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STATEMENT OF ORIGINALITY

| hereby attest that the thesis contains no material that is previously published or written by

another person, except where references are made.

Elements of this Master's thesis provides original contributions to knowledge of balance and
mobility in the children with Mild Traumatic Brain Injuries (mTBI) after they are clinically

recovered, compared to healthy children.



ABSTRACT

Research has shown that balance deficits can be seen in children months after an mTBI, when
using high technology assessment tools. These balance problems often outlast the resolution of
self-reported post-concussion symptoms and can remain undetected by current clinical
assessment. It has also been observed that gait assessment under single and dual task conditions
can lead to the detection of further deficits in the absence of post-concussion symptoms. Despite
this, clinical decision-making regarding confirmation of recovery continues to rely heavily on the
resolution of post-concussion symptoms that are self-reported, while brief balance and cognitive
assessments are usually included in post-concussion assessments, they are performed with tests
shown to be sensitive mostly in the acute phase post-injury. Our clinical inability to identify
children who have persisting balance difficulties before we allow them to return to high-risk
sports or physical activity could be one of the causes of re-injury in this population. It is
therefore essential that sensitive and easy to administer tools be proposed to clinicians to
improve their confidence in the fact that children are completely deficit-free before their return to

pre-injury levels of participation.

The objective of this study was to compare the ability of selected static and dynamic balance
measures to detect differences between children who have been declared clinically recovered

from an mTBI and healthy controls.

A cross-sectional study was conducted at the Montreal Children's Hospital with 29 children aged
8-17 years, who were clinically recovered after an mTBI, 22 age and gender matched controls.
Three clinical balance measures were used: the Bruininks-Osteresky Test, Second Edition (BOT-
2)- balance subtest, the Balance Error Scoring System (BESS), and Community Balance and
Mobility (CB&M) Scale. Additionally, three gait paradigms were performed: Self-Selected Pace
(SSP), Obstacle Crossing (OC), Tandem Walking (TW) using the GAITRite walkway® under
single and dual task conditions. Dual task performance was measured using a simple cognitive
arithmetic task during all gait paradigms. Independent sample t-tests at a=0.05 with Bonferroni
corrections was used to analyse differences between the groups on all balance and mobility
assessments. Discriminant function analysis was used to identify the balance measures that best

predicted which group an individual belonged to. Further, differences in Dual Task Cost (DTC)
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on motor and cognitive tasks between groups were analysed using repeated measures ANOVA

and independent sample t-tests.

Results showed that the recovered mTBI group reported no remaining post-concussion
symptoms but performed significantly worse than the control group on the three clinical
measures (p<0.05) and on certain gait parameters under all three paradigms (p<0.05). Deficits
were most prominent in tasks performed under conditions of restricted base of support, in the
absence of visual information and when planning more complex motor tasks. The BESS and
tandem walking were found to be the best predictors of recovery on balance measures. There
were no significant differences in DTC between both groups on motor tasks, whereas DTC was
found to be significantly different with the mTBI group performing worse on the cognitive task

in the accuracy percentage during SSP walking.

From the above results it is seen that children and adolescents present with balance difficulties
that tend to outlast their post-concussive symptoms and was detected using various clinical
measures of balance. This study highlights that it is important to test various components of
balance included under static and dynamic abilities, as they are seen to have issues in tasks
involving both proactive and reactive strategies to maintain good balance. Assessing these
aspects of balance will help provide clinicians with a more objective measure to base return to

physical activity decisions.
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ABREGE

Des déficits d’équilibre peuvent étre identifiés chez les enfants et adolescents, méme plusieurs
mMois aprés un traumatisme craniocérébral 1éger (TCCL), lorsqu’ils sont évalués a I’aide d’outils
sensibles et sophistiqués. Ces problemes d'équilibre perdurent souvent au-dela de la résolution
des symptomes post-commotionnels auto-rapportés par les enfants et peuvent passer inapergus
lors de I'évaluation clinique couramment utilisée. Malgré tout, la prise de decision clinique en ce
qui concerne la récupération post-TCCL et le retour aux activités physiques continue de
s'appuyer fortement sur la résolution des symptdmes post-commotionnels et, bien que les
¢valuations comprennent parfois un aspect de I’équilibre, elles sont réalisées avec des tests
avéres sensibles principalement en période aigué post-TCCL. Notre incapacité clinique a
identifier les enfants qui ont des difficultés persistantes au niveau de 1’équilibre, avant de leur
permettre de retourner aux sports a haut risque ou a l'activité physique pourrait étre I'une des
causes de blessures a répétition chez cette population.

L'objectif de cette étude était donc de comparer la capacité de mesures d’équilibre statique et
dynamique a détecter des différences entre des enfants considérés comme récupérés suite a un
TCCL et des enfants sains.

Une étude transversale fut menée a I'Hopital de Montréal pour enfants avec 29 enfants et
adolescents agés de 8 a 17 ans, ayant récupéré suite a un TCCL, et 22 enfants témoins appariés
selon I’age, le genre et le niveau d’activités physiques. Trois mesures cliniques d’équilibre furent
utilisées : le Bruininks- Osteresky Test, Second Edition-balance subtest (BOT-2), le Balance
Error Scoring System (BESS), et le Community Balance and Mobility Scale (CB&M). De plus,
trois paradigmes de marche ont été réalisés: vitesse confortable, marche par dessus un obstacle,
et marche en tandem en utilisant le tapis GAITRite® dans des conditions de simple et double
tache. La double tache était mesurée a l'aide d'une tache cognitive arithmétique simple, lors de
tous les paradigmes de marche. Des tests de t pour échantillons indépendants avec un o fixé a
0,05 furent effectués pour analyser les différences entre les groupes au niveau de la performance
aux évaluations de I'équilibre et de la mobilité. Une analyse de fonction discriminante a ensuite
¢été utilisée pour identifier les mesures de 1’équilibre qui arrivaient le mieux a prédire a quel
groupe (TCCL recupéré vs enfants témoins sains) un individu appartenait. Finalement, les

différences de colts attentionnel et moteur lors de la double tache ont été analysées en utilisant
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des ANOVA pour mesures répetées et des tests de t pour échantillons indépendants, selon les
variables.

Les résultats montrent que les enfants post-TCCL ne rapportaient pas de symptémes post-
commotionnels, mais présentaient des difficultés au niveau de I’équilibre identifi¢es a 1’aide des
trois tests cliniques et de certains paramétres de marche. Les déficits les plus saillants furent
identifiés lors des taches effectuées dans des conditions de base de support restreinte, en
l'absence d’information visuelle et lors de taches demandant une planification motrice plus
complexe.

D'aprés les résultats de cette étude, il est clair que certains probléemes d'équilibre ont tendance a
durer plus longtemps que les symptémes post-commotionnels et peuvent étre détectés a l'aide de
diverses mesures d'équilibre. Cette étude souligne qu'il est important de tester a la fois I'équilibre
statique et dynamique chez les enfants et les adolescents afin de fournir aux cliniciens une
mesure plus objective leur permettant de prendre des décisions éclairées au sujet du retour aux

activités physiques, ce qui pourrait contribuer a prévenir d'autres blessures.
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PREFACE

In accordance with McGill University Faculty of Graduate Studies and Research’s guidelines for
thesis preparation, a manuscript-based style has been adopted for this thesis. The original paper

is presented as prepared for submission to the Journal of Head Trauma Rehabilitation.

Chapter 1 provides a brief introduction to the issue of balance assessment after mild traumatic
brain injury, and included the rationale for the study.

Chapter 2 is a brief review of the existing literature covering mild traumatic brain injury in
children and adolescents, the assessment of balance and issues around return to activities after

the injury.
Chapter 3 describes the objective, hypothesis and expected contribution of the study

Chapter 4 is the original manuscript of the study. It describes the study exploring balance in
children and adolescents after an mTBI and proposes the best balance measures to be
incorporated in clinical practice. This paper is intended to be submitted for publication to the

Journal of Head Trauma Rehabilitation.

Chapter 5 provides a summary of the research findings and the overall conclusion of the study
as well as implications of the findings for clinical practice.

A reference list for Chapters 1, 2 and 5 is provided at the end of the thesis.

Appendices: Contains the letter of approval from the Research Ethics Board at the Montreal
Children's Hospital, McGill University Health Center for the project, the consent and assent
forms used in the study as well as the recruitment letter for the control group. Similar consent
and assent forms were given to the control group, but there was no access to their hospital

records for the study. All forms had a French version.
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CHAPTER 1: INTRODUCTION

Mild Traumatic Brain Injury (mTBI), has generated a lot of attention in the last decade both in
research and in the public. There is a lot of controversy regarding the definition of an mTBI and
often used interchangeably with concussions. The definitions are based more on the context of
how the injury was sustained. Concussion is used mainly in sport related injuries, whereas mTBI
covers a broader context of sustaining the injury in both competitive and recreational physical
activity or other causes. For this thesis, the two terms will be used interchangeably. There is an
increasing number of children and youth who are reported to suffer from a concussion due to
participation in competitive sports’. The Center of Disease Control reports that about 200,000
athletes with mTBI are seen in Emergency Departments (ED) each year, with 65% of the cases

being between the age of 5-18 years®.

Due to the nature of the injury, traditionally more attention was focussed on self-reported
symptoms and on the cognitive consequences of an mTBI®. More recently it has been better
recognized that individuals present with balance and mobility issues immediately after the
injury®. Balance is an essential part of everyday activity. The ability to maintain proper balance
is essential to perform physical activities effectively. Although post-concussion assessment tools
such as the Sport Concussion Assessment Tool (SCAT-3) include a component of balance
testing, the importance of assessing both static and dynamic balance as well as the usefulness of
testing both components and how sensitive they are at detecting balance deficits are not fully

understood®.

Despite the increased awareness and recognition of balance problems related to mTBI, recovery
of postural control and mobility after the injury are poorly understood, especially in children and
adolescents. Recent literature in young collegiate athletes, has found that simple balance tests,
such as those included as part of the SCAT-3 for example, may yield results that would indicate
complete recovery but that when individuals were tested using more sophisticated balance
measures or tested with increased task complexity, it clearly led to identification of residual
balance deficits®®. Similarly, in children and youth, balance deficits have been identified up-to
three months after the injury, in the absence of self-reported post-concussion symptoms, using
various balance measures® which fail to be used in clinical practice where decisions regarding

clinical recovery post-injury and return to pre-injury level of activity continue to be made largely

1



on the basis of self-reported symptoms. Moreover, self-reported symptoms have been found to
be unreliable in younger children®®, and return to physical activity decisions based on the

individual's recovery from symptoms alone may prove to be problematic.

It has recently been recommended that return to physical activity decisions be a multi-modal
approach, incorporating symptom scales, neuropsychological testing as well as balance testing
and that more conservative management be adopted for children and youth**. Clinicians are
therefore faced with having to choose balance assessments that are sensitive enough to detect
subtle deficits in postural control, and while some common clinical measures have shown their
usefulness in ascertaining problems in the acute period post-concussion, very little is known
about which tools could lead to confident decision-making once most other signs and symptoms

have resolved.

A lack of proper balance could be one of the causes contributing to the elevated risk of re-injury
in this group. Furthermore, multiple concussions can lead to more complex long term
consequences including cognitive and emotional deficits, as well as persistent problems in

maintaining proper postural control and mobility?.

Hence, the overall purpose of the study is to provide additional evidence to empower clinicians
in their choice of balance assessment tools that would be sensitive to persistent balance
impairments in children and youth, and increase their confidence when making return to activity
decisions. To address the topic in the thesis, the following chapter includes a review of the
literature pertinent to the objective of the study. Chapter 3 includes the objective, hypothesis and
expected contribution of the study. Chapter 4 is the manuscript that describes the study. Chapter

5 is a final conclusion to the thesis.



CHAPTER 2: REVIEW OF LITERATURE
1.0. What is a Mild Traumatic Brain Injury?
1.1. Definition:

Many definitions have been proposed in an attempt to better circumscribe mTBI. The issue of
case definition is further compounded by the fact that different terms are used depending on the
context where injuries occur. Indeed sport-related injuries are usually referred to as concussions
while those occurring in the playground or as a result of a motor vehicle collision are classified
as mTBI**!, In the context of this thesis, both terms will be used interchangeably.

The World Hearlth Organization Task Force on mTBI*

proposes to define mTBI as “an acute
brain injury resulting from mechanical energy to the head from external physical forces.” The
Task Force further suggests operational criteria for the clinical identification of mTBI cases and
those include:*“(1) 1 or more of the following: confusion or disorientation, LOC for 30 min or
less, posttraumatic amnesia for less than 24 h, and/or other transient neurological abnormalities
such as focal signs, seizure, and intracranial lesion not requiring surgery; (2) Glasgow Coma
Scale score of 13-15 after 30 min post-injury or later upon presentation for healthcare”. This is

the definition we will adopt in the context of our work.

1.2. Incidence:

Mild TBI is a very common occurrence in children and adolescents™®. Although there have been
several censuses on concussion injuries in children and adolescents, it is believed to be largely
under-reported since many individuals never seek care for their injury. Gessel et al. (2007)
reported that mTBIs accounts for 8.9% of all high school athletic injuries'’. Data from the U.S.
National Hospital Ambulatory Medical Care Survey, obtained between 2002-2006, found that
144,000 children aged between 0-19 years™ presenting to the Emergency Department (ED) are
related specifically to mTBI. The CDC reports that between 1.6 and 3.8 million sport-related
concussions occur in the United States every year *° while Bakhos et al. (2010) reports that
200,000 athletes in the United Sates are seen at the ER every year, with 65% of the them being
between the age of 5-18 years. Others report that up to 25% of concussion injuries in the 8-13

age group are found to be related to organized sports such as football, hockey, soccer, baseball



and basketball while 75% of the injuries occur in the context of leisure activities such as

bicycling, skiing, horse riding, sledding or play ground activities®.

