping over a line on the floor can
bring the person out of the “freeze.”

It is important to remember that the functional prob-
lems experienced by those with PD are extremely variable
from person to person. This requires that an individualized
approach be taken with each person afflicted with PD.

FUNCTIONAL DIFFICULTY RELATED
TO NONMOTOR SYMPTOMS

As mentioned previously, there are numerous nonmotor
problems associated with PD. These include autonomic
dysfunctions, neuropsychiatric problems, sleep disorders,
and sensory disorders (119). These problems are linked to
increased morbidity and mortality, decreased independ-
ence, and increased cost of care for those having PD (1,34).
Associated difficulties linked with autonomic nervous
system dysfunction include drooling, gastrointestinal prob-
lems (constipation, dysphagia), urinary problems (urinary
frequency), orthostatic hypotension, erectile dysfunction,
dysphagia, excessive sweating, and hypohydrosis (119).
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The neuropsychiatric problems linked to PD include
mood disorders, anxiety disorders, psychotic hallucina-
tions or delusions, cognitive decline, and dementia. De-
pression is thought to be relatively common in those hav-
ing PD although the exact estimate varies widely (13).
The estimated range of those suffering from depression is
reported to be 7% to 76% (67,119). In addition to depres-
sion, mood fluctuations and anxiety are also common and
appear to be associated with motor fluctuations, most fre-
quently occurring in the “off” state (3). The presentation
of psychosis is most commonly in the form of hallucina-
tions or delusions. These disturbances are thought to be
due to secondary illness, medications, underlying demen-
tia, or all of these (119). Many individuals, especially the
elderly, experience visual hallucinations that are most
common during the evening hours. When asked about
these hallucinations, many individuals say they see people
or animals and recognize them for what they are and are
not usually threatened by them. The importance of recog-
nizing psychosis is that has been associated with nursing
home placement and increased mortality (31).

Sleep disorders are estimated to exist in 67% to 88% of
individuals having PD (19,92). The cause of these prob-
lems is not known, but seems to be linked to how long
one has had the disease. Sleep problems occur most fre-
quently in the later stages of the disease process (119).
These problems include difficulty falling asleep, difficulty
in maintaining sleep or sleep fragmentation, hypersom-
nolence (especially during the day), rapid eye movement
sleep disorders, restless leg syndrome, and obstructive
sleep—breathing disorders (76,120).

Sensory disorders experienced by those with PD in-
clude pain, akathisia, anosmia, and hyposmia. A com-
mon musculoskeletal disorder associated with PD is ad-
hesive capsulitis of the shoulder (“frozen shoulder”).
Frozen shoulder can cause extreme pain with or without
movement of the involved arm and most often occurs in
the upper extremity most affected by the associated
motor symptoms rigidity and bradykinesia. In addition,
pain is often associated with dystonia, which occurs most
frequently in the feet or toes during the “off” state. This
pain with dystonia can be so severe that the individual
may not be able to walk until it subsides.

FUNCTIONAL PROBLEMS ASSOCIATED WITH
COGNITIVE DECLINE AND DEMENTIA

Dementia is common in those with PD. Although the eti-
ology is unclear, dementia is associated with a more rapid
functional decline compared to those who do not experi-
ence dementia (77). In addition, dementia in those with
PD is associated with greater caregiver burden, increased
likelihood of nursing home placement and increased mor-
tality. Research has found that in those individuals having
even mild cognitive impairment of memory, language, or
executive function have a greater likelihood of developing



48 RESOURCES FOR CLINICAL EXERCISE PHYSIOLOGY * www.acsm.org

dementia (49,55). In addition, individuals having more
severe motor symptoms, as seen in those having the PIGD
subtype, have been found to have a greater risk of a more
rapid cognitive decline and the eventual development of
dementia (4,14). Both have a significant impact on quality
of life for the PD patient, as well as for family and friends.

OTHER PROBLEMS THAT MAY
AFFECT FUNCTION

Other problems that are less well-studied in those with PD
are weight loss and subjective complaints of fatigue. It was
suggested by a series of studies spanning 5 years that one-
third or more of individuals participating in these studies
complained of fatigue (2,30,37,38,46,58,73,113,114). These
complaints were found to be more frequent than in age
matched healthy controls. The specific impact of this fatigue
factor on function for those with PD is not yet clear.

CLINICAL EXERCISE PHYSIOLOGY

Research on the effects of exercise for individuals with
PD has been directed toward interventions that would
most likely impact the motor control problems associated
with the disease. Typical treatment protocols that might
be used include range of motion (ROM) and flexibility
exercises, balance and gait training, mobility, and/or co-
ordination exercises (7,18,41,35,52,85,97,124). Little re-
search has been conducted assessing the aerobic capacity
of, or the impact that aerobic exercise might have on,
those with IPD. Likewise, there have been few studies as-
sessing strength or using strength training as the inter-
vention for IPD patients.

Most studies have found no difference in maximum or
peak oxygen consumption VO,,c,i in those with IPD
compared to healthy normals. Stanley et al. (122) had 20
men and women with IPD and 23 healthy men and
women perform a one-time exercise bout using a station-
ary bicycle. It was determined that there was no differ-
ence inVO,,c, between those with IPD and the healthy
group. The only significant difference found was in time
to maximum exercise in the male subjects. Those with
IPD reached VO, .k sooner than the healthy group. An
additional notable finding between groups was a different
response to submaximal exercise. Men and women with
IPD appeared to have higher submaximal VO, levels for
each stage of exercise. These authors concluded that
those with IPD might be less efficient during exercise.

Canning et al. (17) assessed exercise capacity in those
with IPD during cycle ergometry to determine if exercise
capacity was affected by abnormalities in respiratory func-
tion and gait. These researchers did not compare their sub-
jects to healthy individuals, but rather compared actual
values to predicted values. No differences were found in
peak work or VO, during exercise. However, they did
find certain respiratory abnormalities at rest and during

exercise. Koseoglu et al. (66) also found an impairment in
maximum voluntary ventilation and exercise tolerance in
those with IPD when compared to a healthy control group.
Following a 5-week exercise program involving unsup-
ported upper-extremity exercises (specifics not explained),
they found improvement in some respiratory measures as
well as an increase in exercise tolerance and a decrease in
rating of perceived exertion.

In a study by Reuter et al. (105), patients with PD and
age-matched healthy controls were tested using a ramped
cycle ergometer protocol. Heart rate variability and lactate
levels were measured during exercise with the assumption
that these would be impaired if a deficit in the respiratory
chain was present. Other variables measured included sys-
tolic and diastolic blood pressure and heart rate. They
found that heart rate variability was abnormal in those
with PD compared to the control group for all tests. The in-
crease in heart rate during exercise was not significantly
different between groups, nor was diastolic blood pressure.
Systolic blood pressure was lower in those with PD at sub-
maximal and maximal levels of exercise and lactate levels
tended to be lower at higher rates of exercise for those with
PD but were not statistically significant. These researchers
concluded that those with PD can be tested for aerobic ca-
pacity and would be expected to achieve changes in aero-
bic capacity with appropriate exercise intervention.

As with studies addressing aerobic capacity, the re-
search looking at strength issues in those with PD is also
limited. Kakinuma et al. (57) found that lower-extremity
strength in those with PD was lower on the affected side
compared to the unaffected side and that this difference
increased as the speed of movement increased. Nogaki
et al. (89) have also shown that muscle weakness in-
creases as performance velocity increases. Other studies
that have compared strength when the IPD patient has
been either on or off antiparkinsonian medications have
shown strength to be significantly less when the patient
was off their medications (20,69,96).

PHARMACOLOGY

Pharmacologic treatment is the primary therapeutic in-
tervention for the problems associated with IPD. This
treatment is based on what is currently known about the
neurochemical imbalances that exist in the neurotrans-
mitter concentrations within the basal ganglia of individ-
uals having IPD. Treatment modes have been classified
into two general categories by Berg et al. (9), which are:
(1) a reduction of the functional excess of acetylcholine
with anticholinergics, and (ii) an alleviation of the patho-
logical deficiency of dopamine with drugs that act on the
dopaminergic system. In more recent years, protective
therapy aimed at slowing the progression of this disease
has been introduced (86).

The most common drug classifications used for treat-
ment of IPD include dopaminergics, anticholinergics,
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monoamine oxidase type “B” (MAO-B) inhibitors, and
catechol-O-methyltransferase (COMT) inhibitors. In ad-
dition, there are various other drugs that are often pre-
scribed depending on signs and symptoms of the disease
(i.e., baclofen, clozapine). The most common medications
for each of the above classifications include the following:

1. Dopaminergics (levodopa, levodopa/carbidopa, aman-
tadine, pergolide, bromocriptine)

2. Anticholinergics (benztropine, trihexyphenidyl)

. MAO-B inhibitors (selegiline)

4. COMT inhibitors (entacapone, tolcapone)

W

The acute and long-term side-effects can be considerable
for all medications taken for PD. Peripheral side effects
include gastrointestinal upset, orthostatic hypotension,
bradycardia, tachycardia, arrthythmia, dry mouth, blurred
vision, and headaches. Central side effects include motor
disturbances, insomnia, ataxia, vivid dreams, cognitive/
psychiatric disturbances, and edema.

Some of the most debilitating side-effects are those
that occur after long-term use of L-dopa. These side-ef-
fects are motor disturbances that include dyskinesias,
dystonias, and clinical fluctuation (end-of-dose wearing
off and predictable or unpredictable “off time”). These
frequently appear approximately 5 to 7 years after L-dopa
therapy was initiated, although more recent studies sug-
gest that these side-effects may occur as early as 1 to 2
years (94,95). Consequently, newer drugs have been in-
troduced in efforts to address some of the side-effects re-
lated to long-term use of levodopa. These include the
combination drug Stalevo (levodopa/carbidopa/enta-
capone) and drugs that utilize different delivery modes,
such as Rotigotine (transdermal patch) and Selegiline
orally disintegrating tablets. Clinical trials have shown
that all of these medications can potentially reduce end-
of-dose wearing off and/or “off time” (44,59,69,70,117).

Consideration should be taken when exercising an in-
dividual who exhibits any of the above mentioned side-
effects. The abnormal movements may interfere in any
physical activity that the person attempts to perform. For
considerations to be taken during exercise testing and
training, please refer to Protas (102).

PHYSICAL EXAMINATION

When examining an individual with PD, it is important
to take a thorough history, as well as perform a complete
neurological exam and an orthopedic screen. It is also im-
portant to determine how the individual is responding to
the antiparkinsonian medications, especially if they are
beginning to experience any of the long-term side effects.

During the neurological exam, rigidity, tremor, bradyki-
nesia, and postural reflexes must be examined. To illicit
rigidity, the examiner can grasp one or both wrists and
shake the hand(s) up and down. Looseness and ease of the
movement is normally observed. Flexing and extending
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the forearm repetitively while feeling the ease of move-
ment can also be done to assess rigidity. The same can be
done with examination of the lower extremities at the hip,
knee, and ankle. The neck and trunk must also be exam-
ined by moving the body segment through all planes of
movement. Ease of movement and the degree of range will
determine the extent of the rigidity. When assessing for
rigidity, the movement should be passive, with the individ-
ual relaxed. Unlike spasticity, rigidity is not affected by
speed of movement (91).

To assess for resting tremor, one should have the pa-
tient sit with his/her hands resting in the lap. Then, have
the individual recite a specific sentence or count back-
wards by 2s or 7s. The stress of this activity will allow the
tremor to become obvious. The movement is often seen in
the hands and is similar to rolling a pill between the fin-
gers (referred to as “pill rolling”). Although resting tremor
is the most recognized type of tremor associated with IPD,
it is not uncommon that postural tremor and/or intention
tremor will present as the disease progresses. Postural
(static) tremor can be elicited by having the individual
hold a limb against gravity, such as holding one or both
arms out in front of the body parallel to the floor. Look for
slow up-and-down movement of the arm(s) as the indi-
vidual maintains this position. In addition, postural
tremor can be seen when the individual is asked to main-
tain a standing position. A slow oscillatory back-and-forth
movement will be seen (112). Intention tremor is elicited
by having the individual move a limb voluntarily, such as
reaching for a cup of water on a table, picking it up, bring-
ing it to the mouth to take a drink, and then returning the
cup to the table. An alternative action is to have the indi-
vidual repetitively bring the forefinger from resting in the
lap to his/her nose and then watching for tremor during
the course of the movement.

One can assess bradykinesia by having the individual
sit with both hands in his or her lap. Ask the patient to
supinate and pronate the forearm as fast as possible for at
least 30 seconds. If bradykinesia is present, the quality of
the movement will begin to break down after a few sec-
onds. There may be a slowing of the movement, a decrease
in range of motion, or decreased coordination of the
movement.

Postural reflexes can be examined by having the indi-
vidual stand with his/her back to the examiner. The in-
dividual is told to keep their eyes open while the exam-
iner reaches around to the front of the shoulders and
pulls quickly and firmly posteriorly. The examiner is ob-
serving for recovery from the pull test. Does the indi-
vidual: (i) stay in place, (ii) step or stagger backwards
but recover independently, (iii) step or stagger back-
wards requiring assistance from the examiner to recover,
or (iv) fall straight back without any attempt to recover?
It is important that the examiner be behind the individ-
ual during this test in order to prevent the individual
from falling.
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In addition to these tests, a general coordination, sen-
sory, and cognitive examination should also be per-
formed. The Unified Parkinson’s Disease Rating Scale
(UPDRS) is a comprehensive examination administered
by a health professional (32). The UPDRS examines cog-
nition, ADL, motor behaviors, complications of therapy,
and also provides a disability rating.

Because the person with IPD can have significant pos-
tural changes, a postural screen should be performed. This
should be done in both sitting and standing positions. The
examiner observes for a forward head, rounded shoulders,
kyphosis/scoliosis, decreased lordosis, and/or excessive
hip and knee flexion.

To determine responsiveness to the antiparkinsonian
medications, certain questions should be asked. To deter-
mine whether the individual is having dyskinesias or dys-
tonias, the examiner should ask whether the patient is
having any abnormal involuntary movements or pos-
tures. If the answer is yes, they should ask when these
movements occur in relation to taking his/her dose of
medication. The examiner should also ask if there are
times after taking his/her dose that the medication does
not seem to work and if their symptoms worsen. If this is
the case, the individual may be having clinical fluctua-
tions, also known as “on/off” phenomenon. All of this in-
formation can be important in determining the best time
for the person to exercise.

Numerous outcome measures have been developed
that can be used to evaluate the above mentioned prob-
lems associated with IPD and the impact that the disease
has on the individual’s quality of life. These tools can be
helpful in being able to objectively document the prob-
lems and how they impact one’s daily life. Some of the
tools that have been developed specifically for those with
IPD or have been psychometrically tested with those hav-
ing the disease include the UPDRS mentioned above, the
Parkinson’s Disease Questionnaire (PDQ-39), the Timed
Up and Go (TUG), Functional Reach, the Berg Balance
Scale, the Tinetti Gait and Balance (POMA), the Gait and
Balance Scale (GABS), the Functional Independence
Measure (FIM), and the 6 Minute Walk Test (6MWT)
(8,24,98,110,100,133,135,136).

MEDICAL AND SURGICAL TREATMENTS

As stated previously, drug therapy is the primary means
of medical management for IPD. Secondary lines of treat-
ment include sophisticated brain surgeries. Surgical pro-
cedures have historically included thalamotomy, pallido-
tomy, and deep brain stimulation (6,51). For the
thalamotomy and pallidotomy, neuroablation procedures
or lesions are made to specific areas in the thalamus or
globus pallidus. The procedure is an irreversible disrup-
tion of the abnormal functioning structure that elimi-
nates the undesired movement disorder such as tremor,
leaving other volitional movement intact. Thalamotomy

has been performed to correct drug-resistant tremor, and
pallidotomy to decrease rigidity, bradykinesia, tremor,
muscular spasms, and off-state dystonias.

Currently the most common surgical procedure used
for the treatment of symptoms related to IPD is deep
brain stimulation (DPS). In this procedure, a program-
mable pulse-generating device is implanted in the brain.
Like a heart pacemaker, the device can be adjusted tele-
metrically. The theory behind DPS is that by providing a
high-frequency electrical stimulation to specific regions
in the brain, it will mimic the effects of creating a lesion
as done in the above mentioned surgeries. The advan-
tages over creating permanent lesions are that it is safer,
reversible, adaptable, and can be performed bilaterally.
Because of these features, DPS has essentially replaced
the use of ablative stereotaxy except in special cases. The
most common areas within the brain that are targeted for
DPS are the subthalamic nucleus (STN) and the internal
segment of the globus pallidus (GPi). Studies that have
applied stimulation to the STN or the GPi areas have re-
sulted in a decrease of the cardinal motor symptoms re-
lated to IPD, improvements in ADL, a decrease in the
“off” time related to medication use, and improvements
in the “on” time without dyskinesias (106,139). Some
studies indicate that stimulation of STN is superior over
that of the GPi (132).

Those individuals considered to be candidates for DPS
may experience intractable tremor or long-term compli-
cations from L-dope therapy (139). These complications
include severe motor fluctuations and dyskinesias (138).

Considerable interest has been generated over the use
of stem cell transplants as a means of replacing the lost
dopaminergic cells in IPD. Three types of cells have been
studied for neural transplantation: neural stem cells, em-
bryonic stem cells, and other tissue-specific types of stem
cells (e.g., bone marrow stem cells) (87). The strategy is
to produce dopamine precursor cells for transplantation
that are functional in the host brain without increasing
the risk for tumor formation (87). The results so far have
been disappointing. Two double-blind clinical trials have
not demonstrated improvements. Some of the subjects
had problems with nausea and vomiting or developed
graft-related involuntary movements (87). Future work
may provide greater insight into this approach and offer
another treatment option for people with IPD.

DIAGNOSTIC TECHNIQUES

One important line of research related to IPD is the iden-
tification of a potential biomarker for early diagnosis of
the disease. Currently, the diagnosis is based on a number
of clinical symptoms. However, it is currently difficult to
differentiate between IPD, various parkinsonianlike syn-
dromes that are distinct from IPD, and other conditions,
such as dementia with Lewy-body disease. Patients with
IPD and their families often go years without a definitive
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diagnosis because of this problem. Clearly, early diagno-
sis would be helpful in terms of treatment alternatives
and in understanding the course of the disease.

Some research has led to the identification of my-
ocardial sympathetic denervation in individuals with
IPD. A technique using a radiolabeled tracer, 1-123-
metaiodobenzlyguanidine-single photo emission to-
mography (MIBG SPECT), displays the myocardial den-
ervation through decreased uptake of the MIBG in
individuals with IPD and other Lewy-body diseases,
such as dementia with Lewy-body disease. Although
most people with IPD have this problem, it is not in-
digenous to IPD. In other words, the technique is sensi-
tive to the condition, but not exclusive to IPD (i.e.,
specificity) (88). Future work in this area may improve
the specificity of the test and provide an early diagnosis.

EXERCISE AND PHYSICAL
PERFORMANCE TESTING

Before exercise testing is performed, it is recommended
that balance, gait, general mobility, range of motion
(ROM), and manual muscle testing be performed. Results
of these tests will provide guidance on how to safely test
the individual for functional capacity and performance.

Both static and dynamic balance while in sitting and
standing positions should be performed. Clinical balance
tests that can be used with those having IPD include the
Functional Reach (24), the Berg Balance Scale (8), the
Gait and Balance Scale (133), or sensory organization
testing (72).

Gait can be observed while the individual walks a 20-
to 50-foot pathway. The examiner observes step length,
stride width, and heel strike. Because those with IPD
have trouble turning, the examiner should observe the
individual changing directions. Continuity of steps and
coordination during the transition phase are noted. It is
also important to observe the person coming to a sudden
stop while walking and looking for ease of stopping the
momentum. Does the individual stop easily, have to take
several steps, stagger or stutter step, or possibly fall?
Also, have the individual step over an object in the path.
The examiner should take note of any freezing episodes
that occur. If balance and gait are seriously compromised,
it is not recommended that the treadmill be used for ex-
ercise testing without some safety devices, such as safety
harnesses and support systems (101,126).

