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Abstract

Individuals who have sustained a sports-related concussion can experience psychological
and emotional distress that impacts their quality of life. Although concussion symptoms typically
resolve within 30 days from injury, some individuals experience persisting symptoms that
continue for months, or even years, after returning to normal activities. Published research
indicates that the severity, presentation, and duration of long-term psychological difficulties
remain variable, particularly within the pediatric population. This study primarily aimed to assess
long-term psychological and emotional symptoms in adolescent ice hockey players after they
have sustained a concussion and have been cleared to play and return to normal activities. A
secondary objective was to assess differences in psychological and emotional symptoms across
injury types. This study used data that was originally collected prospectively as part of a larger
cohort longitudinal study on injury surveillance in young hockey players, that ran for a total of
five seasons from 2013 through 2018. Baseline testing measures of psychological and emotional
functioning including the Strengths and Difficulties Questionnaire (SDQ), Behaviour
Assessment System for Children, Second Edition (BASC-2), and the Sport Concussion
Assessment Tool — Third Edition (SCAT-3) symptom checklist were compared across two
consecutive time points. Random intercept models with players nested by team and individuals,
captured the effects of players contributing to the analysis multiple times. Covariates of age, sex
and body checking policy were included. Results were analyzed across injury types; concussion,
musculoskeletal injury, both a concussion and a musculoskeletal injury and compared to
individuals with no injury. Adolescent ice hockey players who sustained a concussion were
found to have no evidence of worsening self-reported psychological and emotional symptoms

after their injury, compared to their functioning pre-injury. Compared to athletes with no injury,



athletes who sustained a concussion and athletes who sustained a musculoskeletal injury showed
no worsening symptoms at a secondary baseline among parent ratings as well. The present study
found limited evidence of long-term psychological and emotional symptoms among adolescent
ice hockey players up to one-year post-injury after a concussion. However, psychological
symptoms were more prevalent in older adolescents, and female players were more likely to
endorse emotional symptoms. Players who sustained a concussion showed no negative

psychological differences compared to those with a musculoskeletal injury, and those with no

injury.
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Chapter One: Introduction
Concussion Context

Concussion is a form of mild traumatic brain injury (mTBI) that is common among youth
engaged in sports. In Canada, there are an estimated 200,000 pediatric concussions occurring
every year, and youth between the ages of 12 — 19 are 5.2 times more likely to report a
concussion compared to adults (Champagne et al., 2023). The history of research around
concussion symptoms and treatment has slowly evolved since the 1970s with increasing
acknowledgment of the injury, subsequent symptoms, and rationale for treatment. In recent
years, there has been increased awareness of concussion injuries in the fields of sports medicine
and psychology, due to the increasing prevalence of SRC in youth and the evidence of
symptomatology following the injury. A recent meta-analysis investigating symptom duration
after an SRC found the mean of 14.0 days for individuals to be symptom-free, and the mean of
19.8 days to return to sport (Putukian et al., 2023). Thus, a majority of individuals who suffer
concussion return to normal functioning. Yet there is also evidence that some populations
experience persisting concussive symptoms (PCS) which refers to symptoms persisting past 30
days post injury (Patricios et al., 2023). This group of individuals who experience persisting
symptoms are of particular interest to researchers and clinicians.

Across the literature, there is no definitive answer as to why one individual will develop
persisting symptoms and another with a comparable injury will not. Within the pediatric
population, there is evidence for various risk factors and predictors of PCS including previous
injury history (Miller et al., 2016), sub-acute problems (Iverson et al., 2017), gender and age

differences (Ledoux et al., 2019), and psychosocial factors (Zemek et al., 2013), including



internalizing behaviours such as anxiety and depression. Predicting the duration of symptoms for
a particular individual after a concussion is further complicated by the absence of biological
diagnostic indicators. In a study examining the usage of magnetic resonance imaging (MRI) in
identifying PCS at the neuroanatomical level, 85% of the cases were unremarkable and the
remaining findings were likely attributed to other factors (Bonow et al., 2017), which largely
contributes to the difficulty in determining symptom duration as there are no physical brain
abnormalities.
Psychological and Emotional Symptoms of Concussion

Symptoms after a concussion are heterogeneous, spanning across physical, cognitive,
behavioural, and emotional domains (Parachute, 2017). Individuals may experience physical and
cognitive difficulties such as trouble focusing, challenges with sleep, headaches, dizziness, brain
fog, balance, and vision issues (Permenter et al., 2018). Considering the psychological aspect of
concussive symptoms, individuals can experience a wide array of emotional and overall mood
challenges. After sustaining a concussion, individuals often experience symptoms of anxiety,
depression, and health-related concerns, also referred to as somatization (Martin et al., 2020;
Mrazik et al., 2016; Sandel et al., 2017). Children and adolescents experiencing persisting
symptoms of emotional difficulties after concussion can experience poorer functional outcomes
at school and socially (Rose et al., 2016). Given the sensitive neurodevelopmental period of
childhood and adolescence, there is a concern for the impact of long-term psychological
symptoms after concussion.
Current Study

Long-term outcomes of concussion, particularly psychological and emotional outcomes,

are of concern due to the variance of symptoms across individuals who sustain a concussion, and



no identifiable test to determine recovery length. At present there remains questions in the
scientific literature regarding which population variables may be at greatest risk for PCS. The
purpose of the present study was to investigate the long-term psychological symptoms after
concussion in adolescent ice hockey players. The secondary objective of the study was to
compare psychological functioning of adolescents who have sustained a concussion to other
injury types. The Behaviour Assessment System for Children, Second Edition (BASC-2),
Strengths and Difficulties Questionnaire (SDQ) and Sport Concussion Assessment Tool — Third
Edition (SCAT-3) were administered to subjects each year to determine baseline functioning and
inform the long-term psychological functioning for individuals that sustained an injury
(concussion, or musculoskeletal). The present study investigated the long-term emotional and
psychological functioning in young athletes who’ve been cleared to return to play after
sustaining a concussion and assessed psychological and emotional functioning in athletes across
various injury types.
Chapter Two: Literature Review

Sports-Related Concussion Background

For athletes engaged in contact sports, such as ice hockey, there is a known risk of
sustaining an injury, and sports-related concussions (SRC) are of high concern. Sports-related
brain injuries in adolescents account for 80% of all head injuries in hospital emergency
departments (Canada, 2020). Concussions belong to the category of mild traumatic brain injury
(mTBI), although the exact definition of concussion has varied considerably over the years. The
most recent consensus statement released in 2023 by the “International Consensus Conference on

Concussion in Sport,” (Patricios et al., 2023) has provided the following definition:



Sport-related concussion is a traumatic brain injury caused by a direct blow to the head,
neck or body resulting in an impulsive force being transmitted to the brain that occurs in
sports and exercise-related activities. This initiates a neurotransmitter and metabolic
cascade, with possible axonal injury, blood flow change and inflammation affecting the
brain. Symptoms and signs may present immediately, or evolve over minutes or hours,
and commonly resolve within days, but may be prolonged. No abnormality is seen on
standard structural neuroimaging studies (computed tomography or magnetic resonance
imaging T1- and T2-weighted images), but in the research setting, abnormalities may be
present on functional, blood flow or metabolic imaging studies. Sport-related concussion
results in a range of clinical symptoms and signs that may or may not involve loss of
consciousness. The clinical symptoms and signs of concussion cannot be explained solely
by (but may occur concomitantly with) drug, alcohol, or medication use, other injuries
(such as cervical injuries, peripheral vestibular dysfunction) or other comorbidities (such
as psychological factors or coexisting medical conditions). (Patricios et al., 2023, p. 697)
The presentation of symptoms varies across individuals, however, symptoms generally fall into
four categories: physical (dizziness, headache, stomach sickness, head pressure, difficulty with
balance, noise/light sensitivity, blurred vision); cognitive (confusion, sleepiness, difficulty
thinking, trouble with memory, low energy); emotional (irritability, nervousness, anxiety,
increased emotionality, fogginess, sadness); and sleep (difficulty with sleeping, either too much
or too little) (Canada, 2020).
SRC Concussion in Ice Hockey
Ice hockey is a fast-paced, contact sport where players often endure various injuries. The

sport has developed over the years to adapt safety policies and has implemented precautions such



as face shields, protective padding, and mouth guards; however, injuries are still a major risk of
play (Emery et al., 2017; Kolstad et al., 2023). An examination of injuries in male junior hockey
players from 2006 to 2015 found that head and face injuries were the most frequent, accounting
for 39% of all game-related injuries, 10% of all game-related injuries were diagnosed as
concussions (Tuominen et al., 2017), consistent with rates of concussion found in other studies
(Kontos et al., 2016).

