
 

SOFT-SHELL PADDED HEADGEAR IN JUNIOR AUSTRALIAN FOOTBALL: 

WHAT IS THE EVIDENCE? 

JENNIFER MAKOVEC KNIGHT  

BPSYCH (HONS) 

THIS THESIS IS SUBMITTED IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE DEGREE OF 

DOCTOR OF CLINICAL NEUROPSYCHOLOGY 

SUPERVISED BY 

ASSOCIATE PROFESSOR CATHERINE WILLMOTT AND PROFESSOR BISWADEV MITRA. 

SCHOOL OF PSYCHOLOGICAL SCIENCES 

FACULTY OF MEDICINE, NURSING AND HEALTH SCIENCES 

MONASH UNIVERSITY, VICTORIA, AUSTRALIA 

MARCH 2021 





 

III  

COPYRIGHT NOTICE 

© Jennifer Makovec Knight (2021). I certify that I have made all reasonable efforts to secure 

copyright permissions for third-party content included in this thesis and have not knowingly 

added copyright content to my work without the owner's permission.





 

V 

TABLE OF CONTENTS 

Copyright notice....................................................................................................................... III  

Table of Contents ...................................................................................................................... V 

List of Figures ..........................................................................................................................IX  

List of Tables ...........................................................................................................................XI  

Thesis Overview ................................................................................................................... XIII  

Abstract .................................................................................................................................. XV  

Declaration .......................................................................................................................... XVII  

Publications during enrolment .............................................................................................. XXI  

Acknowledgements ............................................................................................................. XXV  

Preamble .......................................................................................................................... XXVII  

Chapter 1 Introduction ............................................................................................................... 1 

1.1 Epidemiology of concussion ..........................................................................................1 

1.2 Defining Sports Related Concussion .............................................................................2 

1.2.1 Neuropathophysiology of Mild Traumatic Brain injury and Concussion ...............5 

1.2.2 Complicated mild traumatic brain injury and sub-concussion ................................5 

1.3 Paediatric Concussion ....................................................................................................6 

1.4 Australian football and concussion ................................................................................8 

1.5 Female Australian football and concussion .................................................................10 

1.6 Concussion symptoms .................................................................................................11 

1.6.1 Acute observable signs and self-reported symptoms .............................................11 

1.7 Concussion Sequelae ...................................................................................................12 

1.7.1 Migraine/Headache ................................................................................................12 

1.7.2 Oculomotor ............................................................................................................13 

1.7.3 Vestibular dysfunction ...........................................................................................13 

1.7.4 Anxiety and mood ..................................................................................................14 

1.7.5 Cognitive ................................................................................................................14 

1.7.6 Sleep Disturbance ..................................................................................................20 

1.7.7 Cervical Strain .......................................................................................................21 

1.8 Persistent post-concussion symptoms ..........................................................................21 

1.9 Neurodegenerative Outcomes ......................................................................................23 

1.10 Sports Injury Surveillance ............................................................................................24 

1.10.1 Detecting and assessing sports related concussion ................................................27 

1.10.2 Prevention of sports related concussion .................................................................28 



 

VI  

1.11 Helmets and Headgear for prevention .........................................................................29 

1.11.1 Headgear and increased injury risk ........................................................................30 

1.11.2 Attitudes and beliefs about headgear .....................................................................31 

1.12 Overview of the current thesis .....................................................................................33 

Chapter 2 Soft-shell Headgear, Concussion and Injury Prevention in Youth Team 

Collision Sports: A Systematic Review ................................................................................... 35 

Abstract ................................................................................................................................36 

2.1 Introduction ..................................................................................................................37 

2.2 Methods........................................................................................................................38 

2.2.1 Patient and Public Involvement .............................................................................38 

2.2.2 Data Sources ..........................................................................................................38 

2.2.3 Study Selection ......................................................................................................39 

2.2.4 Data Extraction ......................................................................................................39 

2.2.5 Quality and Level of Evidence Assessment ...........................................................39 

2.3 Results ..........................................................................................................................40 

2.3.1 Study characteristics ..............................................................................................42 

2.3.2 Quality and Levels of Evidence Results ................................................................47 

2.3.3 Headgear Use and SRC ..........................................................................................49 

2.3.4 Headgear use and superficial head injury ..............................................................50 

2.3.5 Headgear and injuries to all body regions ..............................................................50 

2.4 Discussion ....................................................................................................................53 

2.4.1 The Association of Headgear with Sports Related Concussion, Superficial 

Head Injury and other Injuries. ..............................................................................53 

2.4.2 Directions for Future Research. .............................................................................54 

2.4.3 Strengths and Limitations. .....................................................................................55 

2.5 Conclusion ...................................................................................................................56 

References ............................................................................................................................57 

Chapter 3 Padded headgear in junior and youth Australian football: Player insights from a 

national survey ......................................................................................................................... 63 

Abstract ................................................................................................................................65 

3.1 Introduction ..................................................................................................................65 

3.2 Methods........................................................................................................................67 

3.3 Results ..........................................................................................................................69 

3.4 Discussion ....................................................................................................................71 

3.5 Conclusions ..................................................................................................................74 

References ............................................................................................................................76 



 

VII  

Chapter 4 The association of padded headgear with concussion and injury risk in junior 

Australian football: A prospective cohort study ...................................................................... 79 

4.1 Abstract ........................................................................................................................80 

4.2 Introduction ..................................................................................................................80 

4.3 Methods........................................................................................................................81 

4.4 Results ..........................................................................................................................84 

4.5 Discussion ....................................................................................................................88 

4.6 Conclusions ..................................................................................................................91 

4.7 Practical Implications...................................................................................................92 

References ............................................................................................................................93 

Appendix A ..........................................................................................................................96 

Appendix B ..........................................................................................................................97 

Appendix C ..........................................................................................................................99 

Appendix D ........................................................................................................................102 

Appendix E .........................................................................................................................103 

Chapter 5 General Discussion ................................................................................................ 105 

5.1 Summary and Implications of Findings .....................................................................105 

5.2 Effectiveness of headgear as SRC prevention in youth team sports ..........................106 

5.3 Attitudes and Beliefs about HG in Australian Football .............................................109 

5.4 Headgear and Injuries in Australian Football ............................................................111 

5.5 Future Directions .......................................................................................................112 

5.6 Limitations .................................................................................................................115 

5.7 Conclusions ................................................................................................................117 

References .............................................................................................................................. 119 





 

IX  

LIST OF FIGURES 

Figure 1.1 Proposed classifications of concussion as discrete entity to TBI, and model 

proposed by Mayo clinics which considers concussion as falling on a continuous 

spectrum of TBI (Sharp & Jenkins, 2015) ................................................................................. 3 

Figure 1.2 Australian football oval. ........................................................................................... 8 

Figure 1.3 Two elite Australian football teams engaged in a ball contest. ................................ 9 

Figure 1.4 Riddell hard shell helmet, predominantly used in NFL (left). Soft-shell padded 

headgear, predominantly used in rugby (right). ....................................................................... 29 

Figure 2.1 The figure depicts a PRISMA flowchart showing systematic exclusion of 

articles at each stage of the review. .......................................................................................... 41 

Figure 3.1 Male and female player beliefs about headgear. Boxes represent median, IQR 

and whiskers represent range of responses. ............................................................................. 70 

Figure 3.2 Responses of junior and youth player beliefs about headgear. Boxes represent 

median, IQR and whiskers represent range of responses. ....................................................... 71 

Appendix A, Figure 3.3. Odds ratios for factors associated with voluntary headgear use. ..... 75 





 

XI  

LIST OF TABLES 

Table 1.1 Signs and symptoms of sports related concussion ................................................... 11 

Table 2.1 Methodological details of studies ............................................................................ 43 

Table 2.2 Results for NOS scale risk of bias assessment and Level of Evidence 

(OCEBM) ................................................................................................................................. 48 

Table 2.3 Randomized Study quality (PEDro Scale) & Level of Evidence (OCEBM) .......... 48 

Table 2.4 Outcome data for concussion, head injury and injuries to other body regions 

stratified by headgear vs no-headgear ...................................................................................... 51 

Table 3.1 Demographics, history of self-reported concussions, risk-taking and club HG 

mandates for other age groups ................................................................................................. 69 

Table 4.1. Definitions of SRC, non-SRC head injury and all body region injuries ................. 83 

Table 4.2 Player baseline characteristics ................................................................................. 85 

Table 4.3 Incidence rates and risk ratios comparing match, medical assessment and 

missed match injuries according to SRC, non-SRC head injury and injury to all body 

regions between HG users and non-HG users. ........................................................................ 87 

Appendix D, Table 4.4 Multivariable logistic regression analysis for injuries sustained to 

all body regions ........................................................................................................................ 88 

Appendix E, Table 4.5 Match, medical attention and missed match incidence rates and 

risk ratios for SRC, head injury and injuries to any body region stratified by age level 

and sex. .................................................................................................................................. 103 

 





 

XIII  

THESIS OVERVIEW  

This thesis forms the major research component of the Doctorate of Clinical 

Neuropsychology program at Monash University, in Melbourne Australia. The program 

combines four years of clinical training and research. In collaboration with my supervisors, I 

developed a research project partnered with eminent brain injury researchers in 

neuropsychology, neurosurgery, and trauma systems, as well as clinical experts in sports 

related concussion, policy makers and industry figures such as our partners the Australian 

Football League (AFL). Associate Professor Catherine Willmott and Professor Biswadev Mitra 

(National Trauma Research Institute & Alfred Health) formulated the study design and 

supervised this research, while I was primarily responsible for recruitment, data collection, data 

entry, analysis and interpretation. I prepared each manuscript under the guidance of my 

supervisors and received additional input from collaborators. Chapters are presented in a óthesis 

by publicationô format, in which parts of the thesis have been written as manuscripts and 

submitted for publication. In light of this, there is some unavoidable repetition of content across 

chapters. This thesis is organised into five main sections. The first chapter is an introduction 

that places the studies in the context of the broader literature by summarising the relevant 

research on concussion and headgear (HG), and outlines the thesis aims. Three manuscripts 

have been prepared corresponding with Chapters 2, 3 and 4. These chapters address each of 

the major aims of the thesis. Regarding publication status; Chapter 2 has been peer reviewed 

and the revised manuscript has been re-submitted to BMJ Open, Chapters 3 has been peer 

reviewed with a revised manuscript to be submitted to Journal of Science and Medicine in 

Sport, and Chapter 4 is currently under review at the Journal of Science and Medicine in Sport. 

The final chapter summarises thesis findings, followed by a general discussion of the 

contribution this work makes to the literature. It also outlines the research limitations and 

provides recommendations for future investigations in the field. 

Please note: Alternate terms have been used across Chapters 2 and 4 due to differences in 

journal requirements. Terms used that should be considered synonymous are ñsuperficial head 

injuryò and ñnon-sports related concussion head injury (non-SRC head injury)ò which both 

describe bruising and grazes sustained external to the skull (excluding SRC). ñSoft shell padded 

headgearò and ñpadded headgearò have also been used throughout the thesis which both 

describe the same type of protective device. 
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ABSTRACT 

There is emerging concern regarding the adverse effects of sports related concussion 

(SRC) for young Australian football players. A question frequently posed is whether children 

should wear soft-shell padded headgear (HG) as a protective device to mitigate against risk of 

SRC. To investigate this important question, the current thesis developed three central 

objectives; 1) to systematically review the literature on the effectiveness of HG in all youth 

sports known to have some uptake of such devices as personal protective equipment (i.e. 

soccer, rugby, Australian football); 2) to investigate player attitudes and beliefs about HG use 

and assess factors associated with voluntary HG use in junior and youth Australian football; 

and 3) to compare the on-field incidence of SRC, non-SRC head injury and other injuries 

among HG users versus non-users, and male versus female junior Australian football players. 

The overarching aim was to inform headgear policy for junior Australian football players by 

providing an up to date evidence base for the potential benefits versus risks of utilising this as 

yet, largely unstudied piece of protective equipment in this cohort.  

The systematic review assessed the association between HG use and SRC, superficial 

head injury and injuries to the entire body in youth (<18 years) team sports. We aimed to gather 

all existing literature obtained from studies in soccer, rugby and Australian football to assess 

the current evidence and provide a framework for the design of our own study. Five databases 

were searched and eight studies were eligible. The majority of studies (n=5) reported no effect 

of HG use on reducing SRC in youth soccer and rugby, and no studies were found that assessed 

HG in Australian football. One rugby study identified significantly lower risk of SRC for non-

HG users compared to HG users, whereas a cross-sectional survey of soccer players indicated 

higher risk of SRC for non-HG users compared to HG users. Three of the four studies 

investigating superficial head injury found no significant differences with HG use, though the 

soccer survey reported reduced risk among HG users. Increased incidence of injuries to all 

body regions for rugby HG users was reported in two studies. Overall, the review demonstrated 

variable findings, but no strong evidence for HG use. The findings highlighted the need for 

research specific to Australian footballers, youth and female athletes.  

To examine junior and youth Australian footballerôs attitudes towards HG and assess 

factors that may be associated with increased HG use, a cross sectional national survey was 

conducted. Participants were 735 players (including 190, 25.7% female) representing 206 clubs 

across U8-U18 age-groups. A key finding was that junior players (U8s-U12s) were statistically 
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more likely to agree to feeling safer and being able to player harder while wearing HG, while 

youth players (U13-U18) tended towards more accurate beliefs around the limitations of HG. 

Interestingly, beliefs did not differ between male and female players, though youth players, 

female players, and players belonging to a club where HG was mandated for other age groups 

tended to favour HG use and choose to wear it. The study highlighted that club HG mandating 

culture appeared to be prominent factor driving HG use and the importance of culture being 

informed by greater evidence was highlighted. In addition, that study demonstrated that it was 

feasible and ethical to complete a cohort study examining the association between HG and SRC 

incidence, as many junior clubs had existing HG mandates. 

To compare the on-field incidence of SRC, non-SRC (superficial) head injury and other 

injuries among HG users versus non-users, and male versus female junior Australian football 

players we recruited 400 players (42.5% female, 204 mandated HG users and 196 non-HG 

users). This was the first study in youth sports injury surveillance to include almost equal 

numbers of male and female players. Twenty teams were monitored over 258 games and no 

differences were observed in SRC rates between males and females. After adjusting for 

potential confounders, it was found that HG use was associated with increased odds of 

sustaining injuries to all  body regions, though not with reduced rates of SRC or non-SRC head 

injury. These findings, in conjunction with those reported in the first two studies, highlight 

issues with the mandating of the currently commercially available HG for young Australian 

footballers. The need for informed evidence-based policy change and manufacturing standards 

for HG were emphasized. 
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PREAMBLE 

Australian football contributed to the most hospitalisations for sports related 

concussion (SRC) over a recent two year period in Australia (Hospitalised sports injury in 

Australia, 2016ï17, 2020). Currently, whilst extensive research efforts have been channelled 

into investigating prevention, treatments and outcomes in adult SRC, considerably less 

attention has been focused on prevention and outcomes following SRC in children and 

adolescents (Simma, Palmer, Ngo, Jowett, & Teague, 2020). This is not ideal as children and 

adolescents participate in organised sports at an overwhelmingly higher rate than adults, and 

sustain the majority of SRCs (Karlin, 2011). Sporting activities among youth generally do not 

have the same rigour of governance as professional sports, leaving the community to navigate 

prevention and management of SRC with limited support. There is evidence that hard shell 

helmets have successfully reduced the incidence of SRC, skull fractures and severe traumatic 

brain injury in sports and recreation (i.e., American football, snow sports, cycling), however, 

these are not used in Australian football. Currently, mouthguards are the only compulsory 

protective equipment used in Australian football, and hard shell helmets are not permitted as 

they have the potential to impose injury on opponent players (Hrysomallis, 2015). Soft-shell 

padded headgear (HG) is optional for Australian footballers, though research into the 

effectiveness of this equipment is scarce and findings are inconclusive (Emery et al., 2017; 

Rivara et al., 2020). Despite the lack of scientific evidence, many Australian football 

stakeholders believe that padded headgear can prevent SRC (White et al., 2014). The current 

AFL position statement on HG in junior Australian football is based on data collected in rugby. 

It states that the potential harm or benefit of wearing HG is currently unclear (AFL Position on 

Helmets and Mouthguards, 2020). This lack of clarity leaves community clubs to encourage, 

mandate or discourage the use of HG at their own discretion. Of additional concern, it has been 

suggested that females are more likely than males to sustain SRC (Rivara et al., 2020), yet 

comparisons of this type have not been made in junior Australian football, largely due to the 

lack of HG and SRC research that is specific to youth and female players (Pfister, Pfister, 

Hagel, Ghali, & Ronksley, 2016). The resources available in community Australian football 

differ from that of high school and collegiate team sports in for example, the United States of 

America. In the US, data can be obtained by capitalising on coaches and certified athletic 

trainers who are trained and paid to attend matches. Athletic trainers have been demonstrated 

to provide high quality data on exposure and injury rates across many sports. In Australian 

community football however, it is difficult to obtain nationally representative samples of non-
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professional athletes using team staff  because the game relies almost solely on volunteers who 

are typically parents of players. On match day, volunteers are responsible for a variety of tasks 

including upholding health and safety protocols, coaching and managing the team. As the 

junior Australian football community lack access to athletic trainers and paid staff, researchers 

must create novel data collection methods which require careful consideration and 

minimisation of the burden imposed on the volunteers. These limitations posed some restriction 

on our ability to obtain data from a large representative sample, however, we have provided a 

first step towards this by collecting preliminary evidence and highlighting the importance of 

this topic.  



 

1 

CHAPTER 1 INTRODUCTION  

1.1 Epidemiology of concussion 

Traumatic brain injury (TBI) is a leading cause of disability and death, contributing to 

a growing worldwide disease burden (James et al., 2019). According to the Center for Disease 

Control and Prevention (CDC) an estimated 2.8 million Americans suffer from TBI each year 

(Taylor, Bell, Breiding, & Xu, 2017). Participation in sports is a leading cause of TBI (Lovell, 

Barth, Collins, & Echemendia, 2020; Veliz, Ryan, & Eckner, 2021), with approximately one 

third of all hospital TBIs sustained during sports participation (Theadom et al., 2020). The 

majority of TBIs (70-90%) are classified as mild traumatic brain injuries (mTBI) or concussion 

(Coronado et al., 2011) which is one of the most common injuries in childhood and 

adolescence, particularly among those who participate in sports and recreation (Bryan, 

Rowhani-Rahbar, Comstock, & Rivara, 2016). The data described here highlight the pervasive 

issue of TBI and particularly SRC, although these numbers are likely an underestimate because 

most concussions do not result in hospital attendance (McCrory, Collie, Anderson, & Davis, 

2004). SRC is one of the most common sports injuries among youth athletes (<18 years) across 

sporting codes  (Gardner, Quarrie, & Iverson, 2019; Pfister, Pfister, Hagel, Ghali, & Ronksley, 

2016).  

 Complicating the issue of SRC epidemiology are the unique circumstances 

surrounding athletes, where commitment to the game, potential lack of awareness, fear of 

letting the team down or losing playing time influence players propensity to report SRC 

(Brown, Fry, Wilkinson, Breske, & Iwasaki, 2019; Gardner et al., 2019; Pfister et al., 2016). It 

is well established across studies that SRC recognition and symptom reporting among youth 

athletes is problematic (McDonald, Burghart, & Nazir, 2016; Meehan & Bachur, 2009; Johna, 

Register-Mihalik et al., 2013). For example, in one study of high school athletes, 55% under 

reported SRC and even players with a good understanding of SRC were no more likely to report 

their symptoms (Wallace, Covassin, Nogle, Gould, & Kovan, 2017). Youth athletes are 

vulnerable to longer recovery, and in community sports settings medical care is seldom 

available, and the staff may not have the appropriate knowledge to recognise and manage SRC 

(Hecimovich, King, & Marais, 2016; Naftel, Yust, Nichols, King, & Davis, 2014), perpetuating 

under diagnosis. 
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1.2 Defining Sports Related Concussion 

The word óconcussionô originates in Latin from the word óconcutereô which means óto 

shake violentlyô(McCrory, 2017). The term underpins the notion that when the brain is subject 

to linear or rotational acceleration, shearing and stretching of neurons, inflammatory, vascular, 

biochemical and neurometabolic alterations occur (Romeu-Mejia, Giza, & Goldman, 2019). 

