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Abstract

Background: A concussion is a type of traumatic brain injury.® Approximately 30% of youth
experiencing a concussion will have symptoms lasting upwards of 1 month,? which prevents the
resumption of regular activities. Typical management strategies have involved rest and removal
from physical, academic, and, social activities.> The most recent expert-consensus guidelines
advocate early re-introduction of physical activity, though little data exists to support this
recommendation. While preliminary studies to date have shown promising potential, they have
been hindered by methodological limitations. Exercise-based interventions for youth following
concussion are not well understood as most research has focused on adult populations.

Objective: The global objective of this thesis was to contribute evidence towards an innovative
approach using an exercise-based intervention for concussion management in youth with persisting
symptoms. To achieve this objective two broad lines of inquiry were pursued. First, an
environmental scan of exercise-based interventions; (manuscripts | and I1). Second, estimating the
effectiveness of an exercise-based intervention in decreasing post-concussion symptoms.

(manuscripts I, 1V, and V).

Methods and Results: The environmental scan consisted of two studies, a scoping review
(manuscript 1) and a survey of Canadian Athletic, Physical, and Occupational Therapists

(manuscript 11).

In the first study we explored the literature for non-pharmacological rehabilitation interventions
for concussion in children. We retrieved 1988 articles from 5 databases (MedLine, Pubmed,
CINAHL, SportDiscus, Psychinfo) between 1987 - October 24, 2017. Full-text screening was
applied to 152 articles, and 26 studies met the inclusion criteria. A wide variety of intervention
types were found including; rest, active rehabilitation, aerobic exercise, physical exertion, full-
body stretching, vestibular, oculomotor, cervical spine manual therapy, education, telephone
counselling, mobile health application, web-based self-management activity-restriction and
relaxation training program, multimodal impairment based physical therapy, cognitive behavioral
therapy, transcranial direct current stimulation, and acupuncture. Interventions including an
exercise-based component were most abundant (12/26 studies). While most studies reported

Vi



positive findings, few were of ‘good’ quality (9/26 studies) and none were of ‘excellent’ quality.

Methodological challenges limit generalizability of findings. Higher quality studies are needed.

In the second study we estimated the clinical practice habits of Canadian Athletic, Occupational,
and Physical Therapists providing care for youth experiencing persisting symptoms from a
concussion. This online survey featured two clinical vignettes and a series of questions regarding
the type of treatment therapists would prescribe. Due to our interest in exercise-based
interventions, we outlined several branching questions about exercise type, frequency, duration,
and intensity. While various treatment types were prescribed, the most reported types included
education-based strategies. Approximately 1/3 of clinicians reported they would prescribe aerobic

exercise as part of their clinical management.

To estimate the effectiveness of an exercise-based intervention in decreasing post-concussion
symptoms we conducted three studies. We evaluated an on-going intervention (Active
Rehabilitation for Concussion Management) at the Montreal Children’s Hospital (manuscript 111),
we estimated the impact of time to initiate this intervention (manuscript 1V) and assessed the
feasibility of early Active Rehabilitation (manuscript V).

In the third study we used an existing database from the Montreal Children’s Hospital
mTBI/Concussion Clinic to evaluate how participating in the Active Rehabilitation Intervention
influenced post-concussion symptoms. The Active Rehabilitation Intervention consists of: aerobic
exercise, coordination drills, visualization, and education. We included patients based on specific
start times (3-4 weeks post-injury) and follow-up (4-8 weeks post-injury) appointments. This
strategy allowed us to evaluate a homogenous group of patients (n=277). We found that
participating in the Active Rehabilitation Intervention was associated with statistically significant,

and clinically meaningful, improvements in post-concussion symptoms.

In the fourth study we conducted another examination of the existing database from the Montreal
Children’s Hospital mTBI/Concussion Clinic. We explored the timing component of the Active
Rehabilitation Intervention. To estimate if there was an optimal time to initiate the intervention we
looked at all patients over a 3-year period (n=677) and categorized them based on the time they

started the intervention (<2, 2, 3, 4, 5, 6+ weeks post-concussion). We found that, irrespective of
vii



the start time, statistically significant, and clinically meaningful, improvements were observed in

post-concussion symptoms in all groups.

In the fifth study we evaluated the feasibility of early Active Rehabilitation starting 2-weeks post-
injury (n=10) compared to usual care (n=10) (4-weeks post-injury). In this randomized clinical
trial, patients in both groups received the same intervention, only the start time differed (2 or 4

weeks post-injury). Post-concussion symptoms decreased for participants in both groups.

Conclusion: Our environmental scan revealed that while most interventional studies from our
scoping review contained an exercise-based component, few clinicians are incorporating exercise
as a concussion management strategy. In estimating the effectiveness of an exercise-based
intervention in decreasing post-concussion symptoms, we revealed important findings about the
influence on outcomes, timing, and safety. While our work shows positive results, there are
barriers preventing clinicians from adopting and utilizing exercise-based strategies as a component

of concussion management in youth.
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Resumé

Contexte: Une commotion cérébrale est un type de traumatisme craniocérébral Iéger. Environ 30%
des enfants qui subissent une commotion cérébrale auront des symptomes qui dureront plus d'un
mois, ce qui empéchera la reprise de leurs activités habituelles. Les stratégies de gestion
couramment utilisées consistent & se reposer et a limiter les activités physiques, scolaires et
sociales. Les lignes directrices les plus récentes préconisent une réintroduction plus rapide de
I'activité physique, bien que peu de données existent pour appuyer cette recommandation. Alors
que les études préliminaires a ce jour sont prometteuses, elles sont entravées par des limitations
méthodologiques. Les interventions axées sur l'exercice pour les enfants aprés une commotion
cérébrale ne sont pas bien comprises, car la plupart des recherches a ce jour ont porté sur les

populations adultes.

Objectif: L'objectif général de cette these était de contribuer aux connaissances sur les
interventions basées sur I'exercice pour la prise en charge des commotions cérébrales chez les
enfants et adolescents présentant des symptémes persistants. Pour atteindre cet objectif, deux
avenues de recherche ont été poursuivies. Tout d'abord, une analyse environnementale des
interventions basées sur I'exercice; (manuscrits | et I1), et deuxiéemement, estimer I'efficacité d'une
intervention basée sur I'exercice pour réduire les symptdmes post-commotion; (manuscrits I11, IV
et V).

Méthodes et résultats: L'analyse environnementale comprenait deux études, une étude de la
portée (manuscrit 1) sur les interventions existantes, et une enquéte auprés des ergothérapeutes,

physiothérapeutes et thérapeutes du sport canadiens (manuscrit I1).

Dans la premiére étude, nous avons exploré la littérature portant sur les interventions de

réadaptation non-pharmacologiques proposées pour la gestion des commotions cérébrales chez les
enfants. Nous avons identifié 1988 articles a 1’aide de 5 bases de données (MedLine, Pubmed,
CINAHL, SportDiscus, Psychinfo) entre 1987 — et octobre 2017. Vingt-six études répondaient aux
critéres d'inclusion. Une grande variété de types d'intervention flt trouvee, y compris; le repos, la
réadaptation active, I’exercice aérobique, I’effort physique, les étirements complet du corps, la
réadaptation vestibulaire ou oculomotrice, la thérapie manuelle du rachis cervical, I’éducation, le
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counselling téléphonique, les applications mobile de santé, les programmes d'auto-gestion et de
relaxation, la physiothérapie multimodale, la thérapie cognitivo-comportementale, la stimulation
transcranienne a courant continu et 1’acupuncture. Les interventions incluant une composante
basée sur l'exercice étaient les plus abondantes (12/26 études). Alors que la plupart des études
rapportaient des résultats positifs, peu étaient de bonne qualité (9/26 études) et aucune n'était
d'excellente qualité. Les défis méthodologiques limitent la généralisation des résultats. Des études

de qualité supérieure sont nécessaires.

Dans la deuxieme étude, nous avons estimé les habitudes de pratique clinique des

physiothérapeutes, ergothérapeutes et thérapeutes du sport canadiens qui prodiguent des soins aux
jeunes présentant des symptomes persistants apres une commotion cérébrale. Ce sondage en ligne
comportait deux vignettes cliniques et une série de questions sur le type de traitement que les
thérapeutes prescriraient. En raison de notre interét pour les interventions basées sur I'exercice,
nous avons défini plusieurs questions découlant sur le type d'exercice, la fréquence, la durée et
I'intensité. Bien que divers types de traitement aient été prescrits, les types les plus souvent signalés
comprenaient des stratégies basées sur I'éducation. Environ le tiers des cliniciens ont déclaré qu'ils

prescrivaient des exercices aerobiques dans le cadre de leur prise en charge clinique.

Pour estimer I'efficacité d'une intervention basée sur I'exercice pour réduire les symptdémes post-
commotion, nous avons ensuite mené trois études disctinctes. Nous avons évalué une intervention
présentement utilisée (réadaptation active pour la prise en charge des commotions cérébrales) a
I'Ho6pital de Montréal pour enfants (manuscrit I11), évalué I'impact du temps pour initier cette
intervention avec cette méme population (manuscrit 1V) et évalué la faisabilité d’initier

I’intervention de maniére plus précoce (manuscrit V).

Dans la troisieme étude, nous avons utilisé une base de données existante de la Clinique de

commotion cérébrale de I'HOpital de Montréal pour enfants pour évaluer comment la participation
a lintervention de réadaptation active influencait les symptomes post-commotionnels.
L'intervention de réadaptation active consiste en: des exercices aérobiques, des exercices de
coordination, de la visualisation et de 1’éducation. Nous avons inclus les patients en fonction du

moment spécifique de I’initiation de I’intervention (3 & 4 semaines apres la blessure) et du suivi (4
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a 8 semaines apres la blessure). Cette stratégie nous a permis d'évaluer un groupe homogéne de
patients (n = 277). Nous avons constaté que la participation a l'intervention de réadaptation active
était associée a des améliorations statistiquement significatives et cliniquement significatives des

symptdmes post-commotion.

Dans la quatriéme étude, nous avons effectué un autre examen de la base de données existante de

la Clinique de commotion cérébrale de I'HOpital de Montréal pour enfants. Nous avons exploré la
composante temporelle de I'intervention de réadaptation active. Pour estimer s'il y avait un délai
optimal pour initier I'intervention, nous avons examiné tous les patients se présentant sur une
période de 3 ans (n = 677) et les avons catégorisés en fonction du moment ou ils ont débuté
I'intervention (<2, 2, 3, 4, 5, 6+ semaines apres la commotion cérébrale). Nous avons constaté que,
quel que soit I'neure le moment d’initiation, des améliorations statistiquement et cliniqguement
significatives, ont été observées au niveau des symptdmes post-commotionnels dans tous les

groupes.

Finalement, dans la cinquiéme étude, nous avons évalué la faisabilité de la réadaptation active

précoce débutée deux semaines apres la blessure (n = 10) par rapport aux soins habituels (n = 10)
(quatre semaines apres la blessure). Dans cet essai clinique randomisé exploratoire, les patients
des deux groupes ont recu la méme intervention, seul le moment d’initiation différait (2 ou 4
semaines apres la lésion). Les symptdémes post-commotionnels ont diminué chez les participants

des deux groupes. Aucun obstacle a la mise en ceuvre n'a été identifié.

Conclusion: Notre analyse environnementale a révélé que méme si la plupart des études
interventionnelles de notre étude de la portée contenaient une composante axée sur l'exercice, peu
de cliniciens intégrent I'exercice comme stratégie de gestion des commotions cérébrales. En
estimant I'efficacité d'une intervention basée sur l'exercice pour réduire les symptémes post-
commotion, nous avons révelé des résultats importants concernant les résultats, le moment
d’initiation et la sécurité de I’intervention précoce. Bien que notre travail montre des résultats
positifs, il existe des obstacles qui empéchent les cliniciens d'adopter et d'utiliser des stratégies

axées sur l'exercice comme élément de la gestion des commotions chez les jeunes.
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Chapter 1 - Introduction

Approximately one-third of children who sustain a concussion will experience a prolonged
recovery from concussion extending beyond the initial 4-week period.? The presence of persisting
symptoms and impairments interferes with children’s involvement in sport, academic and social
activities,® yet we still know very little about how to best help them. While promising early work
has demonstrated the potential of using exercise-based interventions to promote recovery from
concussion,®’ significant limitations exist within the current literature, making it difficult for the
clinician to implement evidence-informed strategies to help children with persisting symptoms.®
Proper management and timely care has the potential to reduce the burden of injury and the number
of youth experiencing persisting symptoms following a concussion. Together, these outcomes have

benefit to the individual, family, and health care system.

The overarching goal of the work presented in this thesis is to add to our current understanding of
how exercise can play a role in concussion management in the pediatric population. Specifically,
we first wanted to present an environmental scan focussing on how exercise was currently reported
as a mode of intervention in the scientific literature and complement this by exploring how
clinicians currently use exercise in their practice with children after concussion. Then we wanted
to examine the effectiveness of using exercise-based interventions from three different
perspectives. First, we used existing clinical data from the Montreal Children’s Hospital
Concussion Clinic to examine how participating in an exercise-based intervention influenced post-
concussion symptoms. Second, we estimated how the timing of initiating an exercise-based
intervention influenced symptom evolution. Finally, using our learnings from the previous two

studies, we assessed the feasibility of starting an exercise intervention 2-weeks post-concussion.

The thesis is organized in three main parts. First a general literature review on the topic of
concussion will set the stage for the experimental work which will then be presented in five
separate manuscripts. Finally, the third part will consist of a general discussion of the impact of
the results obtained during this work. It is articulated around the strengths and limitations of the
thesis, and implications for future research and clinical practice. Specifically, we discuss how the
thesis fits into the broader concussion context and propose logical progressions to build on this
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work. From a clinical perspective we discuss the challenges of providing care for youth with

concussion and orient these barriers in the context of our findings.

Chapter 1 is a general introduction to our work, chapter 2 is a literature review on concussion in

youth and exercise-based interventions. Chapter 3 outlines the objectives of the thesis. Chapters 4

to 13 present the 5 studies we have conducted in the context of my doctoral training. Integration

chapters explain how findings from each study informed the next one. The findings from the 5

studies are presented in distinct manuscripts summarized below.

Chapter Manuscript Title

5 I Non-pharmacological rehabilitation interventions for concussion
in children: A scoping review

7 I Concussion management practices of Canadian rehabilitation
therapists

9 I Evaluation of an Active Rehabilitation Program for Concussion
Management in Children and Adolescents

11 v Is there an optimal time to initiate an active rehabilitation
protocol for concussion management in children? A case series.

13 \/ Feasibility of early active rehabilitation for concussion recovery

in youth: a randomized trial

Finally, chapter 14 provides a general discussion integrating the entirety of our findings, the

strengths and limitations of the work, and implications for future research and clinical practice.

Chapter 15 is a brief concluding chapter.



Chapter 2 — Literature Review

Concussion definition

A concussion is a traumatic brain injury induced by a direct or impulsive biomechanical force.*®
The biomechanical force is thought to produce a chain of events resulting in both immediate and
delayed impairments.'® A range of clinical signs, symptoms, and neurological impairments are

observed, and generally resolve spontaneously.*°

Incidence of concussion in youth

Concussion in children and adolescents is among the top two causes of hospital visits in Canada.**
It has been estimated that the incidence rate in Canadian children under age 14 is approximately
200 per 100,000 per year.'? The prevalence of concussive injury is highest among adolescents with
estimates as high as 600 per 100,000.® There is good reason to believe that the actual rate of injury
is greater given that many concussions go unrecognized, unreported, and many children do not

receive medical attention.*

Approximately one-third of children and adolescents will experience persisting impairments after
a concussion.>*>18 This thesis will focus on the subgroup of children and adolescents who

experience persisting symptoms following a concussion.

Concussion signs and symptoms

Children report the presence of clinical signs and symptoms following a concussion.'’*°
Symptoms can be classified into four broad categories; somatic, cognitive, emotional, and sleep
related.?® The most commonly reported signs and symptoms at initial examination include;
headache, dizziness, fatigue, and cognitive complaints.?* Impairments in cognitive function,??2
visual processing,?* balance,?® visuomotor performance,? strength?’ and psychosocial function,?®

31 have been observed following concussion in children.

Pathophysiology of Concussion
The biomechanical force of a concussion causes deformation of neural tissue induced by the

rotational acceleration-deceleration of brain tissue.3>% This neural deformation causes a sequential
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effect altering several neurophysiological processes.*®3* Neural deformation can include diffuse
axonal injury defined as the “occurrence of diffuse damage to axons in the cerebral
hemispheres,...corpus callosum,...brainstem,...and cerebellum resulting from a head injury”.®®
Neural deformation and diffuse axonal injury cause disruption to the neuronal membranes
resulting in widespread neuronal depolarization. This depolarization results in extracellular
potassium, altered amino acid release,'%*? and impaired mitochondrial function.® Together, these
changes lead to altered cellular metabolism.3 The presence of brain metabolites such as glutamate
and N-acetylsparate reflect this altered neurometabolic state.®” Evidence of neuronal
depolarization following concussion have been found both acutely (< 1 week)3’ and in the subacute
phase (>2 weeks).®3° As a result of altered neural activity and indiscriminate neural depolarization
there are changes in cerebral metabolism.? In an effort to restore neural homeostasis, the cerebral
metabolic process accelerates resulting in increased glucose usage. This process is hindered by
impaired mitochondrial function, furthering the cellular energy crisis.!® The neurometabolic
changes and cerebral metabolism dysfunction results in decreased cerebral blood flow.** Cerebral
blood flow velocity*®*? and cerebrovascular reactivity have been found to be altered post-
concussion.**#* These alterations in cerebral blood flow have been observed both acutely*? and
sub-acutely following concussion.*® Alterations in the cerebral blood flow mechanisms are also
demonstrated by autonomic dysfunction.**“® This autonomic dysfunction has been observed via
heart rate variability. Heart rate variability (HRV) is used as an indirect measure of autonomic
status. Higher HRV is indicative of a good balance between the sympathetic and parasympathetic
systems.*” A few studies have shown that patients recently recovered from concussion had lower

heart rate variability measures compared to healthy controls.*84°

Recovery

The current definition of recovery is characterized by being symptom-free (at rest and with
physical/cognitive exertion) and by the resolution of cognitive, physical, or psychosocial
impairments, 83! whether compared to a pre-injury baseline or normative data.®® The expected

recovery time from a concussion in children is up to 4 weeks.*



Approximately 30% of children will experience persisting symptoms lasting 4 weeks or more
following a concussion.? While it is not clear why some youth experience persisting impairments
after a concussion, a number of factors have been identified that seem to predispose individuals to
prolonged recovery.®® Both injury and personal characteristics are associated with persisting
symptoms. Injury factors like the severity of symptoms,® poor reaction time,> and impaired
balance? following concussion are associated with persisting symptoms. Personal characteristics
including history of concussion,®® psychiatric conditions, anxiety, depression,®® migraine
headaches,® and older adolescent age,!® have been found to predict persisting symptoms.
Contradicting evidence exists for characteristics such as loss of consciousness,***! female sex, and
age.>>* While some studies have identified these three factors (loss of consciousness, female sex,
and age) as contributors to prolonged recovery, other studies have found no influence on length of
recovery. Further, there may be a relationship between history of concussion and length of
recovery. Some studies have identified longer recovery following a second concussion, while
others identified no difference in recovery length between first and second concussive injuries.?
It is acknowledged that factors unrelated to the injury can also influence length of recovery (ex.

access to care, co-existing injuries, conservative management®’).

Current guidelines for management

One of the dominant forms in which concussion knowledge is generated and disseminated is
through expert consensus. In 2001 the Concussion in Sport Group (CISG) was created and met for
the first time to “provide recommendations for the improvement of safety and health of athletes
who suffer concussive injuries in ice hockey, rugby, football (soccer) as well as other sports.””
Since that time there have been four subsequent international conferences*°% intended to build
on the principles from previous consensus meetings. Following each consensus meeting,
publications are disseminated as a means of knowledge translation. These consensus documents
are intended for use by physicians and healthcare providers for the care and management of
individuals with a concussion.* The CISG provides information on all aspects of concussion
management from immediate assessment to return to activity. In line with the evolving nature of
concussion knowledge and best-practice, management strategies have changed as well. The most

dramatic change that has occurred since the first consensus meeting in 2001 concerns the use of
5



physical exercise post-concussion. The first four consensus documents clearly stated that
individuals should be asymptomatic before engaging in return to activity protocols.>*% In the
most recent consensus document? this recommendation has been revised to encourage 24-48 hours
of relative rest. The term relative rest is purposefully used to discourage bed rest. Following 24-
48 hours (of relative rest) expert consensus recommends symptom-limited activity that does not
provoke symptoms.* This strategy differs from previous consensus statements in which activity

was not recommended until an individual was asymptomatic.

There is agreement regarding the acute management of concussion.*%%? The need for immediate
removal from sport, preventing secondary impacts, acute physical and cognitive rest are widely
acknowledged.*%%°%° Because most youth recover within 4-weeks? this strategy is effective for
most youth following concussion. Where there is limited consensus or evidence is what is the best

course of action when youth experience persisting symptoms beyond the typical timeframe.

Rest

The initial approach to managing patients experiencing persisting post-concussion symptoms was
to continue or re-introduce physical and cognitive rest. Rest after a concussion generally refers to
restricted physical activity, mental activity (ex. school, homework) and social activity (ex. visiting
with friends). From a clinical perspective, rest has been described as avoiding or limiting activities

that aggravate concussion symptoms.®3

Prolonged physical rest often means the removal from meaningful activities for children and
adolescents. Further, delayed recovery and persisting deficits in youth may influence
psychological outcomes.® Mental health symptoms can appear in the later stages of recovery
which can become misattributed to the concussion itself.6>% As physical rest continues, physical
deconditioning occurs, especially in active individuals.®” Physical deconditioning from bed rest
has been shown to induce feelings of fatigue, headache, restlessness, difficulty sleeping, mood
changes, and vestibular sensitivity® all of which are symptoms of a concussion.*®%® Together,
prolonged rest from concussion causes removal from meaningful activity, possible increased risk

of psychological outcomes, and physical deconditioning, which can increase the risk of prolonging



recovery. It is possible to see how prolonged rest can perpetuate, rather than alleviate, persisting

symptoms.

Theoretical rationale for acute rest

Several catalysts have triggered the recommendation for rest in the acute period. A condition called
Second Impact Syndrome may have been the initial event.”’ Second Impact Syndrome is a fatal
condition that can occur following two concussive blows within a short time-frame. Specifically,
with the second injury occurring before recovering from the initial concussive injury.”>? This
syndrome, although extremely rare, has been most often reported in boxing.”* The potential for a
concussion to lead to mortality caused dramatic changes in the immediate management process.
Strong recommendations were made indicating that any individual suspected of a concussion
should be immediately removed from sport.#95°8%71 While preventing poor outcomes was a

stimulus to recommending rest, support was also gleaned from the animal model.

Evidence from the animal model demonstrated that a period of rest was needed before introducing
physical activity. After an experimental injury, rats were housed in one of two conditions. One
group was given access to a running wheel immediately, while the other was delayed 14 days.
Those rats who exercised immediately following injury demonstrated a delayed recovery. The
group with a period of rest prior to physical activity demonstrated better cognitive performance
and better molecular response compared to the acute exercise group.”® This period of rest prior to
physical activity was reinforced with evidence that the severity of injury influenced the amount of
time needed before exercise.’* While the animal model demonstrated guidelines about the timing

of rest before exercise, evidence in humans is less clear.

