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ABSTRACT

Background and Purpose: Cerebral vascular accident (CVA) is the leading
cause of serious, long-term disability and the third leading cause of death in the United
States. It is estimated that approximately 75% of people who have a stroke survive,
many of whom live with some level of impairments that impact their activities of daily
living and quality of life. One of the results of these impairments can be decreased
balance. Limitations in balance may impact an individual’s risk of falls, ability to
ambulate, and performance of functional activities. Exercises emphasizing balance
training play a significant role in improving postural control. The purpose of this study is
to determine if the six-week “Get Off Your Rocker” balance exercise class improves
balance and quality of life in people who have had a CVA and who live in the
community. If the “Get Off Your Rocker” exercise class is found to be effective for this
population, it can be an additional tool for physical therapists in improving balance.
Subjects: The two subjects who participated in the study had a neurological diagnosis of
CVA. Both subjects were older than 20 years of age, lived in the community, and
ambulated independently. Methods: Four measures were used to gather data regarding
balance and quality of life. During the initial testing session, subjects completed the
Timed Up and Go, Functional Reach, Berg Balance Measure, and Short Form 36 Health
Survey. Subjects then participated in the “Get Off Your Rocker” balance exercise class

three times a week for six consecutive weeks. Following the exercise class, the



assessment measures were repeated. Results: Subjects demonstrated both quantitative
and qualitative improvements. Both participants showed improvements on all four of the
measures. Conclusion: Following participation in the six-week “Get Off Your Rocker”
balance exercise class, we concluded that it was beneficial in improving balance for
people following a CVA. This class can be an effective tool for balance training and

increasing functional capacities leading to enhanced quality of life.
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CHAPTER 1
INTRODUCTION

A cerebral vascular accident (CVA) is a sudden, focal neurological deficit due to
ischemic (lack of oxygen) or hemorrhage (ruptured blood vessels) lesions in the brain. It
is also know as a stroke.! CVA is the leading cause of serious, long-term disability and
the third leading cause of death in the United States.” It is estimated that approximately
75% of people who have a stroke survive, many of whom live with some level of
impairments that impact their activities of daily living and quality of life. Ongoing
impairments lead to partial or total dependence in activities of daily living in 25 to 50%
of people who have survived a stroke.’

Clinically, a wide variety of deficits are possible following a CVA, including
impairments of sensory, motor, cognitive, perceptual, and language functions. The
severity of the deficit(s) is dependent upon the location of the lesion, the extent of the
lesion, the amount of collateral blood flow, early intervention management, and the stage
of recovery.* One of the results of these impairments can be impaired balance, which
leads to an increased risk of falling. Research has found that people who have had a
CVA are at an increased risk of falling compared to people in the general population.” Of
people who have had a stroke and live in the community, 50% are classified as fallers.
These falls resulted in minor injury 24% of the time and serious injury 6% of the time.°

Exercises emphasizing balance training have been shown to improve balance in

patients with neurological deficits.”” However, more research is needed on balance
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programs that focus on people who have had a CVA who live in the community and who
are several months or years post-initial rehabilitation. This study will focus on the
efficacy of the “Get Off Your Rocker” balance exercise class as a tool for improving
balance in community-dwelling individuals who have had a CVA.
Problem Statement

Limited research has been conducted exploring the benefits of a group style
balance exercise class with community-dwelling individuals who have had a stroke.
Given the prevalence of and potential deficits following a CV A, physical therapists are in
need of effective means to treat balance issues in a cost efficient manner. A group format
can meet these needs, as well as promote increased adherence due to the social
interactions among participants. Individuals may also experience improved confidence in
performing activities of daily living and enhanced general health and well-being.

Purpose

The purpose of this study is to determine if the six-week “Get Off Your Rocker”
balance exercise class improves balance and quality of life in people who have had a
CVA and who live in the community. If the “Get Off Your Rocker” exercise class is
found to be effective for this population, it can be an additional tool for physical
therapists in improving balance.

Significance

Decreased balance is a common impairment following a CVA. Limitations in
balance may impact an individual’s risk of falls, ability to ambulate, and performance of
functional activities. Exercises emphasizing balance training play a significant role in

improving postural control. A physical therapist with varied treatment options is more
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likely to be able to individualize a program for a person following a CVA in order to
maximize benefit to the individual. The “Get Off Your Rocker” balance exercise class, if
effective, will be one more tool available for balance training.

Research Questions

1. What is the effect of the six-week “Get Off Your Rocker” balance exercise
class on balance measures, including the Timed Get Up and Go, the
Functional Reach, and the Berg Balance Measure, in participants with a
diagnosis of CVA?

2. What is the effect of the six-week “Get Off Your Rocker” balance exercise
class on quality of life, as measured by the Short Form 36 Health Survey, in
participants with a diagnosis of CVA?

Hypothesis
Ho: The “Get Off Your Rocker” balance exercise class will have no effect on balance
and quality of life in participants with a diagnosis of CVA.
Ha: The “Get Off Your Rocker” balance exercise class will have an effect on balance

and quality of life in participants with a diagnosis of CVA.