A key component of ice hockey at the professional level is contact between players,
including body checking. Body checking is a sport-specific skill that must be developed through
practice because of the risk to both the initiator of the contact and the player who receives the
contact. Proper technique is necessary to be effective in stopping or altering the course of a
player with the least amount of injury as is the goal in the professional leagues. The age at which
body checking is introduced varies globally and by league. In most parts of Canada, body
checking is allowed at the U13 level, previously known as Pee Wee (Hockey Canada Play Rules,
2022) which includes children ages 11 — 13 years, at the discretion of the league. Emery et al.
(2010) investigated body checking in relation to frequency of injury at the U15 level (previously
Bantam) and found there was a 33% decrease in risk of injury among players with at least two
years of experience using body checking during play. These results suggest that when body
checking is first introduced, the players may sustain more injuries as they have not mastered the
skill to effectively body check. One of the main concerns with body checking is the likelihood to
sustain a concussion. In a sample of world junior hockey players, concussions were found to be
most commonly caused by body checking with contact to the body or head, with 63% of all
reported concussions caused by an illegal hit (Tuominen et al., 2017). Therefore, in young teams

where body checking is allowed, there is a substantial risk for both musculoskeletal injuries and



concussion, although players with more practice may decrease their injury risk after several years
of play.
Long-Term Outcomes from Concussion

The typical progression of SRC recovery begins with individuals experiencing a higher
intensity or severity of symptoms closer to the time they sustained their injury, with symptoms
lessening and resolving within 30 days, allowing the individual to report to typical activities
(Putukian et al., 2023). However, individuals can experience symptoms persisting for several
months referred to as “post-concussive symptoms” (Taylor et al., 2010). Current literature of
children and adolescents has found symptoms persisting at three months (Anzalone et al., 2022;
Barlow et al., 2010; Ponsford et al., 2001), and some studies have noted symptoms persisting
years after the injury (Choudhury et al., 2020; [adevaia et al., 2015; Putukian et al., 2023).
Persisting concussion symptoms in athletes of all ages primarily include psychological and
cognitive symptoms (Anzalone et al., 2022; Broshek et al., 2022). Despite the presence of
lingering psychological symptoms, individuals are often cleared to return to sports or school. The
functional outcomes of adolescents experiencing long-term symptoms are of concern.
Adolescents with concussions can have difficulties with school and learning following injury,
requiring support from both educational and medical teams to reintegrate back into classroom
learning (Grady & Master, 2017). Many children and adolescents with PCS do not receive the
accommodations necessary and are likely to have increased school absences (Grubenhoff et al.,
2015). Overall, adolescents with PCS can experience negatively outcomes that affect quality of
life post-concussion (Novak et al., 2016) suggesting this population is at higher risk for a variety

of concerns and require support in many aspects of daily functioning.



Psychological Symptoms

There is growing public health concern for the long-term psychological effects after
sustaining concussions as media and certain studies have identified a causal relationship between
multiple concussions and mental health challenges presenting later in life. A systematic review
of the long-term effects of SRC’s (Manley et al., 2017) found multiple studies (Didehbani et al.,
2013; Guskiewicz et al., 2007; Kerr et al., 2014; Kerr et al., 2012; Montenigro et al., 2017)
identifying a dose-response relationship between the number of concussions and depressive
symptoms experienced later in life. These studies were primarily focused on retired adult
American football players. Given the length of time between the last concussion and time of
study there may have been other confounding factors that could contribute to the depressive
symptoms, and therefore a causal relationship cannot be confirmed. Subsequently, the most
recent consensus statement on concussion in sports (Patricios et al., 2023) states that former
athletes, including American football players and soccer players, are not at an increased risk to
develop severe mental health outcomes, such as depression, psychiatric conditions, and
suicidality due to multiple concussions earlier in life. As well, recent literature has suggested a
change in terminology to “persisting symptoms after concussion” (Broshek et al., 2022) as this
title conveys the impermanency of the symptoms, supported by the literature (Patricios et al.,
2023). As such, the longevity of concussive symptoms, particularly psychological symptoms,
remains unclear.

Similarly, there is a concern for persisting concussive symptoms in younger populations,
that last beyond the typical recovery period of 30 days (Patricios et al., 2023), when the athlete
has been cleared to return to school and sport. A recent meta-analysis identified the association

of depression, anxiety, and post-traumatic stress in youth after sustaining a concussion (Emery et



al., 2016). Given the sensitive neurodevelopmental period of adolescence, there is concern for
mental and physical implications after a neurological injury. Further, there is evidence that
children and adolescents who sustain a concussion are at a much greater risk for developing
mental health challenges compared youth with an orthopedic injury (Ledoux et al., 2022), and
this population presents with more overall mental health difficulties compared to healthy controls
(Gornall et al., 2021). A qualitative study investigating adolescents’ experience after sustaining a
concussion highlighted the discrepancy between being medically cleared to return to play by
professionals and the patient’s own interpretation of their recovery (Choudhury et al., 2020). In
this study, adolescents expressed significant cognitive, emotional, and social challenges long
after they have received treatment for their concussion and have been returned to their typical
daily activities highlighting how the psychological impact of a concussion can persist beyond
medical and physical symptoms (Choudhury et al., 2020). A meta-analysis of over 3600 studies
also found that medical factors overshadowed psychological readiness to return to sport and
identified a theme of emotional factors to be associated with returning to sport including anxiety,
depression, and mental health concerns (van lerssel et al., 2022).

Somatic symptoms, characterized by physical symptoms causing emotional distress, are
frequently noted as a post-concussive symptom for individuals experiencing longer recovery
(Choudhury et al., 2020; Duffield et al., 2021; Mrazik et al., 2016; Teh et al., 2020; Woodrome
etal., 2011). Adolescent ice hockey players reported somatic complaints including bodily
symptoms (Mrazik et al., 2016), and varsity athletes have reported somatic complaints with the
addition of depressive symptoms experienced after returning to the sport (Duffield et al., 2021).
Somatic and depressive symptoms are especially concerning given their distressing nature and

ability to impact daily functioning (Cerutti et al., 2017).



Although cognitive symptoms are a core feature in the acute concussive period, evidence
suggests that there are no long-standing cognitive implications after concussion (Babikian et al.,
2011; Ware et al., 2023). However, presence of cognitive symptoms in the acute period could
predict longer recovery with post-concussive symptoms, as identified in a study of young
children aged 5 -12 (Teh et al., 2020).

There is limited evidence for the long term mental health and psychological implications
after concussion for adolescents and children (Ledoux et al., 2022). Given the short
developmental period when children are playing contact sports with a risk of concussion, there is
limited research on long-term effects for the pediatric population highlighting the novelty of the
current study.

Musculoskeletal Injuries and Concussion

Sustaining an injury, concussion or otherwise, is a known risk of playing sports. Current
literature identifies how specific symptoms may be associated with injury types. Musculoskeletal
injuries are considered any orthopaedic injury and trauma to the body that does not involve the
head and brain. A current concept review for medical implications of ice hockey injuries found
that head and face injuries had the highest injury rate with 15.3 injuries per 1000 player game
hours, and upper body injuries occurred at a rate of 11.4 injuries per 1000 player game hours
(Mosenthal et al., 2017). The frequent rate of injuries validates the necessity to further
understand the nuances of symptoms that are related to specific injuries compared to treating an
injury in general.

As previously mentioned, somatic symptoms are significant after concussion (Choudhury
et al., 2020; Duffield et al., 2021; Mrazik et al., 2016; Teh et al., 2020; Woodrome et al., 2011).

Additionally, somatic symptoms are more frequently supported in the literature in those who’ve
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suffered a concussion compared to individuals who’ve suffered a musculoskeletal injury (Taylor
et al., 2010). This frequency of reported somatic symptoms among adolescents who’ve sustained
a concussion could speak to the neurological association of these symptoms, rather than a
symptom of any type of bodily injury. Varsity athletes who've sustained an SRC are also more
likely to experience total mood disturbance, and overall emotional dysregulation compared to
athletes with a musculoskeletal injury (Hutchison et al., 2009). In consideration of the
psychological symptoms associated with brain trauma specifically, including somatic and mood
symptoms, these findings align with the need to further evaluate the impact of concussion on
adolescent and youth athletes in comparison to other injury types.

Athletes with musculoskeletal injuries may be at risk for difficulties with mood
management (anger) compared to those with an SRC in the acute post-injury phase (Hutchison et
al., 2009), and throughout recovery (Brewer & Petrie, 1995; McDonald & Hardy, 1990).
Feelings of anger/discord that affect an athlete’s well-being after injury could be attributed to the
athlete’s loss of function, removal from play and length of recovery time (Hutchison et al.,
2009). Although, losing the ability to play and fully participate in sport due to an injury is a
major concern for all athletes (Cross et al., 2016; Hallén & Ekstrand, 2014).

Lastly, there is evidence to suggest that injuries in general are psychologically
distressing, and the type of injury itself may hold less significance. Athletes who suffer an SRC
or a musculoskeletal injury were found to experience greater overall mood disturbance
immediately following the injury which progressively improves throughout the recovery period
(Turner et al., 2017).

To summarise, current literature identifies the general emotional disturbance that is

connected with any form of injury. Current literature also demonstrates the variation of specific
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symptoms as individuals with concussions are more likely to experience somatic and mood
symptoms, whereas athletes with musculoskeletal injuries may experience more anger.
Current Study

The current study aimed to assess the long-term psychological and emotional symptoms
of adolescent ice hockey players who have experienced a concussion and have been cleared to
return to play. Adolescent ice hockey players and their parents were recruited to be a part of a
larger cohort study and completed forms collecting demographic and injury data, as well as
standardized psychological and emotional functioning measures at annual baseline testing time
points over a five-year period. The use of comparison groups for different injury classifications
helped to differentiate between symptoms that persisted following an injury in general, in
comparison to symptoms associated specifically with a concussion.

The present study contributes to the current literature by providing evidence for the long-
term effects of concussion in a pediatric population, which is yet to be defined. The results from
the present study will help to inform healthcare professionals, athletic professionals, young
athletes, and their parents of the long-term risks that sport-related concussions can have on the
mental well-being of the adolescent athlete.

