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Abstract

Concussion incidence in university athletes has been increased drastically over the last
two decades. Prevention of concussion injuries is still elusive and scarcely reported in the
literature. Certain athletes are at greater risk for concussion than others. Identifying these risk
factors is an important first step in identifying those who are at highest risk for concussion.
Concussions are biomechanical injuries therefore addressing the strength of the neck
musculature might be a significant modifiable risk factor in concussion prevention. Greater neck
strength may help to attenuate the forces that cause concussion and either prevent injury or
decrease the severity.

There are some known risk factors for concussion, including age and female sex,
however this does not account for all of the variability in concussion incidence in university
athletes. Further exploration into the importance of neck strength and concussion in university
athletes is required to identify alternative prevention strategies available to athletes.

The purpose of this research was to examine if neck strength and anthropometric
variables are significant predictors of concussion risk and concussion recovery time in Canadian
university athletes.

Chapter One provides a review of the current literature on concussion. It presents the
background information for concussion risk, etiology, assessment, and management in university
athletes. This chapter also reviews the literature to date on neck strength in concussion and
assessments of neck strength in athletes.

Chapter Two presents a study evaluating the risk of concussion in a group of Canadian
university varsity athletes (n = 246). Neck strength and anthropometric variables are assessed for

their significance in predicting concussion risk in this cohort along with published covariates.



Neck pain and past concussion history were found to be the most significant predictors of
concussion in this population.

Chapter Three provides an exploration into the importance of neck strength and
anthropometric variables in length of recovery in concussed athletes (n = 35). The Sport
Concussion Assessment Tool, 3™ edition was used to evaluate symptom intensity in these
athletes. A multiple linear regression model was used to predict recovery time. Symptom score
and neck pain were the only significant predictors of concussion recovery time in varsity
athletes.

Chapter Four presents the implications of the two aforementioned studies for clinical

practice, future research, and policy recommendations. More in-depth assessments prior to the

beginning of competition should be considered in identifying athletes who are at greatest risk for

concussion. Athletes with significant past concussion history should be evaluated more closely

and informed of their heightened risk for subsequent injury.



Acknowledgements

The time I spent doing research at the School of Rehabilitation Science has been one of
the most rewarding experiences in my academic career. I would like to express my appreciation
to the faculty and my colleagues for the encouragement and support throughout the process.

First to my supervisor, Professor Carol DeMatteo, who always encouraged me to be
curious, explore my interests, and push forward. Her enthusiasm and belief in me was often the
inspiration needed to continue my inquiry. Her guidance, mentorship, and patience was steadfast
as I navigated the challenges of research and for that I am truly grateful.

I was privileged to have committee members who provided invaluable contributions and
insight to this body of work; Anita Gross, asked the tough questions and always challenged my
thinking in the most supportive way. A committed and persistent editor, she elevated my work.
Dr. Ira Price, one of my first teachers and mentors in this field, has been so generous in sharing
his clinical expertise on concussion and has been pivotal to my development as a student.

I owe much of my experiences in sports injuries and concussion to Chris Puskas, long-
term mentor and head athletic therapist at McMaster University. His wealth of knowledge and
selfless nature were integral in nurturing my passion for rehabilitation and igniting my interest in
concussions. I would like to acknowledge the athletes in the Department of Athletics and
Recreation at McMaster University, for without them this project would not be possible.

I undoubtedly owe everything to my family and friends for their continual support. My
dear friend Colby was invaluable in the editing of this project. She was always available to
review my work and critique my writing. She made my work better. Finally, to my parents, Sue
and Derek, and my little brother, Liam, I truly believe I won the family lottery! Thank you for so

fiercely believing in me and everything I do. Your unrelenting support has made this possible.



Table of Contents

Abstract i
Acknowledgements iii
List of figures vi

Chapter 1: Introduction 1

Concussion in Athletes...........oooviiiiiiiiiiiii i
Concussion Pathophysiology ............coovviiviiiiiiiii
Concussion Diagnosis, Assessment, and Psychometric Properties
Concussion Recovery and Return-to-play

Concussion Prevention and the Link to Neck Strength

Theoretic Framework

Research Questions 38
References 40
Chapter 2 48

Title of Paper: Does neck strength predict concussion risk?: A cohort study

Abstract 50

Methods 55

PartiCIPantS. .. oottt
ProCedUIES. ...t
OUtCOME MEASUICS. ...ttt ettt
Statistical ANalYSIS......oviuiieiitt i

Results 59

Non-strength Related Variables...............cooovvviiiiiiiiiiiinnn,
Strength Related Variables...............coooiiiiiiiiiiiiiiin
Logistic Regression Analysis.........c.coovviiiiiiiiiiiiiiiiiiieienennnn,

Discussion 62

) 5000317 15 (o) 1 1
CONCIUSION. . ..ttt e

References 67
Tables 77

Chapter 3 83

Title of Paper: Symptom intensity and neck pain: the strongest predictors of concussion
recovery time in Canadian university athletes



Abstract 83

Methods 87

e 8 (0310 1L 87
PrOCEAULES. . ..ottt e 88
CONCUSSION ASSESSITIEIIL. . . uetettee ettt ettt ettt ettt e ettt e ettt et e e et et et e et e e e vanaas 88
(0101 7eTo) oo TSR (T2 1] 0t 89
Results 90

Discussion 92

55000317 15 (o) 1 94
(070} 4163 15 1S3 (o ) 4 - F TP 94
References 96

Tables 106

Chapter 4: Discussion 111

Summary of Main ReSUILS. ........oiiiii e 111
Overall Completeness 0f the STUAY........ccoiiiiiiiiii i e e 111
Implications for CHNical PractiCe..........ouiutiiitiiti e e e e 120
Implications for RESEarch...........coiiiiiiiii i e e e 121
IMPlications fOr POLICY . ... .ouuii i e e e 122
Contributions to Theoretical Framework. .........coooiiiiiiiiii e, 123
55000317 15 (o) 1 124
Conclusion 125

References 126

Appendices 135



List of Figures

Chapter 1

Figure 1: Cerebral vulnerability following concussion injury ................cceoeevuvnnnn. 8
Chapter 2

Figure 1: Deep neck flexor endurance test procedure .............eceveeveriieneenienieneeniennns 54
Figure 2: Neck extensor endurance test procedure ............occeevererrierienieerieneenerseeneennens 54
List of Tables

Chapter 1

Table 1: List of concussion SYMPLOMS ........ouuiuiintiiiiiaiaiteaeeiieaieeeenennnn 15
Table 2: Psychometric properties of common concussion assessment tool ............. 21
Chapter 2

Table 1: Anthropometric assessment procedures ...............ocevvivrieieiienneenennnnn 77

Table 2: Summary statistics for logistic regression dependent and

independent variables ... 78
Table 3: Neck strength and concussion risk logistic regression analysis................... 80
Table 4: Logistic regression modelling process ............oeveeiiriniiiiiniiieiiinnennnn.. 81
Chapter 3
Table 1: Strength and anthropometric assessment procedures ...............ccveveenennn. 106

Table 2: Summary statistics for the dependent and independent regression

VAIADIES . ...t 108
Table 3: Linear regression analysis SUMMATY ........ooueveeeniineienteneenneaienieaneannnns 110
List of Appendices
Appendix A- Ethics Approval Letter ...........ccooviiiiiiiiiiiiiiiiiiee, 135

Vi



Appendix B- Athlete Consent Form ... 136

Appendix C- Pre-season Assessment Form ...............ooooiiiiiiiiiiiiiiiiiiiininn 141
Appendix D- Concussion Intake Form ... 142
Appendix E- Sport Concussion Assessment Tool, 3 edition ............................. 143

Vii



Erin Cole — MSc. Thesis School of Rehabilitation Science, McMaster University

CHAPTER 1: INTRODUCTION

Overview

Concussions, common in high impact sports such as boxing and football, result in acute
physical (headache, dizziness and vomiting), somatosensory (balance), cognitive (concentration,
memory), emotional (depression, irritability), and sleep related symptoms that are incapacitating
for athletes (Guskiewicz et al., 2000; Halstead & Walter, 2010; Powell & Barber-foss, 1999) and
can result in disabling long-term consequences (early onset dementia, mood disturbances,
personality changes, and chronic mental health issues) (Stern et al., 2011). Concussion incidence
is at its highest in athletes between the ages of nine and 22 (Zemek, Farion, Sampson, &
McGahern, 2013). A 2010 study demonstrated a 200% increase in the number of concussed
youth aged 14 to 19 presenting to emergency rooms between 1997 and 2007 (Bakhos, Lockhart,
Myers, & Linakis, 2010). According to Daneshvar and colleagues (2011), the incidence of
concussions in university athletes doubled between the 1988/1989 and 2003/2004 athletic
seasons from 0.17 to 0.34 per 1000 athlete-exposures.

More alarming than the rising incidence of concussions is the 50 to 75 percent of injuries
that go unreported (Harmon et al., 2013; McCrea, Hammeke, Olsen, Leo, & Guskiewicz, 2004;
McCrory et al., 2013). Barriers to reporting concussions in varsity athletics have been identified
as a lack of awareness of concussion symptoms, the athletes’ desire to continue participation, and
external pressures to participate (McCrea et al., 2004). These barriers, and the chronic
underreporting of concussions, implicate a higher incidence of concussion in college athletes
than what is published in the literature. Underreporting potentiates premature return to
competition prior to adequate recovery. Early return to sport puts athletes at a heightened risk for

repeat injuries and permanent damage, thus illustrating the importance of effective primary



prevention strategies for concussion in sport.

The current concussion literature investigates the areas of assessment, injury
diagnosis, and management. There is a paucity of literature examining risk factors and
preventative strategies for concussions in sport. Research that examines prevention strategies for
concussion focuses mainly on the education of athletes, coaches and parents, rule regulation, and
protective equipment (B W Benson et al., 2013; Emery et al., 2017a) albeit, the effectiveness of
these strategies remain inconclusive (Emery et al., 2017; Harmon et al., 2013; Scopaz &
Hatzenbuehler, 2013). One physical training preventative strategy suggests that absorbing forces
that cause concussions may reduce the injury-inducing impact. Biomechanically addressing the
strength of an athlete’s neck musculature can supposedly limit these forces. Recent studies have
examined how the anticipatory responses of the neck musculature in response to an impact to the
head, plays a role in concussion prevention. Greater strength and anticipatory activation of the
neck muscles were able to reduce the head’s kinematic response to spontaneous loads in both
males and females (Angelica & Fong, 2008; Eckner, Oh, Joshi, Richardson, & Ashton-Miller,
2014). Athletes who were better able to brace themselves upon impact were less likely to sustain
a concussion (Eckner, Oh, Joshi, Richardson, & Ashton-Miller, 2014). Therefore, athletes with
greater overall neck strength may have a biomechanical advantage to resist or absorb potentially
concussive impacts, thus decreasing their risk of concussion.

A review published in 2013 indicates that further research must be conducted on physical
training and neck strength as a potential predictive factor or prevention mechanism in
concussions (Harmon et al., 2013; Hrysomallis, 2016; Williams, Puetz, Giza, & Broglio, 2015).
Such a prevention strategy needs to be economical, clinically applicable, and completely under

athlete control (Collins et al., 2014; Hrysomallis, 2016). There is sparse data exploring 1) neck



strength and its protective ability against concussion injuries in university athletes, 2) gender and
age-based comparisons of neck strength and associated concussion risk within a varsity athlete
population, and 3) the interaction between neck strength and other known risk factors for
concussion such as sport and past concussion history. The primary objective was to examine
neck strength as a determinant of concussion risk and injury severity with respect to recovery
time in a varsity athlete population over the course of one academic year.

This objective is examined across four chapters:

Chapter 1: Evidence and theory underpinning concussion injuries in athletes, including
the related pathophysiological processes and the relevance of neck strength in injury prevention
is reviewed. The psychometric properties underpinning concussion assessment tools, and
evidence for concussion prevention and risk in a university-aged population is explored. Effect
modifiers and confounding factors are considered and specified a priori.

Chapter 2: The extent to which deep neck flexor and neck extensor endurance strength is
predictive of concussive injuries in athletes who play high risk for concussion sports is
examined.

Chapter 3: The relationship between neck strength, past concussion history, and
concussion symptom scores measured on the Sports Concussion Assessment tool, 3" edition
(SCAT?3) and how these characteristics contribute to the time needed to return-to-play for a
university athlete following a concussion is examined.

Chapter 4: The final chapter examines the relationships between the current literature, the
findings of this thesis, and how they relate to real clinical applications of concussion evaluation

and management in varsity athletes. Next steps in the field of concussion research are noted.



Chapter One

Concussion in Athletes

The 5" International Consensus Statement on Concussions in Sport defines concussion as
“a brain injury, of complex etiology, resulting from a biomechanical force applied to the head or
the body” (McCrory et al., 2017). The incidence of sports-related concussion (SRC) is shown to
be highest in a younger athlete population. Athletes between the ages of nine and 22 report the
greatest number of concussions (Zuckerman et al., 2015). Proper concussion diagnosis and
management across all levels of competition is imperative with new evidence constantly
emerging on the vast long-term consequences of SRC. Studies examining the incidence of
concussion within the National Collegiate Athletic Association (NCAA) demonstrate substantial
increases in the rate of concussions among athletes over the last two decades however, data
examining the epidemiological presence of concussion in Canadian university athletes is limited.
Early studies examining concussion incidence in Canadian varsity athletics looked at sport
specific incidence of SRC in a cohort of men’s football and hockey players. These studies
reported the incidence rate in this group of athletes to be 0.50 and 0.90 per 1000 athletic
exposures, respectively (Black, Sergio, & Macpherson, 2017; Meeuwisse, Hagel, Mohtadi,
Butterwick, & Fick, 2000; Rishiraj, Lorenz, Niven, & Michel, 2009). A 2008, study examined
the incidence across university basketball, football, soccer, lacrosse, and rugby athletes over a
span of 12-months (Bloom, Loughead, Shapcott, Johnston, & Delaney, 2008). The authors of
this study reported the number of concussions experienced by males was significantly greater
than those experienced by females. This finding contradicts the current concussion literature that
cites a higher prevalence in female athletes (Covassin, Swanik, and Sachs 2003; Gessel et al.
2007; Tierney et al. 2008a). The discrepancies in this article could be due to the retroactive

questionnaire used to identify potentially concussive events within the last 12 months, which



relies strongly on proper documentation from the clinical team. Furthermore, the Sport History
Questionnaire, used to assess these athletes, has very limited use in other studies examining
SRC. Nonetheless, the rates reported for male and female athletes were 3.39 and 2.58
concussions, respectively (Bloom et al., 2008). A more recent study by Black, Sergio, and
Macpherson (2017) evaluated the incidence of concussions in Canadian university athletes at one
university between 2008 and 2011. Concussion incidence, in this study, was reported as
incidence density, referring to the number of concussions per 100 athlete-seasons. The highest
incidence of concussion was found to be in women’s rugby and men’s basketball with an
incidence density reported to be 20.00 per 100 athlete-seasons (Black, Sergio, & Macpherson
2017). The limitations to the aforementioned studies are mostly surrounding the retrospective
nature of the methodology. The authors used a retrospective chart analysis to determine the
presence of concussion in athletes over three athletic seasons. However, it is unclear on the
diagnostic criteria used to determine a possible concussion and if that criteria was used
consistently among all athletes screened in the study. The methodology used in determining the
presence of their primary outcome may have led to misidentification of injuries and a
misrepresentation of the number of concussions over the three study years. Despite these
limitations, some of the results reflect similar conclusions reported by larger scale studies
completed on NCAA athletes. A combination of systematic reviews indicate approximately 10%
of athletes who play high risk sports sustain a concussion in one single athletic season (Emery et
al., 2017; Zuckerman et al., 2015). Several studies on college and university athletes have
demonstrated differences in concussion incidence among specific sports and between genders
(Black et al., 2017; Covassin, Swanik, & Sachs, 2003; Zuckerman et al., 2015). Collision and

contact sports report the highest rates of concussed athletes (Emery et al., 2017). Studies



examining epidemiology of sports concussion in college athletes indicate the greatest number of
concussions occurs in the following sports: basketball, cheerleading, football, ice hockey,
lacrosse, rugby, and soccer (Black et al., 2017; Covassin et al., 2003; McCrea et al., 2004;
Zuckerman et al., 2015). Furthermore, a summary of the data on the NCAA injury surveillance
system indicates female athletes report higher rates of concussion compared to their male
counterparts who participate in sports with the same rules (Daneshvar et al., 2011). However,
evidence on concussion reporting differences between sexes within the collegiate athlete
population does not currently exist.

There are a variety of reasons that explain the rising incidence of concussion in athletes.
One explanation is an increase in the number of people participating in athletics exposing more
individuals to potentially injurious environments (The Physical Activity Council, 2016).
Furthermore, the awareness of the detriments of concussive injuries has fostered the
implementation of various concussion education resources for athletes (Williamson et al., 2014).
This increase in concussion awareness may be a contributor to the growing incidence of
concussion (Daneshvar et al., 2011). Although The NCAA implemented a mandatory athlete
education program on concussion prior to the start of competition each year, the rates of
unreported concussion are still high (NCAA, 2013-2014). One study, evaluating the
implementation of this education program in collegiate ice hockey players, saw no changes in
athlete knowledge of SRC (Kroshus, Daneshvar, Baugh, Nowinski, & Cantu, 2014). In March
2018 the Ontario government implemented concussion safety legislation enforcing the use of
concussion education resources for all coaches, parents, and athletes of high-risk sports
(Rowan’s Law, 2018). Concussions have been an elusive injury with respect to identification

and diagnosis. Yet, the growing recognition of possible long-term consequences of concussion



including depression, anxiety, and chronic traumatic encephalopathy, has indicated the need for

better assessment tools in determining the presence of concussion in an athletic population.

Concussion Pathophysiology

The pathophysiology of concussion injuries is a hypothesized cerebral energy crisis. This
is the result of the brain jostling inside of the skull leading to a functional injury, which includes
impaired neurotransmission, and disruptions to metabolic processes affecting cerebral blood flow
and ionic shifts (Giza, 2014). Until recently, structural damage to the neural tissue has been
undetectable on regular brain imaging techniques, however, new studies using diffusion tensor
imaging, have been able to depict signs of axonal damage post-concussion (Bazarian et al., 2007;
Koerte, Ertl-Wagner, Reiser, Zafonte, & Shenton, 2012; Virji-Babul et al., 2013). This disruption
of cellular processes in the brain triggers a cascade of neurochemical changes that alters
homeostasis of the cerebral environment (Giza & Hovda, 2001; Holbourn, 1943). Simply stated,
the metabolic processes taking place in the brain requires an abundance of blood flow to meet
energy demands, however, due to the injury, there is an overall reduction in cerebral blood flow.
Therefore, creating an imbalance in the supply and demand of blood to the brain resulting in a
cerebral energy crisis (Giza, 2014; Seifert & Shipman, 2015).