General mobility can be tested by using a tool like the
Duke Mobility test (125). Although the scoring of this
test uses an ordinal scale, it incorporates several of the
above tasks, such as walking, turning, and stepping over
an object, as well as reaching, bending down, chair trans-
fers, stairs, and static sitting and standing. It takes only
about 10 minutes to administer. Even though mobility
may appear to be greatly compromised, the person may
still be able to perform an exercise test using a stationary
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bicycle or arm ergometry protocol. The activity should be
tried before assuming the individual cannot undergo ex-
ercise testing.

For the rehabilitation specialist, the standard way of
testing muscle strength is by manually testing specific
muscles or muscle groups. More objective measures in-
clude using devices such as hand-held dynamometers,
cable tensiometers, handgrip dynamometers, and isoki-
netic equipment. Because this area has not been well re-
searched, there are no recommendations as to which
strength testing protocols should be used. Therefore, rec-
ommendations as outlined by the ACSM should be fol-
lowed for testing muscle strength and endurance (5).

When deciding to test for aerobic endurance, the ab-
solute and relative contraindications for exercise testing
outlined by the ACSM should be followed (5). In addi-
tion, precautions should be taken if the individual is ex-
periencing severe dyskinesias or dystonias. The results of
the physical and functional exam should guide the exam-
iner in what exercise protocol is safe to use. Further re-
search is needed with regard to strength and aerobic test-
ing for those with IPD.

EXERCISE PRESCRIPTION
AND PROGRAMMING

When prescribing exercise for the person with IPD, an
overall, individualized program should be the goal. Be-
cause the disease is chronic and progressive, an exercise
program should begin early when the disease is first diag-
nosed and be maintained on a regular long-term basis.
The program should be updated and revised as the dis-
ease progresses and the needs of the individual change.
Each of the following areas should be addressed: flexibil-
ity, aerobic conditioning, strengthening, functional train-
ing, and motor control.

To address flexibility, slow static stretches should be
performed for all major muscle groups. In addition, ROM
exercises should be prescribed for all joints. The upper
quadrant and trunk should be emphasized early because
the disease affects these areas first and because frozen
shoulders and loss of segmental movements in the spine
are common as the disease progresses.

Although the optimal frequency for flexibility and
ROM exercises for IPD has not been established, sugges-
tions range from once a week to daily. Schenkman et al.
(111) conducted a randomized, clinical trial with 51 peo-
ple with IPD. Twenty-three people participated in a 10-
week, 3 times per week program focused on spinal flexi-
bility. This program resulted in improvement in trunk
flexibility and functional reach (a measure of balance)
but did not result in improvement in the time to move
from a supine to a standing position. Even though mov-
ing from supine to standing may be limited due to re-
duced trunk flexibility, increased trunk movement did
not result in improved function in this particular study.
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Because few studies conducted have used aerobic con-
ditioning or strength training for those with IPD, specifics
for prescribing exercise are lacking. Guidelines as out-
lined by the ACSM should be followed for frequency, in-
tensity, duration, and progression (5,101,102). The mode
of exercise should depend on the problems the individual
exhibits. As mentioned previously, caution should be
taken in placing someone on a treadmill if he/she has gait
or balance problems or a history of falls. A stationary bi-
cycle, recumbent bicycle, or arm ergometer may be safer.
If walking is used, a level surface with minimal obstacles,
such as a walking track, is recommended. Mall walking
may be feasible if the person walks when pedestrian traf-
fic is at a minimum. Anecdotal reports from those with
IPD indicate that swimming can be a good mode of exer-
cise. Some report that the water enables them to move
more easily. When prescribing a strength training pro-
gram, exercise machines may be safer than the use of free
weights because the movement can be better controlled. If
a person has severe intention tremor or dyskinesias, free
weights may not be as safe as resistive machines. Several
small studies suggest that high resistance strength train-
ing is safe and effective in individuals with IPD (22,47).

Functional training often includes gait and balance
training, as well as fall prevention and specific training in
ADL. Again, little research supports the efficacy of these
interventions. One small study suggested that gait and
step perturbation training on a treadmill can improve gait
and balance and reduce falls in individuals with IPD
(101). A more recent study supported the use of speed-de-
pendent treadmill training to improve gait speed in people
with IPD (16). Training the patient to use visual and audi-
tory cues demonstrates improvements in gait and a reduc-
tion in freezing (126,131). There is some evidence that
treadmill walking improves walking in people with IPD
because the treadmill acts as an externally cued pace-
maker (36). One synopsis of the literature related to ex-
ternal cueing and gait in patients with IPD concluded that
the best evidence showed strong support for improving
walking speed with the help of auditory cues. This study
also suggested that there is insufficient evidence for the ef-
fectiveness of visual and somatosensory cueing (71).

Motor control strategies emphasize slow, controlled
movement for specific tasks through various ranges of
motion while lying, sitting, standing, and walking. Dietz
& Colombo (23) reported that using a body-weight sup-
port system while those with IPD walked on a treadmill
improved some gait parameters. Another intriguing ap-
proach is training people with IPD to increase the ampli-
tude of movements. One small, nonrandomized study
demonstrated improvements in reaching and walking
with a 4-week amplitude training program (33).

In a study by Viliani et al. (137), physical training was
given to those with IPD that included active mobilization
for the lower and upper extremities, spinal mobility exer-
cises, limb coordination exercises, and postural and gait

exercises. Specific motor tasks were measured that in-
cluded supine to sitting, sitting to supine, rolling to
supine, and standing from a chair. All the variables
showed significant improvement following the interven-
tion. These researchers concluded that specific motor
task training can improve movements with which indi-
viduals with IPD have problems. Another study investi-
gated the outcomes of a physical therapy program with
multiple modes and also demonstrated the effectiveness
of this approach (29).

Because of the potential demands of an exercise pro-
gram, the participant needs to understand and follow in-
structions in order to safely complete the requirements of
the program. Cognitive changes for those with IPD can
range from mild to severe; consequently, it is important
that the instructor determine whether the person is able
to safely follow the program. Ways to ensure this include
providing both verbal and written instructions, giving
repetitive demonstrations, closely observing the individ-
ual while performing all tasks, and instructing the
spouse, friend, or other caregiver so that support and di-
rection can be given as needed when at home.

For the older person with IPD, comorbidity can be an
issue. Cardiopulmonary disease as well as coexisting
arthritis and related musculoskeletal abnormalities
should be considered and included in patient screening.
Some of the cardiac abnormalities that may be present on
the electrocardiogram include frequent premature ven-
tricular contractions, ST-segment depression, a blunted
heart rate response (similar to those on -blockade), and
sinus tachycardia during peak dose-related dyskinesias.

As mentioned previously, it is important to have a
clear understanding of how the individual responds to
his/her medications. Although timing the medication so
that the individual is at his/her best during the exercise
session is important, precautions should be taken if the
person is having dose-related dyskinesias during his/her
peak time. Depending on the severity of the dyskinesias,
exercise during this time may be contraindicated. For
those having “on/off” phenomenon, exercising during an
“off” time may be difficult or impossible.

Depending on the severity of the disease, supervision
during exercise may or may not be required. For those
more involved IPD patients or those with cognitive
deficits, group exercise may be more beneficial in order to
ensure safety, adherence, and socialization.

Recently published evidence-based practice guidelines
suggest that four intervention strategies are based on evi-
dence from two or more controlled trails (63). These
strategies include: (i) the application of cueing strategies
to improve gait, (ii) the application of cognitive move-
ment strategies to improve transfers, (iii) specific exer-
cises to improve balance, and (iv) training of joint mobil-
ity and muscle power to improve physical capacity.
Clearly, there is much more research needed on clinical
interventions for individuals with IPD.


http://www.acsm.org

EDUCATION AND COUNSELING

Because the person with IPD may decrease his/her activ-
ity level as it becomes more difficult to move or the
tremor becomes an embarrassment, it is imperative that
the individual and his/her family be educated about the
importance of maintaining an active lifestyle. Parkinson’s
support groups are organized in larger cities. These
groups can be very important in educating the individual
and family about the disease, as well as encouraging con-
tinued socialization. Exercise groups are often available
through these organizations and often include educa-
tional presentations. In geographical areas where support
groups may not be available, the World Wide Web may be
of assistance for those with personal computers in find-
ing virtual support groups and/or information through
the various PD associations.

The barriers to exercise can be many for the person
with IPD, but the number one barrier may well be the in-
ability to do the activity because of the movement diffi-
culties. When prescribing exercise, careful consideration
should be given to the ability of the person and the com-
plexity of the program being prescribed. The more com-
plex the program, the less likely the individual will ad-
here and exercise compliance may become a problem.

THE FUTURE OF PARKINSON’S
DISEASE RESEARCH

GENETICS AND NEUROBIOLOGY

Rapid progress has recently occurred in our understanding
of the genetics and neurobiology of IPD. Research has
identified several genetic mutations, called PARK muta-
tions, that are related to genetic rather than sporadic or id-
iopathic forms of IPD. One mutation to the a-syncline
gene may be related to neurotoxicity and is a major con-
stituent in Lewy bodies seen in IPD. Another mutation in
PARK 2 suggests that the ubiquitin-proteosome pathway
may be involved in IPD. Other mutations implicate oxida-
tive damage and mitochondria in the pathogenesis of IPD
(10). This research has led to agents that deal with oxida-
tive stress and the mitochondria, such as coenzyme Q10
(115). New insights provided by genetic forms of IPD and
the neurobiology of the disease promise to offer new direc-
tions and possible biological interventions in the future.

NEUROPROTECTION

Because IPD is a progressive neurodegenerative disease and
current treatment does not stop or delay the disease pro-
gression, an important question is whether interventions
can be found that will protect against the neural degenera-
tion seen in the disease. To date, no treatment that provides
neuroprotection has been found; however, research that ex-
amines the role of an intervention as a neuroprotective
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agent is fraught with difficulties (10). One early issue in
this research is that loss of more than 80% of the dopamin-
ergic cells in the striatum occur before clinical symptoms
arise. Enrolling patients with even mild, early symptoms
may provide a population who still have significant loss of
neural cells. Another issue is that interventions that are cur-
rently available do offer symptomatic relief. Clinical trials
can imply neuroprotection when, in fact, only symptomatic
improvements occur. Improvements in clinical trail de-
signs, such as a delayed start, have addressed some of these
concerns. Other issues are the variability and the slow pro-
gression of the disease. There are insufficient methods to
categorize variations in the disease. For example, those
who develop IPD in their 80s often have mild symptoms
that progresses very slowly, while those who have a young
onset in their 30s often have more severe symptoms that
progress more rapidly.

With the above limitations in mind, the Committee
to Identify Neuroprotective Agents for Parkinson’s
(CINAPS) was established by the National Institute of
Neurological Disorders and Stroke. This evidence-
based assessment of various drugs and agents has iden-
tified a number of promising candidates (Ravina et al.,
2003). Drugs such as amantadine, cyclooxygenase I
and II inhibitors, and Ropinirole, as well as agents such
as ascorbic acid, caffeine, and nicotine were included.
Interestingly, epidemiologic studies have suggested that
both caffeine and nicotine use may have neuroprotec-
tive effects for developing IPD.

There is also evidence from animal studies of a num-
ber of mechanisms that may be neuroprotective (147).
An interesting line of this research is whether physical ac-
tivity can have a neuroprotective effect (118). In an ani-
mal model that uses neurotoxin exposure to produce
Parkinson-like symptoms, moderate treadmill exercise
attenuated the neurochemical loss and produced behav-
ioral sparing (134). Obviously, similar studies on the ef-
fects of moderate exercise in people with early IPD will
require large clinical trials and significant resources. In-
deed, we may see such a trial (or trials) in the near future.

NEURAL IMAGING

Recent advances in neural imaging techniques have al-
lowed studies that could provide images of the brain areas
affected by IPD. Clearly, these approaches are important to
examine not only responses to intervention but also possi-
ble neuroprotection of these interventions. With func-
tional magnetic resonance imaging, human locomotor
centers in the brainstem and cerebellum can be studied
during brain mental imagery of standing, walking, and
running in healthy individuals (53). Although this tech-
nique has not been used with people with IPD, the
methodology does have promise for future research.
Radiotracer-based imaging of nigrostriatal dopamine func-
tion may also be a method of monitoring the progression
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of the disease (28). Another method, spatial covariance
analysis with '®F-fluorodeoxyglucose positron emission to-
mography, detects abnormal patterns of brain metabolism
in people with IPD (28). Another radiolabeled methodology,
'®F_fluoropropyl-B-CIT, quantifies the dopamine trans-
porter binding in the caudate and putamen—an index of
presynaptic nigrostriatal dopaminergic function (28). These
methodologies may provide a biomarker to diagnose IPD
and related disorders, determine sensitive measures of neu-
roprotection, and/or identify mechanisms underlying some
of the interventions such as exercise.
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CHAPTER

In this chapter, the term “spinal cord dysfunction” (SCD)
will represent either acquired spinal cord injury (SCI) or
spina bifida (SB), both of which involve lesions on the
spinal cord. It will not include poliomyelitis, postpolio,
or postpolio syndrome (see Chapter 6). Also, because of
the continuity of the spinal cord and cauda equina in the
spine, SCD will include both injury to the spinal cord
itself (part of the central nervous system) and to the
cauda equina (part of the peripheral nervous system).
The resulting damage to the neural elements within the
spinal canal results in impairment or loss of motor and/or
sensory function in the trunk and extremities. Depending
on the neurologic level and severity of the lesion, SCI
may resultin (a) “tetraplegia or paresis” (formerly “quadri-
plegia or-paresis”—paralysis or weakness of upper and
lower extremities) or (b) “paraplegia or paresis” (paraly-
sis or weakness of the lower extremities).

Spinal cord injury is acquired after birth by trauma to,
or disease in, the spinal cord. The resulting compression,
contusion, or severance of the spinal cord or the associ-
ated spinal arteries cause spinal cord necrosis and dys-
function. This is in contrast to SB, which is a congenital
neural tube defect in which the posterior arch of the
spine fails to close during the first month of pregnancy.
The most severe type of SB with functional conse-
quences is “myelomeningocele,” (1) where the spinal
meninges and nerves herniate through an opening in the
lumbar or sacral vertebrae, damaging the spinal cord
(Fig. 5.1).

EPIDEMIOLOGY

SPINAL CORD INJURY

Most SCIs are acquired from trauma, with approxi-
mately 10,000 new SCls each year in the United States.
The incidence of SCI is approximately 30-40/million
people in the population, with another 20/million
(5,000/yr) not surviving the initial injury. The highest
per capita rate of SCI occurs between ages 16 and 30.
An estimated 250,000-400,000 people with SCI live in
the United States, with about 80% being male. Mean
age at time of injury is 33 years (median 26, mode 19).
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Causes of traumatic SCI in the United States include
motor vehicle accidents (44%), violence (24%), falls
(22%), and sports (8%). An undetermined number also
acquire SCI from diseases such as tumor, infection, and
thrombosis. Approximately 50% of SCIs involve the
cervical spine, 25% thoracic, 20% lumbar, and 5%
sacral. About 45% of SClIs are “complete” with total
loss of sensorimotor and autonomic function below the
injury level. The remaining 55% are “incomplete” with
partial loss. This proportion is increasing with im-
proved emergency medical treatment. Approximately
half of all SCIs result in tetraplegia, and this proportion
increases with the age at onset (2,3).

SPINA BIFIDA

In the United States, SB occurs in about 0.6 per 1,000 live
births and is steadily declining. At least 2,000 children
with SB are born annually in the United States. Incidence
is greatest among Hispanic Americans, lower among
white Americans, and lowest among African Americans.
About 80% of SB cases involve myelomeningocele (1).

PATHOPHYSIOLOGY

SPINAL CORD INJURY

Spinal cord injury results in impairment or loss of motor,
sensory function or both in the trunk or extremities
owing to damage to the neural elements within the spinal
canal. Injury to the cervical segments (C1-C8) or the
highest thoracic segment (T1) causes tetraplegia/-paresis,
with impairment of the arms, trunk, legs, and pelvic or-
gans (bladder, bowels, and sexual organs). Injury to the
thoracic segments T2-T12 causes paraplegia/-paresis,
with impairment to the trunk, legs, and/or pelvic organs.
Injury to the lumbar or sacral segments of the cauda
equina (L1-S4) impairs the legs and/or pelvic organs.
The neurologic level and completeness of injury deter-
mines the degree of impairment. See Figure 5.2 for an il-
lustration of spinal cord segmental innervation of mus-
cles and other organs (4,5). The American Spinal Injury
Association (ASIA) Impairment Scale in Table 5.1 is used



spinal cord

FIGURE 5.1. Lumbar myelomeingocele with spinal nerves and meninges
protruding from the newborn’s spine.

to grade the degree of impairment or completeness at a
given level (6,7).

Physiologic impairment from either acquired or con-
genital SCI can include sensory loss, muscular paralysis,
and sympathetic nervous system impairment. These fre-
quently have an impact on the magnitude and quality of
acute physiologic responses to exercise and the ultimate
trainability of the person with SCI. Basic anatomic and
physiologic impairments and residual functions are
often summarized by physicians on the form shown in
Figure 5.3 (6,7).
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FIGURE 5.2. Segmental innervation of some key muscles and organs
in spinal cord dysfunction.

TABLE 5.1. AMERICAN SPINAL INJURY ASSOCIATION (ASIA) IMPAIRMENT SCALE FOR ASSESSING THE

SEVERITY OF SPINAL CORD INJURY (6,7)

CLASS DESCRIPTION

A Complete. No sensory or motor function is preserved in the sacral segments S4-S5.

B Incomplete. Sensory but no motor function is preserved below the neurologic level and extends through the sacral segments S4-S5.

C Incomplete. Motor function is preserved below the neurologic level, and most key muscles below the neurologic level have a manual
muscle test grade <3 out of 5.

D Incomplete. Motor function is preserved below the neurologic level, and most key muscles below the neurologic level have a manual
muscle test grade =3 out of 5.

E Normal. Sensory and motor function is normal.

ASIA. International Standards for Neurological Classification of SCI. Atlanta: American Spinal Injury Association; 2002.

ASIA. Standard neurological classification of spinal cord injury. Atlanta: American Spinal Injury Association; 2006. (accessed online, 2-17-08: http://www.asia-spinalinjury.org/publications/

2006_Classif_worksheet.pdf)
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ASIA
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FIGURE 5.3. ASIA standard neurological classification of spinal cord injury (7).

Clinical SCI Syndromes ¢ Conus medullaris syndrome is an injury to the sacral
cord (conus) and lumbar nerve roots within the spinal
canal, usually resulting in an areflexic bladder, bowel,
and lower limbs.

Six major SCI syndromes are recognized (7), usually as-
sociated with incomplete SCI or low-level paraplegia.

e Brown-Sequard syndrome is an incomplete spinal * Cauda equina syndrome is an injury to the lum-
cord lesion resulting in relatively greater ipsilateral bosacral nerve roots within the neural canal, resulting
proprioceptive and motor loss and contralateral loss of in an areflexic bladder, bowel, and lower limbs.

sensitivity to pinprick and temperature.

. Immediate Neurologic Consequences of SCI
e Central cord syndrome results from cervical cord le- g 9

sion, spares sacral sensory function, and produces 1. Sensorimotor and autonomic function: (a) normal
greater weakness in the upper limbs than in the lower function above neurologic level of lesion, (b) impaired
limbs. function (flaccid paralysis) at the level of lesion, (¢) im-
e Posterior cord syndrome is caused by a posterior le- paired function (spastic paralysis) below the level of
sion to the spinal cord and produces loss of pinprick lesion (spasticity in skeletal and smooth muscles)—
and temperature sensation, but largely preserves according to myotome and dermatome diagrams
motor function and proprioception. (Figs. 5.2 and 5.3).
e Anterior cord syndrome is a condition where blood 2. Expected levels of functional independence varies by
supply to the anterior spinal cord is reduced and re- level of lesion (8):
sults in profound motor loss, but may spare light e Tetraplegia: impaired lower and upper body func-

touch and pressure sensation. tion, impaired cardiac and adrenal sympathetic
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innervation, vasomotor paralysis, susceptibility to
hypotension and autonomic dysreflexia, impaired
cough.

e Paraplegia: impaired lower body function.