This results in an acute metabolic cascade of functional disturbance as changes in ion and 

neurotransmitter flow across neurons disrupts normal synaptic transmission (Chancellor, 

Franz, Minaeva, & Goldstein, 2019). Despite the large body of scientific literature exploring 

the mechanism, neuropathophysiology and outcomes of mild traumatic brain injury (mTBI) 

and concussion, there remains a lack of agreement about the precise definition and terminology 

that should be used to describe such injuries (Gasquoine, 2020; King, 2019). Definitions have 

included the term ómildô with a focus to differentiate mTBI from other types of brain injury 

that are moderate, severe or extremely severe, whereas other conceptions have shifted focus, 

using the term óconcussionô and considering the injury as a clinical syndrome linked to 

functional disturbance in the absence of structural damage (Gasquoine, 2020; McCrory, 

Meeuwisse, Kutcher, Jordan, & Gardner, 2013). 

Unfortunately, the confusion in terms has led to some variation in interpreting the 

science, as researchers are hastened to understand epidemiology, compare treatment 

effectiveness and develop evidence-based management (Furlan, Radan, & Tator, 2020). 

Currently, some researchers and clinicians use the terms mTBI and concussion as synonymous 

and interchangeable, whereas others argue that concussion, in particular sports related 

concussion (SRC), should be considered a distinguishable entity (McCrory, Feddermann-

Demont, et al., 2017b), and some suggest that the term concussion should be abandoned 

completely (Sharp & Jenkins, 2015). Sharp et al, (2015) recommend the use of the Mayo 

classification system of TBI (See Figure 1.1, B) which considers all TBI (including mild) on a 

spectrum of severity using neuroimaging, and markers of severity (i.e Glasgow Coma Scale 

score and duration of post traumatic amnesia). In this model, mTBI is separated into two groups 

which acknowledges the variability within the neuropathology of mTBI;  mTBI (probable) and 

mTBI (symptomatic) (Malec et al., 2007). The argument for using this model and avoiding 

using the term concussion (see Figure 1.1, A) is that by including concussion, science is 

discounting the fact that there are no distinct objective biomarkers or diagnostic criteria that 

delineate a true difference in pathophysiology between concussion and mTBI. In addition, the 



 

3 

biomechanics of the injuries that cause concussion and TBI are the same (Sharp & Jenkins, 

2015). 

 

Figure 1.1 Proposed classifications of concussion as discrete entity to TBI, and model 

proposed by Mayo clinics which considers concussion as falling on a continuous spectrum of 

TBI (Sharp & Jenkins, 2015) 

Further confusing the issue is that authors have proposed that concussion be considered 

a less severe form of mTBI (Mayer, Quinn, & Master, 2017), and that SRC be considered as 

its own entity because of the high risk of second impact syndrome among athletes (Cantu & 

Voy, 1995). Second impact syndrome refers to the idea that after a single concussive injury an 

athlete is more vulnerable to sustaining another blow to the head due to reduced visual, motor 

and speed of thinking skills (Cantu, 1996). In cases of second impact syndrome, a second 

concussion occurs before the initial symptoms resolve which possibly results in poorer injury 

outcomes.  

Distinguishing SRC as a unique entity allows clinicians, scientists and sporting bodies 

to develop practical guidelines governing return to play for athletes which aim to mitigate risk 

among this highly exposed population (McCrory, Feddermann-Demont, DvoŚ§k, Cassidy, et 

al., 2017). The study of concussion among sporting cohorts has provided many advances in 
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knowledge of the injury, however, it remains imperative to acknowledge that the science on 

mTBI is vital to informing both sports related and non -sports related concussion, as it is largely 

an arbitrary separation between concussion and mTBI (McCrory, Feddermann-Demont, et al., 

2017). As the focus of this thesis is SRC, most of the included literature refers to SRC, however, 

general non-sporting mTBI literature is also incorporated to outline epidemiology and injury 

outcomes.  

Currently, many sporting bodies develop SRC recognition, risk reduction and 

prevention policies based on a consensus statement developed by Concussion in Sports Group 

(CISG) (Davis et al., 2020). The CISG comprises experts from around the globe who meet 

every four years to determine the answers to the most pressing questions on SRC, conducting 

a series of systematic reviews to answer various research questions (McCrory, Meeuwisse, et 

al., 2017). The most recent consensus statement provides an operationalised definition of SRC 

based on these systematic reviews. According to this statement, SRC is defined as a traumatic 

brain injury induced when a biomechanical force is sustained to the head, neck, face or 

elsewhere on the body and transmitted to the brain (McCrory, Feddermann-Demont, et al., 

2017). According to this definition, which will be employed throughout the thesis, SRC may 

or may not involve loss of consciousness (LOC), cannot be accounted for by drug, alcohol, 

other injuries, medication or medical and psychological factors, and typically involves transient 

neurological impairment that resolves spontaneously over time (McCrory, Feddermann-

Demont, et al., 2017; McCrory, Meeuwisse, et al., 2017).  

Importantly, mTBI literature specifies that concussion may also be accompanied by a 

period of post traumatic amnesia (PTA) which is defined by a period of confusion and 

disorientation typically associated with memory deficit around the details of the injury and the 

events that follow (Carroll, Cassidy, Holm, Kraus, & Coronado, 2004). The duration of PTA 

(less than 24 hours in mTBI) is often used as a marker of severity, in addition to quantitative 

measures of impaired consciousness, such as the Glasgow Coma Scale (GCS) (Corrigan, 

Selassie, & Orman, 2010) where scores between 13-15 are classified as mTBI (Carroll et al., 

2004; Gasquoine, 2020). Traditionally, it was posited that SRC was marked by LOC, however 

it is now commonly accepted that SRC is not necessarily associated with LOC (Guskiewicz, 

Weaver, Padua, & Garrett, 2000; Macciocchi, Barth, Alves, Rimel, & Jane, 1996; McCrea et 

al., 2003). It is important to note that our knowledge of concussion, like many health conditions 

is evolving, and given time, brain injury will likely be further diagnosed and classified using a 
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combination of blood and/or cerebrospinal fluid (CSF) biomarkers, clinical signs, genetic and 

epigenetics, and innovative neuroimaging techniques (McCrory, 2017).  

1.2.1 Neuropathophysiology of Mild Traumatic Brain injury and Concussion  

mTBI and concussion have been found to involve neuropathological changes that are 

microstructural and metabolic, and related to functional change in the absence of skull 

fractures, contusions or bleeding on the brain (Furlan et al., 2020). Various biological 

methods are used to investigate diagnostic and prognostic factors associated with functional 

changes, such as blood biomarkers, advanced neuroimaging and metabolic tests (Mayer et al., 

2017). Diffusion Tensor Imaging (DTI), a comparatively newer brain imaging technique 

shows microstructural brain abnormalities consistently among SRC sufferers, though findings 

are inconsistent with regard to the anatomical site of those abnormalities which tend to vary 

from person to person (Gardner et al., 2012). Phase contrast angiography, arterial spin 

labelling and transcranial Doppler are all methods that have been used to assess cerebral 

blood flow patterns post-concussion with various patterns of decreased and increased flow 

detected at differential periods of recovery (Kamins et al., 2017). A combination of arterial 

spin labelling and MRI was used by Wang et al. (2016) , who found that concussed football 

players had significantly decreased cerebral blood flow at 24 hrs post-SRC, and further 

decreased blood flow at 8 days post-SRC in dorsal prefrontal and temporal lobe regions. 

Many researchers hypothesise that reductions in cerebral blood flow contribute to symptom 

severity (Bazarian et al., 2014; Hamer, Churchill, Hutchison, Graham, & Schweizer, 2020; 

Maugans, Farley, Altaye, Leach, & Cecil, 2012). Biomarker research has also revealed 

elevated levels of neuronal proteins following concussion (Diaz-Arrastia et al., 2014). One 

characteristic biomarker is glial fibrillary acidic protein (GFAP) and GFAP breakdown 

protein which when detected can delineate those who have sustained concussion from 

uninjured controls (Mannix, Eisenberg, Berry, Meehan III, & Hayes, 2014; McCrea et al., 

2020; Metting, Wilczak, Rodiger, Schaaf, & Van Der Naalt, 2012). While much of this 

research is still in the experimental phase, these methods in combination, demonstrate clear 

evidence of physiologic neuronal stress which underpins the functional disturbances typically 

observed following concussion and mTBI.  

1.2.2 Complicated mild traumatic brain injury and sub-concussion 

Complicated mTBI and sub-concussion are also terms used in the literature that warrant 

clarification. Existing at opposite ends of the injury severity spectrum, the term ócomplicated 

mTBIô is use to describe a mild brain injury or concussion as per the aforementioned 
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parameters that is accompanied by evidence of intracranial abnormality on acute neuroimaging 

such as computed tomography (CT) (Gasquoine, 2020; Voormolen et al., 2020). As 

complicated mTBI is related to structural abnormality and linked to differential recovery 

outcomes (Karr et al., 2020), studies included hereinafter will largely focus on SRC which does 

not include those concussions in which lesions are present on structural brain imaging.  

Sub-concussion is defined as an insult to the brain with insufficient force to produce 

clinical symptoms (Morris, 2019). The parameters of  sub-concussion are poorly defined 

(Patton, McIntosh, & Kleiven, 2017) and it is currently unclear as to the extent to which sub-

concussions are cumulatively related to cognitive or other impairment (McCrory, Meeuwisse, 

et al., 2017). It is worth noting that the athletic community have become increasingly concerned 

about the impact of lifetime exposure to milder head impact forces such as sub-concussion 

(Malcolm, 2019; Schatz, Corcoran, Kontos, & Elbin, 2020) and some studies have linked 

repeated exposure to microstructural brain changes, cognitive impairment and reduced balance 

(Lavender et al., 2020; McAllister & McCrea, 2017; Miyashita, Diakogeorgiou, & Marrie, 

2020). A review of the literature on youth players and the link between exposure to repeated 

head impact outlined mixed findings and no clear threshold for determining the number of 

years of exposure required to increase the likelihood of brain damage (Alosco & Stern, 2019). 

Moreover, all participants in previous studies play youth sport, and then go on to play through 

college and adult sport. It is unlikely then that being exposed to head impacts in youth tackle 

football alone would confer risk for a later neurodegenerative disease and there are few studies 

that delineate these factors or provide strong evidence of a link between acute SRC and 

permanent neurological change (Yeargin, Kingsley, Mensch, Mihalik, & Monsma, 2017).  

1.3 Paediatric Concussion 

Clinical presentation and outcomes following SRC are similar across adult and 

paediatric populations (Corti, Pizzimenti, McCarthy, Essad, & Kutcher, 2019), though 

differences in skull thickness, neck strength and cerebral blood volume are theorised to render 

the developing brain more vulnerable to initial injury and longer recovery periods (Nelson et 

al., 2016). Brain development in children and adolescents is marked by key periods in structural 

formation of brain regions and in neuronal circuitry (Lenroot & Giedd, 2006). Myelination 

(i.e., the process by which axons are insulated in a fatty sheath which increases the rate at which 

electrical impulses are transmitted throughout the brain) and axonal and dendritic arborization 

(i.e., branching process where neurons form new trees and branches to create new synapses) 
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begin prenatally and continue throughout the lifespan, however, these processes are prolific 

throughout childhood and adolescence (Lenroot & Giedd, 2006). As myelination is incomplete 

in young children, axons are more susceptible to the shearing mechanisms associated with 

concussion (Choe, Babikian, DiFiori, Hovda, & Giza, 2012). Frontal and temporal lobe regions 

also undergo a great deal of development in childhood, with these areas continuing to mature 

into early adulthood (Anderson, Jacobs, & Anderson, 2010; Giedd et al., 1996). As these 

processes are occurring, the young brain is vulnerable to disruption of normal development 

with damage induced by concussion suggested to have pathophysiological effects that have a 

later impact on neuropsychological health (King, Ellis, Seri, & Wood, 2019; Ryan et al., 2019; 

Theadom et al., 2019). 

Cerebral blood flow alterations also occur in children post SRC. Maugans et al. (2012) 

demonstrated significantly diminished cerebral blood flow in children aged 11ï15 years, 30 

days after injury by using MRI, DTI, and proton magnetic resonance spectroscopy. The impact 

of these physiological alterations and correlation with symptoms and outcomes remains poorly 

understood (Moore, Kay, & Ellemberg, 2018). Neurochemical alterations in children have also 

been investigated, particularly with regard to the release of glutamate in response to SRC. The 

release of glutamate ultimately created potassium efflux, which suppresses neuronal activity 

(Halstead & Walter, 2010). This also occurs in adult SRC, but may have differential patterns 

of expression in children (Moore et al., 2018). This research is in its infancy and the link 

between these alterations and outcomes is unclear, though it is probable that alterations in 

cerebral blood flow and neurochemical balance will  become important prognostic and 

diagnostic biomarkers in the future (Moore et al., 2018).  

Procedures for evaluating the level of consciousness and mental status post brain injury 

in children differs from adults, as the most commonly used measure (GCS) (Teasdale & 

Jennett, 1974) to classify severity of injury as mild, moderate, or severe; contains a verbal 

component, which is not able to be administered to pre-verbal infants & toddlers (Holmes, 

Palchak, MacFarlane, & Kuppermann, 2005). This led to the development of the pediatric GCS 

(Raimondi & Hirschauer, 1984) which assesses the presence of cries, incomprehensible sounds 

and moans in children aged below two years (Borgialli et al., 2016; Raimondi & Hirschauer, 

1984). The Children's Orientation and Amnesia Test (COAT) is a 5-10 minute measure of PTA 

which assesses the childôs recovery of orientation and memory post brain injury (Ewing-Cobbs, 

Levin, Fletcher, Miner, & Eisenberg, 1990). The use of a valid test measuring PTA in paediatric 
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populations is essential given its significance as a prognostic indicator for potential long-term 

outcomes.   

1.4 Australian football and concussion 

Australian football (also referred to as AFL, Aussie rules, or footy) is one of the most 

popular sports in the country. Participation in Australian football promotes physical fitness, 

coordination, teamwork and psychosocial well-being; however, as most contact sports do, it 

comes with a risk of injury and SRC (Simma et al., 2020). It is fast-paced, and involves running, 

tackling, kicking and handballing which results in player-to-player, and player-to-ground 

collisions (Orchard, Wood, Seward, & Broad, 1998; Scase et al., 2012). An elite Australian 

football team consists of between 14 and 18 players, who are on the field (pictured below) at 

any given time and no more than four players available on the bench to be interchanged 

throughout the game (Laws of Australian Football, 2019). The objective of the game is to score 

the maximum number of points for the team by moving the ball through the goal posts using a 

combination of kicking and handballing (AFL., 2020 ). A goal (six points) is scored when a 

player moves the ball through the middle two goal posts (see Figure 1.2, middle goal posts are 

coloured red) and a behind (one point) is scored when the player moves the ball between the 

inside and outside posts (between white and red posts pictured below).  

 

Figure 1.2 Australian football oval. 
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When the ball is kicked, opposition players will often contest the ball (pictured below) 

to achieve a mark. A mark is when the player catches the ball which has been kicked by a 

player on the same team that has not been contested (touched by any other players) while in 

the air (AFL., 2020 ). A mark offers an advantage to the team because the player who marks 

the ball can then take a shot at goal or kick the ball to a player who is in a position on the field 

to take shot at a goal or pass the ball on for the same purposes. Tackling is another key feature 

of Australian football which is when a player is allowed to grab an opposing player who has 

the ball below the shoulders and above the knees (Laws of Australian Football, 2019). Tackling 

is a prominent risk factor for injury as the attacking player may sling their opposition to the 

ground causing their head to make contact with the ground or a playerôs head may collide with 

body parts of the opposing player (Gilbert & Partridge, 2012).  

 

Figure 1.3 Two elite Australian football teams engaged in a ball contest.  

Rules to moderate tackling have been enforced for youth players to ensure greater 

safety. The AFL has divisions for players under age 18; children 8-13 years are considered 

junior and 13 to 18 years considered youth. For all age groups under 8, the by-laws state that 

no tackling is permitted; for U9s and U10s, players are permitted to óhold and releaseô a player 

in possession of the ball by grabbing his or her jumper; for U11s and 12s modified rules still 

apply, a player in possession of the ball may be tackled by an opponent around the area below 
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the top of the shoulders and on/above the knees; for age groups U13 and U14 increasing 

freedom is given to tackling; and for U15s to U18 the full laws of the elite game are applied 

(Kreisfeld., 2020).  

In spite of efforts at minimising injury risk in youth Australian football, analysis of 

emergency department (ED) hospital admission records revealed that Australian football 

contributes to the most hospitalisations for SRC in the country (Hospitalised sports injury in 

Australia, 2016ï17, 2020). Data also outlines that patients who presented for Australian 

football related injuries were significantly more likely to present for head or neck injuries when 

compared to other team sports such as rugby (Simma et al., 2020). While informative, 

epidemiological data cannot solely be obtained through ED records, as those sources cannot 

provide information to elucidate targets for evidence-based rule change or be used to evaluate 

the effectiveness of safety interventions. For these purposes, researchers are dependent upon 

the availability of consistent and reliable on-field injury surveillance data. Injury surveillance 

is a method of collecting epidemiological data on sports injuries whereby ongoing and 

systematic data is collected on player exposure, risk factors and injury incidence (Ekegren, 

Gabbe, & Finch, 2016). Conducted at sports matches and training sessions, methods typically 

include direct observation and reporting of injuries by club doctors or researchers (Hrysomallis, 

2013). While researchers have conducted studies on exposure and causes of injury in Australian 

football, studies have broadly been restricted to adult and elite players. This is surprising given 

the high rate of documented hospital admissions for injuries in children and adolescents who 

play Australian football.  

1.5 Female Australian football and concussion  

The establishment of the Australian Football League Womenôs (AFLW) division has 

resulted in a substantial influx of female participation. According to the 2019 AFL annual 

report, participation among women and girls has skyrocketed to a record number of over half 

a million playing the game in 2019. While this development is noteworthy, women have 

competed in Australian football nation-wide for over 100 years, with the earliest recorded 

match played in Western Australia in 1915 (Saulty, 2018). Yet, female players have only been 

included in one previous injury surveillance study (McNeel, Clark, Davies, Major, & Lum, 

2020). There is a pressing need to attain injury surveillance data regarding SRC among female 

players in the Australian football community. In regards to the likelihood of sustaining SRC, 

it appears that in contact sports females are more susceptible than males (Abrahams, McFie, 
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Patricios, Posthumus, & September, 2014; Brestzin et al., 2021; Dick, 2009; Van Pelt et al., 

2021). Comparisons of this type have not yet been made in youth Australian football, 

representing a key area for important research as youth female athletes have also been shown 

to have protracted recovery from SRC (Merritt, Padgett, & Jak, 2019). Suggestions for these 

differences are that females have reduced neck mass and strength compared with males 

(Esopenko et al., 2020), have different patterns of cerebral blood flow (Hamer et al., 2020), 

and that disruption of estrogen and progesterone which are thought to be ñneuroprotectiveò 

neurotransmitters may impact severity and recovery (Holtzman & Ackerman, 2019). It has also 

been suggested that suggested sex differences in SRC incidence may partially be a function of 

gendered behaviour and reporting, as males may have a tendency to conform to a masculine 

norm role and not report SRC (Kroshus, Baugh, Stein, Austin, & Calzo, 2017). 

1.6 Concussion symptoms  

1.6.1 Acute observable signs and self-reported symptoms 

Table 1.1 below outlines the acute signs and symptoms associated with SRC identified 

across a number of studies (Clifton, Gastin, & Makdissi, 2017; Makdissi, Cantu, Johnston, 

McCrory, & Meeuwisse, 2013; Makdissi & Davis, 2016b; McCrory, Meeuwisse, et al., 2017; 

Meehan & Bachur, 2009).  

Table 1.1 Signs and symptoms of sports related concussion 

Observable signs Self-report Symptoms 

LOC Headache 

Impact seizure Difficulty concentrating 

Anterograde or retrograde amnesia on objective tests Dizziness 

Appearing dazed Nausea/vomiting 

Acting confused Gait disturbance (balance) 

Inappropriate emotionality 

Tonic posturing  

Clutching of the head 

Slow to get up 

Failure to protect self when falling to the ground 

Imbalance 

Motor incoordination 

Slow verbal response 

Behavioural and personality change 

Emotional lability (sadness, 

irritability)  

Blurred vision 

Drowsiness 

Sleep disturbance 

Memory difficulties 

Fatigue 

Mental ñfogginessò 

Sensitivity to light 
 

Given the myriad of different clinical presentations across individuals, objective 

diagnosis can be difficult and is compounded by the fact that SRC symptoms are non-specific 

and share clinical profiles with other injuries (Leddy et al., 2015). As an example, Leddy et al. 
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(2015) found that post-concussion symptoms were not exclusively related to brain injury, but 

similar symptoms (headaches, dizziness) emerged after neck injury. In addition, not every 

athlete that has SRC symptoms has sustained SRC, for instance, many symptoms may have 

been  present prior to injury (i.e., headaches, fatigue, trouble concentrating) (Hunt, Paniccia, 

Reed, & Keightley, 2016) causing misattribution errors. Furthermore, there is substantial 

overlap between SRC and other symptom aetiologies such as dehydration and over training 

(Meehan & Bachur, 2009), depression (Stazyk, DeMatteo, Moll, & Missiuna, 2017), sleep 

disorders (Morse & Kothare, 2018), and chronic pain syndrome (Mollayeva, Cassidy, Shapiro, 

Mollayeva, & Colantonio, 2017).  

