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Abstract

The purpose of this study is to explore potential risk factors of psychological functioning
that contribute to the recovery of sport-related concussions (SRC) in professional and collegiate
athletes. The current study used prospective reporting from athletes prior to and within 48 hours
of sustaining a SRC. Participants included 63 male and female athletes participating in the
Canadian Football League and University of Alberta varsity rugby, soccer, football, volleyball,
ice hockey, and wrestling teams. Participants ranged in age from 18 to 37 years and sustained a
SRC during the 2017 — 2018 athletic seasons. To assess for psychological functioning, the Brief
Symptom Inventory (BSI-18) was utilized. The first analysis indicated baseline psychological
symptoms of depression to be statistically predictive of prolonged concussion recovery (F(1,61)
=5.301, p = .025). Furthermore, analysis of athletes’ baseline symptoms indicated statistical
significance of several symptoms as being predictive of prolonged concussion recovery.
Significant somatic symptoms include “numbness or tingling in parts of your body” (F(1, 60) =
27.773, p <.000, R* = .316), “faintness or dizziness” (F(2, 59) = 22.031, p <.000, R> = .428),
“pains in the heart or chest” (F(4, 57) = 15.615, p <.000, R? = .523), along with symptoms of
“feeling worthlessness” (F(5, 56) = 15.344, p < .000, R> = .578) and “feeling so restless you
couldn’t sit still” (F(3, 58) = 18.170, p <.000, R*> = .484). The second analysis indicated post-
injury psychological symptoms of anxiety to be statistically significant for predicting prolonged
recovery from concussion (F(1, 61) =27.290, p <.000). Additionally, several somatic and
emotional symptoms reported post-injury were found to be predictive of a prolonged recovery.
These symptoms include: “feeling no interest in things” (F(1, 59) = 16.61, p <.000, R* = .220),
“feeling blue” (F(2, 58) = 14.54, p < .000, R*> = .334), “feeling fearful” (F(3, 57) = 14.15, p

<.000, R*> = .427), and “numbness or tingling in parts of your body” (F(4, 56) = 14.66, p < .000,
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R? = .512). These results suggest that both baseline and post-injury psychological functioning

influence the recovery of sport-related concussions.

il
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Chapter One: Introduction

Benefits of Physical Activity

The benefits of participation in sports and physical activity for adults, adolescence, and
children are well supported within the scientific literature. According to the American College of
Sport Medicine and American Heart Association, a physically active lifestyle for healthy adults,
involves moderate-intensity aerobic physical activity for 30 minutes five days a week or
vigorous-intensity aerobic physical activity for 20 minutes three days a week (Haskell et al.,
2007). Distinguishing between moderate-intensity and vigorous-intensity can be explained by
changes in heart rate. A moderate-intensity physical activity consists of an acceleration of the
heart rate such as during a brisk walk; whereas a vigorous-intensity physical activity involves
rapid breathing and a substantial increase in heart rate usually obtained in activities such as
jogging (Haskell et al., 2007). Living a physically active lifestyle has shown improvements in
cardiometabolic health, and academic performance, and also lowers risks of medical conditions
like obesity and type II diabetes (Janssen & LeBlanc, 2010; Strong et al., 2005). In addition to
physical health benefits, the psychological benefits of being physically active and sport
participation have also been well established. Furthermore, children involved in vigorous
physical activity such as running, and participation in sports such as basketball, soccer, football,
and hockey several times a week show decreased levels of anxiety and depression, and an
increase in overall self-concept and well-being (Janssen & LeBlanc, 2010; McMahon et al. 2017;
Strong et al., 2005).
Sport Participation

Participation in sports provides multiple physical and psychological developmental

benefits. Vigorous aerobic activity during sports results in the greatest benefit for cardiovascular
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and respiratory health (Janssen & LeBlanc, 2010). Children participating in sport experience
team involvement, being mentored by coaches, collaborative activities with others their age, and
goal directed activities (McMahon et al., 2017). Involvement in team and individual sports has
been shown to support mental health development. Sport participation leads to lower levels of
both anxiety and depression and higher levels of well-being in both males and females
(McMahon et al., 2017).

Sport-Related Injury

Participating in sports and remaining physically active has significant benefits for a
person’s overall health, yet participation in sports and recreational activities also comes with a
risk of injury. Several studies have shown a positive correlation between the increase of physical
activity and increased physical injuries (Janssen & LeBlanc, 2010). Individuals who suffer more
significant or prolonged physical injuries have the added burden of dealing with the
psychological burden of managing their injuries.

Psychological outcomes as a result of an injury have been extensively researched.
Research on competitive athletes has shown that emotions, cognitions, and behaviours are
associated with their overall rehabilitation after a physical injury (Forsdyke et al., 2015). In other
words, how athletes feel, think, and behave can impact their recovery and should be monitored
throughout the rehabilitation of their injury. Physically injured athletes often experience
increased anxiety, distorted cognitions about re-injury and self-image, and lack confidence in
their athletic abilities (Forsdyke et al., 2015). When provided with appropriate coping strategies
and supportive social interactions, an athlete’s rehabilitation success rate increases (Forsdyke et

al., 2015). Physical injuries are not the only form of injury that sports participation can yield;
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sport-related concussions, are a subset of injuries that competitive athletes are at risk of
receiving.

Sport-related Concussions: Sport-related concussions (SRC) are increasing in
prevalence as awareness, knowledge, research, and diagnostic tools increase (Currie et al., 2017).
Studying the effects of SRC is complicated due to unique injury characteristics. Sport-related
concussions are often difficult to diagnose and treat, as symptoms of SRC are not always visible
to athletes or clinicians and clinicians have to rely on subjective reporting from athletes. Athletes
diagnosed with SRC may subjectively report experiencing physical, cognitive, and behavioural
symptoms, for example, headaches, confusion, and mood changes which can overlap with other
injuries (Sattler & Mrazik, 2014).

The majority of athletes with an SRC recover unremarkably within 10-14 days; however,
there is a small subset of athletes who suffer from prolonged symptoms (McCrory et al., 2017,
McCrea et al., 2005). As clinicians, athletes, and the public become more knowledgeable in SRC
there is need for understanding the long-term effects that SRC can have on athletes. Research has
highlighted a number of variables associated with prolonged SRC recovery; however, identifying
variables that have the potential to be most predictive of prolonged recovery from SRC continues
to evolve.

Some researchers suggest that prolonged symptoms following a SRC may be attributed to
undiagnosed and untreated psychological symptoms (Currie et al., 2017). Studies have shown
that psychological factors, such as anxiety and depression, may be predictive of prolonged
recoveries after mild traumatic brain injuries (mTBI); however, research is still needed to fill in
the gaps, specifically within the athletic population (Brooks et al., 2019; Zahniser et al., 2019).

Other factors, such as pre-existing mood disorders and variables associated with the athletic
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population (i.e. pressure to perform, re-injury, avoidance, motivation), can further impact an
athlete’s sport rehabilitation (Iverson et al., 2017; Grady, 2010). Providing clinicians with an
understanding of potential risk factors that may lead to an athlete’s prolonged recovery from a
SRC is beneficial to the rehabilitation process.

The Rationale

Research investigating variables associated with prolonged recovery from SRC has
mainly focused on injuries sustained in the lay population who are assessed through hospital
emergency admissions. There is less research conducted with athletic populations. Furthermore,
athletic populations are unique, not only in their ability to perform at a high level of competition
but also with multiple variables associated with injury outcomes. When recovering from a
physical injury, athletes have unique cognitions such as managing confidence, post-injury
competence, and fear of re-injury (Forsdyke et al., 2015). Studies analyzing cognitions and
psychological variables related to SRC have not been extensively researched.

The majority of research on SRC has been conducted using an athlete’s subjectively-
reported recall of previous symptoms and conditions prior to SRC. Select research has shown
bias with this method of gathering pre-injury data and self-reported recall may not be a reliable
source for pre-injury symptoms in athletic populations (Arends et al., 2019; Gunstad & Suhr,
2001). Instead, in order to eliminate recall bias and provide reliable data for predictive studies, it
is important that athletes be assessed prior to participating in competitive sport in order to obtain
baseline information.

Finally, the majority of research conducted with SRC has not focused on psychological
predictors of complex recovery for athletes (Rice et al., 2018). Previous predictive studies have

focused on physical symptoms, pre-injury characteristics, and neuropsychological results, such
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as cognitive abilities, memory, and processing speed. Psychological factors, such as anxiety,
depression, that are unique to athletic populations are often overlooked in predictive research for
complex concussion recovery. Therefore, by obtaining reliable baseline and post-injury
assessments of psychological symptoms, researchers can determine their predictive value for
prolonged recovery of SRC; which may provide a new perspective and insight into the recovery
of SRC within athletic populations.
Research Purpose

The purpose of this study is to explore the recovery of SRC in professional and collegiate
athletes ages 18 to 37, including potential risk factors of psychological functioning that
contribute to recovery, using the Brief Symptom Inventory-18. Additionally, the study focuses
on athletes’ psychological functioning at two time periods; baseline and within 48 hours of
injury, to determine if psychological functioning at these specific points in time impact an
athlete’s overall recovery from SRC. Finally, this study investigates psychological variables in
the areas of, anxiety, depression, and somatic symptoms, along with symptom items at the two

time periods aforementioned.
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Chapter Two: Literature Review

The purpose of this chapter is to review the current literature associated with predictive
variables of prolonged recovery from concussion and mild traumatic brain injury (mTBI). To
provide context, the chapter begins with a brief history and definition of sport-related
concussions (SRC), followed by a review of typical pathology and symptomatology after a
concussion and mTBI. Next, I review predictive research of concussion and mTBI recovery
including psychological risk factors of prolonged recoveries, as well as limitations in athlete
specific populations. The chapter concludes with the research study objectives and hypotheses
statements supported by the reviewed literature.
Sport-Related Concussions
History and Epidemiology

The prevalence of SRC has increased over the last decade as awareness, knowledge,
scientific evidence, and diagnostic tools assessing SRC have advanced (Currier et al., 2017).
Historically, severe traumatic brain injuries (TBI) resulting in significant behavioural and
emotional changes have been studied extensively while milder forms of TBI received lesser
attention due to the lack of visible physical injuries (Zillmer et al., 2008). In the past,
concussions have been referred to as a mild form of TBI (mTBI). The term concussion was first
coined by an Arabic physician, Rhazes in the 900s. He differentiated a concussion from a
traumatic brain injury by defining a concussion as an abnormal physiological state without the
occurrence of brain lesions (McCrory & Berkovic, 2001). Due to their lack of amnesia, fractures,
or internal bleeding, concussions were not previously considered a medical emergency; however,
in the 1980s researchers discovered long term impairment from mTBIs and began to recognize

their potential impact on athlete health and performance (Zillmer et al., 2008).
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With an increase of participation in competitive sports in the last century, awareness and
documentation of concussion have increased (Zillmer et al., 2008). The Government of Canada
(2018) reported that 46,000 youth aged 5-19 years old presented to the emergency department
and were diagnosed with concussions in 2016-17. Fifty-four percent of male concussions and
45% of female concussions were a result of a sport or recreational injury (Government of
Alberta, 2018). In the United States of America, SRC account for 144,000 pediatric hospital
visits annually (Meehan & Mannix, 2010). Sport-related concussions occur more frequently in
full-contact sports such as football and ice hockey; however, they are still prevalent in moderate-
contact sports such as basketball and soccer (Sattler & Mrazik, 2014). Specifically, in Canada,
ice hockey, rugby, and ringette account for the highest reported brain injuries for 5-19-year old’s
(Government of Canada, 2018). Although the knowledge and awareness of SRC has increased
over the last decade, reliable and valid research pertaining to the prevalence and detriments of
SRC on youth and athletes remains incomplete.