Several studies have evaluated the influence of rest on concussion recovery in humans. Studies
generally define rest as restricted school, extracurricular, and physical activity.!*” The length of
rest varied between studies ranging from 1-2 days”® to as much as one week.””"® Rest has been
prescribed in both the acute phase,**">® and sub-acutely when symptoms persisted.””"® Results
are conflicting regarding the effectiveness of rest on concussion recovery. It is difficult to consider
the studies together with the amount of variability that exists between studies (ex. time since injury,
length of rest, severity of injury). A significant improvement in symptoms and cognitive function
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was found following 1 week of prescribed rest.””’® All other studies have found rest to either have

mixed results,'® no effect,®® or to have a detrimental influence.”>"®

Most studies evaluating rest have used a retrospective design.®®""’® Only one study has used a
randomized trial design.”® The initial analyses found that patients who engaged in cognitive and
physical rest for five days had slower symptom resolution compared to those that rested for one to
two days.” A secondary analyses revealed that the influence of rest was dependent on the type of
signs and symptoms present at the time of injury. Those patients who showed signs of injury (ex.
Loss of consciousness, post-traumatic amnesia, confusion/disorientation) benefited from rest

while those with predominantly symptoms did not.®

The most challenging aspect of understanding if rest has an impact on concussion recovery is
compliance to the intervention. In most studies it is not possible to know the extent to which
participants rested due to the retrospective design.3®’"’® In a randomized trial by Thomas et al.,
activity diaries were used to measure daily energy expenditure. This study identified that the
intervention and control groups did not actually differ in physical activity energy expenditure.
There was however a difference in mental activity. Despite the intervention group receiving

instruction for strict rest, participants may have self-managed and rested as they felt was needed.”

Theoretical rationale for exercise
It is proposed that exercise has a positive impact on concussion recovery (in the sub-acute phase)

through 1) physiological mechanisms and ii) their influence on symptoms.

Exercise and concussion physiology

Diffuse axonal injury, from concussion, results in impaired mitochondrial function.134% Aerobic
exercise has been found to increase mitochondriogenesis,”®® the process by which new
mitochondria are formed.®* Evidence in the animal model has demonstrated that there is a
beneficial effect of exercise on mitochondria in the brain as well.#28% Eight weeks of treadmill
running in rats increased mitochondriogenesis, evidenced by the presence of greater mitochondrial

DNA in several brain regions compared to controls. Exercise also influences brain



neurotransmission.®* It has been proposed that the physiological systems in the body are self-

regulating in that they self-correct through feedback.®

Autonomic dysfunction, indicated by decreased parasympathetic and increased sympathetic
activity, has been observed following concussion.*® Acute aerobic exercise has been found to
produce an opposite effect, increasing parasympathetic and decreasing sympathetic activity.®>8 In
a study of sedentary male adults (n=7), steady state cycling exercise for five minutes at 21% of
maximum HR demonstrated a significant increase in low frequency HRV,®” which has been found
to be decreased during cycling exercise following concussion.*® Both a single bout of exercise®
and recovery from acute exercise have shown a beneficial influence on autonomic function.®’
Autonomic nervous system function is influenced by acute exercise, during recovery from
exercise, and is intensity dependent.®® These are important considerations when determining the

appropriate duration and intensity of aerobic exercise for concussion interventions.

The influence of exercise following concussion may be related to its impact on cerebrovascular
reactivity and cerebral blood flow. Aerobic exercise has been shown to increase cerebral blood
flow.2° A study of eleven healthy males (mean age: 34 years) identified increases in blood flow
velocity in the middle cerebral artery following six minutes of supine cycling exercise. Significant
increases in blood flow velocity occurred with workloads between 20% and 60% of maximum
capacity. This study also revealed that blood flow velocity decreased below the level of pre-
exercise following strenuous exercise (80-90% of maximum).®® This finding (reflexive decrease
in blood flow) may shed light on why moderate/vigorous exercise appears to aggravate recovery
from concussion. The recovery rate of cerebral blood flow to pre-exercise levels was not
determined in this study but this is an important factor to consider ensuring an appropriate
workload. In a study of 14 adults (mean age: 26 years) a statistically significant increase in mean
blood flow velocity in the middle cerebral artery was observed after ten minutes of cycling exercise
compared to rest.®! Aerobic exercise has also been found to induce angiogenesis, the development
of new blood vessels, which has a positive impact on cerebrovascular reactivity. Exercise induces
acute and chronic influences on cerebrovascular reactivity that could positively influence recovery

from concussion.



Exercise and concussion symptoms

As previously outlined, concussion symptoms can be classified into four categories; somatic,
cognitive, emotional, and sleep related.?® Because exercise has been found to positively influence
a number of systems,® it is well suited as a treatment for concussion symptoms, which are broad

in nature.

Somatic symptoms can include; headache, dizziness, nausea, sensitivity to light and noise, balance
and visual problems. Many somatic symptoms (dizziness, balance and visual problems) are
attributed to vestibular dysfunction.®®** While the cause of somatic symptoms is open for debate,
some theorists propose that physiological changes underpin symptoms of headache, sensitivity to
light and noise.’®%® Regarding headaches, there is evidence to suggest that aerobic exercise is

associated with improvements in migraine intensity, frequency, and duration.%6-8

Cognitive symptoms following a concussion can include; difficulty concentrating, difficulty
remembering, getting confused with directions or tasks, answering questions more slowly, and
feeling mentally “foggy”.%® A systematic review found that aerobic exercise in youth was
positively associated with cognition.!® A meta-analysis revealed that acute physical exercise
enhances executive functioning.!®® Improved cognitive function has been observed after an
individual session of 20 minutes of stationary cycling. This cycling session also produced
significant elevations in brain derived neurotrophic factor (BDNF), a substance that plays a central
role in the health of neurons.%? Elevations in BDNF have been found following treadmill running
in rodent studies. Increased BDNF levels positively influence brain plasticity, which is linked to
improved cognitive function.® The short-term effect of aerobic exercise has also been
demonstrated following 40 minutes of treadmill running, which induced improvements in decision

making.1%

Emotional symptoms after concussion can include; irritability, sadness, nervousness, and feeling
more emotional.®® Patient-reported depressive symptoms have been reported in athletes with
persisting concussion symptoms. The severity of those symptoms correlated with imaging findings
in areas implicated in depression.!® Exercise positively influences emotion by reducing symptoms

of anxiety, depression, and stress.®’ A meta-analysis revealed that both state and trait anxiety are
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improved with acute aerobic exercise.'% Increased positive mood (vigor and exhilaration) has been

reported after only eight minutes of low-intensity exercise.'%’

Sleep related disturbances following concussion include; difficulty falling asleep, sleeping more
than usual, drowsiness, and fatigue. Adolescents who are more active report higher sleep quality,
less daytime tiredness, and increased concentration during the day.'% Exercise performed 4-8
hours prior to bedtime has the ability to improve sleep onset and decrease nighttime waking.'®
Similarly, 30-60 minutes of treadmill running performed 2 hours before bedtime improved sleep

efficiency.!1°

While the beneficial effects of exercise are well known, there remains a great deal to understand
about the effect of exercise following concussive injury. Some have proposed that exercise
facilitates endogenous repair mechanisms*'! or that external activation stimulates recovery.'*?
Initial studies using exercise-based interventions have suggested various mechanisms to aid

recovery.

Exercise-based interventions for concussion management

In 2009 the first study using an exercise-based intervention for youth with persisting post-
concussion symptoms was published. The exercise-based intervention was coined “Active
Rehabilitation” which included aerobic exercise, coordination drills, visualization, and education.’
This concussion management strategy was significant for two reasons. First, it was the initial study
to use physical activity for patients who were symptomatic, which had been discouraged by expert
consensus groups.®®® Second, the study addressed a specific subgroup of patients who were

experiencing persisting symptoms beyond what would be considered a typical recovery period.

Around the same time similar work was being conducted in adults.'*® Although both models
targeted similar populations (patients experiencing persisting symptoms) with similar approaches
(exercise-based), their underlying principles differed. Broadly, Gagnon et al., identified the
beneficial effect of exercise on mental health related symptoms compared to a more physiological
based rationale presented by Leddy et al.!*® Gagnon et al., highlight the non-specificity of
concussion symptoms, the impact of withdrawal from physical activity, and the influence of
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physical exercise on mental health, as guiding principles for their intervention.” Leddy et al.,
propose that persisting symptoms result from physiological dysfunction thus impairing cerebral
regulation. As a result, they propose that aerobic exercise increases parasympathetic activity,
reduces sympathetic activation, and improves cerebral blood flow.!*® In spite of gaps in our
understanding of the mechanism by which exercise may aid concussion recovery, both theories
provide support for an innovative approach to concussion management for patients with persisting

symptoms.

Thus far, results have been positive for the use of exercise-based strategies for concussion
management.!411°  Significant improvements in post-concussion symptoms have been
observed.”3:116-118 |n studies with safety objectives, no safety concerns were reported,*® or equal
numbers of adverse events were found.*?° Limitations arising from exercise-based interventions
for concussion stem from the methodology. Lack of a control group is the most common
limitation. It is not clear if studies were adequately powered for statistical testing given that only
one study cited a sample size calculation.!” Few retrospective studies were able to establish
consistent assessment time points, nor did they account for time from injury until the time of the
intervention in their analyses.”131° Although one study collected objective data for participants
activity level using actigraphy,'?* no study has examined the influence of exercise characteristics
on recovery. Few studies have reported the level of adherence to prescribed exercise.*8121 Only
two studies have included outcomes related to safety and tolerability.}'®'2% Although safety is
commonly discussed regarding exercise-based interventions, few have outlined strategies to

measure safety or reported on safety objectives.
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Chapter 3 — Objectives

The global objective of this PhD thesis was to contribute evidence towards an exercise-based
concussion management approach for youth with persisting symptoms. Two broad lines of inquiry
were pursued to achieve this global objective:

1. To understand current practice in the use of exercise-based interventions. The main purpose
was to explore interventions in the scholarly literature and estimate if and how clinicians use
these interventions in practice. This line of inquiry was undertaken to provide foundational
knowledge, determine the clinical applicability of available interventions, and identify possible
knowledge translation needs.

a. To summarize the extent, nature, and quality of current evidence for the use of non-
pharmacological rehabilitation interventions following concussion or mild traumatic
brain injury in children.

b. To identify clinical practice habits of Canadian Athletic, Occupational, and Physical
Therapists when providing care for youth experiencing persisting symptoms from a

concussion.

2. To estimate the effectiveness of an exercise-based intervention in decreasing post-concussion
symptoms. The main purpose was to address limitations specific to previous work using
exercise-based interventions. This line of inquiry was undertaken to estimate the clinical
reproducibility of previous findings and generate new knowledge regarding the timing of
implementation

a. To estimate the extent to which post-concussion symptoms were influenced by
participation in an Active Rehabilitation intervention for children and adolescents who
are slow to recover from concussion.

b. To estimate the time frame upon which initiating an active rehabilitation protocol post-
concussion contributed to a greater decrease in symptoms at follow-up.

c. To estimate the feasibility, safety, and acceptability of active rehabilitation starting 2-

weeks post-concussion compared to 4-weeks (usual care).
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Chapter 4 — Introduction to Manuscript |

The purpose of the first study in this doctoral thesis was to gain an understanding of the current
state of the scholarly literature. Specifically, to summarize the extent, nature, and quality of studies
using rehabilitation interventions for youth following concussion. The scoping review, presented

in chapter 5, was undertaken as a starting place to inform our work.

To date, rehabilitation reviews have focused on adult populations,*?? and those limited to youth
have lacked comprehensive search strategies.'?® Specifying the age group of our search was
important because research has shown that children and youth differ in how they experience and

recover from concussion compared to adults.!?*

Because rehabilitation interventions are an emerging area of concussion research we felt it was
necessary to take a broad approach to the research question. This approach allowed us to
understand the methodological approaches that have been used and explore trends in the literature.
By extending beyond exercise-based interventions, we were able to explore limitations in the field
with the aim of addressing them in future studies. Further, there was clarity regarding how other
interventions influenced concussion recovery, allowing us to contextualize the research specific to

exercise interventions.
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Abstract

Purpose: The purpose of this scoping review was to summarize the extent, nature and quality of
current scholarly literature related to non-pharmacological, rehabilitation interventions following

concussion or mild traumatic brain injury in children.

Methods: A scoping review of primary research was performed. An electronic literature search
was conducted from the following databases from 1987 - October 24, 2017 MEDLINE, CINAHL,
Psych Info, and SPORTdiscus. Studies were included if they met the following criteria; 1) full
text, peer reviewed and written in English, 2) reported on original research, 3) a diagnosis of
concussion or mild traumatic brain injury, 4) described the evaluation of a treatment or
intervention, 5) the primary outcome was a concussion impairment, and 6) the mean or median
age of participants in the study was under 19. Studies were also identified through hand searching
the reference list of included articles. The review process involved five steps: 1) identifying the
research question; 2) identifying relevant studies; 3) study selection; 4) charting the data; and 5)
collating, summarizing and reporting results. Quality assessment using the Down’s and Black

criteria was conducted.

Results: Twenty-six studies published between 2001 and 2017 were identified and met inclusion
criteria for the scoping review. Study designs included randomized trials, retrospective case series
and chart reviews, cohort, prospective pre-post, and cross sectional. Articles reported on both
concussion and mild traumatic brain injury using the following interventions; rest, active
rehabilitation, aerobic exercise, physical exertion, full-body stretching, vestibular, oculomotor,
cervicospinal therapy, education, early intervention, telephone counselling, mobile health
application, Web-based Self-Management Activity-restriction and Relaxation Training program,
multimodal impairment based physical therapy, cognitive behavioral therapy, transcranial direct

current stimulation, and acupuncture.

Conclusions: The literature describing non-pharmacological interventions following concussion

in children is scarce. While both positive and negative results were obtained, there were
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methodological concerns in most studies limiting the ability to draw conclusions. Interventions
incorporating aerobic exercise show promise as an effective concussion management strategy.
There is a need to conduct more high-quality studies (ex. Randomized controlled trials) in this area

to understand which rehabilitation interventions offer benefit over usual care.

Keywords: brain concussion, mild traumatic brain injury, rehabilitation, scoping review
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Introduction

Concussion is “a brain injury...defined as a complex pathophysiological process affecting the
brain, induced by biomechanical forces”.!?®> As the most under-reported type of brain injury,* the
approximate incidence rate in Canadian children under age 14 is estimated at 200 per 100,000.%2
Even though many people do not seek treatment in the hospital setting,® this injury is among the

top two causes of hospitalization among Canadian children ages 5-19.1!

This complex injury results in an equally complex set of impairments. The causal pathway of the
acute and chronic effects of concussion are not clear.® The most agreed upon and established acute
impact of concussion is the presence of a set of clinical symptoms.}”!® However, symptom
endorsement varies between individuals based on injury severity, patient, and injury
characteristics.'?® Research specific to children has revealed impairments in neurocognition,??

26

working memory,? visual processing,?* balance,?® visuomotor performance,?® and strength?’

following concussion.

The long-term consequences of concussion are not clearly understood.*?-*?° Children and
adolescents do not experience or recover from concussion in the same way as adults.****3! Much
of the preliminary research on this topic was conducted in university athletes or in professional
sport. As a result, there is limited information on children, and how a concussive injury during a
period of significant growth and development may be influenced.® An array of structural and
functional changes may be influenced by concussion.’® The young brain, which undergoes
structural changes during this time, may be more susceptible to injury due to the immaturity of the
nervous system.32 From a cognitive perspective, important functions like concentration, problem
solving and memory patterns are developing in a non-linear fashion in children and adolescents.'3
Injury during a pivotal period of growth could have deleterious long term effects.*® There is
evidence to suggest that concussion during this time may have long term implications for learning
and mental health.!3 Initially, similar tools and procedures were used to assess children and adults.

The full extent of the consequences of a concussive injury during childhood may not yet be known.

There is no mutually agreed upon definition of what constitutes recovery from concussion. In

general, recovery is characterized by being symptom-free, as well as by the resolution of
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neuropsychological impairments,?®3! whether compared to an existing baseline or normative
data.*® Although the majority (80-90%) of people recover from concussion within 7-10 days, there
is evidence to suggest that this timeframe may be longer in children.® The rate of resolution of
concussion impairments (e.g. symptoms, neuropsychological performance, balance) varies

between individuals and even subsequent injuries.*

There are few evidence based guidelines for the treatment of concussion-related impairments in
children or adolescents.’®® Research to date has been impeded by several factors; 1) a lack of a
causal pathway regarding concussion impairments,*4137 2) the vulnerability of the brain post-
concussion and potential risk of prolonging recovery with improper care,!® and that 3) this
population is difficult to study given that most concussions resolve relatively quickly.?® Even
though some rehabilitation or treatment interventions have been modeled after those in traumatic
brain injury, they may not be applicable.'?? Establishing interventions that could benefit from

further study is important in developing areas of research.
Methods

The approach for this scoping review was guided by the framework of Arksey and O’Malley; 1)
Identifying the research question, 2) Identifying relevant studies, 3) Study selection, 4) Charting
the data, and 5) Collating, summarizing, and reporting the results.*** Recommendations based on
the work of Levac, Colquhoun and O’Brien were used to clarify the scope and purpose of
inquiry.}%141 Quality assessment is not a component of the Arksey and O’Malley framework.**°
Recent investigations regarding scoping reviews suggest the inclusion of a quality assessment with
a validated instrument.}*1%2 The inclusion of a quality assessment was conducted to provide
adequate information for future research recommendations.!*? Each study was independently
assessed for methodological quality by the first and second authors per criteria outlined by Downs
and Black. These criteria are suited to randomized and non-randomized studies of health care
interventions.**® Each study was rated on the total score, out of a possible 28 points, as excellent
(24-28 points), good (19-23 points), fair (14—18 points), or poor (<14).}4* The first and second

author met to discuss the quality assessment scores. When the quality assessment rating of an
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article differed based on category ratings (e.g. Poor, fair, good, excellent), the quality assessment

was reviewed, and consensus was reached.

Stage 1: Identifying the Research Question

The purpose of this scoping review was to summarize the extent, nature and quality of current
evidence to identify future research priorities. The research question addressed in this scoping
review was; Among children and adolescents with a diagnosed concussion or mild traumatic brain
injury (mTBI), what is the current evidence supporting the use of non-pharmacological

rehabilitation interventions for the resolution of concussion/mTBI impairments?

For the purpose of this study children/adolescents were classified as under the age of 19, which is
consistent with the definition proposed by the World Health Organization.!* Non-
pharmacological interventions excluded the administration of any drug or medication. Concussion
impairment was defined as any negative impact from concussion or mTBI including, but not
limited to, symptoms, cognitive function, neuropsychological function, motor
function/performance, and/or balance. Concussion impairments were considered impaired by
comparison to the individual or a normative sample. These broad definitions allowed for flexibility

upon which to undertake the scoping review.

Stage 2: Identifying Relevant Studies

An electronic literature search was conducted to identify studies for scoping review from the
following databases; MEDLINE (1996 — October 24, 2017), EMBASE (1996 — October 24, 2017),
CINAHL (1987 — October 24, 2017), Psych Info (1987 — October 24, 2017), and SPORTdiscus
(1970 — October 24, 2017). A research librarian (ET) was consulted to develop the search
terminology and search strategy. To search for articles evaluating non-pharmacological
interventions for the resolution of concussion impairments in children/adolescents, the following
search terms were used: (‘brain concussion’ [MeSH] or ‘post-concussion syndrome’ [MeSH] or
‘concussion’ [tw] or ‘mild traumatic brain injury [tw]) and (‘rehabilitation’ [MeSH] or ‘physical

therapy modalities’ [MeSH] or ‘exercise therapy [MeSH] or ‘rehabilitation’ [tw] or ‘physical
20



therapy’ [tw] or ‘physiotherapy’ or ‘exercise therapy’ [tw]) and (child* or boy or boys or girl or
girls or school-age* or youth* or preteen* or pre-teen* or teenage* or teen-age* or adolesc* or
prepubescen* or pre-pubescen* or pubescen* [tw]). Rehabilitation and therapy subheadings were
used when available. The age range was limited to zero to 18 years. Table 1 provides the
MEDLINE search strategy used for this review. References of selected articles were hand searched
for relevant studies. Citations from each database search were imported into Endnote X7.7 and

duplicate references were removed.

Table 1: Medline Search Strategy

Search Statement

Brain Concussion/
Post-Concussion Syndrome/
CONCUSS™.tw.

mild traumatic brain injur*.tw.
lor2or3or4

(rh or th).fs.

exp Physical Therapy Modalities/
exp Exercise Therapy/
Rehabilitation/

rehabilit*.tw.

(physical therap* or physiotherap™ or exercise therap*).tw.
6or7or8or9orl0orill

5and 12

(child* or boy or boys or girl or girls or school-age* or youth* or preteen* or pre-teen* or
teenage™ or teen-age* or adolesc* or prepubescen* or pre-pubescen* or pubescen*).tw.

15 13 and 14
16 |limit 13 to "all child (0 to 18 years)"
17 15 0r 16

© 0N OO 0 W NP H

[ B I
w N - O

14
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Stage 3: Study Selection

Title and abstract screening was performed independently by the first and second authors. The first
and second authors independently reviewed articles for inclusion based on the following criteria;
1) full text, peer reviewed and written in English, 2) reported on original research, 3) a diagnosis
of concussion or mTBI, 4) described the evaluation of a treatment or intervention, 5) the primary
outcome was a concussion impairment, and 6) the mean or median age of participants in the study

was under 19.

The database search identified 2817 potential articles for inclusion. After removing duplicates,
1988 articles remained. The title and abstract of each article was screened and 152 articles were
identified for full text screening. Twenty articles met the inclusion criteria and an additional six
articles were identified through hand searching. A PRISMA flow diagram*® was prepared with

details of articles included at each stage of the search process (figure 1).

The first author (DD) hand searched the articles selected from full text screening and identified an
additional six studies. The second author (MM) verified the hand searched articles met inclusion
criteria. Authors (DD and MM) met to discuss any discrepancies for study inclusion and came to

consensus on included studies. A total of 26 studies were selected.
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Figure 1: PRISMA flow diagram
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Type of study designs used

Several study designs were considered for this scoping review except those reporting on single
case studies. There is a dearth of evidence in the concussion literature regarding interventions.**
Including only randomized control trials would result in too few studies to provide sufficient
breadth and would not accurately summarize the extent of current research.'® These criteria were

utilized to provide adequate depth for the scoping review.

Stage 4: Charting the Data

A data extraction table was compiled. Study details for each article included; author and year of
publication, study design, participant characteristics, inclusion/exclusion criteria, type of

intervention, outcome measure(s), key findings, and the Down’s and Black quality rating (table 2).
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Table 2: Data extraction table

Downs and
Author/ . . . . . A . - Black
year Study design Participant Characteristics Inclusion/Exclusion criteria Type of Intervention Outcome measure(s) Key findings Quality
Rating
Ponsford et Four Groups, mtBI Treatment group (n=61) | Inclusion: Diagnosed mTBI, Goal: Evaluate impact of Child Behaviour checklist, Parents of mTBI Fair
al., 2001 pre-test post- Meanage + SD: 11+ 2.6 LOC <30min, PTA<24 hrs., providing education Rowe Behavioural Rating intervention group reported
test design % Male: 71 GCS 13-15 (information booklet) on Inventory, Post-Concussion significantly better post-
post-concussion Syndrome Checklist, Peabody concussion symptoms, and
mTBI control group (n=58) Exclusion: Focal neurologic symptoms, cognitive Picture Vocabulary Test, Wide | behaviour following
Mean age + SD:11.4+3.2 signs performance and Range Assessment of Memory intervention compared to
% Male: 81 psychological adjustment and Learning, Wechsler mTBI controls at 3 months.
at 1 week and 3 months. Intelligence Scale for Children- | *Did not address stated aim
Orthopedic injured treatment Intervention: Information 111 Digit Span and coding of study at 1 week (3
group (n=45) booklet provided 1-week subtests, the 2.8-second pacing | months only).
Mean age + SD:10.9+2.4 post-injury. of the Children's Paced
% Male: 67 Control group: no Auditory Serial Addition Task,
treatment Contingency Naming Task
Orthopedic injured control
group (n=47)
Meanage + SD: 123+ 2.1
% Male: 60
Gagnon et al., | Retrospective | Treatment group (n=16) Inclusion: Diagnosed Goal: Evaluate impact of Post-concussion symptom Symptoms (Mean £ SD : 30 Poor
2009 cohort study. Mean age + SD: 145+ 2.3 concussion with persisting active rehabilitation checklist, Bruininks-Oseretsky | * 20.8) significantly
Single group, % Male: 68.75 symptoms for 4 weeks (Aerobic training, Test of Motor Proficiency improved post-treatment
pre-test post- coordination, visualization | (balance and coordination), (Mean = SD: 6.7 +5.7)
test design Exclusion: none provided & imagery, home neurological examination,
program.) on children who | physical examination
are slow to recover.
Moser et al., Retrospective | Treatment group (n=49) Inclusion: Diagnosed Goal: Retrospectively Concussion symptom scale, Significant improvement in Fair
2012 cohort study Mean age + SD: 15+ 2.6 concussion evaluate impact of IMPACT (composite indices — total symptoms and
, pre-test post- | % Male: 67 cognitive and physical rest | verbal memory, visual cognitive function.
test design Exclusion: None provided post-concussion symptoms | memory, processing speed,
and verbal memory, visual | reaction time)
memory, processing speed
and reaction time.
Gibson etal., | Retrospective | Treatment group (n=135) Inclusion: Diagnosed sport Goal: Retrospectively Time to symptom resolution No significant relationship Fair
2013 chart review, Mean age + SD: 15 + 3 related concussion, symptom evaluate impact of (Post-concussion symptom between prescribed
single group % Male: 72 free at end of study period. cognitive rest on duration scale) cognitive rest and time to
cohort study of symptoms. symptom resolution.

