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THESIS OVERVIEW

This thesis forms the major research component of the Doctorate of Clinical
Neuropsychology program at Monash University, in Melbourne Austrdlee program
combines four yeas of clinical training and researcin collaboration with my supeisors |
developed a research project partnered with eminent brain injury researchers in
neuropsychology, neurosurgery, and trauma systems, as well as clkpeaisein sports
related concussion, policy makers and industry figgresh as our partnetbe Australian
Football Leagu€AFL). AssociateProfessor Catherine Willmott and Professor Biswadev Mitra
(National Trauma Research Institute & Alfred Healtbymulated the study design and
supervised this researahhile | wasprimarily responsible forecruitmentdata collectiondata
entry, analysis and interpretation. | prepared each manuscript urelguitiance of my
supervisors and received additional input from collaboratblsa pt er s ar e pr esent
by publ i cat i on 6 tsfofalrenhadis,have beenwhttencads manascripts and
submitted for publication. In light of this, thesesomeaunavoidableepetition of catentacross
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 conegion ancheadgearHG), andoutlinesthe thesis aims. Three manuscripts
have been prepared corresponding W@ttapters2, 3 and 4 These chapters addhs each of
the major aims of the thesis. Regarding publication st&liuapter2 has been peer reviewed
and the revised manuscript has beesulemitted toBMJ Open Chapters3 has been peer
reviewed with a revised manuscript to be submittedoiornal of Science and Medicine in
Sport andChapter is currentlyunder review at thdournal of Science and MedicineSport.

The final chapter summarises thesis findings, followed by a general discussion of the
contribution this work makes to the literature.also outlines the research limitations and

provides recommendations for futlinvestigations in the field.

Please noteAlternake terms have been usedrass Chapters2 and4 due to differences in

journal requirements. Terms usiétshould be consided synonymousaies uper f i ci al

i nj ur vy o-spons celat@dnconoussion head injUnonSRC head injud0 whi ch bot |
describe bruising and grazes sustained external to the skull (excluding SRCY o patded h e | |
headgear 06 and 0 wvealsd een uses ahdoggbaatrtite thbsas which both
descrile the samgype of protective device.
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ABSTRACT

Thereis emergingconcern regarding thadverseeffectsof sports related concussion
(SRC)for young Australian footbalplayers A questionfrequenty poseds whether children
should wear sofshell padded headgear (H&9 a protective device to mitigate against risk of
SRC. To investigte this important questionthe current thesis developed three central
objectives;l) to systematically review thé@drature orthe effectiveness dfiG in all youth
sports known to have some uptake of such devices as personal protective equipment (i.e.
soccer, rugby, Astralian footba)t 2) to investigate player attitudes and beliefs about HG use
and assess factorssasiated wih voluntary HG use in junior and youth Australian footpall
and 3) to compare the dield incidence of SRCnonSRC head injury and other injuries
among HG users versus nagers, and male versus female juniaisfalian footbalplayers.
The overarchingaim was tanform 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, largelyunstudied pace of protective equipmeit this cohort

The systematic reviewssessed the association between HG us&B&isuperficial
head injury and injuries to the entire badyouth (<18 years) team spaort§¥eaimedto gather
all existing literatureobtained from studiei® soccer, ugby and Austradin footballto assess
the current evidence amiovide a framework fothe designof our own studyFive databases
were searched and eight studies were eligible. The majority of studies (n=5) reported no effect
of HG use on reducing SRCyouth soccer andigby, and no studies were found that assessed
HG in Australian footballOne rugby study identified significantly lower risk of SRC for hon
HG users compared to HG users, wheesea®sssectional survey adoccer players indicated
highe risk of SRC fornonHG users compared to HG usefree 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 fojatle
body regons for rugby HG users was reported in two studies. Ovéralteview demonstrated
variable findings, buho strong evidence for HG uséhe findings highlighted the need for

research specific to Australian footballers, youth and feathletes.

