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ABSTRACT 

Introduction: Sport-related concussions are recognized in all types of sports in athletes 

of all ages. While concussion presentation involves transient symptoms, some may have 

prolonged symptoms that linger past the typical 2-week recovery time for adults. These 

prolonged symptoms can affect physical, emotional, cognitive, and sleep domains.  

Research Significance: This thesis examined adult athletes who experience prolonged 

symptoms of sport-related concussion to further our understanding of the type of 

symptoms that are common in an understudied population. Many of the psychological 

and sociological deficits are not evaluated in preparation for return to sport, but the aim 

of the thesis is to show their need to be included. Links between psychosocial and 

physical impairments can drive decisions regarding return to sport. 

Methods: Based on the biopsychosocial model, 3 cross-sectional studies assessed which 

symptom domains were clinically relevant, associated with disability, and related to 

each other. The studies included several clinical outcome measures delivered in online 

format such as the concussion symptoms, fear avoidance, sleep changes, cogniphobia, 

pain catastrophizing, and disability post-concussion. The last study included a small 

sample of participants doing a qualitative interview to confirm objective findings. They 

were asked to reflect on mental health, sociological impacts, and physical symptoms.  

Results: The concussion groups showed clinically relevant levels of concussion 

symptoms, mental health distress, and fear avoidance behaviour. The athletes also 

presented with significant changes in their abilities of daily activities. Episodic memory 
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was also found to be a deficit for this study. Athlete interviews had statements about 

fear, loss of self, acceptance, and emotional regulation. Limitations included changing to 

online formats due to Covid-19, small sample sizes, and utilization of new outcome 

measures. Future work would expand on the emotional and sociological findings and 

address cognitive tasks for adults with prolonged symptoms. Evaluation in conjunction 

with physical activity or training helps an athlete return to sport. 

Conclusions: Adult athletes with prolonged symptoms of sport-related concussion live 

with many physical, emotional, and sociological impairments. It is a population that 

needs further research to focus on their impact and future intervention plans. 
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INTRODUCTION 

 Is it a minor inconvenience, a temporary setback, or a major, life-changing 

event? Concussion is fast becoming a more discussed and researched injury at all levels 

of sport. It represents a potentially serious life event that needs to be given the 

attention and respect that has been absent in the past. No longer confined to contact 

sports such as boxing and football, sport-related concussion (SRC) can happen to any 

athlete playing any sport. While there are significant gaps in the current knowledge of 

SRC, we are slowly learning about the multiple domains involved in injury presentation 

and how a multi-faceted approach to treatment is beneficial. 

 There is currently a gold standard set of guidelines, the Consensus Statement on 

Concussion in Sport, with the 5th international conference on concussion in sport held in 

Berlin, October 2016, that identifies key problem areas and possible approaches to 

treatment as well as areas lacking evidence in research (McCrory et al., 2017). One of 

the main areas needing more research concerns what should be assessed for a safe to 

play. Many athletes may not be fully assessed on all physical, psychological, and 

sociological aspects before returning to their sport, putting themselves at risk for further 

injury. Much of the current research has focused on acute symptoms of SRC since most 

athletes recover within 2-4 weeks. Those with prolonged symptoms demonstrate 

tremendous variability of symptoms and would need to have the most robust 

assessment before returning to sport. Another factor to consider when reviewing what 

is known about SRC is the athlete's age. Much of the research has focused on children to 
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university-aged athletes. In this approach, the adult athletes who continue to play 

sports across the lifespan are forgotten. They likely have co-morbidities or life 

responsibilities that complicate their clinical presentation and impact their return-to-

sport.  

This thesis will explore adult athletes with prolonged SRC symptoms in their 

psychosocial function as they prepare to return to play (RTP). The studies carried out 

will produce informative results that will contribute to the understanding of prolonged 

SRC symptoms in adult athletes and will clarify when they are ready to play. 

 

LITERATURE REVIEW 

 

Definition of Sports-Related Concussion  

 The definition of sports-related concussion (SRC) has evolved over the years and 

is now recognized as a mild traumatic brain injury (mTBI). It should no longer be 

referred to as a “bell ringer” but should be a brain injury to demonstrate the event's 

seriousness. The most recent definition defines SRC as a sudden, direct, or indirect 

impact or mechanical force to the head or body from acceleration, deceleration, or 

rotational force (Ontario Neurotrauma Foundation, 2018) There is also a rapid onset of 

transient neurological symptoms that present more functional than structural 

impairment (McCrory et al., 2017). Clinical symptoms may include, but are not limited 
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to, physical (examples: headache, noise and light sensitivity, dizziness, loss of balance, 

and fatigue), cognitive (examples: feeling in a ‘fog,’ concentration issues, and memory 

problems), emotional (examples: irritability, sadness), and sleep-related (difficulty falling 

asleep, sleeping more/less than average) (Guskiewicz et al., 2000; Erlanger et al., 2003; 

McCrea et al., 2003; Marshall et al., 2015). There is no requirement for specific 

symptoms to always be present, such as loss of consciousness, for an SRC diagnosis to 

be made. Individuals will present their unique make of symptoms and recovery time 

(Guskiewicz et al., 2000; Marshall et al., 2015).  

 

Prolonged Symptoms of SRC 

For most, recovery occurs spontaneously within a few days after the incident 

(McCrea et al., 2003). However, symptoms will persist longer for a small percentage of 

adults with an SRC, especially amongst female, non-collegiate level athletes (D’Lauro et 

al., 2018). In adults, post-concussion syndrome, or the prolonged and persistent 

presentation of symptoms, refers to any symptoms still present more than 10-14 days 

after the injury and represent a combination of multi-domain symptoms (i.e., Physical, 

emotional, cognitive, and sleep) (McCrory et al., 2017). Age, gender, having previous 

concussions, and migraine history are predictors of factors from before the injury, as 

well as, amnesia, loss of consciousness and severe symptoms including migraines after 

the concussion predict who may have prolonged symptoms (Kontos et al., 2019). Each 

person will experience an entirely different recovery journey with their prolonged SRC 
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symptoms. This requires an individualized approach to treatment and recovery and 

should involve multiple health care professionals.  

 

Concussion Prevalence and Epidemiology 

 In Canada, there are limited statistics regarding SRC in adults. In youth, it is 

known that 54% of concussions for males and 45% for females happen in sports and 

recreational activities (Public Health Agency of Canada, 2018). In Alberta and Ontario 

alone, over 17 000+ sport-related brain injuries were seen in emergency departments, 

mostly from hockey followed by cycling, football/rugby, and ski/snowboard (Canadian 

Institute for Health Information, 2018). Not only are there more hospital visits, but there 

is a high economic impact of SRC. In British Columbia, US$3.3 million was spent on 

concussion-related hospitalizations in 2013 (Damji & Babul, 2018). After two weeks, 55% 

of people could not return to pre-concussion work, and at 1-month post-injury, 26% of 

individuals continued to experience symptoms (Chu et al., 2017).  

SRC can occur in any sport, not just contact sports. In a US study of adults and 

youth, the top five sports with the highest incidence of SRC were football, soccer, 

basketball, baseball, and lacrosse/field hockey (Amoo-Achampong et al., 2017). Most of 

these sports are considered contact sports or, at the very least, have incidental contact. 

In boys’ high school sports, it was football followed by lacrosse that had the highest 

incidence of SRC, whereas, for girls’ sports, it was soccer followed by cheerleading, 
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basketball, and lacrosse (Lincoln et al., 2011). In a pediatric population, football, 

lacrosse, and soccer were the sports responsible for the highest frequency of SRC in 

males, while in females, it was cheerleading, lacrosse, and field hockey (Tanveer et al., 

2017). In sports where the rules and the equipment are the same, girls had more SRC 

than boys (Lincoln et al., 2011). It is important to remember that, in addition to these 

sports, SRC may occur whenever there is direct or indirect contact with the athlete’s 

head or body. 

SRC can be diagnosed in high school and college-aged athletes.  Undergraduate 

and varsity athletes have an incidence rate of 132.4 concussions per 10 000 students, 

but this includes all mechanisms of injury of concussion, not just sports-related (Breck et 

al., 2019).  High school and college-aged students showed recovery rates from an acute 

concussion at approximately the same pace (Nelson et al., 2016). Many other studies 

found the opposite with age being a strong predictor of prolonged and more severe 

symptoms of concussion (Hu et al., 2017; Varriano et al., 2020).However, males 

between the ages of 13 and 20 had more impulsivity-related errors on the ImPACT 

cognitive tests than matched females (Tanveer et al., 2017).  

While the overall recovery path can be similar, individual impairments may differ 

amongst sex or individuals. Male college students sustain concussions at a rate of 126.1 

per 10 000 while female college students sustain concussions at 140.0 per 10 000 with 

35.6% of both males and females being SRC (Breck et al., 2019). While this study found 

that the higher incidence rate was in females, not all studies find similar outcomes. In an 
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adult population, males were found to have had a 5x higher incidence rate than females 

(Amoo-Achampong et al., 2017). Even though males sustained more concussions, 

females are more likely to report a concussion, and with further education, females are 

more likely to report new concussions than males (Miyashita et al., 2016). It is more 

likely for males to sustain an SRC in contact sports (68%) than non-contact sports (32%), 

but there was no difference for the type of sport amongst females who had a higher 

symptom score (Tanveer et al., 2017) and were slower to recover than males after an 

acute concussion (Neidecker et al., 2017). It is vital to continue investigating these 

differences as they may contribute to their return-to-sport pathway and which health 

professionals they may be required to consult. 

 

The Effect of Multiple Concussions 

In some sports, athletes sustain multiple concussions throughout their careers. It has 

been shown that those athletes that had an SRC in the previous 12 months were twice 

as likely to sustain another SRC (McGuine et al., 2019). Unfortunately, it is not just the 

brain at risk for injury after having an SRC. Compared to athletes with no history of 

reported concussions, athletes with a history of multiple concussions have a higher 

chance of sustaining a lower-body injury one year after RTP (Harada et al., 2019). This 

may indicate that some concussion symptoms persist longer than previously thought, 

such as balance deficits or gait abnormalities.  
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Football is a contact sport where players sustain multiple concussions. Professional 

football players show a high frequency and severity of deficits in memory, executive 

functioning, language, motor, and sensory functions (Multani et al., 2016).  A study of 

ex-CFL football players with multiple concussions found they performed more poorly on 

verbal learning and memory tests than controls (Misquitta et al., 2018). These effects 

can impact the quality of life and continue beyond their playing days. While evaluating 

retired rugby players, it was found that multiple concussions lead to more persistent 

symptoms reported on the Rivermead Post-Concussion Questionnaire and lower quality 

of life (McMillan et al., 2017). 

 

Defining Return to Play 

The terms used to describe an athlete’s post-concussion sport participation has been 

concentrated around “return to play” or “return to sport” and have been used 

interchangeably or undefined in the past. Originally, much of the literature used return 

to play as seen in early version of the consensus statement on concussion (McCrory et 

al., 2009). However, return to sport is also commonly now used, but may be defined 

differently by authors, in addition to other terms such as return to competitive sport 

(Doege et al., 2021).  Return to sport may also apply equally to non-competitive and 

non-organized sport as it does to competitive, elite level of sport (Doege et al., 2021). 

Return to play has been referred to team sports and return to sport is recommended as 

a more inclusive term for all sports and athletes (Ardern et al., 2016). The most noted 
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return to sport guideline for concussion was presented by the Concussion in Sport 

Group and focuses on a graduated strategy for 6 stages of increasingly difficult physical 

exertion (McCrory et al., 2017). Another model recommended for general 

musculoskeletal injury return breaks down to 3 stages of return to participation, return 

to sport, and return to performance where it follows being physically active to 

participating in their sport, and finally reaching personal best performance (Ardern et 

al., 2016). For this thesis, the term return to play will be used and will apply to any 

physical activity participation by the athlete recovering from concussion. 

As a part of any return to play guideline, there is usually a requirement at a point for 

medical clearance on their recovery to progress to competition. This clearance is not 

well standardized and is usually done by a medical doctor. These decisions are complex 

and based on severity of injury, reported symptoms, neurocognitive performance, prior 

concussion history, and other individual factors to the athlete (Lovell et al., 2004).  

Other research include specific tests for balance, exercise tolerance, and ImPACT scores 

as a basis for recovery (Haider et al., 2018). Guidance on return to sport for 

musculoskeletal injuries could also apply to concussion injuries. Return to sport 

decisions should consider biopsychosocial factors and their affect on health risk, activity 

risk, and risk tolerance (Ardern et al., 2016). This thesis will assess some of these 

biopsychosocial factors in adult athletes to determine which are prevalent in the 

prolonged symptom phase. 
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Aligning the Biopsychosocial Model with Prolonged Symptoms of SRC 

 Historically, an illness or injury was treated by a physician using the biomedical 

model. There were limitations in this approach because it focuses on each disease 

having only one cause and that the mind and body are entirely independent (Abelson et 

al., 2008). This approach was improved by the work of Dr. Engel in 1978, who first 

described the biopsychosocial approach to treating illness and injury (Engel, 1978). 

Instead of a disease-focused approach, it took a more patient-centred approach. The 

biopsychosocial approach detailed a continuous harmony between the hierarchical 

systems from tissue to organ to person to community.  This approach is sensitive to the 

patient’s expectations for care.  

 The biopsychosocial approach can be applied to any health situation and has 

three overlapping spheres representing the biological, psychological, and social domains 

of health (Engel, 1978). Engel’s traditionally accepted conditions per domain are shown 

in Figure 1. He also recognized that once a person had recovered, there would be a 

different harmony between the domains than what previously existed for the person 

(Engel, 1978). For SRC, it could be applied to mean people who even when recovered 

have their experiences influence current and future health and wellness.  

 In regards to concussions, Lishman (1988) led the discussion of the origins of 

symptoms in the acute and chronic phase of recovery. While noting that physiological 

and psychological factors can cause the symptoms, he also considered how sociological 

and cultural factors would also impact the post-concussion presentation. He stated that 
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early symptoms were headache, dizziness, and fatigue with anxiety becoming more 

prominent as time progressed and that there was a strong relationship between this 

psychological distress and their symptoms. By 2011, his work has been expanded to 

recognize the earlier impact of psychological disorders. In the acute phase of 

concussion, psychological distress does influence the post-concussion presentation and 

is a predictor of the chronic phase happening in those individuals (Silverberg & Iverson, 

2011).  There is insufficient evidence to know if this psychological distress worsens in 

the chronic phase or is strongly linked to the remaining symptoms of post-concussion 

(Silverberg & Iverson, 2011). This work builds upon the biopsychosocial model and 

clarify which impairments are considered in the domains.  

The 3 domains overlap to indicate overall health of the person. The influence of 

each domain can be continuously changing and not necessarily equal between all three. 

Their affect on health creates the person’s level of functioning, disability, and quality of 

life. These terms align with the World Health Organization’s International Classification 

of Functioning and Disability (ICF) where impairments include all signs and symptoms 

and activity limitations and participation restrictions define disability and quality of life 

(McDougall et al., 2010; Chan et al., 2009). By replacing the traditional list of examples 

in the model, both physiological and psychological impairments and activity limitations 

can be concussion-specific in the three domains (Figure 2). The domains may encompass 

impairments from the concussion (for example, headaches or peer pressure) or pre-

existing conditions (for example, ADHD), as well as factors that affect their recovery (for 

example, missing work or school which is a participation restriction).  
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Figure 1 - Traditional biopsychosocial approach with domains and examples 
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Figure 2- Using the traditional biopsychosocial model, concussion-related symptoms and 

disabilities are substituted into the 3 domains for health. 

 

BIOLOGY 

 The biology domain of the biopsychosocial approach covers a wide variety of 

physical impairments and activity limitations. Biology covers everything about the 

physical body, from cellular reactions to headaches to gait difficulties. The original 

biopsychosocial model lists neurobiology, age, sex, health history, and medication use 

(Gliedt et al., 2017). In our concussion-specific model, similar physical changes apply to 

sleep disturbances, loss of balance, vestibular difficulties, oculomotor dysfunction, 

noise/light sensitivities, etc., concussion/ injury history, and return-to-play 
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cardiovascular training. The current literature has covered the biology domain in great 

depth and comprehension (Makdissi et al., 2013; King, 2014; Kamins et al., 2017),  but 

this thesis has focused on sleep disturbance and general concussion symptoms in the 

biological domain. 

 

Physical Impairments  

 Physical impairments may include headaches, noise/light sensitivity, 

nausea/vomiting, dizziness, loss of balance, feeling in a ‘fog’, and sleep issues (Røe et al., 

2009). Symptoms are usually assessed immediately after an impact then regularly 

thereafter. There are several different types of outcome measures to assess the severity 

of symptoms, but two reliable ones are the SCAT (Echemendia et al., 2017) for acute 

concussion and the Rivermead Post-Concussion Symptoms Questionnaire (RPQ) (King et 

al., 1995)for prolonged symptoms.  

 Symptoms are assessed on the severity of each, and the number reported by the 

athlete. Total symptoms based on the ImPACT test were higher at 2 and 7 days after SRC 

for both college and high school athletes and they were no differences based on their 

age or sex (Kontos et al., 2012). However, another study found the opposite. After an 

acute concussion, female athletes reported more severe symptoms and a greater 

change in symptom severity than males (Sufrinko et al., 2017; McGuine et al., 2019). The 

symptoms that female, youth athletes reported more often included headaches and 



 

25 
 

sleep disruption (Gray et al., 2020). A family history of migraine increases the likelihood 

of developing post-traumatic migraine following an SRC by 2.5 times (Sufrinko et al., 

2018).  

Adults can experience the same symptoms as youth and college-aged athletes. In 

adults, most common symptoms include amnesia, loss of consciousness, headaches, 

fatigue, a change in energy, concentration deficits, feeling not right, and pressure in the 

head while emotional changes, vision changes, and nausea and vomiting were less 

commonly reported (Meehan et al., 2016). If symptoms are still present more than 2 

weeks after an adult sustains a concussion, they are considered to have prolonged 

symptoms (also known as a post-concussion syndrome or persistent symptoms). In 

adults with a concussion, 12.8% had post-concussion syndrome with the highest 

symptoms by 40-44 y/o adults and age remained a significant predictor of ongoing 

symptoms (Ponsford et al., 2019). Emotional status can also impact the symptoms and 

impairments from concussion. For adults, it was found that those with pre-existing 

psychological issues had a 2.75 times greater chance of developing PCS (Ponsford et al., 

2019). It was also found that the higher severity of symptoms in adults’ is strongly linked 

to the severity of their depression post-concussion (Terry et al., 2019). Concussion 

symptoms in our adult athlete population will be assessed with RPQ and for correlations 

with mental health issues. 

Sleep 
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Sleep is a critical symptom post-concussion for a lot of people. In college athletes, 

insomnia and daytime sleepiness have been found to increase the risk of sustaining a 

future SRC (Raikes et al., 2019). Sleep apnea is one sleep disturbance found in adults 

with a post-concussion syndrome that can affect their memory and recall abilities 

(Santos et al., 2020). Sleep disturbances in college athletes with many symptoms ranged 

from fatigue, sleeping too little/much, difficulty falling asleep, and difficulty staying 

asleep and were affecting those with a high concussion history (Blake et al., 2019; 

Oyegbile et al., 2020). Females had more sleep disturbances even after one concussion 

than males and this had a greater impact on headaches, mood, and memory (Oyegbile 

et al., 2017). Sleep disturbances were found to increase recovery time after a 

concussion in male youths more than females (Bramley et al., 2017).  

Sleep disturbance is a common symptom post-concussion for many athletes (Raikes 

et al., 2019; Oyegbile et al., 2020) and will be assessed in this research for level of 

impairment and relationship to mental health and disability. There is a relatively new 

outcome measure available to properly assess sleep disturbance in those with 

concussions known as the Sleep and Concussion Questionnaire (Wiseman-Hakes & 

Ouellet, 2016). Able to be used with adults and youth, this outcome measure is the only 

one known to be specific to concussion. It evaluates how an individual’s sleep was 

initially, the changes after a concussion, and the possible reasons for the disruptions. It 

is short and quick to answer, and the scoring guidelines can indicate the clinical severity 

of disturbed sleep. By using this outcome measure, it will be possible to look further 
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than the total number of hours, but also the quality and reasons of the sleep 

impairment in athletes with SRC. 

 

PSYCHOLOGY 

 The psychological domain of the biopsychosocial model represents an important 

sector of overall health. The original model included beliefs, attitudes, learning, and 

emotions (Engel, 1978). In our concussion-specific model, these are still relevant along 

with our to-be-studied outcome measures in fear avoidance, memory deficits, and 

mental health.  