Definition

The terms concussion and mTBI, used interchangeably in the past, make the terms
confusing for study and research (McCrory et al., 2017). The American Psychiatric Association
(APA; 2013) Diagnostic and Statistical Manual for Mental Disorders (5th ed.; DSM-5) defines a
TBI as a trauma to the brain with specific characteristics, such as loss of consciousness,
posttraumatic amnesia, disorientation, confusion, and/or neurological signs. Traumatic brain
injuries as defined above consist of a range of characteristics, whereas mTBI may have milder
versions of these characteristics, (McCrory et al., 2017).

Research involving milder forms of TBI was not conducted until the 1980s; through the

work of Jeffrey Barth, the significance of milder forms of mTBI was realized (Zillmer et al.,
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2008). McCrory and colleagues (2017) describe concussions as a subset of TBI, focussing on the
immediate and transient symptoms of a TBI.

Although interchangeable terms (i.e., TBI, mTBI, concussion, and SRC) can be
problematic when comparing and interpreting these terms across studies (McKinlay, 2009), this
study will refer to the recent Concussion in Sport Group who provided the most current
definition of SRC at their consensus meeting in 2016:

Sport related concussion is a traumatic brain injury induced by biomechanical forces.

Several common features that may be utilized in clinically defining the nature of a

concussive head injury include: 1) SRC may be caused either by a direct blow to the

head, face, neck or elsewhere on the body with an impulsive force transmitted to the
head; 2) SRC typically results in the rapid onset of short-lived impairment of neurological
function that resolves spontaneously. However, in some cases, signs and symptoms
evolve over a number of minutes to hours; 3) SRC may result in neuropathological
changes, but the acute clinical signs and symptoms largely reflect a functional
disturbance rather than a structural injury and, as such, no abnormality is seen on standard
structural neuroimaging studies; 4) SRC results in a range of clinical signs and symptoms
that may or may not involve loss of consciousness. Resolution of the clinical and
cognitive features typically follows a sequential course. However, in some cases,

symptoms may be prolonged. (McCrory et al., 2017, p. 2)

For the purpose of this thesis the term “concussion” and “sport-related concussion” will
be used interchangeably and will follow the definition laid out by McCrory et al. (2017), as
stated above. Furthermore, due to the fact that mTBI has been used interchangeably with

concussion and SRC, select literature examining these terms will be reviewed and discussed.
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Symptomatology and Pathology

Sport-related concussions as defined above include a number of neurological
impairments (McCrory et al., 2017). Symptoms for SRC may consist of physical, cognitive, and
behavioural loss. Physical symptoms may include; balance problems, blurry vision, dizziness,
fatigue, headaches, ringing in the ears, sensitivity to light and/or noise, sleep impairment and
vomiting (Sattler & Mrazik, 2014). Cognitive symptoms may include confusion, difficulty
concentrating, and memory problems, while behavioural symptoms encompass symptoms such
as anxiety, agitation, irritability, mood changes, and sadness (Sattler & Mrazik, 2014). It is
important to note that these symptoms may or may not be immediately present after an
individual receives a blow to the head or impulsive force, due to the fact that concussions are an
evolving injury (McCrory et al., 2017).

Any athlete suspected to have suffered SRC should undergo an evaluation by a qualified
medical professional (McCrory et al., 2017). The recent consensus meeting of the Concussion in
Sport Group, McCrory and colleagues (2017) noted that range of symptoms used in diagnosing
an athlete with a SRC includes somatic, emotional, and cognitive symptoms, physical signs of a
concussion (e.g. loss of consciousness), balance impairment, behavioural changes, cognitive
impairment, and sleep/wake disturbances. If an athlete experiences any one of these symptoms, a
SRC may have occurred and the athlete should be removed from play until they have completed
recommended steps and their symptoms have resolved. (McCrory et al., 2017). The recovery
process and return to sport protocols after receiving a SRC consist of monitoring symptoms until
an athlete presents as asymptomatic (McCrory et al., 2017; Sattler & Mrazik, 2014).

Typical Recovery: In the last decade, understanding the variables associated with the

amount of time it takes for an athlete to recover from a SRC has evolved due to more rigorous
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research findings. Research prior to 2005 reported that the majority of athletes with SRC
recovered within 10 days of the injury (McCrory et al., 2017). However, a review of previous
research suggests that studies were conducted with large group data and lacked a focus on
individuals or stratified data by age cohorts; additionally, there is reason to suspect that athletes
returned to sport prior to being asymptomatic (McCrory et al., 2017). Research conducted in the
last decade suggests that an athlete’s recovery time from a SRC may be longer than the initial 10
day findings (McCrory et al., 2017). In fact, some studies suggest that recovery time may be
between 21-28 days post-injury (Henry et al., 2015) but variables like biological sex, age, history
of learning and attention disorders moderate recovery longevity.

In the most recent consensus reported by the Concussion in Sport Group, the typical
recovery time for adult athletes suffering from SRC is recorded as 10-14 days (McCrory et al.,
2017). Although new research findings are suggesting that perhaps the current recovery time
outlined in the consensus statement may not be an accurate recovery period for athletes suffering
from SRC, this research has yet to be deliberated and validated.

Prolonged Recoveries

In this section, I begin by reviewing the most common variables that are predictive of
prolonged concussion recovery. Following the prolonged recovery section, I narrow my focus to
overall psychological variables of concussion or mTBI, including symptom scores on measures
of psychological distress. I then address the specific psychological conditions of anxiety,
depression, and somatization, and conclude with psychological symptom items as predictors of
prolonged recovery from concussion and mTBI.

Many factors contribute to a prolonged recovery from a concussion. Zuckerman et al.

(2016) conducted a prospective case control study investigating risk factors that impact post-



SRC, PSYCHOLOGICAL FUNCTIONING, AND PROLONGED RECOVERY 11

concussive symptoms in 1507 collegiate athletes who received a SRC. Of the 1507 collegiate
athletes, 112 developed prolonged symptoms lasting longer than 4 weeks and were identified as
the post-concussive symptom group, while athletes who recovered within 2 weeks were
identified as the non-post-concussive symptom group. An odds ratio was estimated using a
logistic regression model to compare the two groups. Results found that retrograde amnesia,
difficulty concentrating, light sensitivity, and insomnia were identified as risk factors in the post-
concussive symptom group. Additionally, multiple concussions were also associated with
increased odds of post-concussive symptoms, which is consistent with previous studies (Corbin-
Berrigan & Gagnon, 2017; McCrory et al., 2017; Morgan et al., 2015; Zuckerman et al., 2016).

A study conducted by Meehan and colleagues (2013) examined potential risk factors that
may contribute to prolonged symptoms for athletes (ages 7.6 to 26.7 years) suffering from a
SRC. This study utilized prospective data by breaking athletes into two groups, one group
showing symptom resolution within 28 days, and the other group with persistent symptoms after
28 days. Using a logistic regression model, the two groups were compared on a number of
demographic variables, self-report measures, and neuropsychological examinations to determine
their predictability. The results showed that total concussion symptoms were predictive of a
prolonged recovery; while alone, no specific symptoms were predictive risk factors.
Furthermore, the researchers discovered younger athletes took a longer time to recover from
SRC.

Cognitive deficits and symptoms have additionally shown to be potential risk factors for
prolonged recovery from concussion. One study investigated adult emergency department
patients diagnosed with mTBI and discovered that psychological symptoms were predictive of

cognitive deficits over time after a mTBI (Nelson et al., 2018). Additionally, poor cognitive
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performance also predicted an increase of symptoms over time (Nelson et al., 2018). Other
emergency department results conducted with children and adolescents suggest that acute
cognitive deficits in orientation at the time of injury to be a significant predictor of psychological
distress at 12 weeks post-injury (Brooks et al., 2019). Further studies on emergency department
admission of children and adults have identified cognitive symptoms to be present post-injury
when compared to baseline scores (Cunningham et al., 2008).

In addition to cognitive deficits, pre-injury demographics have also been found to be
predictive of prolonged recoveries. Researchers have discovered the following demographic
variables to be predictive of prolonged symptom recovery from mTBI: a history of brain injury,
living alone, non-Caucasian, psychotropic medication, high levels of alcohol consumption, as
well as females (Theadom et al., 2016). These variables showed statistical significance as being
predictive of poor recovery outcomes at 12-months post-injury (Theadom et al., 2016). Pre-
existing demographic variables such as premorbid mood disorder, psychiatric illness, significant
life stress during recovery, and family history of mood disorders or migraines are additional risk
factors of prolonged concussion recovery for high school athletes (Morgan et al., 2015). These
results suggest that pre-existing psychological functioning is associated with the recovery from
SRC.

Psychological Implications

A history of mood disorders, psychological illness, family history of mood disorders, and
stress during the recovery of a SRC have been shown to be predictors of prolonged recovery
(Morgan et al., 2015). Therefore, further investigations, researching the impact of psychological

variables on the recovery of concussions, are warranted.
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Brooks et al. (2019) investigated a number of predictors of psychological distress
following a concussion in pediatric emergency department patients (ages 6 to 17 years).
Psychological distress was measured at 4- and 12-weeks post-injury. Findings showed
psychological distress increased from 4 to 12 weeks with children who had no previous pre-
injury psychological distress. Additionally, 23% of the youth reported psychological distress at 4
and 12-weeks post-injury. It is important to note that Brooks et al. (2019) and other researchers
often collect baseline scores retrospectively. There is a cause for concern of validity when
collecting retrospective baseline scores as self-reported recall has the potential to be biased
(Arends et al., 2019; Brooks et al., 2014; Cunningham et al., 2008; Gunstad & Suhr, 2001;
Iverson et al., 2010; Yang et al., 2014). Regardless, these results from Brooks and colleagues
study suggest that psychological variables play a considerable role in the recovery from
concussion for pediatric populations. These studies indicate an area of interest for researchers;
specifically, psychological variables may have implications on recovery from concussion.

Self-Report Measures. Research findings support the importance of utilizing self-report
measures that incorporate symptoms, including psychological, psychosocial, and physiological
considerations, relevant to concussions. Several studies examined the usefulness of self-report
measures, including specific symptoms and total symptom scores.