3. Spastic or flaccid bladder requires catheterization or
urinary collection system for emptying and manage-
ment; risk of urinary incontinence.

4. Bowel constipation; risk of bowel incontinence.

5. Bone demineralization or osteopenia; risk of fracture.

Secondary Conditions and SCI

Secondary medical conditions may further compromise the
health and function of persons with SCI as they age. These
conditions generally increase with time since SCI. The most
prevalent secondary conditions are chronic pain, problem-
atic spasticity, depression, obesity, urinary tract infections,
and pressure sores (9-12). Many years of dependence on
the upper extremities for daily activities (wheelchair or
crutch use, and transfers) makes the shoulders, elbows, and
wrists susceptible to overuse injury, tendon inflammation,
joint degeneration, and pain. Severe spasticity can cause
joint contractures and loss of range of motion. Paralysis of
abdominal (expiratory) musculature impairs cough and in-
creases susceptibility to respiratory infections. Frequent
bladder infections and use of antibiotics can lead to kidney
damage and systemic infection. Inactivity, dyslipidemia,
insulin resistance, and hypertension put long-surviving
persons with SCD at risk for cardio- and cerebrovascular
disease and metabolic disease (13,14).

Exercise-related Consequences of SCI

Spinal cord injury can result in two major exercise-related
problems: (a) reduced ability to perform large-muscle-
group aerobic exercise voluntarily (i.e., without using
functional electrical stimulation leg cycle ergometry [FES-
LCE] with paralyzed leg muscles), and (b) the inability to
stimulate the autonomic and cardiovascular systems to
support higher rates of aerobic metabolism (15,16).
Therefore, catecholamine production by the adrenal
medullae, skeletal muscle venous pump, and thermoregu-
lation (17) may be impaired, which restricts exercise car-
diac output (CO) to subnormal levels. Hopman et al. (18)
examined the properties of the venous vasculature in the
lower extremities in persons with paraplegia. Compared
with non-SCI subjects, they noted lower venous distensi-
bility and capacity and higher venous flow resistance.
They attributed these to vascular adaptations to inactivity
and muscle atrophy rather than the effect of an inoperable
leg muscle pump and sympathetic denervation.

Common secondary complications during exercise,
especially in persons with tetraplegia, may include lim-
ited positive cardiac chronotropy and inotropy, excessive
venous pooling, venous atrophy, orthostatic and exercise
hypotension, exercise intolerance, and autonomic dysre-
flexia. This latter condition is a syndrome resulting from
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mass activation of autonomic reflexes causing extreme
hypertension, headache, bradycardia, flushing, goose-
flesh, unusual sweating, shivering, or nasal congestion.

Tetraplegia usually results in a sedentary lifestyle with
profound deconditioning of many physiologic systems.
This exacerbates mobility impairment, bone demineral-
ization, myocardial and skeletal muscle atrophy, and
changes in body composition, such as decreased lean
body mass, body water content, blood volume, and in-
creased percentage of body fat (19).

SPINA BIFIDA
Immediate Neurologic Consequences of SB

Infants with SB generally have surgery within 24 hours of
birth to close the spinal malformation to minimize the risk
of infection and prevent further neurologic damage. About
80% of SB affects the lumbosacral nerve roots (1), resulting
in damage to the lumbar or sacral segments of the cauda
equina from L1 to S4. As with SCI at the same neurologic
level, SB usually results in sensorimotor and autonomic
impairment to the legs, pelvic organs (bladder, bowels, and
sexual organs), or both. The exact neurologic level and
completeness of injury determines the degree of impair-
ment (Figs. 5.2 and 5.3). Also as with SCI, the ASIA Im-
pairment Scale in Table 5.1 can be used to grade the degree
of impairment or completeness in SB at a given level (6,7).

A frequent complication of SB is “hydrocephalus” (an
abnormal accumulation of cerebrospinal fluid (CSF) in
the cavities of the brain, which can lead to increased in-
tracranial pressure and progressive enlargement of the
head, convulsion, and mental disability) occurring in
about 90% of individuals with SB (1). SB impairs proper
absorption and drainage of CSF and allows excessive
accumulation of CSF in the ventricles of the brain. If
ineffectively treated or left untreated, hydrocephalus
compresses the brain and causes brain damage and per-
manent cognitive impairment and learning disabilities.
Most people with SB have a plastic shunt implanted to
drain CSF from the ventricles of the brain under the skin
into the chest or abdomen. Shunts will fail if they become
obstructed; people with SB typically have their failed
shunt replaced twice in their lifetime.

Presence of the Arnold-Chiari malformation, a dis-
placement of the cerebellar tonsils and the medulla
through the foramen magnum, may result in compres-
sion of the brainstem and cerebellum (1). Symptoms in
children or adolescents may include neck pain, changes
in sensorimotor function, or problems with swallowing,
speech, or breathing. The only treatment is surgical de-
compression. Some may exhibit cerebellar dysfunction
with dysmetria, fine motor incoordination, tremors, nys-
tagmus, and ataxic gait. These individuals may experi-
ence difficulty with fine motor skills.

Spinal cord function must be closely monitored
in people with SB. Changes in muscle tone or strength,
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rapidly progressing scoliosis, or changes in bowel or
bladder function may indicate the presence of “hy-
dromyelia” or “tethered cord” (1). In hydromyelia (or sy-
ringomyelia), a fluid cavity develops in the central canal
of the spinal cord that further impairs neurologic func-
tion. It could develop at any time or level, requiring sur-
gical shunting of fluid. Spinal cord tethering is stretching
of the spinal cord with longitudinal growth of the spine
or with movement or exercise. When this occurs, surgical
correction of tethering is necessary to prevent further
spinal cord damage and loss of neurologic function.

Secondary Conditions and SB

Unlike most people with SCI, SB survivors endure their
condition over their entire life span. By the time children
with SB reach adulthood, they usually have had multiple
orthopedic and neurologic surgeries that can compro-
mise long-term functional status. If children with SB have
walked with assistive devices for years, stress and strain
on spinal and lower-extremity joints may require several
orthopedic surgeries to correct deformities, such as scol-
iosis, hip subluxation or dislocation, Achilles tendon
contracture, and muscle imbalance (1). Scoliosis is re-
ported to occur in 80% of people with SB and is treated
often with spinal fusion. Similarly, lifelong wheelchair
users may acquire upper-extremity overuse syndromes,
such as carpel tunnel syndrome, tendinitis, and arthritis,
further impairing their mobility. Osteoporosis is common
in children and adults with flaccid paralysis of the lower
extremities who use wheelchairs. Thus, they are vulnera-
ble to painless fractures with symptoms, such as local
redness, deformity, or fever.

As with those with SCI, many people with SB need to
pay close attention to skin care and hygiene. If the skin
over the ischial tuberosities, greater trochanters, or
sacrum is insensitive, then frequent weight shifts,
pushups, seat cushioning, pressure relief, and cleanliness
are necessary to prevent pressure sores on these areas.
Also, chronic urinary tract infections over a lifetime may
cause renal damage and failure, especially if bacteria be-
come antibiotic-resistant.

Obesity is particularly prevalent as children with SB
reach adolescence. Many children with SB are highly mo-
bile with weight-bearing ambulation using braces and
crutches. However, during adolescence, weight gain fre-
quently interferes with, and precludes, efficient upright
ambulation, forcing the person to use a manual wheel-
chair for mobility. This encourages further weight gain,
inactivity, and the vicious cycle of deconditioning and
declining health and functional independence. Wheel-
chair use also exposes the person to unusually high
upper-extremity stresses, increasing his or her suscepti-
bility to upper-extremity repetitive motion disorders.
Special attention should be paid to weight management
throughout adolescence and adulthood.

About 30% of persons with SB frequently have mild-to-
moderate cognitive and learning disabilities necessitating
special education (20). Many have low self-esteem, imma-
ture social skills, lack of initiative, and depression that
make independent living difficult. Lifelong guidance, sup-
port, and medical or therapeutic follow-up may be neces-
sary to maintain independence in the community.

Exercise-related Consequences of SB

If extensive lower-extremity paralysis is present, SB can
result in reduced ability to perform large-muscle-group
aerobic exercise voluntarily. Consequently, FES will not
reactivate flaccidly paralyzed gluteal, hamstring, and
quadriceps muscle groups; therefore, FES is not usually
an option unless the neurologic level of lesion is above
L1. During aerobic exercise testing and training, ambula-
tory people with SB can probably walk or jog on a tread-
mill. On the other hand, people with SB who primarily
use wheelchairs for mobility will require an exercise
mode involving wheelchair treadmill exercise, wheel-
chair ergometry (WERG), arm-crank ergometry (ACE),
upper body ergometry (UBE), or combined arm and leg
ergometry to elicit maximal physiologic responses.

Therapeutic exercises are recommended to maintain
balanced strength and flexibility in the upper extremities.
These are intended to help prevent upper-extremity over-
use syndromes, such as nerve entrapment syndromes and
degenerative joint disease, in lifelong wheelchair or
crutch users (21).

About 70% of people with SB have an allergic hyper-
sensitivity to latex (natural rubber) (1). Therefore, they
should not touch exercise, clinical, or research equip-
ment made of, or covered with, latex (e.g., elastic bands
or tubing, rubber-coated dumbbells, latex gloves, blood
pressure cuffs). If latex touches their skin or mucous
membranes or enters their circulation, they react with
watery eyes, wheezing, hives, rash, swelling, and, in se-
vere cases, life-threatening anaphylaxis.

Poor fitness and low physical activity have been docu-
mented among adults and youth with SCD (22,23). Com-
pared with peers with disability, adolescents with SCD
have 27% lower handgrip strength, 47% greater skinfold
thicknesses (i.e., higher body fatness), 65% lower VO,
peak (16 versus 40 ml/kg/min), and very slow long-
distance mobility times (24,25).

CLINICAL EXERCISE PHYSIOLOGY

ACUTE RESPONSES TO EXERCISE
Spinal Cord Injury

Table 5.2 summarizes representative physiologic re-
sponses during rest and peak arm ergometry (ACE or
WERG) in two relatively large samples of adults with
SCI. The data from Morrison et al. (26) are from subjects
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TABLE 5.2A. MEAN = SD PHYSIOLOGICAL RESPONSES OF 94 (ASIA CLASS A-B) ADULTS WITH SPINAL
CORD INJURY, 6 WEEKS AFTER DISCHARGE FROM REHABILITATION, DURING REST AND PEAK ARM

ERGOMETRY (25)
VO, (mL/ RPE PO

HR (bpm) SBP (mm Hg) DBP (mm Hg) kg/min) Vg (L/min) (6-20) (W)
Rest
Tetraplegia 83 £ 16 98 * 16 66 * 13 — - - -
High Paraplegia 92 £ 19 104 = 12 72+ 1 — - - —
Low Paraplegia 97 * 14 119 £13 7911 — — — —
Peak Arm Ergometry
Tetraplegia 117 = 16 95 =22 65+ 14 8.3 29 30 =12 17 £2 34+ 1
High Paraplegia 152 = 29 107 = 30 67 13 89 %26 36 £ 1 17 =2 51 £ 15
Low Paraplegia 161 £ 1 140 = 19 81 =15 13.5 + 3.7 46 + 13 17 £ 2 63 + 16

Mean age = 30 * 10 yr (range = 16-58): M, male; F, female.

Tetraplegia (C6-C8): n = 24; 20 M, 4 F; mean = SD body mass = 71 = 13 kg
High-lesion Paraplegia (T1-T5): n = 15; 15 M, 13 F; mean = SD body mass = 79 * 10 kg
Low-lesion Paraplegia (T6-L2): n = 55; 42 M, 13 F; mean = SD body mass = 71 * 18 kg

TABLE 5.2B. MEAN * SD VOZPeak (mL/kg/min) FOR 72 WOMEN AND MEN WITH LONG-STANDING SCI (26)

HIGH MID LOW VERY LOW INCOMPLETE INCOMPLETE
TETRAPLEGIA PARAPLEGIA PARAPLEGIA PARAPLEGIA PARAPLEGIA TETRAPLEGIA PARAPLEGIA
(C5-C8) (T1-T6) (T7-T11) (T12-L3) (L4-S2) (C5-C8) (T1-L3)
Females
n 0 0 2 2 1 3 1
VOspeak — 23 =1 23+ 2 40 20+ 5 12
Males
n 10 6 14 8 1 10 4
VOspeak 14 +5 17+ 6 26+ 8 28+ 7 24 +7 23+ 1 23+7

who were 6 months after discharge from SCI rehabilita-
tion. Notable differences among groups with different le-
sion levels are (a) blunted tachycardia in subjects with
tetraplegia, (b) lack of pressor response and very low
VOspear in subjects with tetraplegia and high-lesion para-
plegia, (¢) inverse relationship between lesion level and
peak power output (PO), and (d) substantial variability
of most responses. Also in Table 5.2, the data of Hjeltnes
and Jansen (27) are from persons with long-standing SCI
(i.e., 4-16 years after SCI). Mean VOzpeak was substan-
tially higher than in the Morrison et al. study (26).
Higher VO, .1 Was also strongly associated with higher
functional mobility and lower incidence of secondary
conditions, such as chronic pain, spasticity, urinary tract
infection, and osteoporosis.

Stewart et al. (28) completed a factor analysis of phys-
iologic and functional data on 102 subjects with SCI from
the study by Morrison et al. (26). They concluded that
the predominant fitness factor was “aerobic fitness and
muscle strength/endurance” as indicated by high load-
ings on several peak physiologic responses, followed by
“blood pressure” (maintenance) and “general health.”

Raymond et al. (29) compared cardiorespiratory re-
sponses during ACE to those during combined ACE and

FES-leg cycle ergometry (FEC-LCE) (“hybrid exercise”)
in seven subjects with T4-T12 paraplegia. FES-LCE in-
volved 18% (35 versus 30 W) higher PO than ACE alone.
Compared with ACE alone, submaximal steady-state
ACE + FES-LCE elicited 25% higher VO, (1.58 versus
1.26 L/min), 13% lower heart rate (HR) (132 versus 149
bpm), and 42% higher O, pulse (VO»/HR, 12.2 versus 8.6
1/b), with no differences in Vi expired ventilatory rate or
respiratory exchange ratio. These results demonstrate
that during submaximal or maximal exercise, a greater
metabolic stress is elicited during combined arm and leg
ergometry compared with arm ergometry. The higher car-
diac stroke volume (SV) observed during submaximal
combined arm and leg ergometry in the absence of any
difference in HR implies reduced venous pooling and
higher cardiac volume loading. These results suggest that
training incorporating both arm and leg muscles may be
more effective in improving aerobic fitness in people with
paraplegia than ACE alone.

Haisma et al. (30) critically reviewed the literature on
physical capacity in people with SCI who use wheelchairs.
Weighted means were calculated for various fitness param-
eters in subgroups. In tetraplegia the mean VOzpeak was
0.89 L/min for WERG and 0.87 for ACE or hand-cycling.
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The POpeqc was 26 W for WERG and 40 W for ACE. In
paraplegia the mean VOzpeak was 2.10 L/min for WERG
and 1.51 for ACE, and the PO,,¢, was 74 W for WERG and
85 W for ACE. In paraplegia, muscle strength of the upper
body and respiratory function were comparable to that in
the general population. In tetraplegia, muscle strength var-
ied greatly and respiratory function was reduced to
55%-59% of predicted values for the general population
matched for age, sex, and height. Physical capacity in SCI
is clearly reduced and varies greatly by population and
methodologic differences. Haisma et al. (30) contend that
standardized measurement of physical capacity is needed
to further develop comparative values for clinical practice
and rehabilitation research.

Paraplegia

In persons with paraplegia, the primary neuromuscular ef-
fect is paralysis of the lower body, precluding exercise
modes, such as walking, running, and voluntary leg cy-
cling. Therefore, the upper body must be used for all vol-
untary activities of daily living (ADLs) and exercise: arm
cranking, wheelchair propulsion, and ambulation with or-
thotic devices and crutches. The most common clinical
exercise modes for exercise testing of persons with para-
plegia are ACE and WERG. ACE is believed to be the more
general exercise stressor and less likely to be influenced by
the specific wheelchair skill of the user. It is the most avail-
able and standardized instrumentation for upper body ex-
ercise testing. WERG is specific to wheelchair propulsion,
and if the person’s own everyday or sports or racing wheel-
chair can be used for testing, it is also highly specific to the
wheelchair task. WERGs are constructed by research labo-
ratories and can take the form of a standardized wheelchair
linked with a flywheel or rollers (31-33), or a wheelchair
on a wide treadmill (34).

In paraplegia, the proportionally smaller active upper-
body muscle mass typically restricts peak values of PO,
VO,, and CO to approximately one-half of those ex-
pected for maximal leg exercise in individuals without
SCI (16). Additionally, “circulatory hypokinesis,” a re-
duced CO for any given VO,, has been reported by sev-
eral investigators. Presumably, this condition is caused by
a lack of the leg muscle pump to assist venous return dur-
ing exercise, excessive venous pooling owing to vasomo-
tor paralysis, excessive skin perfusion to aid thermoregu-
lation (35), or subnormal blood volume (36). The effect
of this condition would be to impair delivery of O, and
nutrients to, and removal of, metabolites and CO, from
working muscles, facilitating muscle fatigue.

The most active people with SCI can achieve high
upper body fitness levels. Veeger et al. (37) reported that
the average POpea, HRpear, and VOy ey 0f 17 elite adult
wheelchair athletes (basketball and track and field) were
93 W, 184 bpm, and 2.8 L/min (40 ml/kg/min) during
maximal wheelchair treadmill exercise.

Tetraplegia

In persons with tetraplegia, the pathologic effects on neu-
romuscular and autonomic function are more extensive
than with paraplegia. The active upper body muscle mass
will be partially paralyzed, and the sympathetic nervous
system may be completely separated from control by the
brain. Upper body PO, VO,, and CO are typically re-
duced to approximately one-half to one-third of those
levels seen in individuals with paraplegia (38—40). In the
upright sitting posture, peak HR, CO, SV, and arterial
blood pressure (BP) are often subnormal for given levels
of VO, (41-43). Furthermore, strenuous exercise may
not be tolerated because of orthostatic and exercise hy-
potension, which may produce overt symptoms of dizzi-
ness, nausea, and so on (44,45). Peak HRs for persons
with tetraplegia typically do not exceed approximately
125 bpm owing to small exercising muscle mass, im-
paired sympathetic adrenal and cardiac innervation, and
vagal cardiac dominance (16).

Posture of subjects with tetraplegia affects peak hemo-
dynamic and metabolic responses to ACE. Figoni et al.
(46) compared peak physiologic responses in supine ver-
sus upright sitting postures in 11 subjects with tetraple-
gia. Supine posture produced higher PO by 39%, VO, by
26%, CO by 20%, and SV by 14%, although mean arterial
pressure was lower (75 versus 83 mm Hg). Pitetti et al.
(34) observed higher peak VO,, pulmonary minute ven-
tilation (Vg), and PO during ACE and higher VO,
during treadmill wheelchair exercise in 10 men with
tetraplegia using an anti-G suit to compress the abdomen
and legs. Hopman et al. (47) also found 12% higher
VO peak during supine ACE in five men with tetraplegia.
These support the concept that excessive lower body ve-
nous pooling limits maximal arm exercise performance
in this population with severe autonomic impairment.

Ready (48) studied acute responses of athletes with
tetraplegia during prolonged ACE at 75% VOypea and
found no changes in HR or skin or rectal temperatures
across 10 exercise stages. They attributed the surprising
lack of “cardiovascular drift” to lack of adequate muscle
mass to increase body temperature and lack of skin va-
sodilation to compete with CO, thus maintaining a more
stable SV.

