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Abstract 

The purpose of the present study was to examine the relationship between demographic and 

health factors, and oculomotor functioning during baseline testing in professional athletes. Four 

hundred twenty-eight male athletes consented and participated in the baseline concussion 

assessments of the Canadian Football League (CFL). Athletes ranged from 21 to 40 years of age 

(M =26.44, SD =2.873), and reported a history of 0, 1, or 2+ sport-related concussions (SRCs). 

All athlete participants completed the Head Check questions of demographics and medical 

history, and the EYE-SYNC saccade test to explore how the presence of a history of 

concussions, Attention-Deficit/Hyperactivity Disorder (ADHD), Learning Disability (LD), age, 

and post-exertion influenced baseline measures of oculomotor functioning using the EYE-SYNC 

saccade outcomes of accuracy and precision. Correlations revealed no significant relationships 

between combined vertical and horizontal saccade outcomes (LeftAccuracyXY, 

LeftPrecisionXY, RightAccuracyXY, RightPrecisionXY) and the demographic/health variables 

(p > .05). Independent t-tests indicated no significant differences in mean saccade performance 

between athletes with and without ADHD and/or LD (p > .05). Furthermore, three-way multiple 

analysis of variance (MANOVA) run with age group (21-25, 26-30, 31-40) and concussion 

group (0, 1, 2+) revealed no main effects of age, F(8, 844) = .914, p = .504, Wilks’ = .983, 

partial η2 = .0) or history of concussion, F(8, 510) = .856, p = .554, Wilks’ = .974, partial η2 = 

.013). A one-way repeated measures analysis of variance (MANOVA) revealed no significant 

differences from pre- to post-exertion assessments, F(4, 56) = .411, p = .800, Wilks’ = .971. The 

oculomotor functioning of CFL athletes at baseline, measured using the EYE-SYNC saccade 

task, does not appear to be influenced by a history of concussion, ADHD, LD, age, or physical 
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exertion. This information may help professionals with their clinical decision-making regarding 

the diagnosis of SRCs, and return-to-play.  
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Chapter One – Introduction 

Sport-Related Concussions 

Sport-related concussions (SRCs) represent a topic of study under the domain of mild 

traumatic brain injuries (mTBIs), which focuses on concussions in athletes. The Concussion in 

Sport Group (CISG) first established a consensus statement on the definition of SRCs in 2001, 

intending to establish the best practices for the diagnosis and management of SRCs (McCrory et 

al., 2017b). The definition and diagnostic criteria for SRCs continue to evolve, however, as SRC 

research progresses rapidly. This focus on SRC research has pushed researchers to develop 

empirically validated instruments for the assessment of SRCs, with the most common tools 

measuring the cognitive, emotional, and physical impairments of athletes (Harmon et al., 2019; 

McCrory et al., 2017b).  

Oculomotor Functioning and SRCs 

More recently, research has supported the development of computerized sideline 

assessments, with some developers focusing on eye movements and oculomotor functioning 

(SyncThink Inc, 2022). The visual system is sensitive to the diffuse disturbances associated with 

SRCs, often leading to the development of oculomotor impairments in injured athletes (Johnson 

et al., 2016). Therefore, tests of oculomotor functioning have been developed to identify 

impairments in the saccadic eye movements of athletes with a suspected SRC (SyncThink Inc, 

2022). EYE-SYNC was recently cleared by the U.S. Food and Drug Administration (FDA) as an 

aid in the diagnosis of SRCs and is currently being used by sports organizations in the United 

States (SyncThink Inc, 2022). However, health/demographic variables such as a history of 

multiple concussions (Stephen et al., 2022), physical exertion (Lichtenstein & Merz, 2019; 

McGrath et al., 2013; Zwierko et al., 2019), Attention-Deficit/Hyperactivity Disorder (ADHD) 
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(Maron et al., 2021), and learning disabilities (LD; Moran et al., 2021) have been shown to 

influence oculomotor functioning. In addition, the sensitivity and specificity of ocular motor 

functioning have not been well established in specific populations such as professional football. 

At present, the American Medical Society for Sports Medicine (AMSSM) does not currently 

support the use of these instruments for the assessment of SRC until additional research has been 

done to validate the sensitivity and specificity of SRC diagnosis (Harmon et al., 2019). 

Oculomotor assessment tools can be completed quickly and without the need for a 

neuropsychologist (McCrory et al., 2017b); however, they lack the research needed to establish 

clinical utility (Harmon et al., 2019). Additional research is needed to determine how 

demographic factors and health variables affect sideline computerized oculomotor assessments.  

Present Study 

The purpose of the present study was to add to the current scientific literature related to 

oculomotor assessments in the assessment of SRCs in professional American football players. 

The main objective was to examine the relationship between pre-existing health conditions and 

oculomotor functioning in Canadian Football League (CFL) athletes. This goal was 

accomplished by having CFL athletes complete the Head Check medical and demographic 

information, and the EYE-SYNC saccade task to determine how a history of concussion, ADHD, 

LD, and physical exertion influenced the accuracy and precision of eye saccades during SRC 

baseline assessment.  
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Chapter Two – Literature Review 

Sport-Related Concussions 

 Athletes are at an elevated risk for injury due to the speed and physicality involved in 

many sports, especially contact sports such as ice hockey, rugby, and American football. 

Furthermore, SRCs are a common result of head impacts (Harmon et al., 2019). SRCs are 

classified as mild traumatic brain injury (mTBI) and common outcomes of trauma to the brain 

include cognitive, psychosocial, and physical symptoms. Given that these symptoms play a role 

in an individual’s well-being, the fields of neuropsychology and psychology have significantly 

contributed to a better understanding of the assessment and diagnostic process (McCrory et al., 

2017b; Harmon et al, 2019). Because SRCs represent a rapidly developing area of study, 

additional outcome-based data is required to fill in the current gaps in knowledge (Harmon et al., 

2019). To accomplish this goal, many novel assessment instruments have been developed to 

accelerate the SRC assessment process, including computerized measures of oculomotor 

functioning, which will be defined and described below. Oculomotor assessments using visual 

eye-tracking technology have recently been implemented into the SRC assessment protocols for 

college and professional athletes (SyncThink Inc, 2022). Computerized sideline assessments 

provide rapid neurological screenings for SRC; however, additional research is required to 

examine how demographic variables influence assessment outcomes (Harmon et al., 2019). The 

purpose of this chapter is to summarize the history of SRCs, outline the important variables 

associated with evidenced-based assessments of SRCs, and the role of oculomotor assessments 

in the assessment of SRCs.  

History 
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The term concussion originates from the Latin description concutere, meaning “to dash 

together” and “shake vigorously” (Bey & Ostick, 2009). Knowledge regarding neurological 

impairments following a head injury has been traced back to 1700 BC when the Edwin Smith 

Papyrus described symptoms of confusion, stupor, and altered consciousness (Pearce, 2008). 

Further recordings of concussions were present in the 10th century when injuries due to head 

shaking were reported by the Persian physician, Rhazes (Rhazes, 1548). At this time, functional 

symptoms were reported from injuries involving headshaking without structural damage to the 

skull. As the knowledge of concussions advanced in the 19th century, the severity of head injuries 

was shown to be connected with dilation of the pupils, demonstrating the diffuse nature of 

concussions (Flamm, 1972). The research in this era helped to differentiate the functional 

consequences of concussions as separate from the structural damage caused by more severe 

mTBIs (Kirkland, 1972). However, the scientific community continued to lack a consensus 

operational definition for concussions.  