Exclusion: Incomplete
medical record, alternate
diagnoses considered, not
recovered by end of study
period, more severe injury
mechanism.

Intervention: Cognitive
rest
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Pinchuk et Retrospective | Treatment group (n=44%*) Inclusion: Chronic post- Goal: Provide a Numerical Rating Scale (NRS), | Significant improvement in Fair
al., 2013 Mean age (SD): 13.6 (2.5) traumatic headache after a retrospective analysis of Number of days with headache | pain rating, number of
% Male: 86 mild head injury the results of the treatment | per month, headache attack headaches per month, and
of patients with HA by duration, headache intensity attack duration after tDCS.
*adolescent patients only Exclusion: None provided. means of transcranial and duration, amount of tDCS had no effect in 20%
direct current stimulation analgesics used, depression, of patients.
(tCDS) with various and anxiety scale parameters.
localizations of stimulating
electrodes on the scalp in
patients with chronic post-
traumatic headache after
mild head injury.
Schneider et Randomized Treatment group (n=15) Diagnosed concussion, Goal: Evaluate the Number of days from initiation | Significantly higher Good
al., 2014 Controlled Median age (range): 15 (12- persistent symptoms >10 days | influence of vestibularand | of treatment until medical proportion of participants in
trial 27) of dizziness, neck pain and/or | cervical spine treatmenton | clearance to return to sport. intervention group (73.3%)
% Male: 73 headaches, vestibular/cervical | time to return to sport. returned to activity within 8
spine involvement Intervention: Cervical weeks compared to control
Control group (n=16) spine physiotherapy, (7.1%).
Median age (range): 15 (13- Exclusion: Fracture, vestibular rehabilitation.
30) neurological conditions, Control group: Non-
% Male: 44 musculoskeletal injury, provocative range of
medication affecting neural motion exercises,
adaptation stretching, postural
education (common to
both groups).
Gagnon et al., | Retrospective | Treatment group (n=10) Inclusion: Diagnosed Goal: Improvement of Post-Concussion Scale, Beck Significant improvement of Fair
2015 cohort study. Mean age + SD: 16.1+ 1.2 concussion with persisting post-concussion symptoms | Depression Inventory, Pediatric | post-concussion symptoms,
Single group, % Male: 70 symptoms for 4 weeks, not and functioning. Quality of Life depression, energy level and
pre-test post- medically cleared to begin Intervention: Aerobic Multidimensional Fatigue processing speed post-
test design return to activity protocol training, coordination, Scale, Body Coordination intervention.
visualization & imagery, composite of the Bruininks-
Exclusion: Cervical, home program. Oseretsky Test of Motor
oculomotor, and/or vestibular Proficiency, INPACT
impairment
Lynchetal., Case Study Treatment group (n=2) Inclusion: Post-concussion Goal: Report on a novel IMPACT Computer gaming Poor
2015 Age range: 14-15 years syndrome, visual complaints intervention using glasses markedly lessened
% Male: 50 computer gaming glasses symptoms in both patients.
Exclusion: None provided with 2 adolescents who
had post-concussion
syndrome.
Maerlender et | Randomized Treatment group (n=13) Inclusion: Diagnosed Goal: Determine the effect | Post-Concussion symptom No significant difference Fair
al., 2015 Pilot Study % Male: 38 concussion of moderate levels of return to baseline, INPACT, between groups on days
Control group (n=15) physical activity on neurocognitive test battery, until symptom recovery.
% Male: 20 Exclusion: Injury severity recovery from concussion. Borg RPE. Increased average daily
could not prevent participation vigorous activity associated
Mean age: 19 years in protocol. with longer recovery time.
Moser et al., Cohort study. Treatment group (n=13) Inclusion: Diagnosed Goal: Improvement of Post-concussion symptom Reported Significant Fair
2015 Single group, Mean age + SD: 15.1+ 1.5 concussion, INPACT test neurocognitive score total improvement in post-
pre-test post- % Male: 57 within 1 month of injury, no performance and concussion symptoms verbal
test design comprehensive rest after memory, visual memory,
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injury, pre-intervention
ImMPACT completed,
compliance with intervention,
follow up IMPACT
completed.

Exclusion: none provided

concussion-related
symptoms.

Intervention:
Comprehensive rest

reaction time, motor speed
following 1 week of
comprehensive rest.

Thomas et al., | Randomized Treatment group (n=45) Inclusion: Diagnosed Goal: To assess effect of ImPACT, Balance error Intervention group reported Good
2015 controlled trial | Median age (IQR): 13.1(12.1- | concussion, presented to ED rest on concussion scoring system (BESS) higher total post-concussion
14.5) within 24 hours of injury. symptoms, neurocognitive symptoms and number of
% Male: 64 and balance performance symptoms compared to
Exclusion: Non-English Intervention: 5 days rest usual care.
Control group (n=43) speaking, intellectual Control group: usual care
Median age (IQR): 14.7(13- disability, mental (24 - 48hrs rest)
15.5) defect/disease, intracranial
% Male: 67 injury, no legal guardian
present, admitted to hospital.
Cordingley et | Retrospective | Treatment group (n=106) Inclusion: Diagnosis of sport Goal: Evaluate the safety, PCSS, Tolerability (% needing | 97.9% tolerated treadmill Fair
al., 2016 Chart Review | Mean age (range): 15.1 (11- related concussion or post- tolerability, and clinical to stop), Safety (% needing test, no patients requiring
19) concussion syndrome, <19 use of graded aerobic immediate medical attention) immediate medical
% Male: 43.4 years of age. treadmill testing in attention, 90% participants
pediatric patients experienced clinically
Exclusion: Non-sport related with sports-related improved symptoms, 80%
concussion, Moderate to concussion returned to sport.
severe TBI, traumatic
abnormalities detected on
clinical neuroimaging.
Grabowski et | Retrospective | Treatment group (n=25) Inclusion: Post-Concussion Goal: Assess whether an Post-concussion symptom scale | Significant improvement in Fair
al., 2016 cohort study Mean age (range): 15 (12-20) | Syndrome diagnoses, impairment-based (PCSS), BESS, symptom-free symptoms from mean 18.2
% Male: 44 > 12 years treatment (subsymptom exercise duration, and at initial visit to 9.1 at final
threshold exercise and Symptom Free Heart Rate visit. Symptom free HR
Exclusion: Symptoms less comprehensive (HR) during exercise. increased significantly.
than 3 or over 36 weeks, less physiotherapy) plan could Significant improvement in
than 2 Physiotherapy visits safely treat post- BESS
concussion symptoms.
Hugentobler Retrospective | Treatment group (n=6) Inclusion: Consent to chart Goal: Describe multimodal | PCSS, return to pre-injury Four out of six patients Poor
etal., 2016 Case series Age range: 15-19 years review, completed interventions used to treat activity. returned to pre-injury
% Male: 67 physiotherapy evaluation and six pediatric patients with activity.
3 follow-up appointments, pre | prolonged mTBI
and post-treatment symptoms.
assessments.
Exclusion: No plan to return
to activity, non-compliant,
abnormality on imaging,
cardiovascular or neurological
conditions
Imhoff et al., Prospective Treatment group (n=15) Inclusion: Post-concussion Goal: identify whether the Post-concussion symptom Significant improvement in Fair
2016 Single group Mean age (range) 15 (10-17) symptoms lasting four weeks. addition of an Inventory (PCSI), Rey symptoms, verbal episodic

% Male: 40

individualized Active

Auditory

memory in total learning,
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Pre-post Exclusion: None provided. Rehabilitation Intervention | Verbal Learning Test, Delis- immediate recall, switching
design influences recovery of Kaplan executive function semantic verbal fluency,
patients who are system, Digit Span from the working memory, attention
symptomatic at rest. Weschler Adult Intelligent processes, single and
Scale, Symbol Digit Modality tandem balance, BOT2
Test, Continuous Performance bilateral coordination,
Test 11, State-Trait Anxiety upper-limb coordination.
Inventory, Modified Balance
Error Scoring System (BESS),
Modified Clinical Test of
Sensory Interaction on
Balance,
Bruininks-Oseretsky Test of
Motor Proficiency 2nd Edition
(BOT2)
Kurowski et Randomized Treatment group (n=15) Inclusion: Diagnosed mTBI, Goal: Describe the PCSI Greater symptom Good
al., 2016 Clinical Trial cycling diagnosed post-concussion methodology improvement in cycling
Mean age (SD): 15.22 (1.37) syndrome, symptoms and report primary group compared to
% Male: 33 exacerbated by physical outcomes of an exploratory stretching
activity. RCT of aerobic training,
Control group (n=15) compared to full body
stretching Exclusion: GCS <13, severe stretching, for management
Mean age (SD): 15.5 (1.8) TBI, evidence of severe TBI of prolonged symptoms
% Male: 53 on clinical imaging, after an mTBI in
neurologic impairment, adolescents.
psychological condition,
cervicogenic neck pain,
developmental delay, genetic
disorders, metabolic disorders,
hematologic disorders, ADHD
requiring 2+ medications.
Linetal., Case Report Treatment group (n=3) Inclusion: Chronic post- Goal: Describe the Numerical Rating Scale (NRS), | Satisfactory symptom Poor
2016 Mean range:8-18 years concussive symptoms, no integration of acupuncture Brief Pain Inventory (BPI), improvement in all cases.
% Male: 33 improvement with for treating post-concussive symptoms
conventional treatment. headaches and other questionnaire.
symptoms following
Exclusion: None provided pediatric sport related
concussion.
McNally et Retrospective | Treatment group (n=31) Inclusion: Diagnosed Goal: Evaluate the efficacy | PCSS, Pediatric Quality of Life | Significant improvement of Good
al., 2017 Chart Review | Mean age (SD): 15.9 (2) concussion, did not respond to | of a brief cognitive Inventory, v4.0 (PedsQL), symptoms, PedsQL, over
% Male: 32 first line services, intake visit behavioral functional outcomes (school time, significant increase in
between 3 weeks and 2 years intervention program (2-5 and physical activity) proportion of patients
post-concussion. sessions) for children and returning to full school
adolescents experiencing
Exclusion: None provided persistent post-concussion
symptoms.
Chanetal., Randomized Treatment group (n=10) Inclusion: Sport-related Goal: Examine the safety PCSS, Health related quality of | Greater reduction in Good
2017 Controlled Mean age (SD): 15.9(1.66) concussion, 12-18 years old, and tolerability of an active | life, Beck depression inventory | symptoms in treatment
Trial % Male: 40 >=4 weeks post-concussion, rehabilitation (Aerobic for youth, Pediatric quality of group. In clinic symptom

>= 2 persisting symptoms

training, coordination,

exacerbation occurred in
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Control group (n=9)
Mean age (SD): 15.1 (1.42)
% Male: 11

Exclusion: history of
developmental disorder,
previous moderate-to-severe
TBI, in active mental health
treatment, concussion within
previous 6 months of injury.

visualization & imagery,
home program.) program
for adolescents who are
slow to recover from a
sport-related concussion.

life multidimensional fatigue
scale, BESS, INPACT

30% of sample. Equal
adverse events in both
treatment groups.

Chrisman et Retrospective | Treatment group (n=83) Inclusion: Initial evaluation>1 | Goal: Explore the safety Change in symptoms (PCSS) Symptoms demonstrated Fair
al., 2017 cohort study Mean age (SD) 14.9 (2.3) month & <300 days post- and potential benefits of a exponential decrease
% Male: 43 concussion, completed a Balke | rehabilitative exercise following initiation of
treadmill intervention for treating intervention.
Test, seen by physical youth with persistent
therapists in the SSTEP concussion symptoms >1
program at least twice. month.
Exclusion: None provided
Dobney et al., | Retrospective | Treatment group (n=677) Inclusion: Symptomatic 2 Goal: Estimate the time Post-Concussion Scale-Revised | Significant improvements in Good
2017 Case Series Mean age (SD) 14.3 (2.3) weeks post-concussion, frame during which post-concussion symptoms
% Male: 46 participated in Active initiating an active irrespective of start time.
Rehabilitation between April rehabilitation intervention
2012 and March 2015. contributed to
improvement in symptoms
Exclusion: None provided
Dobney et al., | Retrospective | Treatment group (n=277) Inclusion: The patient started Goal: Estimate the extent Post-Concussion Scale-Revised | Significant and clinically Fair
2017 Case Series Mean age (SD) 14.1 (2.3) the Active Rehab program 3-4 | to which post-concussion meaningful improvement in
% Male: 51 weeks postinjury, follow-up symptoms were influenced symptoms
appointment between 4-8 by participation in an
weeks post-injury. Active Rehab
Exclusion: None provided
Kurowski et Prospective Treatment group (n=13) Inclusion: ages 11-18 years, Goal: Evaluate the PCSS, patient reported activity | Significant improvement in Good
al., 2016 open pilot Mean age (SD) 14.3 (2) mTBI within 96 hours of ED feasibility and potential (mental, physical, screen time), | symptoms, satisfaction with
% Male: 69 presentation, English as benefits of an interactive, agreement with intervention intervention was rated
primary language, Internet Web-based intervention for highly by parents and
access at home, resided witha | mTBI. patients
parent/legal guardian.
Exclusion: history of 2 or
more extra-cranial injuries,
attention deficit hyperactivity
disorder requiring more than 1
controlling medication, other
pre-existing conditions that
may impair baseline cognition,
psychological, or
developmental
delays.
Mortenson et | Randomized Treatment group (n=32) Inclusion: Glasgow Coma Goal: Investigate the PCSI, Family Burden of Injury | No significant difference Good
al., 2016 controlled Mean age (Range): 11.9 (6- Scale score of 13 or 14, effectiveness and Interview between the groups at 3
pilot study 16) observed loss of feasibility of early
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% Male: 75

Control group (n=34)
Mean age (Range): 12.6 (5-
16)

% Male: 64

consciousness < 30 minutes,
altered mental state at the time
of injury; or posttraumatic
amnesia < 24 hours.

Exclusion: Injury required
surgery or was associated with
recreational drug

use, prior concussion <2 years
before enrollment,
symptomatic from a prior
concussion more

than 2 years before
enrollment, history of
moderate or severe brain
injury, significant

premorbid neurological or
psychiatric disorder by
parental report

intervention telephone
counseling with parents in
limiting post-concussion
symptoms and impacts on
children and youth.

months postinjury in post-
concussion symptoms

Sufrinko et Randomized Treatment group (n=93) Inclusion: 11-22 years, Goal: Evaluate if patients | PCSS, BESS Patients with predominantly Good
al., 2017 controlled trial | Mean age (SD): 13.87 (1.68) presented to the ED within 24 | with signs of injury symptoms were more likely
(secondary % Male: 64 hours of a concussion. respond differently to to remain symptomatic after
analysis) prescribed rest after injury if prescribed rest,
Exclusion: Non-English concussion compared patients with signs of injury
speaking, no legal guardian with patients with benefited from rest after a
present, intracranial injury, symptoms only. concussion.
admission to the hospital,
unable to complete clinical
assessments.
Worthen et Non- Treatment group (n=10) Inclusion: Pre-test symptom Goal: Evaluate whether a PCSS, application use, Symptoms and optimism Fair
al., 2017 randomized, Mean age (SD): 17 (2) score of at least four points. mobile health application satisfaction with intervention, improved more for the
open label, % Male: 30 that employs elements of barriers to compliance experimental than for the
controlled Exclusion: Attention- social game design active control cohort. High
feasibility and | Control group (n=9) deficit/hyperactivity disorder, could compliment medical use and satisfaction with the
efficacy Mean age (SD): 15 (2) additional injury, or illness care for unresolved application were reported.

% Male: 22

between pre- and post-test, no
self-reported barriers to
compliance.

concussion symptoms.
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Results

Stage 5: Collating, Summarizing, and Reporting the Results

Study Characteristics

Subjects in the included studies ranged in age from 5 — 19 years of age. Most studies were
conducted in a hospital setting,”1°3%75147-1%4 or concussion clinic.3077118-120.15.156 Qther settings
included University sport medicine centres, 116121157 an outpatient research centre,'!’ pediatric
pain clinic,®® and outpatient clinics.***% The most common study designs included pre-test, post-
test quasi-experimental designs. Most studies were retrospective in nature. There were seven
randomized controlled trials,®/>94117.120.12L153 sample sizes ranged from two participants in a case

study to 677 in one retrospective chart review.
Description of study outcomes

Assessment of post-concussion symptoms as an outcome measure was assessed in 25 out of 26
studies. Medical clearance to return to sport®* and headache pain rating*>® were other outcomes.
Seven studies used the IMPACT test as a main outcome 3:7>77120.12L185.157 Nost studies used
multiple outcomes including both patient report and objective performance measures. Except for
post-concussion symptoms, outcome measures were consistently age appropriate. In one study a
parent-proxy was used to report symptoms depending on the age of participants.*’ Measures were

typically assessed pre-and post-intervention.
Interventions

Treatment or interventions evaluated in this scoping review were grouped into six categories; 1)
Multimodal, 2) Rest, 3) Exercise, 4) Modalities, 5) Education and Behavioural Interventions, and
6) Manual Therapy.

Multimodal

Most studies in this scoping review were multimodal interventions.’3%116:118120,151,154,160
Interventions consisted of multiple components, each including aerobic exercise. Five studies used
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what has been coined as ‘Active Rehabilitation’, first described by Gagnon et al.” This intervention
consisted of aerobic exercise, coordination drills, visualization, and education.”3! Imhoff et al.,
modeled their intervention after Gagnon et al.,” using balance exercises in place of visualization
and a gradual progression for aerobic exercise.!® Two studies'!®!%® ysed an impairment based
approach in which patients received treatment based on their clinical examination. Treatment
interventions  included  cardiovascular, = musculoskeletal,  postural ~ control  and
vestibular/oculomotor, 16180 syb-symptom threshold exercise, and cervical rehabilitation .t
Outcomes among multimodal interventions included post-concussion
symptoms,’31:116.118.120,151,154,160 haance, 31116118 and neuropsychological function.*'® Participants
treated with active rehabilitation experienced significant improvements in post-concussion
symptoms,’31:118120.15L154 - qepression,®! energy level, processing speed,®! neuropsychological
function, balance, and coordination.!!® Participants treated with an impairment-based, multimodal
intervention displayed significant improvements in post-concussion symptoms, and balance.®

Hugentobler et al., reported that four out of six participants returned to their pre-injury activities. ¢
Rest

Five studies®07>77".155 evaluated the influence of rest (cognitive and/or physical) for the treatment
of post-concussion symptoms, balance, or neurocognitive performance as measured by the
IMPACT test. Two studies were retrospective in nature,*®’” one prospective single group design,**
and 2 randomized controlled trials.’®’> The most common length of time of rest was one
week. 77155 Two studies reported a positive result for the effect of rest,””1> two reported negative

results,3>" and one was symptom dependent.*®

Those studies indicating a positive influence of physical and cognitive rest were conducted by
Moser et al.”"1>® Both studies examined the influence of being prescribed one week of rest on
IMPACT scores (post-concussion symptoms, verbal and visual memory, processing speed and
reaction time). Rest was defined as one week of abstaining from exercise, school attendance,
homework, reading, computer usage, telephone, texting, videos, television, trips outside of the

home and social visits in the home.™ Participants included patients in both the acute and sub-
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acute phase of recovery. Participants demonstrated significant improvements in total symptoms,’”

cognitive function,’” visual memory, reaction time, and motor speed**® following rest.

Two studies®®” identified a negative influence of rest on post-concussion symptoms. Gibson et
al., found that that there was no significant association between being prescribed cognitive rest
and the duration of post-concussion symptoms.® In their study, cognitive rest was described as
avoiding schoolwork, video game playing, online activities, and text messaging.*® In a randomized
controlled trial Thomas et al., compared 5 days of rest to 1-2 days of strict rest (usual care).” Strict
rest was defined as no school, work, or physical activity.” Between group differences were
observed for levels of cognitive activity, but not physical activity. Those participants who were
assigned to 5 days of rest reported a significantly higher number and severity of symptoms in the

follow-up period compared to usual care (1-2 days of rest).