Fear Avoidance 

The fear-avoidance model has long been used to describe established responses 

or coping styles by individuals to pain (Goubert et al., 2004). It is commonly studied as 

kinesiophobia or cogniphobia which are the fear of pain from physical or mental 

exertion (Martelli et al., 1999). It is considered a non-adaptive mechanism for coping 

when their behaviour is to avoid the pain even with an absence of pathology (Lethem et 

al., 1983). An activity model of avoidance is described when the person avoids doing 

something they know will be painful, resulting in reinforcement of the behaviour 

because they don’t experience the negative reaction (Vlaeyen & Linton, 2000). A fear 

avoidance model supports the concept that fear leads to disability by several routes 

including pain catastrophizing, avoidance of daily activities, avoidance of physical 
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activity and development of disuse, decreased cognitive functioning and active coping, 

and increased reactivity in dangerous situations (Lethem et al., 1983; Waddell et al., 

1993; Vlaeyen & Linton, 2000). Previous exposure to pain or stressful events and using 

active or passive coping strategies can influence how someone will adapt to a painful 

stimulus (Lethem et al., 1983). The fear avoidance model is well illustrated by Vlaeyen & 

LInton (2000) where the injury creates a pain experience that continues into a cycle of 

pain catastrophizing, fear, avoidance, and disability. This cycle is difficult for an 

individual to break, but could be assisted by increased graded exposure to the painful 

stimulus where the person would learn that it is not dangerous or threatening and 

should not result in fear (Vlaeyen & Linton, 2000). This repeated exposure would lead to 

recovery away from the fear avoidance cycle. An addition to this cycle acknowledges the 

unpredictably of threats and pain reactions in different conditions. In specific 

musculoskeletal injuries, there are expected reactions and safety cues that the person 

would be aware of, but in generalized pain with unpredictable pain stimulus or threats, 

the person may feel more stress, worry, and apprehension (Vlaeyen & Linton, 2012). As 

well, there is a motivational factor to acknowledge in breaking the cycle where 

competing goals, such as accomplishing a task or not being in pain, is of primary concern 

to the individual (Crombez et al., 2012). 

Pain catastrophizing is thought to be a coping strategy, a belief, or an appraisal 

process (L Sullivan et al., 2001). Catastrophizers may have increased pain responses, but 

it may be their attention, rumination, and belief around those experiences that creates 

the negative outcome (L Sullivan et al., 2001). There are strong relationships between 
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pain catastrophizing, disability, and clinical outcomes on pain, depression, and social 

support (Quartana et al., 2009).  

It has long been used in the study of back pain in research and links return-to-

work and disability rates. In a study of disabled workers, catastrophizing and 

kinesiophobia were correlated with depression and those that did not return to work 

had higher levels of pain and kinesiophobia (Wideman et al., 2009). Fear-avoidance and 

catastrophizing also explained a large portion of the variance in disability in individuals 

with lower back issues (Alodaibi et al., 2018).  

Fear avoidance is seen frequently in individuals with concussion or mTBI. In 

2017, fear-avoidance in brain injury in adults was studied using the Rivermead Post-

Concussion Symptoms Scale, the Pain Catastrophizing Scale, the Tampa Scale for 

Kinesiophobia (TSK), and the Hospital Anxiety and Depression Scale although the scales 

were adapted for concussion symptoms in the Dutch language. Their study found 10% 

had catastrophic thinking and 35% showed fear avoidance behaviour (Wijenberg et al., 

2017). Another study that did focus on SRC in high school athletes during the acute 

phase used the TSK with ‘concussion’ swapped in for ‘injury’ in the questions. Their 

scores on the TSK were higher in athletes without a previous concussion than those with 

a concussion history although fear levels did not influence recovery times (Anderson et 

al., 2019; van Ierssel et al., 2022). Female adults with mTBI have more fear avoidance 

behaviour than males while loss of consciousness and severe post-concussion symptoms 

also contributed to higher fear (Cairncross et al., 2021). These studies influence our 
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design by adapting the TSK while changing it to an adult athlete with a prolonged 

symptom population.  

Fear avoidance is often mentioned with other coping mechanisms and mental 

health issues. An individual’s fear avoidance and pain catastrophizing behaviour were 

greatly affected by their post-concussion symptoms (Terpstra et al., 2021). In addition to 

fear avoidance, there is endurance behaviour where the concussed person would 

persist through their symptoms and both can be present early and at 1-month post-

concussion and are perceived to impact disability in adults (Cassetta et al., 2021). Pain 

catastrophizing and fear avoidance have been shown to influence the relationship 

between anxiety and post-concussion symptoms in athletes (Greenberg et al., 2020). In 

healthy adults who use catastrophizing and fear avoidance for coping, cognitive tasks 

that are easier receive more focus and better execution than more challenging tasks 

(Wijenberg et al., 2021). If this is accurate for a concussed population, intervention 

addressing these coping methods can be implemented. Encouragingly, fear avoidance 

behaviour responds well to graded exposure therapy in adults with prolonged 

concussion symptoms (Silverberg et al., 2022). Both fear avoidance and pain 

catastrophizing will be assessed in this thesis. 

Memory 

Cognitive functions including attention, memory, processing speed and 

impulsivity can all be affected by a concussion. Memory deficits are known in the 

pediatric population within 1 month of their SRC (Tanveer et al., 2017), therefore, it is 
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prudent to look at this impairment in adults as well.  Depression also affects memory 

function in college athletes (Riegler et al., 2020). Memory can be affected by migraine 

which is a reported symptom post-concussion (Sufrinko et al., 2018). College athletes 

with post-concussion symptoms of headaches performed worse on cognitive and 

memory tests than those without headaches (Guty & Arnett, 2018). Both college and 

high school athletes with an SRC showed impairment in memory, processing speed, and 

reaction time up to 14 days afterwards (Kontos et al., 2012). Cognitive function, 

including memory, has been found to improve quicker in athletes than non-athletes 

although pre-existing psychological and sociological factors impact the length of all their 

concussion symptoms (Karr et al., 2014). Memory loss can be predicted in some cases. 

Prior concussions led to increased memory issues in the acute phase and not the chronic 

phase in young adult athletes (Belanger & Vanderploeg, 2005), therefore, should be part 

of the concussion evaluation from the initial consult.  

Episodic memory is a type of long-term memory and is defined as retrieving 

personal experiences and memories  from retrieval cues in a situation and originates in 

the hippocampus of the brain (Cheng & Werning, 2016). It is not typically assessed on 

sideline concussion evaluations such as the SCAT. Previous concussions have impacted 

the medial temporal lobe functioning and this area of the brain is responsible for 

episodic memory (Ford et al., 2013). Systemic inflammation, prior concussions, and 

hippocampal volume are also associated with decreased episodic memory performance  

(Brett et al., 2020). In concussed individuals, episodic memory tests revealed less 

complex language skills, less details in descriptions, and less active thought processing 
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(Barry & Tomes, 2015a). Concussions can cause long-lasting problems with cognitive 

function and motor control after athletes have retired (De Beaumont et al., 2012). 

Motor control issues combined with sensory information and cognitive processing 

increases the risk of musculoskeletal injuries (Chmielewski et al., 2021). Lower extremity 

injury is a greater risk and the concern is traditional SRC recovery models, including 

reported symptoms, neuropsychological exams, and postural tests, may not detect the 

subtle cognitive deficits and their link to neuromotor performance (Avedesian et al., 

2020).  

In terms of assessment, this thesis will try a novel outcome measure called the 

Mean-Ends Problem-Solving Procedure (MEPS) to assess episodic memory. 

Computerized neurocognitive tests, such as ImPACT, are frequently used, but have low 

reliability and sensitivity (Farnsworth et al., 2017). With ImPACT, the memory 

components were not found to detect clinical change after a year (Bruce et al., 2014). 

The MEPS differs from these tests as it asks the person to fill in missing details of a story 

about a common life experience using their personal memories of similar situations 

(Platt & Spivack, 1972). It is hoped that the MEPS may prove to be an alternative test for 

athletes with concussion.  

 

Mental Health   
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Mental health problems present after a concussion with two of the most 

prominent being depression and anxiety. Depression can impact both quality of life and 

cognitive function in individuals with mTBI (Gorgoraptis et al., 2019). Depression, 

symptom severity, and education level were all highly associated with each other (Terry 

et al., 2019). Depressed youth who were up to 6 months post-concussion reported more 

symptoms associated with a depressed mood than non-depressed youth post-

concussion and included symptoms such as irritability, nervousness, and emotional 

lability (Ho et al., 2020). As people age, depression scores increased over time with 

college athletes demonstrating a higher level of depression at 14 days after SRC than 

high school students (Kontos et al., 2012). Even more so, 55% of adults with persistent 

concussion symptoms were identified as depressed using a Patient Health 

Questionnaire-9 (Terry et al., 2019). Adults with mTBi have high clinical levels of 

depression and anxiety post-injury which account for a large portion of poor QOL scores 

(Popov et al., 2022). 

Many athletes have mental health disorders before being concussed. Athletes 

with pre-existing depression are at a greater risk of exacerbating or developing 

depression and anxiety after their concussion, but surprisingly, those with pre-existing 

anxiety do not have the same vulnerability (Yang et al., 2015). Pre-existing mental health 

issues are a high risk predictor for athletes to develop prolonged symptoms; however, 

this does not include other psychological disorders such as ADHD or learning disabilities 

(Iverson et al., 2017). Depression was found to be worse in college athletes with a 

concussion history while anxiety was less detrimental, but both improved as recovery 
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progressed (van Ierssel et al., 2022). Former football players reported a high incidence 

of depression (25.9%), anxiety (25.9%), or both (18.3%) and the depression was 

worsened by a lengthy playing career (Roberts et al., 2019). In professional and semi-

professional football players, those who scored above the clinical cut-off point for 

depression had three or more concussions in their history with the average being 3.8 

concussions (Pryor et al., 2016). A long career can increase exposure to concussion risk, 

but also increase risk of developing depression. 

Other than depression, anxiety and stress can appear post-concussion. In adults 

with TBI, a worsening of their symptoms was positively correlated with increased 

depression, anxiety, and stress (van der Naalt et al., 2017). Often presenting together, 

anxiety and depression can last longer than the expected recovery time. College 

athletes had higher reported levels of anxiety and depression at 1 day, 1 week, and 1 

month after their concussion (Meier et al., 2017). For those athletes with anxiety alone, 

the HADS-Anxiety questionnaire demonstrated that 14.9% of individuals had high 

anxiety levels (Ponsford et al., 2019).  An athlete’s mental health could be affected and 

needs to have the appropriate assessment and treatment before being returned to play. 

The existing literature on psychological deficits in prolonged concussion 

symptoms has guided these studies to make mental health assessment a priority. The 

emotional toll after a concussion can be very high for some individuals. It is important to 

consider all types of mental health when treating concussions. Based on our earlier 

work (Wong, Dixon and Holahan, unpublished), we determined that the Beck 
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Depression Inventory did not identify any mental health issues in university varsity 

athletes with prolonged symptoms. The studies will use the Depression, Anxiety, and 

Stress Scale (DASS). This scale was chosen since it can be scored into the three 

subdivisions as so named. It has been found to have good validity for the TBI population 

when assessing depression and anxiety (Dahm et al., 2013). The scale’s three 

subdivisions are consistent and separable in people with TBI (Wong et al., 2013). In a 

study of adults with TBI, 25-38% of participants were found to be within the clinical 

range for depression, anxiety, and stress (Ownsworth et al., 2019). When explaining the 

variance of symptoms in a study of university students, 72.9% of symptoms were 

explained by mental health, but when subdivided, depression and stress explained most 

of the symptoms (Lyvers & Tobias-Webb, 2010). This supports the use of this outcome 

measure that includes stress as a subdivision because athletes may be stressed, but 

might not be clinically depressed. This would be missed on other outcome measures, 

such as the Beck Depression Inventory.  

 

SOCIAL 

 The social ring of the biopsychosocial model relates mostly to interactions 

between people. The original model includes topics such as interpersonal relationships 

with peers, family, and friends, plus socioeconomic status (SES), culture, and education 

status (Gliedt et al., 2017). In a concussion-based model, topics can be extrapolated to 

relationships with teammates, coaches, and friends, plus awareness of the injury, sports 
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culture, inactivity with team and school, and being off work. All of these can contribute 

to social losses including participation restrictions and can be associated with both the 

biological and psychological impairments, too. 

Symptom Recognition 

Concussion awareness regarding the symptoms of an SRC is important to 

understand the injury and its impact on a person. There is a difference in symptom 

recognition depending on where you live in Canada with the greatest overall awareness 

from people living in Alberta and the Northwest Territories (Topolovec-Vranic et al., 

2015). Many people will seek information and advice on social media sites and this 

activity can help with peer-to-peer support after a concussion (Ahmed et al., 2010). This 

demonstrates the need for continued awareness and education programs to be created 

and implemented in the country. Increased awareness will eventually lead to better 

support of people with concussions and discussion into preventive measures in sport. 

This awareness and self-reflection will be assessed during interviews with participants 

on their experiences with SRC. 

Return-to-Work 

For adults, it is return-to-work (RTW) that is important. There are conflicting results 

for how long it may take someone with a concussion to return to work and how well 

they can reintegrate into the workforce. One study found that over half of participants 

returned to work within 7 days, but did not return to their pre-injury workload initially 
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and took between 1 and over 365 days to reach that milestone (Studerus-Germann et 

al., 2017a). A complete return to normal work activity was achieved by 71.7% of 

participants at 14.5 weeks after injury, but they reported worsened productivity issues 

(Silverberg et al., 2019). By 3 months, only 35% of people had returned to previous work 

levels and this increased to 85% of people by 6 months (Moore et al., 2016). This large 

spread of RTW time demonstrates the complexity of symptoms in adults and how many 

struggles exist with day-to-day activities. Mental health and moderate to severe 

disability all played a role in whether a person was able to return to work at 12 months 

after a concussion (Vikane et al., 2016). Work can be difficult for many to return to after 

their injury and many adaptations may be needed to achieve this milestone. With adult 

athletes, RTW is necessary, but which symptoms are restricting them versus playing 

their sport need to be assessed. 

Pressure and Support  

The athlete’s team or club environment has an important impact on the social 

recovery of a concussed individual. Athletes (26.5%) reported feeling pressure to return 

to play from coaches and teammates (Kroshus et al., 2015). This pressure affects not 

only how soon they return, but potentially future injuries. If athletes experience high 

levels of pressure to return to play after a concussion, they are less likely to report 

symptoms of a suspected concussion (Kroshus et al., 2015). Unfortunately for some 

athletes, they not only have to deal with pressure from their team, but pressure can 

often come from parents and siblings (McGuckin et al., 2016). Family dynamics can 



 

38 
 

often conflict, and parents try to do what is best for their children. For athletes with a 

concussion, being away from their team negatively impacts their recovery as many 

report feeling isolated or disconnected from their teammates and find inactivity hard 

(André-Morin et al., 2017).  Athletes often rely on teammates for support, but still had 

the feeling of being left out and reported that they had difficulties in their relationships 

with family members (Iadevaia et al., 2015). Aside from pressure from peers and family, 

some athletes put a lot of pressure on themselves to RTP quickly to help the team and 

find their identity or place on the team again (van Ierssel et al., 2022). 

The culture of a specific sport also pressures the athlete with the SRC. How 

concussions are viewed and how the sport is played can have a huge impact on an 

athlete's reporting and recovery processes (Register-Mihalik et al., 2013; Warmath et 

al., 2021). Football culture can play a large role in the player’s likelihood to under-report 

concussion symptoms because the sport applauds tough players who can play through 

injuries and is committed to the team (Tjong et al., 2017). This type of culture may 

promote reprimands for those who speak up about concussions and athletes may fear 

how their teammates may interact with them. Athletes also fear that they will not be 

allowed to play on the team and can cause them to underreport for medical clearance 

(van Ierssel et al., 2022). Player awareness about concussions in football is improving 

and has changed the attitude towards the injury, but the culture still needs to change 

from one that celebrates the violence of the sport to appreciate the safety of the 

players (Tjong et al., 2017).  
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Quality of Life and Disability  

Quality of life (QOL) and level of ability for daily activities can change significantly 

for individuals. A subscale of the SF-36 questionnaire that includes emotions, vitality, 

social functioning, mental health, and general health is positively correlated with 

executive function in adults with mTBI (Yousefzadeh-Chabok et al., 2019). Adults with 

persistent symptoms were unhappy with their functioning and their quality of life was 

most affected by fatigue, memory loss, and vitality (Voormolen et al., 2019). College 

athletes reported difficulty with work, family interactions, and conversations between 

multiple people the most challenging to their daily life (Blake et al., 2019).  

 For this thesis the Rivermead Head Injury Follow-up Questionnaire (RHFUQ) has 

been chosen to assess QOL and disability. The RHFUQ asks about various lifestyle and 

participation activities, and the participant responds with how much of a change there 

has been in them since the concussion. It determines disability, or participation 

restrictions, instead of impairments after the concussion (Crawford et al., 1996). Topics 

include conversation difficulties, enjoyment of leisure activities, performing work duties, 

and relationship demands. It is often used in tandem with the Rivermead Post-

Concussion Questionnaire. Being younger than 75 years old predicted higher RHFUQ 

scores, but several RPQ predictors, for example, employment status or mental health 

issues, did not apply to the RHFUQ (Booker & Dawson, 2019). Using the RHFUQ, 28.6% 

of individuals with mTBI, reported at least one participation restriction and that it 

usually revolved around a work task (Cooksley et al., 2018a).  The outcome measure is 
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useful for prolonged symptoms of concussion and identifying which areas of interaction 

are difficult for the person. One study found 37.1% of adults with concussions had 

impacts on their participation in life activities with conversations and workloads being 

commonly reported even at 6 months after the injury (Chakroun-Walha et al., 2017). 

Including a social outcome measure will provide a better picture of the whole person 

after a concussion and the impacts on life factors. 

 

Return to Play 

RTP is often cited as a goal in research or management for an athlete after 

sustaining an injury such as a concussion. Most use the protocol described in the 

Concussion in Sport Group consensus statement (McCrory et al., 2017) that increases 

the athletes intensity of exercise through 6 stages. However, it does not specifically 

address psychosocial factors simultaneously. Recent studies have tested athletes both 

before and after intense exercise and while doing cognitive tasks and found that 

athletes often reported feeling recovered but had objective deficits in cognitive function 

remain (Mcgrath et al., 2013; Marshall et al., 2019; Sicard et al., 2021). RTP is important 

for both elite and non-elite athletes and proper management is particularly important to 

the non-elite athlete who may not have the same resources as an elite athlete (Putukian 

et al., 2009). There are many factors to consider when thinking of an RTP for an athlete, 

including past concussions, potential future concussive exposures, other health 

conditions, and quality of life (Cantu & Register-Mihalik, 2011). Women and non-elite 



 

41 
 

athletes have been found to require longer recovery time to achieve their RTP (D’Lauro 

et al., 2018). Athlete motivation can also dictate the success of their RTP. Athletes who 

play for intrinsic reasons are more likely to seek treatment for their concussion which 

could help achieve RTP (Warmath et al., 2021). In athletes with no concussion history, 

motivation predicted their attitudes to RTP factors such as returning to practice or 

competition (Lambaskis et al., 2015). While all these factors should be considered when 

talking about RTP, it may not be the desire of every athlete to return to their sport in 

question or any other sport and should be addressed individually.  

 The biopsycholosocial model can be used in the discussion of RTP as well. 

Psychological and sociological factors can not only increase the athlete’s risk of injury, 

but also, impair their response and recovery to that injury (Wiese-Bjornstal, 2010). Their 

stress response can cause inattention, distraction, self-consciousness, impaired 

coordination, and increased muscle tension which can lead to injury (Reardon et al., 

2019). Increased reactivity of various emotions also impairs on-field sport performance 

which can cause injury to the athlete (Reardon et al., 2019). In athletes with concussion, 

higher depression scores were found compared to non-injured controls, but were in line 

with athletes with musculoskeletal injury (Mainwaring et al., 2010). Athletes with 

depression had slower reaction times than non-injured athletes, but when combined 

with a concussion, depressed athletes also were impaired on memory and visual motor 

speed (Davies, 2022). While depression or mental health issues independently may not 

be the reason to withhold RTP clearance, psychological and sociological impairments 

should be evaluated with physical functioning to inform the athlete and their medical 
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team of the overall status of the athlete and may influence the athlete’s determination 

on their readiness to RTP. Although further injury risks are present with such factors, 

participating in sport or with their team has a positive influence that may reduce levels 

of depression or anxiety (Berk et al., 2018). 