The Post-Concussion Symptom Scale (PCSS) is a self-report measure applied in
neurocognitive, sport-concussion, and mTBI assessments. When compared to neurocognitive and
vestibular changes in weeks following a SRC, symptoms as reported on the PCSS display the
greatest significance in change across time periods (Henry et al., 2015). As an athlete recovers
from a SRC, the total symptom score on the PCSS also significantly improves (Henry et al.,

2015). Symptoms on self-report measures reflect the biggest change over time for athletes
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recovering from SRC. The PCSS symptom severity score is predictive of prolonged recovery of
SRC at acute (24-hours) post-injury assessment (Nelson et al., 2016). Additionally, the PCSS has
been utilized to investigate concussion recovery with children, resulting in the total symptoms
score being predictive of prolonged recovery (Corbin-Berrigan & Gagnon, 2017). Of note, the
emotional category within the PCSS and the item, irritability, displays a strong tendency for
predicting prolonged recovery for children diagnosed with a concussion (Corbin-Berrigan &
Gagnon, 2017).

The Rivermead Post Concussion Symptoms Questionnaire is another self-report measure
used for diagnosing and tracking symptoms of concussion recovery. Upon initial evaluation,
overall scores on the Rivermead Post Concussion Symptoms Questionnaire show promising
results at predicting prolong recovery in a mTBI group (Rabinowitz et al., 2015). Furthermore,
the Rivermead Post Concussion Symptoms Questionnaire has shown similar results as studies on
the PCSS, with emotional symptoms persistent at 1-month post-injury (Cunningham et al., 2008;
Corbin-Berrigan & Gagnon, 2017).

Predictive research conducted on athletic populations has shown total symptom score on
self-report measures to be predictive of prolonged recovery. One study examined high school
and collegiate athletes’ baseline and post-injury scores on the Graded Symptom Checklist (GSC;
McCrea et al., 2012). The results indicated that an increase of 20 points on the GSC were
predictive of prolonged SRC symptoms (McCrea et al., 2012). A second study found similar
results with athletes’ (ages 7 to 26) post-injury total symptoms on the PCSS to be predictive of
prolonged recovery, which is similar to previous research (Corbin-Berrigan & Gagnon, 2017,
Henry et al., 2015; Meehan et al., 2013; Meehan et al., 2014). These studies however, focused on

demographic variables such as previous concussions, retrograde amnesia, in addition to
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neurocognitive functioning and balance, and did not investigate psychological variables. The
results from these studies of athletic populations support the need for predictive research of
psychological functioning and prolonged SRC recovery of athletes. Furthermore, for clinicians,
these results suggest the utility of self-report measures as tools for predicting and screening
potential prolonged recoveries. Further investigation of the following psychological variables on
self-report measures may assist clinicians with a better understanding of an athlete’s recovery
process.

Anxiety Symptoms. Anxiety disorders after a mTBI are the most common psychological
diagnosis at one-year post-injury (Mallya et al., 2015). This finding leads to understanding how
anxiety can influence the recovery process from concussion at the early stages of rehabilitation.

Investigating anxiety within elite athletes is important. Studies have shown that athletes
who sustained a SRC often report high anxiety in the acute stages of their injury, compared to
healthy controls (Rice et al., 2018; Singh et al., 2015). Although high levels of anxiety symptoms
have been found with concussed elite athletes, other studies have found no differences between
athletes suffering from either SRC or orthopedic injuries (Covassin et al., 2014; Rice et al.,
2018). Predictive research on anxiety variables may provide additional information to contribute
to teasing out differences between concussion and orthopedic injuries for elite athletes.

Brooks et al. (2019) investigated anxiety as a variable in prolonged psychological distress
from concussion. Significant results of psychological distress were found in children who
reported a pre-existing anxiety disorder prior to injury. The authors concluded that anxiety may
contribute to a prolonged recovery from concussion. It is worthy to note that this study collected
parent self-report estimates of their child’s functioning prior to their concussion. Pre-injury

estimates of demographic information, for the most part, is a reliable way to gather information;
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however, parents in this study were also asked to provide pre-injury functioning for post-
concussive symptoms, which may not be an accurate or valid measure of a child’s functioning
(Brooks et al., 2014).

Although anxiety is a psychological variable to be considered during prolonged recovery
from concussion, there is a lack of research as to the specific contributions and impact anxiety
has on the recovery of concussions and mTBI (Mallya et al., 215). Some results show promising
outcomes for anxiety as a predictive variable as adjusted odds ratio results suggest a strong trend
towards delayed recovery, while increased symptoms of anxiety immediately after a concussion
nears significance (Grubenhoff et al., 2016). Similar findings were found with scales correlated
to anxiety and depression, with a higher prevalence in delayed recovery groups approaching
significance. One factor which may be attributed to the lack of significant findings is the age of
the population. The population in Grubenhoff et al. (2016) study used pediatric patients within
emergency departments, who may provide different results than athletic populations, or patients
who report to physicians outside of the emergency department.

Anxiety and depression may at times be comorbid and often have similar presentations
and/or features that are important to consider as psychological variables impacting the recovery
of concussion (APA, 2013). The relationship between anxiety and depression variables within
elite athlete populations warrants investigation. In fact, studies have found that elite athletes who
report pre-injury depression are more likely to suffer from post-injury anxiety after sustaining a
SRC (Rice et al., 2018; Yang et al., 2015).

Depressive Symptoms. As the process of recovery from a concussion or TBI can be
isolating and slow, an increase in depressive symptom report is common for an individual

recovering from a concussion or TBI. Depressive symptoms are often reported by elite athletes
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after sustaining a SRC (Rice et al., 2018). Rice and colleagues conducted a meta-analysis on elite
athletes reporting symptoms of depression after a concussion. The results from the meta-analysis
concluded that retired NFL players often reported depression after sustaining a SRC. However,
these studies were collected retrospectively and have the potential to be biased or mediated by
other factors such as life stressors. In addition to retired athletes, Rice and colleagues reviewed
studies of current competing elite athletes and discovered that athletes often reported symptoms
of depression 4-weeks post-injury. As depressive symptoms are reflected in samples of elite
athletes, investigating depression as a predictive variable for prolonged symptoms of SRC is
warranted.

Pre-injury depression has the potential to impact psychological symptoms in concussed
elite athletes. Yang et al. (2015) investigated the relationship between psychological symptoms
collected prospectively and post-concussion symptoms of elite collegiate athletes. Depression
was the only psychological variable to be predictive of post-concussive symptoms of anxiety and
depression.

Similar results have been found in pediatric populations. Ho and colleagues (2020)
conducted a single site cross sectional study investigating post-concussion depression symptoms
and how it relates to post-concussion symptoms in youth (ages 10 to 17 years). Youth, after
being formally diagnosed with a concussion, were split into a post-concussive depression group
and a non-depression group. Comparisons between the two groups resulted in the post-
concussive depression group endorsing a heightened number of symptoms on the PCSS. Upon
further review of items on self-report measures, researchers discovered that the post-concussive
depression group presented with more severe depression symptoms compared to the non-

depressed group. These findings were from youth recruited to an emergency department in
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Ontario, Canada. Further research needs to be conducted to see if there are similarities in
pediatric athletic populations.

The research of depression symptoms after injury as a variable in prolonged recovery
from concussions has shown mixed results. When a mTBI group with persistent symptoms was
compared to the general population, clinical levels of anxiety, depression, and quality of life did
not significantly differ (Theadom et al., 2016). However, it is difficult to differentiate symptoms
that are unique to prolonged recovery from a mTBI from symptoms of general anxiety and
depression found in the general population. Additional studies have shown pre-injury depression
to be predictive of prolonged recovery in athletic populations (Iverson et al., 2017). These results
are suggestive of future studies on depression specificities as predictive factors of prolonged
recovery from mTBI.

Somatic Symptoms. It is not uncommon for individuals suffering from concussions to
report somatic physical symptoms. The rating of somatic and bodily symptoms is important to
consider as higher ratings of these symptoms can predict prolonged recovery from concussion.
Therefore, somatic symptoms need to be considered in the research of SRC.

Nelson et al. (2016) conducted a longitudinal study investigating pre-injury variables and
injury-related variables as predictors of symptom duration following a SRC. The researchers
evaluated baseline assessments of high school and collegiate student athletes prior to receiving a
SRC, along with psychological, neurocognitive, and balance assessments at days 8, 15, and 45
post-injury. This study provides unique insight into pre-injury evaluations (i.e., baseline
assessment) of psychological and neurocognitive scores from athletes during normal everyday
functioning. One of the measures for gathering psychological information was the Brief

Symptom Inventory-18 (BSI-18), a self-report measure that evaluates symptoms of anxiety,
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depression, and somatization, in addition to overall psychological functioning. Baseline
predictive results showed the somatic symptom score on the BSI-18 as the only predictive
variable of a prolonged recovery. Mediation analysis, also considered in this study, provided
significant results showing post-concussive symptoms mediating and influencing the relationship
between preinjury somatic symptoms and symptom duration. These results suggest that preinjury
somatic symptoms are not only predictive of prolonged recovery from SRC, but additional post-
concussive symptoms may be influencing this relationship.

It can be inferred that somatic symptoms tend to be high at the time of injury and
decrease over time. Studies conducted on somatic symptoms show mixed results across
populations. Somatic symptoms have been found to decrease over time on self-report measures
with pediatric populations (Cunningham et al., 2008). However, groups of pediatric populations
with delayed recoveries continue to report higher somatic symptoms on self-report measures
(Grubenhoff et al., 2016). Studies conducted on pediatric and young adult athletic populations
suggest that acute somatic symptoms including headaches and dizziness are predictive of
prolonged recovery (Iverson et al., 2017). The results from these studies suggest supporting the
concept that somatic symptoms may influence the recovery of adult athletes with SRC.

An additional study conducted by Nelson et al. (2018) examined several predictive
variables (i.e. demographic, injury characteristics, and neuropsychological assessments,
including psychological measures such as the BSI-18 and PCSS) with emergency department
patients (ages 18 to 45 years). Nelson and colleagues assessed patients within 72 hours of the
injury and again at days 8, 15, and 45 post-injury. Using multivariate analysis, their findings
showed somatic symptom scores on the BSI-18 collected within 72 hours of the injury to be a

predictive variable of prolonged recovery from mTBI. Additionally, the PCSS symptom severity
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score, within 72 hours of the time of injury, resulted in being a significant predictor of prolonged
recovery from mTBI. The authors acknowledged that potential pre-injury somatic symptoms,
which were not measured in this study, may contribute to the recovery of mTBI,

Symptom Items: Understanding overall psychological functioning in the areas of
anxiety, depression, and somatization is important to research as these variables may impact the
recovery process of concussion. Additionally, it is important to investigate psychological
symptoms at an item level to determine if individuals suffering from specific symptoms may be
at risk of prolonged recovery from concussion.