The most recent study*® evaluating patient’s response to rest categorized patients according to their
injury presentation. One group was characterized as having a predominantly symptom-based
presentation (ex. Headache, nausea), while the other group demonstrated more signs of injury (ex.
Loss of consciousness, amnesia). Those patients who benefitted most from rest were those with

signs of injury, whereas patients with symptoms experienced a longer recovery following rest.
Exercise

Four studies examined the use of aerobic exercise for concussion management. Two pilot,
randomized trials,'"1?! and two retrospective chart reviews'®1* assessed the influence of aerobic
exercise on post-concussion symptoms,1t711912L150 safety  tolerability,*'® and length of
recovery.'?* Of the randomized trials, one study prescribed aerobic exercise in the acute phase
(within 2 days of injury),?! compared to patients in the sub-acute phase in the study by Kurowski
et al.}1” Control groups consisted of patients with concussions undertaking full-body stretching!’
or rest.?* Two studies used a subsymptom threshold approach to determining the exercise intensity
and duration.!"*1® Those patients doing aerobic exercise in the acute phase performed 20 minutes
of stationary cycling at a mild-moderate rating on a perceived exertion scale.!?! Patients engaging
in aerobic exercise within 2 days of concussion did not differ on the number of days until recovery
compared to controls. However, those patients with high vigorous activity had longer recovery
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times.!?! In the sub-acute phase, patients in the aerobic exercise group demonstrated greater
symptom recovery compared to the full-body stretching group.!'’ From the retrospective chart
review, 97.9% of patients tolerated aerobic treadmill testing, 90% demonstrated clinical recovery,
and 80% returned to sport.!%°

Modalities

Four studies,**%® used a modality as an intervention to treat post-concussion symptoms. These

158 computer gaming glasses,™®’ transcranial direct stimulation

modalities included acupuncture,
(tCDS),**® and a mobile phone app.t® The acupuncture intervention involved the use of traditional
Chinese medicine over a series of sessions that were deemed appropriate by the practitioner (the
amount of treatments were not consistent between subjects).*>® The computer gaming glasses were
used as a treatment tool for two subjects to reduce cortical stimulation from light and other visual
stimulus. The intervention was not controlled and was used by the subject as they felt necessary.*>’
The tCDS intervention involved 30-45 minutes of electrical stimulation over 5-9 sessions
separated by 4-7 days.*®® The mobile phone application tracked symptoms, usage of the app, and

provided a structured support network.®

Two studies®™" %8 used a case study/report design, one study®®® used a retrospective study design,
and one open label non-randomized controlled study.'>® The outcome measures used included the
Numerical Rating Scale (NRS), Brief Pain Inventory (BPI), post-concussive symptoms
questionnaire,®™® ImPact,'>” number of days with headache per month, headache attack duration,
headache intensity and duration, amount of analgesics used, depression, and anxiety scale

parameters.>°

All four studies reported a positive effect of their intervention on post-concussion symptoms.
Traditional Chinese Medicine was successful in reducing headaches in the participants, however
no significance was reported.'®® The computer gaming glasses provided subjects with relief from
their symptoms, and it was suggested that more research be conducted to evaluate specific
parameters of their use.'®” The tCDS intervention provided significant improvement in pain rating,

number of headaches per month, and attack duration,™® it was also reported that tDCS had no
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effect in 20% of patients.*>® Post-concussion symptoms and optimism improved more for those

patients randomized to using the mobile phone app compared to the control group.*>®

Education/Behavioural Interventions

Four studies4"148.152153 gyaluated the influence of educational or behavioural interventions for the
treatment of post-concussion symptoms. Interventions included an information booklet,**” a
cognitive behavioral program,**® telephone counselling for parents,’> and a Web-based Self-

Management Activity-restriction and Relaxation Training program.t®

The study designs included; four group pre-test, post-test,!*’ a retrospective chart review,® a
randomized controlled trial,*>® and a prospective open pilot.*>? The outcome measures for these
interventions were the Child Behaviour checklist, Rowe Behavioural Rating Inventory, Post-
Concussion Syndrome Checklist, Peabody Picture Vocabulary Test, Wide Range Assessment of
Memory and Learning, Wechsler Intelligence Scale for Children-I1lI Digit Span, and coding
subtests, the 2.8-second pacing of the Children's Paced Auditory Serial Addition Task,
Contingency Naming Task,'#’ and Post-concussion symptom scale (PCSS),*%? Pediatric Quality of

Life Inventory v4.0 (PedsQL), functional outcomes (school and physical activity).'4®

Three studies reported significant results as product of their intervention, and one found no
difference between the treatment group and controls.’>® Significant improvements in post-
concussion symptoms and behaviour were reported following the educational intervention .4’
Significant improvements in symptoms and PedsQL, and a significant increase in patients
returning to full school were observed with a cognitive behavioural intervention.'*® Phone
counselling produced no significant improvements in post-concussion symptoms compared to the

control group.*®
Manual Therapy

A single randomized controlled trial (n=31) by Schneider et al., evaluated the influence of an 8
week cervical and vestibular physiotherapy intervention on time to medical clearance.® Patients
in this study were eligible if they had experienced dizziness, headache or neck pain for 10 days or

more. The intervention group received cervical and vestibular physiotherapy based on their signs
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and symptoms. The control group received non-provocative range of motion exercises, stretching,
and postural education. Patients were a mean 53 and 47 days post-concussion for the intervention
and control groups respectively. The main outcome (time to medical clearance) was measured in
days. A significantly higher proportion of participants were cleared to return to play in 8 weeks in
the intervention group (73%) compared to the control group (7.1%). Participants in the
intervention group were approximately ten times more likely to be returned to play in 8 weeks

compared to controls.
Methodological Quality Assessment Results

The Downs and Black criteria assess five categories for methodological quality; 1) reporting, 2)
external validity, 3) internal validity (bias), 4) internal validity (confounding/selection bias), and
5) power.1*® Based on the Downs and Black criteria, studies in this scoping review ranged from
poor to good, with no study achieving an excellent rating.2** Of the nine studies with a good quality
rating, six were randomized controlled trials,®7>94117:120.153 twq retrospective chart reviews,48151
and one prospective open pilot.*> The reporting section was generally well done in most studies.
However, most studies failed to report on possible adverse events. Studies scored well on criteria
related to external validity. Internal validity scores were low because, in the majority studies,
participants could not be blinded to the intervention. In three studies, the assessor measuring the
main outcome was blinded to the group assignment.®*20153  Criteria related to
confounding/selection bias were low due to lack of randomization in most studies. Only two
studies described power calculations demonstrating sufficient power to detect a clinically

important effect.%17
Discussion

Overall there are few published studies evaluating the effect of non-pharmacological interventions
in children/youth following concussion. We identified 26 studies meeting our inclusion criteria.
This scoping review revealed two important findings: 1) there is limited evidence regarding
interventions that have been conducted in child/youth samples and 2) the quality of studies was
fair in 12/26 manuscripts based on the Downs and Black criteria.
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The low number of studies identified in this scoping review highlights a lack of literature on this
topic. The study of concussion in children has been focused on assessment measures. Only within
the last decade has the attention shifted to focus on interventions for concussion impairments. One
of the major challenges of testing interventions for concussion is that there are currently no
objective measures that accurately assess concussion impairments.?®2%%%125 This issue makes it
difficult to establish the effectiveness of a treatment. The inclusion criteria for this scoping review
were intentionally broad to try to capture the extent of available research. Allowing various study
designs was intended to broaden the scope of inquiry. Studies including an exercise component

were most common in this review.

In general, the quality of manuscripts was low. There were methodological problems with most
studies that led to uncertainty of findings or reported results. The measurement and timing of
outcome measures was problematic in some studies. Most studies measured outcomes pre-and
post-intervention. However, two studies,”!® measured the post-intervention at discharge, which
was defined as being symptom free. A lack of control group was a common finding among articles.
Each study acknowledged the inability to attribute changes in outcome to the intervention based
on this design. There were two studies that included a control group in which attention to the
control group and intervention was not matched.*4’ Ponsford et al., examined the influence of
providing early intervention and education to patients with a mTBI.24” Similarly, in a randomized
controlled trial examining the effectiveness of vestibular and cervical spine manual therapy® there
did not appear to be a sham treatment for the control group to account for the influence of attention.
There is evidence that personal attention, in the form of assessment or evaluation®* and hands-on
manual therapy have been known to have a treatment effect.'%? In studies examining the influence
of a specific therapy or treatment, the control group needs to be matched based on time and
technique, if possible, to accurately estimate the influence of the treatment. In several studies, the
level of compliance to the intervention was not reported. In some cases, the retrospective design
limited the ability to determine the patients level of adherence.”203177148.150,151,154.160 Thomas et
al., used activity diaries to measure daily energy expenditure.” This study identified that the

intervention and control groups did not actually differ in calculated energy expenditure for physical
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activity. However, there was a difference in mental activity. Measuring the level of adherence and

compliance to a given intervention is necessary to establish effectiveness.

This scoping review has several limitations. The review was limited to peer reviewed publications
in English which may have led to some articles being omitted. Regarding the methodological
quality assessment, the Downs and Black criteria have equal weighting for each item.** This

weighting may inadvertently result in a lower score, especially for non-randomized study designs.

Conclusions

The purpose of this scoping review was to summarize the extent, nature and quality of current
evidence. There are some significant challenges in this field that hamper research. Concussion is
a multi-faceted injury, which has uniquely individual presentations.?® Despite positive results in
most studies, low quality of these studies precludes generalizability. The uncertainty of the best
approach to manage concussions is perhaps best captured by the fact that we identified
interventions using opposing approaches. While some research examined the influence of rest
following concussion, others examined physical exercise. A major shortcoming of treatment
protocols is that they are developed as if concussive injuries are homogenous. It may not be
realistic to identify a single intervention that will be an effective treatment for all children with
concussion. Being able to link a given treatment to a set of clinical criteria and a method to identify
which children would benefit from specific interventions would be helpful. This method was used
in two multimodal, impairment-based interventions.161% Further, establishing the timing of when
to implement specific treatments would be a contribution to the literature. The timeframe upon
which interventions were provided was highly variable between studies. We acknowledge a
growing trend involving the use of exercise-based interventions for concussion management. Most
studies we reviewed contained an aerobic exercise component with favourable outcomes. While
variability existed with the timing, frequency, and intensity of exercise, it appears that exercise has
potential benefits for promoting recovery from concussion. Currently, it is not clear which
interventions offer benefit over usual care. This scoping review provided a clear picture of the

extent and nature of non-pharmacological interventions in children and youth following
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concussion. Given that there are many challenges to conduct research in this population, the results

of this review highlight the need for higher quality studies.
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Chapter 6 — Integration of Manuscripts I and 11

The first study (presented in manuscript I) was a scoping review of non-pharmacological
interventions for children who have sustained a concussion. This review revealed a need for higher
quality studies. Building a strong evidence base is important, as interventions for concussion
management are relatively new. Interventions involving exercise-based strategies were most
abundant and presented a promising avenue for further study. Significant limitations were
identified in the reviewed literature, namely: lack of control groups, small sample sizes, and poor
measurement of adherence to interventions. The lack of strong evidence creates uncertainty for
clinicians providing therapeutic treatment for individuals following a concussion. We wanted to

know if the lack of clarity from the literature was reflected in practitioners clinical practice habits.

In the second study (presented in manuscript Il), our environmental scan explores clinical practice
through the lens of practitioners. Given the changing nature of clinical guidelines and expert
consensus, we wanted to identify the clinical practice habits of practitioners working with youth
who present with impairments following concussion. The interest in this study stemmed from a
gap in the literature. While there have been similar studies examining how physicians identify,
diagnose, and manage concussions,'631¢7 there was little exploring therapeutic rehabilitation. It
was unclear how clinicians managed youth with persisting symptoms and what kind of strategies
they used to manage these symptoms. Further, we wanted to clarify if clinicians felt comfortable
providing care for youth with persisting symptoms, the type of practitioner they would refer to if
needed, and ultimately if exercise-based strategies were part of their management strategies. In
manuscript 1l we developed a survey with two clinical vignettes for Canadian Athletic,
Occupational, and Physical Therapists to learn more about their practice habits. Because of our
specific interest in exercise-based strategies post-concussion, we tailored our survey to explore
this topic. The second manuscript is our attempt at understanding if there are gaps between practice

and research to establish the need for future knowledge translation projects.
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Chapter 7 — Manuscript 11

Title: Concussion management practices of Canadian rehabilitation therapists

Danielle M. Dobney! CAT(C), MSc., Isabelle Gagnon pht, PhD*?®

1. School of Physical and Occupational Therapy, Faculty of Medicine, McGill University,
Montreal, Quebec, Canada.

2. Trauma Centre, The Montreal Children’s Hospital, McGill University Health Center,
Montreal, Quebec, Canada.

3. Department of Pediatric Emergency Medicine, Faculty of Medicine, McGill University,
Montreal, Quebec, Canada.
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Abstract

Objective: To estimate the scope of concussion management practices used by Canadian Athletic,
Occupational, and Physical Therapists. Additional exploratory objectives included estimating the

type of treatment provided and the use of aerobic exercise.
Design: Cross sectional online survey

Setting and Participants: Members of three Canadian health care associations (Canadian Athletic
Therapists Association - CATA, Canadian Association of Occupational Therapy - CAOT and
Canadian Physiotherapy Association - CPA) were invited to participate.

Intervention: not applicable

Main outcome measure: An online survey was developed for the project. Two clinical vignettes
were provided with a brief history including; details of an injury, the current symptom score of the
patient, and information about school and physical activity. Respondents were asked questions
related to the type of treatments they would provide each patient (e.g. manual therapy, education,

aerobic exercise, return to learn/play protocol, goal setting etc.).

Results: The survey was completed by 555 clinicians. The completion rate was 57% (555/957).
The top five treatment options included; education, sleep recommendations, energy management,
goal setting, and manual therapy. Just over one-third of clinicians prescribed aerobic exercise.
Having a high caseload of patients with concussions (75-100%) was a significant predictor of
prescribing aerobic exercise. Most clinicians indicated they would refer patients based on the
clinical vignette to another healthcare provider (e.g. psychologist, physician).

Conclusion: A wide variety of treatment options were selected, although most falling under the
category of education (e.g. sleep recommendations, goal setting, energy management). Few
clinicians use aerobic exercise as part of their concussion management strategy. Barriers exist that

limit clinicians from using exercise-based strategies.

Keywords: brain injury, rehabilitation, therapeutics
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Introduction

Over the last decade there has been a dramatic increase in attention to concussions. Thus, there is
a greater supply of patients seeking care for concussion management, treatment, and rehabilitation.
This supply of patients has been met by concussion clinics which are both public and privately
funded. These clinics likely employ a variety of health care professionals including but not limited
to; Physical, Athletic, and Occupational Therapists, who provide a breadth of services for their
clientele.1®8 It is likely that the services provided are highly variable!®® given the lack of evidence-
based guidelines available for concussion management for those who do not recover quickly.*
Clinical management of concussion is especially important for those individuals who experience
persisting symptoms and impairments after injury. A recent study, using a Google search strategy
to locate concussion clinics, found that healthcare providers in Canada offer diverse services, and

in some cases these practices do not conform to current expert consensus guidelines.*%

Multidisciplinary management for patients with concussion has been widely recommended.285%170-
173 This recommendation is emphasized for patients experiencing symptoms beyond ten days post-
injury.® Although expert consensus advocates that the multidisciplinary team have experience with
concussion, there is little knowledge about who may be acting in these roles or the types of services
being provided. Given that challenges have been observed in multidisciplinary management of
concussion,®® further study is needed.

A useful strategy to better understand the role of the health care provider in concussion
management is to examine their scope of practice, and the type of treatments they offer. This
examination can be achieved using clinical vignettes. Vignettes have been used for measuring
clinical practice habits in a variety of health care contexts.}’*1"> They offer a cost-effective way to
measure the process of care and clinical reasoning in various clinical settings,*’® which was ideally

suited for our purposes.

Several studies have used surveys and clinical vignettes with primary care physicians to identify
knowledge of concussion, diagnosis criteria, and management.*63-167 These studies focused on the
acute management of concussion, generally conducted in a hospital setting. One study of American

Physical Therapists explored practitioner’s attitudes, beliefs, and knowledge of concussion. This
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study contained a brief section (3 questions) about decision making based on clinical scenarios.
Regarding clinical decision making, approximately half of the respondents identified a need for
vestibular therapy, when it was indicated, while 43% opted to refer to a physician. When graded
exertion was potentially indicated one third of respondents recommended discharging the
patient.!’” Another study of chartered physiotherapists in Ireland identified a high level of
knowledge of concussion from respondents. The management practice questions in their survey
focused on acute management including removal from play and return to play decisions.*’® To our
knowledge, no study to date has adequately assessed the clinical practice habits of rehabilitation

therapists managing youth concussions in the sub-acute phase.

Obijective

The purpose of this study was to estimate the scope of concussion management practices offered
to patients by Canadian rehabilitation therapists. Specifically, we aimed to estimate the type of
treatment services, the extent of multidisciplinary management, and the use of prescribed exercise

used in the sub-acute phase for youth who are experiencing a prolonged recovery from concussion.

Methods

Reporting of this manuscript was conducted according to “Improving the quality of Web surveys:
the Checklist for Reporting Results of Internet E-Surveys (CHERRIES)”.1"®

Design

A cross-sectional design was used. Purposive sampling'® was conducted by electronic survey
through three health care professional associations (Canadian Athletic Therapists Association -
CATA, Canadian Association of Occupational Therapy - CAOT and Canadian Physiotherapy
Association - CPA).
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The study was approved by the Institutional Review Board. Informed consent was obtained from
each participant. The first page of the survey contained information about the purpose of the
research, the approximate length of time to complete the survey, how data would be used, and
contact information for the study investigators. Participants consented to participate by clicking
on the next button on the online page. Participants were informed that once the survey was started,

consent could not be withdrawn.

Participants

Certified/registered health care providers registered with their professional association were

eligible for participation. Student members were excluded from participation.

Survey Development

We developed two clinical vignettes and an electronic survey (Appendix 2) for this project using
concepts from previously published work.}”” The survey development was a five-step process
(Figure 1). We pre-screened the survey to evaluate question interpretation.'81:182 The survey was
pre-screened by 6 experts; 3 Athletic Therapists (AT), 2 Occupational Therapists (OT), and 1
Physical Therapist (PT) in the field with a minimum 5 years of clinical experience in concussion
management. Experts reviewed the survey for content, clarity, readability, comprehensiveness,
and technical ease of use. Revisions recommended from pre-screening were made to improve
readability and clarity. Following pre-screening, the survey was pilot tested by 9 clinicians with
representation from each of the targeted professional associations (4 AT, 2 OT, 3 PT). Clinicians
were provided with a Clinical Sensibility Testing Tool'®! to assess the comprehensiveness, clarity,
and face validity of the survey. The Clinical Sensibility Testing Tool contained seven questions
about question clarity, inappropriate or redundant items, and the likeliness of achieving the survey
objective with the survey.'® Technical functionality of the online survey occurred during pre-
screening and pilot-testing. Both pre-screening, and pilot testing was conducted using the same

online method of administration to improve results.'® The survey was translated into French upon
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final revision. The French version was reviewed by the 2" author to ensure consistency. No

revisions to the content were undertaken following pilot testing the French version.

Figure 1: Survey development process

Pilot Test ‘ Translate \ ‘Final Review\

Recruitment Process

An email invitation was distributed through each of the professional associations. The
approximate membership at the time of recruitment of the CPA, CAOT, and CATA were 10,000,
9,000 and 1,000 respectively. The invitation to participate provided a short description of the study
and encouraged clinicians to participate. A link to the survey was provided in the email invitation.

Participation was voluntary, no incentives were offered.

Survey Administration

Surveys were completed anonymously via LimeSurvey, an online tool for surveys hosted on the
McGill University (Montreal, QC) server and maintained by IT Service Centre Tools
Implementation group. The survey was open for respondents from March 28th — September 11,
2017.

Question order was identical in all cases. No randomization of items or questions was used.
Adaptive questioning was used for the question about type of treatment. Additional questions were

generated if a respondent indicated using aerobic exercise, strength training, stretching, or
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education. The survey consisted of 12 demographic questions and 16 questions per clinical
vignette for a total of 44 questions. The number of questions per clinical vignette varied based on
adaptive questions. The survey consisted of three pages (1 demographic, 2 clinical vignettes).
Respondents had the option to navigate backwards on the survey at any time.

Data Analysis

Analysis of data was conducted using R version 3.1.2 (2014-10-31). Survey responses were
exported from LimeSurvey into an Excel spreadsheet. Descriptive statistics were used to
summarize responses. Incomplete survey responses were included if the respondent completed the
survey until the end of the first clinical vignette. We did not restrict entries based on IP address
duplicates because we anticipated multiple clinicians using the same computer in a clinical setting.
IP addresses were checked for duplicates. Entries with identical IP addresses and demographic
data were compared for duplicates. To estimate which demographic characteristics (of the
respondent) predicted prescribing aerobic exercise, we conducted a stepwise regression.
McNemar’s test was conducted to estimate if the treatment proportions differed between vignette
1 and vignette 2 for aerobic exercise. Open text sections were analyzed using qualitative content

analysis. Open text responses were categorized using themes generated from the data, 83184

Results

Members of the CATA and CPA were contacted on two occasions by email. A reminder email
was sent two weeks following the first invitation. The CATA and CPA have approximate
memberships of 1,000 and 10,000 respectively. Members of the CAOT were notified of research
opportunities in a national newsletter and via social media on two occasions. The CAOT has an
approximate membership of 9,000. There were 957 visitors to the first page of the survey, 665
completing the first clinical vignette and 555 completing the entire survey. The completion rate
was 57% (555/957), but variable across designations. Respondent demographic characteristics are

outlined in table 1.
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Table 1: Demographic Characteristics

Vignette 1 | Vignette 2
n=665 n=555
Age
<24 10 7
25-34 275 226
35-44 162 133
45-54 136 119
55-64 68 59
65+ 14 11
Sex distribution
Female 478 399
Male 187 156
Designation
Athletic Therapist 216 183
Occupational Therapist 11 9
Physical Therapist 413 343
Other 25 20
Years of experience
<5 156 126
5-10 167 142
11-15 83 65
16-20 75 63
>21 184 159
Education Level
Bachelor’s 351 299
Master’s 266 217
Doctorate 21 17
other 27 22
Work setting
Private outpatient 410 344
Academic institution (post-secondary) 71 60
Health System/Hospital-based 41 34
School system 22 20
Concussion/mTBI clinic 23 17
Other: 98 80
Multidisciplinary setting
Yes 476 399
No 189 156
Patients/year with concussion
0 53 40
1-12 376 317
13-24 118 98
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25+ 118 99
Location of Practice

Alberta 91 77
British Columbia 104 87
Manitoba 39 36
New Brunswick 15 15
Newfoundland and Labrador 4 3
Nova Scotia 25 22
Ontario 261 210
Prince Edward Island 4 3
Quebec 90 75
Saskatchewan 24 20
Yukon 2 2
Other 6 5

Treatment Prescribed

Regarding the type of treatment selected, the top four options (education, goal setting, sleep
recommendations, and energy management) were identical for both clinical vignettes. All
treatment options were endorsed, and, in both cases, some respondents indicated additional types
of treatment by selecting ‘other’. The most frequently described ‘other’ treatments included;
craniosacral therapy, osteopathic treatment, and additional assessments. While these ‘other’
treatments were most frequently described they were selected by less than 5% of the sample. When

combining vignette one and two, rest was advised by five respondents.

Table 2: Type of treatment prescribed? n(%)

Vignette 1 Vignette 2

n=665 n=555
Education 565 (85) 446 (80)
Sleep recommendations 430 (65) 322 (58)
Goal Setting 385 (58) 298 (54)
Energy Management 364 (55) 345 (62)
Manual Therapy 251 (38) 205 (37)
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Aerobic exercise 237 (36) 195 (35)
Exertion 194 (29) 173 (31)
Return to Learn Protocol 192 (29) 227 (41)
Stretching 177 (27) 147 (26)
Return to Play Protocol 152 (23) 117 (21)
Visualization/imagery 131 (20) 76 (14)
Massage 114 (17) 88 (16)
Coordination Drills 108 (16) 87 (16)
Strength training 59 (9) 53 (10)
Acupuncture 54 (8) 41 (7)
Other 85 (13) 47 (8)

4Choices are not mutually exclusive

To evaluate consistency of prescribing aerobic exercise across clinical vignettes we conducted a

McNemar’s test. This analysis included only those participants who completed both clinical

vignettes (n=555). There was a trend indicating clinicians were more likely to prescribe aerobic

exercise for vignette two compared to vignette one, though not statistically significant (p=.054).

Table 3: Aerobic exercise by vignette matrix

Vignette 2 Yes
Aerobic Exercise

Vignette 2 No
Aerobic Exercise

Vignette 1 Yes

Aerobic 39
Exercise

Vignette 1 No

Aerobic 323
Exercise

To estimate which demographic characteristics (of the respondent) predicted prescribing aerobic

exercise, we conducted a stepwise regression. The dependent variable was selecting aerobic
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exercise. The following demographic characteristics were independent variables considered for

the model; clinician designation, years of experience, age, work setting, location of practice,

multidisciplinary setting, and percentage of caseload with concussions.

For clinical vignette one, using a backward stepwise regression, the final model included; clinician

designation, multidisciplinary setting, and percentage of caseload with concussions as independent

variables (table 4). The reference level in the model was Athletic Therapist, caseload <10% of

patients with concussion, no multidisciplinary setting. For clinical vignette 1, those clinicians with

the highest caseload of patients with a concussion were 2.7 times more likely to prescribe aerobic
exercise (p=.024, 95% CI 0.13-1.91)

Table 4: Logistic Regression Results — vignette 1

Vignette 1 95% Confidence Interval
upper

estimate | odds ratio | lower bound bound significance
intercept AT, <10%, no
multidisc -1.2862 | 0.2763188 | -1.732176764 | -0.8585084 | 7.47E-09
Physical Therapist 0.3502 1.4193514 | -0.016571657 | 0.7245967 | 0.2458
Occupational Therapist -0.9747 | 0.3773055 | -2.932005468 | 0.5217082 | 0.435
Other -0.3889 | 0.677802 | -1.448396805 | 0.5365004 | 0.0636
11-25% 0.2622 1.2997865 | -0.144045653 | 0.6638037 | 0.2025
26-50% 0.2429 | 1.2749411 | -0.490330911 | 0.9420079 | 0.5028
51-75% 1.0555 | 2.8734115 | -0.112052811 | 2.2961614 | 0.078
76-100% 1.0125 | 2.7524736 | 0.13237355 1.910644 0.0242
Multidisciplinary setting
(yes) 0.3714 | 1.4497629 | 6.18262E-05 | 0.7528576 | 0.0528

dstatistically significant

For clinical vignette two, using a backward stepwise regression, the final model included: clinician

designation and percentage of caseload with concussions as independent variables (table 5). The
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reference level in the model was Athletic Therapist, caseload <10% of patients with concussion.
For clinical vignette two, Physical Therapists, and clinicians with the two highest caseloads of
patients with a concussion were significant predictors of prescribing aerobic exercise. Physical
therapist were 1.7 times more likely to prescribe aerobic exercise compared to Athletic Therapists
(p=.007, 95%CI .15-.97). Therapists with a majority of their caseload consisting of patients with
a concussion were four (p=.02, 95%CI .23-3.1) and seven (p=.0004, 95%CI .92-3.13) times more
likely to prescribe exercise compared to those therapists whose caseload consists of 10% or less

concussion patients.