Following the biomechanical impact to the brain, the intracranial movement forces
potassium out of the cell creating a surplus in the concentration of extra-cellular potassium
(Giza, 2014; Giza & Hovda, 2001; Seifert & Shipman, 2015). This increase in potassium induces
depolarization or neural firing, which, in turn, results in the release of the excitatory
neurotransmitter glutamate. Glutamate release, in combination with the potassium efflux and
sodium influx, signals a crisis. This initiates mechanisms to restore equilibrium to the cerebral

environment. The energy demands of these metabolic processes necessitates an increase in



glucose metabolism through glycolysis (Giza, 2014). Consequently, an increase in the demand
for glucose dictates an increase in mitochondrial oxidative phosphorylation - a process that
governs energy production. However, an influx of calcium inhibits oxidative phosphorylation.
Coupled with a decrease in cerebral blood flow, the energy demands needed to restore stability to
the cerebral environment are not met. This exacerbates the brain’s state of vulnerability towards

further injury (see Figure 1.0).
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Figure 1.0 — Post-concussion there is a period of cerebral vulnerability, characterized by an increase in
glucose demand but a decrease in glucose production along with decreased cerebral blood flow and
oxygen delivery. Adapted from Giza, C., & Hovda, D. (2014). The new metabolic cascade of concussion.

Neurosurgery, 75(4).

To date, much of the evidence on concussion pathophysiology has only been
corroborated in fluid percussion models in animals; further study must be done on the
neurometabolic changes that occur post-concussion in humans. Efforts have been made to try
and pair pathophysiology with clinical symptom presentation. Headache is one of the defining

symptoms of concussion. This is evident due to more than 85% percent of varsity athletes who



sustained a concussion reporting symptoms of headache (Guskiewicz et al., 2000). The ionic flux
of sodium, potassium, and calcium that have been shown in fluid percussion injury models on
rats is extremely similar to the ionic flux that has been reported in the presence of patients who
have suffered from migraines unrelated to mTBI (Giza, 2014). Furthermore, the reported
symptoms of migraine sufferers such as nausea, dizziness, and sensitivity to light and noise are
also commonly reported concussion symptoms (Giza, 2014; Seifert & Shipman, 2015). As a
result, there is speculation that some of the somatic symptoms experienced by athletes who have
sustained concussions are in part due to the ionic shift that takes place at the cellular level in the
brain (Giza, 2014).

Standard clinical care for concussion injuries is removal from competition and a delayed
return to play following a specific graduated protocol and physician clearance (Harmon et al.,
2013; McCrory et al., 2013, 2017). This is in part due to the increased vulnerability of the brain
should subsequent injury occur. Some animal studies in rats and mice have shown the imbalance
between the supply and demand of cerebral blood flow post injury to be part of the cause of
heightened susceptibility to subsequent injury (Barkhoudarian, Hovda, & Giza, 2011). Two
studies on rats and mice examined the temporal vulnerability following concussive injuries. The
results demonstrated that mice were subjected to greater metabolic stress, neurocognitive
impairment, and axonal dysfunction when injuries occurred three or five days apart (Longhi et
al., 2005; Tavazzi et al., 2007; Vagnozzi, 2007).The study on rats found the period of
vulnerability immediately post injury corresponded with a deterioration in working memory as a
result of decreased glucose metabolism and increased glucose demand. Subsequent injuries that
occurred within one-day post injury resulted in even further impairment to working memory and

further depreciation into a hypermetabolic state (Giza, 2014; Prins, Alexander, Giza, & Hovda,



2013).

A comprehensive understanding of the long-term consequences of concussions is still
elusive. Diffusion tensor imaging has been able to pick up signs of axonal damage and decreased
white matter density in the brain (Koerte et al., 2012; Stern et al., 2011; Virji-Babul et al., 2013).
These structural damages provide better understanding of potential long-term consequences.
Axon damage or death is thought to be associated with delayed reaction time and cognitive
impairments, while a decrease in the amount of white matter is thought to contribute to the onset
of depression, dementia, or Alzheimer’s following repeated head injury (Stern et al., 2011).

Recent explorations in to the effect of repeated head trauma on athletes has revealed the
presence of symptoms of depression, mood disturbances, suicidal ideation, Alzheimer’s Disease,
and Parkinson’s. These symptoms often develop years after an athlete has sustained their injuries
and are ultimately a result of a neurodegenerative disease called chronic traumatic
encephalopathy (CTE) (Safinia et al., 2016; Stern et al., 2011). CTE has been shown to develop
in high impact sports following multiple blows to the head. CTE is characterized as a tauopathy
that includes a degeneration and atrophy of several areas of the brain (Safinia et al., 2016; Stern
et al., 2011). The frontal and temporal lobes, the thalamus, and the mammillary body are the
most commonly atrophied areas. In addition to a decrease in brain mass, CTE is associated with
several microscopic changes made up of a variety of neurofibrillary tangles, beta amyloid
deposits, and changes to white matter (Omalu et al., 2005; Safinia et al., 2016; Stern et al., 2011).
These pathophysiological changes to neurological tissue, in combination with a decline in
neurological function, results in the clinical presentation of the disease. Early signs of CTE
include issues with short-term memory and executive functioning, including organization and

planning, emotional disturbances, apathy, substance abuse, and suicidal behaviours (Stern et al.,

10



2011). As the disease progresses, it presents clinically through a worsening impairment to
executive functioning and memory, difficulties with speech and motor control, further mood and
behavioural disturbances, and dementia (Stern et al., 2011). The development of CTE often
occurs in middle-aged athletes, far earlier than the typical onset of dementia and Alzheimer’s
Disease. Although this may be the case, there are some reported cases of CTE presentation in
younger individuals (Stern et al., 2011).

Both the acute and chronic pathophysiological processes of concussions provide adequate
support for the development of appropriate physical prevention strategies in order to protect
athletes immediately and in the long-term once their athletic career has ended.

Concussion Diagnosis, Assessment and Psychometric Properties

Several physical and cognitive indicators have been used in order to determine the
presence of a concussion. Concussion symptomology can be separated into four distinct
categories: physical (somatic), cognitive, emotional, and sleep-related (Table 1.0). The current
standard for determining the presence of concussion is through physician diagnosis as per the
Berlin Consensus Statement on Sports Concussion (McCrory et al., 2017). Physicians diagnose
the presence of concussion based upon the presence of symptoms across the domains noted in
Table 1 using various grading tools and checklists, mechanism of injury, combined with a
clinical examination and various neuropsychological tests (McCrory et al., 2017).

One of the biggest concerns with concussion injuries is how debilitating the acute
symptoms can be to athletes and the physical, psychological, and emotional sequelae that follow.
Concussion symptoms are typically short lived in adults, with 90% of all injuries spontaneously
resolving within seven to ten days (Gessel et al., 2007; Guskiewicz et al., 2003). However, the

symptoms of concussion make it difficult for those affected to perform activities of daily living.
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This is of great concern for student athletes as they are expected to meet both the cognitive
demands of a full academic course load and the physical demands of competing in high-level
athletics, both of which may worsen concussion symptoms (Harmon et al., 2013; McCrory et al.,
2013). Improper concussion management after an initial injury can result in repeated injury or an
exacerbation of concussion symptoms, longer recovery time, and an increased vulnerability for
subsequent brain injuries (Giza, 2014; McCrea et al., 2004; McCrory et al., 2017).

A subset of concussed athletes will experience persistent concussion symptoms beyond
one month. Athletes who experience this type of prolonged recovery are considered to have post-
concussion syndrome (PCS). The exact criteria for post-concussion syndrome is still widely
debated. The World Health Organization’s International Statistical Classification of Diseases
and Related Health Problems, 10" Revision considers post-concussion syndrome to be the
presence of three or more symptoms lasting greater than one month. However, a 2015 study
reported that in a survey of over 500 physicians the majority of them gave athletes a PCS
diagnosis if they experienced one or more concussion symptoms for at least four weeks (Rose,
Fischer, & Heyer, 2015). Epidemiological data on the course of recovery in college athletes is
still limited, as most of the literature has examined recovery in either high school student-athletes
or professional athletes. The sparse literature that does exist on recovery in college athletes
reports recovery time of more than four weeks in 6.25 — 8.0 percent of athletes over one year
(Yengo-kahn, Allen, & Kerr, 2016; Zuckerman et al., 2015). In addition to the lowered quality of
life and challenges completing activities of daily living associated with prolonged concussion
recovery, athletes who experience post-concussion syndrome are at greater risk of developing
depression and anxiety than those who recover within the typical two-week timeframe. Risk

factors including female sex, past concussion history, and pre-existing mental illness have been
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reported as indicators of possible post-concussion syndrome in athletes (Iverson et al., 2017). A
review by Scopaz et al. published a list of potential indicators of prolonged concussion recovery
time that included sex, age, past concussion history, type of sport, and history of headaches,
amnesia, and migraines (Scopaz & Hatzenbuehler, 2013). It was found, however, that the level
of support for these risk factors is variable. The strongest evidence in the review suggests
females and those with a history of past concussions are at greatest risk for prolonged recovery
(Scopaz & Hatzenbuehler, 2013). A 2003, study on a cohort of college football athletes
demonstrated a statistically significant correlation between multiple past concussions and a
prolonged recovery greater than seven days, however, further evidence is needed to evaluate
concussion history as a risk modifier for prolonged concussion recovery (Guskiewicz et al.,
2003). Another cohort study of college athletes examined the sex differences in concussion
incidence over the span of three years. The findings of this study reveal that concussed female
athletes experienced greater symptom presentation and cognitive deficits than their male
counterparts, which may indicate a prolonged recovery time for females (Covassin, Swanik, &
Sachs, 2003). The effect of concussion on cognition and mood, along with a potential increase in
depression rates following concussion injuries, has provided some support for mental health
issues, mood disorders, and learning disabilities to be potential risk factors for delayed
concussion recovery as well. At this time, however, further exploration is required (Williams et
al., 2015).

There is no definitive scale for concussion severity and how injury severity relates to
recovery time. A prospective cohort study examined the relationship between concussion
symptom scores on prolonged recovery time in a younger population (mean age 15.02 years,

range 7.6 — 26.7) (Meehan, Mannix, Stracciolini, Elbin, & Collins, 2013). This study found that
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there was a significant independent relationship between an athlete’s symptom score on the post-
concussion symptom scale of the SCAT3 and prolonged recovery. Athletes with a greater total
symptom score following concussion were more likely to take more than 28 days to recover from
a concussion (Meehan et al., 2013).This study provides a foundation that symptomology may
indicate a longer recovery time, although the extent to which this holds true in a varsity athlete
population has not been verified. Therefore, the goal of chapter 3 is to determine whether or not
there is a correlation between SCAT3 symptom score, neck muscle endurance, and time to
recovery in a university athlete population.

There is much debate regarding the use of concussion assessment batteries and symptom
scales, as a primary diagnostic tool as they are typically developed clinically without the
necessary empirical evidence to support them (Alla, Sullivan, Hale, & McCrory, 2009; Johnston
et al., 2001; Schatz, Pardini, Lovell, Collins, & Podell, 2006). There are reportedly over 25
published injury severity scales and checklists that have been used to help assess and manage
concussion symptoms (Johnston et al., 2001; Schatz et al., 2006). These assessments are all
various forms of self-reported symptom scales or checklists that are used to evaluate the presence
and intensity of common concussion symptoms. While these assessment batteries can help
indicate injury severity and guide return-to-activity decisions, there are limited psychometric
properties published on these scales limiting the validity of their use in wholly determining the
presence of concussion (Broglio, Macciocchi, & Ferrara, 2007).

Psychometric properties of grading tools and checklists.

There have been several grading tools and checklists presented as possible methods to
identify the presence of concussion. The tools most commonly used in university athletics are the

Sport Concussion Assessment Tool, 3™ edition (SCAT3), the Immediate Post-Concussion
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Assessment and Cognitive Test (ImPACT) and the Graded Symptom Checklist. Despite these
tools, no one tool has been shown to have adequate sensitivity and specificity to single-handedly
determine the presence of concussion (Alla et al., 2009; Yengo-kahn et al., 2016). Therefore, a

multidimensional approach to diagnosis is encouraged.

Physical Cognitive Emotional Sleep-related

e Headache e Difficulty concentrating e Irritability e Difficulty falling and
e Nausea o Difficulty o Sadness staying asleep
e Vomiting remembering/amnesia e Generally more e Sleeping more or
e Tinnitus e Feeling mentally emotional less than usual
e Sensitivity to light or foggy/slowed down e Anxiety e Drowsiness

noise e Reduced reaction time e Depression e Restlessness
e Issues with balance e Mental confusion e Feeling nervous

e Vision impairment
Table 1.0 — List of physical, cognitive, emotional, and sleep-related concussion symptoms.

Concussion injuries are also considered to be a disruption in brain function without
structural injury. Detection of structural damage on traditional brain scans has not been possible
following concussion injuries until the recent use of diffusion tensor imaging (DTT) (Gardner et
al., 2012; Giza, 2014; Johnston et al., 2001). DTT is able to detect microstructural injury damage
to the brain's white matter, as well as any axonal damage that may have occurred (Khong, 2016).
These changes may correspond with symptoms experienced in patients with prolonged
concussion recovery (Khong, Odenwald, Hashim, & Cusimano, 2016). The use of this technique,
however, is not available immediately post injury and has been explored, almost exclusively, in
patients with post-concussion syndrome. Therefore, DTI is of greater use in determining
structural injury and predicting prolonged recovery than initial diagnosis (Borich et al., 2013;
Virji-Babul et al., 2013). Still, there is significant difficulty in determining objective, quantifiable
measurement tools that identify the acute presence of concussion and indicate the removal of
athletes from competition to prevent further injury. As such, several concussion assessment
batteries have been developed as a way to try to more accurately detect the presence of

concussion on the sideline.
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A systematic review conducted by Alla et al. (2009) examined the psychometric
properties of the most common self-report concussion symptom checklists and scales. They
identified the six different checklists and scales most commonly used in concussion assessment
and noted minimal peer-reviewed data on the psychometric properties of these scales (Alla et al.,
2009). Several more scales have been derived or modified from theses original six, all of which
have similar issues surrounding their psychometric properties. Given the lack of published
validity and reliability values on the most frequently used concussion symptom checklists, it is
not possible to use these tools in isolation to determine the presence of concussion (Alla et al.,
2009; Schatz et al., 2006).

As indicated by the lack of psychometric validation of concussion symptom scales and
checklists, symptom reporting alone is insufficient for accurate concussion diagnosis. This is
largely due to the variability in symptom presentation (Yengo-kahn et al., 2016). Therefore,
accurate diagnosis of concussion requires objective assessment of neurocognitive and
neurological functions. The need for a more comprehensive assessment of concussion in athletes
led to the development of the Standardized Assessment of Concussion (SAC) as a way to
evaluate an athlete’s mental status on the sideline. According to Capruso, attention and
concentration, memory issues, disorientation, and delayed reaction time are among the
characteristics most susceptible to deficit in concussive injuries (1992). The SAC was developed
to be a short tool that informs on the mental status of an athlete and is to be used to help guide
clinical decisions on the sideline (McCrea et al., 1998). The SAC provides immediate evaluation
of concentration, short-term memory, delayed recall, and orientation (McCrea et al., 1998). This
tool also provides therapists and physicians with a better understanding of an athlete’s

neurocognitive impairment on the sideline to allow for better clinical decision making with
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respect to acutely concussed athletes.

Balance issues are common symptoms found in concussed athletes. The injury creates an
environment that impedes communication between the visual, somatosensory, and vestibular
systems responsible for maintaining postural control (Guskiewicz, 2011). Balance requires input
from the somatosensory, vestibular, and visual systems in order to maintain stability
(Guskiewicz, 2011). A study published in 2000 demonstrated balance issues in 30% of
concussed athletes (Guskiewicz et al., 2000). Two methodologies have been identified in
assessing balance in concussed athletes: 1) Sensory organization test (SOT) and 2) Balance Error
System Scoring (BESS) (Guskiewicz, 2011). The SOT is a high technology force plate system
used to evaluate an athlete’s balance by disrupting the somatosensory and visual input
information as they attempt to maintain their balance within a dynamic, or moving, environment
(Bell, Guskiewicz, Clark, Padua, 2011; Guskiewicz, 2011). The system measures the athletes
change in center of gravity throughout the test trials (three trials under six conditions) where an
overall composite equilibrium score is produced. Higher scores indicate better performance on
the test (Guskiewicz, 2011). A 2008 study evaluated the sensitivity and specificity of the SOT in
concussed individuals and found that while the SOT showed moderate to excellent specificity,
the test has low sensitivity to concussion detection. The authors concluded that balance
evaluation should not be the sole basis for concussion diagnosis and should be used concurrently
with other assessments (Broglio, Ferrara, Sopiarz, & Kelly, 2008). A full overview of the
psychometric properties of the SOT may be found in Table 2.0. Furthermore, the sophistication
of this equipment has minimal clinical utility and would only be of use in helping to guide
recovery and return to competition decisions (Bell, Guskiewicz, Clark, & Padua, 2011).

The BESS is a clinically relevant and cost-effective method of providing an objective
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assessment of balance (Bell, Guskiewicz, Clark, & Padua, 2011). Similar to the SOT, the BESS
has three different stances, double-leg, single-leg, and tandem, performed on two separate
surfaces with the athletes’ eyes closed performed for 20 seconds. A modified version of the
BESS is included in the SCATS3 for its sideline utility. Balance testing, while an important
consideration in a concussion assessment, does not provide a complete picture on its own and
therefore must be used in conjunction with other assessments.

One of the most frequently used assessment tools is the SCAT3 published by the
Concussion in Sport Group (CISG) at the International Consensus on Sports Concussion
(McCrory et al., 2017). The SCAT3 combines the scoring of the Glascow Coma Scale, the
modified BESS, the Standardized Assessment of Concussion (SAC), and the Maddocks score to
provide a brief sideline snapshot of the state of an athlete’s mental capacity, symptom
presentation, and vestibular functioning immediately following injury (McCrory et al., 2013).
The SCAT3 was the primary outcome tool used for this thesis. At the time of data collection, the
SCAT?3 was the most current assessment tool for concussion assessment however, since then, the
5™ International Consensus Statement has updated the SCAT 3 to the SCATS5. This thesis will
report data on the SCATS3 as this is the assessment tool used by McMaster University Athletics
and Recreation at the time of my thesis.

Several international sports associations, including the International Ice Hockey
Federation (ITHF), the International Olympic Committee (I0OC), World Rugby, and the
Fédération International de Football Association (FIFA) endorse the use of this tool (McCrory et
al., 2013). The SCAT3 is also the concussion assessment tool used in the McMaster University
Department of Athletics and Recreation. This tool is used for its utility on the sideline during

practice or competition as 18 of its items are to be used immediately post injury. The remaining
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seven items are to be evaluated at a follow-up assessment, as concussions, although typically
transient injuries, require monitoring over a period of time.

The SCATS3 begins with an assessment of injury severity using the Glasgow Coma Scale
(GCS). However, the utility of the GCS is questionable given that a large majority of sports-
related concussions do not result in loss of consciousness (Guskiewicz et al., 2003; Guskiewicz
et al., 2000). The most recent systematic review on the use of SCAT3 in concussions did not
include studies that used the GCS due to the lack of literature in athletic head injuries and the
significant use in traumatic brain injuries (Yengo-kahn et al., 2016). Following the assessment of
an athletes’ level of consciousness, the Maddocks Score is used to establish their orientation and
understanding of their current environment and has been validated for sideline concussion
assessment (McCrory et al., 2017; Yengo-kahn et al., 2016). Athletes are asked to provide their
own personal demographic information including age, past concussion history, medications, and
history of mental health issues. A subsequent evaluation on the presence and severity of
concussion symptoms takes place using the post-concussion symptom scale (PCSS). The 22
symptoms are ranked on a 7-point likert scale in terms of intensity. Following symptom
evaluation athletes are subjected to brief cognitive evaluation, balance and coordination tests.
The scores on each sections are tallied at the end of the assessment (Sport Concussion
Assessment Tool, 2013; McCrory et al., 2013). A copy of the SCAT3 and its scoring can be
found in Appendix E. Multiple SCAT3 assessments over the course of the athlete’s recovery
may be able to provide information to guide return to play decisions as no normative values for
college athletes based on sport exist.