There are mixed results when looking at specific items on self-report measures as
predictors of prolonged recovery from concussion. One study compared pediatric athletes with
prolonged recovery to those whose symptoms resolved within 28 days (Meehan et al., 2013).
Meehan and colleagues (2013) discovered that there were no differences in symptom report at an
item level between the two groups. These results were consistent with another study conducted
on athletes (ages 7 to 26 years) investigating predictive variables (Meehan et al., 2014).
Psychological symptom items were not found to be predictive in the group of athletes with
prolonged concussion symptoms lasting longer than 28 days (Meehan et al., 2014). Although
symptom items were not predictive in the two studies, the measures that were utilized in the
studies were not measures of psychological functioning and may not be an accurate measure of
psychological symptom items. Additionally, it is important to note that the number of days used
in these studies to determine prolonged recovery was 28 days, which is significantly longer than
the 14-days suggested by the Concussion in Sport Group’s current consensus report (McCrory et

al., 2017; Meehan et al., 2013; Meehan et al., 2014).
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A study conducted by Ho and colleagues (2020) investigated the items of the PCSS as
predictive of prolonged recovery in youth populations. Significant results were shown for
specific items of the PCSS including, irritability, nervousness, and emotionality to be present in
the depressive group (Ho et al., 2020). In a study by Corbin-Berrigan & Gagnon (2017), the item
of irritability on the PCSS has been found to show a strong tendency of predicting prolonged
recovery of children. Irritability is a common behavioural symptom for individuals suffering
from a concussion and the severity of this symptom shows potential of being predictive of
prolonged recovery from concussion (Sattler & Mrazik, 2014). It is difficult to tease apart
specific items as a result of a concussion from outside factors that may be contributing to an
individual’s recovery; however, understanding the significance of these items can assist
clinicians in the recovery process of concussion for individuals.

The above sections were a review of variables that may be contributing to prolonged
recoveries of mTBI and concussion. By evaluating psychological implications including, but not
limited to, anxiety, depression, somatic symptoms, and symptom items in the recovery of
concussion, clinicians have the opportunity to improve individuals’ psychological functioning.
This offers the potential to improve overall functioning and improvements in all areas of life, for
individuals recovering from a concussion (Zahniser et al., 2019). Although the literature
reviewed above supports the need for further evaluation of psychological variables in studies of
prolonged concussion recovery, there continues to be a lack of research investigating these
variables within athletic populations and SRCs.

Athletic Populations
The research reviewed above shows a lack of predictive concussion research conducted

with athletic populations, as the majority of studies have been conducted on emergency
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department patients. Student athletes are a unique population in and of themselves because they
have a number of factors that they deal with on a daily basis such as academics, personal
stressors, physical health, and athletic performance (Broughton & Neyer, 2001). Student athletes
are privy to a number of demands and stressors from their respected competitive sports along
with the regular demands of student life (Broughton & Neyer, 2001). Professional athletes also
experience unique demands, including career dissatisfaction, performance expectations, and
career ending injuries (Gouttebarge et al., 2018). Due to their uniqueness, elite athletes may
handle rehabilitation and injury with SRC differently than the general population.
Mental Health of Athletes

Athletes are subject to psychological stressors, although there is a stigma that may
influence them admitting to these stressors (Moreland et al., 2018). Student athletes in college
populations have been found to experience depression, along with other mental health disorders,
as often as the general student body (Reardon & Factor, 2010). However, athletes including
student athletes, are less willing to use mental health services due to gender, stigma, athletic
norms, and influences from coaches (Moreland et al., 2018). The willingness of student athletes
to come forward and acknowledge psychological concerns may impact their self-reporting of
mental health concerns, as student athletes have been shown to report fewer depressive
symptoms than other students (Proctor & Boan-Lenzo, 2010). It is important to note that
although student athletes reported fewer depressive symptoms compared to the student body,
they may still report symptoms of depression. Studies have shown that student athletes do in fact
report depression, with 15.6% of these student athletes meeting the criteria for clinical
depression (Proctor & Boan-Lenzo, 2010). Additionally, elite athletes have been found to report

lower levels of anxiety to their coaches and athletic staff compared to athletes’ self-report
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measures of anxiety collected confidentially (Meier et al., 2015; Rice et al., 2018). These
findings present the significance of understanding and providing supports and mental health
interventions for student athletes.
Athlete Concussion Outcomes

Athletic populations are at a higher risk of receiving a brain injury, as SRC are the second
most common cause of head injuries, next to motor vehicle accidents (Zillmer et al., 2008). In
the United States, SRC account for 144,000 pediatric hospital visits annually (Meehan &
Mannix, 2010). The prevalence and increased risk for athletes make the research of SRC of great
significance to ensure that clinicians understand the uniqueness of the athletic population to
ensure safe and full recoveries. The research reviewed above considers a link between
psychological variables and the recovery of concussions and mTBI; there is now a need to
transition this research to athletic populations. Athletes are prone to mental health disorders and
these variables may have implications on their recovery from SRC. Therefore, it is important for
research to determine if there are potential psychological risk factors that may be predictive of
prolonged recovery from SRC, in order for these risks to be addressed and supported through an
athlete’s recovery from a SRC.
Research Objectives

The main objective of this study is to investigate psychological functioning as a
predictive variable of a prolonged recovery for SRC at two different time periods; baseline and

within 48 hours of the injury.
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Objective 14

To assess the number of athletes at baseline who fall into the At-Risk level on the scales
of the BSI-18 as predictive of prolonged recovery from a SRC. The scales included in the BSI-18
are anxiety, depression, and somatization subscales.

IV: Athlete baseline scores on the 3 BSI-18 scales.

DV: Athlete recovery time in days.

Hypothesis: Athletes who report At-Risk levels on the anxiety, depression, and/or
somatization subscales will have a prolonged recovery from their SRC, with the somatization
scale showing the greatest significance. Research shows that individuals with increased levels of
psychological symptoms and somatic symptoms at baseline are at risk of experiencing a longer
recovery from concussion and mTBI (Neslon et al., 2016).

Objective 1B

To assess athletes baseline scores on the BSI-18 at an item level, to determine if specific
symptoms as reported through items on the BSI-18 are predictive of prolonged recovery form a
SRC.

IV: Items on the BSI-18 for athlete at baseline.

DV: Athlete recovery time in days.

Hypothesis: Athletes who report concerns on items related to somatic symptoms will
experience a prolonged recovery from SRC. Early research on baseline studies indicates there is
a potential relationship between pre-injury symptoms of somatization and symptom recovery

from concussion and mTBI (Nelson et al., 2016).
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Objective 2A

To assess athletes psychological scores within 48 hours of a SRC and fall within an At-
Risk level on the scales of the BSI-18 as predictive variables of prolonged recovery for athletes.
The scales included in the BSI-18 are anxiety, depression, and somatization subscales.

IV: Athlete scores on the 3 BSI-18 scales collected within 48 hours of a SRC.

DV: Athlete recovery time in days.

Hypothesis: Athletes who report At-Risk levels on the anxiety, depression, and/or
somatization scale will have a prolonged recovery from their SRC. Research shows that
psychological variables and stressors after a concussion or mTBI can have implications on an
individual’s recovery and be at risk of experiencing a prolonged recovery from their injury
(Nelson et al., 2018, Nelson et al., 2016; Rabinowitz et al., 2015; Rice et al., 2018).

Objective 2B

To assess athlete scores within 48 hours of a SRC at an item level on the BSI-18, as a
predictive variable of prolonged recovery from SRC.

IV: Items on the BSI-18 of athlete collected within 48 hours of injury.

DV: Athlete recovery time in days.

Hypothesis: Athletes who report a concern on items related to irritability, nervousness,
and emotionality will experience a prolonged recovery from SRC. Research suggests that
symptoms of irritability, nervousness, and emotionality may result in a prolonged recovery from

concussion and mTBI (Corbin-Berrigan & Gagnon, 2017; Ho et al., 2020).
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Chapter Three: Methods

This chapter contains five subsections. The first subsection is a review of the study
design and key terms, followed by an explanation of the measurements used. The other
subsections include the data collection procedure managed in the study and a description of the
participants. The final two subsections discuss the statistical analysis conducted; concluding with
ethical considerations and the study ethics obtained.
Research Design and Key Terms

The study data used a prospective, quasi-experimental design. As the participants
selected were formed naturally with no random selection taking place, the study qualifies as a
quasi-experimental design. The quasi-experimental study design poses a threat to the internal
validity of the study, as we cannot conclude that the participants were equivalent to each other in
areas such as pre-injury mood disorders, years of education, and age, along with overall
psychological function or adjustment (Creswell, 2014; Evans, 2008). Although the quasi-
experimental design allows for criteria selection, the threats to internal validity need to be
considered (i.e. controlling for extraneous factors).
Inclusion and Exclusion Criteria

Data was collected in the 2017 — 2018 athletic seasons, as part of the Active
Rehabilitation project. Inclusion criteria for the study were as follows:

a) rostered professional Canadian Football League athletes;

b) rostered student athletes enrolled at the University of Alberta;

a. rostered athletes participating in either a contact or non-contact varsity team

including: basketball, rugby, soccer, football, volleyball, and ice hockey.
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Exclusion criteria included:

a) rostered athletes under the age of 18;

b) rostered athletes over the age of 40;

These exclusion criteria were selected to minimize influences on the variables that are not
related to current psychological functioning. The exclusions allowed the selection of rostered
athletes performing at a high level of sport within a specific age range. It is important to note that
participants with a history of psychological disorders were not excluded from the study, as they
were medically cleared to play by team physicians.

Key Terms

For the purpose of this study, the term “concussion” will be defined by McCrory and
colleagues (2017) as stated at the Concussion in Sport Group’s most recent consensus meeting.
Furthermore, the term “psychological functioning” will refer to an athlete’s psychological,
behavioural, social, and overall mental health functioning during the study. Additionally,
“athlete” will refer to athletes of both professional and collegiate levels ranging from the ages of
18 to 40 years old.

Measures

One measure, the Brief Symptom Inventory-18 (BSI-18), was utilized in the study to
evaluate psychological functioning and outcomes.
BSI-18

The BSI-18 was selected to measure psychological functioning and outcomes (see
Appendix A). This measure is used to evaluate psychological functioning in predictive research
of both SRC and TBI studies of athletes, inpatient, and outpatient populations (Nelson et al.,

2018; Nelson et al., 2016; Rabinowitz et al., 2015; Zahniser et al., 2019). Previous studies
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investigating the reliability and validity of the BSI-18 show significant correlations across a
number of measures of psychological adjustment (Meachen et al., 2008). In one particular study,
the BSI-18 has shown excellent reliability and validity with inpatient and follow-up patient
populations (Meachen et al., 2008).

The BSI-18 consists of 18-items measured on a 5-point Likert scale assessing
psychological distress in the past 7 days (Lancaster et al., 2016). Scores are summed into total
scores, the Global Severity Index (GSI), along with three subscales: anxiety, depression, and
somatization. Each subscale consists of 6 items with higher scores signifying greater levels of
psychological distress.