Table 5: Logistic Regression Results — vignette 2

Vignette 2 95% Confidence Interval

estimate | odds ratio | Lower bound | upper bound | significance
intercept (AT, <10% case
load) -1.13603 | 0.3210912 | -1.5291272 -0.7614903 | 6.13E-09
Physical Therapist 0.55883 | 1.7486254 | 0.1545221 0.9746775 0.0074672
Occupational Therapist -1.76453 | 0.1712673 | -4.7928896 | 0.156387 0.126835
Other 0.07322 | 1.0759672 | -1.033927 1.0656481 0.889501
11-25% 0.2373 1.2678214 | -0.2088527 0.6779309 0.293232
26-50% 0.19356 | 1.2135622 | -0.5843079 0.9309329 0.613391
51-75% 1.54542 | 4.689941 | 0.2376358 3.1004179 | 0.028022
76-100% 1.95476 | 7.0622239 | 0.9251095 3.1393899 0.0004142

dstatistically significant

Aerobic Exercise Characteristics

Vignette 1: Stationary cycling and treadmill were the most common modes of aerobic exercise.

The most common methods of selecting the duration of aerobic exercise were based on a

predefined number of minutes, the exacerbation of concussion symptoms, or until fatigue occurred.
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The average length of time selected for the duration of exercise was 17 + 6 minutes (table 6). The
most common methods of selecting the intensity of exercise were based on a perceived exertion
scale or, heart rate zone. For those clinicians using a perceived exertion scale, the most common
exertion levels included: “easy”, “just feeling a strain”, and “starting to get hard”. On a 10-point
scale these represent 3/10, 4/10, and 5/10. For those clinicians using a heart rate zone, 50-80% of

the maximum heart rate was most common.

Vignette 2: Stationary cycling and treadmill were the most common modes of aerobic exercise.
The most common methods of selecting the duration of aerobic exercise were based on a
predefined number of minutes, the exacerbation of concussion symptoms, or until fatigue occurred.
The average length of time selected for the duration of exercise was 17 + 6 minutes (table 6). The
most common methods of selecting the intensity of exercise were based on a perceived exertion
scale or, heart rate zone. For those clinicians using a perceived exertion scale, the most common
exertion levels included: “just feeling a strain”, “starting to get hard”, and “getting quite hard”. On
a 10-point scale these represent 4/10, 5/10, and 6/10. For those clinicians using a heart rate zone,

50-80% of the maximum heart rate was most common.

Table 6: Aerobic Exercise Characteristics

Vignette 1 Vignette 2

Prescribed (n) 237 195
Frequency (days/week)

<=3 60 47
4-6 80 61

7 64 48
Symptom Dependent 13 14
Other 3 3
N/A 17 22

Education

In both clinical vignettes, education was the most highly endorsed treatment option. Seven

educational themes were generated from the data including the following topics; 1) information
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about the injury, 2) recovery, 3) management, 4) nutrition/hydration/sleep, 5) reassurance, 6) goal
setting, and 7) parent/guardian education. Goal setting was described by some clinicians as an
educational strategy while others chose the ‘goal setting’ response in the treatment options.
Information about recovery was focused on the risk of returning to activity too early, and possible
referral options. Regarding managing the injury, information was provided about how to manage
symptoms, school and activity modifications, handling emotional symptoms, and the

use/restriction of electronics/screen time.

Refer

Most respondents indicated that they would refer patients from both vignettes. In vignette one,
64% of clinicians indicated they would refer to another practitioner compared to 50% for vignette
two. For vignette one, the top two referrals were to a psychologist or physician. For vignette two,

the top two referrals were to a physician and osteopath (table 7).

Table 7: Referral Frequencies®

Vignette 1 (n=423) n (%) Vignette 2 (n=281) n (%)
Psychologist 207 Physician 170 (60)
(50)
Physician 168 Osteopath 62 (22)
(40)
Osteopath 73 (17) Occupational Therapist 49 (17)
Occupational Therapist 70 (17) Psychologist 36 (13)
Massage Therapist 46 (11) Athletic Therapist 34 (12)
Physical Therapist 41 (10) Physical Therapist 32 (11)
Neuropsychology/Neurology 40 (9) Massage Therapist 27 (10)
Athletic Therapist 33(8) Neuropsychology/Neurology | 22 (8)
Kinesiologist 27 (6) Kinesiologist 20 (7)
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Sport Medicine Physician 14 (3) Concussion Clinic 9(3)
Concussion Clinic 11 (3) Sport Medicine Physician 8 (3)
More experienced 9(2) Eye specialist 7(2)
therapist/Specialist
(unspecified)
Eye specialist 9(2) More experienced 5(2)
therapist/Specialist
(unspecified)
Chiropractor 4(1) Chiropractor 3(1)
Acupuncture 5(1) Acupuncture 2 (1)
Vestibular therapist 3(1) Vestibular therapist 1(<1)
School counsellor 2 (<1) School counsellor 0(0)
Speech Language Pathologist | 1 (<1) Speech Language Pathologist | 2 (<1)
Other 22 (5) Other 19

4Choices are not mutually exclusive

Discussion

This study examined the concussion management practices of Canadian Athletic, Occupational,
and Physical Therapists. To our knowledge, no study to date has explored the type of treatments
clinicians prescribe following concussion in youth. While acute concussion management
guidelines have become more consistent,*?* guidelines for the sub-acute phase are less clear,
especially when patients remain symptomatic.'’® Patients who experience prolonged symptoms
are more at risk of developing depression, and anxiety.'® Further, persisting symptoms have a
higher likelihood of interfering with school participation'®® and influencing academic
performance.'®” The clinical management of patients experiencing a prolonged recovery from

concussion can have long term implications.

We observed a high completion rate (57%) which is likely attributed to topic salience. We cannot
say with certainty the total number of practitioners that received an invitation to participate in this

research, and therefore cannot calculate a response rate. Concussions are widely discussed in the
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mainstream media and have garnered attention outside the clinical setting. The current climate and
public attention has brought increased awareness to this topic and as a result some clinicians may
have been more likely to participate in this research. Further, during recruitment, the Consensus
statement on concussion in sport and other publications from the 5" International Conference on
Concussion became available.* These publications are freely available, and widely distributed,

which possibly added to the increased interest in our research.

The clinical vignettes used in the survey were non-specific as our interest was to observe if and
how clinicians used aerobic exercise for concussion management. The results of this study suggest
that a large variety of treatments were recommended for the clinical vignettes provided. Regarding
the type of treatment prescribed, similar responses were observed for both clinical vignettes.
Education, sleep recommendations, goal setting, and energy management were the most
commonly selected treatments. A critical element of treatment and rehabilitation of any injury
includes education. Education can cause changes in patients attitudes and behaviors, which can
influence the recovery process.*®® Changes in both the quality and quantity of sleep post-mTBI
have been observed in adolescents!®1%0 and adults.®* Sleep counseling and recommendations are
critical since augmented sleep patterns can influence depressive symptoms,*8 return to school, %2
and cognitive function.'®® Evidence has shown that goal setting can enhance the effectiveness of
clinical treatment.’®* Energy management, sometimes referred to as pacing, is a rehabilitative
approach where patients decide how active they can be without aggravating their condition.1%
Giving patients the control to manage their symptoms and activity level is both necessary and
empowering. While a variety of treatments were recommended for both clinical vignettes, the top
interventions (goal setting, sleep recommendations, energy management) fall under the umbrella
of educational strategies. A recent scoping review exploring rehabilitation interventions in youth
following concussion, revealed that educational approaches, such as early intervention,'*’ or phone
counseling®®® had no significant effect on recovery.'®® Additional research is needed to explore if
and how these educational approaches (energy management, goal setting, sleep recommendations)

influence recovery from concussion.

Despite limited evidence-based research regarding treatment for concussive injuries, there is a

trend moving toward classification-based approaches. For example, patients who present with
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balance deficits, and dizziness would be classified as having vestibular dysfunction and would be
treated for those specific impairments.®*” We intentionally avoided specific classification types
(ex. cognitive, cervical, vestibular) due to our interest in exercise as a therapeutic tool. Of the
treatment options provided in the survey, only two have evidence-based research indicating a

positive influence on recovery in youth; manual therapy® (when indicated) and aerobic exercise.'’

A growing body of literature has shown that individualized, low-intensity, aerobic exercise is a
viable treatment for youth experiencing persisting symptoms following a concussion, specifically
in the sub-acute phase.’31116-119151154160.197 However, the use of exercise for concussion
management is a dramatic paradigm shift from previous treatment recommendations which were
heavily focused on physical rest. Expert consensus long advocated the necessity of physical rest
following concussive injury.?® Evidence to date has shown that complete physical rest until
becoming asymptomatic may not be the best approach, especially when recovery takes longer than
usual.”">11% However, it is not clear if this evidence is currently used in practice. We find that just
over one-third of respondents indicated that they would prescribe aerobic exercise in either clinical
vignette. Interestingly, there was no significant difference in the percentage of clinicians
prescribing aerobic exercise when comparing vignette one and two, though a trend was evident.
Clinicians were not more likely to prescribe exercise even when a patient had been inactive for
four weeks. Our results suggest that for patients experiencing persisting symptoms, there is likely
a benefit from seeking treatment from a clinician who specializes in concussion care. Respondents
who have a high caseload of patients with a concussion were more likely to prescribe exercise as
a management strategy. Those clinicians specializing in the treatment of concussion are probably
more likely to use evidence-based strategies. Research has shown that prolonged inactivity can
contribute to persisting symptoms following a concussion.” However, there seem to be barriers

that prevent clinicians from using exercise as a therapeutic tool for concussion management.
Limitations

The survey used in this study had been pilot tested but was not previously validated. We
acknowledge that the questions are subject to interpretation and understanding which may vary

amongst respondents. We only sampled clinicians from three national associations and
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acknowledge that other health care providers are involved in the management of concussive
injuries, though we have not reached them in our sampling. Further, some rehabilitation therapists
(PT & OT) are not required to register with their national association and as such our recruitment
strategy may have excluded these potential participants. We acknowledge that our sample consists
mostly of physical therapists working in a private, outpatient setting who reported seeing less than

12 concussion patients per year. As with any online survey, responder bias cannot be avoided.

Conclusions

Clinicians are prescribing a wide variety of treatments for youth with persisting symptoms
following concussion. The most frequently observed responses indicated that educational
strategies are commonly used. Limited evidence-based treatments were prescribed. Our results
show that a large proportion of clinicians are prescribing treatment that is either ineffective or
unnecessary. This finding aligns with evidence from knowledge translation indicating that
approximately one-third of patients receive treatment that is ineffective.'®® Efforts are required to
move evidence-based research into the hands of knowledge users.
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Chapter 8 — Integration of Manuscripts Il and 111

In the second manuscript we showed that clinicians prescribed a variety of treatments when
presented with vignettes of two youth patients with persisting concussion symptoms. The most
frequently selected treatments fell under the category of education (sleep recommendations, goal
setting, energy management). We found limited use of evidence-based treatments. Just over one-
third of clinicians reported using exercise-based approaches. Although there was a trend for
clinicians to prescribe exercise when the vignette patient had been inactive for a longer period, this
result was not statistically significant. Those respondents with higher caseloads of patients with a
concussion were more likely to prescribe exercise. Barriers exist that prevent clinicians from using

exercise as a management strategy.

The first line of inquiry was an environmental scan of the current use of exercise-based
interventions for concussion management. Our findings indicate that there are a wide variety of
treatments in the literature for youth following concussion. Unfortunately, the quality rating of
most studies was fair. Though we identified many studies in our scoping review using an exercise
component, our clinician survey revealed that just over one-third of clinicians are using exercise

in practice.

To contribute to our knowledge regarding the use of exercise-based interventions, our second line
of inquiry was to estimate the effectiveness of exercise-based interventions in decreasing post-
concussion symptoms. Therefore, the following three studies (reported in manuscripts 11, IV and
V) examine different aspects of effectiveness. Two studies (reported in manuscripts 1 and 1V)
examine an active rehabilitation program currently implemented at the Montreal Children’s
Hospital, McGill University Health Center. The mTBI Program/Concussion Clinic provides

clinical services for hundreds of children and youth annually.

The active rehabilitation protocol and theoretical rationale (described in detail elsewhere),”3!
consist of four components: 1) aerobic activity, 2) coordination/skill practice, 3) visualization and,
4) education and motivation. The active rehabilitation intervention is delivered by trained
physiotherapists who work in the mTBI Concussion Clinic. Patients are seen initially by a clinical
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coordinator and physiotherapist for a complete history and physical assessment. Patients are
referred to the Active Rehabilitation intervention if they continue to experience concussion signs
or symptoms three weeks following injury. The intervention is initiated in-clinic with a
physiotherapist. Patients are provided with a home program that is to be completed daily and
includes the same components as those used during the physiotherapy session. Physiotherapists
follow-up with patients (by phone or in-clinic) after one week of the intervention to modify or

progress the home program.

To begin the active rehabilitation intervention aerobic exercise is started at 60% of age-predicted
maximum heart rate on a stationary bicycle or treadmill for 15 minutes. Coordination and skill
practice is completed for up to ten minutes and is individualized according to the participant’s
sport/activity preference. Activities could include stick handling, shooting, dribbling or other basic
sport skills. Heart rate is monitored during aerobic training and coordination skill practice using a
portable Polar heart rate monitor and chest strap (Polar Electro, Inc., Lake Success, NY, USA).
Visualization involves five to ten minutes of sport/activity imagery based on participant
preference. This visualization often mimicked the coordination and skill practice. If appropriate
and able, participants were instructed to choose a specific skill and visualize it in a positive manner
with realistic timing. Education is provided at each clinic visit by the coordinator or physiotherapist
including information about recovery, coping with post-concussion symptoms and the process of
returning to school and sport. Patients who experience worsening of symptoms during the aerobic
or coordination phases stop the activity and make note of the amount of time completed if less than
15 minutes, this duration becoming the target duration to be used as a home program of exercise.
Children continue the activities at home and fill out a log to report the daily levels of symptoms as
well as level of involvement in the various activities. Children are instructed to contact the
physiotherapist if they could not engage in activities without an increase in symptoms for 2
consecutive days. Clinicians are in contact with all patients to monitor compliance and tolerance,
review the home program and adjust the exercise protocol as needed. Patients are symptom free

for one week at rest are advised to start the stepwise, progressive return to play protocol.
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To our knowledge it was the first of its kind to use an exercise-based intervention for youth with
persisting symptoms from concussion.” Two studies have been published from their clinical
population.”%® The initial study in 2009 reported on the intervention development, underlying
principles, and preliminary data from a small cohort of patients. This study sampled all patients
during the first 17 months of implementation.” In 2016, a case study reported the results of 10
patients who were consecutively referred to the program over a four-month period.'*® Results of
both studies were positive and this foundational work inspired studies three and four. Our aim was
to collaborate with the clinical team to build on previous research. The clinic maintains a database
containing prospectively collected data obtained during clinical visits. Given the rich nature of this
dataset, we wanted to explore important questions related to this unique intervention through the
database. We conducted two retrospective studies of the participants included in the clinical
database for manuscripts 111 and 1V. The purpose of the third study was to identify if positive
results from previous, small pilot studies, examining the effectiveness of the MCH intervention

could be replicated in a larger, more diverse sample of patients.
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Abstract

Objective: To estimate the extent to which post-concussion symptoms were influenced by
participation in an Active Rehabilitation (AR) program (aerobic exercise, coordination drills,
visualization, and education) for children and adolescents who are slow to recover from
concussion. A secondary exploratory objective included examining the influence of sex on

symptom evolution.

Methods: Analysis of prospectively collected data was performed on 277 youth who initiated an
AR program, between three and four weeks post-injury at a Concussion Clinic in a tertiary care

pediatric teaching hospital.

Main Outcome Measure: Post-concussion symptom scale (PCSS) from Sport Concussion

Assessment Tool-3 (SCAT 3).

Results: Children and adolescents participating in an active rehabilitation program displayed
improved post-concussion symptom severity at follow-up (median=9.5) compared to pre-
intervention (median=18) (p<.05). Patients demonstrated improved physical, cognitive, emotional,
and sleep related post-concussion symptoms (p<.05). Female sex was associated with an increased

post-concussion symptom severity at follow-up.

Conclusions: Youth experiencing persisting symptoms three to four weeks post-concussion
demonstrated improved post-concussion symptoms scores (physical, cognitive, emotional, and

sleep related) with participation in an active rehabilitation program.
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Introduction

Although the majority of youth recover from concussion within two weeks, approximately one
third of them experience persisting symptoms for up to four weeks.??% Persisting symptoms have
been shown to interfere with day to day activities in children and adolescents.® Evidence has also
shown that there appear to be sex related differences in how males and females report post-
concussion symptoms.29-292 Fyrther, sex has been found to influence the length of recovery after
concussive injury.2292203 At present, there is little evidence available to guide decisions on how to

best help children and adolescents who experience persisting post-concussion symptoms. 14

Expert consensus has long advocated for the necessity of physical rest following concussion?® until
becoming asymptomatic.®285859204 Evidence supporting physical rest have been largely based on
the animal model, where a period of neurometabolic crisis occurs following concussion, and
exercise in this acute phase would further exacerbate the demand for brain metabolites, which are
in low supply during this period. Further, animals who are permitted to exercise very early after
an induced concussion demonstrate poorer cognitive function.?%® Evidence from the animal model

therefore appears to justify supporting rest, at least in the acute period following the injury.

However, when applied to humans and to the subacute period post-injury, evidence obtained from
the animal model must be carefully examined for its suitability as the traditional approach of
physical rest until symptoms resolve,?% could in fact be detrimental to this unique group of Kids.
Indeed, prolonged rest from physical activity, following injury in humans, has been found to have
some negative consequences on recovery.%” Possible harmful effects of prolonged inactivity
following injury include: 1) anxiety about the recovery process, 2) psychological complications,

and 3) physical deconditioning.?® These effects have been shown to induce concussion like
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symptoms which further complicates recovery. Indefinite, prolonged physical rest in youth with

persisting symptoms may not be the best approach to concussion management.

In 2009, Gagnon et al, introduced an exercise-based intervention for children and adolescents with
persisting symptoms port-concussion, which they called “Active Rehabilitation” (AR). In this
initial paper, they described the principles for the development of the approach, as well as
presented data from a case series from the Rehabilitation After Concussion program at the
Montreal Children’s Hospital.” This program, which was to be added to the usual rest-based
recommendations, activity restrictions and school accommodations, has been described
extensively.”3207 |t consists of four main components: aerobic exercise, coordination drills,
visualization and education/motivation and each of these will be detailed in the methods section
of this paper. This program, initiated at a clinical visit with a physiotherapist, is continued as a
home program and progressed until complete recovery is achieved. The novelty of the AR program
was that it was the first to use an intervention that was exercise-based, co-constructed with the
participant, empowering and engaging for youth experiencing persisting symptoms. The decision
to use exercise to treat concussion symptoms lies in lines of evidence demonstrating the positive
effect of exercise on general physical well-being and conditioning, but also on mood, sleep and
cognition, all commonly reported as problematic following concussion. Although the benefits of
physical activity are widely acknowledged for a variety of conditions, its use to manage

concussions was somewhat controversial at the time.

Taken as a whole, studies proposing physical activity to manage persistent concussion symptoms
in the last 10 years have generally been positive. Studies to date have demonstrated that

individualized, physical activity strategies appear safe, feasible®! and may promote recovery’ 117160
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by improving symptoms which are physical, sleep-related, cognitive and emotional in nature.*?

However, these studies have been limited by small sample sizes, methodological concerns, and no
data on adherence or adverse events. Understanding if findings from our two previous case series
on AR can be replicated in a larger, more diverse clinical sample was the rationale for the present
study. Since 2007, The Montreal Children’s Hospital Trauma Centre has offered AR after
concussion through the Mild Traumatic Brain Injury Program/Concussion Clinic. This program
sees over 400 children and adolescents annually who are slow to recover and maintains a
comprehensive prospective clinical database. This clinical population presents an opportunity to
evaluate the influence of participating in AR in a significantly larger sample of patients. The
primary objective of this study was therefore to estimate the extent to which post-concussion
symptoms were influenced by participating in the Active Rehabilitation program in children and
adolescents who were symptomatic at least four weeks after concussion and thus considered to
have persisting symptoms or being “slow to recover”. A secondary, exploratory objective was to
estimate the extent to which sex influenced post-concussion symptom evolution in the group of

children receiving AR.

Methods
Participants and Procedures

Participants had been referred to the MTBI program/Concussion Clinic of The Montreal
Children’s Hospital, McGill University Health Centre (MCH-MUHC), a tertiary care paediatric
trauma centre and teaching hospital affiliated with McGill University in Montreal, Canada, from
various sources (emergency department, community physicians, regional centres, adult trauma

centres). All participants had a confirmed diagnosis of MTBI or concussion from the referring
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physician based on the WHO case definition.2%® Ethical approval was obtained from the Pediatric

Research Ethics Board of the McGill University Health Centre.

All patients first had an intake visit with a Trauma Coordinator (registered Physiotherapist or
registered Nurse) within 48-72 hours of referral. During the intake visit, the coordinator conducted
a clinical interview assessing for history of present and previous concussions, as well as for
medically diagnosed anxiety, depression, and learning disabilities as reported by participants and
their parent/guardian. Additionally, the clinic coordinator obtained information about the use of
any current medications. During the intake visit patients were educated about energy conservation,
activity restrictions, and school accommodations. Following the intake visit, participants were
instructed to inform the Coordinator if symptoms persisted beyond three weeks post-injury. At this
time, patients were considered eligible to begin the AR program. Based on the presence of
previously diagnosed psychological conditions or on the existence of current school difficulties,
some patients were additionally referred for neuropsychological or psychological services as

determined by the clinical care team.

Participants who were referred for AR between April 2012 and March 2015 (n=677) were screened
for eligibility for inclusion in the present study. Eligible participants were identified from the
clinical database and included if they met the following criteria; 1) the patient started the Active
Rehabilitation program between three and four weeks post-injury, and 2) had a follow up
appointment between four and eight weeks post-injury. These criteria were established to improve
the methodological quality of the study and use timelines that are consistent with typical

intervention lengths.
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Outcome Measure

The primary outcome was post-concussion symptoms, measured by the Post-Concussion
Symptom Scale (PCSS) included in the Sport-Concussion Assessment Tool-2 and 3°28). This
measure is a 22-item patient-report questionnaire that measures the presence and severity of a
variety of common post-concussion symptoms.>® The PCSS addresses a number of symptom
clusters including physical, cognitive, emotional, and sleep related items based on factor analysis
presented by Lau?®® and Pardini.?’ The physical symptoms include; headache, pressure in the head,
neck pain, nausea, dizziness, blurred vision, balance problems, sensitivity to light, and sensitivity
to noise. The cognitive symptoms include; feeling slowed down, feeling like in a fog, don’t feel
right, difficulty concentrating, difficulty remembering, and confusion. The emotional symptoms
include; feeling more emotional, irritability, sadness, and nervous or anxious. The sleep symptoms

include; fatigue, drowsiness, and trouble falling asleep.