Objective 1

This study primarily aims to assess long-term psychological and emotional symptoms in
adolescent hockey players after they have sustained a concussion and have been cleared to play
and return to normal activities. The psychological symptoms outcome was obtained from the
BASC-2 Behavioural Symptoms Index and the SDQ Total Difficulties score for parent and

player forms. The emotional symptoms outcome was obtained from the SCAT-3 completed by
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players. Comparisons were made to assess change in outcome scores for individuals who
experienced a concussion intervening between two consecutive baseline testing time points.
Alternative Hypothesis

Within the group of athletes who sustained a concussion between two consecutive
baseline assessments, there is a statistically significant increase of scores for the psychological
symptoms’ outcome (BASC-2 & SDQ) on player and parent forms, and the emotional symptoms
outcome (SCAT-3) for players. The increase of score will signify a decreased in emotional
functioning post-injury.
Null Hypothesis

There is no statistically significant amount of change between pre-injury and post-injury
baseline testing scores for the psychological symptoms’ outcome (BASC-2 & SDQ) on parent
and player forms, and the emotional symptoms outcome (SCAT-3) for players who had an
intervening concussion. Alternatively, there will be a statistically significant decrease in scores
on the psychological symptoms’ outcome (BASC-2 & SDQ) on parent and player forms, and the
emotional symptoms outcome (SCAT-3) for players who had an intervening concussion,
signifying an improvement in emotional functioning post-injury.
Objective 2

The secondary objective was to assess differences in psychological and emotional
symptoms across injury types. Consecutive baseline scores for the psychological symptoms’
outcome (SDQ and BASC-2 parent and player forms) and the emotional symptoms outcome
(SCAT-3 emotional symptoms cluster) were organized by injury events that occurred between

two consecutive baseline assessments to compare the change for individuals who experienced
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different types of injuries (concussion, musculoskeletal injury, both a concussion and a
musculoskeletal injury, no injury).
Alternative Hypothesis

Players who’ve had an intervening concussion will produce a statistically significant
increase in baseline scores compared to the baseline scores of players who've experienced only a
musculoskeletal injury or no injury between consecutive baseline testing timepoints. The
increase in baseline scores for players with an intervening concussion would signify more
adverse outcomes for players with a concussion.
Null Hypothesis

Compared to the other injury types, players who’ve had an intervening concussion will
not produce the worst outcomes at their secondary baseline.

Chapter Three: Methods

Study Design

The data used for the current study was accessed from a larger cohort study, Safe to Play,
(Emery et al., 2013-2018) which was a longitudinal injury surveillance, prospective cohort study
for adolescent hockey players. The Safe to Play study (Emery et al., 2013-2018) recruited young
ice hockey players, aged 11 to 17 years, from several hockey teams in Alberta, Canada. The
study ran for a total of five seasons from 2013 - 2018. Players and their parents completed a
thorough baseline assessment each year of the study including demographic (age, sex, height,
weight), pre-injury baseline questionnaire (concussions, musculoskeletal), athlete information
(level of play, position, body checking policy), psycho-social and behavioural questionnaires
(BASC-2, SDQ among others), and concussion testing measures (SCAT-3 used in years 1-4, and

SCATS in year 5). Teams participating in the study were assigned a team designate to collect
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weekly exposure information and to provide injury surveillance. Players who sustained an injury
(concussion, or musculoskeletal) were followed up with by sports medicine physicians for
evaluations. Study physicians referenced the most current international consensus statement in
sports to define a concussion (listed under Key Terms), and standardized assessment procedures
at initial injury and follow-up assessments. The return to sport protocol followed the
standardized RTP protocol (year 1-4) or return to sport strategy (year 5). Data was stored in a
secure, electronic database, Research Electronic Data Capture (REDCap).

Baseline assessments consisted of collecting information of psychological and emotional
symptoms that were compared across two sequential baseline testing time-points. The
independent variable examined in the study was the occurrence of an injury (concussion,
musculoskeletal, both, and no injury) between two baseline testing timepoints. The dependent
variables were the scores of emotional and psychological symptoms obtained by the measures
administered to players and their parents at each baseline. Age, sex, and body checking policy
were included as covariates in the analysis.

Participant Eligibility

Participants were originally recruited for the longitudinal study, Safe to Play, (Emery et
al., 2013-2018), which involved injury surveillance for adolescent ice hockey players. Data from
the Safe to Play, (Emery et al., 2013-2018) study was accessed for the use of the present study.

The inclusion criteria for the present study were as follows:

a) Players consented to the Safe to Play, (Emery et al., 2013-2018) study and completed

necessary requirements for original inclusion: between the age of 11 and 17 years,
players were registered in Hockey Calgary or Edmonton teams, agreement of a head

coach and team designate to collect player participation and injury data
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b) Players and/or their parents completed two consecutive baseline testing
administrations. Baseline testing took place annually and consecutive baseline testing
administrations could have been completed in any of the following years, 2013 —
2014, 2014-2015, 2015-2016, 2016-2017, 2017-2018.

c) Players had any of the following injury events between two consecutive baseline
testing timepoints: a concussion, a musculoskeletal injury, both a concussion and a
musculoskeletal injury during the same event, no injury.

d) Players and parents completed the SDQ and/or BASC-2, and the SCAT-3

The exclusionary criteria were as follows:

a) Players did not complete at least two baseline testing administrations that were
consecutive at any point for the duration of the study.

Injury Classification

To compare changes in psychological functioning across individuals who endured
various injuries, intervening injury events that occurred between two consecutive baselines
determined injury classification. As baseline testing occurred annually, injuries could occur at
any point during the 52-weeks between consecutive baseline testing time points. Incidents of
injury were divided into four classification types:

Incident type one: Ice hockey players with no injury between two consecutive

timepoints.

Incident type two: Ice hockey players with a concussion injury between two consecutive

baseline testing timepoints.

Incident type three: Ice hockey players with a musculoskeletal injury between two

consecutive baseline testing timepoints.
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Incident type four: Ice hockey players who sustained both a concussion and a
musculoskeletal injury during one event between two consecutive baseline testing
timepoints.

As the players could sustain multiple injuries between any given two baseline testing

time points, the player would be accounted for in multiple injury classifications throughout the

study. One participant could be entered into the study multiple times if they sustained different

types of intervening injuries between baseline time points. For example, if a player sustained a

concussion during one event, then later that year sustained a musculoskeletal injury, the analysis

would account for two contributions of datum to each injury classification. Therefore,

demographic data reported in Table 1 references datum incidents, not by participant.

Key Terms

a)

b)

Concussion, or a Sport-Related Concussion (SRC) is defined by the fifth international
consensus statement (McCrory et al., 2017), which was the most recent statement
available at the time of data collection, defined as *“a traumatic brain injury induced by
biomechanical forces.”

Musculoskeletal injury, defined as: an injury that either required medical attention, the
player was unable to finish the practice session or game, or the player was unable to
participate in subsequent sports activities due to the injury.

Psychological symptoms outcome, referring to the harmonized data of the SDQ Total
Difficulties score and BASC-2 Behavioural Symptoms index on respective parent and
adolescent forms. Includes symptoms of behavioural, emotional, conduct, and social

problems.
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d) Emotional symptoms outcome, referring to the cluster of emotional/mood questions on
the symptom evaluation checklist of the SCAT-3. Includes symptoms of irritability,
sadness, nervousness, emotional
Outcome Measures
BASC-2

Players and parents completed the BASC-2 (Reynolds, 2004). The BASC-2 is a
standardized, multi-dimensional, individually administered questionnaire, used to assess child
and parent perceptions of the child’s behavioural and emotional functioning. The BASC-2
provides age-based evaluations; therefore, the corresponding form was administered depending
on the age of the player at time of the survey completion. The parents in the present study either
completed the BASC-2 Parent Rating Scales: Adolescent (12-21 years old) or the BASC-2
Parent Rating Scales: Child (8-11 years old). The players completed the BASC-2 Self-Report of
Personality: Adolescent (12-21 years old), or the BASC-2 Self-Report of Personality: Child (8-
11 years old). The BASC-2 has robust evidence of validity for use in evaluating children and
adolescents emotional and behavioural disturbance (Reynolds, 2004). There are five composite
indexes composed of 16 clinical scales. For the purpose of the present study, only the
Behavioural Symptoms Index from both the parent and child forms was utilized, which provides
an overall measure of psychological adjustment.
SDQ

Players and parents completed the SDQ (Goodman, 1997) at each baseline timepoint. The
SDQ is a screening questionnaire designed to evaluate behavioural difficulties for children

between 2 — 17 years old. The SDQ has strong reliability and validity, making it an effective
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measure of psychopathology and adjustment in children and adolescents (Goodman, 2001). For
the present study, only the Total Difficulties Score was analyzed.

When the Safe to Play study (Emery et al., 2013-2018) was first initiated in 2013,
emotional symptom monitoring was collected through the BASC-2 parent and youth forms.
However, two years into the study, the principal investigators decided to switch to the SDQ as it
was shorter and easier to complete. There is evidence of a significant correlation between these
two summary indices, SDQ Total Difficulties and BASC-2 Behavioural Symptoms Index (Van
Slyke, 2007). Therefore, the current study utilized the combined results from the SDQ Total
Difficulties score and the BASC-2 Behavioural Symptoms Index for both parent and youth forms
to create the first outcome of psychological symptoms. Both the SDQ and the BASC-2 collect
information across the following domains: emotional symptoms, conduct problems, attention
(hyperactivity/inattention), and relationships (Goodman, 1997; Reynolds, 2004). Data
harmonization of the SDQ Total Difficulties score and the BASC-2 Behavioural Symptoms
Index to create the psychological symptoms outcome score, is described below.

SCAT-3 Emotional Symptoms Cluster

The SCAT is the most commonly used screening tool used to assess sports related
concussions as it is a standardized measure that can be used at baseline, during injuries at
sideline by any trained professional, and post-injury to monitor recovery. At the time of the data
collection for the present study, the SCAT-3 was the most current version available, originally
released in 2017 by the International Concussion Group, and was used in the study. The SCAT-3
includes a symptom checklist to be completed by the player to rate the severity of symptoms they
are experiencing from zero (none) to six (severe) at time of administration. The symptom

checklist is comprised of 22 symptoms across cognitive, physical, and emotional domains. For
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the purpose of the current study, only the questions that addressed emotional symptoms were
considered, referred to as the emotional symptoms outcome. The emotional symptoms outcome
included questions that addressed the following: more emotional, irritability, sadness, and
nervous/anxious. Players completed the symptom evaluation checklist assessing their current
functioning at the time of administration.

Covariates

Age group (U13, U15, U18), sex (male, female), and body checking policy (allowed,
disallowed) were used as covariates due to recent literature identifying the significance of their
impact on concussion outcomes.