CHAPTER 2
LITERATURE REVIEW
Cerebral Vascular Accident

A cerebral vascular accident (CVA) is a sudden, focal neurological deficit due to
ischemic (lack of oxygen) or hemorrhage (ruptured blood vessels) lesions in the brain. It
is also known as a “brain attack” or stroke. When a CVA occurs, the supply of blood to
the brain is disrupted and brain cells are destroyed, with effects lasting hours to days to
years. Clinically, a wide variety of resulting deficits are possible." Disease states, such
as a CVA, can be described using the Nagi Model. The following section will discuss the
pathology, impairment, functional limitation, and disability of a CV A using the Nagi
Model. "

Incidence and Prevalence

Stroke is the third leading cause of death, with 700,000 new or recurrent strokes
occurring each year. It is the leading cause of serious, long-term disability in the United
States. The incidence of CVA increases dramatically with age, doubling every ten years
after 55 years of age. The care and services following CVA’s can be staggering, and the
financial costs are estimated to be 30 billion each year in the United States. Direct costs,
such as reimbursements to hospitals, physicians, and rehabilitation, accounted for 17
billion, and indirect costs, such as lost productivity, accounted for 13 billion. Of the
estimated 4.7 million people who survive a CVA, 1.1 million reported difficulty with
functional limitations and activities of daily living.?
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Pathology of a CVA

Pathology is the interruption or interference of normal bodily processes or
structures.® As noted above, a CVA is a sudden, focal neurological deficit resulting
from ischemic or hemorrhage lesions in the brain. The brain consists of more than 10
billion cells, which represents only 2% of the total body weight, yet it requires 25% of the
oxygen the body receives. A stroke disrupts the blood delivery and starves brain cells of
oxygen, consequently causing cell death.'

Secondary injury to surrounding brain cells also occurs as dead brain cells release
chemical messengers that set off a “chain reaction.” The cascade of chemicals includes
release of glutamate, an excitatory neurotransmitter, which causes changes in calcium ion
distribution that leads to activation of destructive enzymes. The overall effect is one of
additional neuronal death. Additionally, there may be accumulation of fluid that causes
cerebral edema within hours of the CVA and reaches maximal damage in four days,
resulting in widespread membrane and tissue destruction.’

Clinically, a wide variety of deficits are possible, including impairments in
sensory, motor, mental, perceptual, and language functions. The symptoms that result
correspond to the area of the brain affected by the abnormal blood flow and tissue death.
The location and extent of the lesion and the amount of collateral blood flow determine
the severity of the neurological deficits.* These resulting impairments following a CVA
will be further discussed later in the chapter. The American Stroke Association'' states
that warning signs of a CVA include sudden numbness or weakness especially on one

side of the body, sudden confusion or difficulty speaking or understanding, vision



problems, trouble walking, dizziness, loss of balance or coordination, and sudden severe
headaches.

Cerebral vascular accidents can be classified into two types: (a) ischemic and (b)
hemorrhage. Approximately 80% of strokes are ischemic and occur when there is a lack
of blood supply to the brain due to an obstruction, which decreases the oxygen delivered
to the brain cells. The most common cause of ischemia is atherosclerosis, the buildup of
fatty deposits inside the arteries, which blocks the flow of blood. These fatty deposits
can cause obstruction in two different ways. One way is through cerebral thrombosis,
which occurs when a blood clot forms at the clogged part of the blood vessel in the brain
resulting in decreased blood flow to the brain. Less frequently, a cerebral embolism can
occur in which a blood clot forms in another part of the body and breaks loose. The clot
is swept through larger blood vessels into the smaller vessels in the brain where it lodges
and obstructs blood flow to that area of the brain."*'?

Hemorrhage stroke is the second type of stroke, which occurs when a weakened
artery leaks or ruptures. The blood puts pressure on the surrounding tissues and damages
brain cells even beyond the rupture. The hemorrhage stroke is perpetuated by high blood
pressure, which weakens the vessel walls. Aneurysms, weak spots in the blood vessels,
could cause a hemorrhage when the vessel bulges and the thin and stretched vessel
ruptures in the brain."*'?

Transient ischemic attacks (TIAs), or mini strokes, are a temporary interruption of
blood flow to parts of the brain. The etiology and symptoms of a TIA are the same as for

a CVA; however, the duration is shorter, symptoms are more focal, and the individual

recovers rapidly (within 24 hours) with no permanent damage. The occurrence of a TIA
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indicates a serious underlying risk that a CVA could follow. A person who has had a

TIA is almost ten times more likely to have a CVA than a person who has not.'*"?

All types of CVA share common risk factors. The American Stroke Association'*

states that the risk factors include:

1.

2

8.

9.