Hooker et al. (49) compared acute physiologic re-
sponses of eight subjects with tetraplegia performing
moderate-intensity voluntary ACE, FES-LCE, and hybrid
exercise. Although each mode elicited a VO, of 0.66
L/min separately, the POs used to elicit this metabolic re-
sponse were very different (arms 19 W versus legs 2 W).
This indicates markedly lower efficiency of FES-LCE
compared with voluntary ACE. Compared with ACE or
FES-LCE, hybrid exercise elicited higher levels of VO,
(by 54%), Vg (by 33%-53%), HR (by 19%—-33%), and CO
(by 33%—47%). Total peripheral vascular resistance during
hybrid exercise was also lower (by 21%—34%). Compared
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with ACE, FES-LCE and hybrid exercise produced higher
SV by 41%-56%.

Takahashi et al. (50) investigated hemodynamic re-
sponses during isometric exercise in 6 men with ASIA A
(complete) tetraplegia using a Modelflow method simu-
lating aortic input impedance from arterial blood pres-
sure waveform. CO increased during exercise with no or
slight decrease in SV. Mean arterial pressure increased
one-third above the control pressor response, but total
peripheral vascular resistance did not rise at all during
static exercise, indicating that slight pressor response is
determined by the increase in CO. They concluded that
sympathetic decentralization causes both absent periph-
eral vasoconstriction and a decreased capacity to increase
HR, especially at the onset of exercise, and that the car-
diovascular adjustment during voluntary static arm exer-
cise is mainly accomplished by increasing cardiac pump
output by means of tachycardia controlled by intact car-
diac vagal outflow.

Spina Bifida

Few investigators have reported physiologic responses to
exercise in children or adults with SB. Krebs et al. (51) ob-
served the cardiorespiratory and perceptual or cognitive
responses to a 6-minute bout of moderate calisthenics in a
small group of children 9-12 years of age with SB. Besides
normal increases in HR, Vg, respiratory rate, and tidal vol-
ume, they noted acute improvements in peripheral vision,
learning, and memory. Agre et al. (52) conducted aerobic
and strength testing on 33 children and adolescents, ages
10-15 years, with SB of various functional levels. As
shown in Table 5.3, peak VO,, HR, and V. during walking
or wheeling treadmill exercise varied inversely with func-
tional level. Overall, the data suggest that people with SB
respond similarly to people with SCI with comparable
functional status.

TRAINING RESPONSES
Spinal Cord Injury

Activities of daily living for (self-care and mobility) those
with SCI have been shown to require only 15%-24% of
their HR,ccrve. This level of exertion is insufficient for de-
veloping physical fitness in people with SCD (53,54).
The exception was propulsion of a manual wheelchair up
inclines or crutch walking, which elicited 50% HR cccrve,
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the equivalent to moderate exercise intensity. After acute
inpatient SCI rehabilitation (mean of 76 days for paraple-
gia, 96 days for tetraplegia), the mean aerobic fitness
(VOspear) plateaued and remained stable for at least
8 weeks (27).

Arm exercise training adaptations are believed to be pri-
marily peripheral (muscular) in nature and may include
increased muscular strength and endurance of the arm
musculature in the exercise modes used. These may result
in 10%-60% improvements in peak PO and VO, and an
enhanced sense of well-being. Central cardiovascular
adaptations to exercise training, such as increased maxi-
mal SV or CO, have not yet been documented (55), how-
ever, suggesting that increases in VOzpeak are probably not
caused by central cardiovascular limitations, but increases
in muscular strength, anaerobic metabolism, and O, ab-
sorption or utilization by trained muscle tissue. Physio-
logic effects of exercise training in SCI subjects are well
summarized by Devillard et al. (56). Valent et al. (57)
attempted a meta-analysis of upper-body exercise on the
physical capacity in SCI. In 14 articles of acceptable qual-
ity, the mean * SD increase in peak VO, and PO following
training was 17.6 £ 11.2% and 26.1 * 15.6%, respectively.
Representative training studies are discussed below.

Arm Ergometry

Since 1973, several investigators have reported a variety
of training effects of ACE or WERG in persons with SCI.
Knutsson et al. (58) trained one group of SCI patients
during initial rehabilitation with ACE 4-5 days/wk for 6
weeks. A second similar group trained with calisthenics.
Both groups increased ACE PO,,c.x by about 40%.

Nilsson et al. (59) trained 12 people with paraplegia
for 7 weeks with both ACE and resistance training. Sub-
jects increased their VOypeq significantly by 0.20 L/min
(10%), muscular strength by 16%, and muscular en-
durance (bench press) by 80%.

Davis et al. (55) compared training responses of nine
men with SCI paraplegia with those of five controls
without SCI. After 16 weeks of ACE exercise, HRs of
trained individuals were 9 bpm lower during isometric
handgrip effort (30% of maximal voluntary contraction
for 3 minutes), with a substantial (20%) and decrease of
rate-pressure product. Despite a significant increase of
VOzpeak (19% and 31% after 8 and 16 weeks, respectively),
left ventricular mass and dimensions and indices of left

TABLE 5.3. MEAN *SD PEAK PHYSIOLOGIC RESPONSES AND USUAL WALKING SPEED OF CHILDREN
WITH SPINA BIFIDA DURING TREADMILL WALKING OR WHEELING (48)

FUNCTIONAL LEVEL VO, (mL/kg/min) HR (bpm) Ve (L/min) USUAL SPEED (km/hr)
L2 and above (n = 6) 17.7 = 3.8 167 =9 32.6 £ 6.7 1.9(n=1)

L3-L4 (n =7) 20.2 3.8 172 £9 364+ 6.7 3.5*X0.6(n=25)

L5-S (n =17) 29.6 + 2.2 186 + 5 49.1 £ 3.8 3.9*03(n=16)

No motor deficit (n = 3) 41.6 £5.3 202 =12 63.6 9.4 48 0.7 (n=3)
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ventricular performance at rest were unchanged by train-
ing. SVs were increased by 12%-16% after training dur-
ing submaximal and maximal ACE, with a trend toward
higher COpcak. A short period of arm training was appar-
ently insufficient to induce cardiac hypertrophy. An in-
crease of SV with a decreased rate-pressure product, but
no change in indices of left ventricular performance,
implies improved myocardial efficiency. Possible expla-
nations are a greater strength of the trained arms and
increased cardiac preload.

Davis and Shephard (60) examined cardiorespiratory re-
sponses to four patterns of ACE training (50% or 70%
VOzpeak, 20 or 40-min/session, 3 sessions/wk, 24 weeks) in
24 initially inactive subjects with paraplegia. Training was
associated with a significant increase of the VO, during
ACE tests, except in control subjects and those combining
alow intensity (50% peak) with short-duration training (20
min/session). There were associated increases in SV during
submaximal exercise. They suggest that the performance of
inactive wheelchair users is limited by a pooling of blood in
paralyzed regions, with a reduction of cardiac preloading.

Based on the demonstrated hemodynamic advantages
of arm exercise in the supine posture for people with
tetraplegia (44), McLean and Skinner (61) conducted a
10-week training study to compare training responses in
each posture. Seven subjects with tetraplegia used ACE
in the upright sitting posture, whereas another seven sub-
jects used the supine posture. Both posture groups im-
proved comparably: 0.08 L/min increase in VOzpeak,
160% increase in arm exercise endurance, 7-mm decrease
in the sum of four skinfolds, 5-bpm increase in resting
HR, and nearly significant increase in HR,cax.-

Lassau-Wray and Ward (62) compared the cardiores-
piratory and metabolic responses to ACE in 25 men with
cervical and thoracic SCIs and five controls without SCI.
VOzpeak decreased progressively with increasing impair-
ment (i.e., from subjects without SCI to paraplegia to
tetraplegia). Great variability in maximal performance
levels among groups were noted.

FES Leg Cycle Ergometry (FES-LCE)

Several studies have documented physiologic training ef-
fects of FES-LCE. Hooker et al. (63) trained 18 subjects
with SCI for 12 weeks with FES-LCE and noted higher
posttraining peak PO (+45%), VO, (+23%), Vg (+27%),
HR (+11%), and CO (+13%) and lower total peripheral
resistance (—14%). Nash et al. (64) trained eight subjects
with tetraplegia using FES leg cycle ergometry for 6
months and noted reversal of echocardiographically de-
termined myocardial atrophy with the increased volume
load during exercise (65). Faghri et al. (66) reported FES-
LCE training responses of seven subjects with tetraplegia
and six subjects with paraplegia. Twelve weeks of LCE
training resulted in a 270% increase in 30-minute training
PO (4.6 versus 17.3 W). Resting HR, SBP, and SV
increased in subjects with tetraplegia (suggesting more

cardiovascular stability), whereas they decreased in sub-
jects with paraplegia. SBP, DBP, and MAP responses de-
creased during submaximal exercise in both groups.
Janssen et al. (67) have summarized the training effects
and clinical efficacy of training with FES-LCE. Although
many studies have documented physiologic training ef-
fects, no randomized, controlled clinical trials have been
conducted to determine efficacy or effectiveness of FES-
LCE for improving health or functional status.

Combined Arm and Leg (Hybrid) Ergometry

Two groups have trained SCI subjects using voluntary
ACE combined with FES-LCE (hybrid exercise). Figoni et
al. (68) trained 14 subjects with tetraplegia for 12 weeks
on a hybrid ergometer and observed the following in-
creases in peak responses: PO by 18% (40 versus 47 W),
VO, by 18% (1.28 versus 1.51 I/min), and Vg by 36% (49
versus 66 L/min). No changes in peak cardiovascular re-
sponses (HR, SV, CO, or BP) were observed. Thijssen et al.
(69) studied arterial adaptations resulting from 6 weeks of
hybrid FES training in 9 subjects with SCI. They found in-
creases in resting and peak blood flow, resting arterial di-
ameter, and flow-mediated diameter in the femoral artery.
Six weeks of detraining reversed changes in blood flows,
vascular resistance, and femoral diameter (but not flow-
mediated diameter) within 1 week.

Resistance Training

Cooney and Walker (70) trained 10 SCI subjects (with
tetra- or paraplegia) with hydraulic resistance exercise (3
sessions/wk, 9 weeks, 60-90 HR,c.i). Mean peak PO and
VO, during ACE increased 28% and 37%, respectively.
Also, Jacobs et al. (71) tested the effects of circuit resist-
ance training on peak upper-body cardiorespiratory en-
durance and muscle strength in 10 men with T5-L1 SCI
paraplegia. Subjects completed 12 weeks of training,
using isoinertial resistance exercises on a multistation
gym and high-speed, low-resistance ACE. Peak ACE tests,
upper-extremity isoinertial strength testing, and testing of
upper-extremity isokinetic strength were all performed
before and after training. Subjects increased peak VO, and
PO by 30%. Increases in isoinertial muscular strength
ranged from 12% to 30%. Increases in isokinetic strength
were also observed for shoulder internal rotation, exten-
sion, abduction, adduction, and horizontal adduction.
Improper upper-extremity resistance training can induce
or aggravate shoulder pain in SCI persons. However, Nash
et al. (72) reported both increases in upper-body muscular
strength, endurance, and anaerobic power and decreases in
shoulder pain resulting from 4 months of circuit resistance
training in 7 middle-aged men with thoracic paraplegia. The
training involved alternating high-resistance exercises and
high-speed, low-resistance arm exercises. Two randomized
controlled trials (73,74) have demonstrated the efficacy of
therapeutic shoulder exercises for decreasing shoulder pain
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in adults with SCI and SB. Both programs involved home-
based exercises to stretch anterior shoulder musculature
and to strengthen posterior shoulder musculature.

Mixed Fitness Training

Hicks et al. (75) conducted a randomized controlled trial
of mixed fitness training (aerobic and resistance exercises
for 9 months, twice weekly) with a diverse group of 23
men and women (ages 19-65 years, SCI levels C4-L1,
ASIA A-D). The training intervention primarily used ACE,
pulley and free weights, and accessible Equalizer weight
machines. Compared with an educational intervention
control group (n = 13), the exercise training group signif-
icantly increased submaximal ACE power output by 81%)
and 1-RM strength in upper body muscle groups (19%-—
34%). The training group also reported less pain, stress,
and depression after training and scored higher than the
control group on indices of satisfaction with physical func-
tion, perceived health, and quality of life.

Body Weight Supported Treadmill Training (BWSTT)

Early animal studies examining recovery of hindlimb step-
ping after complete low thoracic SCI have evolved into
human trials. An experimental training method for persons
with SCI involves manual positioning of the legs by thera-
pists or robotic devices while subjects perform limb-loaded
stepping movements on a treadmill with their body weight
partially suspended by a harness, with or without electrical
stimulation of paralyzed muscles. Several reports describe
subjects with complete and incomplete SCI recovering ther-
apeutic or functional levels of ambulation (76,77). Nash
et al. (78) demonstrated in a case report that robotically as-
sisted BWSTT can induce slight acute increases in metabolic
rate (by 2.4 metabolic equivalents [METs]) and HR (by 17
bpm). The potential for BWSTT to improve fitness and
health in selected SCI individuals is largely undocumented.
Dobkin et al. (79) reported a recent clinical trial to compare
the functional outcomes of BWSTT with conventional am-
bulation training and concluded no differences between the
interventions in persons with incomplete SCI.

Spina Bifida
Arm Ergometry

Ekblom and Lundberg (80) trained 10 adolescents (7 SB
and 3 SCI, mean age 17 years, 6 female and 4 male) with
wheelchair exercise (30 min/session, 2—3 sessions/wk,
6 weeks). Although VO, (1.1 L/min) did not change,
PO,cak increased by 5.5 W (10%) to 60 W.

Resistance Training

Although no resistance exercise training studies are pub-
lished that utilized adults with only SB, a few small-scale
studies have documented training responses of children
or adolescents with SB. Andrade et al. (25) found that a
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10-week exercise program significantly increased cardio-
vascular fitness, isometric muscle strength, and self-con-
cept in eight children with SB compared with control chil-
dren. Also, O’Connell and Barnhart (81) resistance-trained
three children (ages 4, 5, and 16) with thoracic SB. Train-
ing consisted of seven upper body exercises using free
weights: 30 min/session, 3 sets X 6-repetition maximum
(RM), 3 sessions/wk for 9 weeks. All children improved 6-
RM muscular strength by 70%-300%, 50-m dash time by
20%, and 12-min wheelchair propulsion distance by 29%.
Thus, similar to youth without SCD, resistance training
improves strength and general fitness.

PHYSICAL EXAMINATION

To design a program for the participant with SCD ade-
quately, a systematic neurologic examination of the sen-
sory and motor function is required. A well-defined se-
quence is provided in the International Standards for
Neurological and Functional Classification of Spinal Cord
Injury (6). Beyond motor and sensory evaluation, atten-
tion must be paid to joint range of motion (ROM), spas-
ticity status, and skin integrity. Programs will need to be
tailored depending on contracture status, severe spasticity
or flaccidity, and the presence of open pressure sores in
weight-bearing areas. Some people with SCI require com-
prehensive pain management for chronic dysesthetic,
spinal, or upper-extremity overuse syndromes. These and
other functional tests (82,83) may include joint flexibility
or ROM; manual muscle testing to determine muscle im-
balance and risk of contracture; testing of reflexes, muscle
tone, and spasticity; equipment evaluation (wheelchair
and cushion, assistive and orthotic devices); home evalu-
ation for accessibility and modification; and psychological
evaluation to promote adjustment or coping and to assess
or control depression and substance abuse. Because of
susceptibility to pressure sores, people with SCD also
need to perform frequent inspections of insensitive
weight-bearing skin areas to assess skin integrity.

MEDICAL AND SURGICAL TREATMENTS

Multiple medical, nursing, and allied health professional
services are utilized during SCD rehabilitation (84).
Shortly after injury, neurosurgery, orthopedic surgery, or
both are usually necessary to stabilize spinal fractures
and dislocations. Internal fixation devices and fusion
(rodding, plating, screws, bone grafts) are often neces-
sary to accomplish this after traumatic SCI. The instru-
mentation and postsurgical healing must be adequate to
withstand exercise demands. External spinal orthoses,
such as halo, and other spinal orthoses are common for
several weeks after surgery to stabilize the healing spine.
Other orthopedic injuries often acquired during trau-
matic SCI include limb fracture and closed head injury.
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Physiatrists usually coordinate the rehabilitation team
(84). Typically, physical therapists, occupational therapists,
clinical exercise physiologists, or kinesiotherapists mobi-
lize patients as soon as possible after SCI to restore toler-
ance of upright posture, joint flexibility and RON, muscu-
lar strength, and independence in ADLs (bed and mat
mobility, transfers, wheelchair propulsion, ambulation, or-
thotic self-care activities, such as dressing, eating, groom-
ing). They also provide adapted driver education and train-
ing, home exercise programs, referral to community fitness
programs, and prescribed self-care equipment and assistive
technology, including a wheelchair with cushion. Nursing
coordinates inpatient personal care, education, and follow-
up, especially bowel, bladder, and hygienic concerns. Ther-
apeutic recreation contributes to community reintegration
through leisure counseling, social activities, and sports.
Other rehabilitation team members include (a) the dieti-
cian for nutrition assessment and education and (b) the so-
cial worker for planning about financial, discharge, place-
ment, and family and social support issues. A vocational

rehabilitation specialist will deal with reemployment train-
ing and education. A urologist will treat bladder dysfunc-
tion with medications or surgery to improve bladder filling
and emptying and urinary drainage (85). Further, a careful
history of adequate bowel and bladder management should
be obtained. These programs should be well managed be-
fore initiation of exercise therapy. A detailed history of the
patient’s autonomic dysreflexia status should be investi-
gated, including identification of known stimuli to prevent
exacerbating the condition with exercise. Also, any im-
planted device, including cardiac pacemakers, intrathecal
pumps, and FES devices, should be checked for adequate
functional status and to be sure that the system or device
does not preclude exercise interventions.

PHARMACOLOGY

Table 5.4 summarizes medications commonly used by
people with SCD (86). These fall into three classes: spas-
molytics (antispasticity, e.g., baclofen and Valium) and

TABLE 5.4. COMMON MEDICATIONS IN PEOPLE WITH SCD (72)

BRAND NAME GENERIC NAME DAILY DOSAGE ACTION THERAPEUTIC PURPOSE  EXERCISE SIDE EFFECTS
Spasmolytics
Dibenzyline Phenoxybenzamine  20-40 mg, Long-acting adrenergic Relax bladder smooth Tachycardia,
BID/TID alpha-receptor muscle, prevent auto- hypotension,
blocking agent nomic dysreflexia palpitations
Ditropan Oxybutynin 5-15mg Direct spasmolytic and Facilitate bladder filling and  Tachycardia,
hydrochloride antimuscarinic emptying hypotension
(atropinelike) effect
on bladder smooth
muscle
Lioresal Baclofen 20-80 mg Centrally acting GABA Decrease spasticity CNS depression,
agonist hypotension
Valium Diazepam 15-30 mg Centrally acting, Decrease spasticity Transient CV depression,
facilitates sedation, dizziness,
postsynaptic effects incoordination
of GABA
Dantrium Dantrolene sodium  50-400 mg Decrease calcium Decrease spasticity Sedation, dizziness,
release from sarco- weakness
plasmic reticulum at
neuromuscular
junction in spinal
cord
Catapres Clonidine 1-2 mg Centrally acting alpha-2 ~ Decrease spasticity Hypotension, bradycardia
hydrochloride adrenergic antagonist
Zanaflex Tizanidine 8 mg/8 hr Alpha-2 adrenergic Decrease spasticity Mild sedation

hydrochloride

antagonist

Antithrombotic/Coagulants

Blood anticoagulation
Blood anticoagulation

Prevent/treat blood clots
Prevent/treat blood clots

Hemorrhage, bruisability
Hemorrhage, bruisability

Coumadin Warfarin —
Heparin Heparin sodium 100 units/kg/
4 hrvia IV
Antibiotics
Bactrim Cotrioxazole 800 mg tablet
(sulfamethoxazole- PO q 12 hr X
trimethoprim) 14 days

Inhibits formation
of dihydrofolic acid
from PABA
bacteriocidal

Prevent/treat urinary tract
infections

None

BID, twice daily; CNS, central nervous system; CV, cardiovascular; GABA, y-aminobutyric acid; PABA, para-aminobutyric acid; PO, orally; TID, three times daily.
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antithrombics (anticoagulation, e.g., warfarin), and an-
tibiotics (e.g., Bactrim). Neurogenic bladder treatment
may require alpha-blocking agents that induce hypoten-
sion, especially in persons with tetraplegia (86). Persons
with a history of deep venous thrombosis may be taking
warfarin, which leads to easy bruisability. Aging persons
with SCD are at risk for cardiovascular and metabolic dis-
ease and may take medications for hypertension, diabetes,
dyslipidemia, dysrhythmia, and congestive heart failure.