In Canada, according to the Canadian Institute of Health Information, sports and recreational
activities were the third leading cause of brain injuries that required hospitalization in the general
population for the years 2003-2004%". In a study conducted to describe the nation-wide
epidemiology of mTBI in Canada, it was found that 110 individuals per 1200000 (95%
Confidence Interval (Cl1):80-140) reported a concussion and that those who did were younger
than those who didn’t (age 16-34 years) and more commonly male.. In the same study authors
found that 54% of all reported concussion were sports-related (95%CI: 39%-67%)%.

Locally, The Montreal Children's Hospital (MCH) Trauma Programs’ statistics show that over
2500 children and adolescents with an mTBI are seen in the ED every year®. From that number,

between 35%-40% are sustained during sport or recreational physical activity®*.
1.3. Etiology and major risk factors in children and youth:

Mild TBI in children and youth is often associated with sports or recreational activities* but can

also be sustained during falls or motor vehicle accidents®.

There are several factors that have been reported as increasing the risk for sustaining an mTBI.

The following section will present the ones considered relevant for our study population.

a. Age: Relative immaturity of the brain in children and adolescents along with decreased
myelination?®, combined with thinner frontal and temporal bones, greater head to body ratio,
with weaker neck muscles, makes them more vulnerable to concussions when they sustain an
injury?"%,

b. Previous injury: It has been noted that children and adolescents who sustain a head injury are

at a higher risk (Odds Ration= 1.7) of re-injury with-in 6 months of injury vs. any other type
of injury®. In a study conducted on collegiate athletes it was found that individuals with
more than 3 previous concussions were 3.8 times more likely to sustain another injury
compared to those with one or two previous injuries (2.8 times than those who sustained no
injury)®. These findings were replicated in a study conducted in high school football
players®!.



c. Gender: In the context of sport-related concussions, girls are reported to have a higher risk of
injury when compared to boys of a similar age practicing the same sport***3. This could be
due to the fact that females have less neck girth and lower head masses compared to their
male counterparts, which leads to a greater risk of injury due to higher head-neck
acceleration®®. This higher risk of mTBI has not been replicated in the general pediatric and
adolescent population, where boys continue to represent a majority of the cases™".

d. Sports: Other risk factors in sports include organized sports as opposed to leisure activity,
actual game vs. practice sessions, subgroups of high school athletes compared to collegiate or
university level athletes?”**=" Football is said to account for the highest rates of concussion
injuries in the United States'’. Soccer and basketball cause a high incidence of injuries
amongst the girls. Finally, sports like ice hockey, rugby and lacrosse also cause high number

of injuries®®®,

1.4. Patho-physiology of mTBI:

An mTBI is currently considered more of a metabolic injury rather than a structural one *,
although recent advances in neuro-imaging techniques could change this view. It is described as
a patho-physiological cascade consisting of abrupt neuronal depolarization, that leads to release
of excitatory neurotransmitters and ionic shifts, that further leads to changes in glucose

metabolism and alters the cerebral blood flow which finally affects the axonal function.

Many animal model studies describe the actual changes that occur in the animal brain during an
mTBI . The most popular model that helps researchers study the changes that take place during
an injury is the Lateral Fluid Percussion (LPF) model*'. The experiment involves producing an
injury to the animal brain (usually a rat) using a device that drives fluid against the intact dura
mater which produces a small focal contusion and a small hemorrhage. The focal injury
produced by the device is said to mimic a moderate to severe brain injury, and to produce
secondary metabolic effects in other areas that are more distant*’. This secondary metabolic
inflammatory response is considered equivalent to an mTBI and may explain why symptoms

may not be apparent immediately after injury but worsen over the first 6 to 24 hours after injury.

The cascade of events related to the mTBI that are seen in the rat model is illustrated in Figure

2.1 and detailed in the following paragraph.
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Figure 2.1: Patho-physiological cascade seen after an mTBI in the rat model **44%3

The post-concussive effects of the injury cause an altered metabolic demand of the cells. The
injury leads to an increased glucose requirement of the cells. The injured cells up regulate Na/K
ATPase proteins that are fueled by glucose. This restores the intracellular pH balance®*. Hence,
the glucose delivery via cerebral blood flow after a brain injury is crucial to restore the ion
balance and cell membrane healing. The cerebral blood circulation is regulated by various
mechanisms such as cerebral blood flow and flow metabolism coupling®. After a brain injury
there is a restriction of cerebral blood flow and metabolic coupling disruption due to
inappropriate cellular responses.’* When the demands are low cerebral perfusion and glucose
delivery are sufficient to meet the baseline cellular needs, but a strain on the system causes an
increase in metabolic demands, which leads to lack of cerebral blood flow that restricts delivery

of glucose and basic demands of the cells are not met. This leads to a 'metabolic mismatch™*.

The increased metabolic needs combined with functional decrease in ATP production is the basis
for acute management after an mTBI*. It has been found that cerebral glucose metabolism can
remain abnormal for about 2 weeks in animal models. During the acute healing phase, where the

metabolic needs are unmet by cerebral blood flow, the brain could be vulnerable to additional



stress and even slight physical trauma could worsen the cell injury cascade causing a more
severe condition.*’ For example, prolonged concentration on a cognitive task or physical
activities could lead to metabolic demands of the brain cell. Physical activity is known to change
blood pressure and blood flow patterns that tend to exacerbate the symptoms™. This concept of
brain vulnerability is the basis for cognitive (limited school activity) and physical rest (no
strenuous activity) while symptomatic, especially during the early phase of healing®® aiming to
minimize the cerebral glucose demands and avoiding additional strain on the cerebral blood

flow™.

Besides the above patho-physiology concussions may also cause Diffuse Axonal Injuries
(DAI)™. These changes may not be seen on initial presentation or with conventional
neuroimaging. It is observed through Diffuse Tensor Imaging in patients who have persistent
symptoms and presents as subtle white matter abnormalities®. There is an increased
susceptibility during the first 24 hours after injury and a second injury during this period can

induce sodium channelopathy which in turn increases already present axonal damage®?.

Due to the nature of the injury described above and the patho-physiological changes, regular
neuro-imaging technology such as CT and MRI scans are unable to detect subtle structural
changes in the brain. Although some research imaging has shown changes>*®?, diagnosis and

management of mTBI are based largely on the clinical presentation of the child or adolescent.
2.0. Clinical impact of an mTBI:

The impact of an mTBI on children’s functioning is usually described in 3 broad categories: self-

reported symptoms, cognitive difficulties and motor impairments.

Common self-reported symptoms are usually organized around 4 main domains: physical,
cognitive, emotional and sleep. They are presented in Table 2.1. Headaches are the most
commonly reported symptom®®. Cognitive and emotional self-reported symptoms are often
confused with underlying pathologies and they may be exacerbated in children who already have

an underlying mental disorder or learning disability®.



Table 2.1: Common self-reported symptoms after a concussion %3664

Physical Cognitive Emotional Sleep disturbances

e Headache e Difficulty in concentrating o Lability e Inability to fall asleep
e \Vomiting e Disorientation o Irritability e Less/excess sleep

¢ Nausea e Dazed e Sadness e Drowsiness

e Impairment of e Slow reaction time
balance, gait and | e Anterograde/retrograde

coordination amnesia

e Visual problems | e Repeats questions or

e Vertigo answers slowly
e Fatigue e Poor neuropsychological test
e Photophobia scores

e Phonophobia

e Tinnitus

Cognitive difficulties: Cognitive functioning including working memory, executive planning,
attention and processing speed has been found to be affected in children and adolescents after an
mTBI®*®". It has been recommended that while the individual is symptomatic cognitive rest
(scholastic work and video games or text messaging) is mandatory®. Cognitive functioning was
found to have obvious decrements 24 hours after injury in athletes, but was found to resolve
approximately 10 days later®®. There is existing debate on the clinical utility of the
neuropsychological tests in the pediatric population especially related to the return to physical
activity decision making®®. Diffuse Tensor Imaging (DTI) and fMRI performed in conjunction
with various neuropsychological tests, has been identified as an objective method of assessing

recovery from cognitive functions®>"®", These methods are presently used widely in research.

Motor impairments: Balance is the most commonly reported motor difficulty after an mTBI. It

has been reported that We will discuss specific balance problems after mTBI in children in a




later section of this review. Other reported motor problems are deficits in coordination and

mobility”™®.

2.1 Assessment of functioning after an mTBI:

Common clinical guidelines state that a thorough post-mTBI evaluation generally should include
a complete history of pre-injury functioning, structural imaging in selected cases to rule out
surgical emergencies, neuropsychological testing to ascertain cognitive function, standardized
self-reported symptom assessment, as well as postural control and balance testing’’. Though
these recommendations should apply for both the adult and pediatric populations, it is generally

recognized that some of the proposed assessment tools have yet to be validated in children®*®,

Table 2.2 presents a summary of assessment tools commonly recommended to describe

functioning and determine the level of recovery post-injury.

Table 2.2: Assessment tools and scales after an mTBI

Self-reported Cognitive Function Balance Structural

symptoms imaging

e SCAT3 symptom e Immediate Post ¢ Balance Error e Computerized
scale Concussion Scoring System Tomography

e Post Concussion Assessment (BESS)® (CT) scan
Scale-Revised (ImPACT)* « Bruininks-Oseretsky | e Magnetic
(PCS-R) ™ e CogSport™® Test of Motor Resonance

e Acute Concussion | e Head-Minder Proficiency-2" Imaging (MRI)

Evaluation (ACE)
symptom scale®

Resolution Index

e Automated™
Neuropsychological
Assessment Metrics
(ANAM)®

e Standard paper pencil
tests of specific

functions

edition, Balance
subtest (BOT-2)%




Several problems have been identified when using the available tools with the pediatric and
adolescent population. For example, younger children and adolescents have been shown to
under-report or over-report their symptoms on self-report scales, making it a less reliable method
than in the adult population®’.

Neuropsychological tests are useful and widely accepted for return to activities decisions®*. In
testing, the current scores are compared to the baseline scores, however they remain difficult to
interpret unless administered by a neuropsychologist. Computer based tests have not been
developed for children below the age of 12 years and there are no standard protocols for the
administration of these tests™.

The balance tests commonly used are the BESS and BOT-2. The BESS measures static balance

|88

which may not be a true indicator for the actual balance of the individual™. Functional balance is

not commonly measured in clinics as part of routine protocols.

Imaging studies are not found to be very useful as the injury is treated more as an metabolic
injury. Neuroimaging is useful only when there is suspicion of a fracture or worsening of
symptoms, or there is a focal neurological deficit. CT is the most commonly used imaging
technique and useful within the first 24-48 hours after the injury to test for any intra-cranial
hemorrhage®®. MRI helps in detecting any cerebral contusion, petechial hemorrhage, or white
matter injury® but is of little help in characterizing more subtle lesions. Other neuro-imaging
techniques have been used in research and appear promising, although not available to the
clinician who has to make return to activities decisions™. These techniques may help predict
recovery but further research and greater availability of this imaging modality is needed before it

is recommended®*®.
Special considerations regarding the clinical impact of mTBI in children and adolescents:

a) Age: Itis now recognized that children and adolescents take a longer time to recover after
an mTBI. Typically adults and professional athletes are reported to return to baseline
levels of functioning in 3-5 days after the injury, while collegiate athletes take about 5-7
days and the majority of younger adolescents need at least 10-14 days to recover®.

10



b)

Although very little is known about the recovery curve of younger children, it is currently
postulated that they could require longer periods to achieve pre-injury functioning®. The
reason for slower recovery is that the brain is still developing and vulnerable to stress and
exertion as seen in the risk factors of an mTBI in the previous section. The developing
brain is said to be more susceptible to pathological release of excitatory amino acid
neurotransmitters (glutamate and aspartate) than in an adult brain®.

Gender: The gender of the individual is said to have an influence on the recovery of the
individual from the injury®. In a meta-analysis study done by Farace et al., (2000)*® with
20 clinical outcomes after a brain injury authors found that females have poorer outcomes
in 85% of the tests as compared to their male counterparts.

Grady., (2010) *° noted that females are seen to perform better in verbal memory tests
rather than on visual memory tests. In the same paper, the author reported that baseline
scores on the neuropsychological tests were found to be lower for females compared to
males and they showed greater decrease in reaction time as well as higher self-reported
symptoms. But it is unclear whether this score difference is due to severity of injury or
gender differences.

History of previous mTBI: Individuals with a history of greater than 3 mTBIs are known

to have poorer prognosis and increased severity of injury®’. This leads to decreased
reaction times and higher risk for further injury®®. Covassin et al., (2008) ¥ noted that
there is a clear decrease in cognitive functions after 4 concussions as compared to
individuals with a history of one concussion. Also, neuropsychological tests showed that
individuals with at least 2 past concussions have poorer performances than those who
have not suffered a concussion. Finally, balance testing showed that individuals with 2 or

more concussions had a delayed healing time®.

3.0. Return to physical activities guidelines:

One of the ultimate goals of intervention programs after mTBI is the return to pre-injury levels of
physical activity. Based on the above description of functioning and available clinical guidelines,
return to physical activity decisions are made by various health professionals. The mainstay for
the current guidelines is that the individual must be asymptomatic at rest and on exertion and all

cognitive as well as other neurological difficulties must be resolved *. Cognitive tests are

11



compared to pre-injury scores, if those are available, and if not, then they are compared to normal values for that age group. Exertion

tests are done to ensure none of the symptoms such as headache, nausea or mental fogginess return during physical exertion®'% .

Concussion management and return to physical activity decisions are still challenging in children and adolescents. The Canadian
Pediatric Society guidelines suggest that the children and adolescents should be asymptomatic at rest for several days before exertion
testing is done’®. The difficulty with such recommendations lies in the fact that it may be challenging to determine when a child is
asymptomatic. As stated previously, relying on self-reported symptoms may lead to an incomplete portrait of recovery, but we lack the
tools to assess more complete recovery. While there are more studies done with adolescents age 14-18 years, there is a lack of
information regarding the recovery process of younger children. Currently, there is no validated return to physical activity guidelines
in children®” and the existing ones are modeled on adult versions. A more conservative approach is suggested, the modalities of which

remain to be defined.