Age — risk increases as an individual gets older — doubles each decade after 55
Family history — risk increases for people who have a family history of CVA
Gender — incidence and prevalence are equal for men and women, but more
women die following a stroke

Ethnicity — African Americans have a greater risk

. High blood pressure — CV A risk varies directly with high blood pressure —

thought to be the most important risk factor

Prior CVA —risk increases many times over a person who has never had a
CVA

Cigarette smoking — increases risk by 50% and is directly related to the
number of cigarettes smoked per day

Diabetes mellitus — increases risk

Carotid artery disease — increases risk

10. Heart disease — risk is doubled

11. High red blood cell count — increases risk

Other factors are considered secondary risk factors because they affect the risk of

a CVA indirectly by increasing the risk of heart disease. These include high blood

cholesterol, obesity, and physical inactivity.'*



Impairments Accompanying a CVA

Impairments are defined as the loss or abnormality of mental, emotional,
physiological, or anatomical structures or functions.’® Depending on the location of the
CVA impairments vary and can affect many parts of the body, including sensory, motor,
language, cognitive, and affective functions. Impairments can be either direct or indirect.
Direct impairments are the natural consequence of the pathology or disease. Indirect
impairments are secondary complications that occur as a result of the primary condition.
They are often multisystem and can result from prolonged inactivity, ineffective
management, or lack of rehabilitation services.*'°
Direct Impairments

Somatosensory deficits are one type of direct impairment that can occur with a
CVA. These deficits can take the form of numbness, dyesthesias (abnormal sensation),
hyperesthesia (increased sensation), proprioception deficits, and loss of superficial touch,
deep touch, pain, and temperature sensation. Sensation is often impaired but rarely
completely absent on the hemiplegic side. The extent and exact nature of the sensory loss
is dependent upon the location and severity of the CVA.* Fifty-three percent of patients
who had a CVA report sensory deficits.® Forty-four percent of patients who had a stroke
were found to have proprioceptive losses, which impacted their motor control, posture,
and balance."

Motor deficits are another type of direct impairment. The early stages of a CVA
typically consist of flaccidity with no volitional movement. Flaccidity is then replaced by
the development of spasticity, hyperreflexia, and synergies (mass patterns of movement).
Spasticity occurs in about 90% of people who have had a CVA and is found primarily on
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the side of the body opposite the lesion. In addition to the hyperreflexia, primitive and
tonic reflex patterns may emerge. Synergy patterns can be either flexion or extension and
can be classified for both upper and lower extremities. As the person who had the CVA
recovers, spasticity and synergies decline, and advanced and more volitional movement
patterns become possible. Motor deficits can be characterized by paralysis (hemiplegia)
or weakness (hemiparesis) in the body opposite the site of the lesion. The nature and
severity of the motor deficits reflect the type, location, and extent of the vascular lesion.
Other motor impairments include incoordination, apraxia (deficits in motor planning),
bradykinesia (slow movements), and disturbances in balance and postural control.
Disruption of a person’s postural control and balance can lead to falls or other injuries
that further complicate recovery.>*

Visual deficits are another type of direct impairment that can result following a
CVA. Homonymous hemianopsia, the loss of vision in thé contralateral half of each
visual field, is the most common type of visual deficit. Visual field deficits can lead to
lack of awareness of the hemiplegic side. Other impairments include visual neglect,
depth perception difficulties, problems with spatial relationships, diplopia, vertigo, and
disturbances in color vision.>”

Speech and language deficits can be found in people who had a lesion involving
the cortex of the language-dominant hemisphere and can result in disturbances in
comprehension, speech, verbal expression, reading and writing.* Aphasia, an impairment
in language comprehension, formulation and use, occurs in 30-36% of people who have

had a CVA. Aphasia can be receptive (person is able to speak but has difficulty



comprehending), expressive (ability to speak is affected but comprehension is good), or
global (combination of receptive and expressive deficits).?

Visual-perceptual deficits are another type of direct impairment that can occur
with lesions to the cortex. Most commonly they occur with right-sided lesions and left
hemiparesis. Examples of visual-perceptual deficits include body image disorder
(distortions in the visual and mental image of one’s body), spatial relations syndrome
(difficulty in perceiving the relationship between the self and two or more objects in the
environment), agnosia (inability to recognize incoming information despite intact sensory
function), and apraxia (lack of voluntary, controlled movement). Ipsilateral pushing, also
known as pusher syndrome, occurs when the person demonstrates a strong lateral lean
toward the hemiplegic side.>*

Cognitive and affective deficits are also considered direct impairments of a CVA.
Cognitive deficits can take the form of difficulties with attention, memory, ability to
learn, and other executive functions. A wide range of emotional problems may be
experienced depending upon the area of the brain damaged. However, depression is
common among patients who have experienced a CVA, occurring in one-third of the
cases. Depression appears to be more frequent and severe among patients who have
lesions in the left-hemisphere compared to right-hemisphere.>*

Indirect Impairments

As noted above, indirect impairments are secondary complications that occur as a
result of the primary condition.'® Indirect impairments can include deep venous
thrombosis, skin breakdown, loss of range of motion, and shoulder pain and subluxation.
Deep venous thrombosis is a complication of immobilization and occurs in
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approximately 47% of patients with CVA. Skin breakdown and pressure sores can
develop when there has been ischemic damage and subsequent necrosis of the skin. If a
person has spasticity and/or contractures, this may lead to increased friction and tearing
of the skin. Decreased range of motion may result from loss of voluntary movement and
immobilization and is most common in the shoulder, elbow, wrist, fingers, and ankle.**
Shoulder pain occurs in 70 to 84% of patients who have had a CVA. Restricted
movements, poor handling and positioning may contribute to subluxation.'®
Functional Limitations Accompanying a CVA

Functional limitations are the restriction or lack of ability to perform an action or
task in the manner considered normal.’® Various functional limitations can result
following a CV A, including difficulty with bed mobility, transfers, ambulation, and
activities of daily living. Difficulties experienced by individuals vary considerably
depending on the severity of the stroke, location of the lesion, and the stage of recovery.