Individual symptoms are rated on a 7-point Likert scale with anchors to qualify the numbered scale
(none = 0, mild = 1-2, moderate = 3-4, severe = 5-6). The range of possible scores for symptom
severity is 0-132, with a higher score indicating increased presence and severity of symptoms. 17>
The internal consistency, using Cronbach’s Alpha, in a sample of concussed high school and
college athletes, was 0.94.° Significant differences in post-concussion symptom scores have been
found between concussed individuals and healthy controls.}” To this day, post-concussion

symptoms are the most commonly used marker to diagnose concussion and track recovery.*
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Intervention

The Active Rehabilitation protocol has been described previously by Gagnon et al.”3%207 |t
consists of four components: 1) aerobic activity, 2) coordination/skill practice, 3) visualization
and, 4) education.
1. Aerobic activity:

Upon completion of the clinical assessment the physiotherapist equips the patient with a Polar
heart rate monitor and chest strap (Polar Electro, Inc., Lake Success, NY, USA). The target heart
rate zone (50-60%) is calculated based on age-appropriate formulae.?!® The physiotherapist
advises the patient of the target heart rate zone. The patient is provided with the Pictorial Children's
Effort Rating Table (PCERT) as a visual guide for the intensity of aerobic exercise to be used for
the home program.?!! The patient identifies the level of intensity on the PCERT that corresponds
to the target heart rate zone. Once the desired mode of exercise is chosen (stationary bike or
treadmill) the physiotherapist advises the patient to begin exercise. The symptom status is
reviewed prior to starting aerobic exercise and re-checked every five minutes. The physiotherapist
adjusts the speed of treadmill or resistance on the stationary bike until the target heart rate is
achieved. The physiotherapist instructs the patient to notify them if any symptoms increase more
than two points (on the 7-point Likert scale) during activity. The patient continues aerobic activity
until they achieve fifteen minutes in the target heart rate zone or until symptoms worsen requiring
stopping. If symptom exacerbation results in stopping aerobic activity, the duration of the tolerated
period is noted.

2. Coordination/Skill Practice:
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The coordination/skill practice is individualized based on the patient’s preference and performed
for a maximum of ten minutes. Coordination/skill practice are individual exercises without risk of
further injury. Examples of exercise include; stick handling, dribbling, shooting, or agility drills.
Symptom status is monitored throughout, and exertion intensity cannot be greater than that used
for the aerobic component.

3. Visualization:
Imagery techniques are introduced to promote positive experiences related to physical activity
participation. The patient is asked to select a motor task. This task often corresponds to the patient’s
coordination exercise. The physiotherapist instructs the patient to perform positive visualization
of the motor task.

4. Education:
The patient and family review education regarding recovery, managing symptoms, return to play
and return to school recommendations, energy conservation, sleep hygiene, nutrition, hydration,
and self-management tools. Clinicians also discuss the process of activity resumption as well as

the gradual return to play protocol.

Finally, the patient is provided with a home program to continue AR. The home program is
identical to the tasks completed at the in-clinic visit and lasts for twenty to thirty minutes. The
physiotherapist provides the patient with a home program log and advises the patient to complete
it daily. For safety, patients are advised to stop the current activity session if any symptom
increases by more than one point. If symptoms remain elevated the next day, they are instructed

to call the clinic for follow-up. Once patients begin the AR, regular follow-up visits, completed by
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telephone or in-person, are scheduled. When patients become asymptomatic for one week (based
on patient report), have a normal clinical exam, return to complete cognitive/school activities, and
successfully complete an exertion test, they are instructed to begin a stepwise, progressive return
to play protocol as per current guidelines.

Statistical Analysis

Analysis of data were conducted using R version 3.1.2 (2014-10-31). Statistical significance was
set at P<.05. Data were checked for normality using the Shapiro-Wilk test. To estimate the extent
to which PCSS total score and individual clusters scores were influenced by participation in AR,
changes from pre-intervention to follow-up were analyzed. Total symptom severity score was
obtained by summing the score of each individual symptom, while cluster scores were obtained
by summing the physical, cognitive, emotional, and sleep related items respectively. Non-
parametric testing using the Wilcoxon rank sum was conducted for variables that did not
demonstrate a normal distribution. To address our secondary objective and explore the influence

of sex on post-concussion symptoms we conducted a linear regression.

Results
Descriptive Statistics

Of the 677 eligible patients, 277 participants met the inclusion criteria. The pre-intervention
appointment was a mean 28 + 3.3 days following injury. The follow-up in-person visit was
conducted on average 40 + 7.4 days post-concussion. The average age was 14.1 + 2.3 years old at
the time of injury. Table 1 outlines the participant characteristics. The sample was comprised of
135 (48.7%) female and 142 (51.3) male participants. The most common cause of injury reported

by 217 (78%) participants was sport-related.
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Table 1: Participants Characteristics (n=277)

Variable N (%) if not
stated
Age (mean £ SD) 141+2.3
Gender Female 135
Male 142
History of Concussion 104 (37.5)
History of Anxiety 99 (35.7)
History of Depression 14 (5)
Learning Disability 8 (2.9)
History of Sleep Disorder 57 (20.6)
Initial Headache 97 (35)
symptoms Dizziness 52 (18)
(at time of Nausea 37 (13)
injury) Vomiting 5(1)
Confusion 6 (2)
Difficulty Concentrating 10 (3)
Fatigue 15 (5)

Post-Concussion Symptoms

To estimate the influence of participating in the AR program, the pre-intervention and follow-up
visit PCSS scores were compared. The distribution of symptom severity scores demonstrated a
right skew. Testing assumptions of univariate normality using the Shapiro-Wilk test revealed that
symptom scores at pre-intervention and follow up were not normally distributed (p<.05). Based
on the non-normal distribution of symptom scores, a non-parametric Wilcoxon Rank Sum test was

conducted. The total symptom severity score at follow-up (median=9.5) was improved compared
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to pre-intervention (median=18), z = -7.35, p<.05 (table 2). Each of the symptom clusters
(physical, cognitive, emotional, and sleep) was improved at follow-up compared to pre-
intervention (p<.05) (table 2). Total post-concussion symptoms and cluster scores at both time
points were higher in female participants compared to males (figures 1 and 2). A multiple linear
regression established that sex, and pre-intervention symptoms could statistically predict post-
concussion symptoms at follow-up. A significant regression equation was found (F(2, 273 )
=189.8, p<.001), with an adjusted R? of 0.57. Female sex was associated with an increased post-

concussion symptom severity at follow-up.

Table 2: Post-Concussion Symptom Severity Scores at Pre-intervention and Follow-up

Pre-initiation of Follow-up visit Significance
AR Median (IQR)
Median (IQR)
Total PCSS Score 18 (9-34) 9.5 (3.75-24.25) <.001
PCSS
clusters Cognitive Symptoms 4 (2-9) 2 (0-5) <.001
Emotional Symptoms 2 (0-6) 1 (0-4) <.001
Sleep Symptoms 3 (1-6) 1(0-4) <.001
Physical Symptoms 8 (4-14) 5(1-11) <.001
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Figure 1: Post-Concussion Symptom Severity Total Score by Sex
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Figure 2: Post-Concussion Symptom Cluster Scores by Sex
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This study was a retrospective analysis of prospectively collected information evaluating the

influence of participating in an AR program on post-concussion symptoms in children and
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adolescents who were slow to recover from concussion. The clinical database from the MTBI
program/Concussion Clinic at the Montreal Children’s Hospital Trauma Centre of the McGill
University Health Centre was the source of information. Overall, our results showed that
participation in an active rehabilitation program was associated with decreased post-concussion
symptom severity compared to pre-intervention. We also found that each symptom cluster, namely

physical, cognitive, emotional and sleep related, was significantly lower at follow-up.

Our sex-based results showed that female participants in this sample reported higher post-
concussion symptoms compared to males at pre-intervention and follow-up. Both the total
symptom severity and the cluster scores were higher in females compared to males. This trend has
been observed in other studies both at baseline,?*2 and post-concussion.?%? Our regression analysis
revealed that female sex was a significant predictor of increased total post-concussion symptoms
at follow-up. Despite observed sex differences we find that both males and females experience

improved symptoms while participating in active rehabilitation post-concussion.

Findings from this study are consistent with three previous studies using active rehabilitation
strategies in youth.”7 Two studies by Gagnon et al., a case series (n=16),” and pilot study
(n=10)3! observed statistically significant improvements in post-concussion symptoms while
participating in active rehabilitation. A randomized trial by Kurowski et al., found subsymptom
exacerbation aerobic training to induce greater improvement in post-concussion symptoms
compared to a full body stretching group.'!’ The mean age of participants was similar in all studies.

Patients were symptomatic for at least 3 weeks in all studies. The length of the interventions and
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the timing of outcomes differed between studies. Nonetheless, each study demonstrated that
patients experiencing persisting symptoms experienced improvement of symptoms while engaging
in individualized physical activity. The strength of the current study lies in its sample size and real-
life effectiveness. To our knowledge, this study reports on the largest sample of participants

engaging in active rehabilitation for concussion management.

Our study focused on a unique group of children and adolescents who experienced persistent post-
concussion symptoms three to four weeks following injury and sometimes referred to as being
“slow to recover”. Approximately one third of youth will have prolonged symptoms,? yet there are
currently few options or evidence as to how these patients should be managed.'* The AR program
uses an exercise-based approach to promote recovery. This is in contrast to typical management
practices which advocate rest. There is growing evidence that traditional approaches do not work

well in this unique sample of children and adolescents.

Our sample had a high proportion of youth with a self-reported, or medically documented, history
of concussion. We found that 37.5% of participants reported a previous concussive injury. Other
studies in similar age groups have reported a history of concussion of 22% 2, 26.7% 2%3, and
31%.2' Further, subsequent concussions have been shown to result in longer recovery times

compared to first time concussive injuries.?*

Participants in the present study demonstrated an improvement in PCSS of approximately eight

points while engaging in AR. Two studies have examined post-concussion symptom change scores
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in similar samples. One study identified that a ten-point change in post-concussion symptoms
indicated reliable change.?'® This study used a different version of the post-concussion scale which
contained only 21-items compared to the 22-item scale used in our study. Another study of slightly
older athletes, reported a change score of 6.8 points to be clinically meaningful.>® In light of change
scores observed in similar samples, we propose that the statistically significant change (from pre-

intervention to follow up) in this study may reflect a clinically meaningful change.

Limitations

Obtaining data from a clinical setting presents several challenges. Firstly, in order to examine a
relatively homogenous group of participants we adopted specific inclusion criteria. These criteria
were necessary because the characteristics of the clinical sample were highly variable. By
establishing specific inclusion criteria, we were able to more accurately estimate the influence of
the active rehabilitation program. Secondly, there was no control group for comparison. As such,
it is not possible to identify if the achieved outcomes are directly related to the active rehabilitation
program. Since active rehabilitation is a clinical program we had limited ability to estimate the
frequency of symptom exacerbation during the home program. Lastly, although clinicians were in
contact with patients there was no specific monitoring of the duration or frequency of activities

during the home program.

Conclusion

There is little evidence supporting the use of any intervention for children following concussion,
let alone those who have persisting symptoms.*?® Evidence from this study continues to highlight

the potential use of an active rehabilitation program. Future research would be strengthened by
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three methodological inclusions; 1) including a control group for comparison, 2) monitoring
exercise duration and frequency, and 3) monitoring the safety of this type of management strategy.
These study details would allow the effectiveness of the active rehabilitation program to be
evaluated. Continued work in this area has real-world implications. Clinicians are currently
providing care in the absence of a solid foundation of evidence. Overall, we find continued support

for active rehabilitation for children and adolescents experiencing prolonged symptoms.
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Chapter 10 — Integration of Manuscripts I11 and 1V

In the third manuscript we identified that positive results from previous small pilot studies
(examining Active Rehabilitation post-concussion) could be replicated in a larger, more diverse
clinical sample. Our results revealed statistically significant, and clinically meaningful,
improvements in post-concussion symptom severity, and symptom clusters (physical, cognitive,
emotional, and sleep) while participating in an active rehabilitation program. Further, we found
that female sex was associated with increased post-concussion symptom severity at follow-up
compared to male participants.

As outlined in the literature review (chapter 2), few studies have examined the exercise
characteristics (frequency, duration, intensity, timing of initiation post-injury) of exercise-based
interventions. Understanding the best approach to using exercise for concussion management
requires a stronger knowledge of the timing component. The initial interest in the timing
component stems from the animal model.”® Griesbach et al., demonstrated the concept of an
optimal timeframe in which exercise promoted recovery. While no such study has been conducted
in humans, it is plausible that an optimal timing window exists. There is evidence indicating
immediate return to sport or physical activity following a concussion prolongs recovery.?*"218 |n
essence, exercise too soon impedes recovery. Conversely, patients who experience persisting
concussion symptoms and long periods of inactivity have negative consequences.” A large, multi-
centre, prospective study found that children and adolescents who reported physical activity within
7 days of concussion had a lower risk of persisting symptoms 1 month later compared with those
youth who reported no physical activity.?'® While some factors are unknown regarding the reported
activity (frequency, duration, intensity, timing, type) the study presents the possible benefit of
early physical activity on concussion recovery. However, the intensity of activity may also play
an important role. In a study of youth hockey players, moderate to vigorous activity within the first
few days of initial assessment was associated with longer time until being medically cleared.??° It
is evident that further study is needed to elucidate the influence of time to initiation of exercise
following concussion. In the fourth study, we aimed to address the timing component. We studied
children and adolescents who had received the MCH Active Rehabilitation intervention at different

times in their recovery process to identify if an ideal timeframe existed.
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Abstract

Objective: To estimate the time frame during which initiating an active rehabilitation intervention
(aerobic exercise, balance, and sport specific skills) after concussion contributed to improvement
in symptoms at follow-up in children and adolescents who are slow to recover (symptoms

persisting beyond 2 weeks) from concussion.
Setting: Concussion clinic at a tertiary care paediatric teaching hospital.
Participants: 677 children and adolescents with concussion aged 7-18 years.

Design: Case series of participants starting active rehabilitation <2, 2, 3, 4, 5, or 6+ weeks post-

concussion.

Main Measure: Symptom severity measured by the 22-item Post-Concussion Scale (PCS)-

revised.

Results: All patients experienced significant improvement of symptoms while participating in
active rehabilitation, irrespective of the start time post-onset. Patients initiating active
rehabilitation at 2 (p<0.001), or 3 (p=0.039) weeks post-injury demonstrated less severe PCS at
follow-up than those starting at 6 weeks or later. Patients starting at 2 weeks had lower symptom
severity than patients starting less than 2 weeks (p=0.02), 4 weeks (p=0.20) or 5 weeks post-injury
(p=0.04). Lastly, patients starting less than 2 weeks and 6 weeks, or more post-injury yielded

equivalent outcomes.

Conclusions: The findings support the use of active rehabilitation in children and adolescents who
are slow to recover from concussion. Participants starting active rehabilitation less than two weeks
and up to six or more weeks post-concussion demonstrated significant symptom improvements,

but improvement was observed in all groups, regardless of the time to start active rehabilitation.

Key words: mild traumatic brain injury, brain concussion, exercise therapy, Post-concussion

syndrome
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Introduction

Expert consensus concerning management of concussion favors a gradual return to physical
activity once asymptomatic.?® The current management practice is appropriate for the majority of
patients who recover within two weeks.'®?%° However, for patients who experience prolonged
symptoms, expert consensus provides limited evidence-based recommendations.? In many cases
these patients remain inactive for prolonged periods. Patients with prolonged symptoms (lasting
upwards of one month)?331.22 are more likely to experience secondary consequences of being
inactive.®” The issue of mitigating secondary symptoms is critical to developing treatment

protocols for patients exhibiting prolonged symptoms.

Physical activity immediately following concussion has been reported to be detrimental to
recovery?>#872 and may lead to longer term impairments.1?"-222-226 Animal studies have shown that
exercise too soon can lead to neurometabolic energy imbalances within the brain,®* yet, there is
also evidence to suggest that prolonged inactivity in humans may exacerbate symptoms.®”2%1
Indeed, in a randomized controlled trial, five days of strict rest prescribed immediately after
concussion did not provide benefit beyond that in those who rested for one to two days.”
Determining the ideal time frame during which to initiate exercise is thus an important factor in
concussion management, since evidence has shown that exercise either too early or too late can

have negative implications.

Few studies have evaluated the effectiveness of exercise interventions in individuals with
persistent symptoms following concussion.*?® Three published studies have examined the impact
of active rehabilitation, including exercise, in children”3! and adults*'® who are slow to recover
(symptoms persisting beyond 2 weeks) from concussion. Although these studies differed in
exercise characteristics (e.g. mode, duration, frequency, intensity), they demonstrated that
individualized, closely monitored exercise can be both safe and effective in the management of
persistent post-concussion symptoms. The next logical step is to determine the ideal time frame
following concussion to begin an exercise-based intervention. This paper offers initial evidence in

support of that aim.

83



Objective

The primary objective of this study was to estimate the time frame during which initiating an active
rehabilitation protocol post-concussion contributed to a significant decrease in symptoms at the
follow-up visit. We hypothesized that; similar to findings from the animal model, exercise too
early or too late may delay recovery and have a negative impact on the presence and severity of

post-concussion symptoms.
Setting

The Montreal Children’s Hospital Trauma Center (MCH) of the McGill University Health Center
(MUHC) is a tertiary care paediatric teaching hospital affiliated with McGill University in
Montreal, Canada. Patients were assessed at the mTBI Program/Concussion Clinic that is part of
the MCH Trauma Center. Ethics approval was obtained from the Research Institute of McGill
University Health Centre.

Participants

A total of 677 patients participated in the active rehabilitation protocol between April 2012 and
March 2015. Concussion was diagnosed by a physician prior to entry into the Concussion clinic
based on the WHO case definition,?® and referral for active rehabilitation was triggered in the
presence of post-concussion symptoms persisting for more than 2 weeks. The sample was 54%
female. The active rehabilitation intervention is an ongoing program at the mTBlI

Program/Concussion Clinic.
Procedures

Post-concussion symptoms were assessed at three-time points; 1) intake visit to the mTBI
Program/Concussion Clinic, 2) initial physiotherapy visit at which time intervention was begun,
and 3) follow-up physiotherapy visit, when outcome was re-assessed. Because in some cases the
intake visit and initial physiotherapy visit occurred on the same day, the initial physiotherapy visit
was considered the “pre-intervention” visit for the purpose of this study. For both the pre-
intervention and follow-up visits, symptoms were assessed before the exercise-based treatment

during the physiotherapy assessment portion of the clinical visit.
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Methods

Data were obtained from a database collected prospectively from the mTBI Program/Concussion
Clinic of the MCH between April 2012 and March 2015. After initial concussion management,
participants were instructed to inform the clinic coordinator if symptoms were present 2 weeks
following injury for referral to the active rehabilitation intervention, which was then scheduled to
start between 3 to 4 weeks post-injury (see Gagnon et al, 2009 for details). Clinical judgment and
scheduling issues (vacation, school, parent availability etc.) resulted in some participants

beginning the active rehabilitation protocol prior to 2 weeks.

Outcome Measures

The primary outcome measure was post-concussion symptom severity measured with the Post-
Concussion Scale-Revised (PCS) as seen in the Sport Concussion Assessment Tool 3. This 22-
item self-report questionnaire measures the presence and severity of post-concussion symptoms.?°
Symptoms are rated on a 7-point Likert scale with anchors to describe the numerical scale values
(none =0, mild = 1-2, moderate = 3-4, severe = 5-6). The total symptom score, also referred to as
the symptom severity score, is calculated by summing the individual symptom ratings, yielding a
range from 0-132, with higher scores indicating greater presence and severity of symptoms.
Evaluating post-concussion symptoms is routinely done in the clinical assessment and
management of concussion. Resolution of post-concussion symptoms is a common marker of
recovery from concussion.?® During the intake visit, the clinic coordinator conducted an interview
assessing for history of concussion as well as medically-diagnosed anxiety, depression, and
learning disabilities as reported by participants and their parent/guardian. In addition, the clinic

coordinator obtained information about current medications.
Intervention

The active rehabilitation protocol and theoretical rationale (described in detail elsewhere),”3!
consisted of four components: 1) aerobic activity, 2) coordination/skill practice, 3) visualization

and, 4) education and motivation. The active rehabilitation intervention was delivered by a trained

85



physiotherapist. Participants were provided with a home program that was to be completed daily

and which included the same components as those used during the physiotherapy session.

Aerobic training was started at 60% of age-predicted maximum heart rate on a stationary bicycle
or treadmill for 15 minutes. Coordination and skill practice was completed for up to ten minutes
and was individualized according to the participant’s sport/activity preference. Activities could
include stick handling, shooting, dribbling or other basic sport skills. Heart rate was monitored
during aerobic training and coordination skill practice using a portable Polar heart rate monitor
and chest strap (Polar Electro, Inc., Lake Success, NY, USA). Visualization involved five to ten
minutes of sport/activity imagery based on participant preference. This visualization often
mimicked the coordination and skill practice. If appropriate and able, participants were instructed
to choose a specific skill and visualize it in a positive manner with realistic timing. Education was
provided at each clinic visit by the coordinator or physiotherapist including information about
recovery, coping with post-concussion symptoms and the process of returning to school and sport.
Patients who experienced worsening of symptoms during the aerobic or coordination phases would
stop the activity and make note of the amount of time completed if less than 15 minutes, this
duration becoming the target duration to be used as a home program of exercise. Children were
to continue the activities at home and fill out a log to report the daily levels of symptoms as well
as level of involvement in the various activities. Children were instructed to contact their
rehabilitation professional if they could not engage in activities without an increase in symptoms
for 2 consecutive days. Clinicians were in contact with all patients to monitor compliance and
tolerance, review the home program and adjust the exercise protocol as needed. Patients who
became symptom free for one week at rest were advised to start the stepwise, progressive return

to play protocol.

Statistical Analysis

Data were imported to SPSS version 23 (IBM) for analysis. Continuous variables were reported
with the mean and standard deviation. Dichotomous pre-injury participant characteristics were
analyzed at the intake visit to examine the numbers in each group using chi-square tests. Participant
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characteristics included sex and presence of learning disability, history of concussion, anxiety, and
depression. In order to estimate the influence of time to initiate active rehabilitation, treated as a
categorical variable with less than two weeks, two, three, four, five, and, six weeks or later post-
injury (between-subjects factor), on the evolution of post-concussion symptoms between the initial
physiotherapy visit and the first follow-up physiotherapy visit (within-subjects factor), a Mixed-
design ANOVA was conducted. The time interval between initial visit and follow-up, history of
previous concussion, and other pre-injury characteristics were considered as covariates, but none

had effects on the outcome of the analysis and were therefore not used in the final analysis.

Results
Descriptive Statistics

The patient characteristics are presented in table 1. Participants were a mean 14.3 + 2.3 years old
at the time of injury. There were no significant differences at the intake visit in the number of
patients with learning disabilities, anxiety or depression. The most frequently reported current
medications were Advil and/or Tylenol used by 137 participants. Medications were also reported
for ADD/ADHD (12), asthma (7), migraines (4), depression (3), oral contraception (3), infection
(3), allergies (2), and acne (1). The distribution of sex was equal among groups. There were no
significant differences in the number of participants with a history of a previous concussion. As
post-concussion symptom scores were right-skewed at both time points, we opted to compute log
transformation to achieve normality in order to meet assumptions for the mixed-design ANOVA.
However, note that in the tables, we used absolute values in order to facilitate interpretation.

87



Table 1 — Patient characteristics

Total <2 weeks 2 weeks 3 weeks 4 weeks 5 weeks 6 + weeks
Sample size 677 26 33 175 183 62 198
(% Male) (46) (35) (52) (56) (44) (40) (41)
Age (Mean, SD) 143(23) 141(23) 145(1.9) 138(25) 143(22) 14.6(2.5) 14.5 (2.1)
History of Concussion n(%) 262 (38.7)  4(15.4)  13(39.4)  66(37.7) 74 (40.4) 24 (38.7) 81 (40.9)
History of Anxiety n(%) 261(385)  9(34.6) 12(36.4) 68(38.9)  70(38.3) 22 (35.5) 80 (40.4)
History of Depression n(%) 36 (5.3) 2 (7.7) 0(0) 9(5.1) 9(4.9) 5(8.1) 11 (5.6)
Learning Disability n(%o) 40 (5.9) 1(3.8) 2 (6.1) 8 (4.6) 7 (3.8) 10 (16.1) 12 (6.1)
Time interval between pre-  135(9.9) 10.8(5.2) 10.6(4.3) 13.4(9.8) 14.1(10.3) 129(83)  13.8(10.7)

intervention and follow-up

(days)
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The mean time to begin active rehabilitation intervention (initial physiotherapy visit) in this sample
was 45 days post-concussion. Participants in the <2 weeks group started active rehabilitation a
mean 8.5 days post-concussion. The group of participants in the 6+ weeks or later group initiated
active rehabilitation a mean 87 days post-concussion (range 43-370 days). The follow up
physiotherapy appointment was a mean of 13.5 + 9.9 days later as per clinical standards (follow-
up visit scheduled 2 weeks after initial visit), and there were no differences between groups for
this time interval. Symptom severity scores at both time points for each group displayed in table 2
show that all groups demonstrated decreasing symptom severity scores from the start of active

rehabilitation to the follow-up appointment.