The SCATS3 is one of the only symptom checklists to have published face/content validity

although the reliability, sensitivity, and specificity with respect to concussion diagnosis are
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unknown at this time (McLeod & Leach, 2012). Furthermore, a systematic review published in
2016 evaluated the use of SCAT3 and its components in the detection of concussion in athletes
(Yengo-kahn et al., 2016). The review found variability in studies that used the m-BESS and
SAC in their ability to detect concussion. These tools were used mostly in football players. One
study reported a decrease in SAC by 2.94 points below baseline following a concussion (McCrea
et al., 2003; Yengo-kahn et al., 2016). However, the sensitivity and specificity of the SAC is
scarcely reported. One study from 2001 indicated that a one point decrease in SAC score was
94% sensitive and 76% specific at detecting concussion (Barr & McCrea, 2001). A more recent
study published in 2015 noted no significant differences in SAC scores between baseline and
post-injury assessment in a mixed gender sample of rugby athletes (Putukian et al., 2015). The
use of the m-BESS as a sole indicator of concussion has only been used in one study. The
authors reported a significant decline in m-BESS scores from baseline following concussion
injury (Putukian et al., 2015). The sensitivity and specificity on this modified version of the
BESS is not reported. Most studies that included the m-BESS use this tool as part of a SCAT3
assessment (Yengo-kahn et al., 2016). There are few studies that have examined the
psychometric properties of the SCAT3. A study by Putukian et al. examined the sensitivity and
specificity of an earlier version of the SCAT (SCAT?2). This study found a 3.5 point drop in
SCAT?2 score from baseline was 96% sensitive and 81% specific at detecting concussion.
However, similar studies of smaller cohorts have indicated no significant changes in the total
SCAT?2 score from baseline post-injury (2015). Additionally, the 2017 Berlin Consensus
Statement on concussion assessment stipulates that baseline testing for athletes is not required.
Baseline testing is often challenging to do in varsity athletes due to the time and cost associated

with performing the assessments. The 2017 Berlin Consensus Statement has also indicated that
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no one item in a specified tool is adequate to distinguish the presence of concussion (McCrory et

al., 2017). The International Consensus Statement indicates an exploration and assessment of

balance, memory and other neurocognitive processes should be included following a suspected

concussion injury (McCrory et al., 2017). A summary of the psychometric properties for the

SCAT3, mBESS, SAC, SOT and the ImPACT test is found in table 2.0.

Scale Reliability Validity Sensitivity Specificity Positive Predictive Negative Predictive
Values, % Value, %
PCSS Cronbach o = 0.88- Construct N/A N/A N/A N/A
0.93
SAC Cronbach o = 0.44- N/A 0.94 0.76 N/A N/A
0.65
BESS/ ICC =0.78-0.96 Criterion 0.60/0.71%* 0.66* N/A N/A
mBESS* Content
SOT ICC =0.15-0.70 Concurrent 0.73 0.95 N/A N/A
SCAT?2/3 | Cronbach oo=0.94 | Face/Content 0.83-0.96 0.81-0.93 N/A N/A
ImPACT ICC=0.26-0.88 Construct 0.29-0.82 0.75-0.89 83-89.4 70-81.9
Criterion

Table 2.0 — Overview of the published psychometric properties of the most common concussion

assessment tools.

Neuropsychological assessments in concussions.

Concussion injuries can result in impairments to certain cognitive functions, including

memory, attention, information processing, and visual-motor reaction time (Collie, 2006) . While

resolution of these impairments often follow the recovery timeline of other somatic symptoms,

cognitive impairment may endure beyond an athlete’s time of recovery of physical concussion

symptoms (Bleiberg et al., 2004; McCrea et al., 2003; Sandel, Lovell, Kegel, Collins, & Kontos,

2013). As such, the International Consensus Statement advises that neuropsychological testing

be included in a complete concussion assessment and used to help advise return-to-play

21




decisions (McCrory et al., 2013).

Some concussion assessment tools, such as the SCAT3, include brief, simple, verbal
cognitive testing to establish impairment in athletes. However, these tools have several
limitations including floor and ceiling effects, and practice bias (McCrea et al., 1998). Thus,
more thorough testing is often warranted to better assess the level of impairment. Currently, the
most widely used neuropsychological concussion assessment is the Immediate Post-Concussion
Assessment and Cognitive Testing (ImPACT) battery. The ImPACT test is a computer
neurocognitive screening test comprised of 3-domains administered to athletes following a
concussion. The three components of the test are: athlete demographics, neuropsychological
tests, and a post-concussion symptom scale (Iverson, Lovell, & Collins, 2003; Schatz & Sandel,
2013). The data from this test is kept in a database for comparison (should the same athlete
sustain a subsequent concussion). Baseline-testing using the ImPACT test is recommended by
the authors of the test for use in varsity athletes prior to the start of competition as it gives a
foundation for comparison (Iverson et al., 2003; Schatz et al., 2006). However, the most recent
Consensus Statement on Sports Concussions from Berlin negates the necessity of concussion
baseline testing (McCrory et al., 2017).

The neuropsychological component of the INPACT is comprised of six different tests
designed to test the cognitive processes of attention, memory, processing speed, and reaction
time. If the athlete has no prior testing their scores may be compared to age and sex matched
controls (Iverson et al., 2003). The symptom scale used in the INPACT test to evaluate
symptoms is very similar to the SCAT3 symptom checklist and the Post-Concussion Symptom
Scale (PCSS). The ImPACT test symptom scale uses a 6-point likert scale to evaluate the

severity of 22 common concussion symptoms (Iverson et al., 2003). However, the same
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limitations for the SCAT3 exist for the InPACT test symptom scale in that very limited
psychometric properties have been published for the symptom scale alone (Alla et al., 2009;
Valovich McLeod, Barr, McCrea, & Guskiewicz, 2006). The sensitivity and specificity of the
ImPACT test is published for the test as a whole, which includes the neuropsychological tests
and the symptom scale. The sensitivity, or probability that the test will be positive if a
concussion is present, of the entire INPACT test is 81.9%. The specificity, the probability that
the test will be negative if no concussion is present, is 89.4% (Table 2.0). While these values
show relatively good sensitivity and specificity, the InPACT test is not without its limitations.
The ImPACT test has no sideline utility, as it is a computer, subscription-based test. Therefore,
administration of the test must occur well after the injury takes place as it requires the use of the
internet and a quiet, distraction free environment. This has the potential to increase the acute
symptoms of concussion, as the current recovery guidelines stipulate a 24-48 hour period of
cognitive and physical rest (McCrory et al., 2017). Moreover, administration of the test is costly,
and as a result, the use of the InPACT test may not be economical for large university programs
with hundreds of athletes. Consequently, the use of the INPACT test has been known to enhance
a physician diagnosis in combination with symptom evaluation and a clinical examination
(McCrory et al., 2017).
Concussion Recovery and Return-to-Play

The foundation of concussion injury management has been complete rest from any type
of mental or physical exertion until symptoms resolve (McCrory et al., 2013). The most recent
2017 Berlin Consensus Statement recommended a period of rest for only the first 24-48 hours
following the injury (McCrory et al., 2017). Subsequently, the CISG recommends athletes begin

to resume daily activities provided that they remain within their symptom exacerbation
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threshold. Therefore, non-contact low risk activity is permitted provided that acute symptoms do
not worsen (McCrory et al., 2017). Once concussion symptoms have resolved, athletes may
begin a graded exertion return-to-play protocol (McCrory et al., 2017). The standard of care is
for all athletes to receive physician clearance after sustaining a concussion prior to returning to
contact or competition (McCrory et al., 2017, 2013). There is significant debate surrounding the
proper management of concussion injuries in athletes and how much rest is the most appropriate
course of action. There is limited evidence that examines the exact amount of rest required
immediately post-injury. As a result, this calls for further exploration into the quantity of

absolute rest that is required before returning to activity (McCrory et al., 2017).

The graduated return-to-play protocol involves six steps; graduation from each stage
requires the athlete to remain asymptomatic for the 24-hours following completion of that stage.
If the athlete experiences a return or worsening of concussion symptoms, they must return to rest
until they are symptom-free prior to reattempting that stage of the program. The six stages of the
return-to-play protocol following concussions are as follows (McCrory et al., 2017):

1. Symptom limited activity — the main objective is to reintroduce athletes into regular
school or work activities.

e Athletes are limited by their symptoms at this stage. Physical and cognitive
exertion must be within the limits of worsening symptoms. Typically, athletes
will spend the most amount of time at this stage, as progression to step 2 is
conditional on being asymptomatic.

2. Light-aerobic exercise — the main objective is to increase the athlete’s heart rate (HR).

e Athletes may use the stationary bike or walk at a moderate pace. HR should be

less than 60% of their maximum.
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3. Sport-specific activities — increase multi-planar and more complex movement.
e Introduction to running or skating at this stage but no activities involving head-
impact.
4. Non-contact training drills — An increase in physical intensity, cognitive demand and
coordination.
e May attempt full non-contact practice and begin progressive resistance training.
Athletes are still unable to perform contact drills.
5. Full-contact practice — Reintroduction into contact to assess technical skills with respect
to impact and restore confidence.
e Once given medical clearance athletes are allowed to complete full practice and
training requirements.
6. Return to competition.
An uninterrupted return-to-play (RTP) schedule takes approximately five to seven days to
complete once an athlete’s symptoms have resolved, however, 10-15% of college athletes take
more than 14 days to return to an asymptomatic state and ultimately longer to RTP (McCrea et
al., 2003). The school of thought of absolute rest in concussion management is currently being
challenged in the literature. The increased energy demands in the cerebral environment
immediate following concussion necessitate cognitive and physical rest. However, literature in
athletes following acute injury demonstrates removal from physical activity participation
increases athlete reports of anxiety and depression (Leddy, Lambert, & Ogles, 1994). The
literature on early introduction to activity prior to symptom resolution is very limited. One study
of student-athletes demonstrated that those who engaged in moderate physical activity prior to

symptom resolution performed better on a post-injury neurocognitive assessment than those who
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participated in absolute rest and vigorous asymptomatic physical activity (Majerske et al., 2008).
This study retrospectively asked athletes to self-report their physical activity in the 30 days
following concussion. The timing of when activity was introduced post-injury was not stated for
these athletes. A scoping review by Leddy and colleagues reported that aerobic exercise prior to
symptom recovery has shown to be effective but is also limited by the study design (Leddy,
Baker, & Willer, 2016). These results must be interpreted with caution but provide justification
for further exploration into physical and cognitive activity following concussion using a more

rigorous methodology like a randomized control trial.

Concussion Prevention and the Link to Neck Strength

The mounting incidence of concussions and the growing concerns of the possible
consequences of concussion injuries have demonstrated the need for appropriate concussion
prevention strategies. To date, the majority of the prevention literature has examined prevention
in three areas: protective equipment, education, and legislation and rule regulation (Harmon et
al., 2013; Scopaz & Hatzenbuehler, 2013). A substantial amount of research has gone into
examining helmet, headgear, and mouth guard use and design in the reduction of concussion
risk. A systematic review of the literature indicated that the use of helmets in sports like cycling,
skiing, and snowboarding decreased head injuries, however the effect helmets had on
concussion-inducing rotational forces was inconclusive (Lewis et al., 2001;Benson, Hamilton,
Meeuwisse, McCrory, & Dvorak, 2009). A second systematic review identified two studies that
demonstrated a protective effect of helmets in ski and snowboard athletes, along with a
protective effect in a comparison between football and rugby athletes (Emery et al., 2017).

Additionally, two cohort studies presented evidence to suggest that greater padding over the
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zygoma and mandibular area in football helmets and proper fit had a protective effect against
concussions (Collins, Lovell, Iverson, Ide, & Maroon, 2006; Greenhill et al., 2016). However,
the lack of biomechanical studies and use of appropriate control groups indicates further research
is necessary to determine the effectiveness of helmet fit and design on concussion risk reduction
(Collins, Lovell, Iverson, G.L., et al., 2006; Greenhill, Navo, Zhao, et al., 2016; Emery et al.,
2017). Similarly, a reduction in concussion risk was identified with the use of mouth guards,
however, none of these conclusions were statistically significant (Emery et al., 2017). Studies
exploring the protective effect of mouth guards have several limitations, including a lack of
rigorous study methodology, inadequately powered studies from small sample sizes.

Rule changes to certain contact sports has been suggested as a way to prevent
concussions, however, changes to rules and their effectiveness on reducing concussion risk may
be questionable as rules of sport can always be broken and may not always be strictly enforced.
Even so, the elimination of body checking in youth hockey has shown to be effective in reducing
the risk of concussion by 20%-90% (Black et al., 2016, Cusimano et al., 2011, Emery et al.,
2017). A 67% concussion reduction was reported when a no-body checking policy was enforced.
This rule change, however, is only seen in youth hockey (Emery et al., 2017). Indeed, higher-
level athletes and professional hockey players are all still exposed to body checking. Therefore,
the effectiveness of limiting body checking in college athletes is unknown, as they have not
adopted this policy.

The 2010-2011 National Hockey League (NHL) season introduced a new rule on strict
penalty enforcement on hits to the head from the athlete’s blind-spot (NHL, 2010). This rule was
then improved upon in the following season to include all hits to the head (NHL, 2011). A 2013

study that examined the effectiveness of the NHL’s new policy indicated that there was no
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reduction in the incidence of concussions between the 2009-2010 season with the 2010 and 2011
seasons (Donaldson, Asbridge, & Cusimano, 2013). Therefore, stricter policies for elite contact
sport athletes may not be effective enough on their own to reduce concussion risk.

A review published in 2013 indicated further research must be conducted on physical
training and neck strength as a potential predictive factor or prevention mechanism in
concussions (Harmon et al., 2013; Williams et al., 2015). A 2014 study by Collins et al.
examined the association between neck strength and the rate of concussion in an adolescent
athlete population. This prospective cohort study evaluated the neck strength of over 6,000 high
school athletes from 51 high schools across the United States. Measurements of neck strength
were evaluated by a certified athletic therapist using a hand-held tension scale - a modification to
hand-held dynamometry (Collins et al., 2014). The results of this study showed that individuals
with lesser neck strength (younger athletes and females) had a higher incidence of concussion
than their stronger counterparts (Collins et al., 2014). The findings of this study suggest that
stronger necks have a potentially protective effect against concussion. Subsequently, in 2013, a
series of studies were published examining the neck strength of highly trained, elite rugby
athletes. These studies found that there was a significant difference in neck strength between
athletes of different positions suggesting there to be variability in neck strength amongst athletes

(Geary, Green, & Delahunt, 2013, 2014).

Confounding factors.
1. Effect of Neck Strength on Head Stabilization
Recent studies have examined how the anticipatory responses of the neck musculature, in

response to an impact to the head, plays a role in concussion prevention. These studies indicate
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that greater strength and anticipatory activation of the neck muscles were able to reduce the
head’s kinematic response to spontaneous loads in both males and females (Angelica & Fong,
2008; Eckner et al., 2014). The study of anticipatory action indicates that an athlete who is able
to brace him or herself upon impact is less likely to sustain a concussion. This suggests that
athletes with greater overall neck strength may be at a biomechanical advantage to resist or
absorb potentially concussive impacts, thus decreasing their risk of concussion. At this point, no
published data exists on the exploration of neck strength and its protective ability against
concussion injuries in university athletes. Moreover, there is yet to be any published evidence
comparing differences in neck strength and concussion risk between genders and across different
ages within a varsity athlete population.

In 2005, Tierney et al. aimed to determine whether gender differences existed in
kinematic and dynamic stabilization variable responses to an external force applied to the head.
They examined 40 active (30 minutes of intentional exercise Sx/week) females and males and
performed anthropometric, neck strength, and head-neck segment stiffness assessments on all
participants. Participants were then required to sit within an external force applicator and were
fitted with headgear that was attached to a pulley system. The results showed that females
exhibited 49% less isometric neck strength than males. There were also significantly greater
differences in head-neck segment dynamic stabilization during head acceleration in response to
external force application between male and female athletes (Tierney et al., 2005). This suggests
that those with weaker necks have less ability to stabilize the head in response to the external
biomechanical forces that cause concussion.

With respect to the athlete population, there is less information regarding the effects of

strength on head stabilization. However, in their 2008 cross-sectional study, Tierney et al.
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assessed the effect of sex and headgear on head impact kinematics and dynamic stabilization of
the head in college soccer players. They measured linear head accelerations in athletes while
heading the ball using a custom mouth-piece fit with triaxial accelerometer. The accelerometer
measured the resultant linear head accelerations in athletes while heading the soccer ball.
Women were found to have significantly weaker strength in the neck (50% less ISO neck flexor
strength and 53% less ISO extensor strength) and exhibited greater head accelerations than men
when heading the ball (p=<0.001)(Tierney et al., 2008b). While this study shows support for an
increase in concussion risk in females due to their decreased ability to stabilize the head upon
impact, this study is not without its limitations. The assessment of head stabilization and
accelerations was for a header from a straight on standing posture, which does not replicate the
unpredictable nature of an athletic environment. Furthermore, this study is the first of its kind to
use the mouthpiece accelerometer and while this instrument has been shown to be valid in
assessing head accelerations it is only able to pick up linear acceleration (Tierney et al., 2008b).
It has been hypothesized that angular accelerations contribute more greatly to concussion
incidence than linear accelerations (Holbourn, 1943). Further study must be done to examine the
amount of angular acceleration to the head during concussion and how to measure stabilization

techniques in response to these forces.

2. Differences in Neck Strength in an Athletic Population

In 1987, one of the first studies that looked at neck strength in athletes examined peak
isometric neck flexion, extension, and left and right lateral flexion in college football players.
The aim of the study was to identify weaknesses in neck muscle strength and note any

relationship between neck strength and c-spine stability (Franco & Herzog, 1987). The study
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examined two groups: linemen and running backs. They found significant differences in neck
muscle strength between the two groups of athletes and noted that both groups were significantly
weaker between their right and left sides due to the nature of the hitting position in Football. The
results suggest that athletes, who have strength imbalances bilaterally in the neck musculature,
are placing the cervical vertebrae in a less stable position at the time of impact. This imbalance
makes the athlete vulnerable to possible brachial plexus injury, vertebral fracture, and concussion
as a result of less stability and muscular control (Franco & Herzog, 1987). Thus, neck strength
imbalance is a further confounding factor.

Olivier and DuToit (2008) looked at senior elite rugby union athletes and measured peak
isokinetic torque produced by the neck muscles in flexion, extension, and lateral flexion. They
found that front row forward players had significantly greater peak torque in extension when
compared to back row forwards and backline athletes. Overall, the backline athletes had
significantly weaker neck peak torque values through all ranges of motion. This study shows
differences in neck strength within athletes of the same age group and training level and suggests
that there is a correlation between build and position and suggests a potential higher risk for
concussion in athletes of the same sport but with different skill sets and body morphology. A
study of the incidence of concussion in the English rugby union identified more concussions to
athletes who played in the backs, over the course of three seasons (Kemp, Hudson, Brooks,
Fuller, 2008). While the difference in incidence of concussion among forwards and backs was
not statistically significant a greater proportion of backs sustained concussions and recovered for
a longer period of time. Athletes who are in the backs are leaner and smaller than that of the
forward players who are in contact in the scrum spend more overall time in contact (Kemp,

Hudson, Brooks, Fuller, 2008). This suggests that neck strength may be relevant even in high-
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level athletes when neck strength variability may be less than in an adolescent athlete population.