Statistical Analysis

All analyses were completed using Stata 18, with alpha a set to 5% with 95% confidence
intervals (StataCorp, 2023). Assumptions for all analyses were assessed prior to the analysis.
Psychological Symptoms Outcome (BASC-2 & SDQ) for Players (Model 1) and Parents
(Model 2)

To obtain the psychological symptoms outcome, the SDQ Total Difficulties score for
both the player and parent forms were converted from raw scores to Z scores using combined sex
norms (Mellor, 2005) and then transformed into T-scores. Once the parent and player SDQ Total
Difficulties scores were in T-score format, they were combined with the BASC-2 Behavioural
Symptoms Index T-scores to produce the independent variable of psychological symptoms for
parent and player forms.

To assess change from an initial baseline testing timepoint to the subsequent baseline
testing for the psychological symptom outcome, the study used random intercept models nested

by team (Rabe-Heskth & Skrondal, 2022). As the present study is longitudinal, the model
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considered cross-specified random effects for players as well. Player and team clustering
provides unbiased estimates for the random effects within the model, to reduce sources of error
and bias. Team clustering accounted for players changing their team throughout the study, given
that the coding for each team is unique to the season of play. The random intercept models were
fit with forced covariates of age group (U13, U15, U18), sex (male, female), and body checking
policy (allowed, disallowed). Lastly, each incident classification was assessed for regression to
the mean for their pre-injury and post-injury scores for the psychological symptoms’ outcome
scores to assess the amount of change, as the model included repeated data that may include
natural variation (Barnett et al., 2004).

Emotional Symptoms Outcome (SCAT-3) Completed by Players (Model 3)

Frequency distributions of emotional symptom scores on the SCAT-3 revealed a
preponderance of zero values (85%). Therefore, the emotional symptoms cluster score on the
SCAT-3 was made binary for scores of zero compared to scores of one or more. A random
intercept logistic regression analysis with one random intercept around the participant was
completed to estimate odds ratios (ORs; with 95% CI) for the relation of higher symptom scores
after an injury based on symptom reporting pre-injury, and for age, sex, and body checking
policy. ORs provide the relative odds of higher symptom reporting in each injury group relative
to the non-injured group.

Ethics

This study was a part of a larger cohort, longitudinal study on injury surveillance in
adolescent ice hockey players, Safe to Play (Emery et al., 2013-2018). The present study used
the data collected in the original study. Ethics was approved prior to the beginning of the present

study by the Research Ethics Board at the University of Alberta (Pro00133958).
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Chapter Four: Results

Demographic data for each analysis model after inclusion/exclusion criteria were applied
is displayed in Table 1, including body checking policy, age, sex, and injury related data. Models
of psychological symptoms, based on adolescent self-report on the SDQ and BASC-2 (Model 1),
included 562 participants with a total of 857 baseline pairs available for analysis. Models of
psychological symptoms, based on the parent ratings on the SDQ and BASC-2, included 512
participants with a total of 758 baseline pairs available for analysis (Model 2). Lastly, emotional
symptoms as assessed by the SCAT-3 symptom checklist completed by players, were available
for 848 participants, with a total of 1308 baseline pairs (Model 3). Distribution of data within
each of the models is displayed in Table 2. All models included age, sex and body checking
policy as covariates in the analysis. Model assumptions were tested prior to the analysis, and
homoskedasticity of residuals and normality of residuals were assessed and found to be
acceptable and unrelated to variables in the model.
Model 1

Model 1 (Table 4) involved a random intercept model of adolescent harmonized scores
on the SDQ Total Difficulties and the BASC-2 Behavioural Symptoms Index score. Relative to
un-injured players, there was statistically significant evidence that players who sustained a
concussion, and players who experienced a musculoskeletal injury, between two consecutive
baseline assessments reported slightly less symptoms than those who sustained no injury at the
secondary baseline (Table 4). There was a difference in multivariate results and bivariate results
for individuals who sustained a concussion and individuals who sustained a musculoskeletal
injury. Bivariate associations (Table 7) were nonsignificant, and multivariate results were

significant suggesting a covariate variable was confounded with injury type and thereby
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accounting for the change in significance. As age for players in the U15 and U18 group was
significant in the bivariate (Table 7) and full model (Table 4), it is likely that injury type was
conflated with age, and therefore the covariate variable of age was responsible for the effect
change in for players with concussions and those with a musculoskeletal injury. Considering the
age group covariate, players in the U15 group and players in the U18 group revealed higher
scores on the psychological symptoms outcome (SDQ/BASC-2 combined), which indicates more
psychological symptoms, compared to individuals in the U13 groups. Sex and body checking
policy showed no significant effect. Adjacent comparison of injury types revealed no significant
overall effect of injury type. Previous baseline symptoms rated by players were a strong
predictor of psychological symptoms at the secondary baseline (Table 4).
Model 2

Model 2 (Table 5) involved a random intercept model of parent-rated psychological
symptoms outcomes using the harmonized SDQ Total Difficulties score and the BASC-2
Behavioural Symptoms Index. There were no significant differences among all injury types
found in the full model or between adjacent comparisons. Sex and body checking policy had no
effect on outcomes. There was a significant effect for the U15 age group, indicating parents of
players between the ages of 13-15 reported higher symptoms at a secondary baseline assessment
compared to players below 13 years old, similar to the findings in Model 1. As well, previous
baseline symptoms rated by parents were a strong predictor of psychological symptoms at the
secondary baseline (Table 4).
Model 3

Model 3 (Table 6) involved a logistic model of player-rated SCAT-3 emotional

symptoms scores from the initial baseline administration to secondary consecutive baseline
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administration. The model revealed no significant effect for individuals who sustained a
concussion or injury of any type. Emotional scores at the previous baseline that were greater than
one was found to be significant as the largest predictor of elevated emotional scores at a second
baseline with an odds ratio of 4.8 (Table 6), suggesting that players with pre-existing emotional
symptoms are most likely to continue to report persisting symptoms at a second baseline. Sex
was significant, revealing males reported half as many emotional symptoms on the SCAT-3
compared to females (Table 6). Body checking policy and age group were not significant
predictors of emotional outcomes between baseline comparisons.
Group Means

Group means for each injury type were compared from the previous baseline measure to
secondary baseline measures on the SDQ Total Difficulties score and the BASC-2 Behavioural
Symptoms Index Scores for both parent and adolescent forms (Table 6). The group means across
all models and forms (player and parent, pre and post baselines) were in the typical range and
remained relatively stable with little to no change at the second baseline. There was no evidence
of regression to the mean across all injury types. Group means for adolescents are displayed in
Figure 2, and group means for parents are displayed in Figure 3.
Objective 1: Psychological and Emotional Outcomes in Concussed Athletes

The primary objective of the study was to assess the long-term psychological functioning
of adolescent hockey players who have sustained a concussion. To test this objective, athletes
who sustained an intervening concussion between two baseline assessments were included in the
analysis and compared to athletes with intervening musculoskeletal injuries or no injuries.
Baseline assessments included the administration of psychological measures (SDQ, BASC-2,

SCAT-3) that took place approximately 52 weeks apart. Random intercept models assessed
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harmonized T scores based on the SDQ Total Difficulties score and BASC-2 Behavioural
Symptoms index from parent and player ratings. Ratings by players who sustained a concussion
revealed lower symptom scores at the second baseline, indicating no evidence of worse
psychological functioning post-concussion. However, in comparing different age groups, players
in the U15 and U18 age groups were found to have a significant increase in scores indicating
poorer psychological functioning at a second baseline compared to the players in the U13 group.
There was no significant effect among players who sustained a concussion for parent scores.
Similar to the adolescent scores, parents of players in the U15 group had significantly higher
scores compared to the U13 reference group at a secondary baseline. The logistic regression
model using the SCAT-3 emotional systems cluster revealed no significant effect for players
who sustained a concussion. However, the analysis revealed endorsement of emotional
symptoms at a previous baseline was predictive of elevated emotional symptoms at a second
baseline regardless of injury, suggesting that players with pre-existing emotional symptoms are
likely to continue reporting emotional symptoms. As well, females reported twice as many
emotional symptoms compared to males.

The results of the study confirmed the null hypothesis, suggesting no significant long-
term psychological symptoms in adolescent ice hockey players who have sustained a concussion,
although players in the older age groups, females, and those with pre-existing mental health
symptoms may be at a greater risk for increased mental health symptoms.

Objective 2: Comparison of Psychological and Emotional Functioning Across Injury Types

The second objective of the current study was to assess changes in long-term
psychological functioning across injury subtypes. Random intercept models for player and parent

harmonized scores based on the SDQ Total Difficulties and the BASC-2 Behavioural Symptoms
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index compared across two consecutive baseline assessments were used to assess this objective.
Results from were compared across injury classifications of concussions, musculoskeletal
injuries, combined a concussion and a musculoskeletal injury, and no injury. Individuals who
sustained an intervening concussion and those who sustained a musculoskeletal injury were
found to have a minimal change in psychological functioning at a secondary baseline compared
to those with no injury on adolescent harmonized T scores (Table 3). Results from the random-
intercept model revealed individuals who sustained both a concussion and a musculoskeletal
injury at the same time showed no significant change between consecutive baseline assessments.
Age was found to be a significant covariate. The logistic regression model based on SCAT-3
symptoms revealed o males were less likely to endorse emotional symptoms compared to
females. The results confirm the null hypothesis of the second objective, in that individuals with
a concussion do not experience worsening psychological functioning compared to those with a

musculoskeletal injury and or those without an injury.
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Chapter Five: Discussion

Long-term psychological effects after sustaining a concussion are a concern as
psychological symptoms vary in duration after an injury across individuals. Typical symptom
resolution occurs within 30 days after sustaining a concussion (Patricios et al., 2023), but
evidence suggests psychological symptoms can persist for weeks, months and several years after
injury, long after individuals have been cleared to return to typical activities (Broshek et al.,
2022; Choudhury et al., 2020; Yeates, 2010). The variation of evidence on symptom duration
poses the concern of permanent psychological changes after sustaining a concussion and requires
further investigation. The present study investigated the long-term psychological effect of
concussion in adolescent ice hockey players, and compared across different injury types
including musculoskeletal injuries, combined musculoskeletal injury and concussion, and no
injury. To do this, adolescent ice hockey players and their parents completed measures of
emotional and psychological functioning at annual baseline assessments over five seasons, and
injury data was collected throughout the study at the time of injury.
Objective 1

The primary objective of the current study was to assess long-term psychological changes
in athletes who have sustained a concussion. The analysis examined the scores from parent and
player ratings on the SDQ/BASC-2 and the SCAT-3 compared across two consecutive baseline
assessments. It was hypothesized that athletes who sustained a concussion would show
worsening psychological functioning at the second baseline that took place up to one-year post-
injury. Contrary to the hypothesis, the results from the analysis of the player-reported scores
revealed no worsening of psychological functioning at a second baseline among adolescent

athletes who sustained a concussion. There was a trend in the data that older age groups (U15
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and U18) may be at risk for some psychological adjustment issues as described below. Overall,
however, findings are inconsistent with literature identifying the presence of emotional distress
more than one-year post-injury (Choudhury et al., 2020; van lerssel et al., 2022).