To examine junior and youth Australian footbafiemttitudes towards H@nd assess
factors that may be associated with increased HGaus®ss sectionatational survey was
conductedParticipants were 735 players (including 190, 25.7% fejwapresentingd6 clubs
across U8J18 agegroups. A key finding was that junior playetd8c&U12s)werestatistically

XV



more likely to agree to feeling safer and being able to player harder while wearjnghiii&

youth players (U13J18) tended towards memaccurate belisfaround the limitations of HG.
Interestingly, leliefs did not differ between male and femplayers, thouglyouth players
female playersand players belonging to a club where HG was mandated foraghegroups
tended to favour H@seand choose to vee it. The study highlighted thatud HG mandaing

culture appeared to be prominent factor driving HG use and the importance of culture being
informed bygreaterevidencewvashighlighted.In addition, that studgemonstratethat it wes
feasible and etha to complete a cohort study examining the association between HG and SRC

incidence, as manynior clubs had existing HG mandates.

To compare the cfield incidence of SRQ)onSRC (superficialpead injury and dter
injuries among HG users versus amers, and male versus female junior Australian football
players we recruited 400 players (42.5% female, 204 mandated HG users and -t86 non
users). This was the first study in youth sports injury surveillance todealmostequal
numbes of male and ferale players. Twenty teams were monitored over 258 games and no
differenceswere observedin SRC ratesbetween males and female&fter adjusing for
potential confounderst was found thatHG use was associated Wwiincreased odds of
sustaining injuriesat dl body regioms, thoughnaot with reduced rates of SRC non-SRChead
injury. These findings, in conjunction with those reported in the first two stutigslight
issueswith the mandating othe currently commrcially availableHG for young Australia
footballers Theneed for informed evidendeased policy change and manufacturing standards

for HG were emphasized
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PREAMBLE

Australian football contributel to the mosthospitalisationsfor sports related
concussion (SRCyver a recent two y& periodin Australia (Hospitalised sports injury in
Australia, 201617, 2020) Currently,whilst extensiveresearctefforts have been channelled
into investigating preventiontreatments andutmomes inadult SRC considerablyless
attention has been focused on prevention and outcomes following SKKildren and
adolescent¢Simma, Palmer, Ngo, Jowett, & Teague, 2020)is is not ideal as children and
adolescents patrticipate in organised sports at an overwhelmingly higher rate tharaadults
sustain the majority ddRCs(Karlin, 2011).Sporting actvities amag youth generally do not
have the same rigour of governance as professional sigaxts1g the community to navigate
prevention and management of SRC with limited supfdrére is evidencehat hard shell
helmets have successfully reducediti@dence of SRC, skull fractures and severe traumatic
brain injury in sports and recreation (i.e., American football, snow sports, cycling), however,
these arenot used in Australian footballCurrently, maithguards are the only compulsory
protective equment used in Australian football, andrdhahell helmetsre notpermittedas
they have the potential to impose injuy opponenplayers(Hrysomallis, 2015)Soft-shell
padded headgeaiHG) is optional for Australian footballergshough research into the
effectiveness of this eqament is scarce and findings aneonclusive(Emery et al., 2017;
Rivara et al., 2020)Despite the lack of scientific evidenceyany Australan football
stakeholders believe that padded headgear can prevent SRC (White et al.TROlyrent
AFL position satement otdG in junior Australian footballs based on data collected in rugby.
It states that the potential harm or benefit of weaH@js currently unclear (AFL Position on
Helmets and Mouthguard2020). This lack of clarity leaves community clubsteourage,
mandate or discourage the use of HG at their own discretion. Of additional concern, it has been
suggested that females arermdikely than males to sustain SKRivara et al., 2020Q)yet
comparisons of this type have not been made in junimstralian footballlargely due to the
lack & HG and SRC research that is specificytuth and female players (Pfister, Pfister,
Hagel, Ghali, & Ronksley, 2016].he resourcesavailablein community Australian football
differ from that of high school and collegiaggsam sports ifior examplethe United Statesf
America In the US,data can be obtained lmapitalisingon coaches and certified athletic
trainers whaare trained and paid to attend matchasletic traines have been demonstrated
to provide high quality data on exposure and injury rates across many. spdtstralian

communityfootball however it is difficult to obtain nationally representativensgles of non
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professional athletes usibgam staffboea@usethe game relies almost solely wolunteers who

are typically parents of playet®n match dayyolunteers are responsible for a variety of tasks
including upholding health and safety protocaeaching and managing the team. As the
junior Australianfootball community lack access to athletic trairemdpaid staff, researchers

must create novel data collection methods which require careful consideragioa
minimisationof the burdeimmposed orthe volunteersThese limitations posed some restrintio