Since 2012, other studies have looked similarly at adult rugby union athletes. While all of
the studies looked at peak isometric strength in flexion and extension, only some look at lateral
flexion. It is important to note, however, that all studies found similar differences in rugby
athletes who play forward and backline positions. All three studies showed that forwards had
significantly greater strength in flexion and extension (Hidenbrand & Vasavada, 2013; Konranth
& Appleby, 2013; Hamilton et al. 2014; Hamilton & Gatherer, 2014). Strength differences
between certain positions, especially in sports where each position is body type specific, suggests
that these athletes may have different characteristics that predispose them to an increased
concussion risk. While the direct link between position, type of sport, and concussion risk has
not been studied, the variance in neck strength between athletes of the same sport suggests a
possible link between certain positions being at greater risk for concussion than others based on
their individual anthropometric profile and exposure to contact in a game.

There are very few studies that look at specific strength differences in female athletes.
Despite the scarcity of literature examining neck strength differences amongst female athletes,
several studies show a higher incidence of concussion in females (Abrahams, Mc Fie, Patricios,
Posthumus, & September, 2014; Scopaz & Hatzenbuehler, 2013). Biologically women have less
strength than men, thus it is possible this reduction in strength, compared to men, predisposes
females to an increased risk of concussion. An evaluation of neck strength differences amongst
female athletes across various sports would provide a greater understanding for the mechanism
behind an elevated incidence of concussion and give support for the development of

strengthening interventions as a possible treatment for injury prevention.
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Theoretical Framework

The theoretical framework used to ground the methodology of this thesis looks to explain
how concussive impacts cause injury to the brain tissue and how mechanically, the musculature
of the neck is responsible for absorbing possibly injurious impacts. The definition of concussion
stipulates that the injuries are “induced by biomechanical forces to the head” (McCrory et al.,
2013, p.84). A review of the current literature on concussions has proposed that concussions are
a result of rotational acceleration to the head (Hrysomallis, 2016). As such, the study of head
injury mechanics can be used to help predict the nature of the pathology and symptoms
following a head injury. To date, the concussion literature that references relevant theoretical
framework is limited and specific theories on concussion in sport have yet to be developed. As
concussion has such a complex etiology, grounding the research in theory can allow for greater
understanding of such a complicated issue. A combination of muscle physiology and injury
theories and Newton’s Laws of motion help to guide the development of the research questions
for this thesis.

Rotational shear-stress theory.

Rotational shear-stress theory (RST) was developed by Holbourn in 1943 to explain how
impacts to the head damage the brain and to also determine the location of the injury after
impact. This theory can be used to help explain concussive injuries as well as better understand
symptomology and possible cognitive and neurological deficits as a result of injury.

RST proposes a way to determine injury inside the brain upon impact and explains how
concussions occur as a result of angular accelerations to the brain. However, concussions are
much more complex than just an impact to the head and other factors that contribute to

concussion in sport must be considered. Current literature examines several variables that may
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contribute to the likelihood of an individual sustaining a concussion. These factors include, but
are not limited to, the strength of the athlete, the force of impact, use of protective equipment,
reaction or anticipatory response to impact, and mechanism of injury (Harmon et al., 2013).

The work put forth by Holbourn, as the primary mechanism for brain injury, is some of
the earliest work published on head injury mechanics and subsequent effects on the brain. In its
simplest form, RST aims to explain that brain injuries result from angular accelerations to the
head and is based on several assumptions of the physical properties of the brain in conjunction
with Newton’s Laws of Motion (Holbourn, 1943). Holbourn proposed two distinct causes for
brain injuries: (1) injury due to deformation of the cranium, (2) injury due to impact, regardless
of skull deformation.

According to Holbourn (1943), the brain is governed by the following physical

properties:

The tissues of the brain (including the vasculature and nervous tissue) have

approximately uniform density,

e Brain tissue is relatively unaffected by compressive forces (i.e. highly resistant to
changes in size, also known as extreme incompressibility),

e Conversely, the brain has low resistance to changes in shape (i.e. can easily be deformed,
also known as low rigidity),

e The skull, in contrast, is extremely rigid and acts as the primary protective mechanism to

the brain,

e Lastly, the shape of both brain and cranium are critical to determining the location of

injury.
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RST states that, given the physical properties of the brain and skull, particularly its rigidity and
incompressibility, injuries to the brain are most likely to occur due to shear strain or slide
deformation, and not compression strain (Holbourn, 1943). Grundfest’s work supports this
notion, through a demonstration of how nerves were still capable of conducting impulses despite
being subjected to significant compressive forces (10,000 lbs. per square inch) (Grundfest,
1936). Grundfest’s proposition is important when considering injuries that occur without skull
deformations-as these injury types are most likely to be the result of angular acceleration and
ultimately rotational shear stress on the tissues of the brain. These injuries are reportedly caused
by the changes in accelerations of the head that result from the force of the impact. Accelerations
can either be linear or angular in nature. According to Holbourn (1967), the amount of shear-
strain that occurs from linear accelerations is nearly negligible. Therefore, the main assumption
of RST is that brain injuries occur through angular accelerations to the head, which result in
movement of the brain within the skull as it floats in the cerebral spinal fluid and contra coup as
the brain slams against the skull. This ultimately results in shear stress to the brain which, in turn,
leads to axonal damage. Understanding Newton’s Laws of Motion, muscle physiology, and
Holbourn’s RST as the mechanism of concussion injuries allows for the development of possible
prevention strategies. This theory was used to guide the research questions of this thesis, which
examines how neck musculature may be able to limit the concussion-causing accelerations to the
brain.

Newton’s Laws — the foundation of classical mechanics.

Newton’s laws of motion explain the relationship between a body and the external forces
acting up on and the way in which the body responds to these forces. In brief Newton’s Laws of

Motion are:
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1) A body at rest stays at rest and a body in motion stays in motion unless acted upon by an
external force.

2) Force is equal to mass times acceleration

3) When one body exerts a force upon another, the second body exerts the same magnitude of
force to the first body in the opposite direction (Browne, 2013).

With respect to concussion, these laws provide a framework for understanding how the
human body will react to potentially injurious impacts. Specifically, Newton’s second law
indicates F=ma, where F is the vector sum of the forces of an object and is equal to the mass of
the object multiplied by the acceleration vector of the object (Browne, 2013). Therefore,
acceleration of an object is inversely proportional to its mass. Since a concussion is a result of
head acceleration and rotation, this law can be applied to identify those at risk for concussion in
sport. An athlete with less mass (in their head and neck) is going to experience greater head
acceleration than an athlete who has more mass to their head and neck. Furthermore, Newton’s
third law provides the foundation for explaining how the body must respond to the external
forces applied to it during a concussion (Browne, 2013). Several muscle physiology theories can
explain the mechanism by which the musculature of the neck will respond to impact.

Skeletal muscle stretch reflex.

Skeletal muscle acts on the skeleton to produce movement at a joint. A skeletal muscle is
made up of several muscle fibers. Within each of these muscle fibers there are several repeats of
contractile units called a sarcomere. The molecules within the sarcomere, called actin and
myosin filaments bind with one another to form cross-bridges that will eventually cause the
sarcomere to shorten and the muscle to contract (Koeppen & Stanton, 2017). Muscle contraction

can happen voluntarily however certain reflexes exist to elicit contractions in response to the
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muscle being stretched in order to prevent injury.

Skeletal muscle contains mechanoreceptors called muscle spindles that evaluate the
degree of stretch of a muscle. When as muscle is stretched quickly, as is the case during some
concussive impacts, there is an increase of action potentials sent to the sensory neurons of the
muscle spindle. The activation of these sensory neurons trigger the motor neurons within the
stretched muscle to generate a muscle contraction. This reflex arc acts as a way to protect against
injury from over stretching(Koeppen & Stanton, 2017). According to Newton, in response to a
concussive impact the neck musculature will generate a force in the opposite direction of the
impact. However, to prevent injury, the musculature of the neck must generate force great
enough to absorb the impact in order to prevent concussion. In some high-risk sports fatigue may
play a part in the athlete’s inability to brace against potentially injurious impacts.

Over-exertion theory of musculoskeletal injury causation.

In 2001, Kumar presented several theories that comprise an over-arching theory of
musculoskeletal injury causation. One of the sub theories presented is the over-exertion theory.
This theory states excessive physical effort will result in over-exertion where the biological
system or the components of the system exceed their tolerance limit. Each action, whether it is in
sport or everyday life, requires the generation of force from one position to another over a certain
period of time. Therefore, over-exertion is a function of force, motion, position, and duration. As
the demands on the system increase through any of the aforementioned dimensions of this
theory, the muscles start to fatigue, ultimately resulting in injury (Kumar, 2001).

With respect to concussion, the muscles of the neck work in the same way. They must be
able to generate enough force to counteract the external forces applied to the head. Repetitive

impacts to the head will also eventually result in overexertion of the neck musculature,
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increasing the magnitude of accelerations to the head, possibly resulting in concussion. By
increasing neck strength prior to competition, the musculature of the neck, theoretically, has a

higher threshold to better resist against force, range of motion, and repetition during competition.

Research Questions and Hypotheses

This thesis aims explore the relationship between neck strength and concussion risk. In
order to evaluate this, the following questions were formulated:

1. Is isometric neck strength associated with the likelihood of sustaining a concussion in a
university-level varsity athlete population, aged 18-25?

2. Is there a difference in the incidence of concussion between male and female
university-level varsity athletes?

3. Is there a relationship between the incidence of concussion and the sport played by
university-level varsity athletes?

4. Is there a correlation between neck endurance strength, SCAT 3 symptom scores and
the amount of time it takes an athlete to return to play following a concussion injury.

It is hypothesized that varsity athletes with greater neck strength, and greater neck
circumference will be the least likely to sustain a concussion throughout the course of an athletic
season. Furthermore, female and contact sport athletes are hypothesized to be at considerably
greater risk for concussion than other athletes playing “at-risk for concussion” sports.

It is the goal of this study’s findings to add to the existing body of knowledge about neck
strength as a potential factor in concussive injury and, ultimately, its prevention

The current literature focuses on management and assessment of concussions, yet there

are minimal solutions addressing prevention. Examining which athletes may be at greater risk for
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concussion will help to narrow the focus of future concussion prevention research.

The study design implemented for this project was a prospective cohort study. This
project was granted ethics approval through the Hamilton Integrated Research Ethics Board
(HiREB # 1924). The results of this study are presented in the following two chapters. Chapter 2
examines the relationship of cervical muscle endurance and the rate of concussion in a varsity
athlete population. Chapter 3 explores the relationship between SCAT3 symptom scores, neck
strength, and the amount of time an athlete takes to return to competition as a way to examine
injury severity and predict concussion recovery time. Chapter 4 presents a summary and
discussion of the findings of this study as well as addresses the clinical implications of the results

and provides suggestions for future research.
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ABSTRACT

Objective: Does isometric neck strength predict concussion risk in university varsity athletes?
Methods: Varsity athletes from high risk sports were recruited to be followed over one
complete athletic season. Past-medical history and current health status were assessed prior to
starting competition. Anthropometric measures were assessed along with neck flexor and
extensor endurance tests to evaluate an athlete’s neck strength. Athletes with suspected
concussion were evaluated on the sideline and sent for diagnosis by a team physician. Risk of
concussion was determined using logistic regression analysis with age, history of past
concussion, number of previous concussions, neck pain, depression, height, weight, neck
circumference, and strength scores as predictor variables.

Main Results: Two hundred and forty-six athletes, 157 men and 89 women, from five different
sports were assessed. Thirty-five athletes (15%) sustained concussion over the course of one
athletic season. Four athletes sustained a second concussion. Sixteen percent of male athletes and
11% of female athletes sustained concussions although there was not a statistically significant
difference in concussion rate between sexes (p= 0.312). Rugby reported the highest rates of
concussion for both men (n=15) and women, (n=5) accounting for 57% of all concussions. Neck
pain (p=<0.001), history of past concussion (p=0.001), were the strongest predictors of

concussion risk in varsity athletes.

50



Conclusion: Neck pain pre-season and past concussion history are significant predictors of
concussion. The relationship between neck pain and neck strength in concussions must be
explored further. Past medical history and neck pain assessment should be included in pre-season

evaluations.
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Introduction

Over the past twenty years the incidence of sports-related concussion (SRC) has doubled
in college athletes(Zuckerman et al., 2015). In Canada, more than 12,000 students participate in
university varsity athletics each year (USports, 2017). Concussions comprised approximately
12% of all sports-related injuries experienced by college athletes over the course of a season (K.
Guskiewicz et al., 2003b). Athletes who participate in impact or collision sports, particularly
football, soccer, hockey, basketball, rugby, and cheerleading, report the highest incidence of
SRC. In 90% of varsity athletes concussion symptoms will resolve spontaneously after seven to
ten days (McCrory et al., 2017; Meehan, William P. Mannix, Rebekah C. Stracciolini, Andrea
Elbin, R.J. Collins, 2013). Approximately 10% of athletes experience a prolonged recovery
course with symptoms persisting greater than two weeks (K. Guskiewicz et al., 2003b). Of those
who experience prolonged recovery, ten percent will suffer from symptoms, such as headache,
dizziness, trouble sleeping, difficulty concentrating, and impaired cognition, beyond 45 days
from the initial injury (Mccrea et al., 2016; Zuckerman et al., 2016). These symptoms impair an
athlete’s ability to complete simple activities of daily living (Kimberly G Harmon et al., 2013;
Sandel et al., 2013), as well as limit their athletic and academic performance due to a decreased
tolerance for physical and mental exertion (Littleton & Guskiewicz, 2013; Majerske et al., 2008).
Emerging evidence has linked concussions to chronic mental health issues such as Alzheimer’s
disease, dementia, depression, and chronic traumatic encephalopathy(Manley et al., 2017). The
rising incidence and long-term consequences of SRC demonstrate the need for targeted, effective
primary prevention strategies. Thus, understanding and identifying the athletes who are most at
risk of injury will allow for the development of these strategies.

Limited evidence exists in support of prevention strategies for sports-related concussions.
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A 2013 systematic review on the most effective risk-reduction strategies for SRC indicated the
majority of concussion prevention literature evaluated 1) the use of protective equipment, such as
helmets and mouth guards, 2) rule changes aimed at protecting the athlete, and 3) educational
programs for athletes, coaches, and parents (Brian W Benson et al., 2013). They found that
concussion prevention required a multi-faceted approach, as no new concrete evidence had
emerged to support the aforementioned strategies (Brian W Benson et al., 2013). A more recent
systematic review on concussion prevention found the strongest and most consistent strategy to
be the elimination of body checking in youth ice hockey athletes (Emery et al., 2017b). This is
not a feasible strategy for all levels of play as varsity and professional hockey allow for body
checking. Nor is this applicable to other at risk for concussion sports. The authors of this study
indicate the need for further exploration of prevention strategies of both intrinsic and extrinsic
risk factors using more rigorous prospective study designs (Emery et al., 2017b). Therefore, it is
paramount that we explore an alternative primary prevention strategy for SRC.

A concussion is the result of a biomechanical force applied to the head or body, resulting
in movement of the brain within the skull (McCrory et al., 2017). Therefore, in order to prevent
concussions, we must address how to counteract the injurious momentum transferred to the brain
upon impact. Neck strengthening has been proposed, by some, as a worthwhile target for
prevention of concussions (Kimberly G Harmon et al., 2013; Hrysomallis, 2016; McCrory et al.,
2013). The current literature indicates younger athletes and females are more susceptible to
concussions in comparison to their older, male counterparts (Tierney et al., 2005). There is a
large body of evidence that demonstrates weaker necks amongst women and children (Eckner et
al., 2014; Hamilton et al., 2012; Lavallee, Ching, & Nuckley, 2013). Athletes with stronger neck

muscles are able to generate greater absolute force and a greater amount of torque more quickly
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than their weaker counterparts (Eckner et al., 2014), possibly protecting them from potentially
injurious impacts. These studies support the concept of neck strength as a predictive variable for
concussion risk and suggest that certain anthropometric variables, including neck girth and
relative neck strength, may have a role in determining athletes at greatest risk for SRC.

Collins et al. evaluated to what extent neck strength may be a protective factor for
concussion in high school athletes. They found that for every one pound increase in neck
strength, concussion risk decreased by 5% (C. L. Collins et al., 2014b). The extent to which this
holds true in a trained adult population, such as varsity athletes, has not yet been explored.
However, previous studies have established that neck-strengthening protocols in competitive
male Rugby Union athletes have been effective at increasing overall neck strength (Geary et al.,
2014). Furthermore, a study by Cramer on college football athletes demonstrated a cervical spine
and shoulder girdle strengthening protocols can reduce the recurrence of brachial plexus injuries
in these athletes (Cramer, 1999) suggesting that certain anthropometric variables may be
manipulated in such a way to protect at-risk athletes from concussions.

Handheld dynamometry is the most commonly used tool to assess neck strength
(Vasavada, Danaraj, & Siegmund, 2008) however individual units are quite costly and have little
significance from a clinical perspective. Evaluation of neck strength in the study by Collins et al.
used a tension-scale dynamometer as their primary measurement tool (C. L. Collins et al.,
2014b). They attempted to validate the use of the tension scale by comparing measurements
with a handheld dynamometer. While the correlation between the tension-scale and the handheld
dynamometer was acceptable (C. L. Collins et al., 2014b), there is no doubt question of human
error when using the tension scale. The scale requires athletes to pull against the device being

held by the assessor (C. L. Collins et al., 2014b) questioning whether the assessor’s strength or
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resistance against the athlete contributes to the results . The tension-scale provides a more
economical alternative to a costly handheld dynamometer, nevertheless neither of these tools are
readily found in clinics. To evaluate neck strength as a predictor of concussion risk in a clinical
setting it is imperative to use a quick, easy, safe, and cost-effective measurement tool. For the
purpose of this study we evaluated isometric neck strength using a neck flexor and extensor
endurance test. This test has been used in a comparison of university students who reported sub-
clinical neck pain and those who did not and was found to have good reliability (ICC= 0.71-0.85)
(Lourenco, Lameiras, & Silva, 2016). Furthermore, it requires minimal equipment, and is easy to
perform. This test, however, has not yet been used in an athlete population.

The main objective of this study was to determine if neck muscle endurance strength,
neck circumference, and neck length are associated with prediction of concussion risk for
university athletes. We hypothesized that neck muscle strength, along with the aforementioned
anthropometric variables, will have be predictive in determining concussion risk in a group of
varsity athletes.

Methods
Participants

Varsity athletes from football, rugby, soccer, hockey, basketball, and cheerleading at
McMaster University were followed over the course of one athletic season (August-April).
Interested athletes signed informed consent and were taken through the study assessments prior
to the first regulation competition game. Eligible participants were athletes who had been
declared fit-to-play by their respective team physicians as per university protocol. The Hamilton

Integrated Research Ethics Board at McMaster University approved all study procedures.
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Procedures

Past Medical History Assessment — Athletes were asked several questions to evaluate the
presence of possible suspected covariates, including number of past concussions, the presence of
neck pain, and history of anxiety or depression (Iverson et al., 2017). Data intake forms are

found in Appendix C

Neck Strength Measures — For this study an isometric endurance test of the deep neck flexors
(DNF) and neck extensors was used. The procedure for the DNF endurance test has been
standardized and previously described by Harris et al. (Harris et al., 2005). Prior to the start of
the assessment, a cervical range of motion inclinometer (C-ROM) was placed on the athlete’s
head to evaluate the athlete’s head position throughout the test. The use of this tool has been
validated to measuring range of motion at the cervical spine(de Koning, van den Heuvel, Staal,
Smits-Engelsman, & Hendriks, 2008). Participants were assessed in a supine position. They were
instructed to maximally retract their chin and lift their head 2.5 cm off the table. Athletes were

instructed to keep their chin tucked and lift their head up as long as possible (Figure 1). The

assessor’s hand was placed under the athlete’s head for the entire duration of the test. The test
-

was complete when an athlete’s head touched the
assessor’s hand for more than one second, or if there
was a five-degree change in head position on the

CROM (Harris et al., 2005). The time each athlete

was able to maintain the lifted head position was
recorded in seconds.