Several validation studies support the use of the BSI-18 in TBI patient populations.
Lancaster and colleagues (2016) conducted a study to investigate the BSI-18’s reliability and
validity in student athletic populations of high school and collegiate athletes. Results indicated
high levels of internal consistency of the GSI (.83) and on all three subscales of the BSI-18 (.66
to .76). Test-retest reliability estimates demonstrated fair to poor results. Fair results were
demonstrated when participants were retested at 7-days (.56 to .70), whereas poor results were
found at 30-days (.31 to .40) and 165-days (.28 to .52). These test-retest results suggest
difficulties measuring a change of psychological functioning over time, which may be cause for
concern when using the BSI-18. With respect to criterion validity, the GSI showed high levels of
correlation compared to other psychological measures (.74 to .81), while the subscales displayed
moderate results (.36 to .49). All scales and the GSI of the BSI-18 resulted in a significant
moderate negative correlation when compared to a life satisfaction scale (-.20 to -.36),

suggesting that an increase in BSI-18 scores results in a decreased level of life satisfaction.
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The results of Lancaster et al. (2016) study show similar results with previous studies on
TBI inpatient and follow-up patient results; however, there is a variation in the results between
athletic, TBI inpatient, and follow-up patient populations (Meachen et al., 2008). With respect to
an athletic population, the GSI provides the strongest reliability and validity results for
measuring emotional adjustment, but the subscales should be interpreted with caution (Lancaster
et al., 2016). It is important to note that the use of the BSI-18 is for the screening of
psychological functioning and not for a formal psychological diagnosis, which is supported by
the results described above (Lancaster et al., 2016). These results suggest the BSI-18 to be an
appropriate tool to measure psychological functioning in athletic populations.
Data Collection

The population of interest for this study was professional and collegiate athletes.
Participants were collected from a larger project involving a cluster-randomized pragmatic trial
utilizing male and female athletes from several sites across three countries (Canada, United
States, and New Zealand), multiple sports, levels of play, and levels of contact. However, due to
feasibility and accessibility, participants were recruited from a convenience sample extracted
from the population. The study participants were gathered from the Canadian Football League
(CFL) and the University of Alberta varsity athletic teams as these were the sites that Dr. Martin
Mrazik was the principal investigator, allowing him access to data. Furthermore, the sample was
formed from the athletes who sustained a SRC during the 2017 — 2018 CFL and University of
Alberta athletic seasons; consisting of 9% of the overall population. It could be argued that this
form of sampling has the potential for concerns of internal validity, due to the nature of the
sample not being a true representation of the population (Creswell, 2014). However, the

formation of the sample is congruent with current research which indicates that concussions
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account for 6.2% of all injuries and 4.47 per 10,000 athletic exposures (i.e. athletes exposed to
injury in practice or competition) which is similar to the concussion rates in the current sample
and therefore, presents as a true representation of the CFL and University of Alberta athletic
population (Zuckerman et al., 2015).

This study was given ethics approval prior to the beginning of the study (Pro00073481).
Each athlete was required to sign a consent form prior to participating in the study. The consent
form contained information regarding the study purpose, benefits, risks, researchers involved,
and commitment required to participate (see Appendix B). Participants were asked to complete a
battery of measures at baseline (prior to the start of their athletic season), 24-48 hours post-
injury, asymptomatic post-injury, and 1-month post return to play. An athlete suspected of
sustaining a SRC underwent a medical examination by the team physician within 48 hours post-
injury, as per the league and University of Alberta policies. When appropriate, the team
physician provided a concussion diagnosis. Once diagnosed, athletes underwent rehabilitation
protocols monitored by medical professionals. An athlete was fit to return to play after being
asymptomatic and cleared by the team physician. For the purpose of this study, baseline results
and initial post-injury assessments (24-48 hours) were used. Athletes’ endpoint times were
determined by the number of days from the date of the diagnosed concussion to the date they
were medically cleared to return to play. For the focus of this study, the BSI-18 was utilized as
the measure of psychological functioning.
Study Participants

The population for this study included 809 CFL and collegiate athletes. Participants who
were diagnosed with a SRC during the 2017 — 2018 and 2018 — 2019 athletic season were

included in the analysis. The overall sample included 74 athlete participants. Eleven athlete
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participants were excluded as a result of study attrition. Attrition for this specific study may be
due to a number of factors such as missing data, not being selected for an athletic team, lack of
return to play date, and confounding variables such as multiple injuries impacting the recovery
process. After exclusion criteria, a total of 63 athletes participated in the study. The participants
included male CFL athletes along with male and female student athletes from the University of
Alberta competing in rugby, soccer, football, volleyball, ice hockey, and wrestling. Ages ranged
from 18 to 37 years old. According to Field (2018) the resulting sample size is sufficient to
determine a large effect using three and eighteen predictor variables.
Statistical Analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) Version
26. Frequency and descriptive analysis were applied to obtain participant characteristic. Scores
on the BSI-18 were converted from raw scores to T Scores and a descriptive analysis was
conducted to investigate athlete’s outcomes on the BSI-18. An independent samples t-test was
calculated to compare male and female athletes included in the study.
Regression Assumptions

Outliers were reviewed for the four proposed regression models. A casewise diagnostic
test indicated there were some potential outliers impacting the results of the analysis. Further
review of the outliers was conducted through tests of Cook’s distance and the average leverage
value. Cook’s distance test resulted in outliers greater than 1.0, while the average leverage values
were greater than twice the average of leverage, indicating results that are cause for concern
(Cook & Weisberg, 1982; Hoaglin & Welsch, 1978). However, the average leverage was within
three times the average which is satisfactory according to Stevens (2002). After reviewing these

analyses, although there is cause for concern for outliers, it was concluded that the outlier(s)
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would not be removed from the four regression models. The outliers were not removed based on
a review of the data, indicating that those athletes had a longer recovery time than the majority of
athletes in the study. Further review of the outlier data showed that the self-reported scores on
the BSI-18 were not excessive. It was further concluded that the importance of keeping the
outliers outweighed the harm of being removed, due to the fact that some athletes have a longer
recovery time from SRC than others.

For the four proposed regression models the assumptions of non-zero variance and
independence, linearity and homoscedasticity, normally-distributed errors, independent errors,
and multicollinearity were assessed. Data collected for the analysis met the assumption of non-
zero variance, as individuals independently completed the measures and a variety of responses
and scores were collected. The scatter plots of outcome variables versus predictive variables
showed that the outcome variables had linear relationships to the predictive variables.
Furthermore, scatterplots for the models showed satisfactory homoscedasticity, as the variables
were relatively distributed; however, there was a loading of variables below zero. Histograms
and P-P plots of the residuals were conducted. The residuals reasonably fit with the normal curve
of the histograms and along the diagonal line of the P-P plot; however, the histograms appeared
slightly positively skewed. The satisfactory homoscedasticity and distribution of errors can be
explained by athletes’ recovery periods. The majority of athletes in the sample recovered quickly
from concussion, typical of a SRC recovery, which resulted in variable loading and positive
skews on scatterplots and graphs. The Durbin-Watson statistic ranged from 2.227 to 1.806 which
indicates that the residuals were uncorrelated and assumptions of independent errors were met.
Tests of variance inflation factor (VIF) and tolerance statistics were conducted to assess

multicollinearity. Variance inflation factor scores were below 10 and tolerance statistics were
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above 0.2, suggesting that the assumptions of multicollinearity have been met. As no
assumptions were violated, the results can be interpreted with confidence.
Objective 14

This analysis examined the degree to which baseline psychological functioning had an
effect on predicting prolonged recovery from SRC as rated on the BSI-18 subscales. A multiple
linear regression was used using a stepwise entry. A step-wise entry approach was used due to
the study being exploratory in nature, as previous studies have not focused on baseline testing
and an athletic population in combination with specific psychological variables. Significance of
analysis was set at .05.
Objective 1B

This analysis examined the degree to which baseline symptoms of psychological
functioning had an effect on predicting prolonged recovery of SRC using the BSI-18 symptom
items. A multiple linear regression was used using a step-wise entry. Because of the exploratory
nature of Objective 1B, a step-wise method was conducted. Significance analysis was set at .05.
Objective 2A

The second analysis examined the degree to which post-injury psychological functioning
had an effect on predicting prolonged recovery from SRC as rated on the BSI-18 subscales. A
multiple linear regression was used with a step-wise entry. A step-wise entry approach was
conducted due to the nature of the study being exploratory. Although previous research suggests
variables of psychological functioning, specifically total symptoms and somatic symptoms are
stronger at predicting prolonged recovery, these studies have not been conducted on athletic

populations. Significance of analysis was set at .05.
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Objective 2B

This analysis examined the degree to which post-injury symptoms of psychological
functioning had an effect on predicting prolonged recovery of SRC using the BSI-18 symptom
items. A multiple linear regression, utilizing a step-wise entry, was used. A step-wise entry was
utilized due to the exploratory nature of this analysis. Significance analysis was set at .05.
Ethical Considerations

Ethical approval for this study was granted by the Research Ethics Board at the
University of Alberta (Pro00073481). The information obtained in this study will be useful for
clinicians, as it recognizes the importance of identifying potential risk factors that may inhibit an
athlete’s recovery from SRC, along with the necessity of targeting these risk factors through

individualized treatment plans with a focus on psychological functioning.
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Chapter Four: Results
Participant Characteristics

A total of 63 athletes were included in the following analysis. The age of the athletes
ranged from 18 to 37, with a mean of 25.11 years (SD = 3.63). The majority (88.9%) of athletes
were male (n = 56). The sample contained 11.1% female athletes (n = 7). The athletes were both
professional athletes (n =49, 77.8%) and collegiate student athletes (n = 22, 34.9%). Within the
collegiate student athletes, the majority participated in football (n =7, 11.1%) and volleyball (n =
7, 11.1%). Participants obtained medical clearing and returned to play on average 16.3 (SD =
13.04) days after being diagnosed with a SRC. The somatization scale on the BSI-18 showed the
highest mean at baseline (M = 43.81, SD = 5.56), while the depression scale indicated the highest
mean at post-injury (M = 45.54, SD = 7.20). Descriptive statistics and athletes’ average T Scores
on the BSI-18 can be found below in Table 1. T Scores greater than or equal to 60 on the BSI-18
represent At-risk ranges of psychological conditions.