To establish an operational definition of concussions within the medical community, the 

Congress of Neurological Surgeons agreed upon consistent diagnostic criteria in 1996 (Giza et 

al., 2014). This definition was not adopted by the entire scientific community but spurred further 

interest in the development of alternative definitions and diagnostic criteria. A consensus 

agreement on the definition of SRCs was not established until 2001 when the Consensus in Sport 

Group (CISG) gathered for the First International Symposium on Concussion in Sport (Aubry et 

al., 2002). At this time, the CISG emphasized the importance of uniformity in the definition of 

SRCs, allowing for proper accuracy and consistency of diagnosis (Webbe, 2011). This summary 

of the history of mTBIs demonstrates how the operational definition of concussions continues to 

evolve as research advances our knowledge and understanding of the injury.  
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Current Definition 

 The CISG identified SRCs to be one of the most difficult sports injuries to assess, 

diagnose, and manage, as the operational definitions fail to address the underlying processes 

responsible for the onset of symptoms (McCrory et al., 2017a; McCrory et al., 2017b). SRCs are 

currently a target for psychological research, and the consensus agreements on diagnostic criteria 

are updated frequently. The most recent CISG consensus statement on SRCs was updated in 

2016, and the current definition for an SRC represents a form of mTBI that is “induced by 

biomechanical forces” to the head, neck, or other parts of the body, with an “impulsive force 

transmitted to the head” (McCrory et al., 2017b). In contrast to more serious mTBIs involving 

structural damage to the brain, SRCs typically produce immediate functional impairments in 

cognitive and neurological performance that resolve within days to weeks after the injury. The 

CISG recommends an immediate assessment of any athlete who is suspected to have sustained 

an SRC by a qualified professional. If athletes demonstrate cognitive or neurological 

impairments during sideline screening, the CISG recommends that a player be removed from 

play and undergo additional neurological testing conducted by a trained professional. Therefore, 

sideline assessments have become increasingly important in the identification of athletes with a 

suspected SRC. Vestibular ocular assessments are currently of interest to the medical and 

scientific community as potential tools that aid in sideline assessment (McCrory et al., 2017b).  

Prevalence 

 According to the Centers for Disease Control (CDC; 2007), an estimated 38 million 

children and adolescents engage in organized sports, and 170 million adults participate in sports 

and physical activities annually (Langlois et al., 2006; CDC, 2007). The CDC estimates that 

between 1.6 million and 3.8 million SRCs occur annually in the United States; however, many 
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go unreported as athletes may refuse to disclose their symptoms and seek the necessary medical 

attention (Langlois et al., 2006). Therefore, the prevalence of SRCs in the general population 

may not accurately represent athletes, due to the physicality and intensity of sport competition. 

Recent studies have shown that between 2% and 15% of high school and college athletes 

involved in organized sports will sustain an SRC over the course of one season (Bretzin et al., 

2018; Houck et al, 2016; Harmon et al., 2019; Kerr et al., 2017). Similarly, elite athletes are at 

elevated risk of sustaining SRCs, with 1302 total SRCs occurring among 1004 National Football 

League (NFL) athletes between the 2015 and 2019 seasons (Mack et al., 2021). Overall, 64.1% 

of all NFL athletes sustained a SRC within the five-year sample, with the majority of SRCs 

(80.3%) occurring during regular gameplay (Mack et al., 2021). An average of 243 NFL athletes 

sustained one SRC per season of participation, and approximately 6.8% of athletes proceeded to 

sustain a second concussion during the same season of play. SRC safety is improving, as the 

average incidence of SRCs decreased by 23% from the 2015-17 to 2018-2019 seasons, 

suggesting that the NFL’s emphasis on concussion safety was likely responsible for the reduction 

in observed SRCs.  

American football is commonly played within the United States; however, it has become 

popular across the globe. Although the NFL and CFL play a similar game, there are distinct 

differences associated with the rules, the field of play, and the country of residence. Because the 

majority of SRC research to date has focused on NFL athletes, additional research is required to 

examine how SRCs present in Canadian football players. During the 1997 CFL season, 44.8% of 

athletes reported experiencing symptoms of an SRC and 69.6% reported multiple SRCs (Delaney 

et al., 2000). However, only 18.8% of athletes recognized that they had sustained a concussion. 

To reduce the incidence of SRCs, the CFL has introduced prevention strategies including annual 
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concussion education seminars, concussion symptoms posters in all locker rooms, concussion 

spotters at each game, sideline concussion assessments, and a digital concussion platform 

designed to monitor the effectiveness of the league’s concussion protocol (Delaney et al., 2018).  

Diagnosis and Symptoms 

To be diagnosed with an SRC, the following criteria must be met: a direct or indirect 

trauma with a force transmitted to the head, an immediate or delayed symptom presentation, an 

indication of a functional rather than structural brain injury, and either with or without loss of 

consciousness (McCrory et al., 2017b; McKeithan et al., 2019). Individuals with SRCs may 

present with symptoms in multiple domains of functioning. Somatic symptoms include 

headache, fogginess, dizziness, nausea, fatigue, blurred vision, attention problems, and sleep 

dysfunction (Benson et al., 2011; Kamins et al., 2017). Physical signs include amnesia, balance 

impairments, behavioural changes, and cognitive impairments (McCrory et al., 2017b). 

Psychological symptoms have been shown to include anxiety, depression, isolation, suicidal 

ideation, and emotional problems (Caron, 2013; McCrory et al., 2017b). SRC symptoms 

typically recover within a reasonably rapid period of time, yet prolonged impairments may be 

observed in some cases. Because the duration of recovery from SRC is influenced by variables 

such as age, history of concussion, history of learning and attention disorders, and other medical 

variables, a medical professional must analyze the athlete’s medical history (Harmon et al., 

2019).  

In most situations, the physical and psychological symptoms caused by an SRC resolve 

within 1-4 weeks; however, somatic, cognitive, and emotional symptoms can linger for months 

after the initial injury (Harmon et al., 2019; McCrory et al., 2017b). When symptoms are present 

for longer than the expected recovery period, they are classified as post-concussive symptoms 
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(McKeithan et al., 2019). During this symptomatic period the physical, emotional, and 

psychological issues can interfere significantly with the individual’s ability to function during 

day-to-day activities (Kontos et al., 2012). In addition, repeated SRCs may lead to cumulative 

long-term health risks (Harmon et al., 2019; Manley et al., 2017; McCrory et al., 2017b). These 

consequences may include impairments to neurocognitive functioning, behavioural issues, early 

dementia, and chronic traumatic encephalopathy. It is important to consider that the long-term 

symptoms that are sometimes observed in SRC patients are non-specific and may be caused by 

other etiologies (Harmon et al., 2019; McCrory et al, 2017b) Therefore, the objective assessment 

of both physical and psychological SRC symptoms is required to determine the cause of the 

athlete’s lingering symptoms (Harmon et al., 2019).   

Self-Reporting of Symptoms 

As a result of the current emphasis on promoting concussion safety among American 

football athletes, the level of knowledge and awareness has increased among athletes and staff 

(Delaney et al., 2018). However, the underreporting of SRC symptoms continues to occur among 

youth, collegiate, and professional athletes (Clark & Stanfill, 2019; Delaney et al., 2018). 

Common reasons that athletes avoided disclosing their concussion symptoms are the fear of 

losing playing time and an underestimation of the injury’s severity (Delaney et al., 2018). 

Therefore, it is not surprising that 54% of high school football players reported playing through 

headaches sustained through injury (Anderson et al., 2016). Underreporting of SRC symptoms 

continues to occur with professional football players, as 82.1% of CFL athletes who believed 

they had sustained an SRC did not seek medical attention (Delaney et al., 2018).  

Stephenson and colleagues (2021) identified three key domains that contributed to an 

athlete’s willingness to report concussion symptoms. The first domain was perceived pressures 
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to play, including factors such as job security, the importance of the game, and athletic identity. 

The second domain was the interpersonal symptoms checklist, which included knowledge of 

concussions, normalization of symptoms, and comparison to a first concussion. The third domain 

was the certainty of symptoms, including self-assessment strategies, the severity of symptoms, 

league intervention, and teammate intervention. Although the attempt to improve concussion 

safety in professional sports is evident, perceived factors continue to influence athletes’ decision 

to withhold their concussion symptoms (Stephenson et al., 2021). To reduce the importance of 

athletes’ subjective reports, additional objective measures, including oculomotor functioning 

tests, are needed to provide medical professionals with objective data to aid in their clinical 

decision-making.  

