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Vestibular Rehabilitation for Dizziness and Balance Disorders after Concussion
Bara Alsalaheen, PhD

University of Pittsburgh, 2012

Many individuals who acquire a concussion are seen for vestibular rehabilitation. The studies
describing the prescribed exercises and the outcomes of vestibular rehabilitation are sparse.

Additionally, the outcome measures that have been used lack normative reference values
for healthy adolescents and have not been examined for correlation with established
neurocognitive measures. Therefore, the purpose of this dissertation is to provide normative data
for the measures used in vestibular rehabilitation, to describe the exercises and the outcomes of a
vestibular physical therapy program and to examine the relationship between self-reported
symptoms, neurocognitive and balance performance in individuals referred to vestibular physical
therapy.

A cross — sectional design was used to establish normative reference values; Ninety- one
participants completed the Activities — specific Balance Confidence scale, Dynamic Gait Index,
Functional Gait Assessment, Timed “UP & GO”, Five Times Sit to Stand test, tests of gait speed
and the Balance Error Scoring System. Percentile scores were computed for all measures.

A retrospective chart review of 114 consecutive subjects referred for vestibular physical
therapy after concussion was performed. At the time of initial evaluation and discharge,
recordings were made of outcome measures of self-report and balance performance. A repeated-
measures mixed ANOVA tested whether there was an effect of time and age on the outcome
measures. Frequency counts of the most common exercise types were recorded. A correlation

v



analysis was performed to examine the relationship between balance measures and Immediate
Post-concussion Assessment and Cognitive Testing (ImMPACT) at the initiation of vestibular
physical therapy and to examine the relationship between change in InPACT and change in
balance measures.

Normative reference values for balance were provided. An improvement was observed in
all measures at the time of discharge from vestibular rehabilitation. Eye-Head Coordination
exercises were the most commonly prescribed exercise type. Significant relationships between
the INPACT neurocognitive scores and balance measures at the start of vestibular rehabilitation
were supported.

In conclusion, Individuals who received vestibular physical therapy after concussion had
favorable outcomes, but it is not possible to determine if the outcomes were solely due to the

therapy. The interventions provided by physical therapists were consistent across patients.
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1.0 INTRODUCTION

Traumatic brain injury (TBI) is one of the most prevalent acquired neurological conditions
occurring in children and young adults.' Most TBI is classified as mild TBI (i.e. concussion).”™
The annual rate of mTBI is 130-546 per 100,000 persons.”” The reported numbers of
concussion are suggested to be conservative numbers; sport-related concussions are estimated to
be 1.6to 3.8 million annually.® The deleterious effect of concussion appear in the areas of
neurocognitive functioning,”'* postural and balance control,"*"® and self-report symptoms.'”!
Neurocognitive evaluation is seen as the cornerstone of concussion assessment and is the
area where the most advances in research have been made in the management of concussion.”*>*
Computerized neurocognitive assessment (e.g.; Immediate Post-Concussion Assessment
and Cognitive Testing, CogSport) has replaced the traditional paper and pencil assessment, and
has provided a means to track the recovery process.'””> One of the most studied computerized
tools is the Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT).**
ImPACT contains a symptom inventory and neurocognitive test battery that examines the
neurocognitive aspects of verbal memory, visual memory, reaction time and processing speed.
Dizziness and balance difficulties have been widely reported after concussion.”” >’ While

the dizziness and balance impairments usually resolve in the first 3-5 days after concussion,'***

31 32-40

some patients exhibit persistent dizziness and balance disorders that require rehabilitation.



While the vestibular origin of dizziness and postural instability after concussion has been
reported in many studies,”® *'* few studies have investigated the effect of vestibular
rehabilitation on patients with post concussion symptoms.** % #*

Over the course of vestibular rehabilitation, various gait and functional balance measures
are used, and many of the clinical decisions regarding the exercise initiation / progression or
discharge are based on the scores obtained through the gait and balance testing as well as
symptom resolution. However, most of these measures were initially developed to be used in
adults (mostly older adults) and yet no study has investigated the reliability and the normative
scores of these measures in children between the age of 13 and 18. By providing age —specific
normative scores, we will be able to use these normative scores to determine the impact of
concussion on children’s balance performance and to provide an end point for vestibular
rehabilitation therapy.