 

Psychological Readiness to Return to Play 

 During RTP planning, the athlete often received medical clearance for physical 

abilities, but should also be assessed for psychological readiness. Psychological 

readiness is defined by the athlete’s confidence to return to their sport, their realistic 

expectations of their capabilities, and their motivation to reach pre-injury performance 

levels (Podlog et al., 2015). Podlog et al’s (2015) model further describes these 

dimensions to include rehabilitation progress, fear of re-injury, awareness and 

understanding of injury, and motivation to progress. Psychological readiness can also be 

viewed from a positive, adaptive forward state of thinking (for example, developing 

confidence) or from an absence of negative thinking (for example, fear of re-injury) 

(Podlog et al., 2022). Further research is needed to determine the what level of 

psychological readiness is needed for medical clearance for RTP (Caron et al., 2018). 

While this thesis examines the athlete’s confidence in their injured body part (a 

subtheme to Podlog’s confidence to return to sport dimension), other areas of 

psychological readiness were not included. This limits the use of the broader 

psychological readiness term. 
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 The current breadth of research on psychological readiness in sport involves 

musculoskeletal injuries, such as the knee (Ardern et al., 2014; Forsdyke et al., 2022). 

Athletes will be more demonstrate more readiness if they feel they have social support 

to lessen their fear of re-injury (Forsdyke et al., 2022). After ACL repair, soccer players’ 

trust of the knee, knee function, and fear of re-injury partly explained their 

psychological readiness that kept them from returning to their pre-injury sport (Ardern 

et al., 2014). Also after ACL repair, psychological readiness was found to be better in 

males, were younger, had a shorter time between injury and surgery, and had high sport 

participation before injury (Webster et al., 2018).  

 

 

SUMMARY 

 Available literature for concussion is vast and covers all individual aspects of the 

biopsychosocial model. This highlights how intertwined and complex the presentation of 

mTBI and SRC can be as each domain could contribute towards the health and disability 

experienced by the athlete. It will be important for a healthcare provider to consider all 

aspects when providing medical clearance for an athlete to RTP to avoid sending them 

back before fully recovered.  
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Purpose of the Thesis 

The purpose of this thesis is to evaluate the prolonged symptoms of SRC, guided by 

a biopsychosocial approach, in adults in their attempt to RTP. It determines which 

symptoms reach clinical relevance and how they associate with other symptoms. The 

other main purpose of the thesis is to assess the level of disability in adult athletes with 

SRC and which symptoms may be predictors. 

 

Hypothesis of the Thesis 

The main hypothesis of the thesis is that adult athletes with prolonged 

symptoms of SRC will have significant deficits in all three domains of the biopsychosocial 

model. It is predicted that all symptoms will reach clinical relevance in severity of 

symptoms, memory loss, mental health issues, and disability. It is also expected that 

disability will be influenced by symptoms, psychological disorders, and personal 

demographics.  
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Study 1 – Prolonged Post-Concussion Symptoms and Emotional Health in Adult Athletes 

with Sport-Related Concussion 

ABSTRACT 

Introduction: Adult athletes are an understudied population with sport-related 

concussion (SRC). While most recover within two weeks, some athletes live with 

prolonged concussion-associated symptoms. Lack of awareness by health professionals 

of the level of these symptoms may create difficulties when providing clearance for 

return to play (RTP). 

Research Significance: The findings of this study will expand on the understanding of 

the concussion symptoms that need to be assessed in adult athletes prior to RTP. An 

inclusion of fear, sleep, and disability as additional symptoms in this population will 

broaden current literature. 

Methods: An online survey gathered data on symptoms, mental health, sleep changes, 

fear, and disability in adults who had an SRC over 1 month prior. Mental health and 

basic symptoms were compared to controls.  

Results: Using a MANOVA, the concussion group showed significant, clinically relevant 

levels of concussion symptoms and mental health distress compared to controls. They 

also had high fear avoidance behaviour and disability. Significant and large positive 

correlations were seen between Rivermead Post-Concussion Symptoms Questionnaire 

(RPQ)-13 and anxiety and stress. Disability on the Rivermead Head Injury Follow-Up 
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Questionnaire (RHFUQ) was associated with RPQ13, Tampa Scale of Kinesiophobia (TSK), 

and Stress.  

Conclusions: Adult athletes with prolonged symptoms of SRC live with many physical, 

emotional, and sociological impairments. Decisions regarding RTP need to consider RPQ, 

fear, mental health, and disability for each athlete.  

 

INTRODUCTION 

 Adult athletes are an understudied population, yet there are many parts of life 

that can be impacted by prolonged symptoms of a concussion. Prolonged symptoms for 

adults are any symptoms lasting longer than two weeks (McCrory et al., 2013). During 

their recovery, health professionals guide a RTP protocol based on symptom 

presentation, but may not be fully aware to ask about all different symptoms that may 

affect an adult athlete at that phase. 

  Many prolonged symptoms have been identified in previous studies using the 

Rivermead questionnaire (Eyres et al., 2005; Potter et al., 2006; Maruta et al., 2018).  

However, sleep loss (Theadom et al., 2015; Stocker et al., 2017) and kinesiophobia 

(Wijenberg et al., 2017) are less used in RTP assessments, but are associated with more 

severe symptoms. Mental health distress has been well identified and can manifest over 

time and negatively impact quality of life (QOL) (Carlson et al., 2020; Faulkner et al., 

2022; Popov et al., 2022). Many studies have focused primarily on depression and 
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anxiety but more emotional disorders shoulder be considered in the future (Sheldrake 

et al., 2022).  

 Disability and, in effect QOL, are negatively impacted by prolonged symptoms of 

concussion. The RHFUQ is a measure that asks about activities like interpersonal 

interactions, work standards and loads, and leisure activities. There is a positive 

correlation between the symptoms on the RPQ and the RHFUQ (Crawford et al., 1996). 

It has been found that the RPQ-13, specifically, accounts for a large portion of the 

variance in the RHFUQ (Eyres et al., 2005). As well, depression and anxiety have been 

found to influence QOL in those with persistent symptoms (Singh et al., 2018; 

Doroszkiewicz et al., 2021). Early identified fear avoidance behaviour also negatively 

influences disability in the chronic phase of concussion (Cassetta et al., 2021). 

 

Purpose of the Study 

 The purpose of this study was to gain an understanding of prolonged clinical 

symptoms in adult athletes who participate in recreational sport in their community. 

Specifically, if there were differences compared to non-concussed adults and which 

symptoms may affect the disability level of the concussed athletes. 
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Hypothesis 

 Overall, we expected to find prolonged clinical symptoms, at a moderate clinical 

level, of SRC in the Concussion Group. Rivermead, TSK, DASS, age, sex, and concussion 

history were also expected to contribute to the overall disability in the Concussion 

Group. 

 

METHODS 

Design 

A cross-sectional study design was used to assess the prolonged symptoms of 

SRC in adult athletes. The outcome variable was the RHFUQ and the other outcome 

measures acted as predictor variables.  

Participants 

The participants were adults who participated in sports and athletic activities in 

Canada. While the level of athletic ability was not specified, the recruitment strategies 

were not aimed at any elite or professional organizations or athletes. Therefore, it was 

assumed they would mostly represent community-recreational level for their sport.  

All participants had a SRC at least 1 month before the testing. At the time of 

testing, they experienced at least 3 symptoms related to their SRC based on the 

definition of post-concussion syndrome from the ICD-10 (Boake et al., 2005).  
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Additional promoted inclusion criteria for the Concussion Group were: 

 1) Prolonged symptoms from SRC at least 1 month prior; 

 2) Aged 18-60 y/o; 

 3) Able to carry out written and computer work for approx. 30-45min; 

 4) Able to read and understand English and able to use a computer.  

 The Control Group was comprised of Canadian adults who had no history of 

concussion or TBI. They were not required to be actively participating in sport or 

physical activity.  

Additional inclusion criteria for the Control Group were: 

 1) Must have no history of concussion or TBI;  

2) Aged from 18-60 y/o;  

3) Able to carry out written and computer work for approx. 30-45min  

4) Able to read and understand English and able to use a computer; 

Exclusion Criteria for Both Groups:   

1) Have a current illness, such as flu, pneumonia, and/or infections;  

2) Involved in litigation for a concussion;   
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3) Have a severe brain injury or other neurological condition. 

Recruitment strategy:  

 This study aimed to recruit 82 total participants, broken into 2 groups – 41 in the 

concussion group and 41 in the control group. This sample size was calculated using 

G*Power 3.1.9.4 in a two-tailed, correlation model: using an effect size of 0.3, a power 

of 0.80, and an alpha error of 0.05. These parameters were selected based on statistical 

practice for small studies (Bhandari, 2021). 

 Participation in this study was voluntary and did not impact the athlete’s 

participation in their sport, access to their coach, or access and confidentiality with their 

sports physician or healthcare provider.  

 Information about the study was distributed widely throughout the sports 

medicine group in Ottawa, ON. It was also posted on several social media sites including 

Facebook, Twitter, and LinkedIn. An email was also used to reach students within the 

Neuroscience Department of Carleton University. In all cases, informed consent and 

eligibility criteria were provided. If the participants were interested, they could follow 

the provided link to the study survey and complete the tasks.  
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Study Procedure: 

 Due to the COVID-19 pandemic, the study was transitioned to an online survey. 

The outcome measures and demographic questionnaire were input into Qualtrics, a 

survey software program. Once it was tested for appropriate links, the link was 

distributed as described in the recruitment strategy. When the participant visited the 

survey link, they must first click to approve the informed consent page then meet the 

eligibility questions appropriately. For the eligibility questions, participations were only 

required to check a “Yes” or “No” and were not required to provide additional proof to 

satisfy the requirement (for example, do you have 3 current symptoms?). After 

consenting, they proceeded to the actual survey. All answers were anonymous. They 

were asked to answer the questions based on their feelings that day. The total time to 

complete the survey was estimated to be 15min. They were able to abandon the survey 

at any time and withdraw from the study. After they completed the survey, their results 

were stored in Qualtrics for analysis.  

Outcome measures 

The following outcome measures (Appendix A) were assessed in both the Control and 

the Concussion Groups: 

1. Rivermead Post-Concussion Symptoms Questionnaire (RPQ) – The Rivermead is a 

16-item questionnaire that rates the severity of symptoms after a concussion. 
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The Likert scale consists of 0 (Not experienced at all), 1 (no more of a problem), 2 

(A mild problem), 3 (A moderate problem), and 4 (A severe problem). The score 

is broken into RPQ3 (the first 3 items) and RPQ13 (the remaining 13 items). The 

RPQ3 typically represents earlier symptoms from the concussion while the 

RPQ13 are typically later symptoms and affect participation abilities. Both are 

calculated by summing the appropriate items after disregarding any score of “1” 

as this indicated no more of a problem than normal. The RPQ has well 

established reliability (Person Separation Index [PSI] = 0.87)(Balalla et al., 2020) 

and validity against the Hospital Anxiety and Depression Scale (r=.61, 

p<.005)(King et al., 1997).  

 

2. Depression Anxiety Stress Scale (DASS) – A questionnaire with 42-items divided 

into 3 subscales assessing depression, anxiety, and stress in participants. The 

rating scale is as follows: 0 (Did not apply to me at all), 1 (Applied to me to some 

degree, or some of the time), 2 (Applied to me to a considerable degree, or a 

good part of the time), and 3 (Applied to me very much, or most of the time). 

Subscales are summed from the items representing each subscale based on the 

scoring key provided by the developer. The DASS has excellent reliability (r=.71-

.81) (Brown et al., 1997) and validity against the Beck Depression Index (r=.80) 

(Osman et al., 2012). 
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The Concussion Group was also asked to reply to 3 additional outcome measures to 

determine the presence of these impairments in this population. They included: 

1. Rivermead Head Injury Follow-Up Questionnaire (RHFUQ) – The questionnaire 

includes 10 items that ask about the severity of symptoms around work, 

relationships, and social interactions. It has a scale of 0 (no change), 1 (no 

change, but more difficult), 2 (a mild change), 3 (a moderate change), and 4 (a 

very marked change). The total score is achieved by adding each item response. 

The validity of the questionnaire is r-.56 (P<.001)(Crawford et al., 1996). 

2. Tampa Scale of Kinesiophobia (TSK) – The TSK is a 17-item scale that was 

originally used to assess fear of movement for those with low back pain. Each 

item is scored from 1 (Strongly disagree) to 4 (Strongly agree). For our purpose, 

any mention of ‘pain’ was changed to ‘concussion symptom/s’. The TSK has a 

reliability range of r=0.64 to 0.80 (P<0.01) while the validity is ranges between 

r =0.33 to 0.59 (P<0.01)(Swinkels-Meewisse et al., 2003). 

3. Sleep and Concussion Questionnaire (SLEEP) – This is a 6-question outcome that 

measures changes in quality and quantity of sleep in those who have had a 

concussion. The Sleep score is calculated by summing responses from questions 

2-6 based on the scoring key from the developers. The Sleep outcome measure 

has good internal validity (Cronbach’s alpha=.82) and was found to have good 

convergent validity against polysomnography (Toccalino et al., 2021). 
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Statistical Analysis 

 The results were recorded in SPSS, version 27.  Descriptive statistics and 

frequencies were performed. Pearson’s partial and bivariate correlations were 

performed to determine the relationship between the outcome measures for each 

group. The partial correlation used their current psychological disorder as a controlling 

variable. A MANOVA was performed to determine the differences between the groups 

on the Rivermead and the DASS measures. A stepwise regression was done to explore 

the predictors for the RHFUQ amongst the Concussion Group. The level of significance 

for alpha was set at p < 0.05 in all statistical tests and included Bonferroni corrections. 

 

ETHICAL CONSIDERATIONS 

 This study was approved by the Carleton University Research Ethics Board. The 

ethics certificate number was 112126.   

  

RESULTS 

 After closing the Qualtrics survey, there were 138 entries from interested 

participants. After removing participants for not consenting, not being eligible, or not 

having any answers, there were 88 participants (Figure 3). These participants were then 

identified as part of the control or concussion group for participants. I then removed 
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anyone who had completed less than 2 outcome measures. This left the study with 25 

control participants and 37 participants in the concussion group for analysis. All stated 

sample size (n) were based on these final counts unless otherwise stated.  

For any clinical outcome measure with missing data, a multiple imputation 

analysis was done to create 5 sets of imputations. The pooled mean from these 

imputations was then inserted into the missing cases and normal testing proceeded. 

Any far outliers identified prior to analysis were winsorized to the next appropriate 

value before proceeding with the statistical test. 

 

 

Figure 3 - Inclusion tree for participants for study #1 
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Demographic Characteristics for Both Groups 

The demographic information was reviewed for both groups to gain an overall 

picture of the sample Table 1. Both the concussion (67.6%) and control (76%) groups 

had more female participants than males. The mean age was very similar with the 

concussion group being slightly older at 29 y/o while the control group was 26 y/o. 

There were also similarities in the education level achieved between the two groups 

with the majority having 1-3 years of undergraduate university or CEGEP course 

completed. Their overall health was deemed to be “very good” for both groups.  
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Table 1 - Descriptive information for the participants in both groups  

Pearson Chi-

Square Sig.

OM (Total N 

Control = 25; 

Concussion = 37) Control Concussion Control Concussion

Sex 0.515 0.473

Male 6 12 24 32.4

Female 19 25 76 67.6

Age (yrs) 25 37 26 (mean) 29 (mean) 24.36 0.384

Ethnic Background 11.53 0.117

White 17 31 68 83.8

Black 1 1 4 2.7

Asian 2 1 8 2.7

South Asian 3 0 12 0

South East Asian 2 0 8 0

Arab/West Asian 0 1 0 2.7

Latin/Hispanic 0 1 0 2.7

Other 0 2 0 5.4

Education 6.127 0.281

High School 6 5 24 13.5

1-3 yrs University/College 8 15 32 40.5

Undergraduate Degree 6 12 24 32.4

Master's Degree 4 1 16 2.7

Doctoral Degree 0 2 0 5.4

Professional Degree 1 2 4 5.4

Current 

Psychological 

Disorder 5.25 0.022

No 20 19 80 51.4

Yes 5 18 20 48.6

Past 

Psychological 

Disorder 2.68 0.101

No 22 26 88 70.3

Yes 3 11 12 29.7

Health 7.16 0.128

Poor 0 1 0 2.7

Fair 0 3 0 8.1

Good 10 12 40 32.4

Very Good 25 16 60 43.2

Excellent 0 5 0 13.5

PercentN
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Table 2 - Descriptive information for participants in the concussion group 

     

 

Descriptive (Total N) N Percent

Concussion History (36)

1 9 24.3

2 4 10.8

3 8 21.6

4 6 16.2

5+ 9 24.3

LOC (37)

Yes 9 24.3

No 28 75.7

Medical Attention (37)

Yes 22 59.5

No 15 40.5

Hospital Visit (37)

Yes 15 40.5

No 22 59.5

RTP (37)

Yes 25 67.6

No 12 32.4

Time Since (37)

1-2 months 16 43.2

3-4 months 4 10.8

5-6 months 1 2.7

7-8 months 2 5.4

9-10 months 2 5.4

Unknown 12 32.4

Ready to RTP (25)

Yes 22 88

No 3 12
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Table 3 - The sports which caused the concussion in the Concussion Group 

   

  

Table 4 - Types of treatment received by the Concussion Group 

Sport N Percent

Cycling 3 8.1

Bodybuilding 1 2.7

Dance 1 2.7

Diving 1 2.7

Field Hockey 2 5.4

Floor Hockey 1 2.7

Football 1 2.7

Ice Hockey 8 21.6

Ringette 2 5.4

Rollerskating 1 2.7

Rugby 5 13.5

Running 1 2.7

Skiing 1 2.7

Snowboarding 1 2.7

Soccer 3 8.1

Synchro 

Swimming 1 2.7

Treatment N (127) Percent

Medication 10 7.9

Physiotherapy 14 11

Massage 8 6.3

Rest 33 26

Task Modifications 18 14.2

Occupational Therapy 3 2.4

Psychology 6 4.7

Dietician 1 0.8

Chiropractic 9 7.1

Osteopathy 5 3.9

Pain Specialist 2 1.6

Medical Doctor 18 14.2
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The Concussion Group and Restrictions to RTP 

The concussion group also answered several separate questions about their 

concussion experience with the results found in Table 2. The majority were 1-2 months 

since their concussion (43.2%) with the next most common, 3-4 months (10.8%). 

Twenty-five participants (67.6%) had at the time of the survey returned to their sport 

compared to the 12 (32.4%) who had not. Of the 25 participants who had returned, 22 

(88%) reported that they felt ready to return. The participants in the concussion group 

were injured playing several different sports (Table 3). The most common was ice 

hockey (21.6%) followed by rugby (13.5%). Cycling and soccer were next with each 

having 3 participants who were concussed in those sports. Table 4 lists the treatment 

interventions that the Concussion group reported receiving and they were allowed to 

check all that applied. Rest, task modifications, and seeing a medical doctor were the 

most reported. 

The last question asked those who had returned to their sport if they were given 

any restrictions or advice to their participation. Their responses can be seen below as 

written by the participant: 

- “Any neck and shoulder/traps related sports would trigger me, so I avoided any 

upper body workouts and I focused on leg training” 

- “At first I was only cleared for non-contact and didn't return to fill contact until 9 

months after my concussion” 
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- “Could only return to games if successfully practiced without headache before” 

- “Gradual return to play: started with basic skills, running, scrimmage, then full 

contact” 

- “Had to slowly get back into things i.e. start with short small off ice movements 

gradually work way up to short on ice easy things and gradually increase 

involvement until fully back” 

- “Immediate return” 

- “Needed to wear a mouth guard, had to be able to run/cycle without pain or 

nausea first” 

- “Not skiing as fast or as dangerously, just cruising for fun” 

- “Stayed out of the pool for 1 week” 

- “Step by step approach to returning to full contact” 

- “To take it easy!” 

- “Yes, I was a varsity NCAA athlete therefore I followed a strict return to play 

protocol. I was unable to play completely until 8 weeks after. I was restricted to 

the amount of school I could attend, how many classes I could go to and how 

much I could study due to reading” 

 

Means of Clinical Outcome Measures 

 There were several clinical outcome measures used in the survey and can be 

seen in Table 5. The Rivermead was calculated as RPQ3 and RPQ13. The control group 
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had a mean RPQ3 score of 0 (SE=0; Sd=0) and RPQ13 score of 4.6 (SE=1.1; SD=5.51). The 

concussion group had an RPQ3 score of 2.9 (SE=0.36; SD=2.18) and RPQ13 of 17 

(SE=2.02; SD=12.3). 