DIAGNOSTIC PROCEDURES

The physician will judge the necessity and extent of initial
diagnostic procedures that will depend on the prospective
participant’s documented medical history and physical ex-
amination. If FES-LCE exercise will be utilized in exercise
programming, the participants file should include baseline
radiographs (including plain x-rays, scans for osseous tis-
sue, and magnetic resonance imaging [MRI] for soft tis-
sues) showing adequacy of spinal alignment and integrity
of internal stabilization. Baseline pulmonary function tests
are desirable for those with tetraplegia or tetraparesis. The
nature and extent of the changes in ventilatory function
and cough depend to a great extent on level of neurological
injury or dysfunction. If the client is middle-aged or older
or if sufficient coronary risk factors exist, electrocardio-
grams (ECG) and myocardial perfusion tests should be ob-
tained as baseline evaluations of the participant’s cardiac
status. Also, laboratory analysis of baseline hematologic
and metabolic status would be useful, including a complete
blood count, electrolytes, renal indices, thyroid and liver
function, lipid panel, fasting blood sugar, and glucose toler-
ance. Urodynamic evaluation is necessary to assess bladder
responses to filling and emptying (e.g., voiding cys-
tourethrogram). Finally, because osteoporosis is common
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below the level of injury in SCD and, with immobilization
in other conditions, consider evaluation of bone mineral
status (bone densitometry) as part of the initial workup.

EXERCISE/FITNESS/FUNCTIONAL
TESTING

GUIDELINES

During rehabilitation of persons with SCD, functional
testing takes priority over physiologic testing to promote
functional independence at the fastest rate possible. For
example, rehabilitation goals usually include independent
mobility via weight-bearing or wheelchair ambulation,
transfers, and self-care with or without assistive devices.
The fitness requirements of these tasks are specific to the
functional tasks themselves. The cardiovascular and
metabolic demands of walking and wheelchair ambula-
tion are the greatest of all functional tasks, hence, the im-
portance of exercise tolerance and capacity during reha-
bilitation. Aerobic fitness is necessary for long-distance
mobility, some recreational activities, competitive sports,
and long-term cardiovascular health. Neuromuscular co-
ordination and skill, balance and stability, and muscular
strength and endurance are necessary to various degrees
for safe standing, ambulation, transfers, driving, and other
self-care activities.

Table 5.5 lists relative and absolute contraindications
for cardiovascular exercise testing of persons with SCD.
These are the same as for people without disabilities and
include several disability-specific conditions.

Adpvice from the person with SCD concerning exercise
modes and proper positioning or strapping is often use-
ful. Adapt the exercise equipment, as needed, and pro-
vide for the following special needs (87):

TABLE 5.5. DISABILITY-SPECIFIC RELATIVE AND ABSOLUTE CONTRAINDICATIONS FOR EXERCISE
TESTING OF PERSONS WITH SPINAL CORD INJURY (SCI) AND SPINA BIFIDA (SB)

SCI

RELATIVE Tetraplegia Paraplegia SB
Asymptomatic hypotension X
Muscle and joint discomfort X X X
ABSOLUTE
Autonomic dysreflexia X
Severe or infected skin pressure sore on weight-bearing skin areas X X X
Symptomatic hypotension (dizziness, nausea, palor, extreme fatigue, X

visual disturbance, confusion)
Iliness caused by acute urinary tract infection X X X
Uncontrolled spasticity or pain X X X
Unstable fracture X X X
Uncontrolled hot humid environments X
Inability to safely seat and stabilize the person on well-cushioned or padded X X X

ergometers or equipment
Insufficient range of motion to perform exercise task X X

X, special relevance to SCl or SB.
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. Trunk stabilization (straps)

. Securing hands on crank handles (holding gloves)

. Skin protection (seat cushion and padding)

. Prevention of bladder overdistension (i.e., empty blad-

der or urinary collection device immediately before test)

5. Vascular support to help maintain BP and improve exer-
cise tolerance (elastic stockings and abdominal binder)

6. Use an environmentally controlled thermoneutral or
cool laboratory or clinic to compensate for impaired
sweating and thermoregulation. If necessary, use fans
and water for compresses, misting, and hydration.

7. Design a discontinuous incremental testing protocol
that allows monitoring of both HR, BP, rating of per-
ceived exertion (RPE), and exercise tolerance at each
stage. PO increments may range from 1 to 20 W, de-
pending on exercise mode, level and completeness of
injury, and training status.

8. Expect POpqi for persons with tetraplegia to range
from 0 to 50 W and 50 to 150 W for persons with para-
plegia. The workloads are dependent on the mode
used (e.g., ACE versus WERG versus FES-LCE)

9. Treat postexercise hypotension and exhaustion with

rest, recumbency, leg elevation, and fluid ingestion.

AW N~

AEROBIC EXERCISE TEST PROTOCOLS
A. Field Tests

1. University of Toronto Arm Crank Protocol (15,88): This
field test is a discontinuous submaximal protocol to pre-
dict VOzpeak from submaximal HR responses to arm-
crank ergometry. Subjects performed three 5-minute ex-
ercise stages at approximately 40%, 60%, and 80% of
age-predicted HR .. With 2-minute rest periods between
stages. HR was monitored continuously and recorded
during the last 10 seconds of each stage. Based on labora-
tory assessment of VOzpeak in 49 subjects with lower-
limb disabilities, including tetraplegia and paraplegia, the
following regression equations were developed to predict
VOspear in L/min; for males: VO,,eac = 0.018 X (ACE
PO in watts) + 0.40 (r = 0.88, SEE = 0.20 L/min); for fe-
males: VOpeac = 0.017 X (ACE PO in watts) + 0.37 (r =
0.85, SEE = 0.15 L/min). The coefficient of variation
of individual differences between direct and predicted
values was 12.5% for males and 14.5% for females.

2. Franklin et al. (89) developed a wheelchair field test to
estimate VOzpeak. Thirty male adult wheelchair users
(mean age 34 years) performed an arm-crank VOzpmk
test in a laboratory and a 12-minute maximal wheelchair
propulsion test for distance using a standardized light-
weight wheelchair (Quickie II) on a 0.1-mile indoor
synthetic track. The mean peak PO, VO, and wheelchair
propulsion distance were 89 W, 22 ml/kg/min, and 1.11
mile, respectively. The following regression equation was
developed to predict VO, in mL/kg/min: VO3 peac =
(distance in miles — 0.37) + 0.0337;r = 0.84.

3. Pare etal. (90) developed a regression equation to pre-
dict VO, pear from submaximal wheelchair ergometry
PO in 35 adults with SCI paraplegia: VO in L/min =
(0.02 X POpeax in watts) + 0.79; r = 0.80, SEE = 0.22
L/min). Prediction improved slightly when predicted
VOzpeak, 9%HR a1, and body mass were included in the
equation, but they admitted great variability among
subjects.

B. Laboratory Tests

Generally, graded exercise testing for people with SCD in-
volves discontinuous arm-crank ergometry protocols with
five to six stages/test, 2—4 min/stage, and an initial stage of
0-20 W (warm-up). PO increments must be appropriate
for the individual, depending on his or her functional
level of SCI, muscular strength, and conditioning level.
Most persons with tetraplegia require very small PO in-
crements (5-10 W/stage). People with paraplegia may re-
quire PO increments of 10-20 W/stage. If deconditioned,
PO increments may be lower. Allow 2- to 3-minute rest
periods between stages to prevent premature fatigue and
to allow monitoring of HR, ECG, BP, RPE, and symptoms.
After the test, allow several minutes for cool-down and re-
covery, especially if the subject experienced symptoms of
hypotension or severe exhaustion (87). Similar protocols
have been utilized by Glaser et al. (91,92), Kofsky et al.
(88), Franklin et al. (89), and Morrison et al. (26).

FITNESS TESTING

Winnick and Short (24) have published detailed physi-
cal fitness assessment protocols and standards for youths
with SCD, ages 10-17 years. The recommended test
items include the “Target aerobic movement test” (93);
triceps skinfold or triceps + subscapular skinfolds for
body composition; reverse curl, seated push-up, and
dominant handgrip; modified Apley and Thomas tests;
and target stretch tests adapted for specific joint motions
for musculoskeletal functioning. No such standardized
tests exist for adults with SCD, but the above items could
be adapted for adults. The field tests of Kofsky et al. (88)
and Franklin et al. (89) can also be useful for estimating
VOzpeak from arm-crank ergometry or wheelchair
propulsion performance.

FUNCTIONAL TESTING

During rehabilitation, the Functional Independence Mea-
sure (8,94) is used most often to assess functional inde-
pendence. Different versions exist for adults and children
with SCD. A variety of other functional outcome meas-
ures in SCI rehabilitation are discussed by Cole et al.
(95). HR responses and timed performances of various
daily living functional tasks such as mobility and trans-
fers are also used to reflect functional status (26,51,52).


http://www.acsm.org

EXERCISE PRESCRIPTION AND
PROGRAMMING

GENERAL GUIDELINES

Rimaud et al. (96) reviewed 25 cardiorespiratory training
studies involving SCI subjects that varied greatly in pro-
gram parameters and outcomes. As a starting point and
on the basis of proven efficacy and specificity to daily ac-
tivity patterns, they recommended interval WERG train-
ing at =70% HR . for 30 minutes per session, three ses-
sions per week for 8 weeks. The following general
guidelines can contribute to the development of safe, ef-
fective, and standardized methods for rehabilitative exer-
cise evaluation and treatment and long-term fitness serv-
ices and sports programming for people with SCD:

1. Exercise modes: Aerobic cardiopulmonary training
modes may include ACE, WERG, wheelchair propul-
sion on extra-wide treadmill or rollers; free wheeling
over ground; swimming and other aquatic exercises;
vigorous sports, such as wheelchair basketball, quad
rugby, and wheelchair racing; arm-powered cycling;
seated aerobic exercises; FES-LCE with or without
combination with voluntary ACE; and vigorous ADLs,
such as ambulation with assistive devices.

2. Regulation of exercise: In general, using HR to gauge ex-
ercise intensity for the SCD population is problematic
because of the poor relationships between HR, VO,,
and symptoms (98,99). Discrepancies are attributable
to varying amounts of active muscle mass, complete-
ness of spinal cord lesion, levels of spinal neurologic
function, and autonomic control of HR and hemody-
namics. However, within individuals, the relationship
between HR and VO, is likely to be more predictable
and may be useful to guide exercise training intensity.
Janssen et al. (53) and Dallmeijer et al. (54) have used
percentage of HR ..y successfully to gauge the relative
exercise intensity (physical strain) of various daily ac-
tivities and exercise performance relative to individu-
ally determined HRc.x values. With continuous HR
monitoring, %HR cserve can be calculated as follows: %
HRreserve = (HRpeak - HRobserved) - (HRpeak - HRrest)
X 100. Hayes et al. (100) used HR from a maximal ACE
test to predict energy expenditure (EE) during five
ADLs in a diverse group of 13 nonambulatory SCI per-
sons (ages 35-72, levels C5-L5, ASIA A-D, HRpe.x
96-216 bpm). The ADLs included desk work, washing
dishes, transfer between wheelchair and beds, wheeling
on tile, and laundry tasks. In general, HRs derived from
individualized regression equations explained 55% of
the variance in measured EE. However, EE from cali-
brated HR consistently overestimated the actual EE by
about 25%. Therefore, HR can be used only as a gross
estimate of EE during higher-intensity ADLs.

If accurate HR monitoring is not possible, the Borg
CR-11 RPE scale (101) can be used to obtain a reliable
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estimate of relative exercise intensity. Therefore,
“moderate”-intensity exercise would be perceived as
RPE = 3, “strong” as RPE = 5, “very strong” as RPE = 7,
“extremely strong” as RPE = 10, and “absolute maxi-
mum” as RPE = 11. As exercise tolerance and fitness
improves through training, the exerciser performs at
higher POs while reporting the same RPE values.

. Environment: For training, use an environmentally con-

trolled, thermoneutral or cool gym, laboratory, or clinic
for persons with tetraplegia. Individuals with impaired
thermoregulation can exercise outdoors if provisions
are made for extreme conditions. If necessary, drink flu-
ids before, during, and after exercise. Exercise only in
thermally neutral environments such as in a laboratory
or clinic with air-conditioning to control temperature
and humidity, especially for persons with tetraplegia.

. Safety:

e Always supervise persons with SCD, especially
those with SCI tetraplegia.

o If they are not exercising in their wheelchairs, two
people may be necessary for manual transfer of large
individuals to and from exercise equipment.

e A person with tetraplegia may need assistance to
perform an exercise, to adjust machines and se-
lected weights, and to perform flexibility exercises.

 Follow all disability-specific precautions concern-
ing skin, bones, stabilization, handgrip, bladder,
bowels, illness, hypo- or hypertension, pain, or-
thopedic complications, and medications. For in-
dividuals with tetraplegia who are susceptible to
orthostatic and exercise hypotension, monitor BP
and symptoms regularly. Be prepared to reposition
a symptomatic hypotensive person with tetraplegia
to a more recumbent posture, and apply support
stockings and abdominal binder to help maintain
BP. The latter may influence exercise options.

» To prevent and treat upper-extremity overuse syn-
dromes, vary exercise modes from week to week,
strengthen muscles of the upper back and posterior
shoulder (especially shoulder external rotators),
and stretch muscles of anterior shoulder and chest.

* Emptying the bladder or urinary collection device
immediately beforehand may prevent dysreflexic
symptoms during exercise. People with tetraplegia
should not “boost” (i.e., self-induce “controlled” au-
tonomic dysreflexia) during exercise to improve ex-
ercise tolerance (i.e., prevent hypotension) because
of the danger of stroke and renal infection or damage.

. Follow-up: Consult a physician and appropriate nurs-

ing or allied health personnel to answer specific ques-
tions concerning medical complications to which the
persons with SCD may be susceptible.

. Training principles: Following the universal training

principles is necessary for achieving training outcomes.
 Specificity: Focus exercise training activities on
functional tasks to improve mobility and increase
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general lifestyle physical activity for health. Include
all components of fitness: flexibility, muscular
strength and endurance, aerobic fitness, and coordi-
nation for high-skill functional or recreational tasks.
For aerobic training, the greater the exercising mus-
cle mass, the greater the expected improvements in
all physiologic and performance parameters. Arm
training may prevent profound deconditioning, but
will probably only induce peripheral training effects
in the arm muscles. Combined arm and leg ergome-
try or exercise may induce both muscular and cen-
tral cardiopulmonary training effects.

Overload: Perform exercise at a higher intensity, dura-
tion, or frequency than that to which the person is ac-
customed. Fine-tune these according to feedback
from the exerciser’s subsequent soreness, and so forth.
Progression: Expect small absolute (peak PO or VO,)
improvements. Health maintenance and prevention of
secondary conditions are essential for progressing to
high levels of fitness for sports and optimal functional

performance. Increases in exercise duration are more
likely to be seen in persons with SCD before absolute
improvements in peak PO or VO,.

* Regularity: Exercise every week for at least three
sessions per week as per American College of Sports
Medicine/American Heart Association (ACSM-
AHA) recommendations (102). Plan to continue the
exercise training program indefinitely. Fulfill the
recommendation of at least 30 minutes of daily,
moderate, and varied physical activities.

EXERCISE PRESCRIPTION

Useful exercise prescriptions specify the modes, fre-
quency, intensity, and duration of exercises for an indi-
vidual with known abilities and needs. Because of the di-
verse functional presentations of SCD and varying fitness
goals, it is impossible to specify these parameters. How-
ever, approximations for beginners and advanced exercis-
ers with SCD are listed in Table 5.6.

TABLE 5.6. COMPONENTS OF THE BEGINNING AND ADVANCED EXERCISE PRESCRIPTION
FOR PERSONS WITH SPINAL CORD DYSFUNCTION

COMPONENT BEGINNING (MINIMUM) ADVANCED (MAXIMUM)

Flexibility

Modes Static or dynamic stretching, standing frame, Partner  Joint motions Scapular adduction, shoulder hori-
stretching, PNF stretching (contract-relax, and so zontal abduction and extension, elbow extension,
forth), standing frame hip extension, knee extension, ankle dorsiflexion

Frequency Daily Twice daily

Intensity Moderate Moderate

Duration 30 s/stretch, 10 min/session 30 s/stretch, 30 min/session

Muscular Strength
Modes

Muscle groups

Frequency
Intensity
Duration

Muscular Endurance
Modes

Muscle groups
Frequency
Intensity
Duration

Aerobic/Cardiopulmonary Fitness
Modes

Frequency
Intensity

Duration
Coordination/Skill
Modes

Frequency
Intensity

Duration

Active assistive, dumbbells, wrist weight, body weight
resistance, elastic bands or tubing

Scapular depressors, elbow extensors, latissimus
dorsi, and so on. (all innervated muscle groups
in balance, if possible)

2 X/wk

15-RM

1 set X 15 repetitions/exercise X 5 exercises

Same as above for muscular strength, aquatics

Same as for muscular strength
2 X/wk

Moderate (RPE = 4/11)

1 set X 1 min/exercise

Walking, wheeling, seated or standing aerobics,
sports, interval training, fartlek

2-3 X /wk

Moderate (RPE = 3/11)

5 min/session

Skill-specific

Daily

Low (avoid fatigue)
20 min/session

Resistance machines, barbells, Smith
machine, medicine ball, high-speed isokinetics,
plyometrics

Daily
1-10-RM
2-3 sets X 1-10 repetitions/exercise X 15 exercises

Same as above for muscular strength, circuit training,
medicine ball

Same as above for muscular strength

Daily

Maximal (RPE = 10/11)

2-3 sets X 2-5 min/exercise

Fast walking, jogging, wheeling, arm or leg cycling,
swimming, racing, rowing, arm or leg cycling

1-2 daily

Moderate-extremely strong (RPE = 3-10)

60+ min/session

Skill-specific

Twice daily

Low (avoid fatigue)
60+ min/session

PNF, proprioceptive neuromuscular facilitation; RM, repetition maximum; RPE, rating of perceived exertion.
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EDUCATION AND COUNSELING

Coyle and Kinney (103) indicated that leisure satisfaction
was the most important and significant predictor of life sat-
isfaction among adults with disability. Edwards (104) noted
that the leading two services desired but not received by in-
dividuals following SCI were planning an exercise program
(43%) and providing a referral to a fitness center (26%).
Moreover, the ability to meet the physical and psychosocial
needs of the person affected by SCD is critical to the pursuit
of independent productivity (105). Figoni et al. (106) iden-
tified multiple physical barriers and inaccessibility of fit-
ness facilities and services. Scelza et al. (107) surveyed 72
people with SCI about perceived barriers to exercise. The
most frequently cited concerns fell into three areas: (a) in-
trapersonal or intrinsic (e.g., lack of motivation, lack of en-
ergy, lack of interest), (b) resources (e.g., cost of an exercise
program, not knowing where to exercise), and (¢) structural
or architectural (e.g., accessibility of facilities and knowl-
edgeable instructors). More individuals with tetraplegia re-
ported concerns over exercise being too difficult and that
health concerns kept them from exercising. Greater num-
ber of concerns were significantly related to higher levels of
perceived stress. These findings underscore the need for re-
habilitation and exercise providers to promote lifelong fit-
ness, to provide instruction and guidelines, and to refer to
accessible fitness centers to assist in meeting the identified
needs of this population.
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With the decline in the duration and reimbursement of
(re)habilitation services (108) and the scarcity of frequent
adapted physical education in schools, more and more peo-
ple with SCD are seeking community-based exercise and fit-
ness opportunities (109). Because many people with SCD
are marginally independent, deconditioning and activity-re-
lated secondary conditions will make independence more
difficult or impossible. Along with physical education and
fitness education that all students should receive, people
with SCD need physical activity and exercise counseling to
learn about benefits of activity, to identify and remove barri-
ers to exercise, and to solve problems related to accessibility
or availability of adapted fitness services (110). In particular,
the many barriers to physical activity and exercise for people
with SCD may not be readily apparent to professionals.