1.7 Concussion Sequelae 

SRC may be associated with acute and chronic sequelae which largely vary from person 

to person (McCrory, Feddermann-Demont, et al., 2017). SRC sequelae can be broken down 

into constellations of symptoms which expert researchers suggest could be used to classify 

concussion into sub-types (Lumba-Brown et al., 2020). The expert multidisciplinary working 

group devised a system of five symptom groups including oculomotor, migraine-headache, 

vestibular, anxiety and mood, cognitive, and two associated conditions- sleep disturbance and 

cervical strain (Lumba-Brown et al., 2020). It is proposed that while these clusters of symptoms 

are interlinked, considering them as concussion sub-types clarifies targets for intervention and 

treatment. The following sections outline each symptom domain in more detail with reference 

to relevant literature.  

1.7.1 Migrain e/Headache 

Headaches and migraines are one of the most common symptoms of concussion 

(Register-Mihalik, Mihalik, & Guskiewicz, 2008). The leading hypothesis as to the underlying 

mechanism by which headaches occur in concussion is that when the blood-brain barrier is 

disrupted by the trauma, the brain activates an inflammatory response to clear out entry of 

proteins and pathogens (Mares et al., 2019). Ultimately, the inflammatory response can be 

harmful to normal cells which leads to pain.  Early assessment is vital as the presence of 

headaches and/or migraine have been shown to be important in predicting other symptoms such 

as balance deficits (Register-Mihalik, Mihalik, & Guskiewicz, 2008), oculomotor and 

vestibular dysfunction (Moran, Covassin, & Wallace, 2019). In addition, many studies have 

found that the headaches and migraines in the early phases post-concussion are related to worse 

overall symptom severity, worse cognitive outcomes and longer recovery (Eagle et al., 2020; 
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Kontos et al., 2013; Kwan, Plourde, Yeates, Noel, & Brooks, 2020; McConnell et al., 2020; 

Moran et al., 2019; Rosenbaum et al., 2020). It appears that pre-existing headaches contribute 

to the likelihood of developing secondary headaches in response to the injury itself (Mares, 

Dagher, & Harissi-Dagher, 2019).  

1.7.2 Oculomotor  

SRC has been associated with deficits in visual functions, including visual tracking, 

photophobia and eyesight issues (Maruta et al., 2017; Sussman, Ho, Pendharkar, & Ghajar, 

2016). The visual system has wide reaching networks across the cortex and contains the optic 

nerve which stretches from the back of the eye to the occipital cortex in the most posterior 

region of the brain (Mares et al., 2019). This diffuse nature of the visual system renders it 

vulnerable to neurophysiological change and damage, particularly in the retinal ganglion cells 

which have axons that collect information from photoreceptors within the retina (Akhand, 

Balcer, & Galetta, 2019; Mares et al., 2019). Changes in oculomotor function have been 

detected in adolescent Australian footballers with a history of SRC 6 months post-injury 

(Clough et al., 2018). Specifically, they demonstrated slowed performance in oculomotor 

switching, that is, the latency between looking towards a target and looking away from a target 

The researchers suggested that this ñswitch costò may be related to poorer cognitive control 

(Clough et al., 2018). Oculomotor testing can also be used in the diagnosis of concussion 

(Echemendia, Broglio, et al., 2017). These assessments aim to detect blurred vision, diplopia 

and sensitivity to light (Sussman et al., 2016).  The presence of these symptoms can be used to 

extrapolate whether the person may be at risk of difficulties with work, driving, screen time or 

reading (Lumba-Brown et al., 2020; Sussman et al., 2016). Importantly, assessment of 

oculomotor issues either through symptom self-reporting or objective measurement can play a 

vital role in concussion diagnosis.  

1.7.3 Vestibular dysfunction 

The vestibular systems consists of three circular sensory canals embedded in close 

proximity to the cochlea (within the temporal bone/inner ear) (Le Gall et al., 2019). The canals 

contain microscopic hair cells and a fluid called endolymph (Valovich McLeod & Hale, 2015). 

These systems act implicitly to receive ñhead referenced and motion sensingò information 

which is converted into electrical impulses (Valovich McLeod & Hale, 2015) allowing for 

spatial orientation, dynamic balance, postural stability and stable gaze (Balaban, Black, & 

Silberstein, 2019). Importantly, in sports the systems affected by vestibular dysfunction (e.g 
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balance, postural stability etc.) are vital for any kind of athletic performance, however issues 

are common as the forces associated with concussion can cause direct injury to the vestibular 

system (Balaban et al., 2019). One of the most common concussion symptoms (dizziness) is 

thought to be in relation to disruption of the vestibular system, though other symptoms that can 

manifest are hearing loss, tinnitus and nystagmus (involuntary eye movement) (Le Gall et al., 

2019; Valovich McLeod & Hale, 2015). Given the profound nature of how debilitating these 

vestibular symptoms can be, the need for multidisciplinary treatment and assessment including 

physiotherapy is highlighted (Schneider, Meeuwisse, Barlow, & Emery, 2018).  

1.7.4 Anxiety and mood 

Depression, irritability, increased emotionality (Ho, Hall, Noseworthy, & DeMatteo, 

2020; Terry, Brassil, Iverson, Panenka, & Silverberg, 2019) and anxiety are frequently 

observed post-concussion (Gillie et al., 2020; Macartney, Woodfield, Terekhov, Vassilyadi, & 

Goulet, 2020). A neuropsychological model proposes a complex interplay between cognitive 

and psychological symptoms that explains how these sequelae manifest. The theory proposes 

that anxiety around cognitive issues exacerbates cognitive symptoms, and experience of those 

cognitive issues further compounds anxiety (Kay, Newman, Cavallo, Ezrachi, & Resnick, 

1992). Some SRC sufferers go on to experience difficulties in situations/activities that require 

optimal cognitive function which leads to avoidance, restricted participation and ultimately, 

more anxiety and eventually, the onset of depressive symptoms. While it seems that these 

symptoms can loop and worsen over time, a recent well designed study conducted by Gornall 

et al. (2020) outlined that in a sample of children ages 5 to 18 years with concussion, emotional 

disturbances and behavioural problems were present at two weeks post injury, although 

considerably improved in the months following and by three months had largely resolved. 

Interestingly, the study also found that females of older age (adolescents) were at an increased 

risk for experiencing mood problems months post-concussion.  

1.7.5 Cognitive  

It is hypothesised that axonal injuries, disruption to the bloodïbrain barrier function, 

neuroinflammation, neurometabolic, microstructural, and functional alterations are causative 

in producing post- concussion cognitive changes such as reduced concentration, memory, 

processing speed, attention and executive dysfunction (Carman et al., 2015; Howell et al., 

2019). These changes are considered to be associated with functional alterations rather than 

structural changes per se, as few abnormalities are typically detected on routine clinical brain 
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imaging (CT, MRI) (McCrory, Feddermann-Demont, et al., 2017a). Changes have, however, 

been detected on diffusion tensor imaging (DTI) which demonstrates micro-structural axonal 

injury disturbance in white matter tracts (Cubon, Putukian, Boyer, & Dettwiler, 2011; 

Lancaster et al., 2016; Xiong et al., 2014).  

Neuropsychologists are uniquely placed to identify, test and assess for the symptoms 

and risk factors that have the potential to modify outcomes (Sarmiento, Gioia, Kirkwood, 

Wade, & Yeates, 2020). Neuropsychological testing has a long history of being used to assess 

for concussion and recovery trajectory (Barth et al., 1983) with most sideline tests focusing on 

detection of deficits in memory (predominantly working memory) and motor response time 

(Masterson, Tuttle, & Maerlender, 2019). ImPACT is one widely used computerised 

neuropsychological battery in sport (Covassin, Elbin, Stiller-Ostrowski, & Kontos, 2009; 

Gerrard et al., 2017). The battery produces four composite subscales: verbal memory, visual 

memory, motor speed, and reaction time (Lovell, 2007). Another computerised battery used to 

detect post-concussion cognitive changes is CogState. CogState has been shown to be a valid 

tool in detecting mild cognitive impairment and reliable change, important for assessing for 

signs of SRC, which in some cases can be subtle (Collie et al., 2004). CogState includes 

measures of reaction time, psychomotor speed, working memory, divided attention and 

learning and memory (Collie et al., 2003). Neuropsychologists also readily use pen and paper 

tests in SRC that focus on measurement of processing speed and working memory, verbal and 

visual memory (often taken from the Wechsler Intelligence Scales), verbal list learning and 

executive function tasks such as trail making tests and tests of inhibitory control (Kontos, 

Sufrinko, Womble, & Kegel, 2016). 

A meta-analysis of neuropsychological outcomes post SRC in adults re-analyzed data 

from the 25 studies and showed that within 7 days post injury, the largest effect sizes for 

differences between SRC participants and healthy controls were in areas of memory (Rohling 

et al., 2011). At 3 months post SRC all cognitive differences were indistinguishable between 

the groups, indicating that in the sub-acute phase of recovery, deficits in specific areas of 

memory may be somewhat easier to detect post SRC compared to issues in other areas of 

cognition (e.g. executive functions and processing speed). Highlighted by these findings is also 

that at 3 months post SRC, neuropsychological testing may not be useful as most people have 

either recovered from the cognitive effects, or the tests are not sensitive to detecting changes 

that late post SRC. In Australian football researchers have compared associative learning and 

executive functions using standardised tasks from the Cambridge Neuropsychological Test 
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Automated Battery among male amateur players aged between 20-30 years olds with and 

without SRC (Pearce et al., 2015). In addition to neuropsychological testing and tests of 

reaction time, transcranial magnetic stimulation (TMS) was used as a measure of 

neurophysiological change. The authors found that players with SRC demonstrated changes 

across all measures compared to non-concussed counterparts at 48 hrs post injury. Novel to 

this study at the time, was the use of TMS which demonstrated that those players with SRC 

had increased intracortical inhibition at 48 hrs and 96 hrs post injury. Indicating that the brain 

was producing slowed neuronal action potentials. In another Australian football cohort, 

Cogstate was used among 240 adult players where post-SRC assessments demonstrated that 

players performed significantly worse on the simple reaction time task from Cogstate, but 

performed better on traditional pen and paper neuropsychological tests (the Digit Symbol 

Substitution Test and Trail Making Tests) compared to their preseason baseline (Makdissi et 

al., 2001). Based on these findings it was suggested that computerised cognitive tests may be 

more sensitive to detecting changes associated with SRC compared to traditional paper and 

pencil tests.  

While the above studies highlighted important findings, it remains difficult to draw 

robust conclusions as assessing cognition prospectively and for long periods of time provides 

the highest quality data. As an example of  a prospective study, Echemendia, Putukian, Mackin, 

Julian, and Shoss (2001) recruited male and female collegiate athletes from various sports 

(football, ice hockey, soccer, basketball) with all participants completing pre-season baseline 

neuropsychological testing and repeat testing. The players who did not sustain an SRC served 

as healthy, but similarly exposed controls (Echemendia et al., 2001). Repeat 

neuropsychological testing was conducted at 2 hours, 48 hours, 1 week, and 1 month intervals 

across both groups, which revealed that the SRC sufferers had significantly lower scores than 

their non-SRC counterparts in areas of attention, working memory, and visual and verbal 

memory. Interestingly, while there continued to be slight differences in cognitive performance 

between the groups at one week and one month post SRC, the differences in scores were no 

longer statistically significant at 1 month, demonstrating that the SRC group were gradually 

returning to their baseline performance scores. With regard to long term cognitive functioning 

years, and even decades post SRC, there is a paucity of prospective longitudinal studies that 

extend to follow up over several decades, though there is evidence that many retired athletes 

self-report cognitive difficulties in later life (Cunningham, Broglio, O'Grady, & Wilson, 2020). 

Results from recent data synthesis suggest that a history of multiple SRCs may be associated 
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with long term changes in memory, executive function, and psychomotor speed (Cunningham 

et al., 2020). 

While there are common cognitive deficits reported across studies (memory, speed of 

processing etc), it is important to note that post-concussion cognitive deficits in children and 

adults remain heterogenous, with varying presentations seen across individuals (Anderson et 

al., 2020). Some paediatric concussion studies however, suggest that specific symptoms 

(headaches, dizziness and fatigue) are more common in children compared to adults. For 

instance, reaction time and aspects of memory, attention, and executive functioning have been 

demonstrated as the most sensitive to change in the initial period after concussion for children 

and adolescents (Sesma, Slomine, Ding, & McCarthy, 2008). Delineating the presentation of 

concussion in children compared to adults however, is currently not well supported (Davis et 

al., 2017). Unique to the study of cognitive issues among children is also the methodology used 

to collect data, as researchers and clinicians are reliant on questionnaires and symptom reports 

from the child, parents and at times, teachers. How each group perceives concussion has an 

impact on those reports, and discrepancies have been seen as children tend to report a greater 

number of complaints relative to their parents (Hajek et al., 2010). The period of cognitive 

follow up testing required to assess childrenôs recovery post SRC also differs (McCrory, 

Meeuwisse, et al., 2017). For example, we saw above that Makdissi et al., detected no cognitive 

changes in adult Australian footballers at 1 week post SRC using pen and paper 

neuropsychological tests. According to leading paediatric SRC researchers however, both 

computerised and pen and paper neuropsychological tests have been repeatedly shown to be 

sensitive to detecting cognitive change at 10-14 days post-SRC in children and adolescents 

(Covassin, Elbin, & Nakayama, 2010; Davis et al., 2017; Iverson, Gaetz, Lovell, & Collins, 

2004; Kontos, Covassin, Elbin, & Parker, 2012; Schatz, Pardini, Lovell, Collins, & Podell, 

2006). In support of this, advanced neuroimaging techniques such as DTI have detected 

microstructural alterations following SRC in child and adolescent athletes both in the acute and 

chronic phases of recovery, up to 35 days post injury (Chamard & Lichtenstein, 2018).  

A prospective longitudinal study including 728 children and adolescents aged 10ï17 

years were recruited from Australian schools and sports clubs and asked to complete baseline 

cognitive testing, and follow up testing for those who sustained a concussion (Crowe et al., 

2016). Over the 1 year follow up period, 10 children sustained a concussion and completed a 

CogSport battery. The CogSport battery was then repeated at 5 days, 10 days and 1 month 

post-concussion, revealing a gradual reduction in cognitive symptoms throughout the 30 
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days. Of note, 40% of participants showed a significant reduction in all symptoms by 10 days 

post injury, however, a return to baseline reaction time scores took the longest, with some not 

performing at pre-concussion levels until day 30. This study highlighted the importance of 

considering the number of previous concussions as a risk factor for prolonged recovery, as 

those with a higher number took longest to achieve symptom resolution. Beauchamp et al. 

(2018) also conducted a longitudinal follow up study of 311 children and adolescents aged 6ï

18 years with acute concussion symptomatology who presented to ED. Cognitive testing was 

administered at 4 and 12 weeks post-concussion and included testing of overall intellectual 

functioning (Wechsler Abbreviated Scale of Intelligence (Wechsler, 2011), sustained 

attention and response inhibition (The Connersô Continuous Performance Test (Conners et 

al., 2000), verbal fluency and inhibition (Delis-Kaplan Executive Function System (Delis, 

Kaplan, & Kramer, 2001), fine motor speed and visual-motor coordination (grooved 

pegboard; Trites., 1977), processing speed (Coding subtest from the WISC-IV; Wechsler, 

2003) and new learning and memory (The California Verbal Learning Test; (Delis, Kramer, 

Kaplan, & Ober, 1994). The study found that neuropsychological impairment was present in 

10.3% of children at 1 month post-concussion and 4.5% of children 3 months post-

concussion. These studies demonstrate various findings, that taken together highlight that 

most have uncomplicated recovery, though there are a small proportion of children and 

adolescents that have persistent cognitive issues.  

The impacts of post-concussion cognitive issues on academic performance in children 

and adolescents are well documented (Iverson & Gioia, 2016; Master, Gioia, Leddy, & 

Grady, 2012; Ransom et al., 2015; Sady, Vaughan, & Gioia, 2011). Ransom et al. (2015) 

demonstrated adverse effects on academic learning for those aged 5 to 18 years who 

sustained concussions. Specifically, greater symptom severity was related to both parents and 

students reporting lower grades. A retrospective population based analysis of 8240 Canadian 

students (1709 concussed, 6531 non-concussed students) showed that at 1 year post 

concussion, there was little long term impact of concussion on grades however, and that 

concussed students were just as likely to graduate as their non-concussed peers (Russell et al., 

2016). Importantly, this does not negate the importance of return to learn programs following 

concussion, as individual differences, pre-injury risk factors and demographic factors play a 

profound role in determining who may or may not have difficulties with academic 

performance. As Master et al. (2012) highlight, among many children, symptoms are 

worsened by an abrupt return to full cognitive activity and therefore it is important for 
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clinicians to communicate the need for physical as well as cognitive rest with the goal of 

keeping the patient below concussion symptom threshold.  

What renders investigations of cognitive outcomes difficult is that report of cognitive 

issues such as poor concentration and attention have high rates in ñnormalò populations (i.e., 

people who have not sustained concussion or brain injury). It is well established that pre-

existing cognitive issues can increase in severity following concussion and as mentioned in the 

previous section, can be exacerbated by poor mental health (Kontos, Deitrick, & Reynolds, 

2016). Concordant with this was a recent well designed prospective cohort study which found 

that females of all ages tended to recover more slowly than males, and those with a history of 

anxiety or depression recovered more slowly irrespective of sex (Rosenbaum et al., 2020). An 

association between poor mental health (specifically depressive symptoms) and greater 

cognitive symptoms post-SRC in high school and collegiate athletes was also demonstrated by 

Kontos et al. (2012) who found that higher depression scores were associated with slower 

reaction time, and lower verbal and visual memory scores on ImPACT. Interestingly, a recent 

study aimed to delve further into these concepts by comparing ImPACT scores between 

concussed adolescents and concussed adolescents with post-concussion depressive symptoms 

(Ho et al., 2020). The authors hypothesised that those with depression would perform worse in 

cognitive areas of executive function, though results outlined that the groups performed 

comparably.  

It can be difficult to detect reliable changes in cognition post-SRC, though batteries 

such as ImPACT and CogState incorporate alternate forms as a means to minimize practice 

effects (Higgins, Denney, & Maerlender, 2017; Lovell et al., 2003). Nonetheless, the 

occurrence of ñsandbaggingò has been raised as an issue (Higgins et al., 2017). Sandbagging 

refers to the idea that athletes purposely give suboptimal performances on their baseline test in 

order to return to their baseline scores more quickly following SRC, which in turn, assists them 

to be cleared to return to play more quickly. This is particularly rife among some sports teams 

with one study finding that up to 50% of college American football players fail at least one in 

built indicator of performance validity on ImPACT (Abeare et al., 2019). It has also been 

suggested that performance validity is particularly poor for younger athletes aged between 10-

12 years (Abeare, Messa, Zuccato, Merker, & Erdodi, 2018). Important to note however, is that 

this is not considered to be intentional ósandbaggingô, but rather, younger children compared 

with older adolescents and adults are more likely to present as inattentive, may have poorer 

comprehension of task instructions and may not appreciate the importance of needing to 
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perform at their best (DeRight & Carone, 2015; Lichtenstein, Moser, & Schatz, 2014) This is 

problematic because changes in cognition are difficult to detect when the baseline measure 

underestimates ability (Abeare et al., 2018). 

According to prominent researchers in the field, in most cases cognitive sequelae are 

no longer detectable one to two weeks after injury (Guskiewicz, Marshall, Broglio, Cantu, & 

Kirkendall, 2002; McCrea et al., 2003) and some authors suggest that many subjective 

persisting cognitive complaints are related to psychological distress and prior psychiatric 

history, rather than actual cognitive impairment (Stillman, Madigan, Torres, Swan, & 

Alexander, 2020). Many consider the cognitive deficits associated with concussion to be 

ñclinically insignificant,ò as individuals may perform within normal ranges on 

neuropsychological testing (Echemendia et al., 2001), though others highlight that mood 

disorders such as anxiety, depression and deficits in attention and executive functions may have 

a significant impact on well-being and daily activities for sufferers (Moore et al., 2016; Moore 

et al., 2018). Importantly, there are also unique impacts of concussion for children in the 

learning environment as there are both direct and indirect impacts on learning (Sady et al., 

2011). For example, cognitive issues can make efficient information processing challenging, 

and in addition sleep disturbance and mood changes can result in reduced alertness and 

motivation in a classroom. Alternatively, there is also a risk that the child is more anxious about 

missing school than their concussion, which can result in cognitive overexertion and an 

associated higher symptom report and protracted recovery (Sady et al., 2011).    