 Both groups responded to the DASS questionnaire. When analyzed, the 3 

subgroups – Stress, Anxiety, and Depression – scores can be found below. The control 

group had a stress score of 6.5 (normal), an anxiety score of 3.1 (normal), and a 

depression score of 1.2 (normal). The concussion group had a stress score of 17.4 (mild), 

anxiety score of 11.6 (moderate), and depression score of 13.2 (mild). Comparison 

between the control and concussion group for the DASS was done as part of the 

MANOVA using the subgroups and were not compared for individual DASS items. 

 The concussion group responded to several additional outcome measures. Their 

TSK score was 37.7 (SE=1.43; SD=8.73) and is considered a high score and indicative of 

kinesiophobia and poorer health outcomes. Their sleep score was 13.2 (SE=.99; 

SD=6.04) and is considered a subclinical change.  

 

 

Table 5 - Means of outcome measures for both groups and the difference between them 

Outcome 

Measure

Control Concussion Control Concussion Control Concussion Min Max Min Max

RPQ3 25 37 0 2.9 0 0.36 0 0 0 9

RPQ13 25 37 4.6 17 1.1 2.02 0 21 0 41

TSK NA 37 NA 37.72 NA 1.43 NA NA 22 58

Sleep NA 37 NA 13.19 NA 0.99 NA NA 1 25

Stress 25 37 6.48 17.35 1.2 1.47 0 18 1 33

Anxiety 25 37 3.08 11.56 0.59 1.33 0 8 0 27

Depression 25 37 1.2 13.18 0.15 1.92 0 2 0 40

RHFUQ NA 37 NA 15.65 NA 1.5 NA NA 0 40

Range - ConcussionN Mean SE Range - Control
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 The last outcome measure for the concussion group was the main assessor for 

disability in life, the RHFUQ. During the survey creation, only 9 of the 10 items were 

included due to an omission error. To be able to examine the total score for this 

outcome measure, the mean of the other items was calculated and subbed in for the 

missing question, in this case, “Leisure Activities”. The total score was 15.7 (SE=1.5; 

SD=9.11) out of 40 possible points. The higher the total score is the higher level of 

impact of disability on quality of life.  

 As this is a main disability outcome measure, the individual items were 

examined. The means for each item can be found below (Table 6). The highest means at 

2.95 represented 2 items - 1) Ability to maintain your previous workload/standard and 

2) Finding work more tiring, meaning between a mild (2) and moderate (3) change in 

ability. The second highest score was for “Ability to participate in previous social 

activities” at 2.46, falling between mild and moderate change as well.  
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Table 6 - Mean scores by question for the RHFUQ for the concussion group 

 

MANOVA 

  

Statistical analysis between the outcome measures that were completed for 

both the Control and Concussion groups was done as a multivariate test. A covariate of 

current psychological disorder was removed from the test as it did not pass the 

homogeneity of regression slope assumption.  

Using Wilk’s Lambda, there was a significant effect of status on the outcome 

measure group, λ = .45, F(5,56) = 13.61, p=.0005, η = .55.  Separate univariate ANOVAs 

Item N Mean Score SE SD

Ability to participate in 

conversation with one person 37 1.89 0.17 1.05

Ability to participate in 

conversation with 2 or more 

people 37 2.24 0.2 1.23

Performance in routine 

domestic activities 37 1.92 0.2 1.21

Ability to participate in previous 

social activities 37 2.46 0.22 1.33

Ability to maintain your previous 

workload/standard 37 2.95 0.24 1.45

Finding work more tiring 37 2.95 0.24 1.49

Relationship with previous 

friends 37 2.05 0.22 1.33

Relationship with your partner 37 2.03 0.22 1.36

Ability to cope with family 

demands 37 2.38 0.24 1.44

Leisure Activities 37 1.32 0.18 1.08
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on the outcome measures revealed significant effects on all of them (Table 7). These 

differences can also be seen in Figure 4.  

 

 

Table 7 - Univariate tests by Status for the outcome measures in the MANOVA  

 

Outcome 

Measure

Sum of 

Squares df

Mean 

Square F Sig.

Partial 

Eta 

Squared

RPQ3 Contrast 125.19 1.00 125.19 43.77 0.001 0.42

Error 171.62 60.00 2.86

RPQ13 Contrast 2294.10 1.00 2294.10 22.29 0.001 0.27

Error 6175.35 60.00 102.92

Stress Contrast 1764.14 1.00 1764.14 28.18 0.001 0.32

Error 3756.60 60.00 62.61

Anxiety Contrast 1073.27 1.00 1073.27 25.05 0.001 0.30

Error 2570.27 60.00 42.84

Depression Contrast 2142.59 1.00 2142.59 25.98 0.001 0.30

Error 4948.32 60.00 82.47



 

66 
 

 

Figure 4 - Mean Scores of Rivermead and DASS by Group 

 

Stepwise Regression 

Stepwise regression was run on the concussion group to determine how the 

impairments contribute to the RFHUQ. The following outcome measures were included 

in the stepwise regression at the beginning (Table 8). 

 

Table 8 - Outcome measures initially included in the stepwise regression for RHFUQ 

Variables Included in Stepwise Regression:

RPQ3 Stress Age

RPQ13 Anxiety Education

TSK Stress Concussion History

Sleep Sex Previous Psych
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 The results from the stepwise regression can be seen in Table 9 and resulted in 4 

models being produced. Models 3 was the most inclusive and significant model with an 

adjusted RSquare of .51 and included RPQ13, TSK, and Stress as predictors. When 

RPQ13 was removed, the model worsened.  

 

 

Table 9 - Stepwise regression summary for RHFUQ 

 

Each model was significant for predicting the RHFUQ Table 10 and Table 11 The 

regression fit can also be seen in Figure 5 with RSquared = 0.51. 

  

Model R R Square

Adjusted R 

Square

SE - 

Estimate

R Square 

Change F Change df1 df2

Sig. F 

Change

1 .540a 0.29 0.3 7.78 0.29 13.97 1 34 0.001

2 .667b 0.45 0.4 6.99 0.15 9.14 1 33 0.01

3 .717c 0.51 0.5 6.64 0.07 4.54 1 32 0.04

4 .695d 0.48 0.5 6.74 -0.03 1.99 1 32 0.17

a Predictors: (Constant), RPQ13

b Predictors: (Constant), RPQ13, TSK

c Predictors: (Constant), RPQ13, TSK, Stress

d Predictors: (Constant), TSK, Stress

e Dependent Variable: RHFUQ
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Table 10 - ANOVA summary for the Models produced in the stepwise regression 

 

Table 11 - Coefficient results for the model used in the stepwise regression in study #1 

Model

Sum of 

Squares df

Mean 

Square F Sig.

1 Regression 845.63 1 845.63 13.97 .001b

Residual 2058.86 34 60.56

Total 2904.48 35

2 Regression 1291.99 2 646.00 13.22 .001c

Residual 1612.49 33 48.86

Total 2904.48 35

3 Regression 1492.40 3 497.47 11.27 .001d

Residual 1412.08 32 44.13

Total 2904.48 35

4 Regression 1404.67 2 702.34 15.45 .001e

Residual 1499.81 33 45.45

Total 2904.48 35

a Dependent Variable: RHFUQ

b Predictors: (Constant), RPQ13

c Predictors: (Constant), RPQ13, TSK

d Predictors: (Constant), RPQ13, TSK, Stress

e Predictors: (Constant), TSK, Stress

Model

Unstandardized 

Coefficients

Standardized 

Coefficients t Sig.

B Std. Error Beta

1 (Constant) 8.86 2.23 3.97 0.00

RPQ13 0.40 0.11 0.54 3.74 0.00

2 (Constant) -5.86 5.27 -1.11 0.27

RPQ13 0.34 0.10 0.45 3.40 0.00

TSK 0.42 0.14 0.40 3.02 0.01

3 (Constant) -9.78 5.33 -1.83 0.08

RPQ13 0.17 0.12 0.23 1.41 0.17

TSK 0.44 0.13 0.42 3.31 0.00

Stress 0.35 0.16 0.34 2.13 0.04

4 (Constant) -10.87 5.35 -2.03 0.05

TSK 0.48 0.13 0.46 3.63 0.00

Stress 0.49 0.13 0.49 3.86 0.00

a Dependent Variable: RHFUQ
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Figure 5 - Stepwise regression model fit with residuals and RHFUQ 

Correlations  

Pearson's partial correlation was run to assess the relationship between all the 

outcome measures after adjusting for a current psychological disorder. All participants 

from the concussion and control groups were included.  

A bivariate Pearson's correlation established that there was many strong, 

statistically significant linear relationship between the outcome measures, including 

current psychological disorder. These correlations can be seen in Table 12Table 12 and 

Table 14 where the large correlations between r = 0.5-1.0 are highlighted in green and 

moderate levels in yellow.  
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 Pearson's partial correlation showed that the strength of this linear relationship 

was mostly maintained when the current psychological disorder was controlled. The 

many large (green highlight) and moderate (yellow highlight) positive correlations can 

be seen in Table 13 and Table 15. For the control group, there were large correlations 

between RPQ13 and Stress (.66) and Anxiety (.65) and between Stress and Anxiety (.74) 

and Depression (.52). 

In the Concussion group, most of the large correlations remained when 

controlling for current psychological disorder. RPQ13 was correlated to Sleep (.59), 

Stress (.58), and Depression (.60). TSK was related only to RHFUQ (.51). Stress was 

strongly correlated to Anxiety (.70) and Depression (.76). Lastly, Anxiety was correlated 

to Depression (.61). The RHFUQ was reduced to a moderate correlation with RPQ13 and 

Stress while Anxiety and Depression were no longer correlated with Sleep. 
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Table 12 - Correlations for the control group between study outcome measures 

 

 

RPQ3 RPQ13 Stress Anxiety Depression

Current 

Psych

RPQ3 Correlation 1 . . . . .

Significance . . . . .

RPQ13 Correlation 1 0.659 0.645 0.426 0.148

Significance 0.0005 0.001 0.034 0.479

Stress Correlation 1 0.736 0.516 0.453

Significance 0.0005 0.008 0.023

Anxiety Correlation 1 0.345 0.437

Significance 0.091 0.029

Depression Correlation 1 0.134

Significance 0.524

Current 

Psych Correlation 1

Significance

Al l  s igni ficance levels  are two-ta i led.

Legend - Green represents  a  large correlation (.5-1.0); Yel low represents  a  moderate correlation (.3-.5)
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Table 13 - Correlations controlling for current psychological disorder in the Control group 

 

 

RPQ3 RPQ13 Stress Anxiety Depression

Current 

Psych RPQ3 Correlation 1 . . . .

Significance . . . .

RPQ13 Correlation 1 0.672 0.652 0.414

Significance 0.0005 0.001 0.044

Stress Correlation 1 0.67 0.515

Significance 0.0005 0.01

Anxiety Correlation 1 0.321

Significance 0.126

Depression Correlation 1

Significance

Al l  s igni ficance levels  are two-ta i led.

Legend - Green represents  a  large correlation (.5-1.0); Yel low represents  a  moderate correlation (.3-.5)
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Table 14 - Correlations for the Concussion Group 

 

 

OM RPQ3 RPQ13 TSK Sleep Stress Anxiety Depression RHFUQ

Current 

Psych

RPQ3 Correlation 1 0.384 0.353 0.306 0.156 0.24 0.028 0.287 0.123

Significance 0.019 0.032 0.066 0.356 0.153 0.871 0.085 0.467

RPQ13 Correlation 1 0.218 0.617 0.637 0.484 0.691 0.54 0.458

Significance 0.195 0.0005 0.0005 0.002 0.0005 0.001 0.004

TSK Correlation 1 0.237 0.09 0.079 0.011 0.5 0.037

Significance 0.157 0.595 0.644 0.951 0.002 0.829

Sleep Correlation 1 0.391 0.35 0.375 0.441 0.223

Significance 0.017 0.034 0.022 0.006 0.184

Stress Correlation 1 0.732 0.787 0.526 0.334

Significance 0.0005 0.0005 0.001 0.043

Anxiety Correlation 1 0.667 0.374 0.352

Significance 0.0005 0.022 0.033

Depression Correlation 1 0.442 0.498

Significance 0.006 0.002

RHFUQ Correlation 1 0.28

Significance 0.094

CurrentPsych Correlation 1

Significance

Al l  s igni ficance levels  are two-ta i led.

Legend - Green represents  a  large correlation (.5-1.0); Yel low represents  a  moderate correlation (.3-.5)
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Table 15 - Correlations controlling for current psychological disorder for the Concussion 

group 

 

DISCUSSION 

The purpose of this study was to gain an understanding of prolonged clinical 

symptoms and disability in adult athletes and if there were differences compared to 

non-concussed adults. The control group was significantly lower in severity on all 

outcome measures compared with the concussion group. The control group also was 

within the normal scale for all components of the DASS, whereas the concussion group 

was in the mild severity for stress and depression and moderate level for anxiety. These 

are like Rivermead scores found in previous studies in concussion populations (Moussavi 

et al., 2019; Christensen et al., 2020). For mental health, this is the same as retired 

Control Variables RPQ3 RPQ13 TSK Sleep Stress Anxiety Depression RHFUQ

Current 

Psych RPQ3 Correlation 1 0.371 0.352 0.287 0.123 0.211 -0.039 0.265

Significance 0.026 0.035 0.089 0.475 0.216 0.82 0.119

RPQ13 Correlation 1 0.226 0.594 0.578 0.388 0.601 0.482

Significance 0.185 0.0005 0.0005 0.019 0.0005 0.003

TSK Correlation 1 0.235 0.083 0.07 -0.009 0.511

Significance 0.168 0.632 0.684 0.959 0.001

Sleep Correlation 1 0.344 0.297 0.313 0.405

Significance 0.04 0.079 0.063 0.014

Stress Correlation 1 0.696 0.759 0.478

Significance 0.0005 0.0005 0.003

Anxiety Correlation 1 0.606 0.307

Significance 0.0005 0.069

DepressionCorrelation 1 0.363

Significance 0.029

RHFUQ Correlation 1

Significance 

Al l  s igni ficance levels  are two-ta i led.

Legend - Green represents  a  large correlation (.5-1.0); Yel low represents  a  moderate correlation (.3-.5)
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rugby players who had clinically mild stress, anxiety, and depression (Iverson et al., 

2021).  A recent Canadian study also found non-athletes with persistent symptoms to 

have clinical levels of anxiety and depression, but they did not calculate the stress 

subgroup score (Doroszkiewicz et al., 2021). To our knowledge, stress is not often 

assessed in the concussion and may be undervalued as a treatable symptom. Stress may 

relate to taking care of themselves, coping with medical uncertainty, and keeping up 

with medical appointments and tasks (Felton et al., 1984). It has been recently found 

that when athletes present with anxiety, they also have difficulty with cognitive 

functioning, whereas, having both depression and anxiety will impact all parts of the 

symptom scales (Thomas et al., 2021). We also found that the RPQ13 was largely, 

positively correlated with stress (both groups) and anxiety with the concussion group 

and depression with the control group. Clearly, for concussed athletes, it is important to 

be assessed for mental health disorders in addition to typical concussion symptoms. 

However, this opposite to what has been found by (Cooksley et al., 2018b) who found 

no association between symptom severity and previous mental health disorders. 

We found a clinical level of fear avoidance in our concussion group. Fear avoidance 

has a long history in other musculoskeletal injuries, such as neck and back pain 

(Coudeyre et al., 2007), but has only begun to be assessed in concussion populations. 

Early work grouped avoidance behaviour together as a predictor to symptom severity 

and disability while also, showing a risk for the development of depression and anxiety 

(Silverberg et al., 2018). Fear avoidance also was found to be high in athletes who had 

not yet returned to their sport (Monahan, 2018).  This fear avoidance finding is 
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comparable to a general population with musculoskeletal pain that had a TSK score 

between 24-44 points and that gender, age, and pain were the strong predictors 

towards kinesiophobia (Roelofs et al., 2011).  

  The RHFUQ had a mean score of 15.7 for our concussion group. This is inline 

with previous findings of a RHFUQ of 15.1 that improved over a year to 11.1 (Singh et 

al., 2019).  We found that this score can be influenced by RPQ13, TSK, and Stress. This is 

understandable due to correlations between RHFUQ, RPQ13, and TSK and RPQ13 and 

Stress. In our study, the model removed the other clinical outcome measures and 

demographic factors such as age, sex, education, and concussion history. This is 

supported by research that found depression did not predict a worsening of RHFUQ 

although they did find age and sex to be associated with disability (Booker & Dawson, 

2019). As well, healthy individuals report some level of disability (32% of people) that 

increases with age and is strongly related to pain, education, physical exercise frequency 

(Krishnan et al., 2004). Disability can affect quality of life and age, gender, 

socioeconomic status, education, and medical conditions can affect healthy individuals 

(Hopman & Al., 2000; Cruz et al., 2013). Physical, psychological, and environmental 

factors contribute to 44% of the variance in quality of life for healthy people (Patrício et 

al., 2014).  This matches our findings for a concussed group with the addition of injury-

specific factors. Previous psychological disorders also have been found to impact 

disability in prolonged symptoms (Ritter et al., 2021), but was removed in our regression 

model for insignificance. 
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 Our study did not find clinically significant levels of sleep disturbance for the 

concussion group. The score on the self-reported outcome measure was considered 

subclinical in nature. While sleep changes, such as shorter sleep and insomnia, are 

commonly reported after concussion (Kalmbach et al., 2018), there are also sleep 

disruptions in healthy populations. Ohayon et al. (2004) found that sleep time and 

efficiency decreased with aging while wakefulness increased in healthy individuals. 

Anxiety, lower education, and poor health also contributed to this decline (Ohayon & 

Vecchierini, 2005). Sleep disruption is also common in young adults, particularly males 

(Coren, 1994). Considering these normal sleep problems, it is surprising that athletes 

with a concussion and several of the above-mentioned factors did not objectively show 

more sleep disturbance.   

Secondary Findings 

 There were several notable results in the descriptive analysis that identified who 

lives with prolonged symptoms of concussion. The ethnicity and sex of our concussion 

group was overwhelmingly White females. This would match typical research findings as 

females are more likely to participate in research and report lasting health symptoms 

(Brown et al., 2015).  Ethnicity would parallel the university recruited population and 

matches the belief that sport is more accessible to some ethnic populations than others 

(Elling & Knoppers, 2005). Health system inequity and ethnic culture that may focus less 

on concussion awareness and treatment may have a role in who participated (Waltzman 

& Daugherty, 2018; Salmon et al., 2020). 
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 It was interesting to note as well that 41% of the concussion group did not seek 

any medical attention for their injury. While this question did not specify a timeframe to 

seek attention, it would be concerning that at no time following a brain injury were they 

assessed by a physician. Often, treatment options were rest and task modifications. 

When asked if they had returned to their sport, over 50% stated that they had begun 

playing again. As well, of those athletes who had returned to play, approximately 88% 

felt ready to return to their sport, but their symptoms were still high. Many received 

vague or outdated advice, for example using a mouthguard, to stop if a headache 

develops, or they can immediately return post-injury. In terms of RTP, these factors 

need to be addressed equally to physical and emotional symptoms. 

Limitations 

 This study is not without its limitations, primarily, the effects of Covid-19 on 

several aspects of the study. As in-person research was banned, the study was altered to 

accommodate an online survey format. Covid-19 also cancelled sport participation 

during the study period decreasing the incidence rate of sport-related concussion in 

adults. Even compared to youth, adult leagues were amongst the last to return and 

were cancelled on several waves of Covid-19. Recruitment also proved challenging 

because healthcare clinics were shut down during the recruitment period before going 

to telehealth situations.  

 From the recruitment challenges, the study resulted in a small sample size. To 

maximize our potential population during Covid-19, we cast a wide range for inclusion. 
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The biggest challenge to sample size is how to reach this population. With prolonged 

symptoms, they are not using the hospital system and as we saw in the descriptive 

analysis, many are not seeking medical attention. We had tried through sport clubs 

despite their closing. Using healthcare clinics requires cooperation from other providers 

that may or may not have an interest in research or understand the necessity to have 

patients participate to create treatment protocols. The small sample size will affect the 

overall power of the study and may lead to an overestimate of the true effect size 

achieved. 