Table 2: Symptom severity scores? by group

Initial Physiotherapy visit Follow-up Physiotherapy visit
Mean (SD) Range Mean (SD) Range

<2 weeks 25.2 (15.2)° 0-51 16.7 (11.8) 0-42

2 weeks 20.3 (15.9) 3-63 8.4 (10.5)« 0-37

3 weeks 22.7 (19.2) 1-104 15.2 (17.1)° 0-86

4 weeks 25.6 (19.8) 0-92 16.0 (17.5) 0-100

5 weeks 26.4 (18.3) 5-77 19.9 (17.3) 0-80

6+ weeks 35.2 (23.1)° 3-106 22.2 (19.7) 0-93

4Symptom scores are absolute values

bSignificant difference (p<.05) compared to 2,3,4, and 5 weeks
¢Significant difference (p<.05) compared 6+ weeks
dSignificant difference (p<.05) compared to <2, 4, and 5 weeks

Differences between time to initiate active rehabilitation and evolution of symptoms over
time

The transformed data met the normality assumption as assessed by Q-Q plots. There was
homogeneity of variances (p>0.01) and covariances (p>0.01) as assessed by Levene’s test of

homogeneity of variances and Box’s M test, respectively. There was a statistically significant
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interaction between “delay to rehabilitation” and time, on severity of PCS (F=2.385; p=0.037;
partial n?=0.02). Because of this significant interaction, we examined simple main effects for
between- and within-group factors. Simple main effect for time was examined using repeated
measures ANOVAs for each group separately and revealed significant decreases of PCS over time
for all groups with eta-squared effect sizes ranging from 0.279 for the 3-week group to 0.569 for
the 2-week group.

Simple main effects for “rehab delay” (between-group factor) were examined using separate one-
way ANOVAs for each of the two-time points. At the pre-intervention assessment, PCS symptoms
were significantly more severe in two of the groups (6+ and <2 weeks) compared to all other
groups. Post-intervention pairwise comparisons using the Bonferroni correction revealed that
those patients initiating active rehabilitation at 2 (p<0.001) or 3 (p=0.039) weeks post-injury
demonstrated less severe PCS at follow-up than those patients starting at 6 weeks or later. Patients
starting at 2 weeks had lower symptom severity than patients starting fewer than 2 weeks (p=0.02),
4 weeks (p=0.20) or 5 weeks post-injury (p=0.04). Lastly, patients starting within 2 weeks and 6
weeks or more post-injury achieved equivalent outcomes. The evolution of post-concussion

symptoms is presented in figure one.

Figure 1: Evolution of post-concussion symptoms for rehabilitation groups
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Discussion

The primary objective of this study was to identify a time frame during which initiating an active
rehabilitation protocol contributed to a significant decrease in post-concussion symptom severity.
Our data indicate that significant improvements in post-concussion symptom severity occur in
youth participating in an active rehabilitation program and that this improvement occurs for all
youth, irrespective of when they begin active rehabilitation.

Participants experienced symptom severity improvements ranging from 6.5 to 13 points over the
2-week follow-up period; this is of interest since improvements of 6.8 points on the Post-
Concussion Symptom Scale are considered clinically meaningful.?2” Previous smaller case series
by Gagnon et al.”3! reported similar improvements in this population, so it is promising to see
consistency of findings from this larger, more diverse clinical sample. Similar improvements were
observed across symptom clusters (emotional, cognitive, physical, and sleep), which provides
support for the global effects of exercise on all these spheres of functioning.’#228:22

Our study adds to the increasing body of literature on exercised-based interventions after
concussion in youth. Other recent reports have also demonstrated positive results.!B117 A
retrospective chart review in over one hundred patients identified that youth with persisting post-
concussion symptoms tolerate aerobic exercise well and that 90% of the sample was clinically
improved at follow-up.*® A recent exploratory, randomized clinical trial by Kurowski et al. found
that a six-week aerobic training intervention was associated with a greater rate of symptom
improvement compared to a full body stretching group.!’” These authors (whose sample was
similar to the age range of our participants) cited the need to identify the timing of rehabilitation

initiation as an important next step.

Of the previous studies that have used exercise-based interventions following concussion, none
had examined whether the time frame of initiation influenced post-concussion symptom
resolution. In studies using an animal model to study recovery from concussion, initiating exercise
within the first week after experimental injury has led to delayed recovery.” Thus, the time
variable is an important factor that has not been well studied in humans, as exercise too soon is
generally thought to have negative implications for patients.!*3224230.231 Ag in animal studies,
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negative consequences have been reported in humans when they were not immediately removed
from play following a sport-related concussion. College students who continued to play following
a concussive injury were more than twice as likely to experience a longer recovery period
compared to those who were immediately removed.?!” There are two specific concerns with
uncontrolled exercise, such as that experienced in an athletic context. First, there is a high risk of
repeated head trauma, which has been shown to delay recovery.?3? Second, following concussion
the brain experiences neurophysiological changes that appear to be negatively influenced by
vigorous exercise.”*! Re-introduction of safe, graduated, physical activity at the right time is a
critical component in managing concussions. Previous studies in children using post-concussion
exercise have initiated exercise after three® or four”3:118.11% weeks of persisting symptoms. Our
study demonstrated that starting exercise earlier (fewer than two weeks post-concussion) was also
associated with significant improvements in post-concussion symptoms. Given that prolonged
inactivity can influence the presence and severity of post-concussion symptoms, the timing of

initiating exercise is an important factor.

Our study has important implications for clinicians working with patients who have been
experiencing persisting symptoms. Introducing physical activity, even as late as six or more weeks
post-concussion, was associated with improvement of symptoms, even if these children present
with more symptoms at the start of treatment. There has been a tendency to prescribe continued
rest for patients who continue to experience prolonged symptoms.’® Our data suggest that
individualized exercise is a positive alternative that is associated with meaningful improvements

in post-concussion symptoms.

Of interest is that our sample reported a high incidence of self- and parent- identified pre-injury
anxiety. It is not clear if this finding was influenced by the current concussive injury. Although
anxiety levels were similar across groups, a closer look at the influence of pre-injury anxiety on
symptom reporting may provide a greater understanding of recovery. Some studies have identified
pre-existing anxiety conditions as a possible contributing factor to increased symptoms? and
prolonged recovery? following concussion. Aerobic exercise is associated with reductions in state
anxiety.’%® Few high quality studies have evaluated the influence of exercise as a treatment for

anxiety disorders in children. However, exercise has been shown to decrease anxiety symptoms in
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healthy children and adolescents compared to no exercise.?*® Active rehabilitation strategies that
include aerobic exercise may be an efficient intervention for those children with pre-existing

anxiety conditions.

Limitations

As this study was an analysis of data from an existing clinical program, there are several limitations
that warrant discussion. There is no control group for this study; therefore, it cannot be determined
if the observed improvement in symptoms was a result of the active rehabilitation protocol, nor
can we rule out natural recovery. Compliance with the active rehabilitation program was not
directly measured. Although clinicians discussed compliance with participants at follow-up visits,
no specific outcome measure was obtained. As such, we acknowledge that the participants in this
study may have varying levels of adherence to the prescribed active rehabilitation program.
Compliance is a critical component when assessing the effectiveness of an exercise-based
intervention and will be included in future studies. We acknowledge that there are multiple
components of the active rehabilitation intervention and it is not clear which components may offer
benefit over other. Our decision to categorize the exposure (time to initiate active rehabilitation)
was based on clinical feasibility; however, analyses in a continuous manner may also provide
relevant information. We considered symptom clusters in our analysis, but this investigation did
not reveal any telling information regarding the timeline for commencing an active rehabilitation

intervention.
Conclusion

The results from this study continue to support active rehabilitation in youth who are slow to
recover from concussion. Initiating active rehabilitation within a wide time frame (<2 to 6+ weeks)
post-concussion was associated with significant improvements in symptoms, irrespective of the
start time. Although the results of this study alone are not sufficient to promote the use of exercise-
based interventions as early as 10-14 days post-injury, they provide support for the idea of

introducing more active management strategies earlier than usually promoted in current guidelines.
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Chapter 12 — Integration of Manuscripts IV and V

In the fourth manuscript we studied participants from the MCH clinical database to explore the
timing component of active rehabilitation. We identified that regardless of the time to initiate
active rehabilitation, all groups demonstrated improved symptoms at follow-up. This finding
further supports the use of an exercise-based approach. Overall, we found that initiating active
rehabilitation two or three weeks post-concussion was associated with the greatest symptom
improvement at the follow-up appointment. Like studies using animal models we found that those
patients who started active rehabilitation very early (less than 2 weeks post-concussion) or very
late (6 weeks or later post-concussion) demonstrated less improvement compared to starting 2 or
3-weeks post-injury. Through the clinical database from the mTBI Program/Concussion Clinic we
addressed three limitations identified from previous studies, namely improved methodology
(manuscript 1), the need for larger studies (manuscript I11), and the need to address the timing of
initiation (manuscript 1V).

In our fifth and final study we use evidence gained from both the literature and our previous studies
to estimate the feasibility and safety of initiating the exercise-based intervention 2 weeks after
injury, compared to the current timing of 3-4 weeks post-injury. To achieve this objective, we
designed a randomized feasibility trial. The need for a feasibility study was indicated because no
existing studies had initiated an exercise-based intervention 2-weeks post-concussion in youth. In
previous studies, exercise was initiated 3-4 weeks post-injury.”116-118.12019 concyssion research is
being produced at a rapid rate. During the course of this thesis, there have been dramatic changes
in clinical recommendations about when and how exercise should be introduced when concussion
symptoms persist.*® In 2013 it was recommended that individuals become asymptomatic before
engaging in physical activity.® The most recent International Consensus on Concussion in Sport
guidelines in 2017 recommend individualized, symptom-limited aerobic exercise for patients with
persistent concussion symptoms.* The reason for this recommendation is two-fold. First, evidence
showed that prolonged rest appeared to aggravate rather than alleviate symptoms.” Second,
studies using exercise interventions were demonstrating therapeutic benefit.!1**2* Empirical

evidence was needed to support these recommendations specifically for children and youth.

95



The purpose of the feasibility study was to estimate the ability to recruit participants, assess the
safety and acceptability, measure adherence to the intervention, and the potential efficacy. For
ethical reasons, we were not able to have a control group not receiving any intervention for
comparison because active rehabilitation is considered standard of care at the Montreal Children’s

Hospital. As such, we provided the same intervention to both groups but varied the timing of
initiation.
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Abstract

Objective: The primary objective is to evaluate the feasibility (safety & acceptability) of
implementing early Active Rehabilitation (AR) for concussion management in youth with
symptoms persisting 2-weeks post-injury. A secondary and exploratory objective was to estimate
the potential efficacy of early AR compared to standard AR. We hypothesize AR at 2-weeks post-

concussion will be safe and acceptable to patients.

Methods: Single centre, parallel randomized clinical trial examining early AR (initiated 2-weeks
post-injury) compared to standard AR (initiated 4-weeks post-injury). Twenty youth (9-17 years
old) with post-concussion symptoms for at least 2-weeks were randomized to early AR (n=10) or
to standard AR (n=10). Active Rehabilitation (aerobic exercise, coordination drills, visualization,
education/reassurance) was administered by physiotherapists in-person, and then continued as a

home program.

Results: Post-Concussion Symptoms decreased over time for both groups. Two adverse events
(one in each group) were identified through an online survey more than one-month post-

concussion.

Conclusions: The results from this pilot study indicate that a full clinical trial estimating the
efficacy of early Active Rehabilitation (starting 2-weeks post-injury) is feasible. Further study is

needed to determine the superiority of this strategy over current treatment approaches.

Key words: concussion, rehabilitation
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Background

Concussion management and return to activity decision-making is a complicated process.
Evidence to support management practices are scarce. Expert consensus guidelines have been
developed to assist with this process.*°*%% Most return to play guidelines are initiated with
physical activity limitations until asymptomatic. Once asymptomatic, patients begin a gradual
return to activity protocol.?>®0 Because 70% of patients will become asymptomatic within four

weeks,* they respond well to activity limitations and gradual return to activity.

However, research has shown that approximately 30% of children will experience concussion
symptoms beyond four weeks.? In following the standard guidelines for returning to activity, these
children would be limited in their physical activities during this time.?*® Patients who are inactive
for prolonged periods can experience secondary complications which delay recovery.?® A small
randomized control trial on physical and cognitive rest indicated that 1-2 days of strict rest (no
school, work, or physical activity) was superior to 5 days of rest for recovery.” The ideal length
of activity limitation after concussion is unknown.” Removal from meaningful activities has been
found to increase feelings of depression and stress, both of which are symptoms of concussion.?3’
Prolonged activity limitations increases concussion-like symptoms which often results in the

recommendation of further activity limitations.

Recently, there has been a shift in concussion management that follows a more active approach,
specifically for those who experience persisting symptoms. This approach encourages low level,
individualized activity which is thought to assist with recovery.”31113.117.160 Exercise-bhased

strategies have been used in children and adults with promising preliminary results.

Exercise immediately after concussion has been shown to prolong recovery in animals,” and
humans.?*” Vigorous activity within 2 days of concussion led to longer recovery compared to those
exercising at lower intensities.*?! Conversely, after a period of rest in the acute phase, exercise is
associated with improvement in concussion symptoms. However, most studies that have used
exercise as a post-concussion intervention have started exercise at least 1-month post-

injury.’120:150,154.199 Early exercise may promote recovery, assuming it is safe to do so. The purpose
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of this study was therefore to investigate the feasibility, safety, and potential efficacy of an

exercise-based intervention (Active Rehabilitation) 2-weeks post-concussion.

Objectives

To estimate the feasibility of implementing early active rehabilitation (AR) for children and
adolescents with persisting symptoms from a concussion. Specifically, we wished to estimate the
safety and acceptability of initiating early active rehabilitation at 2 weeks post-injury compared to

usual care (4 weeks) at the Montreal Children’s Hospital Concussion clinic.

The specific aims of this project were to estimate; 1) the rates of recruitment and consent; 2)
acceptability to patients/families and clinicians; 3) the utility of data collection using an online
symptom and activity survey; 4) the safety of early AR; 5) the extent of patient adherence to
prescribed exercise; and 6) the potential efficacy of early AR on post-concussion symptoms.

Methods
Setting

The study was conducted at The Montreal Children’s Hospital of the McGill University Health
Center (MCH-MUHC), a tertiary care paediatric teaching hospital affiliated with McGill
University in Montreal, Canada. In this setting, AR is offered to children and adolescents 4-weeks
post-injury through the Mild Traumatic Brain Injury (mTBI) Program/Concussion clinic. Data

were collected prospectively through the mTBI Program/Concussion clinic.

Participants

Patients were referred to the mTBI program/Concussion clinic from various sources (emergency
department, family physician). The administrative staff and clinic coordinators introduced
patient/families to the study and asked their interest in being called about participating in a study.
Patients were eligible if they met the following criteria; 1) physician diagnosed concussion, 2)

presence of symptoms 2-weeks post-concussion, defined as; a) three individual symptoms rated
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above the retrospective baseline (self-report), or b) any symptom interfering with daily activities
(self or parent report), or c) a symptom severity score greater than seven points (parent proxy or
PCSI-SR13 adolescent form), or d) a parent proxy score of one or greater on the following question
“In general, to what degree is your child acting differently than before the injury (not acting like
himself or herself)? 3) aged 6 to 17, and 4) spoke English or French. Patients were excluded if they
had a previous concussion within 6 months of the current injury, a co-existing injury preventing
participation in the intervention, or if the patient engaged in moderate to vigorous physical
activity/exercise/sport prior to enrolment.

Intervention

Randomization was conducted using a sequence generated by www.randomization.com on May

26", 2016 by a research assistant (MS). Randomization was concealed from patients and clinicians
until patients started the intervention. Participants were randomized to receiving early AR (2 weeks
post-injury) or to receiving usual care AR (4 weeks post-injury). Participants in the usual care
group did not receive clinical care between the 2 and 4-week appointments. Participants, families,
clinicians, and those measuring outcomes were not blinded to group allocation. A research
assistant (MS) and the primary author (DD) enrolled and assigned participants to groups.

The intervention provided to both groups (early and usual care) was identical. Only the time of
starting the intervention differed. The AR intervention has been published previously by Gagnon
et al.”®! The intervention included four components: 1) aerobic activity, 2) coordination/skill
practice, 3) visualization and, 4) education. Active rehabilitation was delivered in-clinic by
physiotherapists who work in this clinical setting. The 2 and 4-week appointments were conducted
at the Concussion Clinic. The physiotherapy appointment included a clinical assessment (standard
neurological, physical examination, balance, and coordination) (Figure 1). The AR program was
initiated in clinic and continued as a home program. The safety and adherence monitoring for this

study focusses solely on the aerobic activity component of the intervention.
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Figure 1: Study timeline
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Outcomes

Measures

An online questionnaire was used in this study. The online survey contained 7 post-concussion
symptoms as seen in the Post-Concussion Symptom Inventory (PCSI)*® (headache, nausea,
balance problems, dizziness, fatigue, sadness, nervous/anxious). This patient-reported measure
was used to track and monitor post-concussion symptoms and the aerobic exercise portion of the
AR home program. Participants were asked to provide information about their home program,
specifically the mode, intensity, and duration of aerobic exercise. Participants rated post-
concussion symptoms pre- and post-exercise when applicable (appendix 3). Online surveys were
emailed to all participants everyday starting after the 2-week physiotherapy appointment until one
of the following criteria were met; 1) the end of the study period (8 weeks), 2) the patient reported

five consecutive days of being symptom free, or 3) the patient was discharged by physical therapy.

To estimate the potential efficacy of the intervention, the total post-injury symptom severity score
was obtained using the PCSI.%°® The PCSI is a self-report questionnaire documenting the presence
and severity of post-concussion symptoms. Two versions of the PCSI were used, the adolescent
self-report form for ages 13-18 (PCSI-SR13) and the older child self-report form for ages 8-12
(PCSI-SR8).The highest total symptom scores for the PCSI-SR13 and PCSI-SR8 are 156 and 50
respectively.®® A higher score indicates greater severity of post-concussion symptoms. PCSI was

evaluated at four times; 2, 4, 6, and 8-weeks post-concussion. Evaluation at 2 and 4 weeks was
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conducted by a physiotherapist during the clinical visit. The 6 and 8-week evaluations were

performed over the phone by a trained research assistant (MS) or the primary author (DD).

Definitions

Safety was defined as the ability to perform AR with minimal symptom exacerbation. We
measured safety with an adverse event definition. An adverse event was defined as an increase in
the 7-symptom online scale reported during or following aerobic exercise in which there was; 1)
an individual symptom greater than one point (6-12 years, or two points (13-18 years), 2) a total
severity score increase of two points (6-12 years), or three points (13-18 years). A stopping rule

was implemented if an adverse event occurred on three subsequent aerobic exercise sessions.

Acceptability was defined as; 1) a willingness of clinicians to prescribe comparable home
programs to both groups, and 2) a willingness of patients to follow clinician recommendations.

Acceptability was evaluated by comparing the online activity survey responses and patient charts.

Adherence was defined as the extent to which participants reported exercise characteristics that

were consistent with those prescribed by clinicians.

Feasibility was composed of safety and acceptability. Feasibility was also inferred based on

recruitment, utility of data collection, and the potential efficacy of the intervention.

Sample Size

A sample size of twenty participants was determined sufficient for the objectives of this pilot

StUdy.238’239

The trial was registered with the US National Institutes of Health NCT03103529
(www.clinicaltrials.gov). Reporting results of this trial was guided by the CONSORT guidelines

for randomised pilot and feasibility trials.?*® Ethics approval was obtained from the Research
Ethics Board of the Montreal Children’s Hospital, McGill University Health Centre.
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Statistical Analysis

Analysis of data were conducted using R version 3.1.2 (2014-10-31). Descriptive statistics were
compiled for feasibility objectives. To estimate patient adherence, descriptive statistics were
obtained for exercise frequency, intensity, and duration. The total post-concussion scores were
calculated by summing the scores of each individual symptom. Symptom scores on the PCSI-SR8
were transformed to a 7-point scale by multiplying each individual item by 3. This transformation
was conducted so that all participants symptoms could be reported on the same scale. Variables

not meeting normality assumptions are presented as the median and range.

Results
Recruitment and Consent (objective 1)

Fifty patients were contacted for participation in the study. Participants were between the ages of
9-17 years old. At the initial screening, 44 patients met the eligibility criteria and approximately
57% (25/44) enrolled in the study. The most common reason for not participating was scheduling.
Of the 25 patients who consented to participate study, five became symptom free before the 2-
week appointment making them ineligible. After allocation, no participants dropped out of the

study.

Recruitment occurred between May 21 and November 17, 2016. The final follow-up was
completed December 29, 2017. Figure 2 shows the flow of participants in the trial. The most
common cause of injury was sport-related (80%). Groups were similar with respect to gender, age,
and history of; concussion, migraines, anxiety, learning disabilities, or sleep disorders. Most
participants (17/20) reported academic accommodations such as; reduced school days, breaks
during the day, limited workload, or exam exemptions over the study period. The 2 and 4-week

visits occurred an average 16 + 2.4 and 30 + 4.6 days post-concussion respectively.
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Figure 2: CONSORT Diagram
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Table 1: Enrolled Participant Characteristics

Variable Early AR Usual Care
(n=10) (n=10)
Age (mean, SD) 156 (1.8) 14.3(2.7)
Sex (n) Female 4 4
Male 6 6
History of Concussion (n) 5 3
History of Anxiety (n) 3 5
History of Migraines (n) 2 3
Learning Disability (n) 2 2
History of Sleep Disorder (n) 4 3
Initial symptoms (n) Headache 4 6
(at time of injury) Dizziness 1 2
Nausea 2 2

Acceptability (objective 2)

Clinicians demonstrated a willingness to prescribe AR to patients at 2-weeks post-concussion.
Exercise characteristics prescribed to patients were similar in both groups indicating acceptability

of clinicians (table 2).

Utility of Data Collection (objective 3)

During the study period the online questionnaire was emailed to participants 478 times. We
received 326 completed surveys for a response rate of 68%. We were able to measure PCSI at all

four-time points. One participant was unreachable for the 8-week phone call and we carried
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forward their PCSI value from the 6-week visit. The 6-week and 8-week follow-up phone calls

were conducted an average 6.1 £ 0.69 and 7.8 = 1.06 weeks post-concussion respectively.

Safety (objective 4)

Two adverse events occurred during the study. Events occurred in one female participant (early
AR group) and one male participant (usual care group) at 31 and 37 days post-concussion
respectively. Participants reported increased symptom severity on the online survey following
aerobic exercise. In both cases, symptoms resolved within one hour of terminating exercise. Both

participants continued with the intervention.

Patient Adherence (objective 5)

Exercise characteristics obtained from the online survey for frequency, intensity, and duration of
aerobic exercise are displayed in table 2. Patients reported being adherent to the recommendations
prescribed by clinicians, for exercise intensity and duration. Patients reported being less compliant
with prescribed frequency. The most common modes of exercise were; walking/jogging and

stationary cycling.