The Zurich Guidelines for return to play is the most accepted and followed protocol for gradual return to physical activity after an
mTBI and is presented in Table 2.3. The protocol is designed in such a way that progression through the steps are made every 24
hours, provided the individual is symptom free at that stage. If the symptoms are reported in any one stage of progression the
individual is returned to the previous level for at least another 24 hours of rest. This protocol is structured to allow for the process of
healing®.

Table 2.3: Zurich guidelines for Return to Play (RTP)* Adapted from the paper

Rehabilitation stage Functional exercise at each stage Objective of each stage

of rehabilitation

No activity Symptom limited physical and Recovery

cognitive rest

12



Light aerobic activity

Sport-specific exercise

Non-contact training drills

Full-contact practice

Return to play

Walking, swimming or stationary
cycling keeping intensity <70%
maximum permitted heart rate. No
resistance training

Skating drills in ice hockey,
running drills in football and ice
hockey. May start progressive
resistance training

Progression to more complex
training drills, e.g., passing drills in
football and ice hockey. May start
progressive resistance training
Following medical clearance
participate in normal training
activities

Normal game play

Increase Heart Rate

Add movement

Exercise, coordination and cognitive

load

Restore confidence and assess

functional skills by coaching staff

13



4.0. Balance:

Performance in exercise and physical activities has been described as an all-inclusive term that
includes aspects of agility, balance, coordination, speed, strength, and endurance. Performance
achievements in high level sports or physical activities requires greater balance and it has been
reported that individuals who take part in these activities are found to have better balance
abilities'®*. Lack of balance has also been reported to be a risk factor for injury and although it is
a skill that can be retrained'®, it is an important aspect to consider before returning individuals to
physical activities post-injury. Poor balance at stages of recovery may have an impact on clinical
decision making, where clinicians may consider delaying the rapid progression of return to

physical activity.
4.1. Definition of Balance:

Postural stability or balance is the ability to control an individual's Center of Mass (CoM) in
relationship to his Base of Support (BoS)'%. CoM is defined as a point that is at the center of the
total body mass, which is determined by finding the weighted average of CoM of each body

segment. BoS is defined as the area of the body that is in contact with the support surface™®.

Another connotation of balance is that, when the Line of Gravity (LoG), defined as the vertical
line running through the Center of Gravity (CoG) '®, falls within the BoS then the body is said
to be well balanced. But when the LoG falls outside the BoS, it leads to imbalance. The human

105

body counteracts this imbalance using muscular forces to prevent falling™. This is the concept

of 'balance control' or 'postural control'.
4.2. Static and Dynamic balance:

Balance or postural control is said to be static or dynamic in nature’®. Static balance refers to the
ability to maintain the CoG over the BoS during quiet standing or sitting '°. Dynamic balance
otherwise known as ‘'moving balance' involves the maintenance of balance when the CoG and
BoS are in motion such as a change in position of the body or the surface beneath*®. The
processes involved in postural control are reactive or compensatory, proactive or anticipatory or
both'%%1%° Reactive or compensatory responses occurs as a reaction to external forces that tend

to displace the CoM of the body . These forces are generally unexpected and are in response to
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instability such as a perturbation or a change in supporting surface'®. Proactive or anticipatory
reactions occur during in anticipation of an internally generated destabilization force caused due
to the body's own movement'®**°, Optimal balance requires both reactive and anticipatory
responses such that the demands of the individual while either being stationary or moving is

met'%.

4.3. Systems involved in maintaining postural control and balance:

Postural control is not considered just a reflex response which is produced by activation of the
sensory systems'®. It is rather an assessment and control of the body in response to internal or
external disturbances, by the central nervous system (CNS). Maintenance of postural control
involves the use of muscular forces after obtaining feedback from the sensory systems™**. Hence,

it is thought of as a fundamental motor skill learned by the CNS over a period of time'%,

The three main sources of sensory information used for postural control are visual,
somatosensory (tactile, deep pressure, joint receptors and muscle proprioceptors) and
vestibular™?!*3, The following is a brief description of each and of its role in the control of

posture.

1. Visual system: It measures the orientation of the eyes and head in relation to its surroundings
and helps in perception of movement as well as provides stability during dynamic
conflicts"****°. Visual function of simple stimuli develops at an early age but perception of
complex stimuli and of movement reaches adult levels at the age of 15 years**®.

2. Somatosensory system: It provides information on the orientation of body parts in relation to

each other as well as orients the body parts in relation to the supporting surface''*. The
somatosensory system matures around the age of 4-6 years'"’.

3. Vestibular system: It consists of three semi-circular canals and otolith organs called utricles

and saccules. The semicircular canals detect angular acceleration during head movements,
while otolith organs detect vertical orientation, linear movement and contribute to the sense

of verticality**®

. The vestibular system helps maintain stable vision during head movement
via the Vestibular Occular Reflex (VOR) by moving the eyes in the opposite direction to that
of the head™®. When the visual and somatosensory systems are intact the vestibular system

plays a minor role in the maintenance of balance, acting as an internal reference for the other
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systems 221 The primary role of the vestibular system during normal conditions is to
provide independent and precise control of the head and eye positions which are critical in
complex motor activities such as sports***. This system becomes crucial when the inputs
from the visual and somatosensory systems becomes misleading or unavailable'?. This
system is highly reliable under such conditions to identify and avoid any misleading

123

information and maintain orientation of the body in relation to gravity =°. The vestibular

system continues to mature through adolescence®.
4.4. Development of postural control:

The overall balance capabilities of the child increases from birth to the age of 6-10 years but only
reaches complete maturation in adolescence. It has been noted in several studies that there is a
improvement in balance control in children around the age of 7-8 years'?*. It is during these
years that the child develops adult-like gait patterns and postural control strategies that involves
head and trunk coordination'?>*?. It has been also concluded that children first learn the various
postural control strategies and eventually learn to select the right postural strategy in anticipation

of a particular movement, so as to maintain proper balance®”’.

In a study by Rival et al., (2005), it was shown that the ability to maintain postural stability
during quiet standing with eyes closed, appears by the age of 6 years but continues to improve
until age 10?8, Sutherland et al., (1997), described immature walking and found that the step
length, cadence and walking velocity show maturation until the age of 4 years. Step factor (step
length divided by leg length) increases until the age of 4 years. Changes in velocity, cadence and

step length is attributed to changes in limb length after the age of 4 years®.
4.5. Balance after an MTBI:
4.5.1 Patho-physiology of balance problems after an MTBI:

As described earlier mTBI is thought to be a metabolic injury. One theory that may explain
balance disruptions in the context of this metabolic injury is that the injury causes a functional
disturbance in the cortex and the reticular formation of the brain stem which usually work
together to integrate, weigh, and respond to the constant incoming sensory information'*°. The

main function of the reticular formation is that it is responsible for alertness, sleep, postural
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control, muscle tone and pain modulation**. Hence, any disturbance caused by the mTBI can
result in autonomic, motor and postural impairments*®**2. Any injury to the brain can lead to a
loss of integration between the visual, somatosensory and vestibular systems which can leads to

postural instability™?

. The symptoms that are associated with the lack of integration of the
sensory systems involved in balance are dizziness, vertigo, tinnitus, light-headedness, blurring of

vision or photophobia, all of which are also commonly reported after an mTBI3#134137,
4.5.2 Balance findings after an mTBI:

Balance could be affected in mTBI due to the affection of a single sensory system or due to loss
of communication between the three systems namely: visual, vestibular and somatosensory, that

133 Various studies have been done to show the balance deficits in

leads to postural instability
individuals after an mTBI. Studies were chosen based on keywords such as balance, postural
control, children and adolescents, mTBI and concussion. Papers were selected from MEDLINE,
CINHAL, Pub Med databases. There is a paucity in literature investigating balance deficits in
children and adolescents after an mTBI or concussion. Most studies have been done in collegiate
athletes and young adults. Many studies have identified dynamic balance deficits seen at various
stages of recovery after the injury, but very little is known about the mechanisms of these
deficits. Although not exhaustive, Table 2.4 presents the recent studies performed with both

children and young adults reporting findings related to balance after an mTBI.

The table is organised in the following order, the initial studies focus on clinical balance
measures in children and adolescents, the consecutive studies are done in collegiate athletes and
young adults where, balance is tested using high technology tools. Following studies highlight

gait findings in young athletes with concussions under single task and dual task conditions.
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Table 2.4: Studies showing balance findings after an mTBI (static and dynamic balance)

Author Population Sample Size | Measures used Comparison | Outcomes Results
Gagnon et 7-16 yrs (mean 80 children Balance subtest of | Uninjured Balance scores at 1 MTBI children
al., (2004)° 12.2+2.8 yrs) (40 MTBI BOTMP-2, friends of week, 4 weeks and 12 | performed
children with group, 40 Postural Stress children weeks post injury significantly worse
MTBI, Avg. GCS | uninjured) Test(PST), P- with MTBI than uninjured
score 14.8, normal CTSIB, Rivermead | matched for children,
on neurological PCS age, sex and BOTMP(P<0.001)
exam on discharge Level of PA and PST(P=0.031),
and tandem
position with eyes
closed(P=.05) on
the P-CTSIB at 12
weeks after injury
Gagnon et 11 year old child Case study Balance subtest of | No Balance scores 5 days | One week after
al., (2001)**® | (female) BOTMP-2, comparison | before injury, at 1 MTBI, there was a

Postural Stress
Test(PST), P-
CTSIB, Rivermead
PCS(RPCS)

week, 4 weeks and 12

weeks post-injury

decrease in the
BOTMP scores
compared to
previous pre-injury

levels, at 4 weeks
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and 12 weeks,
PCTSIB, BOTMP
was decreased
(eyes closed items)
but improved to
the normal
chronological age
scores. But the
PST remained low
even after 12

weeks of injury

Gagnon et 5-15 yrs, 28 children BOTMP No Motor performance Comparison values
al., (1998)** | immediate post- with MTBI comparison | scores after 3 weeks show that children
trauma, normal on | (21 boys, 7 group but after injury performed
neurological exams | girls) normative significantly lower
at time of values of the in the domains of
discharge BOTMP was balance, response
used speed, running
speed and agility
(P<0.01) at 13-18
days post injury
Guskiewicz | Division | 72 collegiate | SOT (on the Matched Balance and neuro- There was
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et collegiate athletes | athletes(36 in | NeuroCom Smart | with age, cognitive findings at significantly
al.,(2001)® | sustained a each group) Balance Master height and days 1,3 and 5 post decreased scores in
concussion System) and BESS | weight injury balance findings on
functioning using the BESS
measured using- and SOT compared
Trail-Making
to pre-season and
Test, Wechsler
scores of the
Digit Span Test,
control group
Stroop Color
Word Test, and
Hopkins Verbal
Learning Test.
De 21 active football | 36 football Force platform and | 15 non COP displacement and | Compared to the
Beaumont et | players with players Trans Magnetic concussed oscillation regularity, | controls concussed
al., (2011)** | concussion Stimulation (TMS) | football motor execution athletes showed
players speed, long-interval persistently lower

intracortical inhibition,

cortical silent period

CoP oscillation
randomness, but
normal
performance on
rapid alternating

movement task,
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and more M1

cortical inhibition

Slobounov et | 48 athletes 18-25 | 60 athletes Virtual reality Uninjured Postural responses to | Area of CoP did
al., (2005)*° | yrs males pre- (12 normal environment in athletes visual field motion not change from
injury testing, 8 athletes( conjunction with tested on day 3, 10 and | day 3-30 with
suffered a mean age 20 | AMT]I force plate 30 after injury respect to pre-
concussion 6 yrs), 8 and motion injury data(P>0.5).
months later concussion) tracking (Flock Of But balance
Birds FOB) deficits induced by
technologies visual field motion
was present even
30 days post injury
Resch et al., | Healthy college 20 atheletes SOT on NeuroCom | No 2 sessions of Balance improved
(2011)** athletes who Smart Balance comparison | testing(one under dual | during 2 dual task

suffered a
concussion(10

male, 10 female)

Master System,

cognitive task

task and one single
task)

Balance SOT 6
conditions, cognitive
task response time and

accuracy

conditions (fixed
support and fixed
visual
reference(P<0.05)
and sway visual
reference(P<.001)),
choice errors were

more numerous in

21




dual task vs. single
task (P=.03)

Parker et al., | Grade 2 concussed | 56 Motion Analysis Matched for | Gait and cognitive Athletes walked
(2008)**2 athletes participants System (Motion age, gender, | dual task measured at | slower and swayed
28 in each Analysis height, 48 hours, 5,14 and 28 | more and faster as
group(14 Corporation, Santa | weight and | days post injury compared to non-
athletes and Rosa, CA) physical athletes
14 non activity irrespective of
athletes) being injured or
uninjured. Athletes
demonstrated gait
imbalances as well.
Keffelgaard | Individuals with an | 52 cohort Self-reported No 1 year follow up and 4 | Self-reposted
etal., MTBI 16-65 yrs, subjects, 29 at | balance problems, | comparison | years follow up of balance problems
(2012)*3 13-15 GCS, LOC | 4 years of R-PCS, group balance measures and | were reported in
<30 mins follow up Posturography, PCS scores 31% of individuals
Dynamic Gait that correlated to
Index, walking the PCS scores.

speed and six

minute walk test

Performance based
tests showed a
correlation of P=

0.70 on walking
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speed test and
P=0.43 on the dual
task.