Adherence to physical activity and exercise programs is
as important as the programs themselves. People without
SCD report that their main barriers (111) are lack of social
support, unavailability of facilities, time constraints, and
cost. Persons with SCD may face additional barriers, such
as muscle paralysis, secondary medical conditions and
symptoms, need for physical assistance, inaccessibility of
facilities, and inappropriateness of equipment and serv-
ices (106,111). Table 5.7 summarizes many of these barri-
ers and some potential solutions. One recent publication
makes many suggestions for accessibility or universal de-
sign of fitness facilities and adaptation of exercise pro-
grams and equipment for people with SCD (112).

TABLE 5.7. FACILITATING FACTORS AND INTRINSIC/EXTRINSIC ALTERABLE/UNALTERABLE INHIBITING
FACTORS AFFECTING ADHERENCE OF PERSONS WITH SPINAL CORD DYSFUNCTION TO EXERCISE

PROGRAMS

FACILITATORS
Dedication to specific goals, intention to exercise
Belief that benefits will outweigh costs/risks
(improved function, health, and so on)
Reliable transportation to facility
Good weather/driving conditions
Bowels/bladder managed OK today
Clean exercise clothes
Enjoy fun physical activity/exercise
Comfortable with (accepted by) other people at facility
Attendance has priority over other competing activities
Expectation of staff and peers to attend
Clean, safe, air-conditioned facility
Can participate year-round indoors
Competition, adherence

INHIBITORS OR BARRIERS

Not currently ill
Access to lots of exercise equipment at home or facility

Free accessible parking available
Accessible facility entrances and halls
Accessible scale

Appropriate accessible equipment
Appropriate adaptations to equipment
Assistance available

Expert staff

Social activity (meet friends at facility)
Service charges covered by project (affordable)
Culturally sensitive environment

Child care available

STRATEGY TO REMOVE BARRIER

INTRINSIC (DISABILITY, PERSONALITY, BELIEFS, ATTITUDES, PREFERENCES, INTERESTS)

Alterable
Exercise is boring
Muscle or joint soreness

Fear of injury

Frequent temporary illness (cold, flu, allergy, UTI, sores)
Lack of goal orientation

Belief that costs/risks will outweigh benefits

Cannot stick with it (low self-efficacy/will-power)

Listen to music, keep mind occupied, wheel/bike outdoors
Initial soreness will go away in a few days, build up gradually, stretch

after activity, analgesics

See staff/healthcare provider, education

See healthcare provider, education

See staff/healthcare provider, education

See staff/healthcare provider, education

Try it, improve confidence/success/discipline, social support, rewards,

benefits, record-keeping, adherence

(continued)
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TABLE 5.7. FACILITATING FACTORS AND INTRINSIC/EXTRINSIC ALTERABLE/UNALTERABLE INHIBITING
FACTORS AFFECTING ADHERENCE OF PERSONS WITH SPINAL CORD DYSFUNCTION TO EXERCISE

PROGRAMS (Continued )

INHIBITORS OR BARRIERS

STRATEGY TO REMOVE BARRIER

INTRINSIC (DISABILITY, PERSONALITY, BELIEFS, ATTITUDES, PREFERENCES, INTERESTS)

Alterable

Prefer outdoors to indoors

Cultural insensitivity of staff/participants
Bowel/bladder accident before attendance
No previous experience or sport history
Does not enjoy exercise

Uncomfortable with (not accepted by) other people
Dislike staff or participants

Persistent hypotensive symptoms (dizzy, sick, weak),
poor orthostatic tolerance

Too tired, not enough energy, too much effort

Poor balance

Poor hand grip

Cannot use equipment (transfer, change weight, grasp)

Severe arthritis or joint pain

Embarrassment (poor body image)

Substance abuse

Does not like to ask for help

Likes to be alone

Family does not encourage me to exercise

Exercise has low priority

Never see anyone else exercising

No friends or family who exercise

Do not know how to exercise or what to do

Too old to exercise

Healthcare provider said not to exercise

Never had P.E., sport, or activities when | was younger

Do outdoor activities

Staff training

See healthcare provider

Start hobby or enjoyable activity that gets you moving

Do not “exercise,” try different activities, Do not focus on
discomfort

See healthcare provider (psychology)

Be tolerant of diversity (race, gender, level of SCI, athletes), change
location of exercise

Supine posture, aquatics, support hose, binder, orthostatic training
(tilt tolerance table, standing), see healthcare provider, meds

Regular activity improves your energy level

Use straps or partner/staff to stabilize

Use holding gloves, wraps, or wrist cuffs

Use adapted exercise equipment

See healthcare provider

See healthcare provider, psychology

See healthcare provider

Assertiveness and social skills training

Social skills training, use social support

Convince family of benefits of exercise

See staff/healthcare provider, prioritize and plan

Attend a fitness facility or our program

Find a partner who will exercise, meet other participants

See healthcare provider, education

See healthcare provider, education

See healthcare provider, education

Never too late to learn and benefit

Unalterable

Paralysis

Incoordination, spasticity

Low pain threshold

Occasional illness

Cognitive impairment, ADD, mental illness

Exercise innervated muscles, FES for paralyzed muscles
Use simpler/slower exercises, practice skills

Build up gradually, analgesics

Be patient

See healthcare provider

Alterable

Medications make me drowsy

No clean exercise clothes

Neighborhood safety

Child care unavailable

Family demands

No role models present

Unreliable transportation to facility, can’t drive

Bad weather/driving conditions
Lack of time, takes time from family/job responsibilities

Inconvenient facility times

Exercise is hard work and takes too much energy
Chronic pain

Exacerbates an existing medical condition

Hours conflict with work/school

Music is too loud

Facility is too far away

Exercise costs too much

Heavy work schedule

See healthcare provider

Do laundry more often; plan ahead

Bring friend, move

Plan ahead, have alternatives, bring child

Plan ahead, bring family

Find one, Big Brothers, Big Sisters

Plan ahead, learn to drive, hand controls, repair car, public transport,
alternative means of transport

Exercise at home, have alternate plans

Time management, shorter exercise sessions, watch less TV, make

exercise a high priority, exercise improves function and job performance

Expand facility hours, change facilities

Build up gradually

See healthcare provider (education)

See healthcare provider (education)

Plan accordingly

Lower the volume, change facilities

Make time for commute, find closer facility

Benefits outweigh costs, find less expensive facility, exercise at home
Plan accordingly

Unalterable
Emergency, death in family, disaster (tornado, flood, fire)
Facility closes down, research project ends

None
Change facilities, have alternate facility and long-term plan

ADD, attention-deficit disorder; FES, functional electrical stimulation; P.E., physical education; SCI, spinal cord injury; UTI, urinary tract infection.


http://www.acsm.org

Less motivated people with or without SCD need
structured exercise plans that include behavioral sup-
ports to promote adherence. Frequently used supports
include self-monitoring (daily activity or exercise log to
which they are held accountable), frequent reassessment
and tracking of progress with reinforcement, social sup-
port (from staff, exercise partner, or fellow members of an
exercise group or wheelchair sports team), and provi-
sions for relapse prevention.

All exercise professionals need to be psychologically
supportive of efforts made by people with SCD to exer-
cise and remain physically active. They can help them as-
sess their need for specific exercises and activities, set re-
alistic goals, and use effective training methods.
Improvements in health, fitness, and function may have

John sustained a complete spinal cord injury at C8 from a
gun shot wound 5 years ago at age 17. His trunk and leg
musculature are paralyzed, with marked spasticity in the
hip and knee flexors and ankle plantarflexors. The muscle
strength of his upper extremities is normal, but his finger
extensors and intrinsics, wrist flexors, pectorals, and latis-
simus dorsi muscles are weak. John is 180 cm tall and
weighs 110 kg (BMI = 34 kg/m?), with a triceps skinfold
of 25 mm. He has gained 50 pounds over the past 5 years
since his discharge from rehabilitation. He uses a manual
wheelchair and lives independently in the community and
drives an adapted van.

Subjective Data: John complains of arm muscle fatigue,
shoulder pain, dizziness, and shortness of breath when
propelling his manual lightweight everyday wheelchair
and especially up inclines. He considers himself
overweight and out of shape. His posture appears
kyphotic with rounded shoulders, forward head, and
protruding abdomen.

Objective Data: John’s resting HR and BP were 65 bpm
and 90/60 mm Hg, respectively. During a graded arm-
crank exercise test, his PO, was 45 W. He became pro-
gressively more light-headed during the test as his systolic
blood pressure (SBPO decreased to 70 mm Hg and his
diastolic blood pressure (DBP) was inaudible. His HR
peaked at 125 bpm just before extreme arm muscle
fatigue or exhaustion (RPE = 8 on the Borg CR-11 scale).
John takes 20 seconds to push his chair up a standard
(12:1) 4-meter ramp. During a 6-minute wheeling test, he
traveled a distance of 600 meter on a flat, smooth indoor
surface. In addition to his daily activities, the only formal
exercise that John performs on his own is daily stretching.
Assessment: John is physically deconditioned. He needs
improved physical fitness to accomplish his daily activities
without exhaustion or pain. Specifically, he needs decreased
body fat weight, increased triceps and shoulder depressor

CHAPTER 5 Spinal Cord Dysfunction 75

profound effects on the lives of people with SCD that pro-
fessionals may not see in the clinical or fitness setting. If
the person with SCD does not seem to be coping with his
or her disability, the exercise professional should refer
that person to a clinical psychologist for evaluation. Anx-
iety, depression, and chronic pain are common in the
SCD population (113).

Recommended are several excellent practical guide-
lines on fitness and exercise education and training of
people with SCD (96,97,109-122). Additionally, exercise
professionals should be aware that competitive wheel-
chair sports opportunities are available for potential ath-
letes with SCD. They would fit best in events organized
by Wheelchair Sports USA with a classification system
based on neurologic level of spinal nerve function (123).

CASE STUDY

strength and endurance, and balanced shoulder muscle
strength and flexibility. John needs lifestyle modification ed-
ucation, including exercise and nutrition behavior change to
manage his body weight over time. John needs medical eval-
uation to remediate his symptomatic hypotension.

He has substantial upper body muscle mass and strength,
but profoundly impaired autonomic vasomotor and
autonomic control over his cardiovascular system.

Plan: John will consult a registered dietician to implement
an appropriate diet to lose 20 kg of unnecessary fat
weight. John will consult his physician to rule out heart dis-
ease and a physical therapist concerning his shoulder pain.
He will try using an elastic abdominal binder, support
stockings, leg elevation, or supine posture to maintain his
BP during exercise. John will continue all normal daily ac-
tivities with his manual wheelchair. When tolerable, John
will increase his general physical activities to help with
weight management. John will exercise under the guidance
of a Clinical Exercise Physiologist at an accessible fitness
facility at least three sessions per week. Assistance will be
necessary for postural stability.

John’s beginning exercise prescription is as follows.

1. Warm-up (general upper body calisthenics and
seated aerobics, dynamic flexibility exercises for
upper extremities)

2. Shoulder Balance:

a. Therapeutic exercises to strengthen the external
shoulder rotators and scapular retractors, and
stretch the anterior chest and shoulder muscles

3. General Arm Strength, Endurance, and Anaerobic
Power Training:

a. Rickshaw exercise (similar to dips, but on a
wheelchair-accessible machine). Two exercises:
1) With bent elbows (for triceps)

2) With straight elbows (for shoulder depressors)
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. Lateral pull-downs (pulleys)
Rowing (pulleys)

. Incline press (against light machine weights)
Bench press (weight machine)

Day 1: Assessments: Determine 10-RM for each
exercise, and perform Wingate anaerobic power test
(maximal work performed during maximal-effort, high-
intensity arm-cranking for 30 seconds).

Day 2: Training: 2 sets X 10 repetitions at 90%
10-RM

p

rogress according to principles of progressive resis-

tive exercise and principles of overload, progression,

specificity, regularity, and so forth.

4. Aerobic Exercise: Choose two to three acceptable ac-
cessible available modes (e.g., arm-crank ergometry):
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. Repeat assessments every 2 weeks.
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Postpolio and

Guillain-Barré Syndrome

EPIDEMIOLOGY AND
PATHOPHYSIOLOGY

POSTPOLIO SYNDROME

Poliomyelitis is an acute viral disease that attacks the an-
terior horn cells of the lower motor neurons. This disease
reached a peak epidemic period in the United States dur-
ing the 1950s. Poliomyelitis results in flaccid paresis,
paralysis, and atrophy in affected muscle groups with ac-
companying symptoms of fatigue, weakness, and pain.
The acute 2-month phase of the disease is followed by a
functional recovery period. A greater degree of functional
recovery is expected when the percentage of motor neu-
rons damaged, either partially or completely, does not ex-
ceed 50% (1). The functional period phase is usually sta-
ble for 15 years or more after initial diagnosis. During the
stable recovery period, skeletal muscle fibers are reinner-
vated from the lower motor neurons spared by the polio
virus. At some point, however, the remaining motor neu-
rons are unable to generate new sprouts, and denervation
exceeds reinnervation (Figure 6.1). Unable to keep up
with reinnervation, symptoms such as fatigue, weakness,
pain, muscle atrophy, cold intolerance, muscle spasms,
and cramps and the difficulty of completing activities of
daily living (ADLs) can appear. These symptoms are sim-
ilar to the original ones and, therefore, this condition is
termed postpolio syndrome (PPS) (2).

Postpolio syndrome affects a varyingly large percentage
of the almost 1.8 million polio survivors (3-5). Approxi-
mately 40% of these survivors have indicated that fatigue,
associated with PPS, significantly interferes with occupa-
tional performance, and at least 25% of these survivors re-
ported that PPS-related symptoms also interfered with
performance of ADLs (4). Conservatively, PPS affects up
to one-half million polio survivors, 15-40 years after the
original diagnosis, with a peak incidence at 30-34 years.

Two subtypes of PPS are recognized: postpolio pro-
gressive muscular atrophy (PPMA) and musculoskeletal
postpoliomyelitis symptoms (MPPS). PPMA is equated to
neurologic symptoms (i.e., loss of residual motor units)
and, therefore, is regarded as PPS. MPPS, on the other
hand, is secondary to “wear and tear” on joints and not
caused by adverse neurologic changes, and its inclusion
may be why PPS has a varyingly large incidence.

CHAPTER

Postpolio syndrome is more prevalent and more in-
tense in the muscules of the legs (5). It is also prevelant
in the back and arms, but to a lesser degree than the legs
(6). The increased stress on progressively weakening and
wasting muscles heightens joint instability. PPS is has-
tened when original paralysis affected all four limbs, a
ventilator was required, hospitalization was necessary
during acute stages, or the polio virus was contracted
after the age of 10 (7).

In addition to physical fatigue and weakness, difficulty
in concentration, memory, and attention span have been
reported (4). The brain fatigue generator (BFG) model
has been used to explain the cognitive and motor activity
problems. The BFG model suggests that viral damage to
the reticular formation, hypothalamus, thalamic nuclei,
and dopaminergic neurons diminishes cortical activity,
thereby reducing information processing as well as in-
hibiting motor processing. Lower levels of dopamine have
been found in individuals with PPS, suggesting that de-
pleted dopamine can contribute to cognitive and motor
activity problems in PPS. Credibility for this finding was
gained when fatigue, attention span, and memory were
improved in PPS patients when treated with dopamine re-
ceptor agonist medication.

GUILLAIN-BARRE SYNDROME

Guillain-Barré syndrome (GBS) is an autoimmune-medi-
ated process that can result in a self-limiting period (8-16
months) of motor, sensory, or autonomic dysfunction.
GBS is usually described as an acute inflammatory de-
myelinating polyneuropathy characterized by progressive
symmetric ascending muscle weakness, paralysis, and hy-
poreflexia, with or without sensory or autonomic symp-
toms (8). Peripheral nerves and spinal roots are the major
sites of demyelination, but cranial nerves also may be in-
volved. GBS is believed to result from an autoimmune re-
sponse, both humoral and cell mediated, to antecedent in-
fections (bacterial, viral) or immune challenges (rabies,
flu, tetanous vaccinations). The identification of various
antiganglioside antibodies that crossreact with the gan-
glioside surface molecules on the myelin sheath of
peripheral nerves suggest that molecular mimicry may
serve as a possible mechanism for the disease. Recovery is
usually associated with remyelination.
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FIGURE 6.1. Denervation and reinnervation of muscle fibers.

Several pathologic and etiologic subtypes exist:

e Acute inflammatory demyelinating polyneuropathy
(AIDP)

e Acute motor axonal neuropathy (AMAN)

¢ Miller-Fisher syndrome (MFS)

e Acute panautonomic neuropathy

Acute inflammatory demyelinating polyneuropathy
subtype of GBS is the most common form in the United
States. It is generally preceded by an antecedent bacterial
(40% of patients are seropositive for Campylobacter je-
juni) or viral infection (e.g., acute cytomegalovirus
mononucleosis syndrome, herpes simplex). Sensory
symptoms often precede motor weakness. About 20% of
patients develop respiratory failure. The hallmark of clas-
sic AIDP is progressive weakness that usually begins in
the feet before involving all four limbs. At presentation,
60% of patients have weakness in all four limbs. Weak-
ness plateaus at 2 weeks after onset in 50% of patients
and by 4 weeks in more than 90%. Improvement in
strength usually begins 1-4 weeks after the plateau. Mor-
tality rate ranges from 2%—-6% with death usually caused
by complications of ventilation. More than 75% of pa-
tients have complete or near-complete recovery with no
deficit or only mild residual fatigue and distal weakness.
Almost all patients with GBS who required ventilation

report severe dysesthesias (unpleasant, abnormal sensa-
tions) or moderately severe distal weakness as residual
symptoms and about 15% of these patients end up with
significant neurological residuals. Treatment for AIDP, as
well as the other subtypes, includes intravenous im-
munoglobulin or plasma exchange treatment.

Whereas most forms of GBS are AIDP in western
countries, an axonal form of GBS, termed acute motor
axonal neuropathy (AMAN), has been recognized in
northern China and in other Asian countries. It is sug-
gested that AMAN is associated with pure motor axonal
involvement.

Miller Fisher syndrome (MFS) is a variant of Guil-
lain-Barré syndrome characterized by the triad of oph-
thalmoplegia, ataxia and areflexia without significant
motor or sensory deficit in the limbs. MFS usually re-
sults in complete recovery without specific treatment.
Unlike GBS, MFS involves descending paralysis (i.e.,
paralysis that begins in the upper body and gradually
spreads downward). Specifically, in MES, paralysis starts
in the head, affecting eye muscles and balance and
slowly descends to the neck, arms, and so on. MFS does
not generally have the life-threatening aspects of GBS,
but can be very difficult to live through with double vi-
sion, nausea, and weakness.

Acute panautonomic neuropathy is among the rarest
of all variants and involves both the sympathetic and
parasympathetic nervous systems. Cardiovascular in-
volvement is common, and dysrhythmias are a significant
source of mortality in this form of the disease. Recovery is
gradual and often incomplete. Cardiovascular signs may
include tachycardia, bradycardia, wide fluctuations in
blood pressure and postural hypotension.