1.7.6 Sleep Disturbance  

Poor sleep is a common consequence of concussion, and yet it is critical for good 

recovery (Kontos, Sufrinko, Sandel, Emami, & Collins, 2019). It is thought that  diffuse axonal 

injury contributes and dysfunction of sleep modulation centers of the brain including the mid- 

and basal forebrain, dorsolateral pons, hypothalamus and deep grey matter result in altered 

sleep/wake cycles (Jaffee, Winter, Jones, & Ling, 2015). Sleep complaints typically consist of 

drowsiness and difficulty sleeping which has secondary effects on daytime sleepiness, fatigue 

and low energy levels (Tkachenko, Singh, Hasanaj, Serrano, & Kothare, 2016). Importantly, 

sleep quality shares a key relationship with mood and disruption of sleep can be secondary to 

anxiety and depressive symptoms associated with concussion (Brustman et al., 2020).  Pain 

from cervical strain can also contribute to sleep disturbance rather than sleep issues being 

directly attributable to the concussion itself (Tkachenko et al., 2016) or alternatively, all of 
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these factors may work in conjunction to exacerbate outcomes in some individuals. 

Intervention for sleep disturbance post SRC is indicated because it is important for daily 

functions, and among athlete populations there is an increasing idea that quality sleep can 

enhance sporting performance (Jaffee et al., 2015). Less is known about the prevalence of sleep 

disturbance in concussed children compared to adults, however Bramley et al. (2017) estimate 

rates of 34% in children 13 to 18 years of age based on retrospective review of medical records. 

Disrupted sleep after SRC has been linked to increased symptom reporting among young 

athletes, indicating that sleep disturbance is related to lower cognitive functioning and longer 

recovery (Bramley et al., 2017; Chung et al., 2019; Kostyun, Milewski, & Hafeez, 2015). As 

an example, Kostyun et al. (2015) found that adolescents who slept longer than 9 hours during 

recovery from SRC were more likely to perform worse on neuropsychological tests of visual 

memory, motor speed and reaction time compared with those who had no symptoms of sleep 

disturbance.   

1.7.7 Cervical Strain 

Concussion has been associated with cervical strain which refers to neck pain, tension, 

joint immobility, stiffness or weakness in the context of other concussive symptoms (Kennedy, 

Quinn, Tumilty & Chapple., 2017). The reason that this is considered an associated condition 

by Lumba-Browne and colleagues (2020), rather than a symptom of concussion itself, is that 

the brain is not the source of the problem. It is rather issues in the cervical spine which may 

even contribute to the presence of other perceived cognitive symptoms such as fatigue. This 

distinction encourages the involvement of physiotherapy assessment and rehabilitation to 

separate out aetiologies, and it has been suggested that concussion even be classified as ñbrain 

relatedò or ñcervicogenicò (Ellis, Leddy & Willer., 2015). 

1.8 Persistent post-concussion symptoms  

The typical time course of recovery from SRC is poorly defined across the literature  

and many still debate it (Haider et al., 2018). A large prospective study examining the natural 

progression of recovery among a sample of 1,631 adult sports participants indicated that 

symptoms resolve on average by 7 days post SRC (McCrea et al., 2003). Many studies have 

demonstrated that among adults symptoms are significantly alleviated at around 7 days, and 

the time for full symptom resolution is 10-14 days (Belanger & Vanderploeg, 2005; Benson, 

Meeuwisse, Rizos, Kang, & Burke, 2011; Kontos, Elbin, et al., 2019). Children and adolescents 

however, have protracted recovery compared to adults, with the average expected time frame 
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of symptom resolution being 2-4 weeks (Haider et al., 2018; Hearps et al., 2017; Ledoux et al., 

2019).  

While most adults and young people recover within the expected time frames, some 

experience persistent post-concussion symptoms (PPCS). The literature on PPCS is confusing 

as definitions have changed over time and guidelines on what is considered ñnormal recoveryò 

vary. The Diagnostic and Statistical Manual of Mental Disorders (DSM-IV), stipulated a 

criterion of 3 or more symptoms (e.g., cognitive impairment, sleep difficulties) persisting for 

more than 3 months for a diagnosis of ñpost-concussion syndromeò (PCS) (DSM-IV; American 

Psychiatric Association, 1994). Notably, the DSM criteria emphasised that PCS occurred as a 

result of neurological injury and objective cognitive impairments in attention or memory 

needed to be demonstrated on testing for diagnosis. Historically, PCS was a most commonly 

used term, however, the recent revision, the DSM-V abandoned the term, with prolonged 

recoveries now falling under the umbrella of ñmajor or mild neurocognitive disorders due to 

TBIò (DSM-V; American Psychiatric Association, 2013).  

The International Statistical Classification of Diseases and Related Health Problems 

(ICD-10) currently uses the PCS, defining it as the presence of at least 3 symptoms (e.g., 

headache, fatigue, dizziness) post head trauma that is severe enough to cause LOC (10th ed,; 

ICD-10; World Health Organization, 2019). Of note, the ICD emphasises that PCS Symptoms 

may occur in conjunction with anxiety, depression and ñfear of permanent brain damageò. It 

states that those comorbid factors can cause some to become hypochondriacal, adopting a 

permanent sick role. Key difference between the two classification systems can be observed; 

DSM criteria emphasises that the initial neurologic injury is the causative mechanism by which 

PCS occurs and specifies a minimum symptoms duration (3 months). In contrast, the ICD-10 

specifies no minimum symptom duration, leaves the potential causative factor of the syndrome 

open (emphasis on mental health and recovery expectations as causative) and has no criteria 

pertaining to objective testing (Mayer et al., 2017). 

Controversially different prevalence rates are seen across diagnostic classification 

systems. A prospective study investigating the specificity of each diagnostic criteria, found that 

the prevalence of PCS was much higher using ICD-10 (64%) than DSM-IV criteria (11%) 

(Boake et al., 2005), highlighting a need to refine the criteria to ensure consistent 

epidemiological data is able to be collected. The (WHO) task force on MTBI stated that neither 

the DSM-IV nor the ICD-10 criteria present a strong empirical basis for their criteria (Carroll 
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et al., 2004) and more recently there has been a move for the scientific community to adopt the 

more clinically relevant term of persistent post-concussion symptoms (PPCS). It is broadly 

accepted that PPCS is defined as clinical recovery that falls outside of the expected time frames 

of more than 10ï14 days for adults and more than 4 weeks in children (Clarke et al., 2020; 

Makdissi et al., 2017). In spite of diagnostic challenges, it is generally accepted that the 

proportion of those that suffer PPCS varies between 10-20% (Rao, Syeda, Roy, Peters, & 

Vaishnavi, 2017). The impact of these symptoms also differs for paediatric populations who 

require a more conservative approach to SRC management as even subtle and transient issues 

can significantly interfere with academic performance (McCrory, Collie, Anderson, & Davis, 

2004), and return to school following SRC (van Ierssel et al., 2020). Providing booklets to 

families containing concussion information has resulted in improved patient outcomes, as has 

counselling provided by healthcare workers (Lumba-Brown et al., 2018).  

It has been suggested that individuals with a tendency to poor coping with stress and 

with expectations that SRC will cause them long term brain impairment may experience worse 

symptoms and be more likely to adopt maladaptive strategies following SRC and develop 

PPCS (Polich, Iaccarino, Kaptchuk, Morales-Quezada, & Zafonte, 2019). A reliable predictor 

of complex and prolonged recovery is a greater number and severity of symptoms (Harmon et 

al., 2013). Other factors identified to increase the likelihood of prolonged SRC recovery are 

personal and/or family history of mood disorders, other pre-injury psychiatric illness, high level 

of parental distress, pre-injury learning difficulties, previous head injury and pain from other 

injuries (Morgan et al., 2015; Olsson et al., 2013; Ponsford et al., 1999; Zuckerman et al., 

2016). Eagle et al. (2020) showed in their retrospective cross-sectional study among children 

attending a concussion clinic that early presentation to the clinic was the most robust predictor 

of timely recovery, even after controlling for initial symptom severity, vestibular dysfunction 

and history of headaches and migraine. This highlights the importance of early treatment and 

education, and setting appropriate expectations about recovery which can have a major 

influence on SRC outcomes (Kwan et al., 2020; Polich, Iaccarino, Kaptchuk, Morales-

Quezada, & Zafonte, 2020).  

1.9 Neurodegenerative Outcomes  

The first study to link SRC to long-term neurodegenerative outcomes in a retired NFL 

player was published in 2005 (Omalu et al., 2005), and since then a considerable body of 

anecdotal evidence from players has emerged regarding what has been labelled Chronic 
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Traumatic Encephalopathy (CTE). CTE is characterised as a neurodegenerative condition 

caused by an excessive and abnormal accumulation of hyperphosphorylated tau protein (p-tau) 

(McKee et al., 2016). According to an expert group of neuropathologists, the p-tau deposition 

in CTE can be differentiated from that seen in other neurodegenerative condition (i.e., 

Alzheimerôs, progressive supranuclear palsy and corticobasal degeneration) because the 

tauopathy has an irregular pattern of distribution around small vessels at the depths of cortical 

sulci (McKee et al., 2016). CTE can only be definitively diagnosed post-mortem through 

examination of neural tissue and but can be associated with persistent mood and behavioural 

disturbances, cognitive impairment, chronic headaches, dementia and suicidality in those living 

with the condition (Brett et al., 2019). Discourse around CTE has extended to the community 

through media coverage, movies and documentaries (Kroshus, Chrisman, & Rivara, 2017), 

which inadvertently, has potentially led to some parents placing restrictions on their children 

playing contact sport (Kroshus et al., 2017), high profile players leaving the game out of 

potentially misguided fear of developing the condition, and initiation of class action and 

individual litigation at the high school and collegiate levels of sport (Solomon & Sills, 2014). 

Unfortunately, public perception of SRC is based on the availability of highly publicized, 

emotionally charged descriptions of CTE, rather than empirically based studies which so far 

state that there is much to learn about the potential cause and effect relationship between SRC 

and long-term brain health (Manley et al., 2017).  

1.10 Sports Injury Surveillance 

In order to develop improved sports safety strategies, it is fundamental that we first 

acquire reliable and sound data regarding the incidence of SRC and what influences the 

likelihood of these events. Despite the ubiquitous nature of injury surveillance in elite and 

professional levels of sport, meta-analysis of injury surveillance research on SRC has indicated 

that the lack of data for junior and particularly female players is striking (McNeel et al., 2020), 

and studies in youth sport have largely been focused on rugby, hockey, American football, 

lacrosse, and soccer (Rivara et al., 2020). These studies reveal that while SRC incidence varies 

across sporting codes, the codes with greater contact (e.g., rugby, football, hockey) have the 

highest rates of SRC (Pfister et al., 2016). The suggestion that youth Australian football players 

sustain potential concussive impact forces equal to those measured in adults further highlights 

the need for a greater capacity for injury data analysis among this population (Hecimovich, 

King, Dempsey, & Murphy, 2018).  
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Across injury surveillance studies, injury and SRC rates may be expressed according to 1,000 

or 10,000 athletic exposures (Mooney et al., 2020; Zuckerman et al., 2015), or 100 player 

exposures. A commonly used metric is the incidence of injury per 1000 player hours, where 

an athlete exposure is one player participating in one game in which he or she is exposed to 

the possibility of sustaining an injury. This is calculated using the following formula and will 

be used throughout the remainder of this thesis;  

(no. of injuries reported)/(no.  of exposures) x 1000 = injury rate per 1000 player hours. 

A seminal study employing this method was a prospective injury surveillance study 

conducted in 2004, which included 54 junior and youth Australian football teams from U9 to 

U18s Australian football (Romiti, Finch, & Gabbe, 2008). To obtain injury data, the researchers 

recruited primary data collectors (PDCs) who were team-based sports trainers, coaches, parents 

and team managers who were trained to record injuries over one season using standardised 

reporting forms. The key finding was that the younger age groups (U10 to U16) sustained 

substantially fewer injuries than older age groups (U18). A more recent prospective cohort 

injury surveillance study specifically investigating SRC incidence in Australian football was 

conducted by Hecimovich and King (2017). That study included n= 976 footballers aged 9-17 

years who were monitored over one season by designated data collectors who reported on the 

number of superficial head injuries (i.e., blows to the head) and SRCs. To document SRC, data 

collectors defined an SRC as if a player was suspected of sustaining a concussion after head 

injury or if a player complained of headache, dizziness, blurred vision, loss of memory or 

appeared to be confused or disorientated after a collision. These were confirmed by a medical 

practitioner, with seven SRCs and 13 superficial head injuries documented over the season. 

Interestingly, all of the SRCs occurred in players aged > 11 years, elucidating more evidence 

that there may be less risk for smaller children (9-11 years). It is reasonable that younger 

players would incur less injuries overall, and less SRCs because younger teams are subject to 

AFL match policies of no tackling and modified tackling rules (Australian Sports Commission, 

2017).  

Methodologically, the study by Romiti et al (2008) was limited by the fact that PDCs 

have not to date been identified as valid and reliable reporters of injury, although it is 

recognised that there are limited ways in which to collect injury data in community sports and 

many cases this is the only viable source of data collection (Ekegren, Gabbe, & Finch, 2015). 

In contrast, Hecimovich and King (2017) were able to verify SRC by requesting that 

participants follow up with medical professionals and provide confirmation of SRC in the form 
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of a signed physicianôs note. While this is gold standard for obtaining epidemiological data, it 

remains possible that the true incidence of SRC was underestimated if children and their 

parents neglected to have medical follow up. In addition, this method would be difficult to 

employ for a study assessing rates of SRC and injury to all other body regions, as asking 

participants to seek medical attention for all injuries is burdensome and unrealistic.  

Despite the few studies that have examined injury rates in youth, a knowledge gap 

persists with regard to recent injury data in SRC among junior and female Australian football 

players, as all previous studies have been limited male players (Hecimovich & King, 2017; 

Lathlean, Gastin, Newstead, & Finch, 2018; McMahon, Nolan, Bennett, & Carlin, 1993; 

McManus et al., 2004; Orchard, Wood, Seward, & Broad, 1998; Maria Romiti, Caroline F 

Finch, & Belinda Gabbe, 2008; Scase et al., 2012) and most include players >15 years 

(Lathlean et al., 2018; McMahon et al., 1993; McManus et al., 2004; Orchard et al., 1998; 

Scase et al., 2012).  

Injury surveillance studies in Australian football use different definitions of injury 

which vary from ñanything that significantly interferes with enjoyment of, or participation in 

the sportò (Grimmer & Williams, 2003) to óóany trauma that causes some disability or painò 

(Romiti et al., 2008) and  ñany physical or medical condition that causes a player to miss a 

matchò (Orchard, Orchard and Sewell, 2013). Employing injury definitions as relating to time 

loss from the game or as relating to the requirement of medical attention are the most common 

definitions used (Ekegren et al., 2015), yet this has been criticised as being too narrow, 

especially for obtaining rates of SRC because underreporting/lack of recognition among young 

athletes is substantial (Beakey, Roe, Tiernan, Keenan, & Collins, 2020). In contrast, definitions 

based on interference with enjoyment of sport have been criticised for being too broad, 

allowing the documentation of events that do not cause any functional impairment to the player. 

Definitions based on medical attention or missed games however, are not always feasible in 

community sports settings where there is limited access to medical support and staff, therefore, 

it is vital that methods are tailored to the needs of different sports settings (Ekegren et al., 

2015).  

While differences in injury definition are somewhat inevitable across settings, it has 

been established that prospective, as opposed to retrospective recording of injuries is superior 

in methodology (Ekegren et al., 2015). Retrospective collection relies on the players or staff 

having an accurate memory of injury events including how they occurred and what symptoms 



 

27 

were experienced. In the case of SRC where a player is often experiencing an acute episode of 

dizziness, confusion etc, it is unreasonable to rely on their memory for the event a week, month 

or years later. Medical practitioners are best placed to observe injury events in real time and 

prospectively record injury and SRC as they are trained in doing this. Team personnel or PDCs 

have also been purported to be superior data collectors when compared to retrospective player 

self-report (Ekegren et al., 2015). Many have first aide training and provide immediate 

treatment following injury during the match.   

1.10.1 Detecting and assessing sports related concussion   

SRC can be identified by subjective player self- report of symptoms on instruments such as the 

Rivermead Post-Concussion Symptom Scale (Potter, Leigh, Wade, & Fleminger, 2006) or the 

Symptom checklist component of the Sports Concussion Assessment Tool 5 (SCAT-5) 

(Echemendia, Meeuwisse, et al., 2017), although self-report has proven to be widely variable 

in reliability (Johna K. Register-Mihalik et al., 2013; Snedaker & Bouton, 2020; Wayment, 

Huffman, Lane, & Lininger, 2019). For objective measurement, several facets of functioning 

are typically examined and various SRC guidelines provide signs and symptoms checklists that 

can be used by researchers and clinicians.  

The Sports Concussion Assessment Tool 5 (SCAT-5) is one such instrument that 

comprises an initial ñstep 1ò assessment that allows the user to identify red flags (e.g., neck 

pain, double vision, weakness or tingling/burning in arms or legs) and observable signs of SRC 

(e.g., disorientation or confusion, lying motionless on the playing field) (Echemendia, 

Meeuwisse, et al., 2017b). It also documents areas of cognitive and physical functioning (e.g 

cervical spine assessment, Glasgow coma scale and gait/balance) (Echemendia, Meeuwisse, et 

al., 2017). The concussion recognition tool (CRT-5) was based on the SCAT-5, however, 

designed for community use and assists laypersons to recognise the signs and symptoms of 

SRC and remove the player if indicated (Echemendia, Meeuwisse, et al., 2017). It is available 

in many languages and recommended by major sporting bodies (AFL, FIFA etc.). Another 

SRC recognition tool (the rapid sideline Head Injury Assessment Form or HIA form) has been 

developed specifically based on clinical features and signs of SRC among Australian 

footballers (Clifton, Harcourt, Gastin, & Makdissi, 2017). A modified version of that tool 

containing 10 checklist items is publicly available for use in junior community Australian 

football to guide SRC recognition. As well as guiding recognition, it also guides actions if 

criteria are met (i.e. does an ambulance need to be called immediately or should the player be 
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removed from play and medically assessed). Of note, the HIA form purely aims to capture 

observable signs of SRC, whereas the SCAT-5 includes a cognitive screen component (The 

Standardized Assessment of Concussion-SAC) which includes orientation, immediate and 

delayed memory and concentration tasks (digits backwards and months in reverse order) .In 

spite of advances in sideline assessment of SRC, it has been acknowledged that many SRCs 

are still missed (Makdissi & Davis, 2016). A promising way to objectively screen for possible 

SRC is through video analysis (Davis, 2019). Video analysis techniques are reliably used to 

detect signs of SRC, however, this method is largely available only in elite sports where the 

match is broadcast (Davis, 2019).  

1.10.2 Prevention of sports related concussion 

SRC prevention strategies in youth sports have been focused on policy, playing 

technique (e.g. teaching skills that reduce exposure to head impacts), rule changes (e.g. limit ing 

tackling and contact) and the use of protective equipment (e.g. hard shell helmets, padded 

headgear and mouthguards) (Waltzman & Sarmiento, 2019). Identifying risk factors for SRC 

through injury surveillance is a vital first step in implementing a prevention strategy. For 

instance, player-to-player contact has been identified as a leading mechanism of SRC in contact 

sport, thus, the implementation of rule changes to limit body contact has been used and shown 

promise (Cross et al., 2019; Evans, Curtis, & Beidler, 2020; Saw et al., 2018).  