Catena et al.,
(2007)%44

Grade 2
concussion with a
mean age of
22+4.46 yrs

28 individuals
(14 in each

group)

Motion Analysis
Systems (Motion
Analysis
Corporation, Santa
Rosa, CA, USA),
dual task was the
reaction time task
and sequential
Q&A task

Non-injured
matched for
age, sex,
height and
weight

Spatial and temporal
parameters of gait
measures, along with
whole body CoM and

CoP trajectories

Concussed
individuals were
seen to adopt
conservative gait
strategies
compared to
uninjured
individuals. Signs
of instability were
seen with CoM
deviations in the
coronal plane with
13% increase
during Q&A and
26% increase
during dual task
performance
compared to

uninjured
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participants

Catenaetal., | Grade 2 20 athletes 8 camera Motion Matched for | Single level walking, | There was
(2011)° concussion avg. (10 in each Analysis age, gender, | auditory Stroop test. | decreased
age 21 yrs group) System(Motion height, Dynamic balance performance seen
Analysis weight, level | control during gait in the concussion
Corporation, Santa | of education | was measured along group immediately
Rosa, CA, USA) and athletic | with the interaction after injury. At day
participation | between CoM and 1 reaction time
CoP recorded deficiencies were
seen with reduced
dynamic balance
control. There was
no such correlation
in the control
group
Sosnoff et Individuals 224 SOT No 4 components of Minimal
al., (2011)**® | diagnosed with individuals comparison | postural dynamics differences(P>0.5)
MTBI with 62 group. But were calculated was noted in the
having at least comparison | through CoP SOT indices in
1 history of was made excursions in the AP both groups of
concussion between and ML axis of each individuals. In the
history of condition group with h/o
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concussion concussion AP
VS. N0 postural
history of irregularity
concussion decreased as
postural difficulty
increased and the
group without h/o
MTBIs displayed
increased postural
irregularity in the
ML direction
Parker et al., | Concussed college | 30 athletes Six Camera Expert | Uninjured Measured at 48 hrs, 5, | Gait parameters
(2006)° athletes (15 in each Vision HIRES athletes 14 and 28 days post were compromised
group) System ( Motion matched for | injury. Displacement | at 4 weeks after

Analysis
Corporation, Santa
Rosa, CA, USA),
dual task with
Q&A

age, gender,
weight,
height, PA

profile

and velocity of CoM
and Maximum
separation between
CoP and CoM

injury. There was a
greater sway and
sway velocity
noticed at 28 days
post injury when
walking was
performed with

divided attention
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Slobounov et
al., (2008)**’

12 student athletes
avg. age 20.95 yrs,
Were cleared at
day 30 on
neurological and
neuropsychological
tests and clinical
symptom

resolution

160 total at
risk, 30
suffered grade
1 MTBI
within 6

months

Advanced

Mechanical
Technology
Inc.(AMTI)

force plates

No

comparison

CoP was analysed

There was no
significant
difference seen in
CoP measures at
30 days post
injury(P>.05)
There was no
difference seen in
the Virtual Time to
Contact(VTC)
shape, distribution,
nominal values
during the standing
still postural tasks
irrespective of
vision

There was a
significant
difference in the
VTC absolute
range, range of
VTC deflection

26




points at 30 days

post injury
Parker etal., | Grade 2 58 college Motion Analysis Normal Correlation There was not a
(2007)*48 concussion college | athletes(29 in | Systems (Motion individuals | coefficients between very high
aged athletes each group) Analysis matched for | gait parameters and significance
Corporation, Santa | age, sex, neuropsychological between
Rosa, CA, USA), height, tests, gait stability and | neuropsychological
dual task with weight, PA | post concussion test and gait
IMPACT and recovery curves over | variables and the
neuropsychological 28 days recovery curve and
tests the gait domain
were observed
independently
Catena et al., | Concussed athletes | 60 athletes 8 camera Motion Matched for | Single level walking At 48 hrs,
(2009)* avg. age 21.5+3.3 | (30(14 female | Analysis age, gender, | gait parameters concussion group
yrs and 16 male) | System(Motion height, (spatial and temporal), | walked slower and
in each group) | Analysis weight, level | attention divided there was less

Corporation, Santa
Rosa, CA, USA)

of education
and athletic

participation

walking, obstacle
clearance recorded at
48 hrs, 6th, 14th and
28th day post injury

motion seen in the
sagittal plane
during divided
attention. The

obstacle clearance
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task showed great
difference between
the two groups at
48 hrs and 6th day
but subsequently
there was less ML
motion of the CoM

in the concussion

group

Martini et
al., (2011)®

Concussion avg.
age of 20.8+£1.94

yrs

68 individuals
(28 concussed
and 40 non

concussed)

GAITRite (CIR
System Inc., USA)
Dual task with
Brooks Visuo-
spatial cognitive
task

Individuals
with no h/o

concussion

Gait under single and
dual task
conditions(Normalized
velocity, step length,
stride width, no of
correct from cognitive
task and time in SLS
and DLS for obstacle

clearance

Individuals with
h/o concussion
spend more time in
DLS and
significantly less
time in SLS. They
also had slower
gait velocity. there
was a negative
correlation
between no. of
concussions and
time in SLS and
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positive correlation
with DLS and DLS
percent

Catenaetal., | Grade 2 34 athletes Motion tracking Matched for | Measures were taken | 48 hrs post injury
(2009)**° concussion athletes | (17 in each System (Motion age, sex, at 6, 14 and 28 days 48% of the
of avg. age group) Analysis height, post injury. Lead and | variance was
21+2.32 yrs Corporation, Santa | weight, trail foot clearance explained for the
Rosa, CA, USA), | education noted during obstacle | lead foot(P=0.004)
dual task Q&A and levels of | clearance and 26.5% of
tasks along with PA variance explained
obstacle clearance for the trailing
task foot. Values
returned to normal
after dual task
effects were seen
on the trailing foot
after 48
hrs(P=0.0039)
Parker et al., | Grade 2 20 6 camera motion Uninjured Whole body CoM and | Concurrent
(2005)** concussion individuals(10 | analysis system individuals | velocity of walking cognitive tasks led

in each group)

(Motion Analysis
Corporation, Santa

matched for

age, height,

to changes in the

gait velocity and
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Rosa, CA, USA), | weight and CoM measures.
dual task- activity The concussed
cognitive task levels individuals walked
more
conservatively to
adjust whole body
CoM for stability.
With dual task they
exhibited greater
ML sway
Catenaetal., | Grade 2 28 individuals | 8 m walkway Matched for | Spatial and temporal Concussed athletes
(2007)** concussion avg. (14 in each motion analysis age, sex, parameters, whole exhibited a
age of 22.3+4.5 yrs | group) system(Motion height and body CoM and CoP conservative
Analysis weight trajectories strategy to
Corporation, Santa maintain gait

Rosa, CA, USA),
obstacle clearance

and dual task

(Q&A)

stability during
obstacle clearance.
And displayed
signs of instability
during the divided

attention test
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Abbreviations: Avg.: Average, yrs: years, hrs: hours, h/o: History of, PA: Physical activity, BOTMP: Bruininks- Oseretsky Test for
Motor Proficiency, PCTSIB: Paediatric Clinical test for Sensory Integration of Balance, SOT: Sensory Organisation Test, PCS: Post

Concussion Symptom Scale, CoP: Center of Pressure, AP: Antero-posterior, ML: Medio-lateral, CoM: Center of Mass, DLS: double
leg stance, SLS: single leg stance, AMTI: Advanced Mechanical Technologies Inc.
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Gagnon et al. (2004) showed that children continue to have balance deficits even after 12 week
post-injury. Authors recommend that these deficit should be taken into account when planning
return to activity guidelines especially in activities that require greater balance skills®. Slobonov
et al., (2005) concluded that there is a residual sensory integration dysfunction at least 30 days
post injury in concussed individuals due to deficits in postural control seen with visual field
conflicts 1°. Another study by De Beaumont et al. (2011)** showed that concussions are
associated with changes in postural control and M1 intra-cortical inhibition captured using trans-
cranial magnetic stimulation. They found that individuals with concussion continued to have
slow CoP oscillations that were random. Individuals with a history of concussion tested after six
months of injury showed altered postural dynamics measured using the Sensory Organisation
Test (SOT) compared to those with no history of concussions. It was concluded that postural
control deficits tend to persist long after the acute stage of injury resolution'*°.

It is also found that concussions have observable and measurable effect on gait stability and

control**

. Various authors have concluded that there is a requirement of a more sensitive method
to test any additional balance deficits that may not be detected on regular testing and gait
measures under dual task paradigms are said to be sensitive measures to capture residual
deficits®. Resch et al., 2011 concluded that balance is either maintained or improved using dual

149 concluded that divided attention

task paradigms. Another study done by Catena et al., (2009)
while walking and obstacle crossing is able to better distinguish gait adaptations immediately
after an mTBI. Parker et al., 2007 concluded that a multi-factorial approach is warranted that
includes cognitive and motor tasks, in order to fully understand the effects of a concussion and to
determine appropriate and safe return to activity guidelines**®. Also, Catena et al., 2007 stated
that it is useful to use gait paradigms with cognitive testing to detect gait stability in younger

individuals who have sustained a concussion®.
4.6. Assessment of balance in children and adolescents after an mTBI:

Balance in mTBI individuals has been assessed under both static and dynamic conditions.
Clinical measures of balance, recommended in mTBI management protocols, tend to capture

152,153

balance deficits in the acute stages of injury , Whereas, more sophisticated measures have

identified balance deficits even three months after injury as depicted in the previous section.

32



Some of the commonly used clinical balance measures after mTBI are as described and

discussed for their applicability with the pediatric and adolescent population.

4.6.1 Clinical measures:

The most commonly used clinical measures for balance are the Balance Error Scoring
System (BESS)™® and the Bruininks- Oseretsky Test-2 (BOT-2) Balance subtest®.

The BESS is used to measure static postural stability. The measure was developed to
assess stability among individuals after an head injury and to be used in the absence of
any sophisticated tool such as a force platform. This test was found to be an easy to
administer, inexpensive clinical balance test which has helped identify balance deficits in
many post-concussion studies®®*°2*541° The BESS consists of 6 items that include
double leg stance, single leg stance and tandem stance, on two surfaces (foam-Length:10',
Width:10' and height:2.5' * and firm ground) with eyes closed. Scoring is based on the
number of errors committed per item. The number of errors are scored out of 10. The
average normal score for adults was found to be 12.03+7.34. Each component has its own
normal score. For children, a study conducted by McLeod., (2006) found that the mean
score total score, on 50 athletes aged 9-14 years, was 15.54+5.82. Males had an higher
score than females with a difference of about 2.5 points. Younger children (9-11 years)
had a higher score than older children (12-14 years) with a difference of approximately
3.5 points™™®. In the context of the study, it is important to understand the internal
consistency, construct validity, the inter-rater and intra rater reliability, its validity to
administer in children and adolescents with mTBI as well as the Minimal Detectable
Change (MDC) to help clinicians use the scales.The inter-rater and intra-rater reliability
for the BESS total scores reveal an Intra Class Correlation (ICC) of 0.57 and 0.74
respectively. The inter-rater reliability for 6 different stance positions had 1ICC values
between 0.44 and 0.83. The minimum detectable change for the total BESS score for
inter-rater and intra-rater were found to be 9.4 and 7.3 respectively®®. The authors
concluded that the subsets of the test are reliable whereas the overall BESS score is not.
And a change of greater than 9.4 and 7.3 for inter-rater and intra-rater needs to be seen

before the problem is attributed to postural instability rather than to the scorer. Hence,

! Power Systems AIREX Balance Pad 81,000, Knoxville, TN, USA
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BESS is not very widely used in clinical practices. Furthermore, BESS is found to be
most sensitive (sensitivity 0.34) initially after the injury with a difference of 5.7 points.
The scores returned to preseason levels within 3-7 days post injury. In the Collegiate
athletes 24% were found to be impaired after 2 days of injury in comparison to only 9%
after 7 days of injury™®*. Hence, it is believed that BESS is most sensitive during the acute
injury phase when used along with the Standardized Assessment of Concussion™>*%,
The BOT-2 is a test that uses engaging, goal- directed activities to measure a wide array
of motor skills in individuals between the age of 4-21 years®. The BOT-2 can be
administered in 4 different ways which include complete form, short form, selecting
composites or selecting the subtests. The subtests and composite structures of the scale
highlights motor performance in the following functional areas- stability, mobility,
strength, coordination and object manipulation. There are 4 motor- area composites in
which each comprises of two of the eight BOT-2 subtests. For this thesis we will focus on
the balance subset. The balance items test the static and dynamic balance without external
perturbations. The items mainly test the individuals anticipatory postural control in a
feed-forward mechanism. Raw scores are converted into point scores. The point scores
are converted into derived scores that include standard score, confidence interval,
percentile rank and descriptive category for the particular age and sex of the child
compared to normative values. In the context of the study, it is important to understand
the internal consistency, construct validity, the inter-rater and intra rater reliability, its
validity to administer in children and adolescents with mTBI as well as the Minimal
Detectable Change (MDC) to help clinicians use the scales. The BOT-2 has been found
to be a reliable measure to testing balance in children after an mTBI. Bruininks., (2005)
reported the split-half reliability for internal consistency shows that that the reliability
coefficients for the subscale, composite, total motor composite and short form scores
range between 0.70 to 0.90. The test-retest reliability for cognitive, language and motor
scales was assessed twice by the same assessor over a period of 7-42 days on 134
children. The correlation scores ranged from 0.69 to 0.80 for the subscale scores, from
the middle to upper 0.80s for the total motor composite and short form reliability. It also
varied based on the age of the child. Inter-rater reliability was measured by two assessors

on the same child at the same time and the reliability coefficient was found to be between
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0.92-0.99%. From the above reliability measures, the BOT-2 is seen to be a reliable
instrument to measure balance in children. A study done by Wuang et al., (2009)
examined the internal consistency, test-retest reliability and responsiveness of the BOT-2
in 100 children with intellectual disability (age 4-12 years). They found test-retest
reliability and internal consistency for the total scale were excellent, with an ICC=0.99
(9%5Cl) and Cronbach's alpha of 0.92. Responsiveness was acceptable for all the BOT-2
measures except for the balance subtest that was found to be insignificant®’.

The other method to measure postural control is the modified Clinical Test for Sensory
Integration of Balance (CTSIB)™®. It is an accepted balance test to be conducted on
static surfaces. The test helps clinicians evaluate the various components of balance and
how the various systems compensate when there is a compromise of balance. The three
systems that are challenged in this are the visual, somatosensory and the vestibular
systems. The test consists of four components. Eyes open firm surface, Eyes closed firm
surface, Eyes open foam surface, eyes closed foam surface. Each condition is performed
for 30 seconds once. The sway index is being measured using this test. It is scored on a 4
point scale where 1-minimal sway and 4-fall. The higher the sway index the poorer the
balance and hence more likely to fall. The test-retest reliability was found to be excellent
ICC- 0.79-0.82 in children of average age 12.2 years with mTBI°. There is still a lot of
research that needs to be done with regard to finding the normative values for children
and testing the validity and internal consistency of the measure in children with mTBI.