Additionally, an independent samples t-test was conducted to determine if there were any
differences with regards to recovery between the male and female athletes included in the study.
The t-test determined that there were no statistically significant differences between males and
females on the dependent variable of days of recovery #(35.66) =-.15, p = .88, 95% CI [-5.02,

4.34].
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Table 1

Descriptive Statistics and BSI-18 T Scores

Minimum Maximum  Mean Std. Deviation
Age 18 37 25.11 3.63
Days of Recovery 4 83 16.33 13.04
Baseline BSI-18 Anxiety 39 58 40.06 3.60
Baseline BSI-18 Depression 41 59 42.65 4.44
Baseline BSI-18 Somatization 41 64 43.81 5.56
Baseline BSI-18 GSI 35 61 41.56 5.12
Post-injury BSI-18 Anxiety 39 55 42.60 4.92
Post-injury BSI-18 Depression 41 66 45.54 7.20
Post-injury BSI-18 Somatization 41 61 44.60 5.55
Post-Injury GSI 35 62 41.84 7.62

Objective 1A

A multiple regression analysis was conducted to determine if athletes’ psychological
functioning at baseline was predictive of prolonged recovery from SRC. As an initial check,
Pearson’s correlations coefficient was conducted to find correlations among the variables. The
Pearson’s correlations showed significant correlation between days of recovery and depression (»
=0.283, p =.012). There was no significant correlation between days of recovery and the
subscales anxiety and somatization. Table 2 depicts the correlations between days of recovery
and baseline BSI-18 subscales.
Table 2

Pearson Correlations between Days of Recovery and Baseline BSI-18 Subscales

Variables Days Anx Dep Som
Days -

Anx .088 -

Dep .283%* 702 A% —

Som .066 652 Ak 589%* —

Note. Days = Days of Recovery; Anx = BSI-18 anxiety subscale; Dep = BSI-18 depression
subscale; Som = BSI-18 somatization subscale.
*p <.05. #¥p < .01. ***p <.001.



SRC, PSYCHOLOGICAL FUNCTIONING, AND PROLONGED RECOVERY 37

A multiple regression analysis was calculated to predict days of recovery on baseline
scores of anxiety, depression, and somatization subscales on the BSI-18. A significant regression
was found for depression as a predictor of prolonged recovery at baseline (F(1,61) =5.301, p
=.025) and accounted for 8% of the total variance (R>=.080). These results suggest that pre-
injury depression influenced the overall model, indicating that athletes who reported depression
at baseline were susceptible of having prolonged recoveries from SRCs. The results of the
multiple regression analyses for Objective 1A and 1B are reported in Table 3.

Objective 1B

A multiple regression analysis was conducted to determine if athletes’ symptoms of
psychological functioning at baseline were predictive of prolonged recovery from SRC. As an
initial check, Pearson’s correlations coefficient was conducted to find correlations among the
variables. Pearson’s correlations indicated significant correlations between days of recovery and
the following BSI-18 items: “faintness or dizziness” (» = .46, p <.000), “numbness or tingling in
parts of your body” (» =.56, p = .000), and “feeling so restless you couldn’t sit still” (» = .22, p
=.040).

A multiple regression analysis was used to determine if baseline symptoms of
psychological function expressed through the BSI-18 items were predictive of prolonged
recovery from SRC. A number of BSI-18 items were predictive of prolonged recovery of SRC
including, “numbness or tingling in parts of your body” (F(1, 60) =27.773, p <.000, R*> = .316),
“faintness or dizziness” (F(2, 59) = 22.031, p <.000, R* = .428), “feeling so restless you couldn’t
sit still” (F(3, 58) = 18.170, p <.000, R? = .484), “pains in the heart or chest” (F(4, 57) = 15.615,
p <.000, R? = .523), and “feeling worthlessness” (F(5, 56) = 15.344, p < .000, R*> = .578). These

results suggested that the symptom items listed above influence an athlete’s recovery from a
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SRC. Furthermore, as symptoms of “numbness or tingling in parts of your body,” “faintness or
dizziness,” “feeling so restless you couldn’t sit still,” and “feeling worthlessness” increased so
did the amount of days it takes for an athlete to recovery from a SRC. There was a negative
correlation between days of recovery and the symptom item “pains in the heart or chest,”
suggesting that as this symptom item decreased an athlete’s recovery time from concussion
increased. Table 3 depicts the multiple regression analyses for baseline BSI-18 subscales and
items.

Table 3

Baseline Multiple Regression Analyses Results

Multiple regression model n F R? b 95% Cl forb P p
BSI-18 subscales regression
BSI-18 depression 63 530 .08  3.19 [.42,5.95] 28 .03

BSI-18 item regression
“numbness or tingling in 62 27.77 32 41.20 [25.56,56.83] .56 .00

parts of your body”
“faintness or dizziness” 62 22.03 .43 13.60 [5.56,21.65] .34 .00
“feeling so restless you 62 18.17 .48 24.53 [5.14,43.93] .24 .00

couldn’t sit still”
“pains in the heart or chest” 62 15.62 .52 -11.56 [-22.37,-.78] -25 .00
“feeling worthlessness” 62 15.34 .58 33.44 [8.69,58.18] .33 .00

Note. CI = confidence interval.
Objective 2A

A multiple regression analysis was used to determine if the psychological variables of
anxiety, depression, and somatization subscales were predictive of prolonged recovery within 48
hours of sustaining a SRC. Pearson’s correlation results indicated significant correlation between
days of recovery and anxiety (» = .556, p <.000), depression (» = .404, p =001), and
somatization (r = .303, p =.008) subscales. Table 4 displays the correlations between days of

recovery and post-injury BSI-18 subscales.
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Table 4

Pearson Correlations between Days of Recovery and Post-Injury BSI-18 Subscales

Variables Days Anx Dep Som
Days —

Anx S56%** —

Dep A404%** S37H** -

Som 303** O27HH* S543%%* —

Note. Days = Days of Recovery; Anx = BSI-18 anxiety subscale; Dep = BSI-18 depression
subscale; Som = BSI-18 somatization subscale.
*p <.05. **p <.01. *¥**p <.001.

Multiple regression was used to calculate post-injury BSI-18 subscales of anxiety,
depression, and somatization as predictive of prolonged recovery, measured by days of recovery.
Significant results were found for the anxiety subscale of the BSI-18 on days of recovery (F(1,
61) =27.290, p <.000). The anxiety subscale accounted for 30.9% of the overall model variance
(R? = .309). These results suggested that post-injury symptoms of anxiety influenced the
recovery of SRCs with elite athletes. Table 5 depicts the multiple regression analyses for
Objective 2A and 2B.

Objective 2B

A multiple regression analysis was used to determine if symptoms of psychological
functioning reported on the BSI-18, within 48 hours of sustaining a SRC were predictive of
prolonged recovery. Pearson’s correlation results indicated significant correlation between days
of recovery and “faintness or dizziness” ( = .31, p = .008), “feeling no interest in things” (
= .47, p <.000), “nervousness or shakiness inside” (» = .29, p =.010), “pains in the heart or
chest” (r = .32, p =.006), “feeling tense or keyed up” (» = .31, p = .008), “nausea or upset

stomach” (r = .26, p =.022), “feeling blue” (» = .44, p <.000), “numbness or tingling in parts of

your body” (= .30, p =.009), and “feeling so restless you couldn’t sit still” (» = .32, p <.000).
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Multiple regression was used to calculate symptoms reported on the BSI-18 post-injury
as predictive of prolonged recovery from SRC. Multiple regression analysis resulted in a number
of BSI-18 items as predictors for prolonged recovery including: “feeling no interest in things”
(F(1,59) = 16.61, p <.000, R* = .220), “feeling blue” (F(2, 58) = 14.54, p < .000, R> = .334),
“feeling fearful” (F(3, 57) = 14.15, p <.000, R?> = .427), and “numbness or tingling in parts of
your body” (F(4, 56) = 14.66, p < .000, R*> = .512). These results indicated that the post-injury
symptom items listed above influenced an athlete’s recovery from SRC. There was a negative
correlation found between the item “feeling fearful” and days of recovery, suggesting that after
sustaining a SRC athletes who report low scores on the item “feeling fearful” are at risk of
suffering from a prolonged recovery from their concussion. All other symptom items that were
significantly significant showed positive correlations with days of recovery, indicating that as
athletes reported higher scores on the item’s “feeling no interest in things,” “feeling blue,” and
“numbness or tingling in parts of your body” their recovery time increased. Table 5 depicts the
multiple regression analyses for post-injury BSI-18 subscales and items.

Table 5

Baseline Multiple Regression Analyses Results

Multiple regression model n F R? b 95% Clforb B p
BSI-18 subscales regression
BSI-18 anxiety 63 27.29 31 6.43 [3.97,8.89] .56 .00
BSI-18 item regression
“feeling no interest in 61 16.61 .22 9.59 [4.88,14.31] .47 .00
things”
“feeling blue” 61 14.54 .33 11.79 [4.31,19.28] .35 .00
“feeling fearful” 61 14.15 .43  -33.88 [-56.20, 11.57] -.33 .00
“numbness or tingling in 61 14.66 .51 9.11 [3.25,1497] .29 .00
parts of your body”

Note. CI = confidence interval
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Chapter Five: Discussion

As awareness and research continue for the management of SRC, so does our
understanding of the short-term and long-term implications for athletes participating in sports.
There is an interest in understanding risk factors that have the potential to impact the recovery
process of concussion. Research among emergency patients collected post-injury retrospectively
and prospectively has provided growing evidence that psychological variables may be predictive
of individuals suffering from a prolonged recovery from concussion and mTBI (Brooks et al.,
2019; Corbin-Berrigan & Gagnon, 2017; Cunningham et al., 2008; Grubenhoff et al., 2016;
Nelson et al., 2018; Zahniser et al., 2019). Although predictive research for concussion and
mTBI has continued to develop, there is a lack of research conducted on athletes and SRC.

The current study examined psychological functioning of college and professional
athletes as predictors of prolonged recovery from SRC. The study investigated specific measures
of psychological functioning through the use of the BSI-18. The study focused on specific
psychological subgroups of anxiety, depression, and somatization; along with, specific
symptoms of functioning displayed through the BSI-18 items. Furthermore, the current study
explored an athlete’s functioning at two separate time points: baseline (prior to sustaining a SRC)
and post-injury (within 48 hours of sustaining a SRC). The intention of this research is to
develop the knowledge and understand the link between psychological functioning and SRC
outcomes for athletes, in order to facilitate future research and inform psychological

management and intervention for the rehabilitation of athletes recovering from a SRC.
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Objective 1A

The first analysis examined athletes’ baseline self-reported symptoms of anxiety,
depression, and somatization as predictive of prolonged recovery from SRC. It was hypothesized
that athletes who report At-risk levels of anxiety, depression, and/or somatization would have
prolonged recovery of SRC. The overall model provided significant predictive results on the
BSI-18 subscale of depression, indicating that athletes who reported symptoms of depression
prior to sustaining a concussion had a longer recovery time after sustaining a SRC. Neither
anxiety nor somatization subscales reached significant value and were found to not be predictive
of prolonged recovery from SRC at baseline.

This finding is inconsistent with research done on baseline testing; however, it is
consistent with previous predictive research conducted on prolonged concussion recovery.
Previous baseline research found somatization to be the only significant predictor of prolonged
recoveries in high school and collegiate student athletes (Nelson et al., 2016). Furthermore,
previous research suggests baseline symptoms of anxiety and depression as not being significant
for predicting prolonged recovery of SRC (Nelson et al., 2016). Although baseline symptoms of
anxiety were not significant across studies, there are mixed results with symptoms of
somatization and depression between Nelson and colleagues’ research and the current study.
However, it is important to note that there may be discrepancies in the results due to differences
in the populations between the studies.