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
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CHAPTER 1 INTRODUCTION

11 Epidemi ol ogy of concussion

Traumatic bain injury (TBI) is a leading cause of disability and death, contributing to
a growing worldwide disease burd@ames et al., 2019 ccording to the Centdor 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 BF {Lovell,
Barth, Collins, & Echemendia, 2020; Veliz, Ryan, & Eckner,30®ith approximately one
third of al hospital TBIs sustained during sports participatf@headom et al., 2020 he
majority of TBIs (7090%) are classified as mild traumatic brain injuries (mTBI) or concussion
(Coronado et al., 2011yvhich is one of the most common injuries in childhood and
adolesceoe particularly among those who participate in sports amcteation (Bryan,
RowhaniRahlar, Comstock, & Rivara, 2016y he data described here highlight the pervasive
issue of TBI and particularly SR@&lthough these numbers are likely an underestimate because
most concussions do not result in hospital attendance (McCrory, Collie, Andér&mvis,
2004).SRC isone ofthe most common sports injuries among youth athletes (<18 yeaosy
sporting coés (Gardner, Quarrie, & Iverson, 2019; Pfister, Pfister, Hagel, Ghali, & Ronksley,
2016)

Complicating the issue of SRE@pidemiology are the unigue circumstances
surroundingathletes, 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, 2019aféner et al., 2019; Pfister et al., 2016)
is well established across studies that SRC recognition and symptom reporting among youth
athletes is problemati{@®cDonald, Burghart, & Nazir, 2016; MeehanBachur,2009; Johna
RegisterMihalik 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,1Z) Youth athletes ra
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, Nials, King, & Davis, P14), perpetuating

under diagnosis.



12 Defining Sports Related Concussion

The word O6concinlsatiiom 6f rooamgtimeatwsesrd O6concu
shake violentl¥McCrory, 2017) The term underpins thetion thatwhen the braits subject
to linear or rotational acceleratiashearing and stretching of neurons, inflammateagcular,
biochemicaland neurometabolialterationsoccur (RomeuMejia, Giza, & Goldman, 2019)
This results n an acute metabolic cascade of functional disturbance as changes in ion and
neurotransmitter flow across neurons dissupbrmal synaptic transmissiofChancellor,
Franz, Minaeva, & Goldstein, 2019)espite the large body of scientific literature exploring
the mechanismmeuropathophysiofy 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 injU@ssquoine, 2020; King, 2019efinitionshave
includedt he term oOomildé with a focus to differer
that are moderate, severe or extremely severe, whereas other conceptiansfteaviocus,
using the term&oncussio and considering the injury as a clinical syndrome linked to
functional disturbance in the absence of structural dani@gesquoine, 2020; McCrory,
Meeuwisse, Kutcher, Jorda® Gardner, 2013)

Unfortunately, the confusiom termshas led to some variation in interpreting the
science, as researchers are hastened to understand epidemiology, compare treatment
effectiveness and develop evidefmsedmanagemen{Furlan, Radan, & Tator, 2020)
Currently, some researchers and clinicians use the terms mTBI and concussion as synonymous
and interchangeableyhereas othersargue that corussion, in particular sports related
concussion (SRC)should be considered a distinguishable entiicCrory, Feddermann
Demont, et al., 2017b)Jand somesuggest that the term concussion should be abandoned
completely(Sharp & Jenkins, 20155harp et al(2015)recommend the use of the Mayo
classification system of TBI (Séegurel.1, B) which considers all TBI (including mild) on a
spectrum of severity usingeuroimagingand markers of severity (i.e Glasg@wma Scale
scoreand duration of post traumatic amnesia)his model, mTBI is separated into two groups
whichacknowledgethe varability within the neuropathology of mTBI; mTBI (probable) and
mTBI (symptomatic)Malec et al., 200/ The argument for using this modeid avoiding
using the ternconcussion (se€igure 1.1, A) is that byincluding concussionscience is
discountimg the fact thathere are no distinct objective biomarkers or diagnostic criteria that

delineate a true difference in pathophysiology between concussion and im&Bdition the



biomechanics ofhe injuries that cause concussion il arethe samgSharp & Jenkins,

2015)