CLINICAL EXERCISE PHYSIOLOGY

POSTPOLIO SYNDROME

Studies using a stationary bicycle protocol have reported
that aerobic capacity (VO;pea) Was significantly related
to muscle strength in the lower extremities (LEs) for per-
sons with “late effects” of polio (9) or “late sequelae” of
PPS (10). This strongly suggests that poor exercise per-
formance on the stationary bicycle was limited by weak
muscle function and, therefore, low VOzpeak was second-
ary to poor leg strength. In addition, a similar but weaker
relationship of leg muscle strength and maximal walking
speed has been reported (9). Consequently, the American
College of Sports Medicine (11) advocates the use of an
ergometer that involves both upper and lower extremities
(e.g., Schwinn Air-Dyne ergometer) when evaluating the
aerobic capacity of persons with PPS rather than a sta-
tionary bicycle or treadmill protocol. For persons with
PPS whose condition prevents the use of their legs, arm-
crank ergometry is recommended to evaluate exercise ca-
pacity (11).
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Aerobic capacity for persons with PPS was found to be
lower than their able-bodied peers or their peers with polio
but without PPS (12). Significant increases inVOzpeak have
been observed following exercise programs of stationary
bicycling, walking, and arm cranking (6). These increases
occurred in aerobic exercise training programs that ranged
from 8 to 22 weeks. No adverse effects were reported from
participation in these training programs. A recent study
found that walking in daily life was more demanding than
being tested under standarized conditions and heart rate
was 11 bpm less at self-selected testing speed than com-
pared with daily activities (5). Thus, those with PPS tend
to have greater cardiovascular stress with everyday walk-
ing, do physically less than healthy adults and only some-
what more than those with congestive heart failure.

Concern exists that resistance training of the LEs for
persons with PPS could result in loss of strength owing to
overtaxed motor neurons. Studies that involved persons
with PPS in resistance training regimens of the LEs for a
period of 6-12 weeks, however, showed significant in-
creases in LE strength and some participants became less
asymptomatic (13-15). Neither muscle nor joint pain
was increased, and evidence of weakness was not seen al-
though exercise intensity was classified as “moderate to
hard.” Considering the results of these studies (13-15), it
is recommended that when initiating LE resistance train-
ing programs for persons with unstable PPS, a conserva-
tive approach should be taken. That is, the person with
PPS should begin at a low intensity and gradually (i.e.,
over 4-6 weeks) increase to a moderate intensity. It is not
recommended that high-intensity LE resistance training
be performed by persons with PPS (12).

Recent research has also identified impairments of
upper extremities secondary to PPS (16,17). In a study by
Allen et al. (16), 172 of 177 polio patients reported new
generalized PPS symptoms and 16 (9%) and 52 (30%) of
the 172 demonstrated reduced elbow fexor strength and
function, respectively. Whether these impairments in
upper extremity strenght can be improved was the focus
of a study by Chan et al. (17). This study (17) introduced
a moderate intensity isometric exercise program with PPS
patients who demonstrated reduced hand strength. Out-
comes were consistent with findings of LE studies in that
hand strength was improved with no adverse affect to the
remaining motor units. An important secondary finding
of this study (17) was that the strength increases were pri-
marily attributed to voluntary motor drive (central), sug-
gesting that PPS may involve central motor drive as well
as motor unit transmission defects (peripheral).

GUILLAIN-BARRE SYNDROME

Guillain-Barré syndrome is a significant cause of long-
term disability for at least 1,000 persons per year in the
United States. The age-specific incidence of GBS in-
creased with age from 1.5/100,000 in persons <15 years
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of age to 8.6/100,000 in persons 70-79 years of age (18).
Given the young age at which GBS can occur and the rel-
atively long life expectancies following GBS, it is likely
that from 25,000 to 50,000 persons in the United States
are experiencing some residual effects of GBS. Approxi-
mately 40% of patients who are hospitalized with GBS
will require inpatient rehabilitation. Issues that affect re-
habilitation are dysautonomia (i.e., orthostatic hypoten-
sion, unstable blood pressure, abnormal heart rate, bowel
and bladder dysfunction), deafferent pain syndrome
(pain originating peripherally, not centrally), and multi-
ple medical complications related to length of immobi-
lization, which include deep venous thrombosis, joint
contracture, hypercalcemia owing to bone demineraliza-
tion, anemia, and decubitus ulcers.

Rehabilitation strategies are similar to those for other
neuromuscular illnesses and diseases. (See ref. 19 for a
summary of clinical treatment and inpatient rehabilitation
therapy for GBS.) Patients with GBS can display such di-
verse findings as significant involvement with tetrapare-
sis, or isolated weakness of the arm, leg, facial muscles, or
oropharynx. Extreme care should be taken not to over-
fatigue the affected motor units during therapy. In fact,
overworked muscle groups in patients with GBS have
been clinically associated with paradoxical weakening.

Motor weakness in GBS has been associated with mus-
cle shortening and resultant joint contractures and can be
prevented with daily range-of-motion exercises. Depend-
ing on the degree of weakness, exercise can be passive,
active-assistive, or active. Initial exercise should include a
program of low-intensity strengthening that involves iso-
metric, isotonic, isokinetic, manual-resistive, and pro-
gressive-resistive exercises carefully tailored to the sever-
ity of the condition. Orthotics should be incorporated to
properlyposition the limbs during exercise and optimize
residual function.

Proprioceptive losses (i.e., vibratory sensation and
joint position) expressed by patients with GBS can cause
ataxia (i.e, loss of ability to coordinate muscular move-
ments) and incoordination. Repetitive exercises that in-
volve whole body movements (i.e., picking up an object
on a table and placing it onto a shelf) will help improve
coordination.

Patients with GBS who enter inpatient rehabilitation
are not usually threatened by cardiac arrhythmias; how-
ever, 19%-50% will have evidence of postural hypoten-
sion. Prevention of hypotensive episodes involves physi-
cal modalities, such as compression hose, abdominal
binders, and proper hydration. Patients who experience
long periods of immobilization will find progressive mo-
bilization on a tilt table to be a useful therapeutic tool for
treating orthostatic hypotension.

A patient with GBS is still in the recovery phase during
inpatient rehabilitation. Changes in the patient’s condi-
tion should be monitored by nerve conduction velocity
and muscle strength testing.
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PHARMACOLOGY

POSTPOLIO SYNDROME

Medications, such as nonsteroidal anti-inflammatory
drugs (NSAIDs) and muscle relaxants, are prescribed for
persons with PPS to reduce symptoms and do not usually
restrict acute or chronic exercise performance. Medications
prescribed for reduction of pain and fatigue include tri-
cyclic antidepressants and serotonin blockers. These med-
ications are not only used to reduce pain but to facilitate
anxiety reduction, thus enhancing overall relaxation and
restful sleep. Selective serotonin reuptake inhibitors
(serotonin blockers) have little overall effect on exercise
performance, but tricyclic antidepressants have been
shown to increase heart rate and decrease blood pressure
during rest and exercise. Tricyclic antidepressants can
cause ECG abnormalities, resulting in either false-positive
or false-negative exercise test results, T-wave changes,
and dysrhythmias, particularly in persons with a cardiac
history.

Medications such as prednisone, amantadine, pyri-
dostigmine, and bromocriptine mesylate have also been
used to diminish fatigue and weakness and enhance phys-
ical performance. Prednisone, a corticosteroid, has not
significantly increased muscle strength in PPS, and aman-
tadine has not significantly decreased muscle fatigue (20).
Pyridostigmine, an anticholinesterase inhibitor that pro-
longs the effectiveness of acetycholine on neuromuscular
signal tranmission, has been investigated and showed
muscle fatigue was not significantly diminished in those
with PPS (21,22). However, there may be a limited but
beneficial effect on walking distance (22). That is, quadri-
ceps strength, walking duration and maximum voluntary
activation improved significantly after a dose of 60 mg of
pyridostigmine, four times/day for 14 weeks. However the
benefits were only found in normal-sized motor units
with transmission defects (i.e., subjects who did not show
“new weakness” symptoms). In those subjects (n = 23)
who did display PPS symptoms (confirmed motor unit ab-
normalities/changes), pyridostigmine showed no benefit
to physical performance. Bromocriptine mesylate, a post-
synaptic dopamine receptor agonist, did not show effects
on diminishing fatigue, but was found to enhance atten-
tion, cognition, and memory (5).

These four drugs (prednisone, amantadine, pyri-
dostigmine, and bromocriptine mesylate) should not
negatively affect exercise performance. However, chronic
use of prednisone can weaken muscle tissue and cause
deposition of fat in the muscle cells, and lead to edema.

GUILLAIN-BARRE SYNDROME

Topical analgesics and/or nonsteroidal anti-inflammatory
drugs has not been shown to afford sufficient pain relief.
During the critical phase (i.e., intensive care) of GBS,
gabapentin (seizure medication) and carbamazepine

(anticonvulsant and mood stabilizer) are used for acute
treatment of pain and along with tramadol and mexiletine
may assist in the long-term management of neuropathic
pain. Side effects for gabapentin and carbamazepine in-
clude dizziness, drowsiness, and motor coordination im-
pairment (23).

PHYSICAL EXAMINATION

POSTPOLIO SYNDROME

An initial physical exam should include medical history
of the person with PPS and a description of both central
and peripheral complaints and symptoms, particularly
new and/or increased overall fatigue and specific mus-
cle(s) weakness or pain. It is important to understand ini-
tial polio problems and to determine whether the new
and/or increased fatigue, weakness, and pain are associ-
ated with areas of the body affected by the initial polio.
Symptoms should be analyzed with reference to type, in-
tensity, duration, and frequency of all physical activities
(leisure or recreational), including occupational tasks.
Daily body postures and positions should also be ana-
lyzed, with specific attention to spinal, pelvic, knee, and
ankle areas, to determine any abnormal joint mechanics.
Since atrophy will likely be presented as an end stage of
new neuromuscular deterioration, girth measurements
with a tape measure are suggested to determine the ex-
tent of tissue lose. Ideally, sequential or at least a baseline
girth measurement of a limb can be used for comparison.

The amount of rehabilitation after the initial polio
onset and whether assistive devices were used or are still
being used for balance and ambulation is important in-
formation to more accurately determine the extent of
muscle fatigue and weakness. Also, the length of the
functional stability period (see Epidemiology and Patho-
physiology section), the highest level of physical func-
tion achieved during the stability period, and any psy-
chosocial exacerbating factors are important to note.

An extensive neuromuscular exam should begin with
a structural/postural evaluation to determine any adverse
structural relationships caused by increased fatigue and
weakness. The exam should also evaluate muscle size to
indicate atrophy in symptomatic areas and test for light
touch, sharp/dull touch, vibration, and temperature. Sen-
sory testing of the symptomatic regions will facilitate
determination of possible peripheral nerve dysfunction.
Reflex testing should also be included in order to differ-
entiate the extent of lower motor neuron involvement,
since decreased responses are indicative of increased
flaccidity. However, a hyperactive reflex suggests muscle
spasm associated with early poliomyelitis.

The motor portion of the exam should include obser-
vation of gait and balance testing, including both static
and dynamic challenges. Rapid or alternate movement of
symptomatic and asymptomatic limbs should be tested
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for coordination and timing with the evaluator looking
for tremors and/or unsteady movements and visual signs.
A goniometer is suggested to assess range of motion
(ROM) for all symptomatic limbs and joints, including
both active range of motion (AROM) and passive range of
motion (PROM). Strength can be measured subjectively
by manual muscle testing (MMT) to detect gross motor
weakness (24). MMT is isometric exercise with the sub-
ject required to exert fully to generate sufficient opposing
force and activation of muscle fibers to maintain no
movement. Isometric exercise more recently has been
more widely used for assessing muscle strength in PPS
since differentiation of new, weak joint angles are more
accurately determined (25). MMT has five grades corre-
sponding from 0, with no contraction, to 5, which is nor-
mal strength. MMT should not be used to differentiate
nonfunctional contractions, since this musculature has
most likely lost a critical number of motor neurons and
will not be involved in exercise programs. The MMT
should include either several repetitions and/or single
repetitions held for a longer period of time because
single-effort maximal contraction will not typically show
any strength loss, but repetitive contractions will show ad-
ditional weakness. Consequently, MMT should involve at
least 3, and up to 10, repetitions of near-maximal effort at
midrange for the symptomatic musculature. Residual
fatigue of the tested muscles should be checked within
30 minutes of the initial test and up to 48 hours posttest.
This subjective question assessment provides clinical
data relevant to the assessment of PPS for the sympto-
matic musculature. These physical portions of the exam
for symptomatic areas should be performed after the less
fatiguing portions of the overall exam to avoid possible
confounding effects of exertion.

GUILLAIN-BARRE SYNDROME

During inpatient rehabilitation, GBS patients can have a
relapse of the disease (~10%), so close supervision dur-
ing inpatient rehabilitation is warranted. Detailed daily
physical exams should occur involving motor (i.e.,
strength), sensory, and autonomic tests to identify re-
lapses and/or complications.

MEDICAL AND SURGICAL TREATMENTS

POSTPOLIO SYNDROME

Medications, as described under Pharmacology. have not
been shown to significantly reduce fatigue or weakness as-
sociated with PPS; therefore, management of PPS is based
largely on treating symptoms. Soft tissue, joint pain, and
fatigue have been treated with various local medications
and systemic medications such as selective serotonin re-
uptake inhibitors and tricyclic antidepressants. Success of
these medications to modify pain and fatigue has varied.
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Intravenous immunoglobulin (Ivlg) has recently been
studied as a method to reduce inflammation in the spinal
cord, in a pilot study of 20 people with PPS (26). Tumor
necrosis factor-a (TNF-a) was increased in the cerebral
spinal fluid of the subjects with PPS. TNF-a is a potent
pro-inflammatory cytokine. The level of TNF-a is influ-
enced by the inflammation. TNF-a was significantly re-
duced as was pain after the 3 months of treatment, but
whether Ivlg was directly responsible for the TNF-a re-
duction was difficult to ascertain due to differing baseline
values. Two other key outcomes, muscle strength and fa-
tigue, were not changed. It could be argued that since
muscle strength didn’t further diminish during the study
that there was a therapeutic effect from the Ivlg especially
on weight-bearing musculature. But, these results al-
though provocative, can’t be termed conclusive second-
ary to the small number of subjects in this pilot study.

Orthotic devices have been successfully used to de-
crease abnormal, excessive force and motion on LE
joints. Certain neuromuscular and orthopedic deficien-
cies, such as dorsiflexor muscle weakness (i.e., drop-
foot), genu valgum (i.e., knock-knee), and genu recurva-
tum (i.e., hyper-extended knee) impose movements that
overstress both noncontractile and contractile tissue. For
example, ankle-foot orthoses (AFOs) have been fitted to
reduce drop-foot and avoid loss of balance and inefficient
walking. Gait can be improved with simple heel lifts or
shoe inserts, which decrease the amount of dorsiflexion.
Knee orthoses, knee-ankle-foot orthoses (KAFOs), and
bracing can facilitate balanced compressive forces on the
tibia while walking with genu valgum and recurvatum
conditions. Abnormal chronic forces on the knee second-
ary to chronic drop-foot can result in overstretched con-
nective tissue and cartilage shearing. These abnormal
changes result in decreased mobility and increased joint-
related pain. A KAFO can also spare the other leg from
becoming prematurely fatigued and overworked. Ortho-
sis should be made of carbon fiber which are lightweight.
The lightweight carbon fiber orthoses should increase
walking ability (27). There are also lightweight nylon
knee braces can be a benefit and less conspicuous. Or-
thotic devices use and compliance for persons with PPS
need a strong rationale due to early unpleasant memories
associated with braces during the acute polio stage.

GUILLAIN-BARRE SYNDROME

In terms of the progression of GBS, only plasma exchange
therapy (i.e., plasmapheresis) and intravenous immune
serum globulin (IVIG) has proven effective. Oral corti-
costeroids (e.g., methylprednisolone) alone do not pro-
duce significant benefit or harm (23). Side effects caused
by plasma exchange therapy include vagus nerve syn-
drome (low or high blood pressure) and impaired hemo-
stasis (i.e., hypocoaguable state). With IVIG, incidence of
generalized reactions occur during and/or immediately
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after (30-60 minutes) administration are mild and self
limiting and include: 1) pyrogenic reaction; 2) minor sys-
temic reactions such as headache, myalgia, chills, nausea
and/or vomiting; and 3) vasomotor and cardiovascular
manifestations are marked by changes in blood pressure
and tachycardia.

DIAGNOSTIC TECHNIQUES

POSTPOLIO SYNDROME

PPS is diagnosed by exclusion of multiple sclerosis, amy-
otrophic lateral sclerosis, myasthenia gravis, chronic in-
fection, hypothyroidism, collagen disorders, neuropathies,
and depression. Exclusion or differential diagnosis of
painful conditions such as bursitis, tendinitis, myalgias,
osteoarthritis, and poliomyositis must also be made be-
cause many of these conditions can occur at the same
age as late symptoms of polio. Therefore, aging and its
effects on the body must also be ruled out when diag-
nosing PPS. Significant muscle atrophy is a discerning
factor since it is not common in aging and is most sug-
gestive of PPS (1).

There are no laboratory procedures that significantly
identify PPS, but procedures can rule out other medical
conditions. Viral assays can identify the continuance of
the polio virus and have been positive in more than 50%
of individuals with PPS, but whether the long-term exis-
tence of the virus is linked to a progressive onset of PPS is
not clear (28). Further evidence has suggested that if the
virus remains active, it may not affect the cerebral cortex,
and this suggests that fatigue is not of central origin (29).

Electromyography (EMG) and nerve conduction ve-
locity (NVC) assessments have been used to rule out
neuropathies and myasthenia gravis and to identify dif-
ferent phases of PPS. EMGs can identify late changes,
such as fasciculations, fibrillations, and increased motor
unit amplitude and duration (Fig. 6.2) (1). Although

Rest

nonspecific, these motor unit alterations indicate overall
damage to the motor unit. EMG has differentiated new
and more severe pathology in PPS and subsequent com-
pensation of the motor unit (30). Even surface EMG has
shown good correlation with invasive EMG in identifying
enlarged, overburdened motor units (23). While EMG
may differentiate new motor unit pathology, it appears to
be a poor predictor of muscle strength loss and impaired
muscule endurance (31).

Maximal voluntary activation, another type of EMG
being used more recently, has been assessed by the twitch
interpolation technique, which is to have the limb (often
the arm) attached to a myograph at the wrist, and per-
forming three maximal isometric voluntary contractions
of 2-3 secs. duration (32). During each maximal effort, a
supramaximal electrical stimulus is delivered through
surface electrodes over the muscle which is the primary
mover of the joint, such as the biceps brachii of the
elbow, and the distal tendon. Increments of torque
evoked by the stimuli are measured by an amplifier and
computerized software.

Biochemical markers showing muscle function de-
cline have gained some attention in diagnosing PPS. Lev-
els of somatomedin C (IGF-1) and serum creatine kinase
have been utilized to determine muscle force and muscle
strength and endurance, respectively (33) Although de-
creased levels of IGF-1 may be consistent with a central
deficit which could reduce muscle force in PPS, two stud-
ies have found no correlation between muscle force and
IGF-1 (33). Creative kinase was related to declining
elbow flexor muscle endurance after 45 minutes of sub-
maximal exercise, and positively correlated with elbow
flexor strength (33). Yet neither IGF-1 or creatine kinase
markers were related to current symptoms, which were
negative. Increase use of IGF-1 and serum creatine kinase
with greater numbers of people with PPS, appears war-
ranted before either marker can be used as an adjunct in
the workup of diagnosing PPS.

Voluntary contraction

- i —

e

FIGURE 6.2. EMG responses of: A, normal muscle fiber; B, motor neuron disease (PPS) muscle

fiber with chronic denervation.
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Subjective complaints of pain, particularly in the
hip, are the best correlation to new muscle fatigue and
dysfunction (34). Since the hip and pelvis are major
weight-supporting structures, it follows that pain in
this region could present greater estimation of dys-
function than any other area. Diagnostic techniques
such as an EMG can be helpful in diagnosis of PPS, but
diagnosis is dependent, at least partially, on a good pa-
tient interview.