Assessment  

Baseline concussion testing has become part of the standardized protocol for SRCs, and 

the National Collegiate Athletic Association (NCAA) recommends that all athletes complete a 

baseline assessment involving a symptom checklist, cognitive evaluation, and vestibular 

assessment (Harmon et al., 2019). The most common SRC assessment measures include 

screening tests which require a baseline and post-injury assessment to determine the change in 

functioning from pre- to post-injury (Harmon et al., 2019; Sussman et al., 2016). By establishing 

the athlete’s standard performance while healthy, the baseline score can then be compared to a 

post-injury assessment to assist in the diagnosis of an SRC. If the scores collected during 

baseline screening assessments are not accurate, then decisions regarding the diagnosis and 

management of SRC symptoms may be negatively influenced. Therefore, it is essential that valid 

baseline data is collected to protect the health and safety of athletes with SRCs.  
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The similarities between attentional and oculomotor networks in the brain allow for eye-

tracking protocols to be used in concussion assessments (Corbetta et al., 1998). Following an 

SRC, ocular impairment has been shown to occur in approximately 45% of athletes (Valovich 

McCleod & Hale, 2015). Over half of the neural connections in the brain are involved in visual 

functioning, therefore; damage to the cranial nerve may produce impairments in eye movements, 

such as pursuits, saccades, and convergence (Cockerham et al., 2009). Computerized oculomotor 

assessments have been designed to reduce the length of sideline neurological assessments and 

may be used as part of a comprehensive SRC assessment battery. Computerized assessment tools 

are desirable for sideline assessments due to their brief administration time and the difficulty of 

accessing registered neuropsychologists (McCrory et al., 2017b); however, the AMSSM reported 

that computerized and app-based assessment tools lack the research needed to establish clinical 

utility (Harmon et al., 2019). Further research is needed to establish the sensitivity and 

specificity properties of oculomotor assessments in the diagnosis and management of SRCs.  

Although computerized SRC assessment tools provide additional information that may 

aid in the assessment and diagnosis process, they do not replace the need for a complete 

neuropsychological examination (McCrory et al., 2017b). Significant variance exists in how an 

individual athlete may respond to a suspected SRC, including the severity and duration of 

symptoms (Harmon et al., 2019; McCrory et al., 2017b). Therefore, no single assessment tool is 

available that can be used to consistently and accurately diagnose an SRC (Harmon et al., 2019). 

The AMSSM recommends that a multimodal battery including tests of different functions be 

combined to help medical professionals make their clinical decisions (Comeau & Pfeifer, 2019; 

Harmon et al., 2019).  

Oculomotor Functioning 
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Part of the success in certain sports involves the ability to identify and track visual 

objects. Visual eye movements are required to maintain focus on moving objects (Sussman et al., 

2016), and eye tracking measures allow for the assessment of neurological functions such as 

anticipating the temporal course and trajectory of a moving target. Saccades are rapid eye 

movements that redirect the fovea between two visual targets. Saccades can be reflexive to focus 

on an appearing object, or volitional to inhibit oneself from looking towards a distracting target. 

The assessment of ocular functioning through saccadic eye movements is recommended by the 

AMSSM as part of a physical examination for suspected SRCs (Harmon et al., 2019).  

Due to the diffuse nature of SRCs, functional impairments to the cerebral and cerebellar 

brain regions may occur, often resulting in impaired coordination and synchronization of eye 

movements (Johnson et al., 2016). Therefore, video-oculography devices can be used to measure 

visual eye tracking in the context of SRCs (Harmon et al., 2019; Sussman et al., 2016). Precise 

visual eye-tracking measures that intend to assess anticipatory neural activity should monitor the 

pupil and corneal reflection to identify deficits in saccades, smooth pursuits, fixations, and 

vergence skills (Maruta et al., 2013).  

EYE-SYNC (SyncThink Inc, 2022) is a computerized oculomotor assessment tool that 

uses a visual tracking trajectory to measure the predictive timing of dynamic visuomotor 

synchronization (DVS). The DVS scores between gaze and target were shown to decline 

significantly in individuals who had recently sustained a concussion, and the impaired scores 

returned to a normal range over time (Maruta & Ghajar, 2014). EYE-SYNC has been cleared by 

the FDA as an aid for concussion identification and diagnosis and is currently being used by 

American military and sports organizations (SyncThink Inc, 2022). To introduce the EYE-SYNC 

into Canadian sports organizations, further research is required to verify the sensitivity and 
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specificity for use with Canadian athletes. In addition, demographic factors and pre-existing 

health conditions should be examined to determine their effects on oculomotor assessments 

(Tomczyk et al., 2021).  

Variables Associated with Oculomotor Impairments 

History of Concussions. The majority of athletes who experience an SRC recover fully 

within one to four weeks (Harmon et al., 2019, McCrory et al., 2017b); however, several studies 

suggested that athletes who sustained one SRC were three times more likely to sustain an 

additional concussion during the same athletic season (Boden et al., 2007; Guskiewicz et al., 

2000). The elevated risk for multiple concussions may be explained by the force of impact, as a 

lower force is required to produce subsequent SRCs (Boden et al., 2007). Therefore, a history of 

one prior SRC is a risk factor for future SRCs, and a history of multiple SRCs is associated with 

additional physical, cognitive, and emotional symptoms (McCrory et al., 2017b). Because a 

history of multiple SRCs may lead to cumulative health issues, it is important to understand how 

concussion history influences cognitive and neurological functioning.  

The long-term effects of multiple SRCs are controversial; however, some research has 

shown short-term deficits in oculomotor functioning to occur in response to repetitive sub-

concussive head impacts (Stephen et al., 2022). Stephen and colleagues (2022) reported that 

repetitive head impacts among athletes from various contact sports led to short-term impairments 

in oculomotor, cognitive, and vestibular functioning. However, pre-existing variables such as 

ADHD and history of multiple concussions were not always controlled for. The literature 

supports the potential for repetitive head impacts to disrupt oculomotor functioning, creating the 

question of how multiple SRCs may change neurological functioning at baseline. With SRCs 

commonly occurring among professional football athletes (Harmon et al., 2019; Mack et al., 
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2021), further research is needed to determine the influence that a history of multiple SRCs has 

on oculomotor functioning in CFL athletes.   

ADHD. ADHD is a neurodevelopmental disorder that involves difficulties with 

inattention, disorganization, and hyperactivity/impulsivity (American Psychiatric Association, 

2022). Individuals with ADHD may present with problems listening, remaining on task, 

fidgeting, and remaining seated. In a 2011 position statement, the AMSSM suggested that the 

prevalence of ADHD among athletes may be greater than the general population, as athletes with 

ADHD seek out sports due to the attentional activating and reinforcing effects of physical 

activity (Putukian et al., 2011). Traditionally, continuous performance tests have been used to 

measure attention-related problems using sustained and selective attention tasks. For example, 

the Conners Continuous Performance Test 3rd Edition (Conners CPT; Conners, 2014) is a 

psychometrically sound measure of impulsivity, sustained attention, and vigilance, that is 

frequently used in the process of diagnosing ADHD and other attention-related disorders. The 

Conners CPT requires examinees to respond to the presentation of letters on a computer screen, 

while inhibiting their response to the target letter “X”. More recently, oculomotor assessments 

have been used to examine motor and cognitive control in ADHD patients, and to evaluate 

response to treatment (Allman et al., 2012). Reduced oculomotor functioning has been associated 

with atypical motor planning (Langmaid et al., 2014), slower movement preparation (Dahan et 

al., 2018), reduced inhibitory control (Bari & Robbins, 2013), and poor sustained attention (Goto 

et al., 2010). Therefore, it is important to understand how the inattentive and hyperactive 

symptoms of ADHD may influence oculomotor assessments in professional athletes.  

Understanding how ADHD may influence SRC assessment is crucial to establishing valid 

and reliable assessment tools. ADHD patients often present with impaired attention and/or 
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hyperactivity (American Psychiatric Association, 2022) and visual eye tracking assessments may 

be used to evaluate these deficits. The visual system includes the cortical and subcortical brain 

regions responsible for inhibition, planning, and motor coordination (Maron et al., 2021). 

Because eye movements are predictable and consistent, minor changes in oculomotor 

performance can be used to identify underlying problems with the neurocognitive and 

oculomotor systems (Maron et al., 2021).  

In a recent meta-analysis, Maron and colleagues (2021) examined the differences in 

oculomotor control between ADHD patients and healthy controls. Eye movements included 

measures of saccades, fixations, and smooth pursuits using visual eye tracking. A large effect 

size was found for intrusive saccades during the fixation tasks and anticipatory saccades during 

the memory-guided saccade task. Moderate effect sizes were found for directional errors in the 

antisaccade task. In addition, a moderate effect size was found for anti-saccade latency and 

directional errors in the antisaccade gap task. However, there were no differences in smooth 

pursuit movements between the ADHD and healthy control groups. The researchers concluded 

that the intrusive directional errors in the ADHD groups were a result of impaired top-down 

oculomotor processing. The results of this meta-analysis indicate clear functional impairments in 

the eye movements of ADHD patients that can be measured using oculomotor tasks. When 

baseline and post-injury assessments are completed, tests of visual eye tracking abilities may 

provide valuable information regarding motor and executive control abilities in athletes. 