 The small sample size was reached because over 50% of initial respondents 

abandoned the survey before completion. This occurred at various stages of the survey 

from consent and eligibility to after certain outcome measures. Survey abandonment 

can occur from survey design factors such as usability, length, and question type. It can 

also be due to the individual factors, for example, if they are a frequently surveyed 

group or if they fatigue or lose interest in the survey. This loss of data makes the sample 

less representative and creates response bias. The problems leading to survey 

abandonment in this survey could be considered prestige bias, social desirability bias, 

order effect, or recall bias. All these factors could be addressed with better survey 

design limiting length and personal questions not required for the main outcomes. 

 The last limitation on this study related to cultural bias. Sport requires high 

financial resources, family support, and community accessibility. These are not equitably 

distributed across all populations. Therefore, those able to play a sport may have more 

health insurance that would place them in our recruitment sites.  
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Future Directions 

 It is necessary to continue to help develop understanding of adults with 

concussion, but more focus should be on different ethnic groups, older age groups, and 

different sports. A longitudinal study of athletes with concussion who have returned to 

sport would also be very informative if they had to change their sport or level of physical 

activity to accommodate residual deficits once cleared. It would also be important to 

continue with developing predictors of disability and QOL in adults and the timepoints 

that could minimize the chronic symptoms. 

 Two additions for future work would be to add cognitive tasks with the self-

reported, clinical outcome measures. A mixed methods design would also explore how 

their life has changed with these prolonged symptoms.  

 

Clinical Relevance 

 We had in this study significant clinical levels in the outcome measures. If tested 

at initial contact with a health professional, appropriate treatment interventions can be 

started to reduce prolonged symptoms. Knowing what the athlete is affected by will be 

important when making RTP decisions and all of them, not only physical appearance, 

should be used in determining their recovery. The study also supports the use of multi-
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disciplinary teams to address physical issues, mental health, fear avoidant behaviour, 

and social disability.  

 

CONCLUSION 

 In conclusion, when preparing to return an adult athlete to sport, it is important 

to assess them as a whole person, using a biopsychosocial approach, for signs of 

recovery. We have found that despite weeks to months passing since their injury, many 

athletes are still struggling with high levels of physical and emotional symptoms that are 

leading them to avoid physical activities and restricting their participation in life 

activities. To help an athlete achieve their RTP, healthcare providers need to be 

prepared to help and evaluate not only physical, but also, emotional, and social factors 

as early in their rehabilitations as possible to limit the effect of prolonged symptoms of 

sport-related concussion in adult athletes. 
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Study 2 – Episodic Memory in the Adult Population with Prolonged 

Post-Concussion Symptoms 

ABSTRACT 

Introduction: Adults who participate in sports in their community are at risk of a sport-

related concussion (SRC). A common complaint afterwards pertains to cognitive 

function, especially memory function. Memory should be assessed as part of the return 

to play (RTP) plan. 

Research Significance: This study explored how episodic memory deficits might be a 

part of the prolonged symptoms of an SRC in adults alongside the typical concussion 

symptom presentation. It was expected that those with a higher severity of symptoms 

would display decreased episodic memory on a novel assessment tool. 

Methods: After completing a small pilot study to assess the feasibility of a novel 

assessment tool, the Means End Problem Solving Procedure (MEPS), a full study was 

performed as an online survey. Data on current concussion symptoms were collected 

from adults who had an SRC over 1 month prior and healthy controls. Both groups 

completed the MEPS where participants are presented with the beginnings and endings 

of four interpersonal problem situations, and they describe the middle portion.  

Results: A MANCOVA test between groups for 4 MEPS stories, RPQ3, and RPQ13 with a 

covariate for their current psychological status was found to be significant in both the 

pilot and the full studies. In the pilot study, univariate analysis found significance 
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differences for MEPS 10 and RPQ13 between the groups. In the full study, only RPQ3 

and RPQ13 were significantly different.  

Conclusions: Episodic memory deficits may play a role in the memory complaints in 

those with prolonged SRC symptoms, however, the current study was inclusive. The 

MEPS is a promising assessment tool for episodic memory and should be reassessed 

with a larger sample size. 

 

INTRODUCTION 

 Memory is an important brain function negatively affected by concussion. There 

are different types of memory, such as short-term or working memory and long-term or 

declarative memory. Memory has been assessed as part of a cognitive analysis in the 

acute phase of concussion (Guty & Arnett, 2018) and in those with prolonged 

concussion symptoms ( Chen et al., 2022). Episodic memory, a type of long-term 

memory, includes recollection of personal experiences that contain information on what 

took place, where it took place and when it happened. Episodic memory relies heavily 

on the medial temporal lobe and hippocampus to retrieve memories of past events and 

considers future events in an event stimulation (Sheldon et al., 2011). 

Episodic memory function has been explored in mTBI populations. A young adult 

group with mTBI showed decreased episodic memory performance during a free recall 

task (Wammes et al., 2017). Older adults who were varsity athletes with concussions 
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earlier in their life had decreased performance on an episodic memory test that 

corresponded to alterations in medial temporal, frontal, and parietal lobe function 

(Tremblay et al., 2013). It has also been found that concussed and healthy participants 

were able to recount the same number of memories, but the concussed participants 

used fewer words in recalling a memory (Barry & Tomes, 2015b).  Concussions can 

cause long-lasting problems with cognitive function and motor control after athletes 

have retired (De Beaumont et al., 2012). Motor control issues combined with sensory 

information and cognitive processing increases the risk of musculoskeletal injuries 

(Chmielewski et al., 2021). Lower extremity injury is a greater risk and the concern is 

traditional SRC recovery models, including reported symptoms, neuropsychological 

exams, and postural tests, may not detect the subtle cognitive deficits and their link to 

neuromotor performance (Avedesian et al., 2020).  

 

The Means-End Problem-Solving Procedure (MEPS) was created in the 1970s and 

used heavily in psychiatry (Platt & Spivack, 1972). In MEPS, the participant completes 

the middle portion of a short story with the beginning and ending provided. Platt and 

Spivak (1995) found that psychiatric patients were less able to problem solve and gave 

more irrelevant themes, known as means, and complete the story than controls. It has 

been suggested that episodic memory is utilized in solving open-ended or ill-defined 

problems (Sheldon et al., 2011). Episodic memory research has supported the use of the 

MEPS as an assessment tool and accepted its involvement in problem-solving (Madore 
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& Schacter, 2014; Jing et al., 2016). Sheldon et al. (2015) found positive correlations 

between the autobiographical elements in episodic memory and problem-solving.  

Quality of MEPS stories can vary. Problem-solving combines executive function 

and episodic memory processes to solve open-ended problems and can vary according 

to age (Vandermorris et al., 2013). In those with medial temporal lobe injuries, it was 

found that they provided the same number of total means, but less relevant means 

compared to control subjects, indicating that they used more semantic memory to tell 

the story than relying on episodic memory details (Sheldon et al., 2011). In depressed 

participants, the MEPS showed that they produced less relevant means to the stories 

than non-depressed controls (Marx et al., 1992). Students with depression had less 

elaboration on those means, more irrelevant means, and a lower relevancy score 

compared to students with no depression (Gotlib & Asarnow, 1979).  

The MEPS can distinguish differences between those with mental health 

disorders and control participants, however, it has not been thoroughly tested on 

concussed subjects. A concussion can impact executive function and memory; thus, this 

type of memory test may be interesting for the concussed population and identify 

deficits beyond what word lists and recall can provide.  Computerized neurocognitive 

tests, such as ImPACT, are frequently used, but have low reliability and sensitivity 

(Farnsworth et al., 2017). With ImPACT, the memory components were not found to 

detect clinical change after a year (Bruce et al., 2014). It is hoped that the MEPS may 

prove to be an alternative test for athletes with concussion.  
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Purpose of the Study 

 The purpose of the study was to assess episodic memory in adult athletes with 

prolonged symptoms of SRC. With this study, we used a novel method of evaluating 

episodic memory and compared it to concussion symptoms to explore the utility of 

assessing episodic memory in relation to other symptom presentation. 

 

Hypothesis 

 It was hypothesized that the concussed group would have worse relevancy 

scores on the episodic memory test than the control group. It was expected that the 

concussion group would have significantly more severe RPQ symptoms than the control 

group. 

 

 

METHODS 

Design 

A cross-sectional design assessed the relationship between concussion 

symptoms and episodic memory function in adult athletes in various sports.  
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Prior to the full study, we had completed a pilot study to test the feasibility of 

the MEPS outcome measure. These results were presented in addition to the full study 

results. 

 

Participants 

The participants were adults who participated in sports and athletic activities in 

their community in Canada. They had a SRC at least 1 month before the testing. At the 

time of testing, they were experiencing at least 3 symptoms related to their SRC as 

based on the definition of post-concussion syndrome from the ICD-10 (Boake et al., 

2005).  

Concussed Group Inclusion Criteria:  

1) Prolonged symptoms from SRC at least 1 month prior;  

2) Aged 18-60 y/o  

3) Able to carry out written and computer work for approx. 30-45min; and  

4) Able to read and understand English and able to use a computer.  

Control Group Inclusion Criteria:  

1) No history of concussion or TBI;  

2) Aged from 18-60 y/o; and  
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3) Able to read and understand English and able to use a computer. 

Exclusion Criteria for Both Groups:   

1) Have a current illness, such as flu, pneumonia, infections;  

2) Involved in litigation for a concussion; and  

3) Have a severe brain injury or other neurological condition. 

 

Recruitment strategy:  

The full study aimed to recruit 33 participants for the concussion and control 

groups. This sample size was calculated using G*Power 3.1.9.2 for a MANOVA adjusted 

for one covariate gave a total sample size of 66. These parameters were selected based 

on statistical practice for small studies (Bhandari, 2021). 

Due to COVID-19, this study was transitioned to an online survey. It was created 

using Qualtrics software and distributed using email and social media options. During 

distribution, email lists and social media contacts with sports medicine colleagues were 

used to help find athletes with concussions. Social media used mostly Facebook, Twitter, 

and LinkedIn. Each posting links to a full description of the study and allows the 

participant to read the informed consent before starting the survey. Participation in the 

study was completely voluntary and did not impede interaction with any other doctors 

or physiotherapists if applicable. The pilot study followed the same recruitment 
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methods, but was delivered in person, therefore, the participants were required to be 

on campus for testing. 

   

Study Procedure: 

 Once the participant agreed to participate on the consent form, they were asked 

to confirm their eligibility for inclusion. For the eligibility questions, participations were 

only required to check a “Yes” or “No” and were not required to provide additional 

proof to satisfy the requirement (for example, do you have 3 current symptoms?).  They 

were then directed to the outcome measures used in the study. It was expected that the 

survey would take between 10-20min depending on the amount the participant wrote 

in each question. Once the survey was completed, the participant was thanked and 

exited the program. All answers were anonymous, and they were able to exit at any 

point if they decided to abandon the study. The pilot study was the same procedure 

except that the materials were provided in person using paper copies instead of 

Qualtrics.  

 

Outcome measures 

The main outcome measure of interest was the Means-End Problem-Solving 

Procedure (MEPS) which assessed episodic memory. The participants were required to 



 

90 
 

answer the RPQ. All participants in both the full and the pilot study completed both the 

MEPS and the RPQ. 

1. Rivermead Post-Concussion Symptoms Questionnaire (RPQ) – The RPQ is a 

16-item questionnaire that rates the severity of symptoms after a 

concussion. The Likert scale consists of 0 (Not experienced at all), 1 (no more 

of a problem), 2 (A mild problem), 3 (A moderate problem), and 4 (A severe 

problem). For our use, the participants were asked to give an answer based 

on how they felt at the time of the testing. The RPQ has well established 

reliability (Person Separation Index [PSI] = 0.87)(Balalla et al., 2020) and 

validity against the Hospital Anxiety and Depression Scale (r=.61, 

p<.005)(King et al., 1997).  

2. Mean-Ends Problem-Solving Procedure (MEPS) – The MEPS is an assessment 

tool for episodic memory that uses real-life problem-solving stories where 

the participant is given the beginning of a life situation and the conclusion. 

The MEPS has been tested and had acceptable levels of validity (r=45, p<.01) 

and reliability (r=.64, p<.05) (Platt & Spivack, 1972). They are asked to 

provide the middle of the story where the action plan to solve the problem 

and its obstacles to the solution would be discovered. For our study, we used 

stories 2, 4, 8, and 10. This was like many other studies that have not 

employed all 10 available stories (Watkins & Baracaia, 2002). These 4 stories 

focused on interpersonal stories about a girlfriend, neighbours, friends, and a 

boss. It was scored based on the ‘mean’ or steps taken in the story. Within a 
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story, the following were observed: relevant means, irrelevant means, No-

means, No response, enumeration of means, obstacles, and time.  The mean 

of each type is calculated for each story.  

a. Relevant Mean – a discrete step towards solving the problem or 

overcoming an obstacle 

b. Irrelevant Mean – a step that is not effective in reaching the stated 

conclusion or if a foundational means is left out to make the 

connection of the middle of the story 

c. No-Mean – a statement that does not conclude the story 

 

Statistical Analysis 

The results were recorded in SPSS, version 27.  Descriptive statistics and 

frequencies were performed. MANCOVAs were used to compare the groups for the 

MEPS and RPQ, using current psychological disorders as the covariate. The confidence 

interval was 95%, and the level of significance was set at p < 0.05 in all statistical tests. 

All statistical tests were two-tailed. All tests included Bonferroni corrections. For any 

clinical outcome measure with missing data, a multiple imputation analysis was done to 

create 5 sets of imputations. The pooled mean from these imputations was then 

inserted into the missing cases and normal testing proceeded. Any far outliers identified 

prior to analysis were winsorized to the next appropriate value before proceeding with 

the statistical test. 
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ETHICAL CONSIDERATIONS 

 This study was approved by the Carleton University Research Ethics Board. The 

ethics certificate number was 112127. All participants checked off an informed consent 

before entry to the survey. 

 

RESULTS 

The analysis was completed for both the pilot and the full studies. The pilot 

study had a total of 13 athletes (7 control; 6 concussion) (Figure 1)(Table 1) while the 

full study had 35 athletes (21 control; 14 concussion) (Figure Figure 1) (Table 2Table ). 

Both studies had a higher number of female-identifying athletes and were 

predominantly White. The average age was 25 y/o (control group) and 21 y/o 

(concussion group) for the pilot study, whereas the full study had an average age of 29 

y/o (control group) and 23 y/o (concussion group).  
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Figure 1- Inclusion tree for participants in the full MEPS study 
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Outcome 

Measure

Pearson 

Chi-

Square Sig.

Control Concussion Control Concussion

Sex 0.014 0.906

Female 6 5 85.7 83.3

Declined 

Disclosure 1 1 14.3 16.7

Age (mean 

years) 7 6 24.6 21.2 8.306 0.306

Ethnicity 0.929 0.335

White 6 6 85.7 100

Asian 1 0 14.3 0

Education 4.952 0.175

High School 0 1 0 16.7

1-3 yrs 

University 2 4 28.6 66.7

Undergrad 

Degree 2 1 28.6 16.7

Master's 

Degree 3 0 42.9 0

Current 

Psych 3.745 0.053

Yes 6 4 14.3 66.7

No 1 2 85.7 33.3

Past 

Psychogical 

Disorder 0.66 0.416

Yes 1 2 14.3 33.3

No 6 4 85.7 66.7

Health 3.142 0.37

Fair 1 1 14.3 16.7

Good 3 2 42.9 33.3

Very Good 1 3 14.3 50

Excellent 2 0 28.6 0

Previous 

Concussion NA NA

No 7 0 100 0

Yes 0 6 0 100

Number of 

Previous 

Concussions NA NA

1 0 3 0 50

3 0 2 0 33.3

4 0 1 0 16.7

N Percentage
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Table 1 - Descriptive of athletes in the pilot study 
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Outcome 

Measure

Pearson 

Chi-

Square Sig.

Control Concussion Control Concussion

Sex 0.1 0.752

Female 16 10 76.2 71.4

Male 5 4 23.8 28.6

Age (mean 

years) 28.5 22.9 18.423 0.188

Ethnicity 1.567 0.815

White 16 12 76.2 85.7

South Asian 1 0 4.8 0

Black 1 1 4.8 7.1

Hispanic 1 0 4.8 0

Asian 2 1 9.5 7.1

Education 5.742 0.219

High School 6 4 28.6 28.6

1-3 yrs 

University 5 4 23.8 28.6

Undergrad 

Degree 4 5 19 35.7

Master's 

Degree 5 0 23.8 0

Doctoral 

Degress 0 1 0 7.1

Current Psych 3.734 0.053

Yes 4 7 19 50

No 19 7 81 50

Past 

Psychogical 

Disorder 0.302 0.583

Yes 3 3 14.3 21.4

No 18 11 85.7 78.6

Health 3.132 0.536

Poor 0 1 0 7.1

Fair 1 1 4.8 7.1

Good 6 5 28.6 35.7

Very Good 12 7 57.1 50

Excellent 2 0 9.5 0

Previous 

Concussion NA NA

No 21 0 100 0

Yes 0 14 0 100

Number of 

Previous 

Concussions NA NA

1 NA 3 NA 21.4

2 NA 4 NA 28.6

3 NA 4 NA 28.6

4 NA 1 NA 7.1

5+ NA 2 NA 14.3

N Percentage
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Table 2 - Descriptive of athletes in the full study 

 

In both studies, there was a higher prevalence of a current psychological 

disorder in the concussion group. The psychological disorders were identified as 

depression and anxiety mostly. Overall health was identified as “good” for both groups 

in the pilot study and the concussion group in the full study. The control group in the full 

study declared their health as “very good”.  The mean of concussions sustained by 

athletes in the pilot study was 1.2 while the full study had a mean of 2.8 (Table 1 and 

Table 2). 
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N %

Sport

Football 1 7.1

Hockey 3 21.4

Horseback Riding 1 7.1

Rugby 2 14.3

Skiing 1 7.1

Snowboarding 2 14.3

Soccer 3 21.4

Wrestling 1 7.1

Time since (mean) 4.4 years N/A

Medical Attention

Yes 10 71.4

No 4 28.6

Visit Hospital

Yes 6 42.9

No 8 57.1

Return to Sport

Yes 9 64.3

No 5 35.7

Time post-concussion 

to Return to Sport

1-2 months 7 50

5-6 months 1 7.1

9-10months 1 7.1

Ready to Return

Yes 9 100

Treatment Received

Medications 5 NA

Physiotherapy 5 NA

Massage Therapy 4 NA

Rest 14 NA

Task Modifications 9 NA

Occupational Therapy 2 NA

Psychology 0 NA

Dietician 0 NA

Chiropractic 2 NA

Osteopathy 0 NA

Pain Specialist 0 NA

Medical Doctor 5 NA
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Table 3 - Descriptive of the concussion group athletes in the full study 

 

In the full study, additional questions were asked about the athletes with 

prolonged symptoms experience that were not included in the pilot (Table 3). The most 

common sports where a concussion was sustained were hockey (21.4%) and soccer 

(21.4%). The average time since their concussion was 4.4 years. Surprisingly, 28.6% of 

athletes did not seek medical attention for their concussion. There was also 64.3% of 

athletes who have returned to their sport and while 100% of those athletes felt ready to 

return, 50% of concussed athletes returned within 1-2 months of their injury. Another 

athlete required 5-6 months and another 9-10 months. The most reported treatments 

were rest, task modifications, medications, medical doctors, and physiotherapists. 

Lastly, in the full study, athletes in the concussion group were asked if there 

were any restrictions given to them about their return-to-sport. While many answered 

with a version of no restrictions, a few comments were unique and interesting. These 

statements about restrictions are quoted below: 

- "No restrictions. I went back to playing within a month (even that day I 

finished the end of the game). I lost consciousness for only a couple of 

seconds after I fell backwards hitting my head on the ground from being hit." 

- "Skiing less fast and dangerously, more just cruising for fun." 
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- "Slow increase on activities, be very aware of when the head was hurting and 

pulled back because of this." 

- "Wasn't allowed to do things at the level I was doing them previously." 

 

Pilot Study 

 The RPQ and MEPS were completed by all the athletes in the pilot study. Their 

mean and range of scores are presented in Table 4. 

