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Abstract

Introduction

The concussion epidemic is a serious concern. Affected athletes may suffer
debilitating neurological sequalae, impacting both their in-game performances and
quality of life. Currently, a wide range of neurocognitive tests examining memory,
balance and manifesting symptomology are used to aid a physician in the diagnosis
of a concussion. However, considering up to 82% of those who suffer an episode
experience some form of visual dysfunction, there is very little to no assessment of

this on the sideline within Australian professional sport.

Methods

Four distinct studies were conducted to explore the role of eye movement
dysfunction in concussion, using various visual instruments. The first three studies
(Chapters 3 to 5) involved rugby union athletes from a semi-professional club in
Sydney. Chapter 6 represents a retrospective study of medical records of children
referred by physicians from across New South Wales and Australian Capital
Territory to a tertiary outpatient paediatric sport and exercise hospital clinic in

Sydney.

Results

Evaluation of a popular visual-based assessment device, the King-Devick test,
indicated up to 30 attempts are required to obtain a ceiling effect. Analysis on 183

rugby athletes show a median improvement of 4.2 seconds from a player’s first
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attempt at the test to their overall best score. Considering only two attempts are
currently recommended to constitute a baseline score, the data reveals that six to

eight are needed for greater reliability.

Using digital eye-tracking techniques, experienced rugby athletes demonstrate
superior eye movements compared to the normal population. Over 78% of players
exhibited faster smooth pursuits, while over 73% produce more saccades. Previous
history of concussion within the last 12 months demonstrate no impact on these

conjugate eye movements.

Assessment of nine concussions in the acute phase using an orthoptic tool, the
Royal Air Force (RAF) Rule, demonstrated 89% with reduced accommodative
amplitudes and 33% with receded convergence. In a retrospective review of 142
medical records of paediatric patients with concussion, 28% had concussion-related
visual dysfunction. These patients took a mean 24.5 days longer to recover from
symptoms, compared to those without visual impairment. Females took a mean

21.3 days longer to recover than males, with 32% of all episodes related to rugby.

Conclusions

This PhD research has contributed knowledge regarding the importance of eye
movement assessments within the concussion paradigm. Such tools demonstrate
the ability to aid physicians with pre-injury baseline testing, post-injury diagnosis
and a predictor of symptom recovery in athletic cohorts. The utility of these tools

and areas for future development, have all been described.
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Overview of Thesis

This body of work, completed during my High Degree Research candidature, is
presented in the format of thesis by compilation. In order to facilitate reading, the
following overview provides an outline of my thesis’s structure and brief description
of each chapter. Chapter 3 has been published in the Journal of Neurological Science
in 2020. The remaining results chapters (4 to 6) have been written in the format of
articles prepared for submission. Finally, Chapter 7 provides an overall summary

and conclusion to the thesis.

Chapter 1: Literature Review

The first thematic section of this thesis is a comprehensive review of the literature
on concussion. It encompasses a wide range of studies identified through a search
of databases, including Google Scholar, PubMed and Web of Science. Beginning
with an overview of concussion as a global concern, the controversy surrounding
the definition of concussion is then discussed, along with the worldwide and

Australian prevalence of concussion and its pathophysiology.

The review then highlights the clinical features associated with concussion and
summaries the current evidence on popular sideline diagnostic tools, before
discussing the various causes of underreporting symptoms. It then focuses on the
neurological impact following concussion, with a greater focus on two distinct
conditions salient in the media, second impact syndrome and chronic traumatic

encephalopathy.
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Finally, the literature review covers the evidence for oculomotor dysfunction
following concussion including describing the research of visual tools used for the
detection of concussion, such as the King-Devick Test (KDT), Royal Air Force (RAF)
Rule and Vestibular/Oculomotor Screening (VOMS) tool. Gaps within the literature
surrounding these tools and areas for future research are addressed. A part of this
chapter is an invited article with the candidate as first author, published in 2019 by

the Australian Journal of General Practice (Appendix B).

Chapter 2: Methods

This chapter presents the methodological protocols for the subsequent studies
conducted on the sporting sideline and in the field (Chapters 3 to 5) or hospital
setting (Chapter 6). It discusses in detail sampling strategies and the sample size
utilised, methods of data analysis and how each visual test was administered. It
concludes with a brief discussion on the ethical considerations, as well as problems

encountered during the project.

Chapter 3: The Learning Effect of the King-Devick Test

The next thematic section (Chapters 3 to 5) examines a number of visual tools in a
cohort of rugby athletes in Sydney. Chapter 3 presents findings regarding the utility
of the KDT during baseline testing. It observes the learning effect associated with
repeated testing and aims to identify a point at which further repeated testing no

longer improves the KDT score. There is discussion of the need for updating

Xii



standardised protocols recommended by the KDT manufacturers, to improve

diagnostic procedures and patient care.

Chapter 4: Comparing the Smooth Pursuit and Saccadic Eye

Movements in Rugby Players to a Normative Database

Chapter 4 evaluates the RightEye Neurovision test, a digital eye-tracking device, on
top division teams from a Sydney rugby club. Normative saccadic and smooth
pursuit eye movement measures in these athletes are compared to a normative
database provided by the RightEye company. Associations with concussion history
and age were explored. Findings highlighted the need for individual pre-injury
baseline testing in order to increase reliability in the detection of concussion using

this device.

Chapter 5: Post-concussive Convergence and Accommodative

Dysfunction in Australian Rugby Union Athletes

In a cohort of semi-professional rugby athletes, Chapter 5 compares baseline visual
functions (i.e. convergence and accommodation) to post-concussion
measurements. It establishes any association with age, playing position, concussion
history and previous history of double vision. This chapter aims to improve the
concussion diagnostic battery with the addition of orthoptic testing on the sporting

sideline.
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Chapter 6: Concussion-Related Visual Dysfunction in Children: A

Retrospective Study

This final results chapter explores various predictors of recovery in children with
concussion, aged between 5 and 18. It examines associations of concussion-related
visual dysfunction with age, sex, symptoms and history of concussion primarily using
the VOMS testing. The chapter addresses possible improvements to aspects of
current paediatric concussion examination protocols used by physicians and looks

to aid the development of strong and targeted recovery plans.

Chapter 7: Discussion and Conclusion

This chapter summarises the findings of this thesis and addresses areas for future

research.
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