Learning Disabilities. Learning disabilities (LDs) are difficulties with learning and 

performing academic skills, and may present as poor reading, writing, and mathematical 

performance (American Psychiatric Association, 2022). According to the CDC (2007), one in six 

American children is diagnosed with a developmental, behavioural, or LD, with LDs being one 
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of the most common. The nature of LDs produce impairments in academic performance, which 

may manifest as problems with cognitive performance, such as working memory and processing 

speed (Chacko et al., 2013). As some of the most common SRC assessment tools measure 

neurocognitive performance, accounting for LDs in athletes may be an important screening 

procedure before baseline assessments. There is a paucity of research investigating the 

relationship between LDs and ocular motor functioning. Recently, LDs have been shown to 

influence baseline SRC assessment on measures of oculomotor functioning (Moran et al., 2021). 

Moran and colleagues (2021) compared the performance of thirty football and soccer athletes 

between the ages of 8 and 14 years with LD/ADHD to healthy matched controls. The athletes 

with LD/ADHD performed significantly worse on SRC baseline tests of vestibular and 

oculomotor functioning and oculomotor performance, compared to their matched controls. 

Specifically, the athletes with LD/ADHD reported greater symptom provocation during tests of 

eye movements and demonstrated worse saccades, convergence, vestibular ocular reflex (VOR), 

and visual motion sensitivity. As LDs and ADHD may negatively influence SRC assessment 

scores at baseline, additional research exploring the relationship between pre-existing health 

conditions and oculomotor performance in athletes is required.  

Physical Exertion. Optimal neurocognitive performance is required for athletes to 

maintain high visual attention and rapid object identification. Therefore, it is likely that their 

oculomotor skills are more developed than non-athletes (Zwierko et al., 2019). However, 

oculomotor functioning in healthy athletes was found to decrease following strenuous physical 

activity (Zwierko et al., 2019). Following incremental treadmill running to exhaustion, skilled 

soccer athletes demonstrated increased saccade duration and decreased average saccade velocity 

on a visual search task. Compared to non-athletes, exercise-induced fatigue led to a greater 
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reduction in gaze efficiency for the athlete group. The researchers concluded that physical effort 

may lead to reduced oculomotor functioning in athletes. The presence of oculomotor and 

cognitive deficits in athletes following physical exertion creates the opportunity for invalid SRC 

assessment scores. If SRC assessments are completed immediately after a practice or game, 

temporary post-exertion impairments in neurocognitive functioning may skew or invalidate test 

results. Additional research is required to determine how physical exertion influences other 

computerized SRC assessments in elite athletes.   

Present Study 

As discussed above, numerous demographic and health characteristics create the 

possibility of impaired neurological and cognitive functioning athletes (Bari & Robbins, 2013; 

Dahan et al., 2018; Goto et al., 2010; Langmaid et al., 2014; Maron et al., 2021; Moran et al., 

2021; Stephen et al., 2022; Zwierko et al., 2019). For professional athletes, impairments to 

oculomotor functioning create the opportunity for inaccurate SRC assessments, and invalid 

baseline testing may alter clinical decision-making. The current study seeks to examine the 

relationship between demographic and health variables, and computerized oculomotor 

assessments in professional football athletes. To accomplish this, CFL athletes completed the 

Head Check health and demographic questions and the EYE-SYNC assessment to determine 

how the pre-existing health characteristics correlated with EYE-SYNC saccade scores, and how 

much variance in oculomotor performance is accounted for by the presence of pre-existing health 

factors. In addition, the effect of physical exertion was examined to determine if post-exertion 

assessments, compared to at rest, lead to reduced visuomotor abilities. The present study will 

contribute to the scientific literature by exploring how computerized oculomotor assessment 

tools are impacted by a history of multiple concussions, and whether a history of concussion, 
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ADHD, LD, and physical exertion exacerbate oculomotor impairments. By identifying the role 

that these variables play in visual eye-tracking abilities, the health and safety of athletes can be 

improved by ensuring that league-mandated testing and return-to-play protocols are being 

followed.    

Objective 1 

The first objective is to examine the relationship between a history of concussions 

measured using the Head Check health information, and oculomotor functioning measured using 

the EYE-SYNC saccade tasks. 

Hypothesis 1. It is expected that a statistically significant correlation will exist between a 

history of concussions and the accuracy and precision of eye movements during EYE-SYNC 

saccade tasks.  

Objective 2 

The second objective is to compare the accuracy and precision of eye movements during 

EYE-SYNC saccade tasks between athletes with a history of concussion, ADHD, and LD, and 

those without.  

Hypothesis 2. It is expected that a statistically significant difference will exist between 

the presence of a history of concussions, ADHD, and LD, and the mean accuracy and precision 

of eye movements during EYE-SYNC saccade tasks.  

Objective 3 

The third objective is to examine the relationship between post-exertional testing and 

oculomotor functioning measured using the EYE-SYNC saccade tasks. 
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Hypothesis 3. It is expected that a statistically significant difference will exist between 

pre- and post-exertion scores, measured using the accuracy and precision of eye movements 

during EYE-SYNC saccade tasks. 
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Chapter Three – Method 

 This chapter provides an overview of the research methods used in the present study. 

This includes a description of the research design, key terms, participants, measures, statistical 

analyses, data collection, and ethics.  

Participants 

All participants included in the present study were members of one of the nine CFL clubs 

across Canada. Data was collected from CFL athletes during the 2021 season, providing a good 

representation of the total CFL athlete population. All active CFL athletes that were fit to 

participate in baseline medical testing were approached to participate in the study, with 644 

completing the EYE-SYNC baseline testing. Athletes with “fair” and “good” EYE-SYNC scores 

were included in the analysis. 33 athletes provided “poor” or incomplete baseline scores and 

were removed from the analysis. If multiple assessments were provided for the same participant, 

only the first assessment was included. As a result, 87 duplicate baseline scores were removed. 

To merge the athlete EYE-SYNC and Head Check data files, a Microsoft Excel VLOOKUP 

code was used to match data from the same athletes. As a result of the potential misspelling of 

athlete names, the VLOOKUP code was unable to match 97 athletes, and they were removed 

from the analysis. The final sample size of athletes who completed the EYE-SYNC baselines and 

were included in the analyses was 428. Seventy athletes were selected to participate in the post-

exertional testing. The post-exertional scores from 7 athletes were removed due to “poor” data, 

and 3 duplicate cases were removed. Overall, a total of 60 athletes were included in the final 

post-exertional analysis.  

Inclusion Criteria 

1. Consent and permission received from the CFL. 
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2. Demographic, health data, and EYE-SYNC baseline information were collected at the 

beginning of/during the 2021 season. 

Exclusion Criteria 

1. Not cleared to participate in medical baseline testing by a team medical professional.  

2. Poor, duplicate, or missing EYE-SYNC data.  

Key Terms 

 The present study’s use of the term “concussion” and “sport-related concussion” were 

according to the CISG’s 2016 consensus agreement (McCrory et al., 2017b). The criteria for a 

“history of multiple concussions” were greater than one prior concussion. In addition, the 

diagnostic criteria for “ADHD” and “LDs” were taken from the DSM-5 (American Psychiatric 

Association, 2022). The term “athlete” was used to describe the population of active CFL 

athletes.   

Research Design and Data Collection 

 The present study used a cross-sectional retrospective design with data being collected 

from active CFL athletes during the 2021 season. All athletes involved in this study participated 

in the CFL’s mandated medical evaluations, and health/demographic data was collected in 

accordance with these guidelines. The EYE-SYNC assessment tool had not been utilized by the 

CFL prior to the 2021 season; therefore, the oculomotor data was collected after the outset of the 

2021 season. The Head Check and EYE-SYNC data were collected electronically by team 

athletic therapists and trained graduate students. The EYE-SYNC technology used an integrated 

stimulus presentation-eye tracking apparatus (SyncThink Inc, 2022) with which eye movements 

were recorded at 500 Hz using infrared video-oculography while the head was stabilized by 

placing the athlete’s elbows on a table while holding the device against their face. To examine 
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the impact of physical exertion on ocular movement metrics, post-exertion assessment data were 

collected after a regular practice that occurred on a separate day from baseline testing.  