There are few experimental studies on soft-shell padded headgear (HG), and no study 

to date has been effectively powered to detect differences in SRC across models of HG, though 

ancillary data suggests that various models do in fact have different impact attenuation 

capabilities and therefore, could offer differing levels of SRC prevention (McGuine et al., 

2020b). The obvious lack of data on the topic, and suggestion that advancing HG technology 

indicates HG use as pivotal in SRC prevention, highlights the need for further investigation. In 

addition, researchers have called for investigation into whether HG can minimise the risk of 

SRC, or alternatively, lead to an increase in SRC and other types of injury through risk 

compensation (Hagel & Meeuwisse, 2004; Hrysomallis, 2015; Pettersen, 2002). Another clear 

limitation in the body of literature on SRC prevention is that only one study has ever focused 

on female athletes exclusively, and 85.4% of other studies include male players only (Emery 

et al., 2017). 
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1.11 Helmets and Headgear for prevention  

Studies on the protective mechanisms of headwear are well advanced in American 

football (NFL) and other sports (snow-boarding, cycling etc) that use hard shell helmets (see 

Figure 1.4). These helmets offer protection by reducing the incidence of catastrophic skull 

fractures and severe TBI (Bonfield, Shin, & Kanter, 2015). No protective headwear can be 

completely impervious to SRC, but can potentially offer a degree of impact attenuation in 

response to the initial force sustained to the head (Hoshizaki, Post, Oeur, & Brien, 2014). HG 

(see Figure 1.4) often used in rugby, and occasionally in Australian football, has seldom been 

studied as SRC prevention, however, the most popular opinion is that it provides limited or no 

protection against SRC (Gardner et al., 2019). This may partly be due to a lack of evidence 

being construed as a lack of effect. 

    

Figure 1.4 Riddell hard shell helmet, predominantly used in NFL (left). Soft-shell padded 

headgear, predominantly used in rugby (right).  

There are no widely recognised manufacturing standards in Australia to govern the 

design or effectiveness of HG and laboratory tests of impact attenuation show substantial 

limitations to the currently available HG (McIntosh & McCrory, 2001; McIntosh & Patton, 

2017; A. S. McIntosh et al., 2009; Patton & McIntosh, 2016). Randomised control trials (RCT) 

have aimed to examine if the available HG can mitigate the accelerations associated with SRC. 

In 2009, McIntosh et al., conducted a RCT investigating HG effectiveness in relation to youth 

SRC among a cohort of 3,686 male rugby players (U13 to U20) who were randomised to one 

of 3 conditions; either no HG, modified HG or standard HG. Outcome measures were the rates 

of SRC and injury rates for all body regions combined. The operational definition of SRC was 

based on the typical signs and symptoms (e.g., headache, LOC, confusion) outlined by the 

CISG Vienna Consensus Statement (Aubry et al., 2002). All injuries were coded using a 

standardised reporting form by trained and paid primary data collectors, the same method used 

in the aforementioned Australian football injury surveillance study conducted by Romiti and 

colleagues (2008). PDCs gathered SRC, injury and HG compliance data at each match and 
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were subject to random weekly checks for accuracy. There were no statistically significant 

differences in SRC rates between the groups, however, there was a 16% increase in injuries to 

the entire body for those wearing standard HG. This finding raised the question of whether HG 

users were somehow at higher risk of injury than the non-HG users. Unfortunately, very few 

players among the study complied with wearing the modified HG (likely because the padding 

was thicker and perceived as more uncomfortable), highlighting the difficulties with testing the 

effectiveness of HG models in-vivo. Many prospective HG studies have been limited by 

reluctance and low compliance in players using HG and it has clearly been a barrier to obtaining 

robust data in this research area (Rivara et al., 2020). Incentives such as game tickets and 

interactions with prominent sports figures has been suggested as a solution (McIntosh et al., 

2009). What has been made clear is that further research is vital in validating or refuting 

whether HG users may be exposed to increased risks of injuries as there is an increasing global 

awareness of SRC.  In recent history, high profile concussion cases have publicly known which 

is potentially associated with  public demand for mandated HG as prevention (Fortington, 

Twomey, & Finch, 2015). 

Of the studies investigating the effectiveness of HG, no such study has been done in 

Australian football. As a result, the current AFL position statement on HG use in the game is 

largely based on studies conducted in international football codes, and rugby league games. 

The AFL Match policy (2017) for junior football states that ñThere is no strong evidence to 

suggest protective headgear is necessary in junior football. In the event that protective headgear 

is required due to a disability or medical condition, a medical certificate should be provided 

that states that the protective headgear will provide adequate protection.ò Despite this, several 

junior community AF teams have chosen to make headgear mandatory with the best intentions 

of improving safety for their players, irrespective of reports that there is no reliable evidence 

that HG prevents SRC in any other sporting codes that use it (i.e., soccer, rugby) (Rivara et al., 

2020). 

1.11.1 Headgear and increased injury r isk  

Two hypotheses by which the use of protective headgear/helmets can result in increased 

risk of SRC and other type of injury have been proposed. The first is the suggestion that players 

use their heads as a tackle weapon, and the second is the risk compensation hypothesis (Rivara 

et al., 2020). The use of hard-shell helmets in tackling situations has been documented, as 

players are observed to ñhitò their opponent with their helmet in offensive play, a phenomenon 
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broadly specific to American football. Fortunately a zero tolerance policy prohibiting all use 

of the helmet as a defensive or offensive weapon has been enforced (Heck, Clarke, Peterson, 

Torg, & Weis, 2004). There is no indication that this occurs in sports that use padded HG, such 

as rugby and soccer, however, the concept of risk compensation remains (Hagel & Meeuwisse, 

2004). Synonymous with ñrisk homeostasis theoryò risk compensation was first raised in 1975 

by an author who suggested that increases in traffic accidents were a response to safety 

regulations (Peltzman, 1975). Peltzman (1975) boldly stated that as we perceive that we are 

safer, we change our behaviour in a way that brings us back to the original level of desired risk 

(Peltzman, 1975). For example, if a person perceives an intervention (e.g., headgear use or 

safety regulations) to have lowered their level of risk of injury, they lower their inhibitions and 

play or drive more aggressively, thus returning themselves to the original level of risk. Concern 

has been expressed that the use of HG may secondarily result in this phenomenon, and that 

players might actually be at increased risk of sustaining SRC and non-concussive injuries to 

the rest of  the body compared to their non-HG using counterparts in soccer, rugby and 

Australian football (Gilbert & Partridge, 2012; Hrysomallis, 2015; Lasenby-Lessard & 

Morrongiello, 2011; Messiah, Constant, Contrand, Felonneau, & Lagarde, 2012).  

While survey data indicates that some players hold risk compensation attitudes and 

beliefs, there have been no direct investigations of this concern and very limited on field data 

suggests behavioural change in youth athletes wearing HG. The literature pertaining to this 

phenomenon is further explored in chapters two and three. The strongest consensus as per a 

systematic review on HG as SRC prevention is that there is little evidence to recommend it to 

prevent concussion in soccer and rugby (Emery et al., 2017). Australian football is not 

mentioned in that review however, likely because the sport has little to no data available on the 

subject. Reviews have also been conducted on the subject of risk compensation in snow sports 

and cycling which use hard shell helmets. These have concluded that the use of safety helmets 

do not appear to increase risky behaviours when compared to non-helmeted participants in 

skiing and snowboarding (Haider, Saleem, Bilaniuk, & Barraco, 2012) or cycling (Esmaeilikia, 

Radun, Grzebieta, & Olivier, 2019).  

1.11.2 Attitudes and beliefs about headgear  

Survey studies examining HG have explored the reasons that motivate players to wear 

HG and their attitudes and beliefs regarding HG, including exploring perceptions of being able 

to play harder when wearing it (Braham, Finch, McIntosh, & McCrory, 2004; C. Finch, A. S. 
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McIntosh, & P. McCrory, 2001; Finch, McIntosh, McCrory, & Zazryn, 2003; Menger, Menger, 

& Nanda, 2016). The investigation of these attitudes toward HG are paramount in determining 

whether players are misguided about current HG effectiveness, and whether or not these beliefs 

influence playing behaviour.  

In the US, Menger and Colleagues (2016) highlighted the risks associated with 

misguided attitudes about HG by providing evidence that rugby players who believe they are 

protected, also believe that they can play more aggressively (Menger et al., 2016). In Australia, 

Finch and colleagues (2001) studied the attitudes of 140 male youth rugby players (aged 14-

16) and found that among the players wearing protective HG, 67% reported that it allowed 

them to play with more confidence. The study also found that those with a prior history of head 

or neck injury were less likely to endorse HG safety than those with no history of such injuries, 

indicating that fear of future injuries may be a motivating factor in the choice to use HG. The 

authors concluded that ñplayers report that they are more confident and able to tackle harder if 

they wear headgear, suggesting that a belief in its protective capabilities may influence 

behaviourò(Finch et al., 2001, P.1). This study was undertaken more than 15 years ago, well 

before the recent medical and media proliferation of raised awareness in the community 

regarding potential risks associated with SRC.  

As the landscape of sport in Australia is currently experiencing a paradigm shift, where 

female competition is gaining traction, it is of interest to explore whether attitudes towards 

SRC and HG differ for male and female players. Concepts such as ñmasculine invincibilityò 

may not apply to females, and they may be more receptive to HG because they are more likely 

than men to engage in health seeking behaviours (Addis & Mahalik, 2003). Given that new 

and potentially more effective HG products may be on the horizon, it is also of interest to 

establish what motivates players to use HG. Previously, attitudes have been found to be 

influenced by injury history, media portrayals, potential selection for elite competition and 

perceived level of safety (Finch, Donohue, & Garnham, 2002).  

One study that used a thorough method to collect survey data in community Australian 

football included coaches/trainers and aimed to examine their knowledge and intentions to use 

concussion guidelines (White et al., 2014). The researchers recruited participants through 

notices placed on an AFL community website, the website of the Victorian Branch of Sports 

Medicine Australia (SMA), the AFL School Ambassador Program eNewsletter, and the AFL 

Community Development eNewsletter. Details of the study were also emailed directly to 
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registered AFL coaches through the AFL development network and to registered users of 

SMAôs Sports Injury Tracker, an online sports injury surveillance system. The total estimate 

of coaches and trainers at the time was approximately 100,000, and the study received a 

response rate of 934. White et al., 2014 found that misinformation was prevalent; many 

incorrectly believed that routine brain imaging showed damage post SRC, that HG could 

prevent SRC and few coaches/trainers recognise that younger players are prone to longer 

recovery from SRC than adults. Another survey study in Australian football included parent 

and players, investigating their knowledge of SRC management and return-to play criteria. 

They received a response rate of 1,441 parents and 284 players out of a pool of approximately 

10,600 registered youth football players and their parents (Hecimovich, King, & Marais, 2016). 

It was predicted that parent and player knowledge of SRC would differ and that player age, 

years of experience playing Australian football and history of concussion would be associated 

with SRC knowledge. Findings outlined that parents had greater knowledge than players, and 

significantly higher knowledge scores were observed for parents with SRC training compared 

to those without. Age, years of experience and history of concussion were not associated with 

SRC knowledge among players. This sample was adequate to power the study, however the 

female response for players was very low, including only 38 female players of the total 284, 

highlighting a key area to address in future research.  

1.12 Overview of the current thesis  

This research addresses an important gap in the literature where the incidence of SRC 

with and without HG, and player attitudes and beliefs associated with HG use in Australian 

football are currently unknown. At this stage, there is a clear need for female athletes to be 

included in SRC epidemiology studies and by conducting SRC injury surveillance, questions 

pertaining to sex differences can also be answered. To begin answering these questions, the 

first step was to undertake a systematic review of the literature on the rates of SRC and other 

injuries in HG and non-HG users in contact sports. Exploring the state and quality of previously 

published studies to shed light on whether SRC and other injury rates differ with HG use was 

a priority.  Equally important was exploring the strengths and weaknesses of previous studies 

to inform future steps to assess these concepts in junior and youth Australian football.  

There is little research to indicate whether or not a study on HG effectiveness is feasible 

to conduct in a junior and youth Australian football cohort. As such, the second aim for this 

research was to gain and understanding of 1) whether HG is being used in junior Australian 
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football, 2) whether players are prone to risk compensation beliefs, and 3) what factors 

motivate players to HG use. The final step was to conduct a prospective HG study in Australian 

football, examining rates of SRC and other injuries. Given the significant financial and 

operational resources required to enlist medical practitioners to attend matches, it was 

decidedly more feasible to use the PDC method as previously described (Hecimovich et al., 

2018; Mcintosh et al., 2009; Romiti et al., 2008) as the retrospective injury self-report method 

was not seen as of high enough methodological standard .  

Based on these objectives, the thesis comprises 3 studies: 

× CHAPTER 2) Soft-shell headgear, concussion and injury prevention in youth 

team collision sports: a systematic review. 

 

× CHAPTER 3) Padded headgear in junior and youth Australian football: player 

insights from a national survey 

 

× CHAPTER 4) The association of padded headgear with concussion and injury risk 

in junior Australian football: A prospective cohort study. 



 

35 

CHAPTER 2 SOFT-SHELL HEADGEAR, CONCUSSION AND 

INJURY PREVENTION IN YOUTH TEAM COLLISION 

SPORTS: A SYSTEMATIC REVIEW  

Jennifer Makovec Knighta, Jack V.K Nguyena, Biswadev Mitrab, c, d, Catherine Willmotta, e 

a. Turner Institute for Brain and Mental Health, School of Psychological Sciences, Monash 

University, Melbourne, Australia.  

b. Emergency & Trauma Centre, The Alfred Hospital, Melbourne, Australia. 

c. Department of Epidemiology & Preventive Medicine, Monash University, Melbourne, 

Australia. 

d. National Trauma Research Institute, The Alfred Hospital, Melbourne, Australia. 

e. Monash-Epworth Rehabilitation Research Centre, Epworth Hospital, Melbourne, Australia. 

Manuscript ID bmjopen-2020-044320 

Funding: This work was supported by the Equity Trustees Walter Cottman Charitable Trust 

(COTT2017M002) and the Australian Football League (No grant number provided from this 

organisation).  

J. Makovec Knight: 0000-0001-9879-0538 

J.V.K. Nguyen: 0000-0002-6698-1935  

B. Mitra: 0000-0002-0508-2450 

C. Willmott: 0000-0001-8517-9035 

 

 

 

 



 

36 

2.1 Abstract 

Objectives: To assess the association between soft-shell headgear (HG) use and sports 

related concussion (SRC). Secondary objectives were to assess the association between HG 

and superficial head injury and investigate potential increase in injury risk among HG users. 

Design: A systematic search in Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO, and 

SPORTDiscus was conducted in April 2020. Inclusion criteria were youth <18, English 

language, in-vivo studies published after 1980 that evaluated SRC and other injury incidence 

in HG users compared to non-users.  Outcome Measures: Incidence rates of SRC, superficial 

head injury or other injuries. Results: Eight studies were eligible. The majority (n=5) reported 

no difference in the rate of SRC among HG users versus non-users. One rugby study identified 

significantly lower risk of SRC for non-HG users (RR: 0.63; 95%CI: 0.41-0.98) compared to 

HG users, whereas a cross-sectional survey of soccer players indicated higher risk of SRC for 

non-HG users (RR: 2.65; %CI: 1.23-3.12) compared to HG users. Three of the four studies 

investigating superficial head injury found no significant differences with HG use, though the 

soccer survey reported reduced risk among HG users (RR= 1.86; 95%CI:0.09- 0.11). Increased 

incidence of injuries to all body regions for rugby HG users was reported in two studies with 

adjusted RRs of 1.16 (95%CI: 1.04-1.29) and 1.23 (95%CI: 1.00-1.50). Conclusions: HG use 

was not associated with reduced rates of SRC or superficial head injury in youth soccer and 

rugby. The possibility of increased injury risk to all body regions for rugby HG users was 

raised. The need for research specific to youth and female athletes was highlighted.  

Strengths and Limitations of the Study 

¶ This systematic review provides the first comprehensive examination of the limited 

available evidence for the use of soft-shell padded headgear for sports related 

concussion prevention in youth athletes. 

¶ The review included only five studies that specifically pertained to youth cohorts. Many 

studies combined adult and youth participants, potentially confounding findings 

regarding risk taking behavior with headgear which may differ across age.  

¶ The literature search revealed few articles. Included studies generally lacked robust 

evidence and did not assess the intervention of headgear as the primary outcome. As 

such, the conclusions should be interpreted with caution.  



 

37 

¶ This review provides an up to date evidence base for community decision making on 

club headgear mandates and an indication of where data is currently lacking on the 

topic, specifically in youth and female athletes. 

2.2 Introduction 

Traumatic brain injury (TBI) is a leading cause of disability and death, contributing to 

a growing worldwide disease burden.1 Global estimates indicate that TBI affects 60 million 

individuals per year.2 Collision sports are recognized as a significant contributor, with 

exponential increases in hospital admissions for children and adolescents sustaining TBI since 

the early 2000s.3 The majority of these are classified as mild traumatic brain injury, or sports 

related concussion (SRC), with one study indicating that SRC emergency department visits 

have increased by more than 85% in 8- to 13-year-olds and by more than 200% in 14- to 19-

year-olds. 4 Increased public awareness around SRC and higher numbers of youth participation 

in collision sport are likely contributing to these increases.5  

In most cases of youth SRC, symptoms resolve within four weeks,6 though some 

players have protracted recovery with cognitive, behavioural and emotional difficulties that 

interfere with school attendance, academic endeavors, sporting performance, social life and 

family relationships for months and sometimes years.7 Playing technique (e.g. teaching skills 

that reduce exposure to head impacts), rule changes (e.g. limiting tackling and contact) and the 

use of protective equipment (e.g. hard shell helmets, padded headgear and mouthguards)  are 

variably implemented as brain injury prevention initiatives in collision sports such as football, 

rugby and soccer.8  Helmet sub-types include those with a hard-outer shell used in the National 

Football League in the USA, and soft-shell padded headgear (HG), that either fully covers the 

head (e.g. rugby scrum cap) or resembles a headband (e.g. soccer headgear) with an opening 

at the top. HG is most commonly used in rugby, with inconsistent uptake in Australian football 

and soccer,9 albeit with varying policy guidelines across community clubs. Within the sporting 

community it is a widely held belief that such HG protects against injury9 and SRC,10 leading 

some youth Australian football, soccer and rugby clubs to mandate its use.10 11 

Previous reviews have evaluated HG effectiveness across a diverse range of HG models 

and sports (e.g. skiing, American football, hockey etc). Findings indicate evidence for hard-

shell helmets in the prevention of severe TBI,12 though findings for SRC prevention with HG 

are equivocal at best.8 A systematic review by Emery and colleagues (2018) found inconsistent 

evidence for the use of HG in rugby, and more consistent evidence that HG may play a role in 
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soccer SRC prevention.13 The evidence however, was scarce and largely drawn from cross-

sectional, rather than randomised control trial methods. The most commonly accepted opinion 

is that HG provides limited or no protection against SRC,14 although, this may be due to a lack 

of evidence, rather than a lack of effect.15 As such, debate continues with regard to HG for SRC 

prevention,8 12 and whether there is any evidence to support the notion of potential risk (i.e. 

risk compensation behaviour). The risk compensation hypothesis posits that players may be at 

greater risk of sustaining injuries due to increased tackling using the head and increases in 

aggressive play because they assume greater safety when wearing HG.16 17 Importantly, to date, 

no reviews have focused exclusively on youth populations. Youth may be more vulnerable to 

risk compensation than adults,18 as the cognitive processes associated with risk taking in the 

developing brain are immature.19  

The primary objective of this study was to assess the in-vivo evidence for the 

intervention of HG for SRC in youth collision sports. Secondary objectives were to assess HG 

for prevention for superficial head injury (injuries superficial to the skull) and investigate 

potential indicators of risk compensation behavior by assessing the association between HG 

and rates of injury to all body regions.  

2.3 Methods 

 The review was conducted in accordance the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines.20 See supplementary file for search 

strategy. A review protocol was registered with PROSPERO, ID- CRD42018115310. 

2.3.1 Patient and Public Involvement 

Over many years the study investigators have worked clinically in treating patients with 

SRC, ranging from initial presentation to the Emergency Department, through to specialist 

treatment clinics providing interventions for those with prolonged symptoms. Whether children 

should wear HG to play team sports was a frequent question posed by parents, players and 

sporting club staff.  

2.3.2 Data Sources 

A systematic search was conducted in April 2020 using databases; Ovid MEDLINE, 

Cochrane Library, Scopus, PsycINFO, and SPORTDiscus.  
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2.3.3 Study Selection 

Studies were included when the population of interest were athletes under aged 18 years 

who participated in a collision team sports study assessing the intervention of HG in 

comparison to no-HG upon the primary (SRC) and secondary outcomes (head injury superficial 

to the skull and/or injuries to other body regions). Included studies were limited to those using 

quantitative methods to report SRC, head injury and other injury rates (e.g., cross sectional 

survey, prospective cohort injury surveillance, randomized control trials). Studies were 

excluded when they did not report data on incidence of SRC, head injury superficial to the skull 

and/or injuries to other body regions in HG and no-HG groups, were not published in English 

language, or were published prior to 1980, laboratory based, conducted in adult only cohorts, 

conducted in individual and/or non-contact sports or only included participants wearing hard-

shell helmets. Authors Archbold, et al. 21 were contacted and agreed to provide additional 

unpublished data on the rates of SRC sustained by HG users and non-users. 