4.6.2. Instrumented clinical measure:

The Sensory Organisation test (SOT) (NeuroCom, division of Natus, OR, USA) is the
most commonly reported instrumented clinical measure to test balance in mTBI®. The
instrument effectively challenges the visual, somatosensory and vestibular systems. This
is done by eliminating the useful information that the subject gets from any of the three
systems through a calibrated 'Sway Referencing' of either the support surface or the
visual input. This effectively creates a sensory conflict situation. Hence, it eliminates the
vestibular system and challenges the CNS. The SOT uses six different conditions, each
performed 3 times to assess balance. It consists of three 20 second trials with three

different visual conditions (eyes open, eyes closed, sway referenced) and 2 different
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surfaces (fixed and sway referenced). The sway reference tilts according to the
individual's CoG. The scoring is based on the overall equilibrium score, sensory analysis,
strategy analysis and CoG alignment. The SOT has been used to find balance issues in
mTBI. It has been seen that the vestibular sensory system that is most affected after an
mTBI due to inability of the system to resolve sensory conflicts®. It has been
hypothesized that the individuals may ignore the altered environmental conditions and
choose a motor response as a compensatory strategy, which will lead to further injury due
to the lack of sensory integration'®,

A study done by Cavanaugh., (2005)*%*° found that by applying entropy techniques to
the SOT data, athletes who show no signs of balance deficits are shown to have
symptoms that persist for 3or 4 days. Although the SOT provides useful information
regarding sensory deficits the accessibility and practicality of the instrument is still under
question®®,

4.6.3 Dual task and gait measures:

A functional method to assess balance after an mTBI is to measure the gait patterns under
virtual reality conditions or divided attention'**. Dual task models involve performing
two tasks simultaneously. It can involve both motor and cognitive components which can
be performed under cognitive-motor, cognitive-cognitive or motor-motor tasks. More
frequently used models of dual task testing is performing motor tasks in conjunction with
cognitive tasks such as simple Q and A tasks, Stroop task or with visual or auditory
distractions****>**! |t has been concluded from preliminary findings of various studies
that dual tasks conditions can challenge the otherwise healthy individual but its clinical

utility and applicability needs to be established'®.

5.0 Conclusion:

Mild TBI management is a gradual step-wise process and there is persistent debate about the

proper guidelines for its assessment and management. This is reported to be even more

problematic in children due to the developing brain and possible long term consequences of early

injuries. Experts believe that evaluation and management approaches should be multi-factorial in

6478152154 "asnecially in the context that that up to 50% of the time symptoms are under-

reported by children and adolescents. There is a need for a comprehensive assessment regimen
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that includes grading of symptoms and clinical balance assessments along with
neuropsychological tests that are currently considered to be a valuable assessment

tools®® 122154181 Guskiewicz (2011) states that balance assessments can provide clinicians with
an objective measure, that will help them remove all guesswork by uncovering less obvious
consequences and assisting in allowing safe return to activities*®. It is therefore important to find
clinical balance measures that are able to capture the more subtle balance deficits, that are
currently only detected with more sophisticated tools and that would be applicable in the
pediatric and adolescent population.
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CHAPTER 3: OBJECTIVE, HYPOTHESIS AND EXPECTED CONTRIBUTION

Objective: The objective of the study is to compare the ability of selected clinical static and
dynamic balance measures to detect differences between children who are clinically recovered

from an mTBI and healthy controls.

Hypothesis: There will be no differences seen on the various balance measures between the
mTBI group and control group, indicating the stated clinical recovery of the mTBI group. If
differences are present then, dynamic measures of balance and measures under dual task

conditions will be more sensitive at predicting group differences.

Expected contribution: Through this study, we will contribute further evidence to the
importance of balance testing in children and adolescents after an mTBI. By testing various
aspects of balance using easy to administer, inexpensive measures, we hope to provide clinicians
a more objective method to base return to physical activity decisions. Through this study, we
also will better understand the recovery of balance function among children and youth, a domain
that has not been as widely studied in this population when compared to collegiate athletes and
young adults with mTBI. This study will help characterize various aspects of balance deficits in
children and youth who are otherwise considered fully recovered from their mTBI. In addition, it
will contribute to identify which balance measures are more sensitive to detecting group

differences and provide clinicians additional measures to incorporate in everyday practice.
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CHAPTER 4: MANUSCRIPT: Assessing Balance in Children After a Mild Traumatic
Brain Injury: Choosing the Right Assessment

4.1. ABSTRACT:

Objective: The objective of the study is to compare the ability of selected clinical static and
dynamic balance measures to detect differences between children who are clinically recovered
from an mTBI and healthy controls.

Setting: The Montreal Children's Hospital, Concussion Clinic.

Participants: Twenty-seven children aged 8-17years who were clinically recovered from mTBI
and twenty-two age/gender matched controls.

Design: Cross-sectional.

Main Measures: Balance was measured using three clinical measures: Brunininks-Osteresky
Test for Motor Proficiency, Second edition- Balance subtest (BOT-2); Balance Error Scoring
System (BESS); Community Balance and Mobility Scale (CB&M). In addition, three gait
paradigms - Self-Selected Pace (SSP), Tandem Walking (TW) and Obstacle Crossing (OC) was
assessed using the GAITRite walkway (CIR Systems, USA) under single and dual task condition
(tested using an arithmetic task). Differences between groups on the various balance measures
were analysed using independent sample t-tests at 0.05 significance with Bonferroni corrections.
Discriminant analysis was done to predict the best measure of balance that predicts which group
an individual belongs to. Dual task cost (DTC) between groups on motor and cognitive task was
analysed using repeated measures ANOVA as well as independent sample t-tests at a=0.05.

Results: There were no differences in the age, gender and levels of physical activity between
groups. The mTBI group had worse performance (p<0.05) on all three clinical measures of
balance. Specific parameters for each gait paradigm found the mTBI group to be significantly
negatively affected compared to the control group (p<0.05). Both the BESS and tandem walking
had good prediction for discriminating which group an individual belonged to. No differences
were found between groups on DTC in motor tasks. Whereas, DTC in accuracy of the cognitive

task was found to be significantly reduced during self-selected paced walking in the mTBI

group.
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Conclusion: Findings from this study provides further evidence that assessment of balance skills
could enhance clinical decision-making for safe return to physical activities. Furthermore, it
emphasizes that clinical balance assessments may need to include both static and dynamic
paradigms to capture performance difficulties and prevent premature return to physical activities.
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4.2 Introduction:

Balance deficits have been documented repeatedly* immediately after mild traumatic brain injury
(mTBI) and are now well recognized as important by most concussion experts?. Balance is
therefore considered an essential component of a thorough assessment for clinical return to play
decision making® after an mTBI, in conjunction with the more traditionally used neuro-cognitive

testing and post-concussion symptom reporting.

Balance is an integral part of everyday activities. It can be defined as the ability of the body to
maintain the Line of Gravity (LoG) within a Base of Support (BoS)*. Effective postural control
involves either reactive or predictive strategies. Predictive strategies encompass voluntary
movements to any anticipated disturbances that could cause imbalance, whereas reactive
strategies are generally a response to unpredicted disturbances®. To maneuver various
environments, the ability to maintain balance allows the body to self-evaluate joint position,
movement direction and speed based on a combination of somato-sensory, visual, and vestibular
inputs to the central nervous system®’. It is noted that integration of the three sensory systems
and maturation to adult like postural control, of the three systems namely; visual, vestibular and
somato-sensory continues to take place from birth through puberty®. Along with the sensory
systems, the motor system helps maintain balance by aligning the body within the BoS using
muscular forces®. For the body to maintain a state of equilibrium it is essential for all the systems
that regulate balance to interact in unison to bring the CoG within the BoS™. Since many of
everyday activities require movement, it is essential to measure both static and dynamic aspects
of postural control. In case of injury to the central nervous system, there can be problems of
integration of the multitude of incoming sensory information that leads to excess dependence on

one or more sensory systems rather than an integration of the three systems together***?.

Various deficits have been detected using both static and dynamic measures of balance even after
three months following an mTBI.. Gagnon et al. (2004), found that children with mTBI
continued to have postural deficits on the Bruininks- Osteresky Test for Motor Proficiency
(BOTMP), Postural Stress Test (PST) and Pediatric Clinical Test of Sensory Interaction of
Balance (P-CTSIB) up to 12 weeks post-injury as compared to uninjured age/gender matched
controls™. Other studies conducted, noted balance deficits in young collegiate athletes using high

technology tools under controlled laboratory environments™**.
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The most commonly used clinical balance test to measure static balance in individuals after an
mTBI is the Balance Error Scoring System (BESS)*®. Other measures of static balance include
using the Sensory Organisation Test (SOT)'” and the Clinical Test of Sensory Interaction of
Balance (CTSIB)™. The SOT requires the use of force plates and its applicability into many
clinical set-ups is difficult®. It would be useful to test the sensitivity of easy to administer, cost

effective tools in aiding return to physical activity decision making in clinics.

Dynamic balance is commonly measured using gait evaluations. Testing performed under virtual
reality conditions with divided attention or dual task methods, is also said to detect residual
subtle deficits in this population®. During dual task conditions involving a cognitive task and
gait, concussed athletes have been shown to adopt slower and more conservative gait strategies
as compared to a control group®®. Parker et al. (2005), examined gait stability after a concussion
during a course of 28 days after injury, under single and dual task conditions using a simple
cognitive task, and found that young adults with a concussion showed slower walking speeds
during dual task conditions throughout the testing period (up to 28 days) and that deficits in
walking velocity were also seen up to 4 weeks after the injury. Injured individuals also exhibited
greater sway velocity and displacement at 28 days post injury during dual task conditions®.
Although gait measures in self selected paced walking under single task conditions are found to
be different between individuals with mTBI and healthy controls in the acute phase of injury,
they tend to recover over a period of time?:. A study found that collegiate athletes, who had
sustained an mTBI many years prior to testing, performed worse on both single task and dual
task paradigms during gait?’. These findings are interesting but their applicability to the pediatric
population remains to be determined. Indeed, most of the studies are conducted with collegiate
athletes or young adults. It is therefore of interest to explore the performance of children and

adolescents under similar single task and dual task conditions.

Based on the above studies it is clear that balance deficits have been shown to persist long after
the injury**#*?*. Children and youth are usually returned to physical activities based on the

225 35 well as based on their

resolution of their self-reported post concussive symptoms
performance on clinical balance tests that are found to be more sensitive in detecting balance
deficits at the acute phase of the injury?®2%. It is therefore essential to provide clinicians with

tools that are more reliable at detecting residual deficits, to improve their confidence in the fact
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that children and adolescents are in fact completely deficit-free before their return to pre-injury

levels of participation.

It is therefore important to introduce more sensitive balance measures in a clinical set-up that
are cost-effective, easy to administer and sensitive enough to detect subtle balance deficits. The
objective of this study was to compare static and dynamic balance between children who are
clinically recovered from an mTBI and healthy controls using various clinical balance measures
and to further explore which of the balance measures would be more sensitive in detecting
differences between groups, so as to provide clinicians with better tools to help improve
decision making regarding readiness to return to physical activities.

The aim of this project is not to compare the clinical balance measures to the gold standard
measures rather it is to explore the sensitivity of the selected clinical tests to detect balance
deficits in clinically recovered children. As noted in literature that gold standard measures are
found to detect balance deficits even after many months of the injury. Hence, the project does
not aim to compare the clinical balance measures to gold standard but to understand if there is
in fact balance deficits that persisted and if the clinical scales were sensitive to detect balance

deficits at the latter stages of injury.

4.3. Methodology:
4.3.1. Sample:

Twenty-seven children between the age of 8-17 years (mean age 13.2 + 2.20 years), with a
diagnosed mTBI were recruited from the Montreal Children's Hospital Concussion Clinic.
Children and youth were enrolled if they were clinically recovered from the injury, which was
defined as 1) being asymptomatic at rest for a minimum of one week as measured by the Post-
Concussion Symptom Scale Revised (PCS-R)? and 2) being cleared for gradual return to
physical activity by the treating clinician, because balance and cognition were also considered to
be recovered. Children and youth were excluded if they presented with: 1) more than three
lifetime concussions, 2) Attention Deficit Hyperactive Disorder *° or Developmental
Coordination Disorder 3 and 3) pre- or co-existing orthopedic and neurological conditions

affecting balance.
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Twenty-two healthy children (mean age 13.6 £ 2.56 years) were also recruited and matched
based on their age, gender and level of physical activity, to injured participants. Level of physical
activity was determined using the Activity Rating Scale®, a single 5-level question used in large
epidemiological studies to ascertain level of participation. The injured group was tested on the
same day as their final appointment at the Concussion Clinic. Post-concussion symptom levels
were obtained using the PCS-R****. No significant differences (p>0.05) were found between the
mTBI and control group for symptom levels at the time of testing, confirming the stated recovery
of the mTBI group. Demographic characteristics of the groups are presented in Table 4.1.

The project was approved by the McGill University Health Centre Pediatric Research Ethics
Board (study number 12-190-PED). Informed consent and assent was obtained prior to

participation.
4.3.2. Measures of balance and mobility:

Balance was measured using three clinical scales: the Bruininks-Osteresky Test for Motor
Proficiency Second Edition - balance subtest (BOT-2)*, the Balance Error Scoring System
(BESS)'® and the Community Balance and Mobility Scale (CB&M)®. In addition, mobility was
measured using three gait paradigms under single and dual task conditions: self-selected pace
(SSP), obstacle crossing (OC), and tandem walking (TW) using the GAITRite®" walkway .