 

 

Table 4 - Scores from the RPQ and MEPS for the pilot study 

  

A MANCOVA was used to assess differences between the groups for RPQ and 

MEPS using their current psychological disorder status as a covariate. The results were 

Outcome 

Measure

Control Concussion Control Concussion Control Concussion Min Max Min Max

MEPS 2 7 6 0.58 0.43 0.12 0.03 0 1 0.3 0.5

MEPS 4 7 6 0.62 0.35 0.12 0.02 0.2 1 0.29 0.4

MEPS 8 7 6 0.75 0.39 0.11 0.1 0.33 1 0 0.67

MEPS 10 7 6 0.72 0.34 0.1 0.06 0.25 1 0.17 0.5

RPQ3 7 6 0 2.67 0 0.95 0 0 0 6

RPQ13 7 6 0 18.3 0 4.58 0 0 6 35

N Mean SE Range - Control Range - Concussion
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significant with Wilk’s Lambda F(6,5) = 8.16, p=.02, η=.91, demonstrating a difference 

between the concussion and control group when all variable are analyzed together. 

 When looking at the univariate comparisons in the MANCOVA, we can see that 

there were significant differences for MEPS 10 and RPQ13 (Table 5). For MEPS 10, the 

control group had higher relevancy scores indicating better episodic memory (Figure 2). 

In RPQ13, the concussion group had a high level of symptoms at 18.3 points (Figure 3). 

 

 

Table 5 - Univariate results by groups with a covariate of current psychological disorder 

in the MANCOVA 

 

Dependent 

Variable

Type III Sum 

of Squares df

Mean 

Square F Sig.

Partial Eta 

Squared

MEPS 2 0.05 1.00 0.05 0.72 0.42 0.07

MEPS 4 0.06 1.00 0.06 1.06 0.33 0.10

MEPS 8 0.16 1.00 0.16 2.25 0.17 0.18

MEPS 10 0.37 1.00 0.37 7.16 0.02 * 0.42

RPQ3Now 10.23 1.00 10.23 4.12 0.07 0.29

RPQ13Now 355.64 1.00 355.64 10.12 0.01 * 0.50

* p < .05
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Figure 2 - MEPS relevancy scores by group for the Pilot 

 

 

Figure 3 - RPQ scores by group for the Pilot 
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Full Study 

 All participants in the full study completed the RPQ and 4 MEPS stories. The 

mean and range of scores can be seen below Table 6. 

 

Table 6 - Scores for the RPQ and MEPS for the full study 

 

A MANCOVA was used to assess differences between the groups for RPQ and 

MEPS using their current psychological disorder status as a covariate. The results were 

significant with Wilk’s Lambda F(6,27) = 6.83, p=.0005, η=.60, demonstrating a 

difference between the concussion and control groups when the outcome measures are 

assessed together. 

When looking at the univariate results from MANCOVA, we can see that the only 

significant differences between the groups are for the RPQ (Table 7). The concussion 

group had higher severity scores on both the RPQ3 and RPQ13 compared to the control 

group (Figure 5). The MEPS stories were not significant (Figure 4). 

Outcome 

Measure

Control Concussion Control Concussion Control Concussion Min Max Min Max

MEPS 2 21 14 0.51 0.52 0.06 0.06 0.17 1 0 1

MEPS 4 21 14 0.43 0.57 0.04 0.07 0.13 1 0.1 1

MEPS 8 21 14 0.6 0.72 0.06 0.08 0.17 1 0.15 1

MEPS 10 21 14 0.6 0.578 0.06 0.07 0.22 1 0.06 1

RPQ3 21 14 0 3.71 0 0.73 0 0 0 10

RPQ13 21 14 5.86 17.93 1.72 3.05 0 27 0 36

N Mean SE Range - Control Range - Concussion
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Table 7 - Univariate results from the MANCOVA with the covariate of current 

psychological disorder 

 

 

Figure 4 - MEPS relevancy scores by group for the Full Study 

Dependent 

Variable

Type III 

Sum of 

Squares df

Mean 

Square F Sig.

Partial 

Eta 

Squared

RPQ3 77.27 1.00 77.27 31.34 0.0005 ** 0.50

RPQ13 842.84 1.00 842.84 9.67 0.004 * 0.23

MEPS 2 0.01 1.00 0.01 0.17 0.685 0.01

MEPS 4 0.20 1.00 0.20 3.80 0.060 0.11

MEPS 8 0.09 1.00 0.09 1.02 0.320 0.03

MEPS 10 0.00 1.00 0.00 0.05 0.832 0.00

* p<.05

** P<.001
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Figure 5 - RPQ scores by group for the Full Study 

 

DISCUSSION 

The MEPS was a novel outcome measure used to assess episodic memory post-

concussion. There was a significant difference between the concussion and control 

groups in the pilot study.  However, only the MEPS 10 was individually significant. In the 

full study, none of the MEPS stories showed individual significant differences although 

the RPQ did between control and concussed group did. These results show that it was 

the symptom severity that was directing the differences between groups. While the 

pilot showed small promising result with MEPS 10 being significant, it remains 

inconclusive on its usage. Multivariate analysis would be appropriate analysis when 
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evaluating multiple MEPS stories, but more research is needed into this method of 

evaluation for episodic memory.  

There remain few research studies looking at episodic memory in concussion. 

However, one found significant reduction in episodic memory post-mTBI where their 

participants were about 7 years from their mTBI, but was based on a picture sequence 

test (Lee et al., 2020). A study with slightly older adults (mean age 33 y/o) also found 

significant changes to episodic memory using a repeated-measures, word recall test 

(Fortier-Lebel et al., 2021).  The sample size in these studies and ours were similar 

although the end findings differed. On examination of the RPQ item for memory, the 

mean score was a “2” (a ‘mild problem’ on the RPQ) demonstrating that memory may 

not be a significant impairment for our sample. 

While our findings were insignificant, the MEPS is a novel advancement in 

assessing episodic memory in concussion during the prolonged symptom phase. 

Research is emerging on memory and prolonged symptoms in adults, but can be difficult 

to find an assessment method sensitive to the appropriate memory complaint.  A recent 

study found that people with prolonged concussion symptoms may feel more negative 

feelings towards their memory issues and rate the deficits severely, but they did not 

correspond to objective findings of memory lapse (Rioux et al., 2022). Similarly, 

cognitive and memory issues complaints were not supported by objective cognitive 

assessment, but were strongly associated with their current psychological status 
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(Anderson, 2021). The MEPS may be sufficient to demonstrate the memory issue in 

accordance with the patient complaint.  

Limitations 

 There were a few limitations to this study. The small sample size will affect the 

overall power of the study and may lead to an overestimate of the true effect size 

achieved. The pandemic required a drastic shift in implementation that interfered with 

collecting meaningful data.  

The small sample size was reached because over 50% of initial respondents 

abandoned the survey before completion. This occurred at various stages of the survey 

from consent and eligibility to after certain outcome measures. Survey abandonment 

can occur from survey design factors such as usability, length, and question type. It can 

also be due to the individual factors, for example, if they are a frequently surveyed 

group or if they fatigue or lose interest in the survey. This loss of data makes the sample 

less representative and creates response bias. The problems leading to survey 

abandonment in this survey could be considered prestige bias, social desirability bias, 

order effect, or recall bias. All these factors could be addressed with better survey 

design limiting length and personal questions not required for the main outcomes. 

When working with participants in person, they demonstrated a higher effort 

level in writing the stories that can not be observed as an online survey and were not 

rushing to leave the site. As well, both samples lacked diversity especially in sex. The 

MEPS could also be considered a limitation. It had been untested in sport-related 
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concussion individuals and, episodic memory, in general, has been less used in this 

population. The other limitation to MEPS is its intricate scoring and evaluation 

techniques.  

 

Future Directions 

 This study would be improved with a larger sample size. Limiting it to 2 stories 

may encourage the participants to take their time and write more detailed stories that 

would result in a higher relevancy score. As well, the MEPS should be completed in 

person for higher motivation and effort from the participant. 

 The other recommendation for future research in this topic would be to do a 

comparison concurrently with other memory tests. If the MEPS was assessed alongside 

the standard word/number recall tests, it would be possible to learn if episodic memory 

was impaired.  

 

 

Clinical Relevance 

 Memory is often clinically reported as an on-going impairment after concussion. 

Currently, field-side, quick memory recall tests are all that are commonly used to assess 

memory even in prolonged symptom situations. The MEPS could provide clinicians 
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another way to confirm whether memory remains impaired. While the findings of this 

study are very encouraging, we cannot confidently recommend use at this time as it 

should be evaluated in a larger study and replicated in different situations. This would 

be a goal for future research.  

 

CONCLUSION 

 In conclusion, there was an absence of episodic memory impairment suggesting 

that it may not be a significant impairment in adults with SRC. The MEPS may be 

adequate to detect episodic memory deficits in prolonged concussion symptoms, but 

additional studies are required. Memory remains an important consequence to 

concussion and better assessment techniques are needed and should be included in 

assessment and intervention of prolonged symptoms in adult athletes. Further study on 

episodic memory and the value of MEPS is encouraged as the MEPS avoids familiarity of 

common memory tests. Comparison to other memory outcome measures is also 

warranted and would direct future research and clinical approach. 
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Study 3 – A Mixed Methods Study on the Psychological and 

Sociological Effects of Prolonged Symptoms after SRC 

ABSTRACT 

Introduction: Psychosocial impairments in adult athletes with prolonged concussion 

symptoms are less evaluated in the course to return to play (RTP). Lack of awareness of 

the level of disability by these symptoms by health professionals may create difficulties 

when providing clearance for RTP. 

Research Significance: The findings of this study will expand on the understanding of 

the concussion symptoms that need to be assessed in adult athletes prior to RTP. By 

providing details of their experiences with activity limitations and disability, this will give 

clarity to the prolonged symptoms needing evaluation. 

Methods: An online survey gathered data on symptoms, mental health, fear, pain 

catastrophizing, and disability in adult athletes. A small convenience sample of 

concussed athletes participated in an online interview about specific impairments and 

their impacts. 

Results: This concussion group had clinically relevant scores in Rivermead Head Injury 

Follow-up Questionnaire (RHFUQ), mental health, kinesiophobia, and cogniphobia. 

Depression, age, RPQ13, and kinesiophobia were predictors to disability. When 

controlling for their current mental health status, strong correlation was found between 

RHFUQ and mental health and between kinesiophobia and pain catastrophizing and 
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cogniphobia. Participant interviews supported the findings with statement around 

emotional expression, sociological impacts, cognitive deficits, and physical dysfunction. 

Conclusions: Adult athletes with prolonged symptoms of SRC live with many physical, 

emotional, and sociological impairments. To reduce disability, depression, concussion 

symptoms, and fear should be addressed swiftly. Decisions regarding RTP need to 

consider RPQ, fear, mental health, and disability for each athlete.  

 

INTRODUCTION 

 SRCs are complex and unique to the individual athlete. To fully understand the 

impact on the person, personal life experience should match the biopsychosocial model 

for concussion. Sociological and psychological deficits are common, but are often 

forgotten in healthcare and should be considered along with the physical symptoms in 

planning for recovery. Their ability to return to sport along with work, relationships, and 

school is vital to their well-being and mental health.  

 Fear avoidant behaviour could influence how an athlete approaches their RTP 

program. Cogniphobia stemmed from the adaption of kinesiophobia, but for pain 

associated with headache, brain injury, or mental exertion (Todd, D. D., Martelli, M. F., 

& Grayson, 1998). In the 1990s, a few studies examined this phenomenon with injured 

or stressed workers and found high levels of cogniphobia (Schmidt, 2003). Cogniphobia 

can be related to headaches and memory loss after mTBI (Silverberg et al., 2017). Pain 
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catastrophizing associated with thoughts of danger concerning headache and 

cogniphobia was associated with worse performance on an attention task (Suhr & 

Spickard, 2012). In athletes, fear avoidance and pain catastrophizing were associated 

with lower physical functioning and higher pain (Fischerauer et al., 2018). As well, in 

older athletes, those with high levels of pain catastrophizing had less likelihood of 

reaching pre-injury activity levels again (Everhart et al., 2020b, 2020a). In former 

professional football players, there were associations between pain catastrophizing, 

pain, depression, and quality of life (Mannes et al., 2020). Because of the prevalence of 

these cognitive and emotional impairments, they should be evaluated in adult athletes 

with prolonged symptoms, as well.  

 

Purpose of the Study 

 The purpose of this study was to evaluate if psycho-social impairments reach 

clinical relevance, how they relate to each other, and if they influence disability in SRC in 

adult athletes.  

 

Hypothesis 

 The hypotheses for the study were that clinical outcome measures will reach 

clinical relevance and relate to each other and disability and that adults with SRC and 
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prolonged symptoms had unique experiences to share regarding the psych-sociological 

impacts of their injury that will match the objective outcome measures.  

 

METHODS 

Design 

 A mixed-methods, descriptive, cross-sectional design was used with the 

qualitative design based on a phenomenological approach and with self-reported 

outcome measures in the quantitative design. This approach focuses on understanding 

the common meanings of a phenomenon that a group of individuals with prolonged 

symptoms of SRC experience. Specifically, the qualitative portion was comprised of a 

short, semi-structured interview with a small sample of convenience of participants who 

completed the quantitative survey. 

 

Participants 

The participants were adults who participate in sports and athletic activities in 

their community in Canada. They were required to have an SRC at least 1 month before 

the testing. At the time of testing, they were experiencing at least 3 symptoms related 

to their SRC as based on the definition of post-concussion syndrome from the ICD-10 

(Boake et al., 2005).  
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Concussed Group Inclusion Criteria:  

1) Have prolonged symptoms from SRC at least 1 month prior;  

2) Aged 18-60 y/o  

3) Able to participate in a Zoom setting for up to 1 hr; and  

4) Able to communicate in English and able to use a computer.  

Exclusion Criteria:   

1) Have a current illness, such as flu, pneumonia, infections;  

2) Involved in litigation for a concussion; and  

3) Have a severe brain injury or other neurological condition. 

 

Recruitment strategy:  

This study aimed to recruit 6-12 adults with prolonged symptoms from SRC. This 

sample size was selected to make the transcriptions manageable and to find enough 

experiences to make themes.  

Due to COVID-19, this study was transitioned to an online interview format. The 

advertisement of the study was promoted through email and social media of sport 

medicine professionals in the community. Each posting links to a full description of the 
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study and allows the participant to read the informed consent before committing to the 

interview process. Participants were directed to contact the researcher by email if they 

were interested in being in the study. Participation in the study was completely 

voluntary and did not impede interaction with any other doctors or physiotherapists if 

applicable. 

   

Study Procedure: 

  Participants could use the survey link to complete the consent form and 

inclusion eligibility. For the eligibility questions, participations were only required to 

check a “Yes” or “No” and were not required to provide additional proof to satisfy the 

requirement (for example, do you have 3 current symptoms?).  For those who chose to 

provide an email for information about the interview, the main researcher (VW) 

contacted them directly to explain that portion of the study. If they provided consent to 

move forward, VW scheduled a time for the participant to do their web-based 

interview. The only attendees to each interview were the participant and VW. The 

interview was completed and recorded using the Zoom platform. No additional notes 

were made by the researcher (VW) at this time. Once the transcript was created, it was 

entered into NVivo for analysis. The analysis included identifying any themes to each 

question from amongst all the participants. Three people completed the analysis [VW, 

Julianne McLeod (JM), and Chett Bradley (CB)] who had done nVivo training online 

through their university. VW met the participants through the interview, however, no 
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other previous relationship existed for any of the researchers. CB had the most 

experience with qualitative methods and NVivo while all 3 were very familiar with 

concussion and the adult population. 

 

Outcome measures 

Paper-based outcome measures: 

1. Tampa Scale of Kinesiophobia (TSK) – The TSK is a 17-item scale that was 

originally used to assess fear of movement for those with low back pain. Each 

item is scored from 1 (Strongly disagree) to 4 (Strongly agree). For our purpose, 

any mention of ‘pain’ was changed to ‘concussion symptom/s’. A score of 37 or 

more indicates a clinical relevance of kinesiophobia. The TSK has a reliability 

range of r=0.64 to 0.80 (P<0.01) while the validity is ranges between r =0.33 to 

0.59 (P<0.01)(Swinkels-Meewisse et al., 2003). 

2. The Cogniphobia Scale (CS) – A 17-item scale based on the TSK, but adapted to 

focus on headaches and mental exertion. Each item is scored from 1 (Strongly 

Disagree) to 4 (Strongly Agree). The purpose is to see who is afraid of mental 

exertion or activity and avoids tasks that require mental exertion because of the 

chance of increasing headaches. A score of 37 or more would indicate 

cogniphobia. The CS has been proven to have high internal consistency based on 
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2 subsets – Avoidance (alpha=.83) and Dangerousness (alpha=.74) (Lee et al., 

2021) or overall (alpha=.94) (Seng & Klepper, 2017). 

3. Pain Catastrophizing Scale (PCS) – A 13-item questionnaire on catastrophic 

thinking towards pain. Each item is scored on a Likert scale that goes from 0 (Not 

at all) to 4 (All the time). A score of 30 or more indicates a clinical presence of 

pain catastrophizing. The PCS has excellent reliability (ICC=.94)(Xu et al., 2015) 

and criterion validity of t=4.99 (p<.001)(Osman et al., 2000) 

3. Depression Anxiety Stress Scale (DASS) – A questionnaire with 42-items divided 

into 3 subscales assessing depression, anxiety, and stress in participants. The 

rating scale is as follows: 0 (Did not apply to me at all), 1 (Applied to me to some 

degree, or some of the time), 2 (Applied to me to a considerable degree, or a 

good part of the time), and 3 (Applied to me very much, or most of the time). 

The DASS has excellent reliability (r=.71-.81) (Brown et al., 1997) and validity 

against the Beck Depression Index (r=.80) (Osman et al., 2012). 

4. Rivermead Post-Concussion Symptoms Questionnaire (RPQ) – The Rivermead is a 

16-item questionnaire that rates the severity of symptoms after a concussion. 

The Likert scale consists of 0 (Not experienced at all), 1 (no more of a problem), 2 

(A mild problem), 3 (A moderate problem), and 4 (A severe problem). The RPQ 

has well established reliability (Person Separation Index [PSI] = 0.87)(Balalla et 

al., 2020) and validity against the Hospital Anxiety and Depression Scale (r=.61, 

p<.005)(King et al., 1997).  
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4. Rivermead Head Injury Follow-Up Questionnaire (RHFUQ) – The questionnaire 

includes 10 items that ask about the severity of symptoms around work, 

relationships, and social interactions. It has a scale of 0 (no change), 1 (no 

change, but more difficult), 2 (a mild change), 3 (a moderate change), and 4 (a 

very marked change). The validity of the questionnaire is r-.56 (P<.001)(Crawford 

et al., 1996). 

 

In the qualitative portion of the study, questions were developed by VW and JM 

with the intent to cover the biopsychosocial influence of prolonged symptoms. The 

open-ended questions allowed for the participant to decide on which aspect they 

wanted to focus. There was an effort to ensure that social restrictions were included by 

having some specific questions address that domain. The following questions were 

asked, in order, to each participant: 

1. What is the main problem that has lasted with your concussion? 

2. What do you miss about your sport while you have been off and how has that 

impacted your thoughts on returning to play? 

3. What is the worst thing about not playing your sport? 

4. How has your concussion impacted your relationships? 

5. How has your concussion impacted your work situation? 

6. How do you feel about returning to your sport or work? 

7. How do you feel about any remaining symptoms or when you feel pain? 
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8. How is your mood affected by your experience with a concussion? 

 

Statistical Analysis 

 Analysis of the demographics was done through frequencies and descriptive 

statistics. Scores for each clinical outcome measure were calculated and the mean 

displayed. Correlations were conducted between the clinical outcome measures. A 

stepwise (forward) regression was done to determine the influences into the main 

clinical outcome measure for quality of life, the RHFUQ.  

The discussion from the focus groups was transcribed and analyzed for emerging 

themes to each question. This was completed using NVivo, version 12 plus. Each 

interview was analyzed and coded by 3 researchers (VW, JM, & CB) who then combined 

their results. They were given a basic framework of 4 pillars (physical impairments, 

cognitive impairments, emotional impairments, and social restrictions) to standardize 

the basis of their coding. These pillars were chosen based on the biopsychosocial 

approach with the ‘psychological’ domain split immediately into a cognitive and 

emotional pillar. Researchers then went through transcripts from Zoom and coded their 

desired themes into the pillars. Once all files were merged, each researchers’ themes 

were merged where similarities existed, and any discrepancies were discussed until 

unanimous agreement was reached.  
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ETHICAL CONSIDERATIONS 

 This study was approved by the Carleton University Research Ethics Board. The 

ethics certificate number was 113339. All participants checked off an informed consent 

before entry to the survey. 