Two review authors (JMK and JN) independently screened manuscripts on title and 

abstract, selecting agreed citations in full text using the predetermined eligibility criteria. The 

reviewers then independently screened the selected manuscripts in full text. Disagreements 

were adjudicated by a senior member of the team.  

2.3.4 Data Extraction  

Data on study design, sporting code, sample size, cohort characteristics, methods, 

outcomes and covariates predicted to alter injury risk, and main findings were extracted from 

each study. Description of study participants, injury definitions and the denominators used to 

compute injury incidence were extracted in as much detail as each study provided. Incidence 

rate ratios (IRR), relative risk and risk ratios with 95% confidence intervals (CI) were extracted 

(if reported) from each study. Where these were not available, relative risk and 95% CI were 

calculated using the incidence data available. Due to the expected heterogeneity in reported 

statistical methods and study design, a meta-analysis was not planned.  

2.3.5 Quality and Level of Evidence Assessment   

Two reviewers (JMK and JN) independently assessed the quality of non-randomised 

studies using the nine-item Newcastle Ottawa Scale (NOS) for Cohort Studies.22 The NOS 

assesses three domains and assigns up to a maximum of nine points for: 1) selection of cohorts 

(four points); 2) comparability of cohorts (two points); and 3) outcomes (three points). On this 

scale, scores between 7-9 were considered good quality, and scores 1-6 were considered low 
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quality. The quality of randomised control trials (RCTs) were assessed using the 11-item 

Physiotherapy Evidence Database (PEDro) scale.23 On this scale, scores between 9ï11 were 

considered excellent quality; 6ï8, good quality; 4ï5, fair quality; and <4, poor quality.24 

Reviewers also assessed levels of evidence using the Oxford Centre for Evidence-Based 

Medicine (OCEBM) guidelines.25 The OCEBM levels range from level one, representing 

systematic reviews, level two representing randomized trials, level three denoting non-

randomized controlled cohort/follow-up, level four denoting case series, to level five, denoting 

mechanistic reasoning. All included studies were assigned a number indicating the level of 

evidence and quality.  

2.4 Results 

Of the 4,355 citations that remained after duplicates were removed, 73 were screened 

in full text for eligibility and of these, 65 were excluded (Figure 2.1). The most common 

reasons for exclusion were if studies were laboratory-based or utilised hard-shell helmets. 

Studies were also excluded based on outcome measures and alternate populations. After 

screening, eight studies were included for qualitative analysis and none were excluded based 

on quality analysis. 
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Figure 2.1 The figure depicts a PRISMA flowchart showing systematic exclusion of articles 

at each stage of the review. 
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2.4.1 Study characteristics 

All studies were published between 2001 and 2019 and study designs included 

prospective cohort injury surveillance (n=4), randomised control trial (RCT) (n=2), pilot RCT 

(n=1), and cross sectional (n=1). There were six rugby and two soccer cohorts, with a total of 

12,064 participants. Three studies included female athletes, who represented 2,038 (17%) of 

the total included participants. Of the eight included studies, five were exclusive to youth, and 

others comprised mixed adult/youth cohorts who ranged in age from 13 to 45 years. Studies 

examined the effect of HG upon rates of SRC (n=6), injuries to other body regions (n=5), head 

injury superficial to the skull (n=4), and frequency of impacts sustained to the head (n=1). 

Three studies examined a combination of these outcomes, as they associated the use of soft-

shell HG with SRC, superficial head injury and injuries to other body regions. Injury data was 

typically collected for games and training sessions, with the exception of three studies that 

included injuries sustained in games only. Study characteristics are summarised in Table 2.1. 
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Table 2.1 Methodological details of studies 

Study 

 

Study 

Design 

 

Sport/ 

Country 

Randomisation 

of HG use, 

compliance & 

wearing rates 

 

Exposure 

quantificatio

n 

 

Level, Sex 

& Age: 

M(SD) 

Outcomes 

 

Operational 

Definition of 

Outcomes 

 

Data 

Collection 

Method 

Variables adjusted for in 

analysis 

McIntosh 

and 

McCrory, 

2001 

 

Pilot RCT  Rugby/ 

Australia 

Random number 

approach to 

select 9 HG 

teams, & 7 

 non-HG teams. 

Compliance 

data NA. 

Player hours  School 

competition, 

males  

U15ôs.   

Concussion 

and head 

impacts. 

Concussion 

verified by a 

medical 

practitioner 

and 

classified as 

a traumatic 

event that 

resulted in 

the player 

missing a 

game or 

training 

time. 

Club 

personnel 

completed 

standardized 

reporting 

forms and 

researchers 

reviewed 

video footage.  

NA 

Marshall, et 

al, 2005 

Prospective 

cohort injury 

surveillance 

Rugby/ 

New 

Zealand 

Players were 

asked weekly 

whether they 

used protective 

gear. HG was 

worn for 14% of 

player weeks. 

Player 

weeks 

Community 

and school 

competition, 

240 males 

and 87 

females U17 

to U22 and 

23 and over. 

Concussion, 

head injury 

and injury 

for all body 

regions 

combined. 

Any event 

that resulted 

in an injury 

requiring 

medical 

attention or 

causing a 

player to 

miss at least 

one game or 

practice. 

Researchers 

completed 

weekly follow 

up interviews 

with players 

over the 

phone. 

Protective equipment, 

level of competition, 

playing position, playing 

out of usual position, 

injury history, frequency 

of in-season injury, body 

somatype, fitness level, 

health status, anger, 

anxiety, negative affect, 

task orientation in sport, 

and perceived importance 

of injury to team 

performance. 

Delaney, et 

al, 

2007 

Cross 

sectional 

study 

Soccer/ 

Canada 

Players were 

retrospectively 

asked if 

No. of 

players  

Community 

competition, 

U13 to U18, 

180 males 

 Concussion 

and head 

injury. 

Concussion 

symptoms 

listed were 

consistent 

Players 

completed 

retrospective 

online survey 

Headgear and 

mouthguard use, sex, age, 

concussion history, level 

of experience, and 
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they wore HG 

and how often   

18.7% of 

players 

reportedly used 

HG  

(73.1% female). 

All HG users  

wore HG for  

games, while 

69.2% wore HG 

for practices. 

and 98 

females. 

with the 

Concussion 

in Sports 

Group 

(CISG) 

statement26. 

Head injury 

defined as 

abrasions 

lacerations 

or 

contusions. 

considering oneself as a 

ñheaderò. 

 

McIntosh, et 

al, 

2009  

 

Cluster 

randomized 

control trial 

 

Rugby/ 

Australia 

HG assigned to 

rugby teams 

within a club/ 

school and level 

yearly. 45.7 % 

standard HG 

and 10.8% 

modified HG 

compliance. 

Player hours  Community 

and school 

competition, 

U13, U15, 

U18 and 

U20 males 

Concussion, 

head injury 

and injury 

for all body 

regions 

combined. 

Concussion 

in 

accordance 

with CISG27. 

Injury 

required on 

field 

treatment, a 

player being 

removed 

from the 

game, or a 

player 

missing the 

next game. 

Trained data 

collectors 

recorded data 

on 

standardized 

reporting form 

Standard headgear, 

modified headgear, no 

headgear & competition 

level. 

Hollis, et al, 

2009  

Prospective 

cohort injury 

surveillance 

Rugby/ 

Australia 

Reports on 

baseline 

questionnaire 

outlined 671 

players 

ñalwaysò  

145 ñoftenò,  

227 ñsometimes 

, 207 ñrarelyò 

and 985 ñneverò  

used HG.   

Player hours  Community 

competition 

males 19-45 

yrs. and 

school 

competition 

males aged 

15-18 yrs. 

22.7(5.5) 

Concussion Any event 

where a 

player left 

the field due 

to dizziness, 

confusion, 

loss of 

coordination

, and/or loss 

of 

consciousnes

s; and 

Trained data 

collectors, 

coaches, club 

doctors and 

physical 

therapists 

recorded data 

on 

standardized 

reporting 

forms.   

Headgear and 

mouthguard use, age, 

height, weight, 

impulsivity, time spent 

training, experience, 

player position, 

concussion history, 

competition level. 
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stoppage of 

play was 

required, or 

they 

received 

medical 

attention 

because of a 

blow to the 

head. 

 

Chalmers, et 

al,  

2011  

 

Prospective 

cohort injury 

surveillance 

 

Rugby/ 

New 

Zealand 

Not reported  Player hours   

Community 

competition, 

males aged 

13 & above 

 

 

Injury for all 

body regions 

combined. 

 

Any event 

that resulted 

in an injury 

requiring 

medical 

attention or 

causing a 

player to 

miss at least 

one 

scheduled 

game or 

team 

practice. 

 

Researchers 

completed 

weekly follow 

up interviews 

with players 

over the 

phone. 

 

Protective equipment. 

age, ethnicity, experience, 

lifestyle factors, injury 

history, player position, 

training, time of season, 

foul play, warm ups, 

weather conditions, 

ground conditions. 

 

Archbold et 

al,  

2017 

Prospective 

cohort injury 

surveillance 

Rugby/ 

Ireland 

46.8% of 

players reported 

using HG in a 

baseline 

demographic 

questionnaire 

prior to the 

season.  

Player hours School 

competition, 

Males, 16.8 

(0.8) 

Concussion, 

head injury 

and injuries 

for all body 

regions 

combined. 

Any injury 

that prevents 

a player 

from taking 

full part in 

all training 

and match 

play or 

activities 

planned for 

that day for 

a period of 

greater than 

24 hrs from 

Trained data 

collectors 

recorded data 

using online 

database.  

Headgear, mouthguard 

and shoulder pad use, age, 

weight, height, playing 

position, injury history, 

strength profile and 

experience. 
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midnight at 

the end of 

the day the 

injury was 

sustained. 

 

McGuine, et 

al, 

 2019  

 

Cluster 

randomized 

control trial 

 

Soccer/ 

USA 

Stratified 

Randomisation 

using school 

enrolment size 

as stratification 

variable. If a 

team 

participated 

in both years 

assignment 

remained the 

same  

Player hours   

School 

competition, 

1853 

females and 

913 males, 

15.6(1.2) 

 

Concussion 

and injuries 

for all body 

regions 

combined, 

excluding 

concussion. 

 

Concussion 

recorded in 

accordance 

with NATA 

position 

statement.28 

Other injury 

determined 

by onset, 

mechanism, 

characteristi

cs and 

physical 

examination. 

 

Athletic 

trainers 

recorded in an 

online 

database. 

 

Headgear use, school, 

sex, age, year cohort, 

SCAT3 baseline symptom 

severity and concussion 

history. 
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2.4.2 Quality and Levels of Evidence Results  

Interrater agreement for quality analysis between the two reviewers (JMK and JN) 

assessing the eight included manuscripts was 94.44%. The results for quality assessment and 

levels of evidence for cohort studies can be seen in Table 2.2. Selection bias was considered 

low in all studies. Only one study was not awarded full points in this domain, as Delaney.et 

al.29 did not ascertain the exact number of exposures to SRC reliably due to using self-report, 

as opposed to direct observation or secure record. For comparability of cohorts, all studies 

controlled for age, sex and injury history, with only one study not controlling for additional 

factors. Delaney, et al.29 did not account for factors such as player position and player 

experience that may, in addition to HG use, modify injury rates.30  

For the final domain, three studies did not assess SRC and injury outcomes using an 

independent observer. The findings of Delaney, et al.29 were deemed to have the highest risk 

of bias due to a cross-sectional survey design with the survey accessible online to players (aged 

12-17 years) who could re-access it multiple times to update SRC symptoms. In addition, the 

injury definition used did not relate to time lost from participation in sport and/or medical-

attention received for injury, the most common definition31 used in all other studies. Two other 

studies were considered to be subject to the inherent biases associated with self-report data 

collection, due to a prospective design where researchers completed weekly, post-game follow 

up interviews with players over the phone.32 33 These self-reported methods contrasted those 

used where direct SRC and injury observation was completed by trained data collectors, 

athletic trainers, and medical professionals 

Both RCTs34 35 were assessed as good quality, the OCEBM levels of evidence were 

scored as two (Table 2.3). On the PEDro scale, they both recieved scores of eight with only 

three criteria not met (5-7). These criteria related to the blinding of participants, therapists and 

assessors. It was deemed unfeasible to expect blinding in these studies due to the fact that the 

intervention (HG use) was directly observable 
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Table 2.2 Results for NOS scale risk of bias assessment and Level of Evidence (OCEBM) 

Study Selection Comparability Outcome NOS 

Score 

OCEBM 

 a b c d e f g h i 

McIntosh and McCrory. 2001 *  *  *  *  *  *  *  *  *  9 3 

Marshall, et al. 2005 *  *  *  *  *  *   *  *  8 3 

Delaney, et al. 2007 
*  *   *  *    *  *  6 3 

Hollis, et al. 2009 *  *  *  *  *  *  *  *  *  9 3 

Chalmers, et al. 2011 *  *  *  *  *  *   *  *  8 3 

Archbold, et al. 2017 *  *  *  *  *  *  *  *  *  9 3 

a = Representativeness of the exposed cohort, b = Selection of the non- exposed cohort, c= Ascertainment of exposure, d = Outcome of interest was not present at start of 

study, e = Study controls for age, sex, injury history f = Study controls for additional factors, g = Assessment of outcome, h = Follow up long enough, I = Adequacy of 

follow up of cohorts. * = criteria met 

Table 2.3 Randomized Study quality (PEDro Scale) & Level of Evidence (OCEBM) 

Study      Score OCEBM 

 1 2 3 4 5 6 7 8 9 10 11   

McIntosh et al. 

(2009) 

*  *  *  *     *  *  *  *  8 2 

McGuine et al. 

(2019) 

*  *  *  *     *  *  *  *  8 2 
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Overall, methodology across studies tended to lack scientific rigour in one or more 

aspects, and incidence of injury was made difficult to interpret due to different methods of 

reporting injuries (e.g., per player, per player weeks, per player hours). The most common 

convention was for authors to report injuries per 1000 player hours. The two studies who did 

not conform to this, were subject to retrospective self-report bias. For instance, Marshall et al., 

(2005) obtained injury data from players at weekly intervals and therefore reported by óplayer 

weekô, and Delaney et al., (2007) reported injuries ñper playerò, likely because players reported 

SRC at a single survey time point. These studies likely reported injuries in this way because 

they did not capture players true exposure to injury, and therefore could not report per hour.    

Few studies prospectively recorded HG wearing rates throughout the season. Indeed, 

many studies relied on a questionnaire administered at a single time point asking players 

whether they used HG. In the Hollis et al., (2009) study the authors used a Likert scale (e.g., 

never, rarely, sometimes) to ascertain HG usage rates, and reported that players who óalwaysô 

wore HG were significant less likely to sustain SRC than those who órarelyô wore HG. Firstly, 

this is not an accurate reflection of HG use, as players may have decided to use or not use HG 

depending on how they felt on match day, and secondly, the rates of SRC among those who 

óalwaysô wore HG, compared to those who óneverô wore HG, were in fact very similar (see 

Table 2.4 for details).  

The RCTs (of which there were only 2) were the only studies that reliably recorded HG 

use. Without accurate data on whether players consistently wore HG, the results are prone to 

bias and confounding as player propensity to risk taking may have been inconsistent across 

games. In addition, HG uptake was generally low across observational studies, and compliance 

poor in RCTs, rendering many studies statistically underpowered to assess for difference in 

outcomes amongst HG users and non-users. As data reporting methodologies differ across 

studies, the data presented should be interpreted with caution, especially when comparing 

results that were obtained across varying contexts with inconsistent definitions of SRC and 

injury.     

2.4.3 Headgear Use and SRC 

Outcomes for SRC, superficial head injury, head impacts, and injuries to other body 

regions stratified by HG use vs. no-HG use (No-HG) are listed in Table 2.4. There were seven 

studies included that analyzed SRC. Of these, five (one in soccer and four in rugby) found no 

differences in rates of SRC with or without HG (See Table 2.4).21 33-36 Contrasting findings 
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were seen in two other studies; a prospective cohort study in rugby showed that non-HG users 

were at significantly lower risk of SRC (RR: 0.63; 95%CI: 0.41-0.98) than HG users, and a 

cross-sectional survey of soccer players outlined higher risk of SRC for non-HG users (RR: 

2.65; 95%CI: 1.23-3.12) compared to HG users.   

2.4.4 Headgear use and superficial head injury  

There were four included studies that investigated the association of HG use and 

superficial head injury. Two assessed rugby cohorts and found no statistically significant 

difference in rates of sustaining superficial head injury between HG users and non-users,21 36 

In the soccer survey study, non-HG users were reported to have higher adjusted  risk of 

superficial head injury (RR= 1.86; 96%CI: 0.09- 0.11) compared to HG users.29 Among the 

four studies reporting superficial head injury, one reported frequency and type of head impacts 

using game video analysis. That study found no statistically significant association among HG 

users (RR: 1.54; 95% CI: 0.63-3.75) compared to non-HG users.36 

2.4.5 Headgear and injuries to all body regions    

There were five included studies that reported on injuries to all body regions. Four of 

these conducted the analyses with SRC and all body injuries combined as a composite outcome 

variable.21 32 33 35 Reporting this composite outcome were two studies conducted in rugby with 

no differences observed in injury rates among HG users versus non-users.21 33 In contrast, 

Chalmers, et al.32 and McIntosh, et al.35 reported increases in injury rates to all body regions in 

rugby players wearing standard HG, adjusted RR: 1.23 (95% CI 1.00-1.50) and adjusted RR: 

1.16 (95% CI: 1.04-1.29), respectively. The McIntosh, et al.35 study also investigated injury 

rates to all body regions for players who wore ñmodified HGò. The use of this HG was not 

associated with increased injury risk, adjusted IRR: 1.05 (95% CI: 0.78-1.41), although the 

group accounted for only 11% of exposures to SRC due to poor compliance. The remaining 

RCT study by McGuine et al.34 reported the outcome of injury to other body regions (excluding 

SRC) and found no difference in rates for soccer HG users and non-users with adjusted RR = 

0.91 (95%CI 0.64-1.29). 
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Table 2.4 Outcome data for concussion, head injury and injuries to other body regions stratified by headgear vs no-headgear 

Study N No-HG 

exposures 

HG 

exposures 

No-HG  

SRC 

 

HG  

SRC 

 

No-HG 

superficial head 

injury  

HG  

superficial head 

injury 

 

No-HG 

 all body 

regions 

combined  

HG  

all body regions 

combined 

McIntosh and 

McCrory.,  

2001 

 

294 357  

player  

hours  

1179  

player   

hours 

 

n=2  

*Relative Risk= 

0.94 

95% CI 

 [0.19-4.52] 

n= 7 

 

n=7  

*Relative risk =  

1.54  

90% CI  

[0.63-3.75] 

n= 15  - - 

Marshall, et 

al. 2005 

304 4,656 

player 

weeks 

752  

player  

weeks 

Not 

reported 

Rate ratio= 

1.13 

 95% CI 

[0.40-3.16] 

Not 

reported 

Rate ratio= 

0.59,  

95% CI  

[0.19- 1.85] 

Not  

reported 

Rate ratio=  

0.96, 

95% CI 

[0.75-1.23] 

Delaney, et al. 

2007  

278 n= 216 

players 
n= 52 

players 

n=114  

Relative Risk= 

2.65 95%CI 

[1.23-3.12] 

n= 14  

 

 

n=151 

Relative Risk= 

1.86 96%CI 

[1.49-3.45] 

n= 15  

  

- - 

Hollis, et al.  

2009 

 

3,207 n= 985 

players 

n= 671 

players 

7.48 per 1000 

player hours.  

*Relative Risk= 

0.68 95%CI 

[0.24- 1.93] 

7.39 per 1000 

player hours.  

- - - - 

McIntosh, et 

al. 2009 

 

 

3,686 1,493 

player 

hours  

Standard 

HG 1,128 

player 

hours     

 

n= 90 n= 85 with 

standard HG. 

Incidence Rate 

ratio= 1.13 

95% CI  

[0.86-1.49]  

 

 

n= 106  n= 100 with 

standard HG. 

Incidence Rate 

ratio= 1.14 

95% CI  

[0.84-1.54] 

 

 

n= 799  n= 828 with 

standard  

HG. 