Although research on baseline studies may suggest inconsistent findings compared to this
study, other studies have discovered emotional symptoms to be persistent in individuals suffering
from prolonged recovery (Cunningham et al., 2008). Predictive studies, in fact, are consistent

with the findings in the present study, suggesting that depression is a predictor of functional
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limitations and influences prolonged concussion recovery (Grubenhoff et al., 2016; Ho et al.,
2020; Zahniser et al., 2019). The study data conducted by previous researchers was not collected
prospectively prior to injury as in the current study, which may account for differences in results.
As the current study and Nelson and colleagues’ study are two of few studies focusing on
baseline self-reported symptoms collected prospectively with athletes, further research is
warranted to determine the relationship between depression and prolonged symptoms of SRC.
Objective 1B

This next analysis investigated baseline reports of athletes’ specific symptoms on the
BSI-18 as being predictive of prolonged recovery from SRC. It was hypothesized that athletes
who reported concerns on items related to somatic symptoms at baseline would experience a
prolonged recovery from SRC. There were significant findings on somatic items referring to
numbness, faintness/dizziness, and pains in heart/chest, along with significance on symptoms of
restlessness and worthlessness. These results indicate that prior to injury, athletes who report
these symptoms may experience a prolonged recovery from SRC. However, there was a negative
correlation with pains in the heart/chest and days of recovery, suggesting that athletes with low
scores on this item may be susceptible of a prolonged recovery from SRC. This negative
correlation needs to be interpreted with caution as it appears to be a statistical anomaly.

The overall findings of this study are significant as there currently is limited research
examining prospectively collected pre-injury symptoms as predictors of prolonged recovery in
concussion or mTBI. One research study investigating risk factors of self-reported baseline
scores as predictors of prolonged recovery discovered that the relationship between pre-injury
somatization symptoms and symptom recovery was mediated by post-injury concussive

symptoms (Nelson et al., 2016). However, as the mean age for Nelson and colleagues’ study is
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younger than the current study, comparisons between the two may be impacted. The current
study supports the preliminary findings of Nelson and colleagues and the influence of somatic
symptoms on the recovery of concussion.

Additional studies investigating predictive psychological symptom items of prolonged
recovery show consistent outcomes when compared to the current study. Post-injury
retrospective and prospective studies suggest that symptoms of emotionality, irritability, and
nervousness are predictive of prolonged recovery (Corbin-Berrigan & Gagnon, 2017;
Cunningham et al., 2008; Ho et al., 2020). The current study supports these findings, as items of
worthlessness and restlessness are associated with symptoms of emotionality. Additionally,
irritability and restlessness are both symptoms of anxiety (APA, 2013). These findings support
previous research suggesting that anxiety symptoms influence the recovery of concussion;
however, further research is needed to look at the similarities and differences between symptoms
of irritability and restlessness, specifically. The findings in the current study not only support
predictive psychological symptom items of prolonged recovery in research; but indicate that a
number of somatic symptoms, along with anxiety symptoms of restlessness and
depression/emotional symptoms of worthlessness, do in-fact influence the recovery of SRC.
After a concussion, somatic symptoms of numbness and dizziness are commonly reported, along
with feelings of agitation and sadness (Sattler & Mrazik, 2014). This suggests that athletes who
report such symptoms prior to sustaining a concussion may struggle with adjusting to their
concussions symptoms, resulting in a prolonged recovery from SRC.

Objective 2A
The second analysis examined athletes within 48 hours of sustaining a SRC and their

symptoms of anxiety, depression, and somatization as predictors of prolonged recovery from
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SRC. It was hypothesized that At-risk levels of anxiety, depression, and/or somatic symptoms
would be predictive of prolonged recovery from SRC. The overall model was significant for
symptoms of anxiety, indicating that athletes who reported anxious symptoms within 48 hours of
sustaining a SRC suffered from prolonged recoveries. However, in contrast to the hypothesis,
neither depression nor somatization showed significant results at predicting prolonged recovery
and the results were inconclusive. The difference in findings highlights the importance of further
research on this topic.

This finding is consistent with some of the mixed results discovered in the literature.
Several studies showed predictive variables in all, one, or none of the psychological factors
measured (Nelson et al., 2016; Nelson et al., 2018; Theadom et al., 2016). This study suggests
that athletes experiencing increased symptoms of anxiety post-injury are at risk of experiencing
prolonged symptoms. Anxiety disorders are common after a TBI and have the potential to impact
the recovery of brain injuries (Mallya et al., 2015). The results found in this study support
previous literature by indicating that early signs of anxiety symptoms impact the recovery from
SRC. It is important to note that previous predictive literature focuses on emergency department
patient populations, and athletic populations may be experiencing different psychological
symptoms unique to their population. Although the study’s findings show mixed results and
warrant further research, the implications that were found for athletes reporting symptoms of
anxiety after a SRC are useful for clinicians.

Objective 2B

This portion of the analysis examined athletes within 48 hours of sustaining a SRC and

athletes’ specific symptoms on the BSI-18 as predictors of a prolonged recovery from SRC. It

was hypothesized that items related to emotionality, irritability, and nervousness would be
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predictive of prolonged recovery. Statistical significance was found on items associated with a
lack of interest, feeling “blue”, feeling fearful, and somatic symptoms of numbness or tingling.
The item “feeling fearful” was negatively correlated with days of recovery and appears to be a
statistical anomaly as it suggests that low scores of fearfulness may influence an athlete’s
recovery from SRC. These results indicate that athletes who report levels of decreased interests
and/or feeling “blue,” along with somatic symptoms of numbness and tingling may be
susceptible to a prolonged recovery from SRC.

These results are partially consistent with previous research findings. Previous research
shows post-injury symptoms on items of emotionality, irritability, and nervousness are predictive
of prolonged recovery, post-concussive depression, and persistent in prolonged recovery groups
(Corbin-Berrigan & Gagnon, 2017; Cunningham et al., 2008; Ho et al., 2020). The results of this
study support findings of emotionality as influencing concussion recovery, as the items, “feeling
no interest in things,” “feeling blue,” and “feeling fearful” are items related to emotionality, and
were found to not only influence the recovery of prolonged SRC, but to be predictive of such.
However, items related to irritability and nervousness were not significant in this study. It is
important to note that previous research findings were conducted on emergency department
patients and the lack of consistency may be due to the current study’s difference in population.
These findings indicate that athletes who report symptoms of emotionality within 48 hours of
sustaining a SRC may be at risk of experiencing a prolonged recovery from their SRC.
Strengths and Limitations

General strengths to the current study include inclusion and exclusion criteria that explore
professional and collegiate athletes aged 18 to 37. The current study relied on quantitative self-

report measures which have been shown to be a successful measure of predicting a delayed
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recovery in concussion and mTBI populations (Corbin-Berrigan & Gagnon, 2017). Additionally,
utilizing baseline self-reported symptoms collected prospectively has had limited investigation in
predictive research of concussion, mTBI, or SRCs. Previous research focused on collecting pre-
injury functioning retrospectively which has the potential for recall bias (Arends et al., 2019;
Gunstad & Suhr, 2001; Iverson et al., 2010). Strengths to his study include a high level of
standardization and clear guidelines involved in the prospective collection of data. Throughout
recovery, athletes along with medical professionals were involved in daily assessments,
providing a high level of standardization and control of outside variables contributing to an
athlete’s recovery. Furthermore, the data collected within 48-hours of sustaining a concussion
provides consistent reporting immediately following a SRC; whereas previous studies were
unable to ensure this consistency as they used emergency department admissions.

However, the current study is not without limitations. Firstly, there are several limitations
when collecting self-report measures from athletic populations that question the reliability and
validity of the information gathered. Although mental health is not uncommon in athletic
populations and is increasing in prevalence, athletes are known for underreporting their
symptoms (Meier et al., 2015; Proctor & Boan-Lenzo, 2010; Reardon & Factor, 2010; Solomon,
2020). Athletes have unique perceptions with regards to the consequences of reporting
psychological struggles due to pressure to preform, stigma from teammates and coaches, and
wanting to be perceived as being “tough” (Moreland et al., 2008). This unique perception of
reporting mental health has the potential to impact athletes’ reporting on measures of
psychological functioning. Furthermore, there are concerns with concussed athletes reporting
symptoms. Due to SRC not being a visible injury, many athletes feel pressure from themselves,

teammates, and coaches to live up to the sport culture of ‘tough as nails’ and therefore may
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provide a misconception of their symptoms on self-report measures (Broshek et al., 2015). These
limitations are unavoidable when conducting research with athletes; however, they are important
to consider when interpreting the data.

An additional limitation to note is the negative correlation found on two of the BSI-18
items. The baseline item “pains in the heart or chest” was negatively correlated with days of
recovery, suggesting that athletes who reported low scores for these symptoms prior to their
injury suffered from prolonged recovery from concussion. A negative correlation was also found
at post-injury for the item “feeling fearful” and suggests that athletes who reported low scores of
fearfulness post-injury suffered from prolonged recovery from SRC. These findings appear to be
a statistical anomaly and the results should be interpreted with caution.

The study design, particularly the participant group formation, also was a notable
limitation as it resulted in a small sample size that was largely male skewed. From a large
database of athletes, the participant group was naturally formed from athletes who sustained a
SRC. This group formation poses a threat to the internal validity of this study and inferences
being made as a result of the findings (Creswell, 2014). However, it is important to note that the
group formation resulted in 9% of the total population sustaining a SRC and consequently being
selected for the study, which is consistent with the literature suggesting that for an athlete
exposed to an activity (i.e. practice or competition) where there is a risk of injury, the overall
concussion rate accounts for 4.47 per 10,000 athletic exposures (Zuckerman et al., 2015).
Nonetheless, due to the formation of this participant group, a generalization of the results to non-
elite athletes, pediatric athletes, and non-sport concussion populations should be done cautiously.
Furthermore, the male skewness of the sample suggests caution when generalizing the findings

to elite female athletes, although independent t-tests did not suggest a statistically significant
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difference between males and females. A balance of elite male and female athletes is suggested
to provide a refined understanding to this area of research.