The results of vestibular rehabilitation after concussion revealed that vestibular

34, 44 .
™" However, these studies

rehabilitation exercises may reduce dizziness and balance disorders.
did not describe the severity of self-reported dizziness, and did not describe the severity of
balance performance dysfunction in the patients seen for vestibular rehabilitation after
concussion. Furthermore, it is unknown if the amount of recovery made during vestibular
rehabilitation is different between children and adults.

Although the individualized nature of vestibular rehabilitation programs for individuals
after concussion has been emphasized by experts vestibular physical therapists,” an
understanding of what exercises have been prescribed for this population may be useful for

several reasons. First, due to the customized nature of vestibular rehabilitation exercises, the

exercise prescription can provide a detailed picture of the specific impairments and functional



limitations encountered by the individuals with concussion. Second, it can serve as a foundation
for other therapists who may be starting vestibular rehabilitation programs for management of
individuals with concussion. Third, by a nalyzing the prescription patterns of experienced
therapists, we may begin to examine how exercise progression relates to outcomes.

The impairments of neurocognitive and balance function after concussion are well

documented in the literature ” !> 1% 24 30-31,46-50

However, they have been studied individually.*®

There are a limited number of studies that relate the neurocognitive testing scores to
functional gait and balance measures post-concussion.”’ Examining the relationship between
neurocoginitive testing and functional balance measures utilized in clinical settings may help
clinicians effectively use these easily accessed measures in clinical decision making, and may
provide us with a better understanding of the multi faceted nature of the recovery process after
concussion.

In conclusion, many limitations have surrounded the implementation of vestibular
rehabilitation in the management of patients post- concussion. By addressing these limitations,

vestibular rehabilitation will have a greater impact in the management of patients with

concussion.

1.1  STATEMENT OF PROBLEM

Studies of vestibular rehabilitation for dizziness and balance disorders after concussion have
been promising. However, for individuals between 13 and 18 of age treated with vestibular

rehabilitation, there is a lack of normative reference values for the common clinical balance



outcome measures used to track recovery. The severity of dizziness and imbalance problems in
this group of individuals post - concussion has not been described and the change in gait and
balance outcomes over the course of vestibular rehabilitation has not been quantified in children
and adult patients. Moreover, the specific exercise prescriptions during the course of vestibular
rehabilitation have not been detailed. Neurocognitive and balance performance and recovery
after concussion have been studied separately, and there have been no studies to examine the
presence/absence of relationship between neurocognitive and balance recovery. There have been
no studies to examine if the markers of concussion severity relate to vestibular rehabilitation

outcomes.

1.2 SPECIFIC AIMS

1. A cross — sectional study was conducted to provide normative data and to examine the
reliability for clinical gait/ balance measures for healthy high school aged children.

2. A retrospective chart review was conducted: 1) to describe the severity of dizziness and
balance dysfunction in patients who were referred to vestibular rehabilitation after being
diagnosed with concussion, 2) to describe the outcomes of vestibular rehabilitation for
dizziness and balance dysfunction after concussion, and 3) to examine whether the
amount of recovery made over the course of vestibular rehabilitation is equal between
children and adults.

3. A retrospective case series was performed to describe exercise prescription patterns in

patients treated with vestibular rehabilitation after concussion. The analysis will describe

4



the progression of the exercises and common exercise volumes for vestibular
rehabilitation exercises used in the management of individuals with dizziness and balance
disorders after concussion.

4. A retrospective case series was performed to examine the relationship between

neurocognitive and balance performance and recovery after concussion.



2.0 REVIEW OF LITERATURE

2.1  DEFINITION AND GRADING OF MILD TRAUMATIC BRAIN INJURY

(CONCUSSION)

Over the last three decades, many overlapping and sometimes confusing terms and constructs
were used to describe the milder spectrum of head injuries;”' minor head injury, mild closed head
injury, mild traumatic brain injury, and concussion were seen throughout the literature. Although
there were slight differences between these terms, the differences are often overlooked when
interpreting the evidence related to prevalence and recovery.