Independent Variables 

Demographic and Health Information 

 Athlete information was obtained from Head Check, a computerized database containing 

demographic and health information for all players in the CFL. The variables of age, history of 

concussion, ADHD, and LD were obtained from the Head Check database. ADHD and LD were 

coded as “2” if they were present in the participants, or “1” if they were not present. History of 

concussions was grouped to account for the number of prior SRCs, with “0” representing no 

prior SRCs, “1” representing one prior SRC, and “2” representing 2 or more prior SRCs. Three 

age groups were created for athletes within the ranges of 21-25, 26-30, and 31-40 years of age. 

The age groups of 31-35 and 36-40 were combined due to the low number of athletes above the 

age of 31 years.   

Physical Exertion 

 EYE-SYNC baseline assessments were completed during a resting state and following 

the physical exertion of team practice. Pre- and post-exertion test scores will be examined to 

determine if post-exertion leads to significantly different accuracy and precision of saccade 

scores.  

Dependent Variables 

EYE-SYNC 

 By measuring saccadic eye movements, EYE-SYNC uses oculomotor assessment data to 

aid in the diagnosis of SRCs (SyncThink Inc, 2022). EYE-SYNC provides objective neurological 

data that can be used as part of a medical professional’s clinical decision-making regarding 
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rehabilitation and return to play following an SRC (SyncThink Inc, 2022). In 2021, the FDA 

cleared EYE-SYNC as an aid to concussion diagnosis, and the technology is currently being 

used by American sports organizations to help identify the presence of SRC in their athletes 

(SyncThink Inc, 2022). EYE-SYNC’s oculomotor assessment battery includes measures of 

smooth pursuit, saccade, vestibular-ocular reflex (VOR), and vestibular-ocular reflex 

cancellation (VORx). Each individual test can be completed in approximately 60 seconds, with 

the duration of the full test battery being 2-5 minutes.  

Data were obtained by the EYE-SYNC system which includes virtual reality goggles 

with embedded eye tracking sensors and a high-performance tablet (see Figure 1). Each 

participant  

holds the virtual reality device in front of their eyes while seated on a table to ensure the device 

remains steady. The examiner completes a calibration process with the participant in which the 

participant fixates on an orange dot in the middle of the screen. Subsequently the participant  

Figure 1.  

SYNC-THINK System and EYE-SYNC Device 
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follows the orange dot with their eyes to nine different targets on the screen to ensure the 

participant understands the task and that they are actively tracking the orange dot. The 

participant’s eye movements can be followed by the examiner to ensure that the participant is 

understanding the task and can follow the orange dot. The saccade trial begins with the 

participant fixating on the orange dot located in the middle of the screen. Subsequently, the 

orange dot moves back and forth to specified targets in the left and right visual fields. The task 

requires the participant to follow the moving orange target back and forth for 30 seconds. The 

test is repeated a second time and the system selects the best performance. The automated 

software algorithm analyzes the eye position versus the target over the assessment time and 

produces visual synchronization measures. The present study recorded the saccade tasks to 

simplify speed and ease of administration. The saccade test required the participant to track a 

visual target as it moved rapidly between horizontal locations. 

 Saccades. The amount of error and variance in millimeters (mm) during visual 

synchronization with a fixated target (saccade) was recorded to identify the quality of 

performance. The participant’s quality of saccades was generated by incorporating the accuracy 

and precision of eye movements for both the left and right visual fields. EYE-SYNC 

automatically selected the eye with the higher quality performance and used the data from the 

selected eye in the results. Accuracy was defined as the average error distance between the 

participant’s fixations and the target’s position, and this metric was used to represent how close 

the average gaze fixation was to the target’s location (see Figure 2). Low accuracy would lead to 

fixations that are far from the target location, while high accuracy would produce fixations that 

are centered on the target’s location. Precision was defined as the standard deviation of the error 

between the participant’s fixations, and this metric was used to represent the consistency of the 
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athlete’s gaze fixations in relation to the target. Low precision would lead to scattered fixations, 

while high precision would lead to tightly clustered fixations. EYE-SYNC outputs accuracy and 

precision for the X and Y axes, along with a combined XY metric. The accuracy and precision of 

the athletes’ fixations during the saccade tasks were measured (in mm), with accuracy measuring 

the distance between the fixations and target location, and precision measuring the standard 

deviation (in mm) between all fixations. The present study used the four saccade outcomes 

(LeftAccuracyXY, LeftPrecisionXY, RightAccuracyXY, RightPrecisionXY) as estimations of 

the athletes’ oculomotor functioning at baseline. LeftAccuracyXY represents the combined 

saccade accuracy of the X and Y axis for the athlete’s left visual field, while RightAccuracyXY 

represents the combined accuracy of the X and Y axis for the athlete’s right visual field. 

LeftPrecisionXY represents the athlete’s combined saccade precision on the X and Y axis for the 

left visual field, while RightPrecisionXY represents the combined precision on the X and Y axis 

for the right visual field. Overall, these four saccade outcomes were used to assess the 

performance quality during the EYE-SYNC saccade tasks.  
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Figure 2.  

Precision and Accuracy Measures of Saccadic Movements   

 

 The present study’s use of the EYE-SYNC tool was intended to provide additional 

information regarding the use of computerized oculomotor assessments in the assessment of 

SRCs for CFL athletes. Specifically, the effects that a history of concussion, ADHD, and LD had 

on EYE-SYNC saccade outcomes were examined. Finally, the influence that physical exertion 

had on the athlete’s eye movements was examined to explore how post-exertion performance 

may alter the EYE-SYNC saccade outcomes.  

Statistical Analysis 

Pearson correlations were completed to determine the statistical relationship between a 

history of concussions, ADHD, LD, age, and the four outcome measures on the EYE-SYNC 

saccade tasks (LeftAccuracyXY, LeftPrecisionXY, RightAccuracyXY, RightPrecisionXY). 

 Independent t-tests were used to compare the saccade outcome means between the 

athletes who had ADHD and/or LD and those who did not. To compare the saccade outcome 

means across the concussion group and age group levels, a three-way multiple analysis of 
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variance (MANOVA) was used. The four mean saccade outcomes were compared across age 

groups (21-25, 26-30, 31-40) and concussion groups (0, 1, 2+).  

A one-way repeated measures MANOVA was used to explore the relationship between 

the saccade outcomes with the influence of physical exertion (pre- and post-exertion). A repeated 

measures MANOVA was deemed appropriate for this analysis due to the same athletes 

completing both baseline (pre-exertion) and post-exertion assessments. Therefore, this study’s 

use of a repeated measures MANOVA will help identify the variance in EYE-SYNC saccade 

outcomes that are accounted for by the independent variable of assessment type: pre- and post-

exertion testing. All statistical analyses were conducted using IBM Statistics, Version 28.  

Because the present study is using retrospective data to evaluate how baseline EYE-

SYNC saccade outcomes were influenced by pre-existing factors in CFL athletes, the purpose of 

this analysis was not to predict future EYE-SYNC performance (e.g., linear regression). 

Therefore, the selected analyses were deemed appropriate for exploring the relationship between 

health/demographic variables and saccade outcomes. For the post-exertion analysis, a repeated 

measures design uses the participants as their own controls and individual differences are 

considered, therefore; unsystematic error is reduced.  

Ethics 

This project was granted ethics approval prior to this study by the Research Ethics Board 

at the University of Alberta (Pro00073481). To be included in this study, the athletes were asked 

to sign a consent form that outlined the purpose of the study, committee requirements, and the 

risks and benefits of the study. In line with CFL regulations, all athletes completed baseline 

testing (which included the Eye-Sync and Head Check) prior to beginning their CFL season. 
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Chapter Four – Results 

 The purpose of the present study was to retrospectively examine the relationship between 

the four independent variables (history of concussions, ADHD, LD, and physical exertion) and 

the four outcome variables (LeftAccuracyXY, RightAccuracyXY, LeftPrecisionXY, 

RightPrecisionXY). Next, the outcome means were compared across group levels to identify any 

differences in saccade performance across the history of concussion, ADHD, LD, and post-

exertion groups. This chapter describes the assumptions of Pearson correlations, independent 

samples t-tests, one-way repeated measures MANOVA, three-way MANOVA, and the results of 

the statistical analysis.  