Rozzini et al'”

investigated the effect of chronic conditions, including stroke, on
physical function. Participants included 549 community-dwelling subjects aged 70 and
over. Subjects were assessed on two self-reported measures of activities of daily living
and one physical performance based test. The Katz Basic Activities of Daily Living
(Katz BADL) is a self-report scale that assesses six functions, including bathing,
dressing, toileting, mobility, continence, and feeding. The Lawton and Brody
Instrumental Activities of Daily Living (Lawton and Brody IADL) is a self-report scale
that assesses eight functions, including using the telephone, using transportation,
managing money, shopping, taking drugs, cooking, housekeeping, and doing laundry.
Subjects were also tested on the Physical Performance Test (PPT), which assesses

11



multiple domains of physical function by observing and timing the performance of tasks
that simulate ADL activities, including writing a sentence, eating, lifting a book from a
table, putting a jacket on and off, picking up a coin on the floor, turning around 360°, and
walking 15 meters. Scores on the PPT range from zero (worst performance) to 28 (best
performance). On the Katz BADL scale, results indicated that 12% of the subjects erre
dependent in one function and 15% were dependent on two or more functions. On the
Lawton and Brody IADL scale, results showed that 21% were dependent on one function
and 31% were dependent on two or more functions. On the PPT, results demonstrated
that 47% scored over 20, 36% scored between 11 and 20, and 15% scored less than 11.
Statistical analysis indicated that several chronic conditions, including a stroke,
Parkinson’s, heart disease, poor vision, and cancer, were associated with the PPT score
but not with the self-reported ADL scales. Thus, these conditions cause a degree of
functional limitation as measured by a standardized physical performance task, but those
subjects did not report problems with their ADL’s on the self-report scales. The authors
suggest that people may develop compensatory strategies to accomplish tasks that they
need to perform. While it may take them longer to perform these tasks, the fact that they
are able to complete them in some fashion is indicative of self-sufficiency to them.

Mayo et al'® compared functional limitations and quality of life of people who
have had a CVA to people who have not. Participants were all community-dwelling and
included 434 people with a diagnosis of CVA and 486 controls who were matched by age
and city district. Subjects were interviewed by telephone at six-month intervals for two
years; however, this study only reported the six-month post-stroke findings.. Six

measures were used to assess basic activities of daily living, instrumental activities of
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daily living, reintegration into normal community living, cognitive status, health related
quality of life and general quality of life. Subjects who had a diagnosis of a CVA scored
significantly poorer on all six measures. At six months post-stroke, 39% of subjects who
had a stroke experienced difficulty with basic activities of daily living, such as self-cares
(bathing, dressing, grooming), 21% had trouble walking 50 meters, and 24% had
problems with negotiating stairs. Higher-level activities were measured by instrumental
activities of daily living, and 54% of subjects had limitations in at least one category.
Most problematic included housework (48%), shopping (36%), and meal preparation
(29%). Reintegration into normal community life looked at an individual’s involvement
in 11 aspects of life that requires interaction with the external environment. Sixty-five
percent of subjects who had experienced a stroke reported restrictions. Most challenging
areas were travel, social activities, recreational activities, moving around the community,
and having an important activity to fill the day. The authors conclude that the most
frequent limitations of persons who have had a CVA can be summarized into four broad
categories: basic activities of daily living, household tasks, travel, and having a
meaningful activity. They believe that these difficulties can put people who have had a
CVA at risk for diminished activity level, social isolation, and further negative health
events.
Disability Resulting from a CVA

Disability is defined as the inability or limitation in performing socially defined
activities and roles expected of individuals within a social and physical environment."°
These could include difficulties meeting expectations in family roles, social life,
community activities, and occupation. Various impairments and functional limitations
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discussed above can result in disability in a person who has had a CVA. For example, if
a person is unable to perform basic activities of daily living, they may not be able to live

in their own residence independently. Also, a person who had difficulty with ambulation
and uses a wheelchair may not be able to attend a community event if it is not wheelchair
accessible.

1'” studied the social factors and outcomes of patients under the age of

Teasell et a
50 who had a stroke. Using a retrospective chart review, the authors examined marital
status and employment status at admission and at three months after discharge, discharge
destination and primary caregiver, and psychosocial difficulties. Participants included 83
patients under the age of 50 who had experienced a CVA. Results indicated that
following rehabilitation, 82% of subjects were discharged to their premorbid living
arrangements, 10% to a parent’s home, 5% to an institution, and 4% to someone else’s
home. Within three months of discharge, 15% of subjects were separated from their
spouse; however, in the majority of cases, marital stress was noted prior to the onset of
the CVA. Of the patients who were employed or studying at the time of the stroke, only
20% were able to return within three months of discharge. Only 9% of those working
full-time were able to return to full-time status. Predominant psychosocial issues
included anxiety and depression. The authors concluded that younger persons who have
a CVA experience some important social issues, such as marital relationships and return
to work issues, that may have significant impact on quality of life and need to be
addressed during rehabilitation.