Furthermore, the reliability of the BSI-18 on athletic populations produced limitations.
Although the BSI-18 has been recommended by the National Institute of Neurological Disorders
and Stroke to use in TBI and mTBI treatment, there is limited research to suggest that this
measure can be generalized to SRC and athletic populations (Hicks et al., 2013; Lancaster et al.,
2016). The test-retest reliability shows low stability across time (Lancaster et al., 2016). As a
result, it is difficult to interpret whether the findings in this study resulted from sustaining a SRC
or due to error. Despite these limitations, the BSI-18 is an effective measure to use for athletic
populations, due to its shorter length and the amount of time it takes to complete. Athletic
organizations and athletes are under strict time constraints and have limited time to complete
psychological questionnaires. Additionally, concussed athletes struggle with concentration and
shorter measures are a reliable way to collect information on their functioning during their
recovery. Furthermore, the criterion validity of the BSI-18 shows good to moderate correlation to
other psychological measures making its utility feasible for clinicians. Although limitations to
the use of the BSI-18 warrant caution when interpreting results, the utility of the measure
provides a cost effective, time effective, and standardized approach to gathering data.
Conclusion and Future Directions

This study represents one of few studies using prospective baseline testing in both SRC
and mTBI research, along with post-injury studies among elite athletes. Further, to my
knowledge, this is the only predictive study utilizing baseline testing with elite athletes and
psychological risk factors impacting SRC. Results indicated that baseline depression symptoms,

in addition to specific somatic items and items related to restlessness and worthlessness, were
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predictive of prolonged recovery from SRC. Post-injury results stated that subscales of anxiety
and items of emotionality and numbness/tingling were predictive of prolonged recovery from
SRC. It is important to note that athletes self-report of psychological functioning may not be an
accurate representation of their true functioning due to underreporting as a result of athletes’
unique characteristics. Additionally, the measure used may also pose a threat to accurate
information obtained in this study. Finally, the findings need to be cautiously interpreted when
generalizing to other populations.

Future studies for SRC research with elite athletes should include a larger and more
diverse sample involving a number of sports across genders. As this was a novel study, future
studies are suggested to be conducted to re-test the findings from this study and develop the
research of baseline and post-injury predictive research of SRC. As a result of this study,
continual development of appropriate psychological measures for the athletic population is
warranted to decrease underreporting. Nevertheless, the current findings give clinicians a clearer
understanding of the influence psychological functioning have on the recovery of SRC and
provide a unique contribution to the overall field of study. Additionally, the current findings
suggest the need for early intervention with concussed elite athletes, as psychological variables
significantly contribute to an athlete’s recovery and rehabilitation process. This research will
assist clinicians to be aware of psychological functioning symptoms when screening for risk
factors in the recovery of SRC. The results of this study reinforce the need for further
investigations of this topic and the need for in depth understanding of additional psychological

variables contributing to the rehabilitation process of a SRC.
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Appendix A: Active Rehabilitation Project BSI-18 Measures

ACTIVE Brief Symptom Inventory 18 (BSI-18
REHAB ymp y 18 ( )

Da. Date assessment completed: / / Participant ID:

0b. Clinician initials:

If on paper:
Oc. Form completed:  [_] Online (1) 0d. Initials of person completing data entry:
[]on Paper (2) Oe. Data entry date: / /

BSI-18

Below is a list of problems people sometimes have. Read each one carefully and mark the number that best describes

HOW MUCH THAT PROBLEM HAS DISTRESSED OR BOTHERED YOU DURING THE PAST 7 DAYS INCLUDING TODAY.

Do not skip any items.

How much were you distressed by: Not atall Alittle bit Moderately Quite a bit
1. Faintness or dizziness 0 1 2 3
2. Feeling no interest in things 0 1 2 3
3. Nervousness or shakiness inside 0 1 2 3
4. Pains in the heart or chest 0 1 2 3
5. Feeling lonely 0 1 2 3
6. Feeling tense or keyed up 0 1 2 3
7. Nausea or upset stomach 0 1 2 3
8. Feeling blue 0 1 2 3
9. Suddenly scared for no reason 0 1 2 3
10. Trouble getting your breath 0 1 2 3
11. Feeling of worthlessness 0 1 2 3
12. Spells of terror or panic 0 1 2 3
13. Numbness or tingling in parts of your

body 0 1 2 3
14. Feeling hopelessness about the future 0 1 2 3
15. Feeling so restless you couldn't sit still 0 1 2 3
16. Feeling weak in parts of your body 0 1 2 3
17. Thoughts of ending your life 0 1 2 3
18. Feeling fearful 0 1 2 3

Active Rehab BSI-18 9-9-16

Extremely
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Appendix B: Consent Form

KC TIVE
REHAB

Consent to Participate in a Research Study

Title of Study: Eole of Rehabilitation in Concussion Management: A Bandomized. Contralled Trial
Principal Investigator: Johna Register-Mihalik, University of North Carolina

Co-Investigators: Kevin Guskiewicz, Mike MoCrea, Steve Marshall, Karen McCulloch, Jason Mihalik
Canadian Site-Investigators: Dr. Martin Mrazik, Dr. Dhiren|Maidu, University of Alberta
Funding Source andfor Sponsor: National Foothall League {MFL) Foundation

What is the purpose of this stndy?
The potential benefit of introducing a program of active rehabilitation during symptom recovery following has

been proposed as a new method for injury management, but there have been no studies that help us understand
how this might help with recovery and function after concussion. The purpose of this stedy is o understand
what types of activities improve outcomes following a concussion. Yoo are being asked to be in the study
because you are currently an active collegiate athlete.

Are there any ressons you should not be in this studv? As long as vouo are an athlete on a team, there 15 no
reason you should not be in the study.

How many people will take part in this study? Approximately 6600 participants from high schools,
collegesfuniversitics, and professional organizations (Canadian Feotball League) will participate in this stody.

How long will your part in this study last? If vou only complete the baseline assessment, your time will only
last the 1 hour and 30 minates it takes to complete the baseline assessment. Should you complete the post-injury
assessments and either set of study rehabilitation activities (graded exertion only OR multidimensional), your
participation would include this baseline assessment and would last until 1-month fellowing the concussion that
triggered your entrance into the rchabilitation activities.

What will happen if you take part in the study? This is a randomized control trial and your team may cither
be randomized to the multidimensional rehabilitation group (MDR) or enhanced graded exertion (EGE) group.

You will complete the following oz part of the studyv:

# Pre-season baseline tests (many that are similar to previous baseline medical evaluations) of yvour
thinking/memory . syvmptoms, balance, coordination, vision, quality of life, demographics, and medical
history.

# If you are concussed and complete the post-injury activities, you would also complete these same measures
(except medical history) more detailed demographics and a timed gait'memory task 24-48 hours post-
concussion, when you no longer have sympioms, and 1-month after your concussion.

# At the 1-month assessment. you will also complete some guestions about your experience in the study and
the care you recelved.

#« From 24-48 hours after the injury you aleng with vour Athletic Therapist, will also be asked to track vour
activities (physical and cognitive) and your symptoms each day until 7 days after you have fully returned to
participating in your spart. The study team from the University of Alberfa will also track your care over the
period of your concussion recovery.
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# HRehab exercises, supervised by a medical provider (feam physicians and Ashletic Therapists) at your site, that
waork on your thinking . balance, vision, and general well-being four times per week until you have fully
returned to play in your sport.

#« [nce you no longer have symptoms, vou will continee to be progressed through the graded exertion protocol
(per above), while continuing your rehabilitation (graded exertion or multidimensional} exercises, supervised
by yener feam phyvsician and Athietic Therapist at your site, until you fully return to play.

What are the possible benefits from being in this study? Research is designed to benefit society by gaining
new Enowledge. You may benefit from the exercises during the rehabilitation post-injury paradigm.

What are the possible risks or discomforis involved from being in this study? Your risk of experiencing
discomfort or issues as a result of the asscssments is minimal. However, when participating in the graded
exertion or the muoltidimensional activities (should you be in this group), you may experience increases in
symptoms of other unknown discomforts. Yoo shoold report these to the researchers andior medical
professionals from yeur feam. Your feam physician will decide if you need to stop exercises or activities during
an assessment or exercise session. In addition, should you feel you need to stop, you may do so af any fime. The
research staff and medical professionals at your school will help you get follow-up care if needed. There may be
uncommaon of previously unknown rsks and you should repont any problems to the researcher listed at the back.

If you choose not to be in the stody, what other treatment options do yoo have? You do not have to be in

this research study in order to receive treatment. You should reach out to your feam physician and'or feam
Athietic Therapist for additional treatment options.

What if we learn about new findings or information during the study? Yoo will be given any new
information gained during the course of the study that might affect your willingness to continue your

participation.

How will information about you be protected? You will be assessed and if vou complete post-injury exercise
activities, these will occur in your normal athletic training environment. Mo study-specific data about you will

b shared cutside the rescarch tcam or the data center. Data sent o UNC-Chapel Hill will not have personal
information. Every participant is given a research identification number that removes personal information.
Only the Canadian site investigators will have a master list. Yoo will not be mentioned individoally in
publications or presentations and all study data will be stored in a secure location.

Participants will not be identified in any report or publication abouat this study. Although every effort will be
made io keep research records private, there may be times when federal or state law requires the disclosure of
such records, including personal information. This is very unlikely, but if disclosure is ever reguired, UNC-
Chapel Hill will take steps allowable by law to protect the privacy of personal information. In some cases, your
information in this research study could be reviewed by representatives of the University, research sponsors, or
government agencies {for example, the FDA) for purposes such as quality control or safety.

What will happen if you are injured by this research? If you become ill or injured as a resalt of being in this
study, vou will receive necessary medical treatment, at ne additional cost to vou. By signing this consent form
you are not releasing the investigatons), institution(s) and/or sponsor(s) from their legal and professional
responsibilities. The University of Alberta will provide youw medical care.

What if you want to stop before your part in the study is complete? You can withdraw from this study at
any time, without penalty. The investigators have the right to stop your participation at any time because you

have had an unexpected reaction, failed to follow instructions, or becanse the entire study has been stopped.
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Will vou receive anvihing for b in this studvy? Mo compensation 15 provided for completing this study.

Will it cost vou anyvithing to be in this study? It will not cost you anything to be in this study.

Wha is sponsoring this study? This research is funded by the National Football League Foundation. This
means that the research team is being paid by the sponsor for doing the study.

What if you have guestions about this siudy? You have the right to ask, and have answered, any questions
you may have about this research. If you have questions about the study {including payments), complaints,
concerns, or if a research-related injury accurs, you should contact the rescarchers listed on the first page of this
form. A description of this clinical trial will be available on www clinicaltrials.gov, as required by U5, Law.
This website will not include information that can identify youo. At most, the website will inclode 8 summary of
the results. ¥ou can search this website at any time.

What if von have guestions about r rights as a research ipant? All rescarch on human volunteers
is reviewed by a committee that works te protect your rights and welfare. If you have questions or concerns
about vour rights as a research subject, or if you would like to obtain information or offer input. you may
contact the Institutional Review Board at the [University of Alberta Research Ethics Office at T80-492-2615 or
by email to the University of Alberta (rec@ualberia.ca). The study’s principle investigator (Johna Register-
Mihalik} can be reached at (919) 962-2702 (johnakay i@ email unc.edu) and the Canadian Investigator (Martin
Mrazik) TRO-492-8052 (mrazik @ oalberta.ca)

Participant's Apreement: | have read the information provided above. 1 have asked all the guestions I have at
this time. 1 voluntarily agree to participate in this research study.

Signature of Research Participant Drate

Printed Mame of Research Participant

Signature of Research Team Member Obtaining Consent Dhate

Printed Mame of Resegarch Team Member Obtaining Consent
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