Neck extensor endurance was evaluated using the methods previously described by Sebastian et
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al. (Parazza et al., 2014). Athletes were prone on the plinth, their shoulders in line with the end.
i Athletes were strapped to the plinth in order to sure
minimal activation of the back-extensor muscles
(Figure 2). Using the same inclinometer athletes

again maximally retracted their chin and lifted the

back of the head toward the ceiling. The assessor

Figure 1 - Demonstration of Neck Flexor Strength Test

placed their hand on the athletes back to be able to

feel for any activation of the back musculature beneath their hands. Once in position the timer

started. A five-degree change in head position signaled the end of the test.

Anthropometric Measures — The procedure for all anthropometric measurements are described

in Table 1.
<< INSERT TABLE 1.0 HERE >>

Outcome Measures
Primary Outcome Measure
?gure 2 - Demonstration of Neck Extensor Strength The primary outcome measure was the occurrence

est
of SRC as diagnosed by the team physician for that season (August 2016 to April 2017). This is
in line with McMaster University Athletics concussion policy. All concussions, whether they
occurred in practice or competition, were included in the analysis. Each McMaster varsity team
was assigned to a certified Sports Medicine physician, all of whom have extensive experience
assessing and managing athletes with concussions. Consequently, all team physicians ruled in a

concussion based on the following: 1) Presence of one or more concussion symptoms, 2)

mechanism of injury, 3) cognitive impairment, and 4) athlete disposition or abnormal behavior
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for their character (McCrory et al., 2013). Physician confirmed cases of concussion were
documented by the team therapist and reported to the investigator, along with their initial injury
assessments which include SCAT3 scores as per the McMaster University concussion protocol.
Statistical Analysis.

Participants were classified into concussed and non-concussed athlete groups. Pearson’s
chi-square and student t-tests were performed on demographic and strength-related variables to
test for differences between the two outcome groups. Where the normality assumption was not
met the Wilcoxon Rank Sum test was used to evaluate differences between groups. The
significance level was set, a priori, to p < 0.05. Correlations between the presence of concussion
and strength and non-strength related variables were examined using Spearman’s Rho as much
of the data was not normally distributed(Pagano, Marcello; Gauvreau, 2000). Logistic regression
analysis was used to model the predictor variables with a binary outcome of concussion (yes=1)
or no concussion (no=0). The predictor variables used in the model were selected based on our
main research hypotheses, the results from the summary statistics, along with the univariate
binary logistic regression analysis. To maintain statistical power, Peduzzi and colleagues suggest
10 or more events per variable in the logistic regression model (Peduzzi, P., Concato, J., Kemper,
E., Holford, T.R., Feinstein, 1996). The primary outcome was the presence of concussion and
two predictor variables, number of past concussions and neck pain, were used in the final
statistical model. The independent variables chosen to be included in the model were subject to
linear regression analysis to evaluate for collinearity. Table 4.0 provides an explanation of the
regression modelling process for the chosen predictor variables. The selected variables fulfilled
the collinearity assumption with variance inflation factors ranging from 1.13 to 2.48 (Pagano,

Marcello; Gauvreau, 2000). All analyses were performed using STATA/IC version 14 for mac
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statistical analysis software.

Results
A total of 246 athletes from football (n = 64), soccer (n = 46), rugby (n = 80), basketball (n =
27), women’s hockey (n = 13) and cheerleading (n = 16) were assessed for this study; 89 women
and 157 men completed the pre-season assessment. McMaster University does not have a varsity
men’s hockey team and was therefore these athletes were unavailable for assessment. For
continuity, women’s hockey (n=13) was removed from any comparison between sports but was
included in sex based comparisons. The mean age of the athletes assessed was 19.74 years with
standard deviation of 1.70. Thirty-five athletes (14%), 25 men (16% of men) and 10 women
(11% of women), sustained concussions over the season. Four male athletes sustained a second
concussion within the season. The total number of concussions over the season was 39.
Summary statistics for athlete demographics and anthropometric measures by concussion group

and sex are presented in Table 2.

<INSERT TABLE 2 HERE>

Non- Strength Related Variables

In a comparison of concussed and non-concussed athletes, there were no significant
differences in sex (p = 0.312), age (p= 0.067), or the number of years involved in their respective
sport (p = 0.260). However, concussed athletes reported significantly greater depression rates
(p=0.011), history of past concussions (p= 0.001), number of past concussions (p=<0.001), and
the presence of neck pain (p= < 0.001). There were also significant differences in the rate of
concussion between different sports (p= 0.015). Rugby athletes were found to have the highest

rate of concussion. Rugby athletes made up 60% (n=15) of concussed males and 50% (n=5) of
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concussed females. Twenty-eight percent (n=15) of male rugby athletes and 19% (n=5) of
female rugby athletes sustained a concussion over the season. Three of the four athletes who
experienced repeat concussions were rugby players. Football reported the second highest,
overall number of concussions with 13% (n=8) of athletes experiencing a SRC.

Sex-based comparisons of concussed and non-concussed athletes demonstrated
significant differences in past concussion history in male athletes (p=<0.001) but not female
athletes (p=0.077). Eighty-eight percent (n=22) of concussed male athletes reported having
experienced at least one previous concussion compared to 47% (n=62) of non-concussed males.
Seventy percent (n=7) of concussed females reported at least one past concussion compared to
41% (n=32) of females who did not sustain a SRC. Football and rugby athletes reported the
greatest number of athletes with past concussion history. One-hundred percent of concussed
football athletes (n=8) and 95% of all concussed rugby athletes (n=20, men and women) reported
having previous concussion diagnosis. The presence of neck pain was significantly greater in
concussed males (p= <0.001) but not in concussed females (p= 0.072) females. Thirty-six
percent (n=9) of men and 30% of women (n=3) who sustained concussions reported neck pain at
the pre-season assessment.

Strength Related Variables

In a comparison of concussed and non-concussed athletes two-tailed students t-tests and
the Wilcoxon rank sum test were performed to evaluate the differences in body size and strength
in concussed and non-concussed athletes. Males and females were evaluated separately due to
the biological differences in size and strength between the sexes. No significant significant
differences were found between concussed and non-concussed athletes in both men and women

in any of the anthropometric measures evaluated including, height (p = 0.598, p = 0.125), weight
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(p =0.186, p = 0.340), head circumferences (p = 0.668, p = 0.318), neck circumference (p =
0.923, p = 0.645), or neck length (p = 0.059, p = 0.969) Direct strength measures demonstrated
significantly greater neck flexor strength in male athletes compared to females (p= 0.023),
however no differences in neck extensor strength between the sexes (p= 0.174). Neither neck
flexor nor neck extensor strength was statistically significant between concussion groups for men
or women (p = 0.095, p=0.585 and p = 0.663, p = 0.577).
Logistic Regression Analysis

Logistic regression analysis found that the model with the three independent variables
past concussion history, the presence of neck pain, and neck flexor strength to be significant
(X2(3) =36.52, n = 246, p < 0.001). This indicates that the likelihood of an athlete sustaining a
concussion in a given season is related to these three variables. Table 4.0 presents the beta
coefficients, odds ratios, standard error, Wald statistic, significance and 95% confidence interval
for the final regression model. A history of neck pain at the time of the assessment was the
strongest predictor of concussion risk with an odds ratio of 7.06 (p < 0.001), indicating risk of
concussion increases by a factor of 7 when neck pain is indicated. Past concussion history has an
odds ratio of 4.6 (p = 0.002) indicating five times the risk for concussion in athletes with a past
diagnosis of SRC.

Neck extensor strength (p= 0.498) and the average of both neck strength tests (p=0.933)
did not improve the predictive accuracy of the model. Neck flexor strength was the only strength
related variable included in the final model (p= 0.237). The odds ratio of 0.96 for neck flexor

strength indicates neck strength does not protect against concussion in varsity athletes.

<INSERT TABLE 3.0 HERE >
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Discussion

In this prospective cohort of university varsity athletes we found the incidence of
concussion to be slightly higher than what has been reported in the literature on both Canadian
and American university athletes, which indicate approximately 10% of athletes sustain
concussions in a given season (Black et al., 2017; K. Guskiewicz et al., 2003b; Zuckerman et al.,
2015). Fifteen percent of our athletes sustained a concussion over the course of the season. Neck
pain was the greatest predictor of concussion risk (OR= 7.06, p=<0.001), followed by past
concussion history (OR=4.61, p=0.002). Neck strength (OR=0.96, p= 0.237) is not associated
with concussion risk. The three predictor variables together, neck pain, past concussion history,
and neck flexor strength, account for 18.2% of the variance in concussion outcome.

The current literature indicates that recurrent concussion is indicative of future risk for
several chronic mental health issues such as anxiety, depression, and mood disturbances, as well
as the suggested primary mechanism of injury for tauopathies like chronic traumatic
encephalopathy (Omalu et al., 2005; Prins et al., 2013; Safinia et al., 2016). A history of
concussion has also been shown to be a positive predictor of concussion risk (K. Guskiewicz et
al., 2003b; Schulz et al., 2004; Tsushima, Siu, Ahn, Chang, & Murata, 2018). A 2018 study
found that athletes with a past concussion history had 3 to 5 times greater risk of sustaining a
concussion (Tsushima et al., 2018). Our findings reflect what is published in the literature. Fifty
percent (n = 123) of our athletes reported history of at least one previous concussion.
Additionally, this study found concussed athletes to have significantly higher rates of past
concussion (p=<0.001). Eighty-three percent (n = 29) of concussed athletes and 45% (n = 94) of
non-concussed athletes reported a history of past concussion prior to the start of the season. The

mechanism behind what predisposes athletes with a history of concussion to subsequent
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concussions is unknown although could be attributed the period of cerebral vulnerability as
previously described by Giza (2014) may persist beyond the acute symptomatic time period.

There is a scarcity of literature showing a relationship between neck pain and concussion
risk although a 2009 study by Shehata et al. indicated it was the third highest symptom reported
on the SCATS3 in pre-season baseline assessments of college varsity athletes (Shehata et al.,
2009). However, in this cohort neck pain was the strongest predictor of concussion risk with
those reporting neck pain experiencing 7 times the risk for concussion. Thirty-five percent
(n=12) of concussed athletes reported neck pain at pre-season evaluation compared to 5% (n=10)
in non-concussed athletes. One Canadian study by Schneider et al. demonstrated that the
presence of headache and neck pain in male youth hockey players increased the athlete’s risk of
concussion during the season (Schneider, Emery, Kang, Schneider, & Meeuwisse, 2011). The
extent to which neck pain predicts concussion risk has not yet been reported in a varsity athlete
cohort. The presence of neck pain may present an increased concussion risk due to an athlete’s
inability to adequately brace for impact or contract the musculature forcefully enough to limit the
forces translating to the head (Lindstrem, Schomacher, Farina, Rechter, & Falla, 2011).

Neck pain as the greatest predictor of concussion risk calls into question the importance
of neck strength in limiting concussion risk. Collins et al. evaluated neck strength in high school
athletes and found a significant relationship between stronger necks and a decreased likelihood
of concussion (C. L. Collins et al., 2014b). It is known that developmentally, high school athletes
have more variability in their body morphology and anthropometric demographics than an older
cohort where developmental variation is leveling. Also, the modified dynamometer used to
evaluate neck strength in this study possibly introduced high levels of human error at the time of

measurement. Fixed apparatus dynamometry is an alternative way to measure neck strength
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without introducing as much human error however, the use of dynamometers and other fixed-
apparatus strength measurement tools are not readily available to clinicians evaluating athletes
and are often expensive. For these reasons we chose to use the isometric endurance tests which
are economical, easy to administer, and have reported moderate to excellent reliability (ICCa,1 =
0.82 10 0.92, ICC3,1 = 0.67 to 0.78). Although neck strength was not significantly different
between concussed and non-concussed athletes and was not a significant sole predictor of
concussion in this group of varsity athletes, we have confidence the measurement of neck
strength was valid due to all strength assessments being performed by one single rater.
Furthermore, a recent study by Lourenco and colleagues (2016) evaluated the use of these neck
flexor and extensor tests in a comparison of university students with subclinical neck pain and
those without found the tests to be reliable. The authors also found that there were no significant
differences in the neck endurance test scores between those with neck pain and those without
(Lourenco et al., 2016). These results mirror what we found in our athlete cohort, particularly as
more concussed athletes reported neck pain at the time of assessment.

The overall high rate of concussions in rugby athletes and the significant number of past
concussions (up to 9 previous SRC) are of grave concern due to the growing body of literature
on the long-term effects of concussion, including increased risk for CTE. As neck strength was
not a significant predictor of concussion in this cohort it is imperative to continue an inquiry into
effective prevention strategies for SRC.

Limitations

This study is not without its limitations. While 15% of athletes sustaining a concussion is

significant, it is possible that 39 concussions is too few to accurately determine the predictive

power of neck strength in concussion risk as other variables were more significant and the
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number of concussions (dependent variable) dictate the number of predictor variables that are
able to be included in the logistic regression analysis. This cohort is sampled from a very narrow
age range, therefore the variability between weaker and stronger athletes is harder to detect.
Furthermore, the use of a quick, easy, and economical measurement tool is imperative for a
clinical strength assessment though given the trained nature of the athletes this tool may not have
been sensitive enough to determine the variability in strength in these athletes. However, while
these strength measures have not been used in a concussed athlete population to date, their
primary use is in patients with chronic neck pain which was the most significant predictor of
concussion risk. Athletes were followed over the course of one season, thus providing a snapshot
of injury risk in a narrow time frame. A study carried out over multiple seasons and generations
of athletes would provide a more concrete understanding of concussion risk in a varsity athlete
cohort. Lastly, certain teams at McMaster University were more accessible for participation than
others (i.e. Men’s hockey) therefore some important at-risk athletes were not captured in this
study.
Conclusion

Neck strength alone has no effect on predicting concussion risk in university varsity
athletes. The presence of neck pain was found to be the greatest of risk factor for concussive
injury. An evaluation pre-season health history, including the presence of neck pain and past
history of SRC, may be beneficial in determining at-risk athletes. This evaluation would be most
beneficial to rugby athletes who are at greatest risk for concussion in a varsity athlete population.
Future research should focus on the evaluation of neck strength in a laboratory setting using
fixed apparatus dynamometry to eliminate human error and evaluate absolute strength in

university athletes. Additionally, future studies should take place across multiple athletic seasons
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to be able to evaluate neck strength and understand the epidemiology of SRC in Canadian varsity

athletes.
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Table 1: Procedure overview for anthropometric assessments

Test Procedure

Height (m) Height was measured using a measuring tape fixed to a wall. At the time of assessment, it was
measured to the nearest centimeter. It was converted to meters for statistical analysis.

Weight (kg) Weight was measured to the nearest hundredth of a kilogram using a calibrated digital scale.
Athletes were dressed in light athletic gear.
Neck Length (cm) Neck length was measured with the athlete seated, looking straight ahead.

A soft tape measure was used to measure from the external occipital protuberance to the middle
of the C7 spinous process.

All measurements were taken to the nearest tenth of a centimeter.

Head circumference was measured by placing a soft
tape measure in the center of the forehead just above
the bridge of the eyebrows.

Head Circumference (cm)

The measuring tape wraps around the temporal bone,
behind the ears, over top of the external occipital
protuberance and around the other side of the head to
meet the other end in the center of the forehead.

We measured head circumference to the nearest tenth
of a centimeter.

Neck circumference was measured with athletes seated
straight in a low back chair, looking straight ahead. A
soft tape measure was placed at the midline of the neck
between the middle cervical spine and the mid-anterior
neck.

Neck Circumference (cm)

For men, the measuring tape was placed just below the
laryngeal prominence.

All measurements were taken to the nearest tenth of a
centimeter.

77



Table 2: Summary statistics with group comparisons for all independent variables by dependent variable outcome (concussion
status)

Concussed Athletes

Demographics &

Non-Concussed Athletes Test Statistic

anthropometric factors n= 35 n=211

Age years, mean (sd) 20.26 (1.73) 19.66 (1.69) z=2.05, p=0.050

Sex n (%)

Male 25 (71.43) 132 (62.56) X’= 1.023, df= 1, p= 0.312
Female 10 (28.57) 79 (37.44)

Sport n (%)

Football 8(22.86) 56 (26.54)

Soccer 3(8.57) 43 (20.38) X’= 14.82, df=5, p= 0.011
Rugby 20 (57.14) 60 (29.38)

Basketball 4(11.43) 23 (10.90)

Women’s Hockey 0(0.00) 13 (6.16)

Cheerleading 0(0.00) 16 (7.58)

Number of years in sport, mean (sd) 8.37 (4.07) 9.14 (4.43) z=1.13, p=0.260

Past concussion, n (%)

Yes 29 (82.86) 94 (44.55) X=32.18, df= 1,

No 6(17.14) 117 (55.45) p=<0.001*

Presence of neck pain, n (%)

Yes 12 (34.29) 10 (4.74) X’= 28.66, df= 1,

No 23 (65.71) 201 (95.26) p= < 0.001**

Height m, mean (sd)

Male 1.83 (.079) 1.81(.076) ti1s5)= 0.644, p= 0.521
Female 1.72 (.090) 1.68 (.071) tig7)= 1.549, p= 0.125

Weight kg, mean (sd)

Male 94.45 (17.35) 90.50 (21.27) z=1.69, p=0.092
Female 70 (8.78) 67.60 (11.36) z=1.01,p=0.314
Head circumference cm, mean (sd)

Male 56.92 (1.84) 54.88 (1.80) z=0.102, p=0.918
Female 54.88 (1.80) 54.27 (1.81) z=1.31, p=0.191
Neck circumference cm, mean (sd)

Male 43.72 (5.14) 44.21 (3.69) z=-0.276, p=0.783
Female 36.69 (3.21) 36.48 (2.50) z=0.461, p= 0.645
Neck length cm, mean (sd)

Male 13.84 (2.01) 13.15(3.19) z=2.05, p=0.041*
Female 12.23 (1.42) 12.28 (1.52) z=0.039, p=0.969
Flexor strength s, mean (sd)

Male 16.62 (5.62) 19.58 (7.82) z=-1.51, p=0.131
Female 15.75 (6.12) 17.39 (7.29) z=-0.546, p= 0.585
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Extensor strength s, mean (sd)
Male 282.86 (100.31) 279.30(120.74) z=1.67, p=0.0945
Female 235.99 (118.97) 260.48 (131.58) z=0.585, p= 0.553

Key: sd = standard deviation, df = degrees of freedom, * - denotes significance at 0.05 level, ** - denotes significance at 0.01 level
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Table 3: Logistic regression predicting the likelihood of concussion in university athletes

95% Cl
Variables OR B SE Wald df Sig. &
Lower Upper
Past Concussion 4.61 1.53 0.49 3.15 3 0.002* 0.577 2.480
Neck Pain 7.06 1.95 0.51 3.86 3 0.000* 0.962 2.947
Flexor Endurance Test 0.96 -0.039 0.03 -1.18 3 0.237 -0.103 0.0253
Constant 0.09 -2.43 0.71 -3.44 3 0.001* -3.810 -1.042

Key: OR= odds ratio, B= beta coefficient, SE= standard error, Wald= Wald statistic, df= degrees of freedom, Sig. = p-value,
95% Cl = 95% confidence interval. * = significant at the 0.05 significant level (2-tailed)
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Table 4.0: Steps in determining predictor variables in logistic regression modelling

Dependent variable: Presence of concussion (0 = no, 1 = yes)

Model R? (p-value)

Variables OR B SE Wald df Sig.
1. Demographics
Age 1.21 0.190 0.105 1.80 3 0.071 R2=0.021 (p =0.2300)
Sex 0.67 -0.406 0.489 -0.83 3 0.407
Sport 1.00 0.006 0.160 0.04 3 0.972
Constant 0.004 -5.47 2.17 -2.52 3 0.012
2. Demographics +
Covariates 2 _
Age 1.15 0.139 0.120 1.16 4 0.245 R%=0.1981 (p = < 0.001)
Sport 0.743 -0.297 0.166 -1.78 4 0.075
Past Concussion 4.60 1.53 0..490 -3.11 4 0.002*
Neck Pain 10.68 2.368 0.559 -4.24 4 <0.001*
Constant 0.006 -5.187 2.466 -2.10 4 0.035
3. Anthropomerty and
strength R2=0.035 (p = 0.1334)
Head circumference 1.05 0.046 0.11 0.43 4 0670 o p=t
Neck circumference 1.04 0.034 0.047 0.73 4 0.464
Flexor Endurance Test 0.93 -0.068 0.032 -2.13 4 0.034*
Extensor Endurance Test 1.00 0.001 0.002 0.84 4 0.399
Constant -4.99 -4.99 4.97 -1.01 4 0.315
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4. Significant Predictors

Past Concussion 461
Neck Pain 7.06
Flexor Endurance Test 0.96
Constant 0.09

1.53

1.95

-0.039

-2.43

0.49

0.51

0.03

0.71

3.15

3.86

-1.18

-3.44

3

3

3

3

0.002*

0.000*

0.237

0.001*

R?=0.1835 (p =< 0.001)

Key: OR= odds ratio, B= beta coefficient, SE= standard error, Wald= Wald statistic, df= degrees of freedom, Sig. = p-
value, 95% Model R? = the approximate amount of variability in the dependent variable explained by the chosen

predictor variables . * = significant at the 0.05 significant level (2-tailed).