The primary balance outcome was the BOT-2- balance subtest. It measures static and dynamic
balance without external perturbations and can be administered to individuals between the age of
4-21 years®. It includes nine items testing the ability to stand and walk using a narrow base of
support, with and without the use of visual feedback. Items are scored in terms of time spent in a
position, or by recording the number of correct steps taken, depending on the item. If the child
was unable to perform a task successfully on the first trial, a second trial was done, as per test
instructions and best of the two trials was taken for the final item score. Item scores were
converted to point scores and then transformed to normalized scale scores. The last two items
standing with on a beam tandem and standing on a beam single leg stance eyes closed on the
BOT-2 are clinically found to be more challenging than the other items and were analysed

separately.. Although the BOT2 has not yet been reported in the literature with the mTBI

! CIR Systems, NJ, USA
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population, psychometrics for the BOT-2 were found to be as follows: inter-rater reliability was
found to be high in individuals between the age of 4-21 years for all subtests of the complete
form®’. Test-retest reliability assessed on three groups over a period of 7-42 days showed a
Pearson's product correlation of <.80 on the subtests. And very little learning effect was seen on

the balance and coordination skills>’.

Children’s performance on the BESS, the CB&M and the three gait paradigms (SSP, OC, TW)
was taken as secondary outcome measures. The BESS is a measure of static balance that was
developed for individuals with mTBI. The BESS consists asking the child to stand in three
positions (double leg support, single leg support, and tandem position) on a firm surface (floor)
and a foam surface? (Length: 10” Width: 10” Height: 2.5”) with eyes closed for 20 seconds. The
number of errors that individuals make while maintaining the position is counted and constitutes
the test score. An error is defined as a postural adjustment such as removing hands off the iliac
crest, opening eyes, falling, abduction or flexion of the hips >30 degrees, lifting the forefoot or
heel off or staying out of testing position for greater than 5 seconds*®. The maximum number of
errors per task is 10. BESS-total is the number of errors that are committed under all six
conditions combined with a maximum of 60. There is a paucity of literature describing the
normative values of the BESS in children and adolescents with an mTBI. Normative values for
young adults have been reported to be around 10.97+5.05 (average number of errors)®. Test-
retest measures for the BESS on young athletes aged 9-14 were found to be
adequate(1CC=0.70)*. Excellent inter-rater reliability was seen for all conditions(ICC=0.87-
0.98) and the total score(ICC=0.98)*'. And convergent validity between BESS and Sensory
Organization Test(SOT) was validated in individuals with an mTBI*.

Although we have chosen two static measures of balance and we have chosen the various
gait paradigms for walking, we thought it was appropriate to assess children and adolescents
with the CB&M because it is a scale that measures high level balance tasks. The scale
encompasses challenging tasks that involve multitasking and movement sequencing®. Since,
most children and adolescents are highly athletic and active it was important for us to test
them on a more challenging task. The CB&M was developed to measure balance and

mobility in individuals with TBI with the aim of mimicking the challenges encountered in a

> AIREX™
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community setting. It is a thirteen-item scale that has components of both static and dynamic
balance and where most items are performed along an 8m line. As per test suggestion, for
children between ages 8-11 years, the instructions were modified to a simpler language and
the weights to be carried for item 11 was reduced from 7.5Ibs to 5lbs*. Scoring for the
CB&M was based on the scoring grid of the scale. The total score was out of 96. Normative
values in children between ages of 8-11 years were found to be 70.1-82.9*2. There is paucity
of normative values in adolescents, hence normative values are compared to young adults
and found to be 88.71+3.53"°. The validity and reliability of the scale in brain injury patients
was found to discriminate between a wide range of balance abilities in a high-functioning,
ambulatory patients *. Excellent test-retest validity was seen in children and adolescents
within 10 days of injury(ICC=0.90)*. Also, excellent inter rater validity(ICC= 0.93) as well
as excellent internal consistency for the primary assessor's baseline score(Cronbach's alpha=

0.89) was reported in the same group of individuals**.

The GAITRIite system consists of a walkway (length of 4.87m) that automates the measurement
of temporal and spatial-two dimensional gait parameters through pressure activated sensors.
The area of the foot placement/object is determined by the number of sensors activated, by the
distance between these sensors and the time for activation/deactivation®. Validity of the
GAITRite walkway was established using algorithms of body-worn sensors (gyroscopes) in
young healthy adults and ICC correlations were found to be excellent for both temporal
measures: stride time, swing time and stance time (ICC >0.84) and spatial measures: velocity
(taken as a spatial measure on the GAITRIite) and stride length (ICC >0.88). Also, concurrent
validity was found to be excellent at three different walking speeds with comfortable walking
observed to be the best*. In children it has been found that the inter-trial reliability range from
poor to excellent and clinically relevant error was found to be acceptable for all parameters
across age groups*. Reliability of the gait parameters under single and dual task condition
(using a cognitive task) was done in adults with mild cognitive impairment. The study found
that the mean velocity decreased significantly compared to single task condition (p=0.005) and
temporal parameters such as stride time, step time and time on double support was highly

variable*’. There are no such studies done in children assessing the reliability of the measures

* GAITRIte® Manual Version 3.9 (9/6/2007)
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when an additional task is added.

Children and adolescents were tested on the three clinical balance measures and on gait
measures at the time of recovery. The participants were tested on the BOT-2- balance subtest
and BESS measures first. They were then asked to perform all three gait tasks administered in
the order of SSP walking, SSP walking with cognitive task, OC and OC with cognitive task and
finally TW and TW in conjunction with the cognitive task. They were assessed on the CB&M
at the end of the session. The session took overall an hour and a half to complete. All tasks were
administered by a trained research assistant. For children with mTBI, performance on the BOT-
2 balance subtest alone, was assessed as part of their clinical appointment by the treating
clinician, which took 5-7 minutes. BESS tasks were performed on the firm surface and on the
foam, of aforementioned dimensions and the task took overall 10 minutes to complete. For the
CB&M, the children and adolescents were given instructions based on their age which was
completed in approximately 20 minutes. The overall assessment on the GAITRite walkway
took approximately 40 minutes . Adequate rest periods were given between tasks.

For all three paradigms, SSP, OC and TW, children were instructed to walk along the center of
the mat at a comfortable pace (as they would walk in a school hallway). Dual task conditions
involved performing the above three gait paradigms along with a simple self-paced mental
arithmetic task, which consisted of starting from a randomly generated number from 100-1,and
counting backwards by threes for the distance of the walkway. Performance on the arithmetic
task was first noted in sitting for 8 seconds before the start of the trials to help compare to, and
understand, the effect of the dual task on cognitive performance. Two trials of each paradigm

under single and dual task conditions were recorded.

The OC task consisted of placing a PVC pipe, approximately 2.5 cm in diameter and long

enough to cover the width of the mat, at the center of the walkway. Central point of placement of
the obstacle on the mat using exact X,y coordinates was noted a priori, to aid in later calculations
regarding foot placement prior to and after obstacle crossing. The obstacle height was set at 10%
of the height of the child*®. For the TW paradigm, a line was set up using tape in the center of the

walkway along its length. Children were instructed to walk along the line without looking at their
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feet while not allowing the toe touch the heel of the leading foot to ensure recording of footprints
by the GAITRite® software.

For SSP, the variables obtained were velocity (cm/sec), stride width (cm), step length (cm) and
percentage time on double support. For OC, the variables calculated were velocity across the
entire walkway (cm/sec), velocity at the obstacle (cm/sec) (defined as the step length by step
time of an entire gait cycle at the obstacle), distance of the lead and trail lower extremities from
the obstacle along the horizontal axis (lead lower extremity defined as the limb that crosses the
obstacle first, and trail is the limb that crosses last but that is used for single limb support during
the crossing of the lead limb) and single support time (sec) of the trail and lead limb during
obstacle crossing. Variables chosen for analysis of TW were velocity (cm/sec) and percentage
time on double support. The above parameters were chosen as they closely reflect the ability of
an individual to maintain proper dynamic stability“*®3, For the analysis of performance under
dual task conditions, a change in absolute performance between single and dual task conditions
of a particular variable of each paradigm was considered and named “Dual Task Cost”(DTC).
Motor DTC was defined by motor performance under single task condition minus motor
performance under dual task condition. Cognitive tasks was measured with accuracy percentage
(defined as the number of correct answers/number of answersX100) and response rate (defined
as number of answers divided by the duration of the task) of answers. Cognitive DTC was
defined as performance of the task under single task condition i.e. in sitting minus performance

under dual task condition.
4.3.3. Data Analysis:

Descriptive summary statistics (mean, standard deviation) were calculated for each variable and
are presented in table 4.2. Differences in performance on the individual balance and mobility
tests between the groups were determined using independent sample T-tests with o= 0.05 with
Bonferroni corrections. A Discriminant Function Analysis was then conducted to determine the
extent to which performance on balance measures and gait paradigms under single task condition

accurately predicted whether children belonged to the recovered mTBI group or not at 0=0.05.

A repeated measures ANOVA was used to determine the difference in DTC between groups for

velocity across three gait paradigms, as well as for the performance on the arithmetic task
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(accuracy and response rate). Differences in DTC for other variables of SSP, OC and TW, were
analysed using independent sample t-test at a=0.05. Statistical analysis was performed using
SPSS version 17.0.

4.4. Results:

As shown in Table 4.2, the mTBI group performed significantly worse on overall scores of the
BOT-2 and CB&M, and had significantly more errors on the BESS compared to the controls.
Differences between the groups on the BESS vyielded the largest effect size (Cohen's d=1.27).

Secondary analysis of the two specific items on the BOT-2 namely; heel to toe standing on the
beam (p=0.018) and standing on one leg eyes closed on the beam (p=0.001) were found to be
significantly different between groups with the control group having better performance on both

items.

When examining the three gait paradigms and the performance on the arithmetic task under
single task conditions (Table 4.2), there were some significant differences between the groups.
For SSP, there was no significant difference found between groups on velocity, step length or
percentage time on double support, whereas stride width, was wider in the mTBI group
compared to the controls (p=0.001) with a large effect size (d=0.97). During OC, distance of the
lead limb from the obstacle showed that the mTBI group had greater horizontal clearance of the
lead foot (p=0.043; d=-0.60). Single support time on the trail limb was significantly decreased in
the mTBI group (p=0.006; d=0.77). Both variables chosen for TW were significantly different
between the groups with the mTBI group walking slower (p=0.003, d=-0.90) and spending more
time in double support than the control group (p=0.002; d=0.94). Significant differences were
found between groups on the response rate on the arithmetic task while performing the task in
sitting without the dual task component (t=-2.426, p=0.019).

Discriminant analysis and cross validation procedures were conducted to predict how well the
clinical measures and gait paradigms discriminated between the groups. Log determinants for
both groups were found to be similar and Box M tests showed that there was equality assumed of
the covariance matrices (p=0.265). Discriminate function revealed a significant association
between the groups and the balance measures, accounting for 55.1% of between group

variability. Detailed analysis of structured matrix showed that the BESS total score (.581), stride
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width during SSP walking (.446) as well as velocity (-.414) and percentage time on double
support (.422) during tandem walking to be the best predictors of group membership. However,
the BOT-2, CB&MS and variables considered for obstacle crossing were shown to be poorer
predictors. Cross validation classification showed that overall 77.6% of children could be

correctly classified for all balance measures tested as seen in Table 4.3.

Means and standard deviations of DTC on parameters of SSP, OC and TW are presented in
Table 4.4. There were no differences in DTC between the mTBI and control groups for walking
velocity in any condition (F (1,49)=1.255, p=0.268, n2 = 0.026). There was, however, a
significant difference of DTC across conditions (F (1.743,49)=26.071, p=0.000, n2 = 0.357).
Post hoc testing revealed that DTC was higher in SSP and OC than in TW for both groups
(p<0.05). There was no significant interaction was found between group and DTC on the three
gait conditions for velocity (F (1.73,49)=2.713, p=0.080, n2 = 0.055).

A significant group x condition interaction was found for DTC in the accuracy percentage of the
cognitive task (F (2,49)=5.217, p=0.007, n2 = 0.100). Children with mTBI had significantly
higher DTC than the control children for SSP walking (p=0.004) and there was a trend for
differences for the OC between groups (p=0.071). Testing of three conditions for each group
separately revealed that there was significant difference in DTC on accuracy percentage within
the mTBI group (F (2,49)=3.396, p=0.041, n2 = 0.116). Post hoc testing revealed that the mTBI
group had greater DTC on the accuracy on the cognitive task while walking in SSP compared to
OC and TW (p<0.05).

Finally, there was no interaction between group and DTC when looking at the response rate on
the cognitive task (F (2,49)=1.163, p=0.317, n2 = 0.024). There was no difference between the
groups seen in the DTC on the rate of performance of the cognitive task across the conditions (F
(1,49)=0.888, p=0.351, n2 = 0.019). Testing of three conditions within groups revealed that
there was no significant difference in DTC on response rate of the cognitive task within groups
(F (2,49)=0.033, p=0.968, n2 = 0.001).

4.5 Discussion:

Results from our study indicate that balance deficits can still be identified, using clinical
measures, in children and adolescents with mTBI, even after they are considered clinically
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recovered and have been cleared for gradual return to physical activities. Balance deficits are
seen during both static and dynamic tasks but mostly in those that require a limited BOS and in
the absence of vision. Also, children and youth showed problems in tasks requiring anticipatory
control such as when performing complex walking activities These findings suggest that
limiting the assessment of balance to one single aspect may be not sufficient to make effective
return to activities decisions and further testing needs to be done to ensure the individuals
complete readiness to return to physical activity. We hypothesized, if the group differences
were present, that dynamic balance tasks would be best at differentiating the groups. Adding a
dual task component would make the tasks more challenging, hence would further detect subtle
differences in the groups. We found that static measures of balance along with dynamic
measure found differences between groups and the cost of the dual task was not as sensitive to

detect such subtleties.