Clarke et al*” studied the patterns of well-being in community-dwelling people

who have had a stroke to determine factors that restrict and enhance well-being. Subjects
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were taken from the second wave of the Canadian Study of Health and Aging study. For
the current study, analyses were run on the 339 subjects who indicated that they had a
history of a CVA, and comparisons were made to community-dwelling individuals who
had not experienced a CVA. Subjects were administered the Ryff Measure of
Psychological Well-Being, which included dimensions on self-acceptance, autonomy,
environmental mastery, purpose in life, personal growth, and positive relations with
others. Other measures included a demographic form, Modified Mini-Mental State
Exam, and measures of basic and instrumental activities of daily living. Results indicated
that subjects who had experienced a stroke reported a lower sense of well-being
compared to individuals who had not experienced a stroke. Those who had experienced a
stroke reported significantly more difficulties with basic and instrumental activities of
daily living, a greater number of comorbid health conditions, and lower scores on a
mental health scale. While physical disabilities, cognitive difficulties, and mental health
issues were found to be associated with a reduced sense of well-being in individuals who
had a stroke, social support and educational resources tended to moderate the impact of
functional status on well-being.
Balance

Many individuals who have had a CVA experience ongoing neurological
impairments that affect balance and mobility.*' > Residual sensory, motor, perceptual,
and cognitive deficits can interfere with the brain’s ability to coordinate the lower
extremities during gait and stance, which can result in decreased balance and postural
control. The extent of the dysfunction depends on the area of the brain affected and the

severity. When balance is impaired, the risk of falls increase. Falls are considered a
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major complication following stroke*' and can result in further difficulties such a fracture
and/or soft tissue trauma.”> Unfortunately, many people who sustain a hip fracture do not
regain their premorbid level of functioning. Cumming®* reported that within a year of
experiencing a hip fracture approximately 20% of people die and another 20% become
institutionalized. Studies indicate that a CVA can cause increased postural sway,”” %
decreased area of stance stability,”’ decreased weight bearing on the involved leg,”’
abnormal lower extremity postural responses to displacement,*” and impairment to any of

128 discussed several other

the systems utilized in maintaining balance.”” Hellstrom et a
CVA induced impairments, including: abnormal tilt of the internal representation of one’s
orientation in space, impaired proprioception, loss of anticipatory reactions, decreased
range of motion, and high muscle tone accompanied by increased joint stiffness,
muscular weakness, and muscle shortening.

Balance is described as the ability to maintain the body’s center of gravity over its
base of support.29 It can also be thought of the ability to maintain stability and move in a
weight-bearing posture without falling. Within any given base of support, there is a limit
to the distance a body can move without either falling or establishing a new base of
support, which is called the limit of stability. Postural stability is dependent on the
positional control of body parts through muscular activity. Therefore, postural control
can be described as the act of maintaining, achieving, or restoring a state of balance
during any posture or activity.

Huxham et al’® stated that balance is a function of two things: the attempted task

and the environment in which the action is attempted. Balance is required for simple

tasks such as reaching, cleaning a window, or walking across a street. The degree of

16



balance required for different activities varies according to the task and the environment.
For example, reaching on your toes requires greater balance than reaching with a wide
base of support. The environmental factors that affect balance include: lighting,
familiarity, smoothness, sloped ground, and sturdiness of the surface. These factors can
cause an individual to alter different aspects of their gait, such as step length.

The task and the environment can alter the biomechanical features of an activity,
which changes the effects of forces on the skeletal and muscular systems. They also
affect the amount of information that must be processed to achieve and sustain balance
and postural control. To attain postural and balance control, an individual must have
intact predictive, reactive, and proactive mechanisms. Predictive mechanisms maintain
stability between the segments of the body and between the body and the supporting
surface. Therefore, an individual requires accurate proprioceptive information from the
body, as well as knowledge of how to maintain postural and functional balance. This
knowledge is not based on sensory input, but rather on learned experiences and prior
feedback on how to rectify balance disturbances. Reactive balance mechanisms consist
of motor responses that include ankle, hip, and stepping strategies. Proactive balance
mechanisms are based on the visual system and consist of input from the eyes.”®

Balance is a highly complex process and involves the integration of the
somatosensory, visual, vestibular, and musculoskeletal systems. A state of equilibrium is
achieved when all components are functional and integrated.*” 2 The central nervous
system is only able to process information from one input at a time, and in healthy adults,
the preferred input is somatosensory. However, due to the plasticity of the brain, it is

capable of using the visual or vestibular systems as input when the somatosensory system
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is not working properly. Balance is a complex process that requires the central nervous
system and musculoskeletal system to make postural adjustments to internal and external
changes.”>*' In order to understand balance, it is necessary to take a more detailed look
at the four component systems: somatosensory, visual, vestibular, and musculoskeletal
systems.

Components of Balance
Somatosensory Component

Somatosensory information is the preferred input to maintain balance control in
healthy individuals and comes from contact information between the feet and supporting
surface. Bennett and Karnes™ stated that somatosensation is information from the
receptors in the joints and muscles that travel to the cortex and the cerebellum.
Proprioceptive input arises from joint mechanoreceptors, muscle and tendon receptors,
and pressure receptors in the feet. Somatosensory information is processed the fastest,
followed by visual and vestibular input.