 

RESULTS 

 There were 22 participants with a concussion recruited for this study. All met the 

eligibility and gave consent to participate so all were included in the analysis. The main 

descriptive characteristics can be seen in Table 1. As with previous studies in this thesis, 

there was a female majority (77.3%) versus male (22.7%) participants.  Their mean age 

was 23.6 years old and 91% were White. The majority had a current psychological 

disorder (59.1%) but rated their overall health to be “Very Good” (54.5%).  The mean 

number of previous concussions was 3.5 but ranged from 1-14 times (Table 2). There 

were only 5/22 participants who reported having 1 previous concussion while 3 

participants had 6 each and one participant reported having 14. 

 Participants also answered questions specific to their sport experience. Their 

responses can be seen in Table 2. Most of the participants sustained their concussion in 

either ice hockey or rugby. In terms of treatment advice, the main response was 91% for 

rest, followed by a physiotherapist (68.2%), and a medical doctor (63.6%). Dieticians, 
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osteopathy, pain specialist, and occupational therapist were the bottom group of 

sought-after treatment (each less than 13.6%) (Table 3).   

 The participants who had returned to their sport were asked if they had any 

restrictions given to them for their return. Their responses can be seen below: 

- “Return-to-play restrictions after each concussion until the final one where 

there was a complete ban on sports” 

- “Decrease contact, avoid heading the ball, etc.” 

- “Dizziness, fear” 

- “If I were feeling any symptoms or hit my head at all I was to stop playing 

immediately” 

- “Light practicing only” 

- “Return to Physical Activity after PCS resolved. Have not returned to any 

sport involving speed/hazard for brain injury” 

- “Return to Physical Activity after Post Concussion Syndrome resolved. Have 

not returned to any sport involving speed/hazard for brain injury” 

- “Shorter periods for practice/activity, no contact” 

- “Went down to house league, non-contact” 
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Table 1 - Descriptive information for participants 

 

N Percent

Sex

Male 5 22.7

Female 17 77.3

Age (mean yrs) 22 23.6

Ethnic Background

Black 2 9.1

Caucasian 20 90.9

Education

High School 4 18.2

1-3 Yrs University 12 54.5

Undergraduate Degree 5 22.7

Master's Degree 1 4.5

Current Psych

No 9 40.9

Yes 13 59.1

Past Psych

No 13 59.1

Yes 9 40.9

Health

Fair 3 13.6

Good 5 22.7

Very Good 12 54.5

Excellent 2 9.1
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Table 2 - Concussion specific descriptive information for participants 

 

N Percent 

Sport

Basketball 1 4.5

Field Hockey 2 9.1

Figure Skating 1 4.5

Hockey 4 18.2

Horseback Riding 1 4.5

Lacrosse 1 4.5

Ringette 1 4.5

Rugby 3 13.6

Snowboarding 2 9.1

Soccer 1 4.5

Softball 1 4.5

Track & Field 1 4.5

Concussion History

0 1 4.5

1 5 22.7

2 2 9.1

3 5 22.7

4 3 13.6

5 1 4.5

6 3 13.6

14 1 4.5

Medical Attention

Yes 9 40.9

No 13 59.1

RTP

Yes 12 54.5

No 10 45.5

RTP Restrictions

Yes 9 40.9

No 5 22.7
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Table 3 - Treatment selections by the participants 

 

Clinical Outcome Measures 

 The results of the clinical outcome measures can be found in Table 4. The 

participants had a mean RPQ3 of 2.31 and RPQ13 of 14.04.  

 

Treatment N (102) Percent

Medication 8 7.8

Physiotherapy 15 14.7

Massage 10 9.8

Rest 20 19.6

Task 

Modifications 12 11.8

Occupational 

Therapy 3 2.9

Psychology 8 7.8

Dietician 1 0.98

Chiropractic 6 5.9

Osteopathy 2 2

Pain Specialist 3 2.9

Medical Doctor 14 13.7
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Table 4 - Mean scores for the clinical outcome measures 

  

The DASS that was broken down into the 3 subcategories: Stress, Anxiety, and 

Depression. For all 3 subcategories, the clinical level was considered mild although 

anxiety was on the edge and could be considered mild-moderate in severity. The TSK 

had a total score of 40 which would fall into the high level of fear avoidance. PCS did not 

meet clinical relevance (>30 points) since the mean was 15.23.  For cogniphobia, the 

total score was 40.41 out of a possible 68 points. The higher the score, the higher level 

of cogniphobia, the fear of mental exertion.  

 

Outcome 

Measure N Mean SE

Range - 

Min

Range - 

Max

RHFUQ 22 16 2.11 0 34

RPQ3 22 2.31 0.48 0 7

RPQ13 22 14.04 2.52 0 41

Stress 22 16.18 2.34 0 37

Anxiety 22 9.77 1.69 0 24

Depression 22 10.14 1.97 0 31

TSK 22 39.86 1.2 29 50

PCS 22 15.23 2.37 0 43

COG 22 40.41 1.96 23 56
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Table 5 - Mean scores by the item on the RHFUQ 

 

 The main clinical outcome measure for disability, the RHFUQ, had a mean of 

16/40 where the higher the score also indicates more impact on daily activities. The 

individualized items of the RHFUQ can be seen in Table 5. The most affected item was 

about maintaining a previous level of workload. This is followed by “Finding work more 

tiring” and “Ability to participate in previous social activities”. These 3 items all had 

scores over 3 (a moderate change) but under 4 (a very marked change). The lowest 

affected item referred to the participant’s relationship with their partner (between “no 

change but more difficult” to “a mild change”). All the other items ranged between 2 (a 

mild change) and 3 (a moderate change). 

 

 

Item N Mean SE

Range - 

Min

Range - 

Max

Conversation with 1 person 22 2.14 0.24 0 3

Conversation with 2 people 22 2.5 0.31 0 4

Routine Domestic Activities 22 2.5 0.29 0 4

Social Activities 22 3.14 0.29 0 4

Leisure Activities 22 2.77 0.32 0 4

Previous Workload/Standard 22 3.59 0.3 0 4

Finding Work More Tiring 22 3.41 0.28 0 4

Relationship with Previous Friends 22 2.5 0.33 0 4

Relationship with Partner 22 1.41 0.2 0 4

Cope with Family Demands 22 2.05 0.19 0 3
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Stepwise Regression 

Stepwise regression was run to determine the main factors contributing to 

disability. The variables included in the analysis can be seen in Table 6. The default 

criterion value to be included in the model is p<.05. 

 

Table 6 - Variables included in the stepwise regression 

 

The full model with Depression, Age, RPQ13, and TSK to predict RHFUQ (Model 

4) was statistically significant, Adjusted R2 = .80 (Table 7; Figure 1). Therefore, these 

factors can account for 80% of the variance in the RHFUQ scores. In post-hoc tests, each 

model was also significant (Table 8) while the coefficients can be seen in Table 9. 

 

Variables Included:

RHFUQ PCS

RPQ3 COG

RPQ13 Current Psych

DASS Sex

TSK Age

Education
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Table 7 - Stepwise regression results for Model 1-4 for RHFUQ 

 

Table 8 - ANOVA tests for each model in the stepwise regression 

Model R R Square

Adjusted 

R Square

Std. Error 

of the 

Estimate

R Square 

Change F Change df1 df2

Sig. F 

Change

1 .692a 0.48 0.45 7.33 0.48 18.40 1 20 0.00

2 .825b 0.68 0.65 5.88 0.20 12.04 1 19 0.00

3 .890c 0.79 0.76 4.89 0.11 9.53 1 18 0.01

4 .916d 0.84 0.80 4.41 0.05 5.07 1 17 0.04

a Predictors: (Constant), Depression

b Predictors: (Constant), Depression, Age

c Predictors: (Constant), Depression, Age, RPQ13

d Predictors: (Constant), Depression, Age, RPQ13, TSK

Model

Sum of 

Squares df

Mean 

Square F Sig.

1 Regression 987.93 1 987.93 18.40 .001b

Residual 1074.07 20 53.70

Total 2062.00 21

2 Regression 1404.44 2 702.22 20.29 .001c

Residual 657.56 19 34.61

Total 2062.00 21

3 Regression 1631.99 3 544.00 22.77 .001d

Residual 430.01 18 23.89

Total 2062.00 21

4 Regression 1730.76 4 432.69 22.21 .001e

Residual 331.24 17 19.49

Total 2062.00 21

a Dependent Variable: RHFUQ

b Predictors: (Constant), Depression

c Predictors: (Constant), Depression, Age

d Predictors: (Constant), Depression, Age, RPQ13

e Predictors: (Constant), Depression, Age, RPQ13, TSK
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Table 9 - Coefficients for the models used in the stepwise regression in study #3 
 

 

Figure 1 - Scatter plot representing Model 6 for RHFUQ from the stepwise regression 

B Std. Error Beta

(Constant) 8.49 2.35 3.62 0.00

Depression 0.74 0.17 0.69 4.29 0.00

(Constant) -4.96 4.31 -1.15 0.26

Depression 0.71 0.14 0.66 5.08 0.00

Age 0.58 0.17 0.45 3.47 0.00

(Constant) -6.37 3.61 -1.77 0.09

Depression 0.50 0.13 0.47 3.76 0.00

Age 0.54 0.14 0.42 3.84 0.00

RPQ13Now 0.32 0.10 0.39 3.09 0.01

(Constant) -20.67 7.14 -2.90 0.01

Depression 0.41 0.13 0.38 3.25 0.00

Age 0.41 0.14 0.32 2.94 0.01

RPQ13Now 0.29 0.10 0.35 3.08 0.01

TSK 0.47 0.21 0.27 2.25 0.04

1

2

3

4

a. Dependent Variable: RHFUQ

Model t Sig.
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Correlations 

Pearson's partial correlation was run to assess the relationship between the 

clinical outcome measures after adjusting for current psychological disorder.  

A bivariate Pearson's correlation (Table 10) established that there were many 

strong, statistically significant linear relationships between the outcome measures. 

There were strong correlations between the Rivermead and DASS, PCS, COG, and 

RHFUQ. There were also strong correlations between RHFUQ, TSK, and COG. Most of 

these correlations would be considered large (seen in green in the table) and the 

remaining, moderate (seen in yellow in the table). 

Pearson's partial correlation showed that the current psychological disorder 

status did impact some of the previous bivariate significant correlations. The effect 

reduced a few large correlations to a moderate level (Table 11).  
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Table 10 - Bivariate correlations for the clinical outcome measures for study 3 

 

 

RHFUQ RPQ3 RPQ13 Stress Anxiety Depression TSK PCS COGTotal

Current 

Psych

RHFUQ Correlation 1 0.164 0.673 0.451 0.681 0.692 0.672 0.477 0.557 0.487

Significance 0.467 0.001 0.035 0.000 0.000 0.001 0.025 0.007 0.022

RPQ3 Correlation 1.000 0.535 0.265 0.212 0.111 0.151 0.271 0.287 0.630

Significance 0.010 0.233 0.345 0.624 0.502 0.222 0.195 0.002

RPQ13 Correlation 1.000 0.545 0.513 0.502 0.336 0.534 0.323 0.492

Significance 0.009 0.015 0.017 0.127 0.010 0.143 0.020

Stress Correlation 1.000 0.747 0.721 0.309 0.344 0.354 0.290

Significance 0.000 0.000 0.161 0.117 0.106 0.191

Anxiety Correlation 1.000 0.875 0.469 0.276 0.451 0.310

Significance 0.000 0.028 0.213 0.035 0.160

Depression Correlation 1.000 0.407 0.393 0.308 0.248

Significance 0.060 0.071 0.164 0.266

TSK Correlation 1.000 0.632 0.896 0.432

Significance 0.002 0.000 0.045

PCS Correlation 1.000 0.577 0.375

Significance 0.005 0.085

COG Correlation 1.000 0.449

Significance 0.036

Current 

Psych Correlation 1.000

Significance 

Al l  s igni ficance levels  are two-ta i led.

Legend - Green represents  a  large correlation (.5-1.0); Yel low represents  a  moderate correlation (.3-.5)
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Table 11 - Pearson's partial correlation, controlling for a current psychological disorder, 

for the clinical outcome measures in study 3 

 

Qualitative Analysis  

Five participants agreed to an interview to share their symptoms and the impact 

of those symptoms on activities and participation in daily life. The four main pillars were 

physical, cognitive, emotional impairments, and social limitations (Figure 2). Within each 

pillar, several themes emerged (Figure 3).  

RHFUQ RPQ3 RPQ13 Stress Anxiety Depression TSK PCS COG

Current 

Psych RHFUQ Correlation 1 -0.211 0.57 0.371 0.639 0.675 0.586 0.363 0.433

Significance 0.359 0.007 0.098 0.002 0.001 0.005 0.105 0.05

RPQ3 Correlation 1 0.333 0.111 0.022 -0.06 -0.173 0.049 0.007

Significance 0.14 0.63 0.924 0.795 0.453 0.834 0.977

RPQ13 Correlation 1 0.483 0.436 0.451 0.157 0.433 0.132

Significance 0.027 0.048 0.04 0.497 0.05 0.57

Stress Correlation 1 0.722 0.701 0.213 0.265 0.262

Significance 0.001 0.001 0.354 0.246 0.251

Anxiety Correlation 1 0.866 0.391 0.182 0.367

Significance 0.001 0.08 0.43 0.102

Depression Correlation 1 0.343 0.334 0.227

Significance 0.127 0.139 0.322

TSK Correlation 1 0.562 0.872

Significance 0.008 0.001

PCS Correlation 1 0.494

Significance 0.023

COG Correlation 1

Significance

Al l  s igni ficance levels  are two-ta i led.

Legend - Green represents  a  large correlation (.5-1.0); Yel low represents  a  moderate correlation (.3-.5)
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Figure 2 - The pillars in prolonged concussion symptoms 

 

Prolonged 
Concussion

Physical 

Social

Cognitive

Emotions
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Figure 3 - Emerging themes by pillar in prolonged concussion 

Physical Impairment Pillar 

In the physical impairment pillar, there were 4 themes identified – loss of fitness, 

physical symptoms, prolonged symptoms, and symptom aggravation. While the main 

theme related to their symptoms, the participants were clear on what they had 

originally, which ones were the most prolonged, and which were aggravated the easiest. 

Headaches, dizziness, and eye difficulties were frequently mentioned.  There was also 

fear to what being physically active to their pre-injury levels would do to them. They 

mentioned how hard it would be to return to form and that they have lost momentum 

in training, leading to a loss of fitness. However, one participant recognized that it was 

Physical Impairments:

Loss of Fitness Prolonged Symptoms

Physical Symptoms     Symptom Aggravation

Social Limitations:

Routines Social Relationships

RTP    Team 

Work/School Support & Resources

Cognitive Impairments:

Cognitive Deficits

Coping

Mental Exertion

Emotional Impairments:

Acceptance and Resignation           Fear Avoidance

Emotion Expression               Loss of Self

Motivation
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important to try to continue to be active since it would assist in recovery. A few 

passages from the themes in this pillar are presented in Figure 4. 

 

 

Figure 4 - Selected passages from the physical impairment pillar 

 

Social Limitations Pillar 

 In the social limitations pillar, many themes emerged around their relationships 

(parents, friends, co-workers, teammates), their routine, their sport, their vocation, and 

support or resources. Since the participants had an SRC, it was common for them to 

specifically mention the relationship with their team and how the regular interaction 

was missed. They also felt that their relationships suffered because others did not 
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understand their situation and because the participant did not want to be a burden to 

their social circle. Another trend in the themes was about the future impact on 

relationships and work opportunities. Several key passages from these themes can be 

seen in Figure 5. 

 

 

 

 

Figure 5 - Selected passages from the social limitations pillar 

Cognitive Impairments Pillar 

 There were three themes found in the cognitive pillar: cognitive deficits, coping 

approaches, and mental exertion. This type of cognitive thinking, including 
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concentration and memory, was deemed unreliable and inconsistent for the 

participants. Figure 6 shows passages from one participant who explained the 

difficulties with their cognitive processing. 

 

 

Figure 6 - Selected passages from the cognitive limitations pillar 

 

Emotional Impairment Pillar 

The emotional impairment pillar was the most robust pillar with many different 

themes emerging. The attention to detail and expression by the participants on this 

pillar highlights the impact of prolonged concussion symptoms on emotional health. 

There were 5 themes identified under this pillar and will be presented individually. 

1. Acceptance and Resignation 
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The comments spoke of getting used to the long-standing features of their 

symptoms. A few have resigned that they have symptoms and need to keep 

going while there was also a sadness detected in why the symptoms 

remained. See Figure 7 for an example of some of the passages from 

participants. 

 

 

Figure 7 - Passages from the theme of acceptance and resignation in the emotional 

impairment pillar 

 

 

 

2. Emotional Expression 

The participants focused on emotional control from demonstrations from 

irritability, annoyance, and frustration. They discussed how these emotions 

could quickly fluctuate. There were also a few mentions of developing or 

worsening of mental health disorders which also affected their emotional 
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control. The main feelings mentioned were annoyance, depression, guilt, 

lability, pressure, and sadness.  

 

One reference that was particularly interesting was the disappointment the 

participant had not only within herself, but also externally towards those 

supporting her recovery Figure 8. 

 

 

Figure 8 - A passage from the emotional expression theme in the emotional impairment 

pillar 

 

 

3. Fear Avoidance 

Participants were clear on their concern of future injury and thus, their fear 

of returning to sport and being reinjured. Many stated that the risk was high, 

and it influenced them to avoid playing sport. Aside from not wanting to be 

concussed again, one participant had a fear of not being as good as they 
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were pre-injury so was avoiding returning to sport. A few of the statements 

regarding fear avoidance are outlined below (Figure 9). 

 

 

Figure 9 - Passages from the fear avoidance theme in the emotional impairment pillar 

 

 

 

4. Loss of Self 

The participants spoke of how they miss their sport and how it was a part of 

them that is now gone. They also applied this same thinking pattern to work 

opportunities and thinking that their prolonged symptoms may affect their 

work decisions, as well as their sport participation. Their statements speak to 
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loss whether of something about themselves that is not there, i.e. cognitive 

skill, or not being allowed to play their sport. Two passages that represent 

this theme can be seen in Figure 10. 

 

 

Figure 10- Passaged from loss of self theme in emotional impairment pillar 

 

 

5. Motivation 

Several mentioned how hard it was to find motivation to return to sport with 

their symptoms. Others stated their motivation to try a new sport. They 

recognized they wanted to return to sport, but found barriers including lack 

of accessibility, sport choice for safety, and accepting a new competitive 

level. A couple of passages from this theme are presented below (Figure 11). 
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Figure 11 - Passages for the motivation theme in emotional impairment pillar 

 

 

DISCUSSION 

 The mixed design of this study led to multiple results that corroborate each 

other. While objective outcome measures are the norm and valid, hearing directly from 

individual athletes with lived experience can also be extremely valuable. 

 Disability was found to be impaired in in this group including their ability to 

participate in previous social activities, finding work more fatiguing, and maintain 

workload standards. This is similar to research that found those who returned to work 

more than 7 days after injury had more lasting symptoms, especially with fatigue and 

cognitive work (Studerus-Germann et al., 2017b). This study’s disability level was 

worsened by depression, age, RPQ13, and TSK. Mental health has been found in 

previous work to strongly predict how well someone can achieve return to work for 

timeframe and quality of work (Silverberg et al., 2018). Work-related function and sport 
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participation restrictions also fit into a ‘loss of self’ theme that was a strong focus of our 

participants in the interviews. This finding matches the themes where concussed 

individuals are aware of their functional change, autobiographical memory loss, and 

compare their old self to their current self (Villa et al., 2021). Their work function can be 

impacted by the ‘loss of self’ due to not being able to do something they once valued 

and is now no longer a part of their life (Bryson-Campbell et al., 2013). 

  Fear, whether of physical or mental exertion, was found to be very prevalent in 

our population. This fear avoidance finding is comparable to a general population with 

musculoskeletal pain that had a TSK score between 24-44 points and that gender, age, 

and pain were the strong predictors towards kinesiophobia (Roelofs et al., 2011). In the 

interviews, they talked of avoiding their sport out of fear of re-injury and having to cope 

with the symptoms again with a new concussion, or at the least an aggravation of their 

current symptoms. This matches findings stating that cogniphobia and kinesiophobia 

and their relevant avoidance behaviour, tend to affect the same individual (Silverberg et 

al., 2017). Our findings support this statement as a strong correlation was found 

between TSK, COG, and PCS. 

Our participants felt their mental capabilities were reduced and not reliable 

overtime. This made them feel less bright and worried about the impact on their job. 