Children and youth in the recovered mTBI group were found to have poorer performance levels
on all three clinical balance measures but the BESS yielded the largest effect size for differences
between groups. The children and adolescents in the mTBI group fell within the normal range of
scores on the BOT-2 balance subtest (1.0 SD), but specific item differences between the groups
showed they may have difficulties with tasks involving decreased base of support (BoS)
(standing on a narrow beam) and those performed in the absence of vision compared to healthy
controls as noted in the single leg stance with eyes closed task where the mTBI group had a score
of 2.30+1.10 compared to the control group with a score of 3.59+1.37. This confirms similar
findings of a previous study where, children with an mTBI of similar age (7-16 years), had
significantly worse performance on similar tasks compared to age matched controls at 12 weeks
after the injury™. Since postural control strategies involves complex integration of multiple areas
the CNS>*, poor performance on balance measures may indicate that individuals with an mTBI
have issues integrating the incoming sensory information to generate an appropriate motor output
to maintain balance. To adapt to the lack of postural control, they may tend to adopt a wider BoS
to compensate for the displacement of Center of Gravity (CoG) and inability to integrate the

sensory systems effectively they may tend to rely more on visual input to maintain balance.

The reliance on visual input is further illustrated by the poor performance of the mTBI children

on the BESS who had on average at least 7 more errors compared to the control group, which is

51



tested entirely with eyes closed. However, the poor performance may not be completely
explained by the absence of vision, but can be also be explained by difficulties in somatosensory
systems or vestibular systems. Indeed, the BESS is performed under conditions of unstable
support surface (foam) which provides altered somatosensory information and requires the action
of the vestibular system as a reference for alignment in relation to gravity. It has been reported in
a review paper that vestibular deficits can outlast other impairments such as symptom
presentation or cognitive issues®. This could support our findings that children and adolescents
were not able to perform tasks that required a change in supporting surface without the
availability of visual information (standing on a beam single leg eyes closed, or on the foam)
and could further relate to issues in the vestibular system. In a study conducted to examine the
postural stability of collegiate athletes after mTBI, authors report that injured individuals tend to
exhibit acute balance deficits due to their inability to use their vestibular system effectively in

conditions where there is a change in surface under normal or absent visual information®>.

There is very little work on normative values of the BESS in children and youth®®?®. It is of note
however, that even children and adolescents in the control group had a slightly higher number of
errors on the BESS than what is reported for young adults®. This points to a continuing
development of balance, especially in the vestibular system, that has been shown to develop
through adolescence®’. Although the BESS appears promising as a clinical measure with this
population, further study may be required to validate the use of the BESS as a standard clinical
tool in this population, as BESS has been shown to have practice and learning effects in

athletes®>*,

Group differences seen on the CB&Mshow that both static and dynamic components of balance
are affected in mTBI children and adolescents. While the BOT-2 and BESS tested the feedback
mechanism of postural control, CB&M tests the feed-forward mechanism of balance testing. The
fact that children exhibit problems with anticipatory balance control has been supported by a
previous study, where children after an mTBI tended to perform worse than the control group on

tasks that involved anticipatory postural control*?

. Hence, the mTBI group showed significant
deficits in functional balance as well as indicate further problems with performing tasks with a

narrow BoS as most items on the CB&M are carried out on a line.
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Prior studies had emphasized the potential sensitivity of gait assessments in detecting lasting
impairments®. In our study, injured children were able to walk as fast and with as long steps as
children from the control group but that they spontaneously adopted a wider stance to walk (at
7.08 cm+2.26 compared to the control group that had 4.97 cm+2.07) This is in line with prior

studies %%

showing that even if individuals with concussion have slower walking velocity as
compared to individuals without a concussion 48 hours after the injury, velocity tends to reach
close to normal values by 28 days®!. Differences in stride width between groups, may indicates
the need for children with mTBI to have a wider BoS while walking to maintain balance, as

highlighted in the more static tests..

The requirement of greater BoS is emphasized further with performance during TW. The
variables percentage time on double support and BoS are of clinical relevance while testing
balance®. It is of interest to note that our study showed, greater percentage time on double
support and decreased velocity during tandem walking suggesting a conservative approach to
walking with narrow BoS. These findings along with greater stride width during SSP, and
findings from the BOT-2 subtests, BESS and CB&M, further support the fact that the mTBI
group requires greater BoS. It is prudent to note here that our study provides further evidence on
the requirement of testing tandem walking and balance in tandem stance in children and youth
after a mTBI. This supports the inclusion of testing tandem balance in recommended tools such

the Sports Concussion Assessment Tool -3rd Edition?.

Obstacle crossing strategies has also been shown to be a good indicator of balance problems®®.
Distance of the lead limb from the obstacle was seen to be greater for children with mTBI and
single support time on the trail foot was found to be greater for the control group. This could
indicate that the uninjured group had more control of their lead foot during obstacle clearances
vs. the mTBI group who had larger clearance distance. In a study based on healthy young and
older adults, authors found that when individuals walked slower and with more control, they
tended to step closer to the obstacle®. This indicates that adults had greater time to plan and
execute clearance strategies. This is supported by our findings that indicate that the control group
spent greater time on the trail foot to plan and execute a proper and safe clearance strategy.
Whereas, a decrease in single support time on the trail foot for the mTBI group may indicate that

they tended to reduce the time spent on a position that required greater manipulation of Center of
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Mass (CoM) within a narrow BoS®. This indicates lack of proper balance in the mTBI group and

further supports the lack of adequate anticipatory postural control strategies.

Discriminant analysis revealed that the total number of errors on the BESS and two variables of
tandem walking (velocity and double support time) are the best predictors of which group an
individual belonged to. The analysis reveals that our study can identify a model, based on
common clinical balance measures, that predicts up to 77% that balance findings are different
between groups, even though the mTBI group was clinically recovered and was expected to
perform similarly to the control group. These findings support the notion that subtle balance
deficits persist beyond the expected recovery period and that children who sustained an mTBI
remain different than healthy controls when current guidelines would likely clear them for

complete return to physical activities.

The results for this study did not identify differences in DTC between the groups for most of the
variables measured. Our results contradict studies that have found the mTBI group to have
greater balance deficits under dual task conditions at least 28 days after the injury during various
gait conditions compared to healthy controls?*®*%2, A lack of significant differences between the
groups on DTC may indicate that our cognitive task may not be challenging enough to identify
balance deficits under dual task conditions, even though it was sensitive enough to differentiate
differences between groups under single task condition. Previous work conducted with children
has shown that as the complexity of the concurrent cognitive task increases, there is a greater
cost on motor performance and that children tend to prioritize the cognitive component®. This
has been supported by our findings in within group analysis where it was seen that velocity was
affected across conditions in both groups more than cognition. A greater DTC in SSP and OC
compared to TW on velocity in both the groups could indicate that there was a learning effect
across the tasks as they were administered consecutively. A decrease in accuracy in mTBI gorup
in SSP and a trend noticed in the control group could indicate that individuals tended to improve
under dual task conditions, which has been reported in an earlier study where authors noticed an
improvement in performance under dual task conditions®. Hence, it would be of interest to test
the groups using other methods of dual task that involve visual and auditory distractions while

performing gait tasks.
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Clear recommendations cannot be made at this stage, but it is recommended that clinicians
incorporate testing tandem walking as part of their protocol. Also recommended is that clinicians
look particularly at the more challenging tasks of the BOT-2. Incorporating BESS in the clinical
practice needs to be considered only after realizing the validity of the scale in the population.
Also, it is seen that the BESS has a learning effect, which may not be a great tool to use if it is

used for monitoring balance at every session.

It may not be necessary to sit children and adolescents out if they continue to persist with
balance deficits after remaining asymptomatic for a week, but if the balance performance is
much below expected scores on various components of balance testing then it would be
recommended to actively train the balance deficits and progress slowly on the gradual return to

physical activity protocol.
4.6. Study Limitations:

Limitations of the study included the fact that children and adolescents were recruited
consecutively from a single center. Although this center is a publicly funded program that
provides care to a diverse population, the results may not account for a wider variation in the
population. Gender matching was attempted in the beginning of the study but due to convenience
sampling of the control group, one group of adolescents boys got under represented. Although,
balance is found to reach adult like strategies during the age group described for this study, it
may be a limiting factor as boys have a different balance abilities after attaining puberty, where
they tend to perform moderately better than females. Many of the tests used do not have
normative values, preventing comparisons of performance for children of both groups to the
general population. Further research needs to be done to establish normative values for the above
measures especially in adolescents. For the functional gait testing, only temporal and two-
dimensional spatial parameters were tested using the GAITRIite. Also, the reliability of adding an
cognitive task to the walking task using a GAITRite™ walkway system, is unknown in children.
The control group serves as a reference, hence this should not affect the results as much. For this
study,video measures would have allowed a greater understanding of the balance strategies
adopted by both groups.

4.7. Conclusion:
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In conclusion, from the results of the study, it is clear that children and adolescents with an
mTBI show persistent balance deficits, even after resolution of symptoms. It is thus important to
include both static and dynamic balance measures that challenge the three systems that help
maintain balance. The BESS and tandem tasks can be incorporated as a part of regular clinical
testing. Finally, we can see from this study that there may be issues with overall lack of
integration of the three systems to maintain balance, that go undetected with simple balance tests.
There is a further need to study the various systems that contribute to maintaining balance either
separately and/or as a whole in children and adolescents after an mTBI. This could add to our
understanding of the underlying reason for balance deficits in this population along with the
compensatory mechanisms adopted by these individuals to maintain proper postural control.
Through this understanding, it would help further enhance clinical rehabilitation as well as return

to physical activity decision making, to prevent further injury.
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Tables:

Table 4.1: Demographics of the samples

Variables mTBI Group Control Group  Statistical p value Confidence Intervals at 95%
Test value

Age 13.15+2.20 13.59+ 2.56 t=-0.653 0.518 [-1.81,0.92]

(Meanzx SD)

Gender (%)

Boys: 70.30% 36.36% x2=3.115 0.078

Girls: 29.63% 54.54%

PCS 1.26+1.89 4.73+9.32 t=-1.891 0.065 [-7.16, 0.22]

(Meanzx SD)

ARS 4.07+ 0.66 3.64+1.00 t=1.820 0.075 [-0.05,0.92]

(Mean+ SD)

PCS: Post- Concussion Symptoms; ARS: Activity Rating Scale

63




Table 4.2: Group performance (means £ SD) on the three clinical balance measures and gait parameters measured under

single task and dual task conditions

Balance measures mTBI group Control t p Confidence intervals at Effect

(Meanz SD) group values  value 95% size:
(Meanz SD) Cohen'sd

Clinical Balance Tests

BOT-2- Balance Subtest

Total Point score 33.30+2.20 35.09+2.05  2.932* 0.005 [-3.03,-0.56] -0.84

Standing on beam tandem 3.70+0.61 4.00£0.00 2.530* 0.18 [-0.537,-0.056] -0.70

Standing SLS on beam EC 2.30+1.10 3.59+1.37 3.669* 0.001 [-2.01,-0.59] -1.04

BESS

Total number of errors 20.15+5.40 13.55+4.97  4.411* 0.000 [3.59,9.61] 1.27

CB&M

Total 84.63+5.37 88.64+3.71  2.969*  0.005 [-6.72,-1.29] -0.87

Gait Paradigms

Self-Selected Pace (SSP)

Velocity 106.80+19.31 113.20+16.49 -1.232 0.224 [-16.86,4.06] -0.36

(cm/sec)

Stride width 7.08+2.26 4.97+£2.07 0.891* 0.001 [0.86,3.38] 0.97

(cm)

Step length 63.52+8.72 64.10+6.22 -0.261  0.795 [-5.03,3.87] -0.08

(cm)
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Time on double support 26.15+4.23 25.14+2.95 0.946  0.349 [-1.14,3.16] 0.28
(% of gait cycle)

Obstacle Crossing (OC)

Distance of lead limb -50.71+£13.70  -39.20+24.51 2.077* 0.043 [-22.66,-0.36] -0.60
(cm)

Distance of trail limb -45.20+£13.82 -54.44+22.43 1768  0.083 [1.27,19.74] 0.50
(cm)

Single support time trail limb 0.68+0.13 0.66+0.14 2.898*  0.006 [0.02,0.13] 0.77
(sec)

Single support time lead limb 0.57+0.08 0.50+0.10 -1.193  0.239 [-0.14,0.04] 0.15
(sec)

Velocity at obstacle 106.59+18.09 103.49+28.43 0.238  0.816 [- 25.51,31.70] 0.13
(cm/sec)

Tandem Walking (TW)

Velocity 67.53+23.43  88.65+23.35 -3.143* 0.003 [-34.64,-7.60] -0.90
(cm/sec)

Time double support 31.1145.67 26.58+3.81  0.314* 0.002 [1.69,7.38] 0.94
(% of gait cycle)

Dual Task Paradigms (Dual Task

costs (DTC))

SSP-DTC

Stride width -2.4445.10 -0.98+1.81 -1.277  0.208 [-3.76,0.84] -0.381
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(cm)

Step length

(cm)

% time on double support
OC-DTC

Distance of lead limb

(cm)

Distance of trail limb

(cm)

Single support time trail limb
(sec)

Single support time lead limb
(sec)

Velocity at obstacle

(cm/sec)

TW-DTC

% time double support

7.47+£5.70

-4.34+4.58

-1.18+3.30

0.05%1.39

-0.12+0.15

-0.07+0.10

20.68+17.75

-0.45+4.64

6.35+5.22

-2.48+3.75

-0.69+2.17

-0.35+1.25

-0.15+0.18

-0.13+0.18

21.27+17.66

-1.22+1.96

731

-1.533

-0.590

1.56

0.572

-0.120

1.032

124

0.479

0.132

0.558

0.307

0.570

0.125

0.905

0.472

[-2.05,4.29]

[-4.31,0.58]

[-2.13,1.17]

[-0.37,1.16]

[-0.68,0.12]

[-0.018,0.14]

[-10.84,9.62]

[-1.37,2.90]

0.204

0.444

-0.175

0.302

0.181

0.412

-0.033

0.216

*: statistical significance at p<0.05; SLS=Single Leg Stance, EC=Eyes Closed, DTC=Dual Task Cost
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Table 4.3: Classification results of the discriminant analysis

Classification Results®®

Predicted Group Membership

Group 1 2 Total
Original Count 1 23 4 27
2 3 19 22
% 1 85.2 14.8 100.0]
2 13.6 86.4 100.0]
Cross-validated® Count 1 19 8 27
2 3 19 22
% 1 70.4 29.6 100.0]
2 13.6 86.4 100.0

Where 1- mTBI group and 2- Control group
a. Cross validation is done only for those cases in the analysis.

functions derived from all cases other than that case.
b. 85.7% of original grouped cases correctly classified.

c. 77.6% of cross-validated grouped cases correctly classified.