As the design of the current study compared baseline assessments one year apart, the
concussion injury could have occurred at any time point within the 12 months between baseline
testing, with the vast majority of the injuries occurring greater than 180 days prior to the
secondary baseline testing, giving the athletes ample recovery time before their re-assessment.
As well, all players that were included in the analysis were medically cleared for returning to
sport after their concussion at the time of the secondary baseline assessment, therefore, the
results do not speak to the severity of symptoms at the time of injury or to symptom severity in
players who were not cleared. Similarly, other studies found a significant decrease of somatic
symptoms at the 12-month time point post-injury, despite an increase in parent-reported somatic
symptoms in the early period at one month (Taylor et al., 2010). Therefore, the results of the
current study suggest recovery trends that are consistent with the typical concussion recovery
timeline (Patricios et al., 2023; Putukian et al., 2023) with no evidence of long-term
psychological sequelae after a concussion.

Another consideration for the positive psychological functioning post-concussion found
in the present study is the possibility that athletes were under-reporting their symptoms. There is
substantial evidence in the literature that adolescent athletes are likely to under-report
psychological symptoms after sustaining a concussion (Davies & Bird, 2015; Ferdinand Pennock
et al., 2020; Kroshus et al., 2015). Therefore, the lower reports of symptoms in the present study
could be an underestimate of true emotional problems. Given that the present study included

adolescent ice hockey players in highly competitive leagues, they are faced with substantial
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pressure to perform and may fear the repercussions of reporting symptoms after their injury such
as losing their positions or missing valuable game time (Cusimano et al., 2017; Kay et al., 2015).
Further, despite increased awareness in the public of concussion symptom severity and the
importance of intervention (Hickling et al., 2020), there is evidence young athletes are still being
encouraged to play through their injury instead of seeking treatment. Kroshus et al. (2015) found
more than a quarter of an adolescent athlete sample have experienced the pressure to continue
playing in a game after direct head impact from either teammates, parents, or coaches.

Consistent with recent studies (Bunt et al., 2022), the present study found males were half
as likely to report emotional symptoms on the SCAT-3, compared to females, a phenomenon not
exclusive to athletes. Moser et al. (2019) identified adolescent females specifically between the
ages of 13-17, the same age group as the present study, show greater emotional endorsement.
The present study found no significant sex effects identified in the analysis of the harmonized
psychological symptoms outcome (SDQ and BASC-2) on either parent or player forms..
Therefore, these findings highlight a discrepancy in symptom reporting across sexes, with males
less likely to report emotional symptoms, yet it is unclear how minimized the symptoms were in
the male group due to the evidence of under-reporting in the literature.

The present study also found adolescent age groups of U15 (13-14 years), and U18 (15-
17 years) reported higher psychological symptom scores at a second baseline than those in the
U13 (11-12 years) group, consistent with the literature (Bunt et al., 2022; Moser et al., 2019).
Adolescents above the age of 13 were found to have elevated psychological symptoms at a
secondary baseline suggesting they are more likely to report symptoms compared to younger
adolescents under the age of 13. Given the emotional development and physiological changes

that contribute to emotional lability during this period, it is understandable that older adolescents
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report more psychological symptoms and highlight the need for monitoring post-concussion as
they could be at greater risk for developing persisting symptoms.
Objective 2

The secondary objective was to compare the psychological functioning of athletes who
sustained a concussion to other injury types. It was hypothesized that athletes who sustained a
concussion would show worse psychological functioning compared to the other injury and non-
injury classifications. The results from the current study did not support the hypothesis, as the
concussed athletes showed small rates of psychological improvement relative to the athletes
without injuries at a secondary baseline. Athletes who sustained a musculoskeletal injury also
showed a statistically significant improvement in psychological functioning post-injury, yet a
smaller effect than those with a concussion. Athletes who sustained a combined concussion and a
musculoskeletal injury during the same event showed no statistically significant change post-
injury. The results from the current study are supported by evidence that individuals with
concussions show less emotional distress such as anger, compared to individuals with
musculoskeletal injuries (Brewer & Petrie, 1995; Hutchison et al., 2009; McDonald & Hardy,
1990). In comparing other injuries to concussions, it is important to assess the severity of the
injury in the comparison group, as certain musculoskeletal injuries can be permanent, and
thereby more emotionally distressing. For example, athletes who sustained an anterior cruciate
ligament (ACL) injury showed worse emotional symptoms such as depression for a longer
duration compared to athletes with a concussion and those with no injury at all (Mainwaring et
al., 2010). However, an ACL injury is more severe in nature due to the extensive treatment,
recovery, and possibility to end a career, compared to the recovery trajectory of a concussion that

is severe at the onset but typically results in eventual pre-injury functioning. The findings from
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the present study reject the notion that all injuries, regardless of etiology, are associated with
long-term psychological distress.
Study Strengths and Limitations

The present study contributes valuable evidence to the current literature on long-term
psychological symptoms in adolescent ice hockey players after sustaining a concussion. The
results found adolescent athletes who have sustained a concussion do not show worse mental
health outcomes up to one-year post-injury. Further, there is no evidence of poorer emotional and
psychological functioning in adolescent athletes who have sustained a concussion compared to
those with other injury types. The present study contributes novel evidence as there are limited
longitudinal studies in the pediatric population, assessing mental health after a concussion
(Gornall et al., 2021; Ledoux et al., 2022). The study had a large sample size of over 1060
participants, increasing statistical power and validating the results. Lastly, the outcome measures
used in the present study to assess ice hockey players are commonly used within the athlete
population contributing to the generalizability of results to other types of athletes.

As with all studies, the present study is not without limitations. A considerable limitation
of the present study is the reliance on self-reported measures to assess emotional functioning in
adolescent athletes on the SCAT-3. Given the considerable evidence of under-reporting of
injury-related symptoms and endorsement of injury in athletes, the results from the present study
may be an under-estimate of true emotional functioning. This challenge is consistent across all
studies investigating mental health in athletes due to stigma in the sports industry and fear of the
repercussions after sustaining an injury. The results from the psychological symptoms outcome,
however, are validated by two raters (self-report and parent-reports) which contributes to the

confidence of the findings.
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Another limitation of the current study was the inconsistent usage of measures throughout
the duration of data collection. The study originally collected emotional functioning data using
the BASC-2. However, a couple years into the study, emotional functioning measurement was
changed to the SDQ to improve response rate and efficiency as the SDQ is shorter in length.
Although there is evidence of similarities between the two measures, and these two measures are
often used interchangeably in a clinical setting, the inconsistency in measurement could have
affected the psychological symptoms outcome.

The complexity of the study design could have influenced the outcomes as well. Given
that a player could contribute to the analytic models’ multiple times based on the injuries they
sustain and the number of observations (pairs of baseline assessments), the models were unable
to be divided by player resulting in an overlap of symptom reporting across models. To address
this concern, the models were nested by player and team to account for the random effects of

repeating players, however it is still worth acknowledging in the interpretation of results.
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Conclusions and Future Research

This study contributes valuable evidence to the current literature on the duration of
psychological symptoms after sustaining concussion in an adolescent athlete population. The
current study found no evidence of long-term psychological distress or emotional dysfunction up
to one year post concussion. Further, the study found no evidence of worsening psychological
outcomes in adolescents’ athletes who sustain a concussion, compared to athletes with other
injury types, and those athletes with no injuries at all. As there is concern for the long-term
mental health outcomes in athletes, this study supports the consensus statement that most athletes
recover well after sustaining a concussion and there are no long-term psychological sequelae to
be concerned about. However, given the significant evidence on under reporting among athletes
who sustain a concussion, these results should not undermine the value of psychological
monitoring and treatment. Further, although there were no significant group differences implying
worse psychological outcomes after concussion in the current study, the individual experience of
persisting concussive symptoms should not be over-looked.