Note: The formation of these regression models was done using forwards and backwards selection. To begin the
modelling process, all potential predictors were placed in the model together to determine any possible significant
predictors. In doing this only neck pain and past concussion were significant. Variables were then removed, one-by-one,
based on the highest p-values. After identifying the strongest possible predictors for each category of independent
variables, demographics, covariates, anthropometry, and strength, multiple models (shown above) were evaluated
using forwards and backwards selection. The final regression model presented here as “significant predictors” and
provided in Table 3.0 best fit the data while ensuring not to invalidate the regression model with too many predictor
variables for the number of concussion events.

82



Chapter Three

Title of Paper: Symptom intensity and neck pain predict the length of concussion recovery
in Canadian university athletes.

Authors: Erin E. Cole, BSc., Anita Gross, MSc., BScPT, Ira Price, MD., FRCPC, Carol
DeMatteo MSc., Dip P & OT, OT Reg (Ont),

To be submitted to: British Journal of Sports Medicine

ABSTRACT

Objective: To explore the predictors of total recovery and time to return to play in university
athletes?

Methods: Varsity athletes from high risk sports were recruited to be followed over the course of
one athletic season. Prior to beginning competition, athletes completed basic questionnaires of
past-medical history and current health status. Anthropometric measures were collected along
with neck flexor and extensor endurance tests to assess neck strength. Athletes with suspected
concussions were assessed on the sideline using the SCAT3 and evaluated by a team physician
for diagnosis. All concussed athletes were monitored during recovery until return-to-play.

Main Results: Thirty-five athletes (15%) experienced a concussion over the athletic season. The
average amount of time to return to play was 18 days. Basketball athletes reported the longest
time to recovery (mean= 22 days). Strength- and anthropometric-based variables were included
in the preliminary predictive model along with total symptom score, history of concussion, neck
pain and sport. Symptom scores and the presence of neck pain were the only two significant
predictors of time to return to play.

Conclusion: Individual neck strength scores are not predictive of recovery time. Symptom

intensity and neck pain are the most significant predictors of length of recovery in varsity
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athletes. The relationship between neck strength and neck pain with respect to recovery time

should be explored further.
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Introduction

1.6 to 3.8 million sports-related concussions (SRC) reportedly take place each year in the
United States (Center for Disease Control et al., 2011; Gessel et al., 2007). The majority of SRCs
occur in athletes between the ages of 14 and 22. While high school athletes report a greater
number of SRC overall, a by-sport comparison of high school and college athletes has
demonstrated that college athletes report a higher number of concussions in comparison to their
younger counterparts in the same sport. The National Collegiate Athletic Association (NCAA)
reports approximately 10% of all varsity athletes sustain a concussion in a year (K. Guskiewicz
et al., 2003a). The data on the incidence of concussion in Canadian varsity athletes is scarce. A
2017 study of Canadian university athletes reports findings similar to that of larger American
cohort studies (Black et al., 2017). Symptoms of concussion are classified as somatic, cognitive,
emotional, and sleep related with headache being the most frequently reported symptom. Most
athletes recover spontaneously from concussion within seven to 14 days(Kimberly G Harmon et
al., 2013; H. J. McCrea, Perrine, Niogi, & Hartl, 2012). However, about 10% of athletes will
experience concussion symptoms persisting longer than the expected two-week period (Mccrea
et al., 2016). Prolonged concussion recovery is called post-concussion syndrome (PCS). There is
much debate over the criteria for diagnosis of PCS. The World Health Organization defines PCS
as the presence of three or more symptoms for more than four weeks (World Health
Organization (WHO), 2011). However, a study that surveyed over 500 physicians reported that
most doctors diagnose the presence of PCS after an athlete has experienced at least one
concussion symptom for at least four weeks (Rose et al., 2015).

Predictors of prolonged concussion recovery have been studied extensively in youth and

high school aged athletes. Initial studies, mostly on high school athletes, indicate the strongest
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predictors of concussion risk to include female sex, past concussion diagnosis, and a history of
migraines (Harvey, Hall, Patel, Barnes, & Ketcham, 2017; McCrory et al., 2013). These risk
factors are not well supported in the literature on collegiate athletes. A 2017 study by Harvey and
colleagues found there to be no significant differences in concussion recovery time for sex,
history of concussion, or the past diagnosis of migraines. However, this study included a small
sample size and excluded athletes who took longer than 30 days to recover. Additionally, they
included athletes from sports that are not considered high risk for concussion as per the current
literature, such as tennis and golf (Harvey et al., 2017). Further exploration into the risk factors
for PCS within the university athlete population is required.

Acute concussion symptoms seriously impair a student-athlete’s ability to fulfill their
academic responsibilities, impede their athletic performance, and restrict their ability to carry out
simple tasks of daily life. Furthermore, there is much speculation surrounding an increased risk
of developing depression and anxiety in athletes with PCS (Stazyk, 2015). There is minimal
literature detailing the long-term sequelae associated with PCS however, the symptomology and
perpetuation of mental health issues necessitates examination of the risk factors associated with
recovery in a university varsity athlete cohort.

Recent literature on concussion risk has presented the possibility that body morphology
and muscle strength may be important factors in determining who is at greatest risk for
sustaining a concussion. In 2014, Collins published a paper demonstrating there to be significant
differences in neck muscle strength of concussed and non-concussed high school athlete (C. L.
Collins et al., 2014b). The methods for clinical neck strength testing in an athlete population are
not well documented in the literature and the use of a tension-scale in the Collins study may have

introduced significant variability in the strength measurements obtained for each athlete.
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Nonetheless, variability in strength in highly trained university athletes has been documented.
One study examined the variability in neck strength among elite rugby athletes and found there
to be significant differences in strength between athletes of different positions (Geary et al.,
2014; Tierney et al., 2008a). Furthermore these differences were associated with increased risk
for cervical spine injuries in the athletes with weaker neck musculature. A study examining the
head kinematics and anticipatory or “bracing” response to external force in female athletes
produced similar findings. Female athletes had a decreased anticipatory response to an external
load and therefore were unable to resist the impact as well as their male counterparts (Tierney et
al., 2005, 2008a). The extent to which body size and muscle strength influence concussion
symptom severity or return-to-play time has yet to be examined. Research into this topic could
provide valuable insight into concussion management and prevention strategies. The purpose of
this study was to examine the relationship of neck muscle strength, concussion symptom scores,
and other possible covariates on the length of concussion recovery time between male and
female university athletes. The hypothesis being that if neck strength has a protective effect on
head movement, it may relate to a less serious injury and thus a shorter recovery period.
Methods

Participants

A convenience sample of male and female varsity athletes from McMaster University in
Hamilton, Ontario were recruited to participate in this study. Participating athletes were from
“high-risk” concussion sports including basketball, women’s cheerleading, men’s football,
women’s hockey, rugby, and soccer. All athletes had to be considered fit to participate in varsity
athletics by team physicians in order to be enrolled in the study. The Hamilton Integrated

Research Ethics board approved all study procedures (#1924).
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Procedures
Pre-season Assessment

After providing informed consent, athletes were assessed at pre-season prior to
competition and followed over the course of their athletic season for one academic year (August
to April, 2017).

Past Medical History Assessment — Athletes were asked several questions to evaluate the
presence of the potential covariates: 1) a prior history of concussion, 2) neck pain or injury, 3)
the presence of anxiety and depression (Iverson et al., 2017) at the time of assessment. Data
intake forms are found in Appendix 1.

Neck Strength and Anthropometric Evaluation — Neck strength evaluation was completed
using the deep neck flexor endurance (DNF) test and neck extensor endurance test. The DNF
endurance test has been used in a healthy adult population and has moderate to excellent
reliability (ICC 2,1 =0.67-0.78, ICC 3,1 = 0.82-0.91) (Harris et al., 2005). The procedures for all

strength and anthropometric assessments can be found in Table 1.0

<INSERT TABLE 1.0 HERE>

Concussion Assessment

McMaster university protocol is to remove any athlete with a suspected concussion from
the field of play for assessment. At the time of injury SCAT3 was administered to every athlete
with suspected concussion for baseline evaluation either by a trained student athletic therapist
under direct supervision or the team’s head therapist. Following a possible concussion all
athletes were seen by the team physician. Team therapists reported concussions for their team to
study staff weekly. A copy of each concussed athletes SCAT3 scores were recorded. Athletes

who were diagnosed by their team physician as having sustained a concussion, were monitored
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throughout their recovery.
Outcome Measures
Primary Outcome Measure

The primary outcome measure for this study was the length of time it took the athlete to
return to competition following a concussion. Concussed athletes were followed as they
completed the McMaster University protocol for concussion recovery. Athletes are restricted to
absolute physical and cognitive rest while they are symptomatic. McMaster University obtains
baseline Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) scores for all
incoming athletes participating in high-risk for concussion sports to help determine cognitive
function of athletes prior to injury. While this information was not considered for this study it is
important to note that this information helped to guide diagnosis. Once asymptomatic following
a concussion, athletes were required to repeat the InPACT test. The team physician and lead
athletic therapist reviewed the scores of the INPACT test and the symptoms reported by the
athletes to determine if they are fit to begin a graduated return-to-play protocol based on the
Zurich and the Berlin consensus statements on concussion in sport (McCrory et al., 2013, 2017).
Athletes progress through the five return-to-play stages and are required to remain asymptomatic
before advancing. Study partipants were followed over their course of recovery. The combined
total amount of time until the athlete was asymptomatic and the time required to complete a
graded return-to-play protocol was considered to be the total recovery time.
Statistical Analysis

A multiple regression analysis was conducted to determine the predictive model for time
to return-to-play. Summary statistics were carried out on the key variables as means and standard

deviations for continuous data and medians and quartiles for categorical data (Table 2.0).
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Differences in recovery time between men and women and between sports were evaluated using
the Wilcoxon rank sum test and a one-way analysis of variance. Given that the normality
assumption was not met we transformed the dependent variable (time to return-to-play) into the
natural logarithm of the time to return—to-play. A forward-stepwise regression was conducted to
determine the best predictive model.
<<INSERT TABLE 2.0 ABOUT HERE>>
Results

A total of 246 athletes were assessed pre-season. Thirty-five athletes (15%) sustained a
concussion over the course of the year. Four athletes (11%) sustained a second concussion
in the same season. Descriptive statistics for all independent and dependent variables are
reported in Table 2.0. The average total recovery time to return to competition was 17.68 days
for all athletes. Male athletes recovered on average 17 days while females took longer,
averaging 19 days to recover. There were no significant differences in recovery time between the
sexes (p=0.499). The average amount of time an athlete was symptomatic was 11 days. No
significant differences in symptom duration were noted between men and women (p=0.279).

Basketball athletes experienced the longest average recovery at 22 days. Rugby athletes
reported the second longest recovery time, averaging 18 days however, these athletes had the
greatest range in their time to recovery from five to 58 days. Football athletes recovered in an
average of 17 days while soccer players recovered the fastest with total recovery time averaging
13 days. However, no significant differences in recovery time was noted between the sports (p=
0.320). With respect to prolonged recovery (longer than 28 days) only two males and two
females experienced concussion symptoms beyond four weeks. The mean time to recover for

these men and women were 50 and 42 days, respectively.
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Eighty-eight percent of male athletes (n=22) and 70% of females (n=7) reported a history
of past concussion. Yet, there were no differences in recovery time in athletes with a history of
previous concussion (p=0.0503). Depression was scarcely reported in our athlete cohort, 12% of
male athletes (n=3) reported a history of depression at pre-season assessment. No females
reported a history of any mental health issues. There were no significant differences in recovery
time between men who reported a history of depression and those who did not (p= 0.402).

Symptom intensity was measured using the symptom scores on the SCAT3. The mean
score for all athletes was 22 (out of a maximum score of 132). There was no difference in
symptom intensity between males (mean score =21) and females (mean score = 25.2) (z= -
0.402, p=0.688). Similarly, no differences in symptom intensity were reported between sports
(p=0.358). While there were no significant differences in symptom score between males and
females or between sport, symptom intensity was a significant predictor of recovery time in
athletes.

Thirty-five percent of athletes (n=12) reported the presence of pre-season neck pain.
Seventy-five percent of these athletes were males (n=9) however, no significant differences in
neck pain was reported between male and female athletes (p=0.357). Neck pain was a significant
predictor of recovery time in athletes.

Regression analysis

Symptom intensity and neck pain were the only two variables in our final regression
model. Neck flexor strength and neck endurance strength were not individually predictive of
recovery time in the final regression model. No anthropometric variables (height,
weight, head circumference, neck circumference, and neck length) were significant in the overall

regression model of concussion recovery time. Covariates for concussion risk including, past
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concussion history and depression were not significant predictors of recovery time.

Symptom score was the most significant predictor of concussion recovery
(coefficient = 0.024, p=< 0.001). Neck pain was the only other significant predictor of
recovery time (coefficient = -0.3089, p=<0.040). The negative coefficient demonstrates that neck
pain has an inverse relationship to recovery time. Athletes without neck pain reported longer
recovery time (average recovery time = 19.63 days) compared to those with neck pain (average
recovery time = 13.45 days), though these differences were not statistically significant (z =
1.477, p=0.1396).The final regression model for all athletes is y = 2.276+0.0238x:-0.3089x5,
where x; is symptom score and X is the presence of neck pain. The model is significant with p <
0.001, F232) = 24.98 and adjusted R-squared value = 0.585.
Discussion

These results provide information on predictors of prolonged concussion
recovery in a varsity athlete cohort. Neither sex nor age were predictive of length of recovery.
Multiple studies have suggested that younger athletes and female athletes report prolonged
concussion recovery and are at greater risk for PCS (Iverson et al., 2017). It is possible that age
is not predictive of concussion recovery given the narrow age range of the athlete population
assessed. Sex may not be predictive in this cohort given that only ten females sustained a
concussion in the season. A longer assessment period over multiple seasons may have provided a
more robust examination of concussion recovery in a more balanced sample of concussed males
and females.

A 2017 systematic review by Iverson and colleagues demonstrated that athletes who
report greater intensity of acute symptoms, as well as pre-injury depression and attention deficit

hyper-activity disorder(ADHD) experience longer recovery time (Henry, Elbin, Collins,
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Marchetti, & Kontos, 2016; Iverson et al., 2017). ADHD diagnosis was not reported by any
athletes in our cohort and the presence of depression was not significant in predicting total
recovery time. Intensity of symptoms was significant in our final regression model. Athletes who
reported more intense symptoms during their acute injury assessment on the SCAT3 took longer
to recover. The most common symptom reported on the SCAT3 was headache with 97% of
athletes reporting headache (n=34).

A large body of literature reports concussion symptoms spontaneously resolve within a
10-day period(Mccrea et al., 2016). Women have been reported to experience more intense acute
symptoms and are at a greater risk of an extended recovery period (Scopaz & Hatzenbuehler,
2013). The results of this study are similar to the findings in the literature as male athletes
reported being symptomatic for an average of 10 days while women were symptomatic for an
average of 13 days. Despite women being symptomatic for longer than men, both sexes
symptoms resolved within what is considered in the literature as a normal recovery period. A
study on the incidence and clinical course of concussion recovery in high school and college
athletes reported that that only a 10% will experience symptoms beyond the expected two-week
recovery period (Mccrea et al., 2016). Our results report similar findings as 11% experienced
concussion beyond four weeks (n=4). There were no differences in this extended recovery time
between males and females (p=0.227).

It is well documented in the literature that athletes who participate in contact or collision
sports are at greater risk for concussions (Abrahams et al., 2014). Athletes from football, soccer,
rugby, and
basketball sustained concussions during the athletic season with the majority of concussed

athletes participating in rugby (57% of concussions). Sport was not significant in determining
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recovery time. Basketball athletes reported the longest recovery time. A 2016 looking at the
physiology of prolonged concussion demonstrated prolonged symptoms were more common in
ice hockey athletes(Mccrea et al., 2016). Similarly, a review of the risk modifiers for prolonged
concussion
reported males in contact sports such as hockey and football and female soccer are at
greater risk for prolonged recovery than other athletes. We discovered similar
findings in our smaller cohort of concussed athletes 57% were athletes from contact sports
(n=28). No female hockey players sustained a concussion and men’s hockey athletes were
unavailable for assessment these results exclude an important athlete population. As such future
studies examining predictors of prolonged recovery should be sure to include hockey athletes.
Limitations
This study is not without limitations. We acknowledge that the overall number of
concussion injuries (n=35), while representing 15% of our athlete population, is small in absolute
terms due to the short observation period and therefore a predictive model may be harder to
validate than if the study captured concussions and recovery time over several seasons.
Furthermore, the predictive variables considered in the model were those considered to have the
most influence as confounding factors or covariates based on the current literature in
addition to the strength and anthropometric variables considered in our research objectives. The
inclusion of other confounding variables to recovery such as amount of screen time, time spent
studying, alcohol consumption, and number of hours of sleep per night could also be considered
important in determining recovery time in university athletes, but these were not available.
Conclusion

Symptom intensity and neck pain are the most significant predictors of length of recovery
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in varsity athletes. Neck pain was inversely related to length of recovery time. Individual neck
strength scores are not predictive of recovery time. A longer recovery surveillance and more
thorough evaluation of the differences in recovery between sports and gender should be

considered.
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Table 1.0 — Procedures and psychometric properties for anthropometric and strength assessments.