Assumptions 

Before conducting the Pearson correlations, t-tests, three-way MANOVAs, and repeated 

measures MANOVA, the assumptions were examined in SPSS. The data met the assumptions of 

having a continuous dependent variable (saccade outcomes), independent variables with multiple 

groups (concussion group, age group, ADHD, and LD), and independence of observations. The 

independent variables were measured on a dichotomous scale (LD, ADHD) and an ordinal scale 

(concussion group and age group). The dependent variables (LeftAccuracyXY, 

RightAccuracyXY, LeftPrecisionXY, RightPrecisionXY) were measured on a continuous scale.  

Outliers were identified using boxplots and extreme values tables generated from SPSS. 

Although there is concern regarding the presence of outliers in the saccade outcomes, they were 

explained by the purpose of this study. Due to the large number of athletes contained in this 

sample (N = 428), the data is expected to be representative of all CFL athletes. These variables 

are important for identifying the influence that the examined independent variables have on the 

saccade outcomes. Therefore, the outliers are needed to accomplish the objectives of this study. 
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The Shapiro-Wilk test for normality indicated that the saccade outcome data were not normally 

distributed (p < 0.5). However, the sample was comprised of healthy CFL athletes without 

current SRC symptoms; therefore, a normal distribution was not expected. For this reason, the 

data were included in the study.  

 The three-way MANOVA assumptions of having a continuous dependent variable, 

independent categorical variable groups, and independence of observations were achieved 

through study design. A linear relationship between the dependent variables for each group of 

the independent variable was confirmed using a scatterplot. There was no evidence of 

multicollinearity between saccade outcomes as assessed by Pearson correlation (r < 0.9). Shapiro 

Wilk’s test of normality confirmed that the saccade outcomes were not normally distributed 

across concussion groups and age groups (p < .05). This finding was expected given the large 

representative sample of healthy CFL athletes. Levene’s test of homogeneity of variances was 

not significant for the four saccade outcomes (p > .05), satisfying the assumption of homogeneity 

of variances.   

For the one-way repeated measures MANOVA, the assumptions of two or more 

continuous dependent variables (LeftAccuracyXY, RightAccuracyXY, LeftPrecisionXY, 

RightPrecisionXY) and one independent variable with two or more categorical independent 

groups (pre- and post-exertion) were achieved based on study design. An adequate sample size 

was collected for the baseline/pre-exertion group and post-exertion group (N = 60). The presence 

of a linear relationship between the dependent variables (saccade outcomes) for each related 

group of the independent variable (pre-post exertion) was confirmed using a scatterplot matrix.  

Pearson Correlation   
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A Pearson correlation was conducted to determine whether the independent variables of 

concussion, ADHD, LD, and age were significantly correlated with the four outcome variables of 

saccade accuracy and precision (see Table 6). There was a significant and positive correlation 

found between each of the four saccade outcomes (LeftAccuracyXY, RightAccuracyXY, 

LeftPrecisionXY, RightPrecisionXY), which supported the use of these saccade variables as an 

overall measure of oculomotor functioning. A significant and positive relationship was found 

between concussions and age, suggesting that the number of concussions increases along with 

age in CFL athletes. In addition, a significant positive relationship was found to exist between 

the variables of ADHD and LD. This finding was expected given the overlap between LD and 

ADHD within the Head Check database. Surprisingly, no significant correlations were found 

between concussions, ADHD, LD, age, and the four saccade outcomes. In accordance with these 

findings, there was no need to add any of the variables as covariates in the relationship between 

the history of concussions and the saccade outcomes. Instead, the difference in mean oculomotor 

performance across variable group levels was explored.   

T-Tests and Three-Way MANOVAs 

 T-tests were used to compare the means of the four saccade outcomes across athletes with 

reported ADHD and/or LD, and those without a history of these difficulties. Three-way 

MANOVAs were used to compare the mean saccade outcomes across the three age groups (21-

25, 26-30, 31-40), and the three concussion groups (0, 1, 2+).  

ADHD  

An independent samples t-test was used to determine if there were differences in the four 

mean saccade outcomes between athletes with and without ADHD. There was no significant 

difference between the athletes with and without ADHD on LeftAccuracyXY, (95% CI, -.113 to 
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.221), t(71.735) = .645, p = .521, LeftPrecisionXY, (95% CI, -.060 to .114), t(76.092) = .620, p = 

.537, RightAccuracyXY, (95% CI, -.124 to .253), t(68.201) = .684,  p = .497, and 

RightPrecisionXY, (95% CI, -.004 to .156), t(81.998) = 1.891,  p = .062. The presence of ADHD 

symptoms in the CFL athletes did not lead to significantly different means of oculomotor 

performance, measured using the four EYE-SYNC saccade outcomes.  

LD 

An independent samples t-test was used to determine if there were differences in saccade 

outcomes between athletes with and without LDs. There was no significant difference between 

the athletes with and without a LD on LeftAccuracyXY, (95% CI, -.120 to .317), t(33.951) = 

.918, p = .365, LeftPrecisionXY, (95% CI, -.095 to .317), t(33.344) = .543, p = .590, 

RightAccuracyXY, (95% CI, -.444 to .164), t(31.502) = -.940),  p = .354, and RightPrecisionXY, 

(95% CI, -.195 to .087), t(32.602) = -.777,  p = .443. The presence of LDs in the CFL athletes 

did not lead to significantly different means of oculomotor performance, measured using the four 

EYE-SYNC saccade outcomes. 

History of Concussion 

A three-way MANOVA was run with the three concussion groups (0, 1, 2+) and four 

saccade outcomes (LeftAccuracyXY, LeftPrecisionXY, RightAccuracyXY, RightPrecisionXY). 

The results of the MANOVA were not significant, with no main effect of concussion group on 

the combined saccade outcomes. F(8, 510) = .856, p = .554, Wilks’ Lambda = .974, partial η2 = 

.013. The number of previous concussions in the CFL athletes did not lead to significantly 

different means on the four EYE-SYNC saccade outcomes.  

Age 
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A three-way MANOVA was run with the three age groups (21-25, 26-30, 31-40) and four 

saccade outcomes (LeftAccuracyXY, LeftPrecisionXY, RightAccuracyXY, RightPrecisionXY). 

The results of the MANOVA were not significant, with no main effect of age group on the 

combined saccade outcomes. F(8, 844) = .914, p = .504, Wilks’ Lambda = .983, partial η2 = .009. 

The age group of the CFL athletes did not lead to significantly different mean saccade outcomes.  

One-Way Repeated Measures MANOVA  

Physical Exertion 

 The present study used a repeated measures MANOVA to determine whether there was a 

statistically significant difference in the EYE-SYNC saccade outcomes combined over the two 

points in time (pre- and post-exertion). Therefore, in this experiment the saccade outcomes were 

assessed using four dependent variables (LeftAccuracyXY, RightAccuracyXY, 

LeftPrecisionXY, RightPrecisionXY) and the independent variable was physical exertion 

assessment with two related groups (pre- and post-exertion). The baseline scores were taken as 

pre-exertion performance. The two groups are related because all athletes that completed the 

post-exertion assessments first completed the baselines, therefore; each athlete included in the 

analysis had eight scores: one for each of the four dependent variables at pre- and post-exertion 

time points.  

 The result of the one-way repeated measures MANOVA was not statistically significant, 

suggesting that there was no difference in the combined EYE-SYNC saccade outcomes between 

the pre- and post-exertion assessments (see Table 7). Because the results of the repeated 

measures MANOVA were not statistically significant, there was no need to conduct post hoc 

analyses. These findings indicate that the EYE-SYNC saccade outcomes of accuracy and 

precision appear to be unaffected by physical exertion.  
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Objective 1 

 The first objective of the present study was to explore the relationship between the 

history of concussions and the four EYE-SYNC saccade outcome measures. Pearson correlations 

were calculated between concussions, ADHD, LD, age, and the four saccade outcomes 

(LeftAccuracyXY, RightAccuracyXY, LeftPrecisionXY, RightPrecisionXY). The correlations 

revealed no significant relationships between any of the four independent variables and the four 

saccade outcomes. Although a significant positive correlation was found to exist between the 

variables of age and concussions, and ADHD and LD, the presence of these factors did not 

influence the saccade accuracy and precision outcomes. Therefore, the results of the correlation 

rejected the hypothesis that a significant positive relationship would exist between the predictor 

variables and the saccade outcomes (see Table 6).  