Future studies should continue to investigate the long-term psychological and emotional
implications of sustaining a concussion in different age groups and athletic populations. As the
current study assessed adolescent athletes, special attention should be paid to the under 11 age
group. As well, the study should be repeated with other sports with high contact (e.g., rugby,
soccer, ringette) to translate the results globally across athletes. To further understanding the
duration of psychological symptoms after sustaining an injury, future studies should investigate

symptoms at varying timepoints post-injury to specify the time point of symptom resolution.
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Tables
Table 1
Demographic Data for Total Dataset and Each Model
Total Dataset  Model 1: Model 2: Model 3:
Adolescent Parent Scores  Emotional
Scores (SDQ/BASC-2) Symptoms
(SDQ/BASC- Score
2) (SCAT-3)
Number of Observations (0) 1746 857 758 1308
Sex
Female 158 (9.0%) 73 (8.5%) 53 (7.0%) 109 (8.3%)
Male 1588 (91.0%) 784 (91.5%) 705 (93%) 1199 (91.7%)
Age Group
U13 291 (16.7%) 179 (20.9%) 182 (24.0%) 231 (17.7%)
Ul5 636 (36.4%) 267 (31.2%) 232 (30.6%) 478 (36.5%)
U138 819 (46.9%) 411 (48%) 344 (45.4%) 599 (45.8%)
Body Check Policy
Body Checking 954 (54.6%) 443 (51.7%) 399 (53.6%) 712 (54.4%)
Non-Body Checking 685 (39.2%) 359 (41.9%) 322 (42.5%) 520 (39.8%)
Missing 107 (6.1%) 55 (6.4%) 37 (4.9%) 76 (5.8%)
Injury type
No injury 1297 (74.3%) 668 (77.9%) 593 (78.2%) 1020 (78.0%)
Concussion 177 (10.1%) 57 (6.7%) 59 (7.80%) 100 (7.60%)
Musculoskeletal 180 (10.3%) 96 (11.2%) 76 (10.0%) 136 (10.4%)
Both Concussion & 92 (5.3%) 36 (4.2%) 30 (4.0%) 52 (4.0%)
Musculoskeletal

o - pairs of consecutive baseline assessments used in analysis
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Table 2

Distribution of Data

for Each Model

Model 1: Adolescent
Forms (SDQ/BASC-2)

Model 2:
Parent Forms

Model 3: Emotional
Symptoms Score in

(SDQ/BASC-2) Players
(SCAT-3)
Participants N=562 N=512 N=848
Consecutive 673 (78.6%) One 363 (47.9%) One 571 (43.7%) One

Baseline Testing
Pairs

122 (14.2%) Two
45 (5.3%) Three
17 (1.98%) Four

98 (12.9%) Two
35 (4.6%) Three
16 (0.5%) Four

171 (13.1%) Two
71 (5.4%) Three
35 (2.7%) Four

Injury occurrences
(concussion,
musculoskeletal
and both)

422 (75.1%) - None
104 (18.5%) - One
27 (4.8%) - Two

6 (1.1%) - Three

2 (0.4%) - Four

1 (0.2%) - Five

386 (75.4%) - None
94 (18.4%) - One
27 (5.3%)—Two

4 (0.8%) - Three

0 (0.0%) - Four

1 (0.2%) - Five

629 (74.1%) None
169 (19.9%) One
38 (4.5%) Two

8 (0.9%) Three

1 (0.1%) Four

3 (0.4%) Five

Timeline from
injury to second
baseline

1 (0.5%) < 30 days

4 (2.1%) 31-90 days

24 (12.7%) 91-180 days
160 (84.7%) >181 days

0 (0.0%) < 30 days

2 (1.2%) 31-90 days

23 (13.9%) 91-180 days
140 (84.8%) >181 days

3 (1.0%) < 30 days

7 (2.4%) 31-90 days
26 (9.0%) 91-180 days
252 (87.5%) >181 days




Table 3
Model 1 Analysis: Adolescent Scores on the SDO/BASC-2 at second baseline
95% C1

Variable Coefficient Lower Upper
Psychological Symptoms
Previous Baseline *0.439 0.378 0.500
Sex

Female reference

Male -0.787 -2.933 1.359
Age group

Ul3 reference

uUl15 *2.566 0.862 4.269

Ul18 *2.501 0.633 4.369
Body Checking Policy

Body Checking reference

Non-Body Checking 0.847 -0.663 2.357

Missing -0.824 -2.926 1.278
Injury Type

No Injury reference

Concussion *-2.275 -4.249 -0.301

Musculoskeletal *-1.765 -3.391 -0.139

Both Concussion & Musculoskeletal -1.267 -3.718 1.185
Constant 24.773 20.780 28.767
No 857
Np 562

No=number of observations (baseline pairs)
Np=number of participants
-=obtained through Wald test

*Indicates statistical significance based on a 5% significance level
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Table 4
Model 2 Analysis: Parent scores on the SDO/BASC-2
95 % CI

Variable Coefticient Lower Upper
Psychological Symptoms
Previous Baseline *0.481 0.414 0.548
Sex

Female reference

Male 0.270 -1.879 2.420
Age group

Ul3 reference

uUls *1.909 0.376 3.443

U188 0.786 -0.910 2.482
Body Checking Policy

Body Checking reference

Non-Body Checking 0.412 -0.999 1.823

Missing 0.111 -2.038 2.259
Injury type

No injury reference

Concussion 0.916 -0.740 2.571

Musculoskeletal 1.376 -0.170 2.921

Both Concussion & Musculoskeletal -0.616 -2.914 1.681
Constant 22.367 18.200 26.535
No 758
Np 512

No=number of observations (baseline pairs)
Np=number of participants

-+=obtained through Wald test

*Indicates statistical significance based on a 5% significance level



Table 5
Model 3 Analysis: SCAT-3 Emotional Symptom Scores
95% CI

Variable Odds Ratio Lower Upper
Previous Baseline SCAT-3
Emotional Symptoms Score

0

>1 *4.704 3.235 6.838
Sex

Female

Male *0.523 0.281 0.974
Body Checking policy

Body Checking Reference

Non-Body Checking 1.519 0.942 2.451

Missing 0.661 0.265 1.650
Age group

Ul3 Reference

uUl5 1.588 0.898 2.807

Ul8 1.283 0.702 2.346
Injury type

No Injury Reference

Concussion 0.776 0.382 1.574

Musculoskeletal 0.935 0.510 1.716

Both Concussions & Musculoskeletal 0.931 0.367 2.359
Constant 0.100 0.036 0.275
No 1308
N 848

No=number of observations (baseline pairs)
Np=number of participants

++=obtained through Wald test

*Indicates statistical significance based on a 5% significance level
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Table 6
Comparison of Means Across Injury Types for Psychological Symptoms (T-Scores) on the
SDQ/BASC-2
Adolescent Forms (Model 1) Parent Forms (Model 2)
Initial Second Baseline | Initial Second
Baseline Baseline Baseline
No Injury 44.62 (8.04) 45.89 (8.47) 46.28 (6.96) 46.13 (7.46)
Concussion 45.93 (9.84) 44.23 (6.76) 46.67 (8.37) 47.23 (7.90)
Musculoskeletal Injury 45.72 (9.09) 44.97 (8.86) 45.29 (7.08) 46.68 (8.30)
Both Concussion and 45.09 (7.98) 44.80 (8.98) 46.04 (6.22) 44.16 (5.74)

Musculoskeletal Injury
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Figures

Figure 1
Participant Distribution by Model with Inclusion Criteria

Model 1
N =562

Inclusionary Criteria:

At least two consecutive baseline
| assessments

Completlon of the BASC-2 or SDQ
S by adolescent [

Model 2 Model 3

N =512 N =848
Inclusionary Criteria: - Inclusionary Criteria:
At least two consecutive At least two consecutive
! baseline assessments baseline assessments
_ Completion of the BASC-2 or © Completion of the SCAT-3

SDQ by parent by adolescent

Total number of participants (N) = 1060
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Figure 2
Comparison of Means Across Injury Types at Initial and Second Baselines for the SDQ/BASC-2
T-Scores Adolescent Forms
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Figure 3
Comparison of Means Across Injury Types at Initial and Second Baselines for the SDQ/BASC-2

T-Scores on Parent Forms

Parent Initial Baseline Scores Parent Second Baseline Scores

80 100
70 ' : . 80 :
3 i E L [ ] .
Nl & e | = o
= . o
] % = E5 o e = s S =
30 204

No injury Concussion MSK Concussion + MSK No injury Concussion MSK Concussion + MSK



42

References

Anzalone, C., Bridges, R. M., Luedke, J. C., & Decker, S. L. (2022). Neurocognitive correlates
of persisting concussion symptoms in youth. Applied Neuropsychology: Child, 11(4),
771-780.

Babikian, T., Satz, P., Zaucha, K., Light, R., Lewis, R. S., & Asarnow, R. F. (2011). The UCLA
longitudinal study of neurocognitive outcomes following mild pediatric traumatic brain
injury. Journal of the International Neuropsychological Society, 17(5), 886-895.

Barlow, K. M., Crawford, S., Stevenson, A., Sandhu, S. S., Belanger, F., & Dewey, D. (2010).
Epidemiology of postconcussion syndrome in pediatric mild traumatic brain injury.
Pediatrics, 126(2), e374-e381.

Barnett, A. G., van der Pols, J. C., & Dobson, A. J. (2004). Regression to the mean: what it is and
how to deal with it. International Journal of Epidemiology, 34(1), 215-220.

https://doi.org/10.1093/ije/dyh299

Bonow, R. H., Friedman, S. D., Perez, F. A., Ellenbogen, R. G., Browd, S. R., Mac Donald, C.
L., Vavilala, M. S., & Rivara, F. P. (2017). Prevalence of abnormal magnetic resonance
imaging findings in children with persistent symptoms after pediatric sports-related
concussion. Journal of neurotrauma, 34(19), 2706-2712.

Brewer, B. W., & Petrie, T. A. (1995). A comparison between injured and uninjured football
players on selected psychosocial variables. Academic Athletic Journal, 10(Spring/1).

Broshek, D. K., Pardini, J. E., & Herring, S. A. (2022). Persisting symptoms after concussion:

Time for a paradigm shift. Pm & R, 14(12), 1509.


https://doi.org/10.1093/ije/dyh299

43

Bunt, S. C., Didehbani, N., LoBue, C., Stokes, M., Heinzelmann, M., Rossetti, H., Miller, S. M.,
Nakonezny, P. A., Bell, K., & Batjer, H. (2022). Sex differences in reporting of
concussion symptoms in adults. The Clinical Neuropsychologist, 36(6), 1290-1303.