1.DNF Endurance Test

Psychometric Properties(Jull, O’Leary, & Falla, 2008;
Lourenco et al., 2016):

ICCp2.1= 0.71-0.85(CITE)

SEM (s): 6.91-9.84

MDC (s): 19.51-27.26

Construct validity — comparison of EMG and DNF endurance

test has down the test to be a valid tool to evaluate the deep
neck flexors.

Procedure: A cervical range of motion (CROM) inclinometer was placed on the athlete’s head to determine the
position of their head in space. The use of this tool has been validated as an appropriate method to measuring
range of motion at the cervical spine. Participants were assessed in a supine position with their knees bent and
feet flat on the plinth. They were asked to maximally retract their chin prior to beginning the test. Athletes were
instructed to keep their chin tucked and lift their head up just an inch. Athletes were given one trial test. Once
their head was lifted the assessor placed their hand under the athletes’ head as the timer was started. The test was
complete when an athlete’s head touched the assessor’s hand for more than one second, or if there was a five-

degree change in head position. The time each athlete was able to maintain the lifted head position was recorded

in seconds. The test was stopped if the athlete was able to maintain the head position for greater than 90 seconds.

2. Neck Extensor Endurance Test

Psychometric Properties(Lourenco et al., 2016;
Sebastian, Chovvath, & Malladi, 2015):

ICCp.1= 0.52-0.73(CITE)

SEM (min). 0.74-0.84

MDC (min): 2.05-2.34

Validity — No published validity in comparison to gold
standard.

Procedures:

Athletes laid prone on the plinth, their shoulders in line with the end. Athletes were strapped to the plinth in order
to sure minimal activation of the back-extensor muscles. Using the same inclinometer athletes once again
maximally retracted their chin and lifted the back of the head toward the ceiling. The assessor placed their hand
on the athletes back to be able to feel for any activation of the back musculature beneath their hands. Once in

position the timer started. A five-degree change in head position signaled the end of the test.
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3.Head Circumference

Psychometric Properties(Sullivan, Tavassoli, Armstrong, Baron-Cohen, &
Humphrey, 2014):

ICCp,)=0.98

ICCuy=0.84

Procedures:

Head circumference was measured by placing a soft tape measure in the

center of the forehead just above the bridge of the eyebrows. The measuring
tape wraps around the temporal bone, behind the ears, over top of the external occipital protuberance and

the other side of the head to meet the other end in the center of the forehead.

Head circumference was measured to the nearest tenth of a centimeter.

4.Neck Circumference

Psychometric Properties (Laberge et al. 2007):
ICCp2,=0.76-0.95

ICC1.p=0.95-0.99

Procedures: Neck circumference was measured with
athletes seated straight in a low back chair, looking straight

ahead. A soft tape measure was placed at the midline of the

neck between the middle cervical spine and the mid-anterior neck. For men, the measuring tape was placed just

below the laryngeal prominence. All measurements were taken to the nearest tenth of a centimeter.

5.Height and Weight
Height- Height was measured using a measuring tape fixed to a wall. At the time of assessment, it was measured
to the nearest centimeter. It was converted to meters for statistical analysis.

Weight- Weight was measured to the nearest hundredth of a kilogram using a calibrated digital scale. Athletes

were dressed in light athletic gear.
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Table 2.0 — Summary statistics for independent and dependent variables

Variable Male Athletes Female Athletes Test statistic
n= 24 n=10
Age in years mean (sd) 20.28 (1.77) 20.10(1.66) t33=0.276, p=0.784
Sport n (%)
Football 8 (32.00) ---
Soccer 1 (4.00) 2 (20.00)
Rugby 14 (60.00) 5(50.00)
Basketball 1 (4.00) 3 (30.00)
Women’s Hockey -—-- 0 (0.00)
Cheerleading -—-- 0 (0.00)
Past concussion n (%)
Yes 22(88.00) 8 (80.00) *=0.373, df=1,
No 3 (12.00) 2 (20.00) p=0.541
Number of past concussions mean 3 (2.06) 2.1(1.73) te3=1.217, p=0.232
(sd)
Presence of Neck Pain n (%)
Yes 9 (36.00) 2 (20.00) = .849, df=1
No 16 (64.00) 8 (80.00) p=0.357
Height mean (sd), m 1.82 (.078) 1.72 (.0902) t33=3.37,
p=<0.005*
Weight mean (sd), kg 93.416 (17.761=) 70.00 (8.79) t33)=3.95,
p=<0.001*
Head circumference mean (sd) 56.84 (1.85) 54.88 (1.80) t(33=2.848,
p=0.007*
Neck circumference, cm 44.284 (5.77) 36.69 (3.21) t33=3.906,
p=<0.005*
Neck Length, cm 13.79 (1.99) 12.23 (1.42) t33)=2.212,
p=0.034*
Flexor Strength, s 16.505 (5.53) 15.752 (6.122) t33y=0.353,
p=0.726

Extensor Strength, s

Composite Strength Score, mean

(sd)

Number of Symptoms on SCAT3
mean (sd)

Total Symptom Score on SCAT
mean (sd)

Days Symptomatic mean (sd)

Days to on RTP Protocol mean (sd)

289.28 (103.31)

152.89 (52.63)

8.5(5.3313)
20.16 (17.361)
9.36 (8.16)

7.76 (4.71)

235.995(118.97)

131.91 (55.25)

9.1 (6.10)
25.2 (20.874)
12.9 (9.024)

6.2 (2.201)

tass=1.32, p=0.196

t33=1.05, p=0.301

t33=-.260, p=0.796
t33=-.733, p=0.469
tea=-1.13, p=0.267

t33=.998, p=0.326
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Total Days to Recovery mean (sd) 17.12(11.93) 19.1 (10.92) t33=-.454, p=0.653

Key: * - denotes significance at the 0.05 level
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Table 3.0: Linear regression model predicting recovery time in Canadian university athletes

VARIABLES B S.E. t Sig. 95% C.I.
Lower Upper
Neck pain -0.309 0.144 -2.15 0.040 -0.602 0.016
Symptom Score 0.024 0.004 6.41 <0.001 0.016 0.031
Constant 2.276 0.117 19.39 <0.001 2.036 2.515

Key: B = beta coefficient, S.E = standard error, t = test satistic for testing if B =0, Sig = p=value, 95% C.I =95%

confidence interval,

110



CHAPTER 4: DISCUSSION & CLINICAL IMPLICATIONS
Summary of Main Results
Concussion prevention strategies have been limited to the use of protective equipment

such as helmets and mouth guards, educational programs for coaches, players and parents, and
rule or legislation changes. The effectiveness of these strategies is limited in university athletes.
Neck strengthening has been proposed as a possible prevention strategy for sports-related
concussion(Hrysomallis, 2016) due to their ability to attenuate the biomechanical forces
experienced during sport. However, the extent to which neck strength is associated with
concussion risk in varsity athletes remains unknown. This study explored the relationship
between neck strength, concussion symptom scores other variable list with concussion risk and
recovery time in university athletes. This chapter summarizes findings from a sample of 246
varsity athletes at McMaster University. The key points generated from these results provide
Information relevant to:

1) concussion risk factors in varsity athletes,

2) the role of neck strength in concussion risk,

3) concussion recovery time in varsity athletes, and

4) the relationship between neck strength, concussion symptom scores and overall

recovery time.

In addition to discussing the aforementioned findings and their respective limitations, this
chapter explores the relationship of the findings to the theories used to support the research
question, as well as recommendations for clinical practice, future research, and policy with
respect to sports-related concussion (SRC.)

Overall Completeness and Applicability of this Study
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Concussion Risk in Varsity Athletes

The research presented in Chapter Two examined the risk of concussion in varsity
athletes with respect to neck strength and anthropometric variables. This study also evaluated
other possible covariates for SRC including: age, sex, sport, history of anxiety or depression, past
concussion diagnoses, and neck pain at the time of pre-season assessment.

Effect of age on concussion risk.

There is strong evidence in the literature that states athletes between the ages of 14 and
22 are most vulnerable to SRC (Collins et al., 2014b; Gessel et al., 2007). This study evaluates a
narrow age range of athletes, 95% being between 17 and 22. The mean age of athletes who
sustained a concussion was 20.23 years compared to 19.68 in the non-concussed group. There
were no significant differences in age between the two concussion groups and age was not a
significant predictor of concussion risk. This is likely due to the narrow age range of varsity
athletes but could also be related to other possible risk factors that are more strongly related to
concussion risk, such as past concussion history.

Effect of sex on concussion risk.

Several studies have demonstrated that women report higher rates of concussion than
men in the same sport. These findings may be misleading as it is known that females are more
likely to seek medical attention and report injury than males (Iverson et al., 2015). Nonetheless,
the past literature on varsity athletes confirm these findings (Covassin, Swanik, and Sachs 2003;
Zuckerman et al. 2015). In our study a greater percentage of males (16%, n = 25) sustained a
concussion than females (11%, n = 10) however, there were no significant differences in the rate
of concussion between the sexes. These results contradict what has been previously suggested in

the literature. No differences in SRC between male and female athletes could be due to
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maturation of this age group. A varsity athlete cohort is older and stronger than an adolescent
cohort which may explain these findings. Additionally, a larger sample of concussed athletes
with a more equal representation of male and females may show a different trend in concussion
risk.

Effect of sport on concussion risk.

Daneshvar and colleagues examined the epidemiology of SRC and found contact and
collision sports to report the highest rates of concussion (Daneshvar et al., 2011). Football,
rugby, soccer, basketball, hockey, cheerleading, and lacrosse are among the sports with the
highest incidence of concussion. (Daneshvar et al., 2011). For this study, men’s hockey and
lacrosse were unavailable for assessment. Concussion risk was explored for football, men’s and
women’s basketball, rugby and soccer, as well as women’s hockey and cheerleading. There were
significant differences in concussion rates between sports. Rugby reported the highest rate of
concussion. Thirty percent of all rugby athletes experienced a concussion over the course of one
season compared to the 13% of football athletes, 15% of basketball athletes, and 7 % of soccer
athletes diagnosed with SRC. Women’s hockey and cheerleading had no concussed athletes
during this season.

One ecological study comparing injury rates of football and rugby athletes demonstrated
that football players report an overall injury rate that is one-third of the rate in rugby
athletes(Marshall et al., 2002). They also found that areas of the body with greater protective
equipment in football players had lower rates of injury than in rugby athletes who do not wear
protective equipment, particularly the head (Marshall et al., 2002). Despite these results, a recent
systematic review of concussion prevention strategies indicates that protective equipment like

helmets, mouth guards, and head gear have questionable effectiveness (Emery et al., 2017b).
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Other possible factors that could explain the higher rate of SRC in rugby athletes include the
nature of the game, rule regulation, or other confounding factors like past concussion history or
the presence of neck pain in these athletes. Concussion rates are reportedly highest in female
soccer athletes (Covassin et al., 2003; Dvorak, Mccrory, Kirkendall, & Klinik, 2007; Zuckerman
et al., 2015) however, our findings indicated the highest rate of concussion for females was in
rugby athletes (50%, n=5) followed by basketball (30%, n=3). These differences are possibly due
to limited data on female rugby athletes and a small sample of females with a concussion in one
season. Similarly, 28% of men’s rugby athletes reported concussions; twice the number of SRCs
as men’s football and more than four times the number of concussions for both men’s soccer and
men’s basketball athletes.

Effect of past-concussion history on concussion risk.

Several studies have determined that a history of previous concussion is one of the most
significant predictors of future concussion (Marshall, Guskiewicz, Shankar, McCrea, & Cantu,
2015; Schulz et al., 2004; Tsushima et al., 2018). An epidemiological evaluation of high school
and collegiate athletes found that athletes who have experienced a SRC within the last two years
experienced double the rate of concussion than athletes who had never sustained any concussion
at all(Marshall et al., 2015). Athletes who reported two or more concussions experienced
concussion rates five times higher than those who had never sustained an injury (Marshall et al.,
2015). Our findings support these results as history of past concussion was one of the strongest
predictors of risk in varsity athletes, irrespective of gender or sport. A past concussion diagnosis
indicated nearly 5 times the risk of concussion compared to athletes who had never sustained a
SRC.

The reason why past concussion is significant in determining concussion risk could be for
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a variety of factors. For example, nature of the sport. Rugby, a contact sport, played at high
speed with no protective equipment, may subject athletes to higher intensity impacts than other
athletes (Marshall et al., 2015). We found that ninety-one percent of concussed athletes with a
history of previous concussion also experienced neck pain which may decrease an athlete’s
ability to brace against impacts. Additional speculation has been made surrounding a decreased
threshold for withstanding impacts in athletes with previous concussion. A decrease in the
neurotransmitter activity following SRC could possible cause an increase an athletes
vulnerability to subsequent injuries (Giza & Hovda, 2001; Marshall et al., 2015).

Effect of neck pain on concussion risk.

In the present study, the most significant predictor of concussion risk was the presence of
neck pain at the time of evaluation. Athletes who reported neck pain were seven times more
likely to sustain a concussion than those who did not. Furthermore, athletes who reported the
presence of neck pain had significantly weaker neck flexor endurance scores than those who did
not, regardless of concussion diagnosis (p = 0.04). The presence of neck pain has been shown to
result in muscular coactivation of the splenius capitus muscle, responsible for neck extension,
and the sternocleidomastoid muscle, responsible for neck flexion (Lindstrem et al., 2011).
Coactivation (simultaneous contraction) of the muscles may result in fatigue and has been cited
as a risk factor for concussion in athletes (Abrahams et al., 2014; Lindstrem et al., 2011), as it
has also been shown to cause a reduction in neck strength. A study examining the relationship
between neck pain, strength, and muscular coactivation described an average total reduction in
neck strength of about 30% in women who reported neck pain. Women are more likely to report
neck pain and have less overall neck strength than men (Vasavada et al., 2008). We found there

to be a significant difference in neck strength between male and female athletes overall.
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However, when separated into groups by sex there were only significant differences in the
presence of neck pain between concussed and non-concussed males, not females (p < 0.001 and
p = 0.066, respectively). This is possibly due to the sample being predominantly male (63%), as
well as men experiencing a larger proportion of the concussions reported in this cohort (70%).
The Effect of Neck Strength in Concussion

Neck flexor and extensor endurance tests were used to measure isometric strength in the
athletes. Both the flexor and extensor values were averaged together to produce a strength
composite score and then risk was evaluated using both individual strength test scores and the
composite score to determine best predictive model. Male athletes had significantly greater neck
strength for both the flexor and extensor tests, as well as composite strength score. AS expected,
males were found to have significantly larger neck circumference and neck length compared to
female athletes. There is a significant body of literature that demonstrates females and children
have less neck strength than their male and adult counterparts (Eckner et al., 2014; Hamilton et
al., 2012; Lavallee et al., 2013). Stronger muscles are able to generate more tensile stiffness in
response to potentially injurious impacts (Eckner et al., 2014). Stronger athletes are also able to
generate a more substantial amount of torque more quickly (Eckner et al., 2014) to counteract the
angular accelerations thought to cause concussion (Holbourn, 1943; King, Yang, & Zhang, 2003;
Misra & Chakravarty, 1984). A study examining sex differences in kinematic and dynamic head
stabilization in response to external loads found women exhibit greater angular acceleration and
displacement in than men despite initiating muscle contraction for bracing earlier. Additionally,
the authors discovered women had overall lower isometric strength and neck girth than men
(Tierney et al., 2005). These findings were also reflected in a similar study on soccer athletes and

head accelerations experienced during heading exercises suggesting females might be at greater
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risk for concussion due to less strength and smaller body size(Tierney et al., 2008a).

The epidemiological assessment of SRC reports higher rates of concussion in both
women and children (Kutcher & Eckner, 2010; McCrory et al., 2017). While in our cohort more
males (15%) sustained concussion than females (11%), our findings indicate men did not report
significantly greater concussion rates compared to women. The differences in neck strength
between males and females, and the smaller proportion of females in our sample population
(36%), provides sufficient basis to encourage further exploration in to the relationship between
neck strength and neck pain as modifiable risk factors in concussion prevention.

Neck flexor strength was significantly greater in male athletes than in female athletes
however between concussion groups there were no significant differences in men or women.
There are a limited number of studies examining neck strength differences between concussed
and non-concussed varsity athletes. A study by Collins and colleagues published 2014 evaluated
neck strength in high school basketball, soccer, and lacrosse athletes. They found that for every
one pound increase in strength the likelihood of sustaining a concussion decreased by 5%
(Collins et al., 2014a). The differences in findings between our study and the Collins study could
be in part due to the variability in strength across adolescent youth is greater than that in varsity
athletes. In a comparison of high school and varsity football athletes, Broglio et al. found there
was greater head accelerations in the younger, high school cohort than in the varsity athletes. He
attributed these differences to greater strength in older athletes due to physical maturation and
the inevitable differences that occur at higher levels of competition (Broglio et al., 2009; Eckner
et al., 2014). The variability in strength between a freshman high school athlete and a freshman
university athlete was significant. Whereas the variability between trained varsity athletes was

not as extensive as in their high school counterparts.
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The strength measurement used in the present study was a simple, timed endurance test
of the deep neck flexors and neck extensors. Past studies evaluating neck strength have used
hand held dynamometers to assess strength (Geary et al., 2013, 2014). While the psychometric
properties for these devices showed moderate to excellent inter-rater reliability, they were quite
costly and not readily available in most clinical settings (Geary et al., 2013). The endurance
measures used in our cohort were chosen because they were economical, safe to administer to
athletes prior to competition, required minimal equipment and are clinically relevant. However,
may not have been sensitive enough to detect variability within this more uniform population.
Furthermore, our study and the majority of published studies examining neck strength in athletes
measure isometric strength. Yet, concussion injuries often take place through a range of motion.
Evaluation of neck strength using a dynamic tool may provide further clarification on the
relevance of neck strength in a varsity athlete population.

The extent to which neck strength influences risk is still uncertain as neck pain
factored significantly in the prediction of concussion and strength did not in the present study. A
more in-depth exploration of the presence of neck pain and its influence on neck muscle strength
and in particular its influence on the mechanisms of sustaining a concussive injury in athletes.
Perhaps the presence of neck pain prior to competition is a major indicator of concussion risk
and these athletes should be more closely monitored or targeted specifically for prevention

strategies before being able to participate in competition.

Concussion Recovery in Varsity Athletes

In Chapter three, we examined if greater neck strength was indicative of a faster recovery

time in athletes who do sustain as concussion as these athletes would arguably experience
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impacts at a lesser magnitude. We explored the relationship between recovery time, neck
strength, and concussion symptoms intensity based on the SCAT 3 symptom scale (modified
Post Concussive Symptom Scale) to determine if greater strength decreases the severity of
concussion in injured athletes.

Time to return to competition (full recovery) was our primary outcome. Using a stepwise
regression model, this study found the presence of neck pain and symptom intensity as measured
by SCAT3- symptom score to be the strongest predictors of recovery time in varsity athletes.
Overall, this model accounted for 59% of the variance in concussion recovery time. Concussed
athletes typically recover spontaneously within two-weeks from the time of injury (Iverson et al.,
2017; McCrea et al., 2003b; Williams et al., 2015). However, a smaller subset of these athletes
(approximately 10%) will go on to have symptoms that persist longer than 2 weeks. The results
of this thesis echo what is found in the literature with respect to symptom resolution. The
primary outcome was total recovery time through to being cleared to return to competition which
was an average of 18 days. The amount of time acute concussion symptoms were present was an
average of 11 days. We found only 11% of all athletes (n=4) to have symptoms that persisted
beyond 28 days.