Objective 2 

The second objective of this study was to examine the differences in mean saccade 

outcomes between the athletes with ADHD, LD, and history of concussions, and those without 

these difficulties. This second objective was addressed through independent samples t-tests and 

MANOVAs. Based on the scientific literature described in Chapter 2, it was hypothesized that 

the presence of these health factors would lead to significantly lower saccade outcomes at 

baseline. However, the results of the analyses revealed no significant differences in mean 

saccade outcomes between the athletes with a history of concussion, ADHD, or LD. In addition, 

the mean saccade performance did not differ significantly between the three athlete age groups. 

Overall, the hypothesis for the second objective of this study was not confirmed for any of the 

pre-existing health/demographic variables.  

Objective 3 
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 The third objective of the present study was to determine if physical exertion influenced 

the CFL athletes’ performance on the outcome of the EYE-SYNC saccade accuracy and 

precision scores. To test this relationship, a one-way repeated measures MANOVA was 

conducted using the two levels of physical exertion (pre- and post-exertion) as the independent 

variable, and four dependent variables (LeftAccuracyXY, RightAccuracyXY, LeftPrecisionXY, 

RightPrecisionXY). The results of the repeated measures MANOVA revealed that there was no 

significant difference between the combined saccade outcomes of accuracy and precision 

between pre- and post-exertional tests, F(4,56) = .411, p = .800, Wilk’s Lambda = .971, partial η2 

= .009. Therefore, the hypothesis of objective three was not confirmed, and it was determined 

that post-exertional testing did not lead to significantly different EYE-SYNC saccade scores 

compared to baseline.  
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Table 1. 

Number of Participants With/Without Health Variables by Age Group 

 

Note. Age Group (Age), Participants with Attention/Deficit-Hyperactivity Disorder (ADHD+), 

Participants without Attention/Deficit-Hyperactivity Disorder (ADHD-), Participants with 

Learning Disability (LD+), Participants without Learning Disability (LD-), History of No 

Previous Concussions Group (HoC0), History of 1 Previous Concussion Group (HoC1), History 

of 2+ Previous Concussion Group (HoC2+).  
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Table 2.  

Descriptive Table of Variables for ADHD Groups 

 

Note. Number of participants (N), Minimum Statistic (Min), Maximum Statistic (Max), Mean 

(M), Standard Deviation (SD).  
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Table 3.  

Descriptive Table of Variables for LD Groups 

 

Note. Learning Disability (LD), Number of participants (N), Minimum Statistic (Min), Maximum 

Statistic (Max), Mean (M), Standard Deviation (SD).  
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Table 4.  

Descriptive Table of Variables for Age Groups 

 

Note. Age (Age), Number of participants (N), Minimum Statistic (Min), Maximum Statistic 

(Max), Mean (M), Standard Deviation (SD).  
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Table 5.  

Descriptive Table of Variables for Concussion Groups 

 

Note. History of Concussion Groups (No. of SRCs), Number of participants (N), Minimum 

Statistic (Min), Maximum Statistic (Max), Mean (M), Standard Deviation (SD).  
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Table 6.  

Pearson Correlations Table 

 

Note. Pearson Correlation (PCorr), Attention Deficit/Hyperactivity Disorder (ADHD), History 

of Concussion Groups (Concussions), Learning Disability (LD), Age Groups (Age), EYE-SYNC 

Saccade Left Accuracy (LeftAccuracy XY), EYE-SYNC Saccade Left Precision (LeftPrecision 

XY), EYE-SYNC Saccade Right Accuracy (RightAccuracy XY), EYE-SYNC Saccade Right 

Precision (RightPrecision XY).  

*p < .05 

**p < .01 
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Table 7.  

Description of Pre- and Post-Exertion Variables  

 

Note. Mean (M), Standard Deviation (SD), EYE-SYNC Saccade Left Accuracy (LeftAccuracyXY), 

EYE-SYNC Saccade Left Precision (LeftPrecisionXY), EYE-SYNC Saccade Right Accuracy 

(RightAccuracyXY), EYE-SYNC Saccade Right Precision (RightPrecisionXY).  
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Chapter Five – Discussion 

 As research concerning SRCs progresses, the importance of appropriate assessment and 

diagnostic procedures is further emphasized. Numerous SRC assessment tools exist; however, 

the importance of objective assessment data requires the development of novel assessment tools 

and protocols. Despite the potential for sideline oculomotor assessments to provide rapid and 

objective SRC information, limited research exists to support the accuracy and reliability of their 

use within professional sports. As multiple health characteristics have been shown to impair 

oculomotor functioning (Bari & Robbins, 2013; Dahan et al., 2018; Goto et al., 2010; Langmaid 

et al., 2014; Maron et al., 2021; Moran et al., 2021; Stephen et al., 2022; Zwierko et al., 2019), 

additional research is needed to determine how these factors may affect the SRC assessment 

protocols of professional athletes.  

 The purpose of this study was to explore the relationship between pre-existing 

health/demographic factors and the accuracy and precision of EYE-SYNC saccade tasks during 

the baseline testing of professional athletes. To accomplish this goal, CFL athletes completed the 

EYE-SYNC saccade test, and athlete health and demographic information was obtained from the 

Head Check database. The objectives of this study were to examine the relationship between pre-

existing health factors and EYE-SYNC saccade outcomes, compare saccade performance based 

on the presence of health difficulties, and examine the influence that physical exertion had on 

saccade performance. Through these objectives, this study sought to help contribute to the 

applied use of sideline oculomotor assessments among CFL athletes. Furthermore, this study was 

intended to promote future research to improve SRC assessment and diagnostic protocols, by 

introducing potential health factors during baseline testing.      

Objective 1 
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 The results of the correlations revealed no significant relationships between the pre-

existing health variables and the EYE-SYNC saccade outcomes. Based on the literature reviewed 

in Chapter 2, it was hypothesized that the presence of ADHD, LD, and a history of concussion 

would be associated with significantly lower oculomotor performance within CFL athletes. 

However, the results of the correlations indicated that no significant relationship existed.  

Significant positive relationships were found to exist between each of the four saccade 

outcomes, suggesting that the saccade accuracy and precision were effectively measuring a 

similar construct of oculomotor functioning. Another significant and positive relationship was 

found between the variables of age group and concussion group, indicating that the risk of 

sustaining an SRC increases with age. As the number of head impacts can be assumed to rise 

along with time spent playing professional sports, the positive relationship between age and 

history of concussion is not surprising. Overall, the results of the correlations suggest that the 

EYE-SYNC saccade scores at baseline were not significantly correlated with the athletes’ history 

of concussions, ADHD, LD, and age.  

Objective 2 

 Despite the lack of correlations between the athlete's health characteristics and saccade 

outcomes, the potential for group differences to occur between athletes with and without these 

difficulties remained a possibility. The second objective of this study was to explore the 

differences in mean saccade accuracy and precision between the athletes with and without the 

examined health factors. To accomplish this goal, independent t-tests were used to compare the 

four mean saccade outcomes between the athletes with ADHD and/or LD, and those without 

these difficulties. The results of the comparison of means revealed no significant difference in 

any of the four saccade outcomes between the athletes with ADHD and/or LD, and those 
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without. Based on the examined literature (Bari & Robbins, 2013; Dahan et al., 2018; Goto et al., 

2010; Langmaid et al., 2014; Maron et al., 2021; Moran et al., 2021), it was expected that the 

presence of ADHD and/or LD would lead to poorer oculomotor performance on the EYE-SYNC 

saccade tasks. However, the results of the analyses revealed no difference in saccade accuracy 

and precision between the groups of athletes with and without attention and learning difficulties.  

One possible explanation for this finding is the brief administration time of the EYE-

SYNC saccade tasks. With some of the most common symptoms of ADHD being inattention and 

distractibility, it was expected that athletes with attention difficulties would struggle to follow 

and predict the movement of the visual target. Because the administration time of the saccade 

task was approximately 60 seconds in duration, this may not have been long enough to observe 

the athletes’ attention-related symptoms. The results of Maron and colleagues (2021) meta-

analysis suggested the presence of impaired oculomotor performance in individuals with ADHD 

symptoms, particularly in regard to saccade inhibition. However, the duration of eye tracking 

measures used in the examined studies was not described. The brief nature of the EYE-SYNC 

saccade task, and the fact that it was novel to the athletes, may have maintained their focus on 

the task at hand. Therefore, a longer saccade task, or the entire EYE-SYNC test battery, may be 

beneficial for identifying the effects that ADHD and LD have on oculomotor performance. 