Canada, G. 0. (2020). Concussion: Sport and recreation. www.canada.ca. Retrieved October 5

from https://www.canada.ca/en/public-health/services/diseases/concussion-sign-

symptoms/sport-recreation.html

Cerutti, R., Spensieri, V., Valastro, C., Presaghi, F., Canitano, R., & Guidetti, V. (2017). A
comprehensive approach to understand somatic symptoms and their impact on emotional
and psychosocial functioning in children. PloS one, 12(2), e0171867.

Champagne, A. S., Yao, X., McFaull, S. R., Saxena, S., Thompson, W., Gordon, K. R., & Babul,

S. (2023). Self-reported concussions in Canada: A cross-sectional study [Article]. Health

reports, 34(6), 17-28-28. https://doi.org/10.25318/82-003-x202300600002-eng

Choudhury, R., Kolstad, A., Prajapati, V., Samuel, G., & Yeates, K. O. (2020). Loss and recovery
after concussion: Adolescent patients give voice to their concussion experience. Health
Expectations, 23(6), 1533-1542.

Cross, M., Kemp, S., Smith, A., Trewartha, G., & Stokes, K. (2016). Professional Rugby Union
players have a 60% greater risk of time loss injury after concussion: a 2-season
prospective study of clinical outcomes. British journal of sports medicine, 50(15), 926-
931.

Cusimano, M. D., Topolovec-Vranic, J., Zhang, S., Mullen, S. J., Wong, M., & Ilie, G. (2017).
Factors influencing the underreporting of concussion in sports: a qualitative study of

minor hockey participants. Clinical Journal of Sport Medicine, 27(4), 375-380.


file://///Users/clairevdavid/Library/CloudStorage/GoogleDrive-cvdavid@ualberta.ca/My%20Drive/SCCP/M.Ed./Thesis/www.canada.ca
https://www.canada.ca/en/public-health/services/diseases/concussion-sign-symptoms/sport-recreation.html
https://www.canada.ca/en/public-health/services/diseases/concussion-sign-symptoms/sport-recreation.html
https://doi.org/10.25318/82-003-x202300600002-eng

44

Davies, S. C., & Bird, B. M. (2015). Motivations for underreporting suspected concussion in
college athletics. Journal of Clinical Sport Psychology, 9(2), 101-115.

Didehbani, N., Munro Cullum, C., Mansinghani, S., Conover, H., & Hart Jr, J. (2013).
Depressive symptoms and concussions in aging retired NFL players. Archives of Clinical
Neuropsychology, 28(5), 418-424.

Duffield, T. C., Lim, M. M., Novak, M., Lin, A., Luther, M., Williams, C. N., & Piantino, J.
(2021). The relationship between depressive symptoms, somatic complaints, and
concussion history with poor sleep in collegiate athletes. Sleep health, 7(1), 43-48.

Emery, C. A., Barlow, K. M., Brooks, B. L., Max, J. E., Villavicencio-Requis, A., Gnanakumar,
V., Robertson, H. L., Schneider, K., & Yeates, K. O. (2016). A systematic review of
psychiatric, psychological, and behavioural outcomes following mild traumatic brain
injury in children and adolescents. The Canadian Journal of Psychiatry, 61(5), 259-269.

Emery, C. A., Black, A. M., Kolstad, A., Martinez, G., Nettel-Aguirre, A., Engebretsen, L.,
Johnston, K., Kissick, J., Maddocks, D., & Tator, C. (2017). What strategies can be used
to effectively reduce the risk of concussion in sport? A systematic review. British journal
of sports medicine, 51(12), 978-984.

Emery, C. A., Kang, J., Shrier, 1., Goulet, C., Hagel, B. E., Benson, B. W., Nettel-Aguirre, A.,
McAllister, J. R., Hamilton, G. M., & Meeuwisse, W. H. (2010). Risk of injury associated
with body checking among youth ice hockey players. Jama, 303(22), 2265-2272.

https://doi.org/10.1001/jama.2010.755

Emery, C. A., Yeates, K. O., & Mrazik, M. (2013-2018). Safe to Play.


https://doi.org/10.1001/jama.2010.755

45

Ferdinand Pennock, K., McKenzie, B., McClemont Steacy, L., & Mainwaring, L. (2020). Under-
reporting of sport-related concussions by adolescent athletes: a systematic review.
International Review of Sport and Exercise Psychology, 1-27.

Goodman, R. (1997). Strengths and Difficulities Questionnaire (SDQ) [Database record] .

https://doi.org/https://doi.org/10.1037/t00540-000

Gornall, A., Takagi, M., Morawakage, T., Liu, X., & Anderson, V. (2021). Mental health after
paediatric concussion: a systematic review and meta-analysis. Br J Sports Med, 55(18),

1048-1058. https://doi.org/10.1136/bjsports-2020-103548

Grady, M. F., & Master, C. L. (2017). Return to school and learning after concussion: tips for
pediatricians. Pediatric annals, 46(3), €93-¢98.

Grubenhoft, J. A., Deakyne, S. J., Comstock, R. D., Kirkwood, M. W., & Bajaj, L. (2015).
Outpatient follow-up and return to school after emergency department evaluation among
children with persistent post-concussion symptoms. Brain injury, 29(10), 1186-1191.

Guskiewicz, K. M., Marshall, S. W., Bailes, J., McCrea, M., Harding, H. P., Matthews, A.,
Mihalik, J. R., & Cantu, R. C. (2007). Recurrent concussion and risk of depression in
retired professional football players. Medicine and science in sports and exercise, 39(6),
903.

Hallén, A., & Ekstrand, J. (2014). Return to play following muscle injuries in professional
footballers. Journal of sports sciences, 32(13), 1229-1236.

Hickling, A., Mallory, K. D., Wilson, K. E., Del Fernandes, R., Fuselli, P., & Reed, N. (2020).
The youth concussion awareness network (You-CAN)-a school-based peer-led
intervention to improve concussion reporting and social support: the protocol for a cluster

randomized trial. BMC public health, 20, 1-10.


https://doi.org/https:/doi.org/10.1037/t00540-000
https://doi.org/10.1136/bjsports-2020-103548

46

Hockey Canada Play Rules. (2022). Hockey Canada. Retrieved June 22 from

http://rulebook.hockeycanada.ca/english/part-ii-gameplay-fouls/section-7/rule-7-3/

Hutchison, M., Mainwaring, L. M., Comper, P., Richards, D. W., & Bisschop, S. M. (2009).
Differential emotional responses of varsity athletes to concussion and musculoskeletal
injuries. Clinical Journal of Sport Medicine, 19(1), 13-19.

ladevaia, C., Roiger, T., & Zwart, M. B. (2015). Qualitative examination of adolescent health-
related quality of life at 1 year postconcussion. Journal of Athletic Training, 50(11),
1182-1189.

Iverson, G. L., Gardner, A. J., Terry, D. P, Ponsford, J. L., Sills, A. K., Broshek, D. K., &
Solomon, G. S. (2017). Predictors of clinical recovery from concussion: a systematic
review. British journal of sports medicine, 51(12), 941-948.

Kay, M. C., Welch, C. E., & McLeod, T. C. V. (2015). Positive and negative factors that
influence concussion reporting among secondary-school athletes. Journal of sport
rehabilitation, 24(2), 210-213.

Kerr, Z. Y., DeFreese, J., & Marshall, S. W. (2014). Current physical and mental health of former
collegiate athletes. Orthopaedic journal of sports medicine, 2(8), 2325967114544107.

Kerr, Z. Y., Marshall, S. W., & Guskiewicz, K. M. (2012). Reliability of concussion history in
former professional football players. Medicine and science in sports and exercise, 44(3),
377-382.

Kolstad, A. T., Eliason, P. H., Galarneau, J.-M., Black, A. M., Hagel, B. E., & Emery, C. A.
(2023). Protective equipment in youth ice hockey: are mouthguards and helmet age

relevant to concussion risk? British journal of sports medicine, 57(10), 571-577.


http://rulebook.hockeycanada.ca/english/part-ii-gameplay-fouls/section-7/rule-7-3/

47

Kontos, A. P, Elbin, R. J., Sufrinko, A., Dakan, S., Bookwalter, K., Price, A., Meehan, W. P., 3rd,
& Collins, M. W. (2016). Incidence of Concussion in Youth Ice Hockey Players.

Pediatrics, 137(2), €20151633. https://doi.org/10.1542/peds.2015-1633

Kroshus, E., Garnett, B., Hawrilenko, M., Baugh, C. M., & Calzo, J. P. (2015). Concussion
under-reporting and pressure from coaches, teammates, fans, and parents. Social science
& medicine, 134, 66-75.

Ledoux, A.-A., Tang, K., Yeates, K. O., Pusic, M. V., Boutis, K., Craig, W. R., Gravel, J.,
Freedman, S. B., Gagnon, 1., & Gioia, G. A. (2019). Natural progression of symptom
change and recovery from concussion in a pediatric population. JAMA pediatrics, 173(1),
¢183820-¢183820.

Ledoux, A.-A., Webster, R. J., Clarke, A. E., Fell, D. B., Knight, B. D., Gardner, W., Cloutier, P.,
Gray, C., Tuna, M., & Zemek, R. (2022). Risk of Mental Health Problems in Children
and Youths Following Concussion. JAMA Network Open, 5(3), €221235-e221235.

https://doi.org/10.1001/jamanetworkopen.2022.1235

Mainwaring, L. M., Hutchison, M., Bisschop, S. M., Comper, P., & Richards, D. W. (2010).
Emotional response to sport concussion compared to ACL injury. Brain injury, 24(4),
589-597.

Manley, G., Gardner, A. J., Schneider, K. J., Guskiewicz, K. M., Bailes, J., Cantu, R. C.,
Castellani, R. J., Turner, M., Jordan, B. D., & Randolph, C. (2017). A systematic review
of potential long-term effects of sport-related concussion. British journal of sports
medicine, 51(12), 969-977.