Incidence Rate 

ratio=  

1.16 95% CI   

[1.04-1.29] 
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 Modified 

HG  

1,474 

player 

hours    

See above row  

for control  

group  

n= 19 with 

Modified HG.  

Incidence Rate 

ratio= 1.06 

95% CI  

[0.70-1.60] 

See above row 

for control 

group  

n= 22 with 

modified HG.  

Incidence Rate 

ratio= 1.03 

 95% CI  

[0.67-1.58] 

See above 

row for 

control 

group 

n= 175 with 

modified HG. 

Incidence Rate 

ratio= 1.05 

 95% CI  

[0.78-1.41] 

Chalmers, et 

al. 2011 

704 

 

4,223 

player 

hours 

1,807 

 player  

hours  

- - - - n= 4,419 

injuries. 

Incidence 

Rate 

ratio:1.00 

n= 1,844 injuries. 

Incidence Rate 

ratio: 1.26 

95% CI  

[1.00-1.50] 

Archbold, et 

al. 2017  

811 n= 553 

players 

n= 258 

players 

n= 42 

*Relative Risk= 

0.63  

95%CI 

 [0.41-0.98] 

n=31  log rank=0.327; 

df=1; p=0.567) 

Not 

 reported 

n=549 

*Relative 

Risk= 0.99 

95%CI 

[0.99-1.00] 

n= 258 

McGuine, et 

al. 2019 

3,050 n= 1,545 

players  

n= 1,505 

 players 

n= 68  

 

n= 62  

Risk ratio= 

0.98 95% CI 

[0.62-1.56] 

 

- 

 

- 

 

Not  

reported 

 

Risk ratio= 

 0.91 95% CI  

[0.64-1.29] 
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2.5 Discussion 

2.5.1 The Association of Headgear with Sports Related Concussion, Superficial Head 

Injury and other Injuries.  

The findings from this review do not support the use of the current, commercially 

available HG to prevent SRC in youth soccer or rugby. The majority of in-vivo evidence is 

consistent with laboratory research showing that HG does not mitigate the forces associated 

with head impacts.37-39 Though some protection may be offered against superficial head injury, 

as purported by Delaney et al.29 and prior studies where HG has been shown to protect against 

soft tissue injuries sustained to areas of the head covered by padding.40 Importantly, there may 

also be potential for increased risk of sustaining all types of injuries. Two studies reported 23% 

32 and 16% 35 increases in all types of injury risk for rugby players who wore commercially 

available HG, and indeed, results from one prospective cohort injury surveillance study 

indicated higher risk of SRC among players who wore HG.21 Raised by these findings, is the 

possibility that risk compensation is a phenomena occurring in rugby, but not soccer, as 

increased injuries were not observed among soccer HG users in a RCT. Soccer is unique in that 

SRC and other types of injury are sustained when players purposefully use their head to 

progress the ball,9 when players knock heads41 or when falling over during a tackle.42 In 

contrast, the majority of SRC and other injuries in rugby are sustained in player to player 

collisions during full body tackling.42 43 These fundamental differences may render rugby HG 

users more vulnerable to risk compensation behaviours because injury mechanisms overtly 

differ and their style of play allows for the head to be used as a tackle weapon. 

Given that perceptions about HG and associated behavioural changes may differ across 

the lifespan, it is unclear whether injury risk associated with HG use differs between adult and 

youth populations. A commonly held belief reported by youth rugby players is that HG makes 

them feel safer in contact situations and allows them to play óharderô.16 44 A study on HG 

perceptions among adult and youth rugby players indicated that these beliefs differed with age, 

as youth tended towards greater acceptance and beliefs in the utility of HG.45Adult HG users 

may be protected against risk compensation as they are less prone to misguided beliefs about 

HG.   

The studies included in the review span almost two decades raising the possibility that 

changes in HG technology might influence outcomes. No chronological trends were apparent 

in the analysis and industry experts are of the opinion that the commercially available HG has 
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not advanced considerably since the 1990s.39 Confounding a summative interpretation was the 

heterogeneity found in definitions of injury. One study referred to superficial head injury as 

the ear and scalp only,33 while others included the face21 29 or excluded the face from the 

definition.35 Some studies defined an injury as occurring only if a player was observed to miss 

time from play,21 35 46 or received attention from a medic or athletic trainer,34 36 46 while others 

used retrospective player self-report.29 32 33 Retrospective self-reported methods are not 

consistent with standards which suggest prospective recording by health professionals is 

superior to retrospective interview.31 The differences in methodology were prominent in the 

heterogeneity of outcomes with far higher proportion of SRC recorded when self-reported 

compared to studies that used direct observation.29 34  

2.5.2 Directions for Future Research. 

A key finding of this review is that standardized definitions and reliable recording of 

HG use are vital to ensure the translation of findings to clinicians and the community. It is 

recommended that injury definitions are guided by the most recently published consensus 

statements, and that definitions rely on a number of factors to describe severity. It is 

recommended that a SRC be defined as a ñtraumatic brain injury induced by biomechanical 

forcesò with physical, behavioural, cognitive and somatic clinical features documented with 

each SRC event.6 A superficial head injury should be defined as any injury to the head that is 

superficial to the skull (including contusions, abrasions and lacerations).29 To capture the full 

spectrum of SRC and other injuries and facilitate comparison with past results, it is 

recommended that researchers record all injuries using a combination of ñbroadò definitions 

(e.g. injury recorded if it causes a player pain or discomfort) and ñnarrow definitionsò (e.g., 

injury recorded if player misses a game).47 As an example, an injury anywhere on the body 

should be initially documented by body region (e.g., lower leg, arm, head) and pathology 

(bruise, open wound, fracture) if it causes a player pain. Additional information on whether 

that injury resulted in time lost from play, missed games, required medical attention or resulted 

in hospital transfer should be collected as surrogates for severity.48 Data collection conducted 

by a medical professional diagnosing SRC and reliably classifying players as HG-users and 

non-HG users would be optimal, however, we acknowledge this is not possible in most youth 

community sports. As an alternative, live observation by trained data collectors that are athletic 

trainers or work in health-related fields has shown promise.31 Video analysis may also have a 

role in augmenting findings. This could allow researchers to examine the number of head 
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impacts sustained by each player, observe whether the player was wearing HG at the time of 

impact, and code the behaviours of HG wearers. 

Under-representation of female athletes in the included studies was frequently 

observed. Compared with male athletes, females have been reported to have higher rates of 

SRC49-53 report more SRC symptoms,54 55 demonstrate worse cognitive impairment following 

SRC,53 54 and may take longer to recover.55 56 In addition, it has been suggested that females 

are at higher risk of the effects of sub-concussive impacts due to differences in neck strength 

and body composition.57 Given the exponential increase in female participation in these 

sports,58-60 further evaluation of injury risk and prevention in this cohort is crucial to future 

research.   

Ultimately, injury surveillance systems specific to youth have not yet been developed, 

as they largely exist at the elite level and require significant financial and operational resources 

to conduct.31 Nonetheless, identifying constraints is an important step for researchers 

conducting future studies to address this important issue. Existing constraints are the potential 

ethical dilemmas regarding HG being implemented in an RCT because of the lack of evidence 

that supports its protective benefit versus potential harm. Other barriers include difficulty truly 

randomizing HG (i.e., allocation often occurs based on entire teams and is stratified by gender) 

and poor compliance. For instance, only 11% of exposure hours were attributable to those in 

the modified HG arm of the McIntosh, et al.35 RCT due to very low compliance. A HG RCT 

conducted in Australian football that was screened for inclusion also revealed that SRC and 

injury outcomes could not be assessed due to very low compliance in HG use.61  Low 

compliance was less problematic in the included soccer RCT with 99.5% of those allocated to 

the HG arm consistently wearing it,34 raising the question of what encourages compliance in 

these types studies. As seen in McGuineôs (2019) study, players chose their preferred HG 

model from a range of provided options that met specific testing standards. This potentially 

contributed to higher compliance because the players had greater involvement and autonomy. 

It may also be that soccer HG is less intrusive because it covers less of the head and may not 

induce as much discomfort via increased heat and perspiration.  

2.5.3 Strengths and Limitations. 

The primary strength of this review is that it provides a picture of where data is currently 

lacking, highlights significant evidence gaps particularly in youth and female athletes, and 

outlines a framework for researchers to further explore this important topic. The review 
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included only five studies that specifically pertained to youth cohorts. Many studies combined 

adult and youth participants, potentially confounding findings in outcomes due to the higher 

level of experience, training and increased maturity in risk-taking decision-making among 

adults.19 Without robust data it was difficult to draw definitive conclusions about the role of 

HG in sports injury prevention. An important methodological issue was that reporting of results 

across studies was inconsistent. Reporting of homogenous outcomes and 95% confidence 

intervals was not possible in all cases as data was not available, although attempts were made 

to re-analyse available data to provide consistency. 

2.6 Conclusion  

Extending upon the most recent CISG consensus,6 this review indicates a lack of 

scientifically rigorous research that clearly outlines the benefit or harm of wearing HG in youth 

collision sports. Future research should include a representative population and focus on 

including female participants across a range of sporting codes that use HG. Standardisation of 

the definitions and measurement of outcome variables are indicated for comparability across 

studies.  
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Abstract 

Objectives: To investigate beliefs and factors associated with padded headgear (HG) use in 

junior (<13 years) and youth (Ó13 years) Australian football. Design: Cross sectional study 

using a descriptive survey. Methods: A web-based tool was used to obtain demographics, 

HG use, concussion history, beliefs about HG and risk-taking propensity. Results: A total of 

735 players (including 190, 25.9% female) representing 206 clubs across U8-U18 age groups 

participated. HG was worn by 315 players (42.9%; 95% CI: 39.3-46.4). The majority (59.5%) 

of HG users wore it for games only and wore it voluntarily (59.7%), as opposed to being 

mandated to do so. Junior players were more likely than youth players to agree to feeling 

safer (p <0.001) and being able to player harder while wearing HG (p <0.001). The overall 

population however, had a median response of ñneutralò regarding HG users being able to 

play harder. Median responses were ñdisagreeò on preferring to risk an injury than wear HG, 

and on experienced players not needing to wear HG. Beliefs did not differ between males and 

females. HG use was associated with players belonging to a club where HG was mandated 

for other age groups (OR 16.10; 95% CI: 7.71-33.62, p <0.001), youth players (OR 2.79; 

95% CI: 1.93-3.93, p <0.001), and female players (OR 1.57; 95% CI: 1.07-2.30, p = 0.019). 

Conclusions: Club HG culture, older age and being female were prominent variables 

associated with voluntary HG use. Players reported believing that HG offers protection. The 

importance of HG use being informed by higher levels of evidence is highlighted.  

3.1 Introduction 

 

Considerable focus has been directed to sports related concussion (SRC) and its 

potential effects on long-term brain health and function.1 As children and adolescents are 

vulnerable to SRC interfering with academic performance, school attendance and physical 

activity,2 debate exists regarding the best methods to prevent SRC and the role of personal 

protective equipment such as padded headgear (HG), in reducing SRC risk.3 Voluntary HG use 

has been previously reported to be variable in soccer,4 rugby5 and Australian football,6 though 

some junior (8-13 years) and youth (13-18 years) Australian football clubs mandate HG use, 

despite the lack of evidence that it reduces SRC or mitigates head impact forces.7, 8  

The Australian Football League (AFL) does not mandate HG at any level. The AFL 

advise community athletes ñThere is no definitive scientific evidence that helmets prevent 

concussion or other brain injuries in Australian football. Some experts believe that younger 
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players who wear a helmet may change their playing style, and receive more head impacts as 

a resultéthere is no scientific evidence either way, headgear are not recommended for the 

prevention of concussionò.9 Currently, it is unknown how many clubs mandate HG use, how 

frequently players wear it and why they choose to wear it. Survey research provides some 

insight, highlighting that many rugby and Australian football stakeholders mistakenly believe 

that HG protects against SRC.10 Factors cited by players that motivate them to use HG are 

being mandated to do so, and also that it makes them feel safer and they want to be protected 

against injury.11,13  

Within the Australian Football Leage (AFL), there is some concern regarding the theory 

of risk compensation/risk homeostasis.5, 9, 14 Risk compensation refers to the theory that when 

individuals perceive greater safety due to an intervention (e.g., headgear), they engage in 

increasingly risky behaviour which returns them to pre-intervention levels of injury risk, or 

potentially even greater levels of injury risk.15 Concordant with this theory, Australian 

footballers have reported that they can play harder with HG.6, 11 In a study of under 15-year-

old rugby union players in 1999, where almost 80% wore HG during a game, 67% said that 

they played more confidently when they wore HG.5 Whether these beliefs translate into 

behaviour change on the field remains unknown, as no studies have directly investigated it.16 

Indirectly, McIntosh et al., (2001 and 2009) observed no significant effects of HG in youth 

rugby union on increased injuries.7 17 

Current beliefs about HG have not been examined among youth male and female 

Australian footballers, as most studies have examined these concepts in adult cohorts, are not 

contemporary, and are not inclusive of female athletes. Key differences in the factors driving 

HG use may be apparent for younger, compared to older players as they may be more 

susceptible to misinformation about the protective benefits of HG,18 and their motivations to 

HG may be additionally impacted by peer influence, the attitudes of their parents and their 

club.19 A tendency to wear HG may also be motivated by having sustained SRC in the past as 

one study outlined the potential that players who have sustained a previous SRC, may uptake 

HG as they fear sustaining future injury.5 

The aims of this study were to obtain patterns of HG use and investigate beliefs and 

factors associated with HG use in junior and youth Australian football. A tendency to HG use 

may also be motivated by club culture, in that players who belong to clubs that mandate HG 

for other age groups may use it because they see the club endorsing it for their peers. Finally, 
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it was hypothesised that players participating in youth, as opposed to junior age groups would 

be more likely to use HG use as there is an increased exposure to contact, tackling and injury 

risk for older age groups.20 It was hypothesised that a history of prior concussion would 

motivate HG use, as players fear future concussions.5 Risk-taking tendencies were also 

hypothesised to play a role, as HG use could be thought to moderate the effect of increased 

risk-taking behaviour.6 Females may be more likely to use HG4 potentially associated with a 

greater awareness of SRC.21   

3.2 Methods 

A cross sectional web-based survey was distributed to junior and youth Australian 

footballers. The results were reported in accordance with the Checklist for Reporting Results 

of Internet E-Surveys (CHERRIES).22 This study was approved by the Monash 

University Human Research Ethics Committee (MUHREC Reference: 11254) and informed 

consent was obtained by providing information (survey length, confidentiality and researcher 

contact details) to participants when they opened the survey link. It was considered that 

informed consent was implied if participants agreed to continue.  

An advertisement and survey link were available on the Australian Football League 

(AFL) community website from July 2018 to August 2019. The AFL community web page 

provides resources, training and advice for Australian football coaches, umpires, players, club 

administrators and volunteers. The survey link was also included in a Coach AFL newsletter 

and representatives for community football in each Australian state were encouraged to 

disseminate the survey via their social media channels. For the advertisement, a photo of junior 

footballers wearing HG was displayed with the title óHeadgear in Australian Football Surveyô.  

The survey content was developed in consultation with the industry partner (AFL). Items on 

HG beliefs were based on those used in previous HG studies.5, 6 Five sections (18 items) of 

the broader (60 item) survey that pertained to the current study aims were analysed. 

Additional survey items pertain to outcomes which will be reported in other manuscripts. The 

items used were demographic questions: sex, age group for participation at time of response 

(e.g. under 8s, under 9s, etc.), football club; HG use questions: players were categorized as 

voluntary HG users, mandated HG users, or No-HG users. The term ñclub headgear cultureò 

refers to those who played for a club where HG was mandated for age groups other than their 

own. Concussion history was self-reported by players. If the player indicated that they had 

sustained a concussion, they were then asked whether the concussion occurred whilst playing 
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Australian football. These results were reported as the total number sustained, and the subset 

of those that were sustained during AF.  

 A four item version of the risk-taking propensity scale23 (RPS; where scores ranged 

from 4 to 20 and higher scores indicate greater risk-taking), and five items on beliefs about HG 

use. Four of the seven available RPS items were chosen to reduce administration time. 

Response choices for the RPS and beliefs about HG were on a 5-point Likert scale with options: 

óstrongly disagreeô (categorised to score of 1), ódisagreeô, óneutralô, óagreeô and óstrongly agreeô 

(categorised to score of 5) ñI do not take risks with my healthò, ñI take risks regularlyò, ñI view 

myself as a risk avoiderò and ñI usually view risks as a challengeò indicating greater risk-

taking). Five items pertained to beliefs about HG (see figure 1 for items) and were derived from 

previous studies by Braham et al., (2004) and Finch et al., (2001). Technical functionality of 

the survey was designed and tested in consultation with a senior software engineer and then 

preliminary tests were conducted on researchers (n = 7) and children (n = 3). Wording of some 

questions were modified following feedback. The survey took approximately 5-10 minutes to 

complete and the link allowed only one response per web address in an effort to avoid multiple 

responses.  

Only complete surveys were assessed in the final analysis. HG use, wearing rates and 

HG type were summarised using frequencies (%). Player sex, age group (categorised as junior 

and youth), self-reported concussions (of any aetiology) and SRCs sustained in Australian 

football were summarised as the frequency (%) for each group (voluntary, mandated or non-

HG use). For the RPS, Cronbachôs alpha was used to analyse internal consistency and previous 

methods were used to create a group of risk avoiders (low scores on the RPS) and risk-takers 

(high scores on the RPS) using a median split (10.00) and reverse scoring of items 1 and 4.24 

Risk-taking and HG mandating culture were summarised as the frequency (%) of voluntary, 

mandated and non-HG users that were categorised as high risk-taking or belonging to a club 

where HG was mandated for other age groups. Beliefs about HG were summarised using 

median (IQR) and reported for the overall population, and junior, youth, male and female 

player sub-groups. To assess for differences in HG beliefs among groups (junior versus youth, 

male versus female), Mann-Whitney U tests were used to account for the categorical nature of 

the data. 

Among participants for whom HG use was not mandated, association of the pre-

determined variables of sex, age group, belonging to clubs where HG is mandated for other 

age groups, risk-taking, concussion history and history of SRC in Australian football were 
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assessed using univariable logistic regression and reported using odds ratios and 95% 

confidence intervals. A p-value of <0.05 was defined to be statistically significant.  Analyses 

were conducted using Stata v15.1, College Station, TX, USA. 

3.3 Results 

There were 942 players who responded during the study period. Of those, 735 

(including 190; 25.9% female) from 206 unique football clubs across Australia completed the 

survey in full. Table 3.1 outlines demographic factors, self-reported concussions and SRC, risk-

taking and club HG mandates for other age groups. Internal consistency for the RPS was good 

(4 items; Ŭ = .73). Overall, 315 players (42.9%; 95% CI: 39.3-46.4) reported wearing HG with 

127 (40.3%) from 42 different clubs reporting that they were mandated by their club to do so 

and 188 (59.7% of those wearing it) from 164 different clubs electing to wear it voluntarily. Of 

the 315 players wearing HG, 187 (59.4%) reported wearing the HG for games only, 127 

(40.3%) for training and games, and one player for training only. A total of n= 207 players 

reported sustaining at least 1 concussion. Of those players, n= 110 reported that they had 

sustained two concussion, n= 26 reported a history of 3 concussion, n= 11 players reported 4 

concussions, and n= 7 players reported having sustained 5 concussions. The most popular brand 

of HG used was Steeden (38.0%), followed by Maddison (10.0%), Canterbury (6.3%) and 

Impact Rugby (6.0%). Ninety-eight respondents (98, 31.1%) were not sure what type of HG 

they used. 

Table 3.1 Demographics, history of self-reported concussions, risk-taking and club HG 

mandates for other age groups 

Variable  Voluntary HG Use 

(n = 188) 

Mandated HG Use 

(n = 127) 

No-HG Use 

(n = 420) 

Female 61 (32.4%) 31 (24.4%) 98 (23.3%) 

Junior Players (U8 to U12) 

Youth Players (U13 to U18)  

72 (38.2%) 

116(61.7%) 

107(84.3%) 

20 (15.7%) 

265 (63.1%) 

155 (36.9%) 

Concussion History  

SRC in AF  

64 (34.0%) 

54 (28.7%) 

11 (8.7%) 

5 (3.9%) 

132 (31.4%) 

111 (26.4%) 

Risk takers 95 (50.5%) 57 (44.9%) 214 (51.0%) 

Club headgear  49 (26.1%) 127 (100%) 9 (2.1%) 

SRC: Sports-related concussion; AF: Australian football; HG: Headgear 
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Responses, stratified by male or female are illustrated in Figure 3.1. The overall 

population had a median reponse of ñagreeò on feeling safer when wearing HG. Male players 

had a median response of ñneutralò with regard to whether HG could prevent injury, in 

comparison to females who ñagreedò that it could (p = 0.54). With regard to the belief that HG 

users are able to play harder, the overall population had a median response of ñneutralò. Median 

reponses were ñdisagreeò on preferring to risk an injury than use HG, and on experienced 

players not needing to wear HG. Opinion appeared similar between male and female players. 