Many professional organizations have adopted the use of one of the above mentioned
terms; the World Health Organization (WHO) and the American Congress of Rehabilitation
Medicine have used mild traumatic brain injury (mTBI).”>>* Concussion and sports- concussion
were used byt he American Academy of Neurology and Concussion in Sport group,

: 22, 54
respectively.””

The American Academy of Pediatrics has used the term minor closed head
injury.”

Loss of consciousness, amnesia, and confusion are considered the hallmarks of
concussion, and were often included as defining characteristics in the various definitions of

concussion. However, there was high variability in numerical value assigned to some of these

defining characteristics; for example the duration of loss of consciousness (LOC) at time of



concussion has ranged between 0-30 minutes, and the duration of post-traumatic amnesia (PTA)
has ranged between 0-24 hours.* The variability in the selected term of use and the duration of
defining characteristics has led to great heterogeneity in the selected “concussion” populations
across the studies, and sparked a great amount of confusion over the years.

Over the last three decades many definitions have been proposed for concussion (i.e.
mTBI). One of the earliest and most widely recognized definitions of concussion was proposed
by the committee on h ead injury nomenclature of neurologic surgeons in 1966 i n which
concussion was defined as “a c linical syndrome characterized by the immediate and transient
posttraumatic impairment of neural function such as alteration of consciousness, disturbance of
vision or equilibrium , etc., due to brain stem dysfunction”.’® In 1997, the American Academy
of Neurology (AAN) defined concussion as “Any trauma induced alteration in mental status that
may or may not include loss of consciousness”.>*

Recently the Centers for Disease Control (CDC) have put forth the following definition
for concussion: “a complex pathophysiologic process affecting the brain, induced by traumatic
biomechanical forces secondary to direct or indirect forces to the head. It is caused by a blow or
jolt to the head that disrupts the function of the brain. This disturbance of brain function is
typically associated with normal structural neuroimaging findings (i.e., CT scan, MRI). It results
in a constellation of physical, cognitive, emotional and/or sleep-related symptoms and may or
may not involve LOC.? The CDC has also stated the mTBI and concussion are synonymous and
are often used interchangeably.’

Although the various definitions of concussion were not intended to provide subtypes for

concussion severity, many have detailed the defining characteristics in order to establish grading

scales for concussion severity. The establishment of different grading scales, variability in the



numerical values assigned to the defining characteristics, and the use of these subscales as
guidelines to the recovery process are all factors that have led to debate about the definition,
prognosis and management of concussion over many years.”’

There have been at least 17 grading scales for concussion in the literature.’” It is essential
to note that none of these scales was validated by pr ospective data or based on e mpiric
evidence.”® Grading scales reflect a consensus among a group of experts and were based on

57, 59-60

clinical experience. The grading scales also heavily based the classification of severity on

the presence and duration of LOC and other markers of severity. The grading scales have also
assumed universal effects of concussion for all age and gender groups.
Recent evidence suggests no strong correlation between LOC and neurocognitive testing

61-62

performance and recovery. Furthermore, some studies have suggested differential rates of

63-66 67-69

recovery for different age groups and genders.

The absence of a discernible relationship between LOC and neurocognitive recovery, and
the presence of a differential rate of recovery for different age groups and gender invalidate the
use of standardized concussion grading scales to make clinical decisions regarding return to play
or work after concussion.”’ The lack of a validated grading scale has led to the endorsement of an
individualized concussion management approach. This approach was endorsed by the National
Athletic Trainers Association in which neurocognitive performance, balance performance and

resolution of self- report symptoms are used to track the recovery process.’’ ¢ 7072



2.2 PREVALENCE OF MILD TRAUMATIC BRAIN INJURY

Traumatic brain injury (TBI) is one of the most prevalent acquired neurological conditions
occurring in children and young adults.® Epidemiological studies revealed that between 75% -
90% of TBI are classified as mild TBI (i.e. concussion); ™ the annual rate of mTBI is 130-546
per 100,000 persons”’