Martin, A. K., Petersen, A. J., Sesma, H. W., Koolmo, M. B., Ingram, K. M., Slifko, K. B.,

Nguyen, V. N., Doss, R. C., & Linabery, A. M. (2020). Concussion symptomology and


https://doi.org/10.1542/peds.2015-1633
https://doi.org/10.1001/jamanetworkopen.2022.1235

48

recovery in children and adolescents with pre-existing anxiety. Journal of Neurology,
Neurosurgery & Psychiatry, 91(10), 1060-1066.

McCrory, P., Meeuwisse, W., Dvorak, J., Aubry, M., Bailes, J., Broglio, S., Cantu, R. C., Cassidy,
D., Echemendia, R. J., & Castellani, R. J. (2017). Consensus statement on concussion in
sport—the 5th international conference on concussion in sport held in Berlin, October
2016. British journal of sports medicine, 51(11), 838-847.

McDonald, S. A., & Hardy, C. J. (1990). Affective response patterns of the injured athlete: An
exploratory analysis. The Sport Psychologist, 4(3), 261-274.

Mellor, D. (2005). Normative data for the Strengths and Difficulties Questionnaire in Australia.
Australian psychologist, 40(3), 215-222.

Miller, J. H., Gill, C., Kuhn, E. N., Rocque, B. G., Menendez, J. Y., O'Neill, J. A., Agee, B. S.,
Brown, S. T., Crowther, M., & Davis, R. D. (2016). Predictors of delayed recovery
following pediatric sports-related concussion: a case-control study. Journal of
Neurosurgery: Pediatrics, 17(4), 491-496.

Montenigro, P. H., Alosco, M. L., Martin, B. M., Daneshvar, D. H., Mez, J., Chaisson, C. E.,
Nowinski, C. J., Au, R., McKee, A. C., & Cantu, R. C. (2017). Cumulative head impact
exposure predicts later-life depression, apathy, executive dysfunction, and cognitive
impairment in former high school and college football players. Journal of neurotrauma,
34(2), 328-340.

Mosenthal, W., Kim, M., Holzshu, R., Hanypsiak, B., & Athiviraham, A. (2017). Common Ice
Hockey Injuries and Treatment: A Current Concepts Review. Current sports medicine

reports, 16(5), 357-362. https://doi.org/10.1249/jsr.0000000000000402



https://doi.org/10.1249/jsr.0000000000000402

49

Moser, R. S., Olek, L., & Schatz, P. (2019). Gender differences in symptom reporting on baseline
sport concussion testing across the youth age span. Archives of Clinical
Neuropsychology, 34(1), 50-59.

Mrazik, M., Brooks, B. L., Jubinville, A., Meeuwisse, W. H., & Emery, C. A. (2016).
Psychosocial outcomes of sport concussions in youth hockey players. Archives of
Clinical Neuropsychology, 31(4), 297-304.

Novak, Z., Aglipay, M., Barrowman, N., Yeates, K. O., Beauchamp, M. H., Gravel, J., Freedman,
S. B., Gagnon, 1., Gioia, G., & Boutis, K. (2016). Association of persistent
postconcussion symptoms with pediatric quality of life. JAMA pediatrics, 170(12),
€162900-¢162900.

Parachute. (2017). Canadian guideline on concussion in sport. Toronto, Canada: Parachute.

Patricios, J. S., Schneider, K. J., Dvorak, J., Ahmed, O. H., Blauwet, C., Cantu, R. C., Davis, G.
A., Echemendia, R. J., Makdissi, M., McNamee, M., Broglio, S., Emery, C. A.,
Feddermann-Demont, N., Fuller, G. W., Giza, C. C., Guskiewicz, K. M., Hainline, B.,
Iverson, G. L., Kutcher, J. S., . . . Meeuwisse, W. (2023). Consensus statement on
concussion in sport: the 6th International Conference on Concussion in Sport-
Amsterdam, October 2022. Br J Sports Med, 57(11), 695-711.

https://doi.org/10.1136/bjsports-2023-106898

Permenter, C. M., Ferndndez-de Thomas, R. J., & Sherman, A. (2018). Postconcussive
syndrome.

Ponsford, J., Willmott, C., Rothwell, A., Cameron, P., Ayton, G., Nelms, R., Curran, C., & Ng, K.
(2001). Impact of early intervention on outcome after mild traumatic brain injury in

children. Pediatrics, 108(6), 1297-1303.


https://doi.org/10.1136/bjsports-2023-106898

50

Putukian, M., Purcell, L., Schneider, K. J., Black, A. M., Burma, J. S., Chandran, A., Boltz, A.,
Master, C. L., Register-Mihalik, J. K., & Anderson, V. (2023). Clinical recovery from
concussion—return to school and sport: a systematic review and meta-analysis. British
Jjournal of sports medicine, 57(12), 798-809.

Rabe-Heskth, S., & Skrondal, A. (2022). Models with nested and crossed random effects. In S.
Press (Ed.), Multilevel and Longitudinal Modeling Using Stata (Vol. 1I).

Reynolds, C. R. (2004). Behavior Assessment System for Children. John Wiley & Sons Inc.

https://doi.org/https://doi.ore/10.1002/9780470479216.corpsy0114

Rose, S. C., McNally, K. A., & Heyer, G. L. (2016). Returning the student to school after
concussion: what do clinicians need to know? Concussion, 1(1).

Sandel, N., Reynolds, E., Cohen, P. E., Gillie, B. L., & Kontos, A. P. (2017). Anxiety and mood
clinical profile following sport-related concussion: From risk factors to treatment. Sport,
exercise, and performance psychology, 6(3), 304.

StataCorp. (2023). Stata Statistical Software: Release 18. In StataCorp LLC.

Taylor, H. G., Dietrich, A., Nuss, K., Wright, M., Rusin, J., Bangert, B., Minich, N., & Yeates, K.
0. (2010). Post-concussive symptoms in children with mild traumatic brain injury.
Neuropsychology, 24(2), 148.

Teh, Z., Takagi, M., Hearps, S. J., Babl, F. E., Anderson, N., Clarke, C., Davis, G. A., Dunne, K.,
Rausa, V. C., & Anderson, V. (2020). Acute cognitive postconcussive symptoms follow
longer recovery trajectories than somatic postconcussive symptoms in young children.

Brain injury, 34(3), 350-356.


https://doi.org/https:/doi.org/10.1002/9780470479216.corpsy0114

51

Tuominen, M., Stuart, M. J., Aubry, M., Kannus, P., & Parkkari, J. (2017). Injuries in world
junior ice hockey championships between 2006 and 2015 [Article]. British journal of

sports medicine, 51(1), 36-43-43. https://doi.org/10.1136/bjsports-2016-095992

Turner, S., Langdon, J., Shaver, G., Graham, V., Naugle, K., & Buckley, T. (2017). Comparison
of psychological response between concussion and musculoskeletal injury in collegiate
athletes. Sport, exercise, and performance psychology, 6(3), 277.

van lerssel, J., Pennock, K. F., Sampson, M., Zemek, R., & Caron, J. G. (2022). Which
psychosocial factors are associated with return to sport following concussion? A
systematic review. Journal of sport and health science, 11(4), 438-449.

Van Slyke, K. B. (2007). Assessing childhood difficulties: Comparing the SDQ and the BASC-2.

Texas Medical Center Dissertations (via ProQuest). https://doi.org/AA13290039

Ware, A. L., McLarnon, M. J., Lapointe, A. P., Brooks, B. L., Bacevice, A., Bangert, B. A.,
Beauchamp, M. H., Bigler, E. D., Bjornson, B., & Cohen, D. M. (2023). IQ after
pediatric concussion. Pediatrics.

Woodrome, S. E., Yeates, K. O., Taylor, H. G., Rusin, J., Bangert, B., Dietrich, A., Nuss, K., &
Wright, M. (2011). Coping strategies as a predictor of post-concussive symptoms in
children with mild traumatic brain injury versus mild orthopedic injury. J Int

Neuropsychol Soc, 17(2), 317-326. https://doi.org/10.1017/s1355617710001700

Yeates, K. O. (2010). Mild traumatic brain injury and postconcussive symptoms in children and
adolescents. J Int Neuropsychol Soc, 16(6), 953-960.

https://doi.ore/10.1017/s1355617710000986



https://doi.org/10.1136/bjsports-2016-095992
https://doi.org/AAI3290039
https://doi.org/10.1017/s1355617710001700
https://doi.org/10.1017/s1355617710000986

52

Zemek, R. L., Farion, K. J., Sampson, M., & McGahern, C. (2013). Prognosticators of persistent
symptoms following pediatric concussion: a systematic review. JAMA pediatrics, 167(3),

259-265.



	Abstract
	Preface
	Acknowledgements
	List of Tables
	List of Figures
	Chapter One: Introduction
	Concussion Context
	Psychological and Emotional Symptoms of Concussion
	Current Study

	Chapter Two: Literature Review
	Sports-Related Concussion Background
	SRC Concussion in Ice Hockey
	Long-Term Outcomes from Concussion
	Psychological Symptoms

	Musculoskeletal Injuries and Concussion
	Current Study
	Objective 1
	Alternative Hypothesis
	Null Hypothesis

	Objective 2
	Alternative Hypothesis
	Null Hypothesis


	Chapter Three: Methods
	Study Design
	Participant Eligibility
	Injury Classification
	Key Terms

	Outcome Measures
	BASC-2
	SDQ
	SCAT-3 Emotional Symptoms Cluster
	Covariates
	Statistical Analysis
	Psychological Symptoms Outcome (BASC-2 & SDQ) for Players (Model 1) and Parents (Model 2)
	Emotional Symptoms Outcome (SCAT-3) Completed by Players (Model 3)


	Chapter Four: Results
	Model 1
	Model 2
	Model 3
	Group Means
	Objective 1: Psychological and Emotional Outcomes in Concussed Athletes
	Objective 2: Comparison of Psychological and Emotional Functioning Across Injury Types

	Chapter Five: Discussion
	Objective 1
	Objective 2
	Study Strengths and Limitations
	Conclusions and Future Research

	Tables
	Figures