GUILLAIN-BARRE SYNDROME

Typical clinical findings such as rapidly evolving flaccid
paralysis, areflexia, absence of fever, and a likely inciting
event (e.g., bacterial or viral infection, vaccination) are
usually followed up by the following laboratory studies.
The following laboratory studies are useful in ruling out
other diagnoses and to better assess functional status and
prognosis. However, because of the acute nature of the
disease, they may not become abnormal until 1-2 weeks
after onset of weakness.

Typical findings for lumbar puncture and cerebral
spinal fluid (CSF) analysis include an elevated protein
level (>400 mg/dl) without accompanying pleocytosis
(increased cell count). An elevation in CSR cell count
may indicate an alternative diagnosis such as infection.

Electromyography (EMG) and nerve conduction
study (NCS) may show prolonged distal latencies, con-
duction slowing, conduction block, and temporal dis-
persion of compound action potential in demyelinating
cases. In primary axonal damage, the findings included
reduced amplitude of the action potential without con-
duction slowing. Rarely EMG and NCS are normal in
patients with GBS. This is thought to be due to the loca-
tion of demyelinating lesions in proximal sites not eas-
ily accessible.

Forced vital capacity (FVC), measured by spirometry,
is useful in guiding therapy. Patients with an FVC less
than 15-20 ml/kg, maximum inspiratory pressure
less than 30 cm H,O, or a maximum expiratory pressure
less than 40 cm H,O generally progress to require pro-
phylactic intubation and mechanical ventilation (35).

EXERCISE/FITNESS/
FUNCTIONAL TESTING

The basic principles for exercise testing stated in ACSM’
Guidelines for Exercise Testing and Prescription (36) pro-
vide the foundation for this section and the next section,
“Exercise Prescription and Programming.” When not
otherwise stated, these basic principles will apply. In ad-
dition, the basic principles for exercise testing and exer-
cise management outlined for polio and postpolio syn-
drome in ACSM’s Exercise Management for Persons with
Chronic Diseases and Disabilities (11) also provide a foun-
dation for this section and the next section. Special situa-
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tions created by PPS and GBS will be addressed in these
sections.

POSTPOLIO SYNDROME

Evaluation of aerobic capacity for persons with PPS
should be performed with an ergometer that involves
both upper and lower extremities (e.g., Schwinn Air-
Dyne ergometer) (11). A discontinuous protocol should
be performed, with initial workloads of 10-25 W and in-
cremental increases of 10-25 W every 2 minutes. Rest pe-
riods of 2-4 minutes are recommended between each
stage. Persons with PPS whose condition prevents the use
of their legs should use an arm-crank ergometer, with an
initial workload of 5-10 W, incremental increases of 5-10
W every 2 minutes, and rest periods of 2—4 minutes be-
tween each stage. Validity and reliability of a functional
ability assessment of PPS, using an effort-limited tread-
mill walk test, has recently been established (37). Sub-
jects walked at their determined speed, on a treadmill, for
as long as it took until an rate of perceived exertion (RPE)
of “15” or “hard” or pain level of 7/10, was expressed.
The distance achieved was a reproducible measure over
the 3 trials on the treadmill and was significantly associ-
ated with the timed “get up and go” test. There was also a
good correlation between distance walked on the tread-
mill and pain with activities of daily living (ADIs). That
is, the greater the pain the less the distance walked and
ADI’s performed.

The guidelines established for GBS (see below) are ap-
plicable to persons with PPS for muscle strength, en-
durance, and range-of-motion evaluations. Additionally,
and as mentioned earlier, isometric exercise whether for
evaluation or training has gained popularity (17). Iso-
metric exercise while taking longer to perform has ad-
vantages in that it facilitates greater control of intensity,
duration, rest periods and angle of work. These advan-
tages reduce the likelihood of overtraining, possibly spar-
ing some over extended neuromuscular units, but still fa-
cilitating training effects for the remainder of the muscle
groups.

Muscle strength measurements are used to assess mus-
cle dysfunction, but muscle strength has not been shown
to have a good correlation with functional performance
(i.e., ADL tasks) (19,27-29). Consequently, recommen-
dations for evaluating functional performance of such
ADL activities as walking, rising from a chair, and rising
from supine to standing include: (1) walking capacity—
timing a distance of 300 feet with at least three changes in
direction and two different grades; (2) stepping capac-
ity—timing the ascent and descent on a flight of 10 steps,
twice, using conventional 7-8 inch household steps; and
(3) orthostatic capacity—timing 10 repetitions of sit-
to-stand from a conventional chair (i.e., 52 cm in height).

These functional tests can be difficult for persons
with PPS who have MMT scores of less than 3/5 for knee
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extension and/or hip abduction for one leg, and ex-
tremely difficult for individuals with MMT scores of less
than 3/5 for both legs. When persons with PPS are using
orthosis or assistive devices, these devices should be
worn during functional evaluation.

GUILLAIN-BARRE SYNDROME

It is important to recognize two distinct phases of reha-
bilitation for persons with GBS. Testing procedures for
inpatient rehabilitation are covered in the sections on
clinical exercise physiology and diagnostic techniques.
This section and the next section, “Exercise Prescription
and Programming,” address the “outpatient” phase of re-
habilitation and recovery. The outpatient phase is when
the patient has been released from a rehabilitation center
and is no longer under direct medical care.

The study by Pitetti and colleagues (38) reported
methodologies for cardiovascular and strength testing of
a GBS patient. Pitetti et al. (38) evaluated the cardiovas-
cular fitness and muscle strength of a 58-year-old male
GBS patient, 3.5 years after being released from the hos-
pital. At the time of his discharge from the hospital, this
patient had severe muscle atrophy and was unable to am-
bulate without crutches and ankle orthoses. He also had
significant weakness, bilateral foot drop, and some sen-
sory loss in the hands. Three and one-half years later, at
the time of exercise evaluation, this patient was able to
ambulate with the assistance of one crutch and experi-
enced minimal weakness in the hands and feet.

This patient’s peak exercise capacity was evaluated
using three different modes of exercise: a Schwinn Air-
Dyne ergometer (SAE), an electrically braked bicycle er-
gometer (BE), and an arm-crank ergometer (ACE). The
testing protocol for the SAE and BE was similar, with each
exercise starting at an initial workload of 25 W for 2 min-
utes and increasing workload 25 W every 2 minutes until
volitional exhaustion. The protocol for the ACE started
the participant with arm cranking at 10 W (50 rpm) for 2
minutes, increasing workload by 10 W every 2 minutes
until volitional exhaustion. The peak physiological pa-
rameters measured were peak oxygen consumption
(V-Ozpear, mL - min~ ' and mL - kg~ ' - min~ "), heart rate
(HR, bpm), ventilation (V-, 1 - min~ 1), and respiratory
exchange ratio (RER, V-CO,/V-O,). Peak work capacity
(in watts) and length of test time were also measured on
the BE. The highest peak physiological parameters were
seen using the SAE followed by the BE. The highest work
level reached (175 W) was also achieved on the SAE fol-
lowed by the BE (100 W). Arm-crank ergometry pro-
duced the lowest work level (75 W) of all parameters
measured. Blood pressure responses (taken 2 min before,
2 min after exercise, and the last minute of each work
level) throughout all three tests were normal.

Knee extension and flexion were evaluated using the
Cybex 340 dynamometer. It was the opinion of these

authors (30) that, given the physical capacities of this GBS
participant, he was capable of performing most any test of
flexibility, muscle strength and endurance, or cardiovas-
cular fitness that could be performed by able-bodied indi-
viduals, with the exception of a treadmill protocol.
Upper body measurement techniques used to assess
range of motion, as well as upper body strength and en-
durance test protocols used to evaluate able-bodied indi-
viduals, should be applicable to most GBS patients. Varia-
tions for lower-extremity testing protocols depend on the
residual weakness of the lower limbs. Knee flexion and
extension and hip measurements (e.g., flexion, extension,
adduction, abduction) used to evaluate able-bodied indi-
viduals are applicable to GBS patients. As with upper body
measurements, GBS patients should be sitting (as with
knee or hip flexion and extension measurements) or
prone (as in leg press) in order to maintain balance.
Standing test measurements, like a squat, should be per-
formed with caution and in the presence of an assistant.

EXERCISE PRESCRIPTION AND
PROGRAMMING

POSTPOLIO SYNDROME

Five classifications of PPS have been developed to facili-
tate safer and more effective exercise programs (39). If a
person is not correctly classified, the exercise program
could injure unstable motor units.

Classification I (no clinical polio) is the highest func-
tional and least symptomatic. Individuals with this classi-
fication have no history of recent muscle weakness. Their
physical exam shows good to normal strength, sensation,
and reflexes and no muscle atrophy. EMG and NCV re-
sults are normal. Persons in Classification I should be
able to exercise aerobically at intensities of 50%-70%
heart rate reserve (HRR), rating of perceived exertion
(RPE) of 12—-14 (on the 6-20 scale), or MET levels in the
6-9 range; durations of up to 30 minutes; with frequen-
cies of 3-5 days/week. It is recommended that the mode
of exercise involve both upper and lower body muscula-
ture (i.e., Schwinn Air-Dyne, swimming).

Classification II (subclinical polio) shows no new
weakness but a history of weakness with full recovery.
EMG and NCV testing should exhibit chronic denerva-
tion or large polyphasic motor unit action potentials but
no acute denervation. Exercise for this classification in-
cludes similar MHRR and RPE intensities as Classification
I, but MET levels should be in the 5-8 range. However,
exercise duration should include intervals of 5 minutes,
with a “rest” period of 1 minute between intervals. Exer-
cise days should alternate with 1 day of rest, and the sug-
gested exercise mode is the same as Classification 1.

Classification III (clinically stable polio) shows a his-
tory of weakness with variable recovery and no new
weakness. Physical exam results include poor to good
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strength, normal sensation, normal to decreased reflexes,
and possible muscle atrophy. EMG and NCV results indi-
cate chronic denervation. Exercise intensity should in-
clude an MHRR of 40%—60%, RPE of 11-13, with MET
levels in the 4-5 range. Duration should be up to 20 min-
utes total, with intervals of no more than 3 minutes and
recovery time of 1 minute. Frequency and modalities are
similar to Classification II.

Classification IV (clinically unstable polio) shows a
history of weakness with variable recovery and a recent
history of new weakness. The physical exam and
EMG/NCV results are similar to Classification III. Exer-
cise activities should include durations of 2-3 minutes
followed by a 1-2 minute recovery for a total exercise time
of 15 minutes, 3 times per week. Intensity level should be
HRR of 40%-50%, RPE of 11-12, and MET levels at 3.
Nonfatiguing resistance exercise can be supplemented.

Classification V (severely atrophic polio) is the lowest
functional and most symptomatic, with new weakness
and little recovery from the acute stage. The physical
exam results show poor muscle strength, normal sensa-
tion, areflexic and severe limb atrophy. EMG and NCV
tests show decreased insertional activity with few to no
motor unit action potentials and acute denervation. Ex-
ercise is generally contraindicated. ADL should be the ex-
tent of exercise programming. Orthotic and bracing de-
vices are indicated, and often a wheelchair is required for
mobility.

Significant increases have been shown in muscle
strength of elbow and knee extensors in persons with PPS
using concentric contraction training, 3 nonconsecutive
times/week, with 3 sets of 20, 15, and 10 repetitions (14).
Resistance intensity was 75% of 3-RM with 90 seconds’
recovery between sets and 3 minutes’ rest between exer-
cises. Another study (13) reported strength gains using
isotonic training that consisted of 3 sets, 12 repetitions
each, twice a week on nonconsecutive days. Initial
weight or resistance was at a differentiated RPE of 13-14.

Recent studies have focused on the effects of climate
and water on training efficacy. Warm climate has been
shown to decrease pain, health related problems and de-
pression (40). However, differences in walking were not
reported between the warm and colder climate groups
(40). Warm water exercises were found to reduce pain
and improve cardiovascular conditioning (41). It should
be noted that both studies (40,41) used exercise regimens
of moderate intensity and duration.

GUILLAIN-BARRE SYNDROME

The course of illness can be more prolonged in adults,
particularly older adults, than in children. Improvement
can continue for up to 2 years after onset, with rate and
variability of neurological recovery related to age, require-
ment for respiratory support, and rate of progression. The
course of illness can also result in chronic-relapsing GBS.
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Questions regarding the usefulness of exercise to help
maintain health for patients with GBS remains unan-
swered because of the dearth of research regarding the ef-
fects of exercise on GBS. The “Medical News” section of
the Journal of the American Medical Association (42) re-
ported a paper written by Dr. Bensman, who at that time
was an assistant professor at the University of Minnesota
Medical School. The paper discussed the clinical course
of eight GBS patients who were adversely affected by “ex-
cessive physical activity” that was part of their inpatient
rehabilitation. The phrase “excessive physical activity”
was never defined. Three of the eight patients were
placed on a nonfatiguing program including passive
range-of-motion exercises, which quickly resulted in an
increase in muscle strength and no more periods of func-
tional loss. Another three of the eight patients had al-
ready been discharged, but loss of function due to weak-
ness and/or paresis reappeared after “exercising too
strenuously.” These three GBS patients improved after
bedrest and limitation of activity, but relapses continued
“to be associated with fatigue.” The two remaining pa-
tients returned to the hospital because of a recurrence of
GBS 1 year after the onset of symptoms.

Steinberg (43) noted that excessive exercise, especially
fatiguing activity, often causes abnormal sensations for
various periods of time. Steinberg (43) suggested that
GBS patients be allowed to engage in physical activity up
to the point where muscle ache/fatigue begins. Fatigue
declined after their activity was “carefully controlled.”

The GBS participant in the study by Pitetti et al. (38)
performed 40 exercise sessions during a 16-week period
on an SAE following initial cardiovascular and strength
testing. The GBS participant exercised for 20-30 minutes
per session at 70% of peak heart rate as determined by a
pretraining exercise test on the SAE. The GBS participant
increased cardiopulmonary capacities, peak work level,
total work capacity, and isokinetic leg strength following
this supervised exercise regimen without any GBS-related
complications.

Karper (44) reported the effects of a low-intensity aer-
obic exercise regimen on a female (18 yr) with chronic-
relapsing GBS. The exercise regimen consisted of a 10-
week walking phase followed by a 15-week cycling
phase. The GBS patient exercised 3 days a week for 20 to
37 minutes as a walking phase and 15 to 32 minutes as a
cycling phase. The GBS patient was not allowed to exer-
cise over 45 percent of her HRR (220 — age) reserve. Dur-
ing cycling, the participant stopped every 5 minutes and
rested for 2 minutes. No rest periods were reported for
the walking phase. Following both exercise phases, the
GBS patient improved in walking distance, speed of walk-
ing, and riding time (cycle ergometer) without any GBS
relapse or side effects.

Given the above reports, a very conservative approach
should be taken for both inpatient and outpatient reha-
bilitation. Once the disease begins to stabilize, inpatient
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rehabilitation should begin using short periods of nonfa-
tiguing activities (i.e., passive range of motion and active
range of motion). As the patient improves (noted by in-
crease in muscle strength and nerve conduction), light
muscle strengthening exercises should be initiated. As
the patient continues to improve, more exercises and ac-
tivities for physical therapy and occupational therapy, as
well as training for ADL can be added to the overall reha-
bilitation plan. During the first 3 to 6 months after onset
of the disease, the medical staff should be vigilant to signs
of fatigue in their patients, and it is important for the pa-
tient to know his/her own limitations and be able to ex-
ercise without causing fatigue.

No exercise regimens involving flexibility and muscle
strength and endurance exercises, have been reported for
GBS patients. However, the GBS patient in the study by
Pitetti et al. (38) showed increases in leg strength and the
patients in the study by Karper (44) showed improved
grip strength following their aerobic exercise regimen.
This suggests that an exercise program involving not only
aerobic exercise but also resistance training would be
beneficial for GBS patients.

In addition to cardiopulmonary improvement, work and
strength improvements were seen in the GBS patient in the
study by Pitetti et al. (38). The patient also reported subjec-
tive improvements in activities of daily living. Housework
and yardwork activities had been expanded following the
exercise regimen. For instance, the GBS patient was able to
mow his yard (self-propelled mower) without rest periods
and returned to gardening because weeding, digging up
roots, and rototilling were feasible again. He also reported
being able to walk up stairs without the use of railings plus
an overall reduction in daily fatigue. That is, following the
exercise regimen, he seldom took naps, whereas before
training, they were daily necessities.

Undoubtedly, a significant number of patients dis-
charged from inpatient rehabilitation who return to their
homes could benefit from outpatient rehabilitative serv-
ices or individualized exercise programs at community
health clubs who have someone who is, at the least, cer-
tified as a Health Fitness Instructor by the American Col-
lege of Sports Medicine. A certified Exercise Specialist or
Registered Clinicial Exercise Physiologist would be pre-
ferred for working with these clinical populations.

EDUCATION AND COUNSELING

POSTPOLIO SYNDROME

Persons with PPS experiencing new and/or increased
weakness could employ several strategies to slow further
debilitating decline. First, education about ADL and
physical activities is important to minimize effects of fa-
tigue, including the pace used in task completion. De-
pending upon new weakness and fatigue, physical work
simplification skills and frequent rest periods should be

learned and practiced (45). Second, the use of orthoses
can reduce stress and possibly decrease pain and fatigue.
Accepting the need for orthoses or accepting the need for
assistive devices such as wheelchairs or scooters may re-
quire counseling. Assistive devices are particularly help-
ful when long periods of standing or walking are neces-
sary and when recovery from fatigue has been slow.

If breathing becomes more difficult, especially with
exertion, respiratory muscle training is recommended
(46). These exercises of the upper trunk musculature
should facilitate greater chest expansion, tidal volume
and exhalations. Also, if pulmonary problems become
prevalent, pursed lip and diaphragmatic breathing tech-
niques should be practiced. These techniques will assist
more oxygen delivery to the lungs and greater carbon
dioxide expiration.

A person with PPS can have many adverse problems
that surface after many years of status quo. Abrupt
changes affecting ADL mobility and independence usu-
ally result in increased stress. Consequently, individuals
with PPS can be candidates for anxiety and depression.
Counseling may be needed along with adequate family
support to overcome the changes brought on by PPS.

GUILLAIN-BARRE SYNDROME

Psychological variables such as symptoms of mild de-
pression occurring after initial disease onset are common.
Research is needed to determine the severity of psycho-
logical and social issues with severely involved GBS pa-
tients (i.e., months to years of ventilatory dependence
with chronic-relapsing GBS).

Additionally, the extent and duration of the physically
disabling sequelae in GBS has not been adequately de-
scribed. That is, with regard to motor function and the
loss of the active number of motor units with aging, po-
liomyelitis and GBS have similar clinical issues.

Of note to this issue, a study by Burrows (47) reported
on the residual subclinical impact of GBS in four military
personnel (3 males and 1 female; ages 19, 21, 58, and 27
years, respectively) who were medically pronounced “to-
tally recovered” from the syndrome. Prior to the onset of
GBS, all four individuals exceeded requirements to pass
the Army Physical Fitness Test (APFT). The APFT in-
cludes performing 15 push-ups and 40 sit-ups in 2 min-
utes and completing a 2-mile run in 21 minutes. All four
soldiers were unable to pass the APFT 1 to 3 years fol-
lowing onset of GBS.

Other studies have reported residual long-term dis-
abilities. Melillo and colleagues (48) studied the course
of 37 patients following discharge and reported that 13
developed long-term disability. Bernsen et al. (49) re-
ported that 3 to 6 years after onset of Guillain-Barré syn-
drome, 63% of 122 patients showed one or more changes
in their lifestyle, work, or leisure activities due to loss of
muscle strength and poor coordination. And Soryal and
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colleagues (50) reported that residual skeletal problems
and complications (i.e., marked joint stiffness and con-
tractures) in GBS patients became major components of
disability despite having physiotherapy from the onset
and improving neurological status.

Similar residual disabilities were also noted in children
and adolescents, which indicates special consideration is
needed for children and adolescents recovering from
GBS. A report by Berman and Tom (51) indicated that sig-
nificant and permanent motor loss in extremities was still
present 1.5 years following discharge. The authors (51)
noted that the late permanen