Sports-related concussions have received the most attention; approximately 300,000
sports-related concussions occur in the United States every year.” Three to eight percent of high
school and college athletes sustain a concussion every year.”® Six percent of all sports injuries
among the high school athletes are concussions,” and 34 % of college athletes have had at least
one concussion in their past.*

The large number of reported concussions has led to concussion being recognized as one
of the most common neurological injuries in contact sports.® However, the rates of reported
concussions vary by sport and age; American football accounts for 63% of high school
concussions.”’

Despite the growing number of reported concussions in recent years, many researchers
believe the actual numbers of concussions in sport and non-sport environments are much higher

7, 82-85
d;”

than reporte the estimations of concussions occurring in the U.S have ranged between 1 —

1 - 8, 86-87
4 million concussions every year.”

The reported numbers of concussions are suggested to be
conservative numbers because it is influenced by the variability of concussion definitions and
therefore diagnosis. Additionally, athletes may not recognize that the symptoms they have is a
result of a concussion, or may intentionally underreport the concussion symptoms due to

personal desires, fear of financial loss or jeopardizing their future athletic career.* * One study

reported 50% of interscholastic athletes do not report their concussion to medical personnel.*

9



Despite the uncertainty surrounding the actual number of concussions occurring in the
United States every year, concussion is now being recognized as an epidemic and major public
health concern, especially for children and young adults.?>* 7% -9
The estimated annual cost (direct and indirect) of concussions in the United States ranges

between 12 -17 billion dollars.” °!

Furthermore, concussion is found to have negative effect on
psychological well being and health related quality of life (HRQOL),”*** and also linked to

higher family burden and emotional distress.”*

23 EFFECTS OF CONCUSSION ON NEUROCOGNITIVE PERORMANCE,

BALANCE AND POSTURE, AND SELF- REPORT SYMPTOMS

2.3.1 Neurocognitive performance

2.3.1.1 Prevalence and effect size
The effect of concussion on neurocognitive functioning has been documented in a large number

49, 76-77, 80, 95-102

of studies; neurocognitive testing is often seen as the cornerstone for concussion

assessment and the domain that provides information about impairments and the recovery

20, 22-24, 103-104 . .
’ ’ However, due to a practice effects, and continuous

process after concussion.
development in adolescents’ cognitive abilities, return to baseline neurocognitive performance

may not always indicate full recovery.” Although neurocognitive testing is viewed ast he

cornerstone for concussion assessment, there is a consensus that other measures such as postural

10



stability and self- report symptoms should be used in conjunction with neurocognitive testing.*”
57, 60, 70-71, 105-107

Despite the large body of evidence supporting the negative effect of concussion on
neurocognitive testing, the extent to which the concussion affects cognitive abilities and the
course of recovery has been controversial for decades.*® Many factors may contribute to the
variability in the prevalence of neurocognitive effects of concussion and its course of recovery;
studies had different operational definitions of concussion (if defined) and therefore the selection

46, 108

of patients was variable. For example, selection of subjects from the emergency department

registry may under-represent the less severe spectrum of concussion patients and therefore inflate
the effects of concussion.'”'” Conversely, selection of participants from sports settings where
concussions are often not formally diagnosed by physicians and are often self- reported may
under-represent the more severe continuum of individuals with concussion.” Additionally, there
are many different neurocognitive domains such as attention, executive functioning, fluency,
delayed memory, memory acquisition, and visuospatial abilities. Within each domain, there are
many instruments used to track the recovery of neurocognitive functioning. The heterogeneity of
instruments and neurocognitive domains they include may explain some of the variability seen in

46, 52

the reported effect size of concussion across many studies. The differences in the

psychometric properties (e.g. sensitivity, specificity, and test-retest reliability) of different

measures at different points throughout the course of recovery may also influence the reported

110-111

effect size. Other methodological differences between studies (e.g. pre-injury self-

comparison vs.