Table 2: Aerobic Exercise Characteristics

Early AR Usual care
(n=10) (n=79)
Prescribed Reported Prescribed Reported

Variable

Frequency (mean
7 3.7 7 4.2
days/week)
Intensity (mean (SD) P-
CERT)

Duration (mean (SD)

27(05) 25(09) 31(0.6) 3.2(1.2)

_ 16.1(5.2) 185(11.4) 16.7(4.4) 21.2(21.2)
minutes)

4Three participants were discharged prior to starting AR
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Potential Efficacy (objective 6)

Post-concussion symptoms improved over time for both groups (table 3). Two participants in the
early AR group were excluded from symptom analysis. One participant admitted to falsifying
symptom reports at 4-weeks. The other participant was enrolled based on parent-reported
symptoms and self-reported no symptoms on the PCSI. We excluded the latter participant as their
data artificially influenced the descriptive statistics. We found that participants in the early AR
group reaches a symptom severity score that is within a normal limit range®'? by 4-weeks post-

injury compared to 6-weeks in the usual care group.

Table 3: Median (Range) Post-Concussion Symptom Severity Scores

Early Rehab (n=89) Usual Care (n=10)
Youth n=8 (PCSI-SR13) Youth n=8 (PCSI-SR13) Child® n=2 (PCSI-SR8)
2-weeks 21 (4-59) 25 (6-35) 29 (12-45)
4-weeks 3 (0-49) 11 (0-35) 22 (8-33)
6-weeks 2 (0-21) 8 (0-27) 18 (0-36)
8-weeks 3(0-9) 2.25 (0-24) 15 (0-30)

4Two patients excluded from symptom analysis
bChild scores on PCSI-SR8 have been transformed to a 7-point scale (all scores multiplied by 3)

Discussion

The primary objective of this study was to determine the feasibility of a future clinical trial
implementing early AR. Due to the feasibility nature of this study we did not conduct inferential
statistics. Literature regarding feasibility trials indicates that analysis should be descriptive in

nature rather than hypothesis driven.241-242

The recruitment rate was above 50% which is considered high. Recruitment is a common problem

in clinical trials with rates as low as 3-20%.2%® Our study had only one additional clinical
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appointment compared to usual care provided at the concussion clinic. Our recruitment strategy

allowed patients and families to get information about the study before being asked to participate.

Our data collection strategy to monitor safety and adherence was a strength of the study.
Monitoring and adherence are two methodological components that have not been well controlled
in previous studies. Although previous studies reported the use of log books to measure adherence,
none have presented data on these variables.*'®1"11% Exacerbation of symptoms during recovery
from concussion is one of the most commonly cited reasons for the need for activity
limitations.>"824 Given this concern, monitoring what patients are doing and how it influences
their symptoms is critical to a management strategy involving physical activity. Half of our
families elected to have the online survey delivered to both the participant and parent/guardian
email addresses. In other cases, the email was sent only to the parent/guardian email address (n=6)
or the participants email address (n=4). The rate of response was highest for delivery to the
parent’s email address (78%) compared to both parent/participant (67%), or the participant only
(53%). To our knowledge this method of monitoring has not been used previously during recovery
from concussion. Importantly, we demonstrated it was a feasible method to identify adverse
events. Similar to a recent randomized trial,**” we found serial repetition of the PCSI to be feasible

in our study.

Regarding the prescribed exercise, the usual care group reported higher frequency, intensity, and
durations of aerobic exercise compared to the early AR group. Patients in both groups displayed a
high level of adherence to the prescribed intensity and duration, but not frequency. Neither group
was able to complete their home program at the frequency recommended by the physiotherapist.
Further study is required to investigate factors related to exercise adherence in post-concussion
populations. Patient adherence to prescribed interventions varies considerably.?*® If future studies
aim to estimate the efficacy of this concussion management approach, exercise characteristics and

adherence must be measured.

At the study conclusion most patients (15/20) demonstrated symptom scores that were at or below

the level of their pre-injury, retrospective baseline. Although expert consensus advocates patients
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be asymptomatic before return to full activity® there is growing evidence that youth experience
concussion like symptoms in the absence of concussive injury.?*® Healthy teen athletes (no
concussion) aged 13 to 17 displayed symptom severity scores ranging from 4.06-9.17 on the same
symptom scale we used in the present study (PCSI).22 Both groups achieved comparable levels of
post-concussion symptoms at the end of the study period. Of note, patients in the early group
reached a level of symptom severity that could be considered “normal” (equal to baseline in
healthy youth) at 4-weeks post-concussion, compared to 6-weeks in the usual care group. Starting

exercise 2-weeks post-concussion did not delay recovery.

Limitations

Considering our findings, we acknowledge a few limitations. We do not have a true control group
for comparison and the evaluation of outcomes was not blinded. The study sample consisted
mostly of older adolescents with only three of our participants under the age of twelve. The low
number of participants under the age of twelve may be a result of differing rates of recovery in
these age groups. Research has shown that patients 13 years and older are more likely to experience
prolonged symptoms compared to younger patients.> We cannot say with certainty that our
findings can be generalized to a younger sample of patients. It is also unclear if our data collection
methods (online surveys) would be suitable for younger children. We acknowledge that the online
activity surveys were patient reported and coupling this with an objective measure would provide
better accuracy. Physical activity reporting in children has low to moderate correlation with direct
measures such as accelerometers. Further, children have been found to both over and under
estimate their level of physical activity when compared to direct measures.?*” We acknowledge
that our sample had a high proportion of participants with pre-existing co-morbidities (ex. History
of anxiety, migraine, learning, disabilities, sleep disorders). Forty percent of the participants in our
sample reported a previous concussive injury. Prior studies have reported rates ranging from 22%>
to 31%?* in similar age groups. These co-morbidities have been associated with prolonged
recovery from concussive injuries in youth.??® This sample may not be representative of the youth

population in general. Lastly, related to the intervention, we did not measure all components of the
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home program (coordination drills & visualization). While we did not exclude patients, who were
receiving additional care outside of the study protocol, 3 patients (early care n=1, usual care n=2)
reported receiving treatment (osteopathy, physiotherapy) for concurrent neck injuries during the
study period.

Conclusion

The results from this study indicate that a clinical trial estimating the efficacy of active
rehabilitation 2-weeks post-concussion is feasible. Little evidence exists to determine when
patients with prolonged symptoms should resume physical activity. The introduction of physical
activity (at 2-weeks post-injury) that we implemented is important given that extended physical
inactivity is associated with prolonged recovery. This study provides a foundation upon which a
future efficacy study could be conducted. Future work building on the current study would have a
large impact on concussion rehabilitation and the use of exercise-based approaches. Further study

is needed to determine the superiority of this strategy over current treatment approaches.
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Chapter 14 — Discussion

The overall aim of this thesis was to contribute evidence towards an exercise-based concussion
management approach for youth with persisting symptoms. To achieve this objective, two broad
lines of inquiry were pursued. First, an environmental scan of current practice in the use of
exercise-based interventions (manuscripts | and Il). Second, estimating the effectiveness of an

exercise-based intervention in decreasing post-concussion symptoms (manuscripts 11, 1V, and V).

In our first line of inquiry (environmental scan) we identified a need for more high-quality studies.
While the role of exercise-based interventions was emerging in the literature, just over one-third

of clinicians indicating its use as a concussion management strategy.

Our second line of inquiry (effectiveness of exercise-based interventions) revealed that
participating in an exercise-based intervention was associated with improved post-concussion
symptoms and that these improvements were observed within a large timeframe (<2 to 6 or more

weeks post-injury). Further, our feasibility study did not reveal any barriers to implementation.

Strengths and limitations of the thesis

This thesis has several strengths and a few limitations. One of the main strengths of each
manuscript was that we took deliberate steps to improve the quality of our studies from a methods
perspective. In the scoping review (manuscript 1), we added a quality assessment using a validated
tool. In our clinician survey (manuscript 11), we pre-screened and pilot-tested our questionnaire. In
the retrospective database studies (manuscripts 111 and V) we selected specific inclusion criteria
(start and follow-up times) to achieve a more homogenous sample to study. While limitations of
our retrospective studies existed, we aimed to address those in the fifth manuscript. In our
feasibility study (manuscript V), we used a strong study design and modified the study in such a
way that we were able to create a “quasi-control group”. Further, we developed and tested a method

to measure adherence and safety of the home exercise program.
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Implications for future research

The work presented here fits into a larger context of concussion research. From a broad
perspective, the single-most important need for research in this field is to improve the overall
quality of studies. This recommendation can be achieved through several avenues. One approach
could be designing studies using a validated quality assessment tool (ex. Downs and Black
criteria). Although these tools are generally used to determine the quality when a study has been
completed, the tool can be very informative during the design phase. In this way, researchers could
make modifications to the design before the study is underway to ensure good quality is achieved.
A second design consideration is to include a control group. For ethical reasons, we were not able
to have a control group that received no treatment. As such, we opted to modify our fifth study to
alter the timing of the intervention because we could not withhold treatment altogether. This
limitation is significant in estimating the effectiveness of any intervention. Further work would

benefit from including a control group.

Our feasibility study (manuscript V) acts as a springboard for future research. While exercise-
based interventions have shown promise, there has yet to be an effectiveness study conducted. A
full clinical trial that estimates the influence of individualized exercise on concussion symptoms
and recovery would be a significant contribution to the field. Future studies would benefit from
using objective measures (ex. Heart rate monitoring, actigraphy etc.) to accurately quantify
exercise characteristics (ex. Intensity, duration, frequency). A continuation of this research could
be to explore those exercise characteristics further. Understanding how the frequency, intensity,
duration, and type of exercise influences recovery from concussion would provide much needed

parameters for clinicians.

To look more broadly at concussion management, one must consider the heterogeneity of injury.
This heterogeneity may be one of the most challenging aspects of designing research studies.
While it is straightforward to evaluate the effectiveness of a single treatment, (ex. Cervical therapy,
vestibular therapy, academic accommodations) the reality is that individuals may require several
different treatments to achieve full recovery. Studies that provide a multi-factorial intervention
tailored to each patient would likely be more accurate from a clinical perspective.
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Implications for clinical practice

The collection of work presented here have implications for clinical practice. Our findings from
the scoping review indicate that clinicians should be judicious in their application of findings from
the literature. While results are often presented positively, the quality of most studies was too low
to validate use in clinical practice. Based on our quality assessment, those studies of good quality
used cervical spine manual therapy, cognitive behavioural therapy, active rehabilitation, web-
based self-management, and individualized exercise. Our clinician survey shows that limited
evidence-based treatment is being used for youth with persisting symptoms. There is a strong need
for knowledge translation. Understanding the barriers that prevent clinicians from using exercise-
based strategies will aid in determining a targeted approach for knowledge translation.

We provide additional support for active rehabilitation strategies specifically for youth with
persisting symptoms following a concussion. This thesis provides a unique perspective in that we
replicated findings from small, pilot samples in a large, diverse clinical sample. Clinicians should
find benefit in the specific safety monitoring we conducted and our initial exploration of exercise
frequency, duration, and intensity (manuscript V). Considering the limited evidence available to
clinicians for youth with persisting symptoms, we encourage the use of individualized, sub-
symptom threshold exercise as a rehabilitative strategy. As with any health condition, matching
the clinical needs of each patient to a therapeutic technique is paramount. However, returning to
physical activity following a period of inactivity will likely be a common need for most youth

recovering from concussion.

The exercise-based intervention we explored through the Montreal Children’s Hospital
Concussion Clinic was largely a home program. While the initial visit was conducted in the clinical
setting, patients performed much of the intervention at home. Interventions like the one explored
in this thesis are heavily dependent on self-management. This self-management may also require
support, encouragement, and supervision from family members. Patients adherence to clinical
recommendations varies considerably.?*® In the concussion context, patients may be experiencing
symptoms that make them feel unwell, which could be a barrier to performing home exercise. We

found that although our clinicians prescribed exercise 7-days per week, our participants only
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reported exercising 3-4 days per week (manuscript V). This result provides some insight into what
clinicians can expect regarding adherence to post-concussion exercise prescription. For clinicians
to be able to guide patients, we need a better understanding of the barriers that patients and families

face in carrying out a concussion management home program.

117



Chapter 15 — Conclusion

Throughout the course of study, we focused our attention on addressing limitations from previous
work, and in doing so we were able to make several novel contributions. The thesis represents a
multi-dimensional approach to exploring exercise-based interventions for concussion management
in youth. The environmental scan revealed that while most interventional studies from our scoping
review contained an exercise-based component, few clinicians are incorporating exercise as a
concussion management strategy. In estimating the effectiveness of an exercise-based
intervention, we identified that youth engaging in an exercise-based intervention demonstrated
improved symptoms. Further, these improved symptoms were evident irrespective of the time to
initiate the exercise (<2 to 6 or more weeks post-concussion). Lastly, no barriers to implementation

were identified in our feasibility study.

Our investigation of clinical practice, existing data, and prospective work highlights the breadth
of this thesis. The doctoral work provides much needed, empirical support for current consensus
guidelines regarding the use of exercise-based interventions. This thesis constitutes a substantial

contribution to the literature given the limited evidence-based research that exists.
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Appendices

Appendix 1: Email to clinicians (Manuscript 1)

Dear Health Care Professional,

We are contacting you for your expertise in concussion management. We are hoping to learn more
information about how clinicians, like you, provide care for youth patients experiencing persisting
symptoms following a concussion.

We have prepared a brief survey with two clinical vignettes to help us understand your clinical
practice strategies. The survey takes approximately 15-20 minutes. Simply click on the link for
the survey.

https://surveys.mcqill.ca/ls/index.php/793585?newtest=Y &lang=en

We value your expertise. Thank you for taking the time to contribute to this research.
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Appendix 2: Survey Questionnaire (Manuscript I1)

*survey questions are identical for vignettes 1 and 2, they are presented only once in the
appendices.

Demographics

o Female

o Male

What is your age?

o 24 years or younger
o 25-34 yearsold
o 35-44 years old
o 45-54 years old
o 55-64 years old

o 65- years or older
What is your highest earned academic degree?

Bachelor's
Master's
Doctorate
Other

o O O O

In which province or territory do you practice?

Alberta

British Columbia

Manitoba

New Brunswick
Newfoundland and Labrador
Nova Scotia

Ontario

Prince Edward Island
Quebec

0O O O O O O OO0 0o O
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Saskatchewan
Northwest Territories
Nunavut

Yukon

o O O O

What is your primary professional designation?

o Certified Athletic Therapist
o Physical Therapist
o Occupational Therapist

o Other

How many years of experience do you have practicing in your profession? Please choose the
category that best describes the total number of years you have been actively employed;

less than 5 years
5-10 years

11-15 years

16-20 years

more than 21 years

o O O O O

What is your primary work setting? Defined as one in which you spend 50% of your work time.

o Academic institution (post-secondary)

o Acute care hospital

o Concussion/mTBI clinic

o Health system or hospital-based outpatient facility
o Private outpatient or group practice

o Industry

o Inpatient rehabilitation facility

o School system (preschool/primary/secondary)
o National team

o Professional sports team

o Other

Is your primary work setting public or privately funded?
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o Public

o Private

o Other

Do you currently work in clinical practice (i.e., providing services to patients) on average 8
h/wk. or more?

o Yes

o No

Considering your current caseload (including all diagnoses), what are the respective percentages
of the age group(s) that you currently serve? The total count should add up to 100%.

(@)

Under 18 years
18 —24 years
25— 44 years
45— 64 years

65 years and over

How many patients have you treated for concussion in the last calendar year?

o 0 patients

o 1-12 patients

o 13-24 patients

o 24 patients

o more than 25 patients

Approximately what percentage of your caseload consists of patients with concussion?
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less than 10%
11-25%
26-50%
51-75%
76-100%

O O O O O

Do you work in a multidisciplinary setting?

o Yes

o No

Clinical Vignette 1

Please answer the following questions in order based on your practice habits as a clinician. At the end of
the survey there will be an open text section if you wish to provide more information.

Vignette 1: A ten-year-old female soccer player sees you two weeks after a physician-diagnosed
concussion. She was injured when she went to head the ball and made contact with an opposing
player's head. There was no loss of consciousness upon injury. She was immediately removed
from play and has been on physical rest since injury. She is seeing you today because her
symptoms have not improved in two weeks.

Your assessment reveals she is still experiencing the following symptoms; headache 1/6, fatigue
4/6, sadness 3/6, nervous and anxious 3/6. She has a history of one previous concussion two
years ago. She has no history of migraine headaches, learning disabilities, or mental health
conditions. She has fully returned to school and by the end of the day her symptoms are the
same. Her general health is excellent.

Upon exam you find no abnormalities in balance or vestibular/ocular function. Her cervical
examination is normal. She has no cognitive impairment based on the sport concussion
assessment tool-3.

During your appointment which of the following treatment(s) would you select? You may
choose more than one.

o Manual therapy techniques
o Massage
o Acupuncture
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Education

Exertion Testing
Coordination drills
Strength training

Sleep recommendations
Stretching
Visualization/imagery
Start return to play protocol
Aerobic Exercise
Return to learn protocol
Goal setting

Energy management
Other:

© O OO0 OO OO0 0O OO O0oO OoOOo

What type of strength training would you prescribe?

Body weight exercises
Free weights

Olympic lifting

Other:

o O O O

What type of stretching would you provide?

Static full body
Dynamic full body
Upper body
Lower body

Neck only

Other:

0O O O O O O

Regarding aerobic exercise: What type of exercise will you prescribe?

Treadmill
Stationary bicycle
Elliptical

Rowing machine
Arm ergometer
Swimming

Other:

O O O O O O O
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Regarding aerobic exercise: What is the prescribed frequency? (days/week)

1 day per week
2 days per week
3 days per week
4 days per week
5 days per week
6 days per week
7 days per week
Other

O O O O O O O O

Regarding aerobic exercise: How is the intensity prescribed?

Based on heart rate

Based on a perceived exertion scale
Until they sweat

Other:

o O O O

Regarding the aerobic exercise intensity: What percentage of the maximum heart rate would you
prescribe? (you may select a range by choosing more than 1 number)

50%
60%
70%
80%
90%
100%
Other:

O O O O o0 o0 O

Regarding the rate of perceived exertion of aerobic exercise: Which level reflects the intensity
you would prescribe?

Very, very easy
Very easy

Easy

Just feeling a strain
Starting to get hard

o O O O O
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Getting quite hard

Hard

Very hard

Very, very hard

So hard I’m going to stop
Other:

O O O O O O

Regarding aerobic exercise: How is the duration prescribed?

Predefined number of minutes

Until the patient’s symptoms worsen
Until fatigue occurs

Other:

o O O O

Regarding the duration of aerobic exercise: How many minutes do you prescribe?

Regarding education; what type of information would you provide?

Would you prescribe a home program for this patient?

o Yes
o No

When would you like to see this patient again?

1 week

2 weeks

3 weeks

4 weeks

Never - patient is discharged

Never - patient is referred elsewhere
Other

0 O O O O O O

Would you refer this patient to another health care provider?
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o Yes
o No

Who would you refer this patient to? (You can select more than one).

o Athletic Therapy
o Physiotherapy

o Kinesiology

o Massage Therapy

o  Occupational Therapy
o Osteopath

o Physician

o Psychology

o Speech Language Pathology
o Other:

If you would like to provide more information about vignette 1, please type it here.

Please write your answer here:

Clinical Vignette 2

Please answer the following questions in order based on your practice habits as a clinician. At
the end of the survey there will be an open text section if you wish to provide more information.

Vignette 2: An eight-year-old male hockey player sees you four weeks after a physician-
diagnosed concussion. He was injured when he hit his head on the ice during the 3rd period.
There was no loss of consciousness upon injury. He continued to play the rest of the game and
has been on physical rest since injury. He is seeing you today because his symptoms have not
improved in two weeks.

Your history reveals the following symptoms; headache 2/6, nausea 2/6, fatigue 1/6. He has no
history of previous concussion, migraine headaches, learning disabilities, or mental health
conditions. He has fully returned to school and by the end of the day his fatigue is 3/6.

His general health is excellent.

Upon exam you find no abnormalities in balance or vestibular/ocular function. His cervical
examination is normal. He has no cognitive impairment based on the sport concussion
assessment tool-3.
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If you would like to provide more information about vignette 2, please type it here.

Please write your answer here:

Thank you for your participation.
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Appendix 3: Online Symptom and Activity Survey (Manuscript V)

Information

1 What is your name? *

Please write your answer here:

2 How old are you?
Please choose only one of the following:
o 13-18

o 8-12
o b-7

Symptoms Before Activity

3 Select the number to describe your symptoms. How much of a problem is it?

Only answer this question if the following conditions are met: Age 13-18

Please choose the appropriate response for each item:

0 - Not 3- 6 -

a moderate Severe

problem 1 2 problem 4 5 problem
Headache O O O | O O O
Nausea O O O m] | | O
Balance Problems O O O | O O O
Dizziness O O O O O O O
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0 - Not 3-

a moderate
problem 1 2 problem 4 5
Fatigue i i i ] | |
Sadness m| m| m| i i i
Nervous/Anxious O O O ] O O

4 Select the number to describe your symptoms. How much of a problem is it?

Only answer this question if the following conditions are met: Age 8-12

Please choose the appropriate response for each item:

0-Nota

problem 1-allittle
Does your head hurt? ] ]
Do you feel sick to your stomach? ] ]
Do you have any balance problems like you ] ]
might fall when you walk, run or stand?
Do you feel dizzy? (like things around you ] m]
are spinning or moving)
Do you feel more tired than usual? | |
Do you feel sad? m] |
Do you feel nervous or worried? ] ]

5 Select the number to describe your symptoms. How much of a problem is it?
Only answer this question if the following conditions are met: Age 5-7

Please choose the appropriate response for each item:

6 -

Severe
problem

a

O

2-alot
|

o
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0= Nota

problem 1= Alittle 2=Alot
Does your head hurt? i O |
Do you feel sick to your stomach like o | i
you are going to throw up?
Do you feel like you might fall when o | i
you walk, run or stand?
Do you feel dizzy? (like things are o | i
spinning or moving)
Do you feel more tired than usual? i i i
Do you feel sad? i i |
Do you feel nervous or worried? i i |

Exercise

6 Did you do your exercise home program today? *

Please choose only one of the following:

o Yes

o No

Activity Details
7 What did you choose as your activity? (e.g. bike, walk, elliptical)

Only answer this question if the following conditions are met: Exercise - yes

Please write your answer here:

8 How long did you exercise for? (in minutes)
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Only answer this question if the following conditions are met: Exercise - yes

Please write your answer here:

9 How hard was the activity you just completed?

Only answer this question if the following conditions are met: Exercise - yes

Please choose only one of the following:

1 - very, very easy

2 - very easy

3 - easy

4 - just feeling a strain

5 - starting to get hard

6 - getting quite hard

7 - hard

8 - very hard

9 - very, very hard

10 so hard I'm going to stop

O O 0O 0O O 00 O O O

Symptoms After Activity

10 Select the number to describe your symptoms. How much of a problem is it?

Only answer this question if the following conditions are met: Age 13-18 and Exercise - yes

Please choose the appropriate response for each item:

0 - Not 3- 6 -
a moderate Severe
problem 1 2 problem 4 5 problem
Headache O O O O O O O

Nausea O O O O O O m|
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0 - Not
a

problem
Balance Problems O
Dizziness O
Fatigue m|
Sadness O
Nervous/Anxious O

11 Select the number to describe your symptoms. How much of a problem is it?

O

O

O

O

3 -
moderate
problem

Oa

O

O

O

O

O

O

O

O

6 -
Severe
problem

O

O

Only answer this question if the following conditions are met: Age 8-12 and Exercise -

yes

Please choose the appropriate response for each item:

Does your head hurt
Do you feel sick to your stomach

Do you have any balance
problems...

Do you feel dizzy?
Do you feel more tired than usual?
Do you feel sad?

Do you feel nervous or worried?

12 Select the number to describe your symptoms. How much of a problem is it?

0-Nota
problem

O

O

O

O

1-alittle

O

O

O

O

2-alot

Only answer this question if the following conditions are met: Age 5-7 and Exercise - yes
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Please choose the appropriate response for each item:

0-Nota

problem 1 -allittle 2 -alot
Does your head hurt? i ] |
Do you feel sick to your stomach like O ] O
you are going to throw up?
Do you feel like you might fall when o m| i
you walk, run or stand?
Do you feel dizzy? (like things O ] O
around you are spinning or moving)
Do you feel more tired than usual? i ] i
Do you feel sad? i ] |
Do you feel nervous or worried? O ] |

Comments

13 If you have anything else to tell us please write it here:
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