 To examine the differences in average saccade performance between the levels of 

concussion group and age group, three-way MANOVAs were conducted. The results of the 

analyses revealed no significant differences in saccade performance across the three concussion 

groups (0, 1, 2+) and age groups (21-25, 25-30, 31-40). The present study’s hypothesis that 

significant differences in EYE-SYNC saccade performance would occur between athletes with 

no history of concussion and those with multiple concussions was not confirmed. This study 
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recorded the number of previous concussions sustained by the athletes, however, the amount of 

time passed since the latest injury was not examined. Each of the athletes who participated in 

baseline assessments was confirmed to have fully recovered from any prior SRC; therefore, the 

baseline saccade outcomes were assumed to be a measure of healthy functioning.  

The lack of significant differences in saccade performance between athletes with no 

history of concussions and those with multiple concussions may be a result of the healthy 

population of athletes. Because no saccadic deficits were observed in athletes with a history of 

concussions, these results indicate that the athletes made good recoveries from their prior SRCs 

without lingering oculomotor difficulties. This finding is encouraging, as the CFL athletes in the 

present study appear to return to full health upon recovering from prior SRCs. Another 

explanation may be the present study’s use of baseline data without also examining post-injury 

data. The cumulative effects of multiple SRCs may only be observable in immediate post-injury 

assessments. Furthermore, the baseline assessments only identified the athletes’ oculomotor 

performance at a single point in time. With multiple SRCs being associated with additional 

physical, cognitive, and emotional symptoms (McCrory et al., 2017b) the time needed to return 

to baseline oculomotor functioning following an SRC may differ in athletes with a history of 

multiple concussions. Future research should examine the oculomotor performance of elite 

athletes at baseline, post-injury, and follow-up assessments during recovery.  

Objective 3 

 The third objective of this study was to examine the influence that physical exertion had 

on the EYE-SYNC saccade outcomes. The one-way repeated measures MANOVA indicated that 

there was no difference in combined saccade accuracy and precision outcomes between the pre- 

and post-exertion groups. Therefore, the EYE-SYNC saccade tasks appear appropriate for the 
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assessment of athletes immediately following practice or game participation. This finding is 

important for the practicality of the EYE-SYNC tool, as follow-up assessments can be completed 

immediately following practice or game participation, even if baselines were completed while 

athletes were at rest. With one of the main advantages of computerized sideline SRC assessments 

being the speed of administration, this finding supports its use as a sideline assessment for 

suspected SRCs that occur during gameplay. This finding is applicable to in-game SRC sideline 

testing, as physical exertion does not appear to significantly alter the athletes’ saccade scores 

from baseline. Therefore, baseline and follow-up assessments may be completed after practice or 

game participation without altering the reliability and validity of oculomotor functioning.  

 The post-exertion findings suggest that in a healthy population of CFL athletes, there are 

no observable consequences of physical exertion on saccadic performance. This finding is 

encouraging, as the absence of post-exertional deficits in oculomotor functioning may be used as 

additional information in the diagnosis of SRCs. If healthy CFL athletes do not demonstrate 

poorer oculomotor performance following physical exertion, the presence of post-exertion 

deficits may be an indication of an SRC or other neurological concerns.  

This study’s physical exertion findings contradict those observed by Zwierko and 

colleagues (2019), who found that oculomotor functioning in athletes decreased following 

physical exercise to exhaustion. In their experiment, the athletes ran on a treadmill to exhaustion 

before immediately completing the oculomotor tests (Zwierko et al., 2019). Each athlete’s 

exhaustion was measured using blood lactate concentrations, heart rate, and oxygen 

consumption. The present study’s post-exertion assessments were completed after a standard 

team practice; however, it cannot be determined whether the CFL athletes had exercised to 

exhaustion, or how much recovery time they were allowed before completing the EYE-SYNC 
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saccade task. Furthermore, the athletes’ response to physical exertion may differ during recovery 

from a recent SRC (McGrath et al., 2013; Lichtenstein & Merz, 2019). Future research should 

explore the effects of physical exertion on CFL athletes while controlling for the amount and 

intensity of exercise, along with the duration of recovery. In addition, the effects of physical 

exertion on oculomotor performance during recovery from an SRC should be explored in CFL 

athletes.  

Strengths and Limitations  

 The inclusion and exclusion criteria of this study ensured that the sample of CFL athletes 

completed the EYE-SYNC saccade tasks while healthy at baseline. Therefore, the sample of 428 

examined athletes can be expected to represent the normal CFL population well. Although this 

standardization is a strength of the study, the focus on baselines limited the analyses to healthy 

performance without examining post-injury or follow-up assessment data. To address this 

limitation, it is suggested that post-injury assessments of oculomotor functioning be administered 

to all CFL athletes who sustain an SRC during the season. Another limitation of the present 

study was the decision to retain outliers in the sample. Due to the nature of the study and the 

population examined, it was determined that a normal distribution of oculomotor performance 

was not expected for healthy CFL athletes. Because of the non-significant results in the present 

study, it is unlikely that the exclusion of outliers would have changed the findings significantly. 

Another limitation is the small sample of athletes who completed the post-exertion assessments 

(N = 60) compared to the baseline (N = 428). Future research should consider administering 

post-exertion assessments to all CFL athletes who completed baseline examinations to generalize 

these findings to the entire CFL population.  
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The present study examined the EYE-SYNC saccade test in isolation without including 

the additional measures of smooth pursuit, vestibular-ocular reflex (VOR), and vestibular-ocular 

reflex cancellation (VORx). At present, the limitations of time for professional athletes are a 

challenge as parameters from the Collective Bargaining Agreement between the CFL and the 

Player’s Association limit how much additional time a player can devote to non-football 

activities. An advantage of the EYE-SYNC assessment tool is that it can be completed in 2-5 

minutes; however, the administration of the saccade test in isolation required approximately 60 

seconds. Therefore, this brief administration time may not have been long enough to observe 

differences in oculomotor functioning across the independent variables. Finally, a strength of this 

study was the use of objective data without relying on athletes' subjective symptom reports. This 

process reduced the potential for athlete bias to alter assessment data.  

Conclusions and Future Directions 

 The findings of this study indicated that the CFL athletes’ baseline oculomotor 

functioning, measured using the EYE-SYNC saccade task, was not influenced by the health and 

demographic variables of history of concussion, ADHD, LD, age, and physical exertion. This 

suggests that the number of previous concussions and the presence of ADHD and/or LD do not 

need to be controlled for during baseline measures of oculomotor performance. In addition, there 

was no significant difference in saccade outcomes between pre- and post-exertion assessments. 

Therefore, this finding suggests that athletes may be tested following practice or game 

participation without the need to return to the at-rest state of the baseline assessments. This 

information may allow CFL athletes with a suspected SRC to be tested immediately on the 

sidelines using the EYE-SYNC tool.  
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 These findings indicate that the observed healthy population of CFL athletes did not 

suffer from prolonged oculomotor deficits upon recovery from previous SRCs. In addition, the 

influence of ADHD, LD, and physical exertion does not appear to alter the baseline saccadic 

performance of healthy CFL athletes. These results are encouraging, as they support the 

conclusion that CFL athletes are recovering fully from prior SRCs, and healthy athletes are not 

negatively affected by pre-existing health difficulties.  

 Future studies examining SRCs in CFL athletes should consider administering the 

additional EYE-SYNC tests of smooth pursuit, VOR, and VORx to obtain a comprehensive 

measure of oculomotor functioning. The administration of the saccade task in isolation may not 

have been sensitive enough to identify subtle differences in oculomotor performance between the 

examined groups of athletes. In addition, future research should strongly consider the 

examination of post-injury and follow-up data to determine the effects that a history of 

concussion, ADHD, LD, and physical exertion have on the recovery of CFL players from an 

SRC. 

 Overall, the tools for assessing and diagnosing SRCs in professional athletes have 

advanced significantly over recent years. The introduction of computerized oculomotor tools into 

the SRC protocols of professional sports teams creates exciting possibilities for protecting the 

health of athletes. Sideline measures of oculomotor functioning provide the potential for 

important objective data without relying solely on subjective symptom reports; however, 

additional research is required to explore the many factors that can influence oculomotor 

functioning in professional athletes. To integrate novel SRC assessment tools, such as EYE-

SYNC, into the consensus statements of SRC safety, the role of health and demographic 

variables should continue to be explored. The present study, and future research examining the 
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use of computerized oculomotor SRC assessments in professional athletes, could help establish 

the reliability and validity of these assessment tools. 
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