Proprioceptive information can be carried through either the dorsal
columns/medial lemniscus pathway or the spinocerebellar tracts. The proprioceptive
information carried through the dorsal columns/medial lemniscus pathway is sent to the
thalamus and eventually to the cortex. This includes touch, vibration, joint position and
joint movement. The spinocerebellar tracts contain information from the Golgi tendon
organs, muscle spindles, joint receptors, and cutaneous receptors. These receptors affect
balance by changing the movement patterns.”

When an individual experiences a CVA, the processing portions of the brain may
be affected. Therefore, somatosensory information may be impacted because the data
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cannot get processed and integrated by the brain. This prevents the individual from
determining joint position and motion, which can affect balance and mobility. When the
somatosensory system is impaired, the central nervous system will attempt to use an
alternate component to gage joint position and limb motion.”

Visual Component

The visual system is an important component in maintaining balance as it
provides information on obstacles, surface, placement, and proprioception. This allows
an individual to maneuver and react to his/her environment. Input from the environment
enters through the eyes and is sent to the brain where it is processed based on previous
experiences. In response to this input, a course of action is chosen and a signal is sent to
the nerves and muscles in the body to execute the action. There are other systems
involved in maintaining balance, but the visual system is most often used when one of the
other systems is impaired.?**> The visually based proactive mechanism is one of the key
contributors to balance.*

When an individual experiences a CVA, the visual system may be impaired.
Examples of visual impairments include vision loss, changes in vision field, distortions
in spatial relationships, peripheral vision loss, perceptual deficits, hemianopsia (loss of
one half of the visual field), and ischemic optic neuropathy. Ischemic optic neuropathy
occurs if the location of the CVA is in the area of the optic nerve. With ischemic optic
neuropathy, the level of visual impairment depends on the amount of the optic nerve
affected and on the location of the brain affected (i.e. visual processing areas). If the
visual processing area of the brain has been injured, an individual will not be able to

"see" correctly even if the eye itself has not been damaged. For normal vision to occur,
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the eye and the optic nerve must work in conjunction with the brain. For those who have
visual impairments, visual rehabilitation may include a variety of services including: low
vision aides, rehabilitation teaching, and orientation/mobility training.*

Vestibular Component

The vestibular system works in conjunction with the visual and somatosensory
systems to maintain balance.”* When the visual and proprioceptive systems give
conflicting information or are not working properly, the vestibular system serves as an
internal reference.”” This system provides sensory information about the position and
motion of the head.**

The vestibular system is made up of three components: the peripheral sensory
component, the central processing component, and the motor control component.*?

The semicircular canals and otolith organs are located in the inner ear and make up the
sensory component. The hairs in the semicircular canals and the otolith organs detect
head movements, as well as its orientation in space.

The central processing component of the vestibular system consists of the pons
and the cerebellum. This component processes information from the inner ear, combines
the information with visual and proprioceptive input, and finally sends the information
down to the spinal cord and ocular muscles.**

The motor control component consists of the spinal cord and ocular muscles,
which respond by regulating posture through the vestibulo-ocular reflex and the
vestibulospinal reflex. The vestibulo-ocular reflex allows the eyes to remain stable,

which allows for the maintenance of a stable visual field with head motion. The
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vestibulospinal reflex influences muscles in the body and maintains head and body
control through compensatory motions during a perturbation in balance.*?

Following a CVA, an individual may have impairments in the vestibular system
that follows a similar mechanism of the visual system. The central processing portion or
the motor planning portion of the brain may be affected.

Musculoskeletal Component

The motor/efferent aspect of balance is referred to as the musculoskeletal
component. After sensory input has been analyzed and integrated by the brain, a signal
or course of action is sent to the skeletal and ocular muscles. Based on the signal that is
sent, the body responds with appropriate movement and balance strategies to maintain or
regain balance. Tideiksaar’> explained that during unexpected balance displacements
muscle activation occurs from distal to proximal. For example, during sudden anterior
displacements, the muscle activation would have the following sequence: plantarflexors,
knee flexors, hamstrings, and trunk muscles. In a healthy individual, these muscles are
rapidly activated in approximately 100 milliseconds after a loss of stability. This reaction
time is generally fast enough to prevent loss of balance.

The postural control mechanisms for maintaining balance in the musculoskeletal
system include: the ankle strategy, hip strategy, stepping strategy, and suspensory
strategy.”” The ankle strategy is used with small balance disturbances (or when a weight
shift is experienced with the feet on a stable solid surface). An individual uses the
muscles around the ankle joint to restore equilibrium, while the feet are kept in place.
Motions include anterior-posterior, side-to-side, and rotating about the ankle joint with
minimal motion at the hip and knee joints.>*
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The hip strategy is used with larger perturbations or on less stable surfaces.”
This strategy involves flexion and extension of the hip joint in order to restore balance.
Contrary to the ankle strategy, the hip muscles are activated proximal to distal. During
forward displacement, trunk flexors, knee extensors, then ankle dorsiflexors are
activated.

The stepping strategy is used when the center of gravity is displaced outside the
base of support, and an individual must take a step to prevent falling and realign the base
of support over the center of gravity. In such cases, neither the ankle nor the hip
strategies are sufficient to regain balance. The suspensory strategy is utilized when the
body is lowered to provide stability by bringing the center of gravity closer to the base of
support.?