In cross validation, each case is classified by the
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Table 4.4: Means and SDs of DTC variables used in repeated measures ANOVA:

Variables mTBI Group Control Group
(Meanz SD) (Meanz SD)

SSP-DTC

Velocity 26.28+16.45 26.71+£17.40

(cm/sec)

Accuracy 8.54+11.50 0.50+6.71

(%)

Response rate 0.41+0.42 0.43+0.41

(sec)

OC-DTC

Velocity 22.81£13.70 23.87£17.85

(cm/sec)

Accuracy 1.17+11.36 6.95+£10.29

(%)

Response rate 0.35+0.33 0.49+0.35

(sec)

TW-DTC

Velocity 4.90+15.45 15.45+15.06

(cm/sec)

Accuracy 1.61+9.36 2.45+14.01

(%)

Response rate 0.38+0.34 0.48+0.45

(sec)
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CHAPTER 5: CONCLUSION

Proper management of individuals with an mTBI and their safe return to physical activities is
being emphasized greatly in research and in the public. There is a growing recognition of the
importance of a multi-disciplinary team approach in the management of mTBI patients and that
balance testing be incorporated as an objective measure to test these individuals. More high
technology methods of balance testing have revealed that children and adolescents tend to have
persisting balance deficits even after three months of injury. Hence, there is the need for more
sensitive clinical measures to assess balance before prematurely deciding to return an individual

to complete physical activity.

Our study has revealed that children and adolescents, who were considered clinically recovered
and ready for return to physical activities, still showed balance deficits compared to healthy
age/gender matched controls. Poor performance on all three clinical balance measures reveal that
children and youth with mTBI still suffer persistent balance deficits and premature return to

physical activities may lead to increased risk of injury.

These deficits were further highlighted while testing gait paradigms under single task conditions.
Our results revealed that children and adolescents had problems in performing tasks eyes closed
as well as tasks that involved changing surface and narrowing BoS. Also, through the various
gait paradigms it was noted that they tend to adopt a wider BoS and have poorer and more
conservative strategies of balance while being challenged under more narrow and unstable
conditions. The BESS and tandem walking were found to be the most sensitive measures for
predicting group differences. It may be recommended that clinicians consider the assessment of
tandem walking and incorporate the BESS as part of their practice. This further adds evidence to
the SCAT-3, where conditions of the BESS and tandem walking are prescribed as part of

assessment protocol.

With regards to the dual task component, further research needs to be carried out by using a more
sensitive and challenging task to detect group differences under dual task conditions, if present.
Our study sheds further light into the possible causes of poor balance that need to be further
explored. Finally, it confirms that symptom resolution and recovery simple balance measures

alone may not be sufficient for clinicians to arrive at effective, objective and safe return to
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physical activity decisions. It is important to consider other aspects of balance as well to ensure

that the individual is not at risk of suffering further injury based on premature decision making.
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APPENDICES

Institut de Research
recherche Institute
Centre universitaire McGill University

de santé McGill Health Centre

March 13, 2013

Dr. Isabelle Gagnon
MUHC - MCH
Room C-833

Re:  MUHC Authorization to Conduct Human Subjects Research 12-190-PED

Dear Dr. Gagnon:

We are writing to confirm that the study titled “Relationship between Balance and Self- Efficacy
Related to Physical Activities in Children after a Mild Traumatic Brain Injury” was submitted
for all institutional reviews required by McGill University Health Centre policy.

The Pediatric (PED) Research Ethics Board (REB) has notified us that ethical approval to
conduct your study has been provided.

Please refer to the MUHC Study Code 12-190-PED in all future correspondence relating to this
study.

Important Note: You are required to advise the MUHC once the study has been initiated.
Please complete the Study Status Report through the eReviews system to indicate the date the
study became active. Instructions for accessing and using the eReviews system are available on
the RI MUHC portal.

On behalf of the MUHC, we wish You every success with the conduct of the research.

oY lﬂp’

Mig urnier, MD, PhD
General Director for Clinical Research
The Research Institute of the McGill University Health Centre

Sincerely,

Enclosure

cc: REB Study File
RI MUHC Study File
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Hapital de Montréal Montreal Children’s
pour enfants Hospital
Centre universitaire McGill University
de santé McGill Health Centre

INFORMED CONSENT

Relationship between Balance and Self- Efficacy Related to Physical Activities in
Children after a Mild Traumatic Brain Injury

Principal Investigator: Dr Isabelle Gagnon, PhD
Researcher, Trauma & General Pediatrics,
Montreal Children’s Hospital, McGill University Health Center
Assistant Professor, School of Physical and Occupational Therapy

McGill University

Sponsor/Funded BYy: Dr. Isabelle Gagnon's internal funds

“You” means “you/your child”.

Purpose and General information

The purpose of the study is to test balance in children and teens who have had a Mild Traumatic
Brain Injury, or concussion and to see whether their performance relates to their self-confidence
when practicing sports or physical activities. We want to compare this group of children and
teens to other children who have not had an injury.

Your participation will involve you to be tested at the Concussion Clinic of the Montreal
Children's Hospital. Your child will be tested on the same day as your regular appointment and
will require about 90 minutes extra time. We will also ask your child to answer a short
guestionnaire on that day and once more after he/she has completely returned to physical
activity. On the second day of testing, you and your child will not be required to visit the hospital
as we will do this via telephone.

Study Procedures
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This study will be done in a quiet room at the Montreal Children’s Hospital by a research
assistant. First, we will test balance using several methods. There will be 3 different
physiotherapy tests that ask your child to perform a variety of tasks such as standing on one leg
or standing on a balance beam. Breaks will be given at different times during the testing. This
part should last approximately 90 minutes.

During one of the breaks, your child will be asked to fill out a simple questionnaire regarding
their self-confidence regarding physical activity participation. The questionnaire should take no
longer than 10 minutes to complete.

Your child will be required to answer the above questionnaire once again after approximately
12-14 days. This will be done via telephone.

Your child’s hospital records will also be looked at by the investigators to get information needed
for the study.

Possible Risks and Discomforts

There are no risks associated with your child’s participation in this study other than the possible
frustration and the fact that your child may be mildly upset if they cannot perform the tasks to
their optimum potential.

Possible Benefits

You may or may not benefit from being in this study, but you (he/she) may contribute to new
medical knowledge that may benefit other children in the future.

Compensation

You will not be paid for your participation; however you will receive compensation for out-of-
pocket expenses, such as parking, public transportation, and babysitting for up to $25.00/per
study visit.

87



Voluntary participation

Your participation is voluntary and you should not feel any obligation. You may agree now and
are free to withdraw from this study at any time. Refusal to join or withdrawal from the study will
not affect your care at this hospital. If you discontinue your participation, please contact Dr.
Isabelle Gagnon, Principal Investigator, at 514-412-4400 x22001 or Krithika Sambasivan,
research assistant, at 514-802- 3515.

During the course of the study you will be informed of any new findings which may affect your
willingness to continue participation in this study.

Confidentiality

All information obtained during the study will be kept confidential as required or permitted by law
and will be kept for 5 years. Your personal identity will remain confidential, as you will only be
identified by a subject identification number.

Your name and other personal identifying information will not be used in any reports,
presentations or publications.

If the results of this study are published, you will not be identified in any way. Your personal
information will be kept strictly confidential except as required or permitted by Ilaw.
Representatives from Health Canada, the sponsor, and the McGill University Health Centre
Research Ethics Office Quality Assurance, may have access to your records as it pertains to
this study. The research team will have access to your hospital records.

Quality Assurance Program

The MUHC has implemented a Quality Assurance Program that includes active continuing
review of projects (on site visits) conducted within our establishment. Therefore, it must be
noted that all human subject research conducted at the MUHC or elsewhere by its staff, is
subject to MUHC Routine and Directed Quality Improvement Visits.

Contact person

Dr. Isabelle Gagnon- (514) 412-4407 x22001
Krithika Sambasivan- (514) 802- 3515

For additional information regarding your (child’s) rights as a research subject, you may contact
the hospital’s Patient Representative (ombudsman), Patricia Boyer (514) 412-4400 ext. 22223,
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who is independent of the investigator, and works to protect patients’ rights.

Consent

I have read this information and consent form and have had the opportunity to ask questions
which have been answered to my satisfaction before signing my name. | acknowledge that |
will receive a copy of the Information and Consent Form for future reference. | agree to (have
my child) participate in the research study.

Participant’'s name:

Parent or legal guardian’s printed name:

Parent or legal guardian’s signature:

Relationship to child:

Date: (dd/month/yy)

Name of the person who obtained consent

Signature of the person who obtained consent
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Date: (dd/month/yy)

Hépital de Montréal Montreal Children’s
pour enfants Hospital
Centre universitaire McGill University
de santé McGill Health Centre

Assent Form (for 7-17 year olds)

Relationship between Balance and Self-efficacy Related to Physical Activities in
Children after a Mild Traumatic Brain Injury

Principal Investigator: Dr Isabelle Gagnon, PhD
Researcher, Trauma & Child Development Programs
Montreal Children's Hospital
Assistant Professor
School of Physical and Occupational Therapy

McGill University

Sponsor/Funded By: Dr. Isabelle Gagnon's Internal funds

You are invited to participate in a study about how balance relates to self-confidence in
children and teens after a Mild Traumatic Brain Injury.

What is This Study About?

The reason we are doing this study is to compare the balance and self-confidence levels of
children with a brain injury to that of children without injuries.
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What Will I Have To Do?

You will be tested on the same day as your Concussion Clinic appointment. The test will
require about 90 minutes. The research assistant will test your balance by asking you to do
things like stand on one foot or stand on a balance beam. You will also answer some questions
about your how confident you feel when you practice your physical activities. Once you have
returned to all your activities, we will call you to ask you those same questions again.

What are the possible risks and discomforts?

There are no risks involved with taking part in this study, but you may feel frustrated if
you have trouble with some of the tests.

What are the possible benefits?

You will not receive any benefits but we may learn from the information you provide and we
may be able to help other children in the future.

Will I Get Paid?

You will not be paid for your participation.

What are my options?

You have the choice to be in this study or not and you should not feel any pressure to
agree. You can agree now and are always free to change your mind. No one will be mad at
you. Your doctor will still continue to give you the care you need, even if you don't want to
be in the study. If you decide to stop your participation, please contact Dr. Isabelle
Gagnon or Krithika Sambasivan at 514-412-4400 x22001.
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During the course of the study you will be informed of any new findings which may affect
your willingness fo continue in this study.

Who Will Know What I Did?

All information obtained during the study will be kept confidential (and where it will be
stored) as required or permitted by law and will be kept for five years. Your personal
identity will remain confidential, as you will only be identified by a subject identification
number.

Your name and other personal identifying information will not be used in any reports,
presentations or publications.

If the results of this study are published, you will not be identified in any way. Your
personal information will be kept strictly confidential except as required or permitted by
law. As required by Health Canada, and representatives of the McGill University Health
Centre Research Ethics Office Quality Assurance, may have access to your records as it
pertains to this study. The research team will have access to your hospital records.

Who Can I Contact if I Have Questions?

Dr. Isabelle Gagnon- 514-412-4400 x22001
Krithika Sambasivan- (514) 802-3515
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Assent:

I have read this information and have had the opportunity to ask questions which have
been answered fo my satisfaction before signing my name. I agree to participate in the
research study.

Participant's name:

Participant's signature:

Date: (dd/month/yy)

Name of the person who explained the assent

Signature of the person who explained the
assent

Date:  (dd/month/yy)
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Hépital de Montréal Montreal Children’s
pour enfants Hospital
Centre universitaire McGill University
de santé McGill Health Centre

Relationship between Balance and Self-efficacy related to Physical Activity in Children after a Mild Traumatic Brain
Injury

Information Letter for Parents
Description of the study:

Your child's friend , had recently had a Mild Traumatic Brain Injury or a

concussion.

A Mild Traumatic Brain Injury affects many systems in the body and causes varied symptoms. One of the symptoms
that they present with is, a problem in their balance. Any issues with balance can lead to restrictions in a variety of
physical activities and children find it hard to go back to these activities. We want to study the balance deficits of
these children compared to those who have no injury (ages 7-16 years). We have also found that an injury of this
nature reduces the child's self-confidence while getting back to physical activities. We are interested in seeing
whether there is a relationship between the balance issues and self-confidence. Since there are not many studies
of this nature done we would like to know how these children perform compared to the uninjured children. This
will help us understand the impact of a Mild Traumatic Brain Injuries. With these results we hope to find more
reliable techniques to assess the fitness of the child, that will help prevent further injuries.

Your child's participation:

We would like to evaluate your child on one day for about 90 minutes. Your child will be required perform a few
balance tests and answer a self-confidence questionnaire. The balance tests involve various tests such as standing
on one foot, walking on a single line, walking while being challenged with mental tasks, etc. There are no risks
involved in the performance of these tests. Adequate breaks will be given if required. The evaluation will take
place at the Concussion Clinic, Room# 737, Montreal Children's Hospital (2300 Rue Tupper, Montreal H3H 1P3).
There will be a follow- up session after 12-14 days. Your child will be required to answer the same questionnaire
again. This will be done via telephone. A date will be provided to you for the follow- up session.

Your participation will be of valuable help to the children who suffer this injury. It will help us understand and learn
about balance deficits and the role of self-confidence in safe return to physical activities. This will prevent children
from sustaining further injury, that are known to have more severe consequences. We will be happy to answer any
further question you may have regarding the study and/or the nature of your participation. Please contact us with
any questions or to participate.

We would like to thank you for your time and attention.

/Q@@mm |

Isabelle Gagnon PhD
Principal Investigator

Assistant Professor
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School of P/OT

McGill University

Clinician-Scientist

Trauma Program and Physiotherapy
Montreal Children's Hospital-MUHC (C-811)
514-412-4400 ext 22001
Isabelle.gagnon8@mcgqill.ca
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