This type of disability would require work accommodations and an athlete commented 

on having that flexibility in future work. Early findings found that cogniphobia developed 

as a quest to avoid worsening headaches (Silverberg et al., 2019).   
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Limitations 

 This study was limited in the methodology which restricts the types of 

conclusions possible. This was strictly a cross-sectional mixed methods design to gain 

insight into the types of clinical impairments included in those with prolonged 

symptoms. The purpose was to understand the starting point of what prolonged 

symptoms in adult athletes as an understudied population are. As well, many of these 

psychosocial qualities have not previously been studied in adult SRC research.  

Unfortunately, there was a very small sample of the concussed adult athlete 

population recruited for the study.  

 

Future Directions 

 The future direction of research on prolonged symptoms in SRC is varied and 

optimistic. There is a definite need to continue to build upon the work from this study in 

several ways. A larger sample size both in the quantitative survey and the qualitative 

interview is a must to find predictors of these clinical impairments.  

 The interest in patient-partners on the research team is growing in Canada and 

would be beneficial in designing focus groups or better-suited interview questions. 

People express symptoms differently that may not be noticed on a questionnaire and 

body language and voice expression can also indicate different things to a researcher. 
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  Lastly, future research needs to review how these identified prolonged 

symptoms, especially the psychosocial impairments affect playing performance. Do 

those same athletes with reinjure more quickly? Have their symptoms changed their 

statistics in skill performance (ie. Number of goals, playing time, etc)? This type of 

research will expand on determining which impairments must be resolved before 

returning to play.  

 

Clinical Relevance 

 There was a definite sign of fear avoidance in movement and mental exertion. 

They influence many aspects of disability, evidenced by RHFUQ scores. These 

psychosocial needs emphasize the need for multi-disciplinary teams to evaluate the 

athletes on such outcome measures before considering allowing them to return to play.  

 

CONCLUSION 

 This mixed design study shed light on the psychosocial contributions to 

prolonged symptoms in adult athletes. The qualitative interviews gave clarity and 

support to previous clinical findings. Addressing these psychosocial factors remains 

difficult and it is hard for athletes to access proper guidance. Their healthcare providers 

must get used to assessing the psychosocial factors in their decision on return to sport 

timing and be prepared to delay if significant. 
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THESIS CONCLUSION 

  

The aim of these 3 studies was to develop a clear picture of the impairments and 

activity limitations of adult athletes experiencing prolonged symptoms of SRC. The 

biopsychosocial model guided the designs of the studies and provides an organizational 

framework to assess the complex, multi-factorial symptoms of SRC. Lack of research into 

this population required that this baseline understanding be completed prior to 

exploring interventional methods for specific symptoms.  

There are 3 consistent themes that developed over the studies that can help 

direct future work. In all studies, Rivermead detected clinically relevant prolonged 

symptoms, especially when using the RPQ-13 subset. Many of the correlations amongst 

the outcome measures in Study 1 were not significant with RPQ-3, but were with RPQ-

13. The RPQ13 were also valuable in determining the variance in RHFUQ regarding 

disability of the athletes. Although it would be expected, it has confirmed that 

prolonged symptoms have effects that extend far beyond physical presentation. 

The second main theme to emerge is the high prevalence of fear avoidance. TSK 

was used to measure kinesiophobia and was significant across both Study 1 and 3. Not 

only was it reached clinical importance, but it also contributed to the regression models 

of RHFUQ in both situations. In Study 3, TSK was linked to other emotional impairments 

as well as to physical impairments. Fear was mentioned in several statements from the 

participants themselves during the interviews. It prevented them from returning to their 
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sport, affected relationships, and made them reconsider work environments. In Study 3, 

cogniphobia was added to see if mental exertion fear had similar affects as 

kinesiophobia. It did appear at clinical levels and was correlated to TSK, RHFUQ, and 

PCS. It appears that this could be an important factor in prolonged symptoms that 

requires further study and to be included in every conversation of prolonged symptoms.  

Lastly, the RHFUQ assessed the sociological activities and quality of life after 

concussion. As mentioned, it was routinely found to be strongly correlated to other 

emotional/cognitive impairments. It also had total scores of 16 in both Study 1 and 3 

which demonstrates a consistency in recovery. While this is not a commonly used 

outcome measure, its items list activities that are mentioned by participants, such 

difficulties with conversations, work tasks, and fatigue.  Individually, several of these 

items were moderately changed in those with prolonged symptoms. 

The most affected area in psychological recovery in prolonged symptoms is 

emotional. The fear is affecting several symptoms and could be addressed in their 

recovery with this knowledge. More psychological therapies and knowledge of fear 

avoidance by healthcare providers could catch this early in recovery to lessen the long-

term effect. Emotional impairments are common in SRC, but our studies found mostly 

mild mental health issues, although anxiety was moderate in Study 1. Although stress, 

anxiety, and depression were not found to be as clinically high as expected, it would be 

prudent to continue to evaluate them due to the limitations in these studies. 
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The mixed design in Study 3 has proven to useful as the qualitative interviews 

solidified the quantitative responses across the thesis. It was hypothesized that it would 

be good for examining the sociological domain and it succeeded. Many of the 

statements led to identifying themes mentioning relationships, work, and sport. This 

patient-centred focus is best achieved through qualitative work and can be more in-

depth than self-reported questionnaires. 

Overall, the biopsychosocial approach was successful in identifying the 

prolonged symptoms in adult athletes. It demonstrated the definitive link between the 

known physical symptoms to emotional, cognitive, and sociological impairments. 

Episodic memory was found to be affected in our concussion population and reported 

alongside cognitive factors in interviews. Due to significant overlapping of all the 

domains, it can reassure healthcare providers that addressing the athlete’s health as a 

whole person is going to be vital.  

We have learned which impairments are heavily involved in prolonged 

symptoms in adult athletes with SRC. These are the impairments that must be 

considered and evaluated in the preparation for their return to their sport. We do not 

yet know which ones would be safe to return with and which must be completely 

resolved to decrease risk of further injury. Next steps would be to address these along 

with dosage and timings of interventions to reduce prolonged symptoms and how these 

symptoms would respond to aggravation from high-intensity training or performance. 

There is a lot to consider for athletes’ return that would be presented differently in each 
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athlete, but this consideration needs to happen to have the adult athlete ready to play, 

again. 
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APPENDIX A 

Outcome Measures 

 

1. Rivermead Post-Concussion Symptoms Questionnaire 

2. Rivermead Head Injury Follow-Up Questionnaire  

3. Tampa Scale for Kinesiophobia 

4. DASS-42 

5. Sample of Background Information  

6. Post-Concussion Sleep Questionnaire  

7. Means-End Problem-Solving Procedure 

8. Cogniphobia 

9. Pain Catastrophizing Scale 
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DAS S  Name:  Date:  

Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the statement 
applied to you over the past week.  There are no right or wrong answers.  Do not spend too much time on 

any statement.  

The rating scale is as follows:  

0 Did not apply to me at all  
1 Applied to me to some degree, or some of the time  
2 Applied to me to a considerable degree, or a good part of time  
3 Applied to me very much, or most of the time  
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1 I found myself getting upset by quite trivial things  0      1      2      3  

2 I was aware of dryness of my mouth  0      1      2      3  

3 I couldn't seem to experience any positive feeling at all  0      1      2      3  

4 I experienced breathing difficulty (eg, excessively rapid breathing, 0      1      2      3 

breathlessness in the absence of physical exertion)  

5 I just couldn't seem to get going  0      1      2      3  

6 I tended to over-react to situations  0      1      2      3  

7 I had a feeling of shakiness (eg, legs going to give way)  0      1      2      3  

8 I found it difficult to relax  0      1      2      3  

9 I found myself in situations that made me so anxious I was most  0      1      2      3 

relieved when they ended  

10 I felt that I had nothing to look forward to  0      1      2      3  

11 I found myself getting upset rather easily  0      1      2      3  

12 I felt that I was using a lot of nervous energy  0      1      2      3  

13 I felt sad and depressed  0      1      2      3  

14 I found myself getting impatient when I was delayed in any way  0      1      2      3  

(eg, elevators, traffic lights, being kept waiting)  

15 I had a feeling of faintness  0      1      2      3  

16 I felt that I had lost interest in just about everything  0      1      2      3  

17 I felt I wasn't worth much as a person  0      1      2      3  

18 I felt that I was rather touchy  0      1      2      3  

19 I perspired noticeably (eg, hands sweaty) in the absence of high  0      1      2      3 

temperatures or physical exertion  

20 I felt scared without any good reason  0      1      2      3  

I felt that life wasn't worthwhile  0      1      2      3  
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 22  I found it hard to wind down  0      1      2      3  

 23  I had difficulty in swallowing  0      1      2      3  

 24  I couldn't seem to get any enjoyment out of the things I did  0      1      2      3  

25  I was aware of the action of my heart in the absence of physical exertion 
(eg, sense of heart rate increase, heart missing a beat)  

0      1      2      3  

 26  I felt down-hearted and blue  0      1      2      3  

 27  I found that I was very irritable  0      1      2      3  

 28  I felt I was close to panic  0      1      2      3  

 29  I found it hard to calm down after something upset me  0      1      2      3  

30  I feared that I would be "thrown" by some trivial but unfamiliar 
task  

0      1      2      3  

 31  I was unable to become enthusiastic about anything  0      1      2      3  

 32  I found it difficult to tolerate interruptions to what I was doing  0      1      2      3  

 33  I was in a state of nervous tension  0      1      2      3  

 34  I felt I was pretty worthless  0      1      2      3  

35  I was intolerant of anything that kept me from getting on with what 
I was doing  

0      1      2      3  

 36  I felt terrified  0      1      2      3  

 37  I could see nothing in the future to be hopeful about  0      1      2      3  

 38  I felt that life was meaningless  0      1      2      3  

 39  I found myself getting agitated  0      1      2      3  

40  I was worried about situations in which I might panic and make a 
fool of myself  

0      1      2      3  

 41  I experienced trembling (eg, in the hands)  0      1      2      3  

 42  I found it difficult to work up the initiative to do things  0      1      2      3  
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Background Information 

The purpose of the following set of questions is to collect demographic information 

about various aspects of your life. Although some of the questions may seem unrelated 

to the present study (e.g., weight, height, etc.…) these factors may be important 

determinants of your health and well-being.  

 

1. Sex at Birth: Female _____ 

  Male  ______ 

  Do Not Wish to Disclose ______  

2. Age: _____________   

3. Are you Right or Left handed (please select one) 

4.  What is your first language? ________________________ 

If your first language is not English, how long have you been fluent in reading, writing 

and comprehension of the English language?           

5. What is your ethnic/racial background? Please select the one that best applies to you. 

         ____Asian (e.g., Chinese, Japanese, Korean) 

         ____South Asian (e.g., East Indian, Pakistani, Punjabi, Sri Lankan) 
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         ____South East Asian (e.g., Cambodian, Indonesian, Laotian) 

         ____Arab/West Asian (e.g., Armenian, Egyptian, Iranian, Lebanese, Moroccan) 

         ____Black (e.g., African, Haitian, Jamaican, Somali) 

         ____Latin American/Hispanic 

         ____Aboriginal 

         ____White 

         ____Other (please specify): _________________________________ 

 

6.  Please provide your current height:  ____________ (ft)    

     Please provide your current weight: ____________ (lb.)  

 

7.  What level of education have you completed?   

_____   8 years or less of elementary school  

_____   some high school but no diploma  

_____   a high school diploma or equivalent  

_____   1 to 3 years of college/university (including study at a technical college or  

  CEGEP)  

_____   an undergraduate university degree   
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_____   a master's degree  

_____   a doctoral degree  

_____   a professional degree [medicine (M.D.), dentistry (D.D.S.), law, or other  

  similar degrees] 

 

8. Have you had or do you currently have any health-related (i.e., medical) illnesses or 

physical conditions? Please select the one that best applies to you. 

         ________ No, I don’t 

         ________ Yes, I did but I no longer do  

         ________ Yes, I do 

      

9. Do you currently have a psychological disorder/condition (e.g. depression, anxiety, 

etc.)? 

____  No, I don’t 

____  Yes, I do 

 

10. Have you ever in the past had a psychological disorder/condition (e.g. depression, 

anxiety, etc.) but no longer do? 
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  ____  No, I haven’t 

____  Yes, I have 

11. In your opinion, how would you describe your health?  

_____Poor 

_____Fair 

_____Good 

_____Very good 

_____Excellent 

 

Mild Traumatic Brain Injury 

Sometimes, while playing sports or as a result of an accident (e.g., car accident), people 

may experience a head injury and display various symptoms related to mild brain 

trauma (or concussion).  

Have you ever experienced a sport-related concussion? 

 Yes   No 

If yes, please answer the following questions (if no, move on to the next questionnaire). 
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1. Which sport were you playing when you had your most current concussion? 

_________________________________________________________ 

2. How many previous concussions have you had?   ________________ 

3. To the best of your knowledge, please indicate when they occurred (e.g., 

September 2013)  

___________

__ 

______________

_ 

_____________

__ 

___________

__ 

___________

__ 

___________

__ 

______________

__ 

_____________

__ 

___________

_ 

___________

_ 

4. When was your most recent concussion (e.g., September, 2013)? 

___________________ 

 

 

Please answer the following questions based on your most recent concussion 

1. Did you experience any loss of consciousness? 

 Yes  No 

 



 

162 
 

2. Did you experience any loss of memory for events immediately before or after the 

concussion?  

 Yes  No 

 

 3. Did you experience any alteration of mental state at the time of the concussion (e.g., 

feeling dazed, disoriented, or confused)? 

 Yes  No 

 

4. Did you receive medical attention at the time of the concussion? 

 Yes  No 

 

5. Did you visit the hospital/emergency room? 

 Yes  No 

 

6.  Did you fracture your skull? 

 Yes  No 
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7. Have you returned to play your sport?    

 

If yes, how long after the concussion was it when you returned to your sport? 

_________ 

If yes, were there any restrictions to your return? Please describe? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

_______________________________________ 

 

8. Did you feel ready to return to your sport? 

 

 

9. What type of treatment did you receive for your concussion? Please check all that 

apply. 

_____  Medication 

 Yes  No 

 Yes  No 
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_____  Physiotherapy 

 _____ Manual Therapy 

 _____ Vestibular Therapy 

 _____ Exercise Prescription 

 _____ IFC/TENS/Electrical Modalities 

_____ Massage Therapy 

_____ Rest  

_____ Task Modification 

_____ Occupational Therapy 

_____ Psychology 

_____ Dietician  

_____ Chiropractic 

_____ Osteopathy 

_____ Pain Specialist 

_____ Medical Doctor 

  Sleep and Concussion Questionnaire  
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 Post-Concussion Sleep Questionnaire  

 1. a)  In the last 6 months before your injury, did you consider yourself to be a 

good sleeper?  

□   Most of the time  

□   Some of the time  

□   Rarely  

□   Never  

b) Have you ever sought medical attention for your sleep problems?  

□   Yes                        □   No  

c) Have you ever used any sleep interventions?  

  

□   Yes                        □   No  

d) If yes, please specify the sleep interventions being used:  

□   Medication  

□   Behavioural techniques  

□   Non-medicinal supplements  
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 □    Other:      

2. a)  Since your injury, has your sleep changed?  

□   No  (0)  

□   Yes, Mild Change (1)  

□   Yes, Moderate Change (2)  

□   Yes, Significant Change (3)  

b) If yes, please indicate the type of change:  

□   Sleep more (1)  

□   Sleep less (1)  

□   Sleep the same amount but is less restful (1)  

b) If yes, please indicate the type of change:  

□   Sleep more (1)  

□   Sleep less (1) 

b)  If sleep has gotten worse, please describe the change: □  I sleep 

more (1)  

□  I sleep less (1)  
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□  I sleep the same amount but I am  

4. Please rate the severity of the changes to your sleep since 

the injury or last time you completed this questionnaire:  

 Never  Sometimes  Often  Always  

a)    I fall asleep earlier than usual.  0  1  2  3  

b)    I have difficulty falling asleep.  0  1  2  3  

c)    I have difficulty staying asleep.  0  1  2  3  

d)    I have difficulty waking in the morning.  0  1  2  3  

e)    I wake up too early and can’t fall back asleep.  0  1  2 

 3 

 

My sleep is affected by:  (check all that apply)     

□ Nothing, my sleep is unaffected (0)  □  Breathing Problems/Snoring (1)  

□ Pain   (1)  □  Bad Dreams/Nightmares (1)  

□ Mood   (1)  □  Unsure (0)  

Worrying (1)  □  Other:                                           (1)  
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□  Feeling Restless (1)  

 Please rate the severity of the changes to your daytime 

function since the injury OR the last time you completed this 

questionnaire:  

   Never  Sometimes  Often  Always  

a)   I feel more tired during the day.  0  1  2  3  

b)   I need to nap more often during the day.  0  1  2  3 
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Means-Ends Problem-Solving Outcome Measure – standardized stories and 

instructions 

Instructions: 

In this procedure, we are interested in your imagination. You are to make up some 

stories. For each story, you will be given the beginning of the story and how the story 

ends. Your job is to make up a story that connects the beginning that is given to you 

with the ending given to you. In other words, you will make up the middle of the story. 

#2 – H. loved his girlfriend very much, but they had many arguments. One day she left 

him. H. wanted things to be better. The story ends with everything fine between him 

and his girlfriend. You begin the story with his girlfriend leaving him after an argument. 

 

#4 – Mr. C had just moved in that day and didn’t know anyone. Mr. C wanted to have 

friends in the neighbourhood. The story ends with Mr. C having many good friends and 

feeling at home in the neighbourhood. You begin the story with Mr. C in his room 

immediately after arriving in the neighbourhood.  
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#8 – John noticed that his friends seemed to be avoiding him. John wanted to have 

friends and be liked. The story ends when John’s friends like him again. You begin where 

he first notices his friends avoiding him.  

 

#10 – Joe is having trouble getting along with the foreman on his job. Joe is very 

unhappy about this. The story ends with Joe’s foreman liking him. You begin the story 

where Joe isn’t getting along with his foreman. 
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Cogniphobia- C-Scale 

1 Strongly Disagree 

2 Disagree 

3 Agree 

4 Strongly Agree 

1. I'm afraid that I might make the cause of my head pain worse if I concentrate too 

much 

2. If I were to try to overcome it, my head pain would increase 

3. My head pain is telling me that I have something dangerously wrong 

4. My pain would probably be relieved if I practiced concentration exercises 

5. People aren't taking my medical condition seriously enough 

6. My accident/injury has put my head and brain at risk for the rest of my life  

7. Headaches always mean I have an injury or have done something to make it 

worse 

8. Just because something aggravates my pain does not mean it's dangerous 

9. I'm afraid that I might make my medical condition worse by concentrating too 

much or being too mentally active 
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10. Simply being careful not to concentrate too hard or too long is the safest thing I 

can do to prevent my pain from worsening 

11. I wouldn't have this much pain if there weren't something potentially dangerous 

going on in my head 

12. Although my condition is painful, I would be better off if I were more mentally 

active 

13. Pain lets me know when to stop concentrating so that I don't injure myself 

14. It's really not safe for a person with a condition like mine to engage in too much 

thinking and concentrating 

15. I can't do all the things normal people do because it's too easy for me to cause 

harm to my condition 

16. Even though something is causing me a lot of head pain, I don't think it's actually 

dangerous 

17. No one should ever concentrate on difficult mental tasks when he/she is in pain 
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Pain Catastrophizing Scale (PCS) 

Pain Catastrophizing Scale (Copyright 1995, 2001, 2004, 2006, 2009 Michael JL Sullivan, 

PhD) Everyone experiences painful situations at some point in their lives. Such 

experiences may include headaches, tooth pain, joint or muscle pain. People are often 

exposed to situations that may cause pain such as illness, injury, dental procedures or 

surgery.  

We are interested in the types of thoughts and feeling that you have when you are in 

pain. Listed below are thirteen statements describing different thoughts and feelings 

that may be associated with pain. Using the scale, please indicate the degree to which 

you have these thoughts and feelings when you are experiencing pain. 

0 Not at all 

1 To a slight degree 

2 To a moderate degree 

3 To a great degree 

4 All the time 

 

1. I worry all the time about whether the pain will end 

2. I feel I can’t go on 
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3. It’s terrible and I think it’s never going to get any better 

4. It’s awful and I feel that it overwhelms me 

5. I feel I can’t stand it anymore 

6. I become afraid that the pain will get worse 

7. I keep thinking of other painful events 

8. I anxiously want the pain to go away 

9. I can’t seem to keep it out of my mind 

10. I keep thinking about how much it hurts 

11. I keep thinking about how badly I want the pain to stop 

12. There’s nothing I can do to reduce the intensity of the pain 

13. I wonder whether something serious may happen 
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