When an individual experiences a CVA, the musculoskeletal processing portions
of the brain may be affected. Therefore, the efferent reactions may not occur, and the
individual may have difficulty maintaining and regaining balance. Nerve damage may
also result in muscle atrophy and weakness.

Balance Assessment

Tests are available to assess the origin of the balance dysfunction, as well as
quantify and qualify the degree of balance disturbance. Balance can be assessed through
general clinical tests and laboratory methods.>' Laboratory methods generally require
expensive equipment and are performed by a physician or otolaryngologist. By
determining the origin of the balance impairment, it is possible to identify the internal
systems (visual, vestibular, somatosensory, and musculoskeletal) that contribute to the
dysfunction and to develop an appropriate treatment program.
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Balance assessment includes evaluation of many areas including the
musculoskeletal, sensory, visual, and vestibular systems. Prior to assessment of these
areas, a thorough patient history is necessary (i.e. onset of balance dysfunction, past
medical history, dizziness, functional limitations, etc.).29

The first system to be assessed should be the musculoskeletal system to rule out
weakness and decreased range of motion as the primary cause of the balance problem.
Areas of focus include body segment alignment, tone, tremors, coordination, and
involuntary movement.*’

Following the musculoskeletal assessment, the sensory evaluation should include
the somatosensory, visual, and vestibular systems. As discussed earlier, the
somatosensory system contains two important tracts: the dorsal column/medial lemniscus
and the spinocerebellar tracts. The dorsal column/medial lemniscus tract is assessed by
testing an individual’s ability to localize touch on their body, determine body position,
and determine the amount of body sway (Romberg test). *°

Testing of the visual system includes assessing an individual’s ability for near
vision, far vision, and peripheral vision. The presence of double vision or nystagmus can
also be evaluated.”

The vestibular system is tested through an interaction between the visual and
vestibular systems in an individual. This is performed through assessment of the
following: smooth pursuits, saccadic eye movements, vestibular ocular reflex, head
thrust, rapid head shaking, and the Hallpike maneuver. A smooth pursuit is the ability to
track a moving object while the head remains stationary. Saccadic eye movement is the

ability to look back and forth between objects in the horizontal and vertical planes.
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Vestibular ocular reflex is the ability to move the head in all planes while the eyes remain
fixed on an object. Head thrusts are passive movements of the head 30 degrees off center
to neutral while actively shaking the head back and forth 10 times quickly. The Hallpike
maneuver is a passive extension and rotation of the cervical spine performed in supine.”

General clinical balance tests assess the ability to maintain balance. These tests
evaluate static balance (no motion) and dynamic balance (motion), as well as ability to
perform activities of daily living. Examples include the Romberg Test, Clinical Test for
Sensory Interaction in Balance, Fregly and Graybrel Quantitative Ataxia Test, Berg
Balance Scale, Get Up and Go, Timed Get Up and Go, Clinical Balance Assessment,
Functional Reach, Tinetti Tests, Fakuda Stepping and Postural Stress Test.”>>%>!

Laboratory balance testing requires equipment not normally found in clinics and
is not routinely performed by physical therapists. Examples include platform
perturbation tests, caloric tests, and rotational tests.3!

Determining the cause of balance dysfunction can assist the physical therapist in
determining an effective treatment plan. Such treatment plans usually include a regimen
of balance training.

Balance Training

When the central nervous system is injured following a CV A, balance is often
impaired which increases the risk of falls.?' Falls can cause secondary injury, such as hip
fractures, and lead to difficulties with activities of daily living.?"*** Therefore, a thorough
assessment and effective treatment of balance dysfunction is essential during
rehabilitation following a CVA. Treatment of balance dysfunction is called balance

training and involves a program of exercises aimed at retraining the nervous system for
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movement. An effective balance training program develops the necessary postural
strategies,”” ? provides an adequate challenge to the body systems that affect balance,
considers motor control and motor learning principles, incorporates previous research
results, and addresses compliance issues.”” >

Balance training retrains the residual peripheral and central nervous systems to
develop movement strategies (hip, step, ankle, and suspensory strategies) and coordinate
movement behavior within the limitations imposed by the CVA.** Balance training is
multifaceted and can include: oscillatory platform movemen‘[s,3 % biofeedback,” *°
conventional balance training,’” and visual feedback training.” Conventional balance
training is based on progression through activities. It begins with symmetrical weight
distribution and progresses to weight shifting, reaching, and eventually performing
functional activities that challenge balance.'® An important component of balance
training is the development and preservation of effective postural strategies in order to
maintain upright posture and in static and dynamic functional activities. In order to train
and improve these postural strategies, an individual’s center of gravity must be moved
outside the base of support. Activities that promote this include obstacles, weight
shifting, reaching, catching and throwing, and activities on a Swiss ball.*?

Pollock et al *° stated that early work with balance training was based primarily on
orthopedic principles, and in more recent years this work was enhanced through
neurophysiological principles. Today, therapists include principles of motor learning and

motor control in their treatment. Orthopedic principles focus on the strengthening

techniques, while neurophysiological principles focus on the therapist moving the patient
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through patterns of motion. The motor learning approach emphasizes the importance of
active motion by the individual.