Figure 3.1 Male and female player beliefs about headgear. Boxes represent median, IQR and 

whiskers represent range of responses. 

Responses, stratified by junior versus youth players are summarised in Figure 3.2. 

There were significant differences between groups for their responses on all items. Junior 

players had a median response of ñagreeò on HG wearing making them feel safe, compared to 

ñneutralò for youth players (p <0.001). The median response for both groups to the belief that 

HG users were less likely to be injured was ñneutralò, however, junior players were statistically 

more likely to agree (p <0.001). With regard to the belief that HG users are able to play harder, 

both junior and youth players had median responses of ñdisagreeò, though junior players were 

statistically more likely to agree (p = 0.04). Regarding the statements about preferring to risk 

an injury than play with HG, the median response was ñdisagreeò for both groups, though junior 



 

71 

players were statistically less likely to agree (p < 0.001). Junior players were also less likely to 

agree to the belief that experienced players do not need to wear HG (p = 0.01). 

Figure 3.2 Responses of junior and youth player beliefs about headgear. Boxes represent 

median, IQR and whiskers represent range of responses. 

The odds of voluntary HG use were significantly higher for players belonging to a club 

where HG was mandated for others (OR 16.10; 95% CI: 7.71-33.62, p <0.001), youth players 

(OR 2.79; 95% CI: 1.93-3.93, p <0.001), and female players (OR 1.57; 95% CI: 1.07-2.30, p 

= 0.019). There was no statistically significant association between voluntary HG use and SRCs 

sustained in Australian football (OR 1.12; 95% CI: 0.76-1.75, p = 0.56), concussion history 

(OR 1.13; 95% CI: 0.78-1.62, p = 0.52), or risk-taking propensity (see Figure 3.3, Appendix A 

supplementary file). 

3.4 Discussion 

This study, the first to investigate beliefs and factors associated with HG use in male 

and female junior and youth Australian football players, comprised a large contemporary 

sample. Of the sample population, approximately forty percent wore HG and more than half of 

those elected to wear it voluntarily. Players from 42 different clubs reported that they were 

mandated to wear HG, and these mandates existed across all age levels of play. Club mandated 

culture, younger age and being female were prominent variables associated with HG use. Many 
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players reported believing that HG offers protection. The primary belief held by players (even 

non-HG users) was that HG makes them feel safer. This is consistent with a study of 650 rugby 

union players (U13, U15, U18 and U21), of which 58% wore HG, the two most commonly 

reported reasons for wearing headgear were ñI donôt want to get and injuryò (49%) and ñI feel 

safer when I wear itò (49%).12  Paradoxically, players in the current study were unclear about 

whether HG could actually reduce the likelihood of injury. When asked whether wearing HG 

allowed them to play harder, the median response was ñneutralò and most players disagreed 

with the premise that they would rather risk injury than play with HG. Unique to this study was 

the investigation of patterns in HG beliefs across age and sex. Broadly, beliefs were consistent 

among males and female, but differences were observed by junior (U8-U12) and youth (U13-

U18) players. Junior players were significantly more likely to agree that HG prevents injury, a 

finding consistent with those reported by Barnes, Rumbold, Olusoga 18 who found that young 

rugby union players had a greater tendency to believe that HG prevented SRC. Compared to 

youth players, junior players also more frequently endorsed that HG allowed them to play 

harder, highlighting that some members in the junior player group may be susceptible to 

misguided beliefs. Whether these beliefs render junior players vulnerable to increased injury 

risk through risk compensation behaviour is unclear without on-field behavioural data in 

Australian Football.16 In Rugby Union, where similar beliefs have been reported, there is no 

evidence that headgear increases injuries.7 11 What is clear, is that research translation should 

aim to inform junior players, parents and clubs that if HG were to offer protection, playing 

óharderô may negate those benefits.25 

HG use was predominantly driven by the culture of the club, as players who elected to 

wear HG voluntarily tended to belong to clubs that mandated HG for other age groups (i.e., 

clubs will often mandate HG for junior, but not youth age groups, however, youth players at 

these clubs often elected to wear it anyway). This suggests that the club is influential in HG 

decision making. It was unclear however, whether these players were subject to HG mandates 

in the past, and this influences future choices to wear HG, or whether these players chose HG 

because they observe peers wearing it and the club supporting its use.  

As players move through junior to youth levels of Australian football, they are 

increasingly exposed to tackling and eventually play under the full laws of the game.20 It was 

unsurprising then that an association was found between voluntary HG use among youth as 

opposed to junior players. It appears that youth players may be motivated to seek further 

protection from injury as their exposure to contact situations increases. Female sex was also 
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associated with choosing to wear HG. A multitude of factors likely combine to influence 

greater HG use among females, such as a general tendency to health seeking, risk aversion and 

increased SRC awareness among females compared to males.21 In addition, it is reasonable that 

female players, their clubs or parents may be seeking more protection against SRC, as many 

studies find that females are more susceptible to sustaining SRC.16 The hypothesis that 

concussion history would be associated with HG use was not supported. This was at odds with 

the view that HG use may be motivated by fear of future injuries,5 though the data did trend 

towards higher rates of HG use among those who had previous concussions. It must be noted 

that a recent scoping review did in fact demonstrate that across sporting codes, players use of 

protective headgear was associated with history of injury.21 The absence of statistical 

significance in the current study may be a Type 2 error due to inadequate sample size. The 

hypothesis that risk-taking propensity would be associated with HG use was also not supported, 

potentially due to limitations described in detail below.    

Incidentally, results demonstrated that mandated HG users self-reported very few SRCs 

compared to voluntary HG users and non-HG users, in spite of equal risk-taking propensity 

across groups. This was unusual, given that the evidence shows popular HG models, such as 

the models worn by players in the study, do not reduce SRC.3 Mandated HG users may be 

failing to recognise, or be misattributing SRC symptoms because they believe that they are 

protected and cannot sustain a SRC.  

The advertisement to participate in the survey was distributed widely, however this 

research may be limited by the target group representing those who are biased towards those 

who report that they have sustained concussion and use HG and/or hold firm beliefs about HG. 

This was evidenced by a high rate of participation from players who played for clubs with 

mandated HG. Bias towards HG use in the included population may explain the lack of 

association between concussion history and the RPS with HG use, and that bias rendered the 

study unable to report on the true prevalence of HG use in the target population.  

The risk-taking propensity measure used in this study may have been insufficient to 

elicit appropriate classification as it assessed general attitudes to risk as opposed to domain 

specific attitudes (e.g., health risk-taking, social risk-taking, etc.).26 Individuals differ in their 

risk-taking across domains and measurement of specific health and safety concepts would be 

optimal however, scales such as The Domain-Specific Risk-Taking measure are not designed 
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for children. Sensation seeking has been hypothesised as a moderator of risky behavior, as such 

the Sensation Seeking Scale for Children (SSSC) may be a viable future inclusion.27  

Statements regarding beliefs about HG could also be modified to specifically pertain to 

SRC (e.g., headgear can prevent concussions) as opposed to ñinjuryò. As the population we 

surveyed encompassed players as young as 7 years old a number of them may not be aware of 

SRC and the survey did not provide definitions. Language and terminology of future survey 

iterations should be tailored to paediatric reference groups as required. Historically, it has been 

difficult for researchers to conduct HG trials investigating risk compensation due to poor 

compliance among youth in wearing HG.16 The findings from this study indicate that further 

investigation into those concepts is warranted and junior Australian footballers represent an 

ideal cohort for such a study as many players are already using HG and some appear to be 

susceptible to risk compensation beliefs.  

3.5 Conclusions 

Many junior and youth Australian football players reported that HG offered protection. 

Such beliefs were consistent in both male and female players, while more prominent among 

junior players who thought that HG allowed them to play harder. Club mandated culture, being 

female and youth (older) players had higher odds of preferring HG use. As such reported beliefs 

are not supported by available evidence, the importance of HG use being informed by higher 

levels of evidence is highlighted. 

Practical Implications 

¶  Many junior and youth Australian football players appear to prefer wearing headgear 

as they feel safer when wearing it.  

¶ Clubs that mandate headgear for juniors, indirectly influence players from other age 

groups to wear headgear.  

¶ Junior more than youth players appear to express the view that headgear allows them 

to play harder, which if acted on may render them at higher risk of injury because 

popular headgear models do not offer additional protection.   

¶ There is a need to provide evidenced based recommendations to the Australian football 

community on the use of headgear and its limitations.   

Competing Interests: None declared. 
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Appendix A, Figure 3.3. Odds ratios for factors associated with voluntary headgear use.  
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4.1 Abstract 

Objectives: To assess whether padded headgear (HG) was associated with incidence of 

sports-related concussion (SRC), non-SRC head injury, and injuries to all body regions in 

junior Australian football. Design: Prospective cohort injury surveillance. Methods: 400 

junior players (42.5% female) were enrolled across two seasons. Data on HG use, SRC, non-

SRC head injury and injuries by body region were collected, with medical assessment and 

missed matches used as surrogates for injury severity. A multivariable logistic regression 

model was used to assess variables associated with injuries. Results: Twenty teams were 

monitored over 258 matches. 204 players (2,484 player hours) used HG throughout the 

season, and 196 (2,246 player hours) did not. The incidence rate of SRC was 3.17 (95% CI: 

3.04-3.30) per 1000 player-hours and no differences were observed between males and 

females (RR 1.11; 95% CI: 0.40-3.06). HG use was not associated with reduced SRC (RR 

1.09; 95% CI: 0.41-2.97), medical assessment (RR 1.44; 95% CI: 0.24-8.53) or missed 

matches for SRC (Risk difference 0.02; 95% CI: -0.00-0.03). No matches were missed for 

non-SRC head injury and HG use was not associated with non-SRC head injury risk (RR 

0.52; 95% CI: 0.27-1.03) or medical assessment for non-SRC head injury (RR 0.27; 95% CI: 

0.06- 1.31). Adjusted for potential confounders, HG use was associated with increased odds 

of sustaining injuries to all body regions combined, adjusted OR 1.71; 95% CI: 1.02-2.82. 

Conclusions: Currently available HG was not associated with lower incidence of SRC or 

non-SRC head injury. There was suggestion of an association between HG use and increased 

injuries to all body regions. 

4.2 Introduction 

In recent years, the deleterious consequences of sports-related concussion (SRC) have 

been at the forefront of sports media and public awareness.1 SRC is common among youth, 

with an estimated 1.1 to 1.9 million recreational and SRCs occurring annually in the United 

States of America in those aged under 18 years.2 Junior Australian football carries a risk of 

non-SRC head injury (e.g., bruising, lacerations external to the skull) and SRC,3 leading to 

frequent debate regarding whether padded headgear (HG) should be mandated.4 

Community players variably endorse HG as a tool for effective head injury and SRC 

prevention,5-7 and some junior and youth Australian footballers even report that they can play 

harder when wearing it.8 Such anecdotal views are concerning as these beliefs may alter or 

reflect player behavior through a phenomenon termed ñrisk compensationò.9 Risk 
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compensation posits that HG users perceive greater safety, play more aggressively, and 

ultimately, put themselves at higher risk of all injury compared to non-HG users.9 Important, 

as injury incidence rates in youth Australian football (37.2 injuries per 1000 player hours) 

have been shown to be comparable to those reported in elite Australian football (30.1 injuries 

per 1000 player hours)10, with the most common occurring to lower extremities (thigh, knee 

lower leg), followed by the upper extremities (shoulder, forearms etc.).  

Regarding the scientific evidence, reduced SRC and non-SRC head injury rates 

among HG users have been documented in some low-level of evidence studies,10,11 whilst no 

such effect is evident in high-level of evidence studies. 12-14 With regard to Australian 

football, no in-vivo studies have successfully evaluated HG effectiveness partially due to low 

compliance among players adhering to HG interventions.15 Due to the high-level evidence on 

the topic and the lack of alternative HG designs to those already studied, current Australian 

football community guidelines do not support or explicitly refute HG use.16 The guidelines 

do, however, caution that ñplayers who wear a helmet may change their playing style, and 

receive more head impactsò.16 The Concussion in Sport Group (CISG) also outline a lack of 

rigorous evidence to equivocally support or refute HG as SRC prevention across multiple 

sports.17 

Presumably due to concern regarding young players sustaining SRC, and perhaps to 

improve comfort in contact situations, some Australian football community clubs currently 

mandate the compulsory use of HG for junior players with a ñno headgear, no playò policy. 

Effective HG may have potential to assist players transitioning from minimal to full body 

contact Australian football by reducing SRC risks. This renders the assessment of HG 

pertinent and well-timed, particularly among junior and female athletes who have been 

under-represented historically.18, 19 

The objectives of this study were to assess whether HG use was associated with 

incidence of observable signs and symptoms of SRC, non-SRC head injury and all body 

region injury rates in junior Australian football. Based upon the paucity of previous work 

exploring HG efficacy in youth Australian football, there was little extant literature upon 

which to base hypotheses. 

4.3 Methods 

As this was the first HG study in junior Australian football and was designed to assess 

feasibility for future trials, pre-determined sample size was not calculated. A prospective cohort 

injury surveillance was undertaken over two junior Australian football seasons (April to August 
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in 2018 and 2019) with each season comprising 14 matches. Twenty-two junior (Under 10s ï 

Under 14s) teams were approached for participation and twenty agreed. Ten teams mandated 

HG use across matches for players in the under 8-years age group (U8) to under 12 years age 

group (U12) with a ñno headgear, no play policyò, and ten teams did not mandate HG use. All 

players were eligible to participate. HG was not supplied by the researchers but rather was 

provided by the club or by parents. As such, HG models varied both within and between teams. 

Researchers attended team training sessions to inform stakeholders on the study aims and 

protocol, at which time informed assent and consent was sought from each player and parent. 

Primary data collectors (PDC) were parents in team support roles who were trained and 

reimbursed to record SRC, non-SRC head injury and all injuries by body region on standardised 

reporting forms (See Appendix A). Important to note is that the team support roles in junior 

community Australian football, (trainers, team managers and coaches) are predominantly 

parents of players who volunteer for the role. They receive basic training in concussion 

recognition, injury management and first aid. Prior to the season commencing, researchers held 

a 1:1 meeting with each PDC to explain the study injury definitions, and demonstrate how to 

complete injury reporting forms. Throughout the season, research assistants also attended some 

matches to support PDCs, answer questions and record injuries alongside the PDCs to provide 

examples of accurate injury data. Inter rater reliability was conducted over four rounds in which 

a research assistant stood at the opposite side of the field to the PDC to avoid collusion, and 

both collected injury data independently. During inter-rater reliability rounds, the two injury 

observers (PDCs and research assistants) were instructed to have no discussion about what was 

observed or recorded. The PDCs were, however, located at the teamsô change over bench. The 

players came off the field at this location to report injuries and receive treatment, and PDCs 

were privy to discussions between players and trainers. After an injury was recorded, follow-

up interviews were conducted with PDCs, coaches, players or parents the following week by 

research assistants to record any medical assessment received after the match and missed 

matches. Missed matches were recorded on a separate form (See Appendix B). All data were 

recorded on paper forms and transcribed to an online RedCap database. Baseline data including 

height (cm), body mass (kg), age, age group for participation, previous SRC (self-reported), 

sex, and whether tackling was permitted were documented by research assistants. Exposure 

was defined as the amount of time (in minutes) players spent on the field during an observed 

match.  
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SRC, non-SRC head injury and injuries to all body regions (See table 4.1 below for 

definitions) were coded as: 

Å Match injury was defined as any physical complaint reported or displayed by a 

player during the match where the player was observed to exhibit signs of pain 

after an observed impact (i.e., both the incident and effect of trauma had to be 

observed).  

Å Medical assessment injury was defined as a subset of match injuries occurring 

when a clinician (doctor, paramedic or physiotherapist) was consulted or 

provided treatment during or after the match. 

Å  Missed match injury was defined as a subset of match injuries recorded when 

a player missed a subsequent match(es) due to the injury.  

The AFL Community Head Injury Assessment (HIA) form was used to record signs and 

symptoms of SRC (See Appendix C). This tool was based on the elite AFL rapid sideline HIA 

form where concussive injuries were captured with 89% sensitivity (95% CI: 75.44% ï 

96.21%) and 98% specificity (95% CI: 92.03% ï 99.72%) when completed by sports medicine 

physicians.23 

Table 4.1. Definitions of SRC, non-SRC head injury and all body region injuries  

Injury Type/Variable  Definition Measure  

SRC  In accordance with the recent CISG 

consensus statement, concussion was 

defined as a traumatic brain injury 

induced when a biomechanical force is 

sustained to the head, neck, face or 

elsewhere on the body and transmitted 

to the brain.17 SRC may or may not 

involve loss of consciousness, cannot be 

accounted for by other injuries, 

medication or medical and 

psychological factors, and typically 

involves transient neurological 

impairment that resolves spontaneously 

over time. 

Observed signs and/or reported 

symptoms of a SRC were 

recorded using the Australian 

Football League Community 

Football Head Injury 

Assessment form). Data 

collectors recorded headgear 

use at the time of impact and a 

suspected SRC was recorded if 

any signs/symptoms were 

recorded on the HIA.  

Non-SRC head 

injury  

Non-SRC head injuries were defined as 

those that occurred to the head, 

superficial to the skull and excluding 

SRC (e.g., bruising, abrasions). 

Observed signs and symptoms  

were recorded with body 

region, pathology, impact 

descriptor and headgear use at 

the time of injury using 

categories derived from The 

Australian Sports Injury Data 

Dictionary.20  

https://sma.org.au/sma-site-content/uploads/2018/10/Australian-Sports-Injury-Data-Dictionary.pdf
https://sma.org.au/sma-site-content/uploads/2018/10/Australian-Sports-Injury-Data-Dictionary.pdf
https://sma.org.au/sma-site-content/uploads/2018/10/Australian-Sports-Injury-Data-Dictionary.pdf
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Injury to all body 

regions  
All body region injury rates were 

defined as injuries sustained to any part 

of the body, including SRC and non-

SRC head injuries.  

Observed signs and symptoms 

were recorded with body 

region, pathology, impact 

descriptor and headgear use at 

the time of injury using 

categories derived from The 

Australian Sports Injury Data 

Dictionary.20 

 

HG and non-HG users were compared on baseline characteristics using means (SD) and 

frequencies (%). Chi-square tests (sex, tackling permitted), independent t-tests (age, height, 

body mass) and Fisherôs exact tests (age groups, previous SRC, injury in previous season) were 

used to analyse differences in baseline characteristics. All injuries were classified by body 

region, pathology and impact descriptor, and summarised as frequency (%). For injuries with 

duplicate records (collected by PDC and research assistant), the PDC version was used for the 

final analyses as this was designed to be the primary data source. SRC, non-SRC head injuries 

and all body region injury rates were summarised using incidence rate (IR) per 1000 hours of 

match exposure. Risk ratios (RR) and risk differences (RDs) were calculated for each variable 

and reported with 95% confidence intervals. RDs were only used when observation of a 

variable of interest was equal to zero. A multivariable logistic regression model was used to 

assess whether HG use was independently associated with match injuries to all body regions, 

adjusted for potential confounders (sex, age level, tackling, previous SRC). Potential 

confounders were included in the model if a univariate association was demonstrated (p < 0.10) 

with the outcome variable, with HG retained in the model. Results from the model were 

reported using adjusted odds ratios with 95% confidence intervals. Performance of the model 

was assessed using Hosmer-Lemeshow goodness of fit (GOF) and area under receiving 

operator characteristics curve (AUROC), with multicollinearity assessed using variance 

inflation factors. A p-value of <0.05 was defined to be statistically significant. Analyses were 

conducted using Stata v15.1, College Station, TX, USA.   

4.4 Results 

Among 409 eligible players from 20 recruited teams, 400 (including 170, 42.5% 

female) players were monitored for injuries, yielding a total of 4,730 hours of player match 

exposure. The mean age of players was 10.6 years (SD =1.2, range 7 to 13 years). Among 

https://sma.org.au/sma-site-content/uploads/2018/10/Australian-Sports-Injury-Data-Dictionary.pdf
https://sma.org.au/sma-site-content/uploads/2018/10/Australian-Sports-Injury-Data-Dictionary.pdf
https://sma.org.au/sma-site-content/uploads/2018/10/Australian-Sports-Injury-Data-Dictionary.pdf







































