Unexpectedly, female sex and past concussion history were not significant in the
predictor model for prolonged recovery. The flexor and extensor test values used to determine
neck strength of the athletes were not significant in predicting recovery time. Neck pain was a
significant predictor of recovery time or risk of concussion. However, the coefficient for neck
pain in our model was negative. Indicating that reporting neck pain is indicative of shorter time
to recover. This finding is likely due to the fact that a minority of concussed athletes reported

neck pain at pre-season (35%). No differences in neck strength between those with neck pain and
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those without was noted. While neck pain was negative in the regression model for total
concussion recovery, athletes who reported neck pain pre-season spent a greater number of days
with acute concussion symptoms but took less time to be cleared for return to competition.

The findings of this study reinforce the main findings of the current literature on
concussion recovery. Intensity of acute concussion symptoms are the strongest predictor of the
length of recovery in athletes across all levels of competition (Meehan, Mannix, Stracciolini,
Elbin, Collins, 2013). An evaluation of the characteristics of athletes who report greater
symptom intensity should be further explored to better understand who is most susceptible to
persistent symptoms post injury.

Implications for practice

Several of our findings reflected what was shown in the literature to date. However, the
most significant finding was how the presence of neck pain influenced concussion risk and
recovery in varsity athletes. The presence of neck pain likely inhibits the function of the neck
musculature in response to impact whether through coactivation of the muscles responsible for
neck flexion and extension or another mechanism. This decrease in muscle function with the
presence of neck pain may put athletes at an increased risk for concussion and a prolonged
concussion recovery. Clinically this information is important in helping us guide our pre-season
assessments for athletes. Several universities subject their athletes to concussion screening prior
to the start of the competitive season. These results suggest athletes should be evaluated for neck
pain at the time of assessment and followed more closely due to heightened risk for concussion
and extended recovery if injured.

Concussion history is a well-documented risk factor for future concussions. In our study

athletes who reported a past concussion were 5 times more likely to sustain a concussion than
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those who had never had a previous SRC. Given that the evidence shows a dose-response
relationship between the number of past concussions with the rate of future concussion, a
thorough examination of an athlete’s past medical history may be warranted. The results in this
thesis report the greatest number of concussions in rugby athletes. Ninety-five percent of
concussed rugby athletes (n=19) reported a history of previous concussion. In light of the
concerns of the long-term implications of repeated concussions and the development of CTE,
these injuries and risk for future injury should be taken extremely seriously and encourage
thorough evaluation of athletes pre-season. Evaluating an athlete’s past concussion history for
the number of previous concussion may help to identify athletes who are at the greatest risk of
injury. The risks of repeated concussion should be explained in detail to the athletes as to
sufficiently educate them on the risks of participation, particularly those who play high-risk
sports like rugby. Future research into the association between past number of concussion and
future risk is necessary to identify a cut-off for determining when risk is too high for
participation due to an athlete’s past concussion history.
Implications for Research

The findings in our study help to guide the future research questions with respect to
concussion prevention. In particular these findings demonstrate the need for further exploration
into certain risk factors like the effect of neck pain and its effect on muscle strength and
activation in an athlete population. We found neck pain to be one of the greatest predictors of
concussion risk. However, our study used a simple binary outcome of yes or no in response to
the question of neck pain. A more in-depth clinical assessment of neck pain in athletes, its
relationship to past-concussion history and how it relates to concussion risk is necessary to fully

understand its predictive power.
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Future research with respect to neck strength, concussion, and neck pain is necessary to
understand the effect that neck pain (and its underlying cause) has on absolute strength and how
that translates to concussion risk. Furthermore, this study is limited in its design based on the
time frame for evaluation. A study that follows athletes over a longer period of time, or follows a
generation of athletes over the course of their athletic career would be able to tell a more
comprehensive story of concussion risk in a cohort of varsity athletes. Additionally, a longer
follow up would allow for a greater number of concussion events to be included in the analysis.

Implications for Policy

In the spring of 2018 Ontario passed Rowan’s law, the only safety legislation with
respect to concussions in Canada. This legislation stipulates that all coaches, athletes, and parents
of minors provide evidence that they have reviewed concussion awareness resources prior to
engaging in sport. While this is a significant first step in protecting athletes from concussions,
further policy changes should be considered with respect to an evaluation of fitness for athletes
who participate in high-risk concussion sports. Rugby athletes have been shown to be at
significantly greater risk for concussion than other high-risk athletes. The emerging literature
implicating severe consequences to concussions, including depression, anxiety, mood disorders,
Alzheimer’s disease and the development of CTE indicate the need for legislation that protects
athletes who participate in high-risk sports. Implementing policy that enforces these athletes to
be evaluated by a certified therapist or physician for determinants of concussion risk prior to
participation may be useful. A study on collegiate athletes concussion education program
indicated athletes desired the participation of coaches and physicians in the dissemination of
concussion education resources (Llewellyn, Burdette, Joyner, & Buckley, 2014). More stringent

evaluation on an athlete’s, coaches, and parents’ knowledge of concussion injuries may be
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warranted to prove a comprehensive understanding of the risks and the consequences of SRC.
Enforcing more coherent physical examinations and structured education sessions for those most
at risk may help with concussion prevention in these athletes.
Contributions to theoretical framework

Several theories were used to ground this research and guide the development of the
primary research questions for this thesis. Rotational Shear Stress theory (RST) and Newton’s
Laws were used to explain the mechanisms by which concussions occur and the principles of
mechanics that describe how neck musculature could play an important role in attenuating
injurious forces in SRC (Browne, 2013; Holburn, 1943). The over-exertion theory of
musculoskeletal injury causation informed this research by providing a framework that explains
how the neck musculature has a finite capacity to counteract the external forces applied to the
body that cause concussions. Once muscles reach their maximum force exertion they are unable
to continue to attenuate external forces as effectively, possibly leading to injury (Kumar, 2001).
While the results of this thesis do not contribute to informing RST or Newton’s Laws, the
findings of chapters two and three can help to inform over-exertion theory.

Pre-season neck pain was the strongest predictor of concussion risk in university athletes.
In healthy female university students the presence of subclinical neck pain is associated with
over active sternocleidomastoid and splenius capitus muscles as a mechanism to protect the neck
(Lindstrom et al., 2011). Overactivation of these two main stabilizer muscles requires a constant
generation of force, therefore limiting the capacity for adequate contraction against external
loads when in an athletic environment. Furthermore, regardless of the etiology of the neck pain
present in the athletes studied in this thesis, these findings demonstrate the existence of a

muscular pathology at the time of pre-season assessment that likely limits their ability to
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withstand external loads and has substantial implications for risk of concussion during the
season. As such, these findings help to elaborate on over-exertion theory indicating that over-
exertion of the neck musculature results not only in neck pain or some sort of neck muscle
pathology but can also result in concussion injuries.

Limitations

As with all studies this project is not without its respective limitations. The pre-season
assessment used binary outcomes for most assessments of medical history. For example, the
presence of neck pain and if athletes had sustained a previous concussion were answered with
simple ‘yes/no’ responses. While this made data collection easier and coding simpler, it
introduced potential recall bias with respect to athlete’s responses. To eliminate this bias, one
could corroborate the self-reported questionnaire with the athlete’s medical record.

The overall sample size was able to provide a good picture of the concussion risk factors
present within a varsity athlete population, however the study was conducted over one single
season. This resulted in only 35 athletes who sustained a concussion. This smaller sample of
concussed athletes presents some challenges with respect to statistical analysis as a certain
number of events (i.e. concussion) is required per predictive variable included in a logistic
regression analysis. Additionally, this study targeted athletes who were considered at risk for
concussion. In order to assess the incidence of concussion in a global varsity athlete population
assessment could be expanded across all varsity sports.

Finally, there are very few neck strength assessment tools that are applicable in a clinical
setting. We found there to be no difference in neck strength or neck circumference (which be
indirectly related to strength) between concussion groups. The neck flexor and extensor

endurance tests have not yet been used in an athlete population. Exploration of neck strength in a
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laboratory setting and how it relates to real-world concussion risk may provide a more thorough
understanding of the relationship between neck strength and concussion in a varsity athlete
cohort.
Conclusion

Athletes with concussion reported the presence of neck pain more so than their non-
concussed counterparts at the time of pre-season assessment. Similarly, neck pain is also a
significant predictor of total recovery time in this cohort. While the neck strength values used in
these studies were not found to be significant predictors of concussion risk or recovery time, it is
possible that the neck musculature play a significant role in concussion risk in varsity athletes.
To that end, neck strength should be evaluated using a more sensitive test within the varsity
athlete population where variability in strength is not as vast as in younger athletes. Furthermore,
evaluation of strength and neck pain in relation to the incidence of concussion should be
examined across multiple athletic seasons in order to have a larger sample of concussed athletes
for comparison. Rate of concussion in varsity athletes are the same amongst males and females
and are not dependent on the age of the athlete at this level of competition. Rates of concussion
are significantly different among sports. Contact sports, particularly rugby, report the highest
rates of concussion and as such should be evaluated more closely at the time of pre-season
assessment as these athletes also reported the highest rates of other covariates, including past
concussion history and neck pain.
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WHAT ARE THE POSSIBLE BENEFITS FOR ME AND/OR FOR SOCIETY?

You will receive no direct benefit from participation in this study. However, the results will
be made available to you upon completion of the study. Pending the finding of this study
we may be able to determine which individuals are more at risk for concussion and focus
our future research on preventative strategies.

WHAT INFORMATION WILL BE KEPT PRIVATE?
Your data will not be shared with anyone except with your consent. All personal
information including your name, age, and sex will be removed from the database and
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replaced with a generic participant ID number. The list identifying the ID number to the
individual participant will be stored in a password protected on a locked computer. This
document will be stored on a server that is separate from the database itself.. The data,
with identifying information removed, will be securely stored in a locked office in the
School of Rehabilitation Science.

For the purposes of ensuring the proper monitoring of the research study, it is possible
that a member of the Hamilton Integrated Research Ethics Board may consult your
research data. However, no records which identify you by name or initials will be allowed
to leave the data storage location in the Institute for Applied Health Sciences. By signing
this consent form, you (or your legally acceptable representative) authorize such access.

If the results of the study are published, your name will not be used and no information
that discloses your identity will be released or published without your specific consent to
the disclosure. However, it is important to note that this original signed consent form and
the data that follows may be included in your health record.

CAN PARTICIPATION IN THE STUDY END EARLY?

If you volunteer to be in this study, you may withdraw at any time and this will in no way
affect any other involvement you have with the University or related athletic or
rehabilitation facilities/services. You have the option of removing your data from the study.
You may also refuse to answer any questions you don’t want to answer and still remain
in the study. The investigator may withdraw you from this research if circumstances arise
which warrant doing so

WILL | BE PAID TO PARTICIPATE IN THIS STUDY?
There is no reimbursement for participation in this study

WILL THERE BE ANY COSTS?

Your participation in this research project will not involve any additional costs to you or
your health care insurer.

IF | HAVE ANY QUESTIONS OR PROBLEMS, WHOM CAN | CALL?

If you have any questions about the research now or later, or if you think you have a
research-related injury, please contact:
Carol DeMatteo, McMaster University 905-525-9140 ext. 27805
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CONSENT STATEMENT

Participant:

| have read the preceding information thoroughly. | have had an opportunity to ask
questions and all of my questions have been answered to my satisfaction. | agree to
participate in this study. | understand that | will receive a signed copy of this form.

Name Signature of patient Date

Person obtaining consent:

| have discussed this study in detail with the participant. | believe the participant
understands what is involved in this study.

Name, Role in Study Signature Date

Witness: (required if participants are unable to read, or if translation is necessary)

| was present when the information in this form was explained and discussed with the
participant. | believe the participant understands what is involved in this study.

Name Signature Date

This study has been reviewed by the Hamilton Integrated Research Ethics Board
(HIREB). The REB is responsible for ensuring that participants are informed of the risks
associated with the research, and that participants are free to decide if participation is
right for them. If you have any questions about your rights as a research participant,
please call The Office of the Chair, HIREB at 905-521-2100 ext. 42013.
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Appendix C — Baseline Assessment Intake Form

1. Demographics & Medical History ( to be completed by the athlete)

Name: Sex: Sport: Age:
Have you had any previous concussions? When was your last concussion?

0-2[1 3-5 ] 6-8 [ 9+[] In the last 3 mos.[] 6 mos.[] 1yr.[1 2+yrs.[]
Do you have any neck Do you have any of the following at present:

pain currently?

Neck injury [1  Backinjury[]  Shoulder injury []
YES [] No [

Neuropathy[] Anxietyl] Depression[] Other:

If you have history of mental health issues
are these on going? How many years have you played this sport?
YES [] No [ What position do you play?

2. Anthropometric Data (to be completed by the assessor)

Height (cm): Weight (kg): BMI:
Head Circumference (cm): Neck Circumference (cm): Neck Length (cm):
Neck- Head circumference ratio: Neck length — head circumference ratio:

3. Strength Measurements (to be completed by the assessor)

Deep Flexor Endurance Test: Extensor Endurance Test:

Comments:
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Appendix D — Concussion Injury Intake Form

Athlete Name:

Study ID:

Sport:

Date of Injury (mm/dd/yy):

Mechanism of Injury:

Sideline SCAT3:

! ! YES O NOu
Baseline SCAT3
Was a baseline SCAT3 assessment performed? YES O NOu

Total # of symptoms (out of 22):
Symptom severity score: ___

Post-Injury Sideline SCAT 3 Symptom Scores:

Headache: 02 120 40 S50
“Pressure in head™: oL 1-220 340 5-60

Neck Pain: oC 123 340 S-60
Nausea or vomiting: 00 1-223 3-4 3 5-60
Dizziness: oC 120 340 S-6u0
Blurred vision: 02 1.2 3420 560

Balance problems: 02 120 340 560
Sensitivity to light: 0o 120 340 5-60
Sensitivity to noise: o 1.2 340 560
Feeling slowed down: 0L 1-223 343 S-60
Feeling like “in a fog™: 0O  1-20C 340 S-60

“Don't feel right™: 03 1-

Difficulty concentrating: 0L
Difficulty remembering: 0 LI
Fatigue or low energy: 02

Confusion: 0o
Drowsiness: ou
Trouble falling asleep: 0L
More emotional: 0o
Irritability: (1
Sadness: 0o
Nervous or anxious: oc

Total # of symptoms (out of 22):

Symptom severity score:

20 340 560

1-223 342 S-6C
1.2 340 S-60
.20 340 5-60
.20 340 5-60
1.2 340 S-60
1-23 340 562
.20 340 5-60
1-223 342  S-6C
.20 340 5-60
123 340 562

Worse with physical activity: YES© NO© Worse with mental activity: YES© NOoO

Injury Severity Details
Emergency room visit? YES O

2% SCAT3 given after injury? YES 0

# of days until asymptomatic 24

NO U

brs:

# of days between asymptomatic and given RTP clearance:

NO 1, if yes, give symptom severity score

Return-to-play Date (mm/dd/yv):
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Appendix E — Sport Concussion Assessment Tool, 3" edition

/SCAT3"

FIFa B 000 & FE]

Sport Concussion Assessment Tool - 3rd Edition

For use by medcal professionals only
Nare Date! Terw of ryury. Learirer
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persons, ajes 12 and under, please use the Chid SCATE Tre SCATI is desgned 0 eye opening
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Specfc mntructions for wae of the SCATS e provced on page 5 If you aw not Best verdal resgome (V)
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- Ghogow Comu wow s than 15
+ Deterorying mentdl states
« Potertas specal ryury
PIDONESING, WONSEning SyTIELOmS OF New Teuroioge 597
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BACKGROUND
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Since signs and symptoms may evolve over time, it is important to
consider repeat evaluation in the acute assessment of concussion,
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ATHLETE INFORMATION

Any athlete suspected of having a concussion should be removed
from play, and then seck medical evaluation.

Signs to watch for

Protieres cosld arne over the firal 2448 howrs The ehiete should rot be left dore
And st 99 % 3 hospital 3t once i they

- Wave s headache thet gets worse

= Are very deowsy of Can't be gwekened

« Can't recogrize peopie of places

= Wave repested vomang

« Behave unusually of seem confused, ate very rrable
« Kave seores (ams ang i0gs erk uncomrolably)

= Mave weak of nuTh anms o legs

< Are ursm0ady 0N Ther feet, have durred speach
Rerrember, it is better 8o be sa'e.

Consult your doctor after 3 suspected conoussicn.

Return to play

Athiotan should not be retumed 10 sley e same day of rpury
Wher retumirg athletes 12 oy, they shculd be resically deared ad then follow
B EPWEE SUPErvIsed PAOGIam, w 1N 12005 O SITgResEOT.

For example:

oy Poocd 4n¢ 200 o e Secovery

B R e L R R
Mrwly TN wanman pedi o

e R e e L A i T Ak mvvrmed

EE e i LY
Pupres & ww e ar & N
Py b e b e e Pk
Wiy ol agwnavr sevann e -y
L e L L )
- Wy wien

Nl vy

Nar vl lorim (wrdodio ad
e ) B

B g Crdry o orw A i
s (N by g

Bl % vy

There Shoukd be 2t east 24 hours Jor ongent 40r aach 51296 and f SyMELOMS Ao
the athiete hockd rent crtd they smohe 050 agan and Then e e Srogran
1T DReVIoUs 25yTTEIOTIIIC STGE. RessTane g shoukd only be aaded in the
eter Wagn.

¥ the athiene is sympeomanc for mone than 10 days, then consuitation By 3 mescal
Srecimone: whao b eager! 1= the o o d

Medical clearance should be given before return 1o play.

Scoring Summary:
© TemPomas S

Date: Cane: Qe

Numerot Symproms ot 22 I I —
Syreptom Severty Scow of 132 [N I ——
o o5 I I
Inmesiie Memory of 15 I I
Conzenteaton of $ I N

Delayed Facal of § I N
I

SAC Total

BESS ol oy
Targem Gt (secongs)
Cosesteatonof *

-

CONCUSSION INJURY ADVICE

({Tc be gwe= %2 the peeson mositoring the corcusied athled)

Ths patiest bus reconvwd an rury 10 the head A carvfid redicdl exaresation hus
DN CatTed Ut 30 N S9N OF 2y SETOUS COMPRCAtons has baes fourd Aecowery
tere o varubie acrois ndividush and the petin! will reed rrontoneg for ¢ Sarther
period By 2 resporsbie adut Your treating physicion wil provide gadanoe 25 to
tha teveliame.

¥ you notice any change in behaviow, vomitisg, dizz ness, woneni=g head-
ache, dousle vision or please your docker of
the M ) . i

PenCy P

Other important points

= Rest (poysically and mersayl ochding vaning or plying spons
urrtl wyrepto resche and pou are red caly Ceeted

= No akcohol
= Nogr or o PLon Srugy without medcal
Specricaly

NG seepng latlets

- D0 Nt U 250N, IMHAILITITIN0YY MedIaToN OF S3ITNg pan bifers
= Do rot dewe ustd rredhcally cheaced
= Do not traes of ply 52001 untl medhcally cleared

Clinic phone number

Pyrert sname
Outertree of ryury
Outertree of medical senew

Covmac detals of oy
-
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