Different therapeutic approaches for rehabilitation exist and include: the
remediation facilitation approach, compensatory training approach, functional task
oriented approach, and motor relearning program for stroke. The primary goal of the
remediation facilitation approach is to increase motor recovery and function and decrease
impairments through therapeutic exercise and neuromuscular facilitation. The focus is on
the involved segments to decrease compensation by the unaffected side and to prevent
learned non-use of the involved segments. On the other hand, the compensatory training
approach does not concern itself with the involved side. Rather, the goal is to become
functionally independent as soon as possible with the uninvolved side. This technique is
rarely used for patients who have experienced a CVA, unless there is little hope of
recovery. The preferred approach is the functional task oriented approach and is
sometimes referred to as the motor control and motor learning approach. This approach
integrates the systems theory of motor control (which states that the neural, behavioral,
and physical aspects of movement are the result of interacting systems) with aspects of
the motor learning approach. The focus is on ensuring that an individual practices
difficult tasks in random order, receives appropriate feedback (visual, verbal, intrinsic,
extrinsic), and becomes a problem solver and an active participant in goal setting.”
Finally, the motor relearning program for stroke focuses on retraining motor control with
functional activities and transference of learning. Practice in varying environments and
appropriate feedback is required, as well as the ability to self-monitor and make

: 4
necessary corrections. A6
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According to various research studies there is uncertainty in regard to which
training procedures are the most effective for improving balance. Consequently, research
continues to evaluate the most effective means of balance and mobility training in
patients who have had a CVA. A systematic review of the literature was done by
Gillespie et al 2 comparing different interventions for preventing falls in the elderly. The
study assessed randomized trials aimed at decreasing the risk factors for falling in the
elderly. The authors concluded that individualized strengthening and balance retraining
programs, Tai Chi, home hazard assessment and modification, and risk factor screening
and intervention programs were effective in improving balance.

Several studies have investigated balance training for individuals who have had a
stroke. One question in the literature is whether conventional physical therapy methods
versus other methods of instruction are more effective. Grant et al’ assessed whether
providing visual feedback in addition to conventional therapy provided greater
improvements in balance compared to conventional therapy alone. Subjects with
hemiplegia secondary to acute stroke were randomly assigned to either a conventional
group or an experimental group with visual feedback training. The experimental group
received regular physical therapy along with an additional 30 minutes of balance training
per day. Treatment following the stroke was initially inpatient 5 days per week for a
minimum of three weeks followed outpatient two days per week for a maximum of eight
weeks. The authors concluded that although there was improved postural stability and
balance over tifne, there was no indication of differential benefits due to the additional

visual feedback.
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Walker et al® investigated whether visual feedback regarding center of gravity or
conventional balance training improved balance compared to regular physical therapy
sessions. Subjects consisted of 46 individuals with a history of a recent CVA and
unilateral hemiparesis. They were randomly assigned to one of three groups: visual
feedback group, conventional balance therapy group, and control group. All subjects
received two hours per day of physical and occupational therapy; however, the two
experimental groups received an additional 30 minutes per day of balance training.
During the balance training time, the visual feedback group used the Balance Master and
received information regarding the location of their center of gravity during various
weight shifting activities, and the conventional balance therapy group received verbal and
tactile cues to encourage symmetrical stance and weight shifting. Outcome measures
included postural sway from the Balance Master, the Berg Balance Scale, the Timed “Up
and Go,” and gait speed prior to treatment, at the end of treatment, and one month
following the end of treatment. All three groups demonstrated marked improvement in
balance; however, neither the visual feedback nor the verbal and tactile cues provided
extra benefit over regular physical therapy during the early stages of rehabilitation.

Geiger et al’ studied whether visual feedback/forceplate training in addition to
conventional physical therapy interventions enhanced balance and mobility. Subjects
included a sample of convenience of 13 individuals with hemiplegia secondary to a
stroke who were referred by their physician for outpatient physical therapy. Subjects
were assigned to either an experimental group or control group. All subjects received
physical therapy intervention for 50 minutes two to three times per week. The control
group received 50 minutes of regular physical therapy intervention techniques aimed at
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improving muscle force, range of motion, mobility, and balance. The experimental group
received 35 minutes of regular physical therapy intervention and 15 minutes of training
on the Balance Master. All subjects were assessed using the Berg Balance Scale and the
Timed “Up and Go” before and after four weeks of treatment. Both groups demonstrated
improved scores after four weeks of physical therapy; however, no differences were
found between the two groups. The authors concluded that visual feedback/forceplate
training combined with regular physical therapy did not enhance the effects of regular
physical therapy on subject’s balance and functional mobility.

When designing a balance training program, it is important to incorporate several
components, some of which have been previously discussed. It is vital to train and
improve effective ankle, hip, and stepping strategies. Activities that cause the center of
mass to sway are used to develop coordination of muscles involved in these strategies.
The natural environment is filled with everyday hazards that challenge balance, such as
narrow hallways, uneven ground, and slippery surfaces. Activities such as tandem
walking, obstacle courses, and sidestepping provide an opportunity to practice these
skills. Many functional activities, such as stair climbing and gait, require balance durin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>