A Concussion as a separate entity
to Traumatic Brain Injury Classification

Combined Traumatic Brain Injury
Classification using the Mayo criteria
and separating post-injury symptoms
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Figurel.1 Proposed classifications of concussion as discrete entity to TBI, and model
proposed by Mayo clinics which considers conmrsas falling on @ontinuous spectrum of
TBI (Sharp & Jenkins, 2015)

Further confusing the issue is tlaathorshavepropose that concussion be considered
a less severe formf onTBI (Mayer, Quinn, & Mater, 2017)and thatSRC be considereals
its own entitybecause of the high risk of second impact syndramengathletesCantu &
Voy, 1995) Second impact syndrommefers to the idethat after a single concussive injury an
athlete isnorevulnerable to sustaining another blow to the head duediecedvisual, motor
and speed of thinking skillgCantu, 1996)In cases ofecondimpact syndrome, a second
concusion occurs beforéhe initial symptoms resolve whigiossiblyresults inpoorerinjury

outcomes.

Distinguishing SRC aa unique entityallows clinicians, scientissnd sporting bodies
to develop practical guidelines governing return to play for athigtesh aim to mitigate risk
among thishighly exposegopulation(McCrory, Fedderman® e mo n t ,

al., 2017).The study of concussion among sportinghorts has provided many advances in

DvoSs§k,
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knowledge of the injury, however, it remains impematio acknowledge that the science on
mTBI is vital to informing both sports related and asports related concussion, as it is largely

an arbitrary separatidmetween concussion and mTBWcCrory, Feddermaribemont, et al.,

2017) As the focus of this thesis is SRC, most of the included literature refers to SRC, however,
general norsportingmTBI literature § also incorporated to outline epidemiology and injury

outcomes.

Currently, many sportingoodies 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 GSG comprises experts froaround the globe&vho meet
every four years to determine the &ess to the most pressing questions on SRC, conducting
a series of systematic reviews to answer various research quéstaiory, Meeuwisse, et
al., 2017) The most recent consensus statement provides an opaligtd definition of SRC
based on these systematic reviedwscording to thistatementSRC is defined as a traumatic
brain injury inducedwhen a biomechanicaforce is sustained to the head, neck, face or
elsewhere on the bodyndtransmitted to thdrain (McCrory, Feddermandemont, et al.,

2017) According to this definition, which will be employed throughouttthesis SRC may

or may not involve loss of consciousness (LOC), cannot be accounted for by drug, alcohol,
other injuries, medicationrmedicalandpsychological factors, and typically involves transient
neurological impairment that resolves spontaneowsigr 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 inpithen
events that follow(Carroll, Cassidy, HolmKraus, & Coronado, 2004The duration of PTA
(less than 24 hours in mTBI) is often used as a marker of severity, in addition to quantitative
measures of impairedonsciousness, such as the Glasgow Coma Scale (GCS) (Corrigan,
Selassie, & Orman, 2010) wle scores betweer3-15 are classified as mTRCarroll et al.,

2004; Gasquoine, 2020)raditionally, it was posited that SRC was marked. ©®C, however

it is now commonly acceptatiat SRC is not necessarily associated with LOC (Guskiewicz,
Weaver, Padua, & Garrett, @l Macciocchi, Barth, Alves, Rimel, & Jane, 1996; McCrea et
al., 2003)lt is important to note that our knowledge of concussion, like many health conditions

is evolhing, and given time, brain injury will likely beirtherdiagnosed and classified usiag



combination oblood and/orcerebrospinal fluid (CSF) biomarkers, clinical signs, genetic and

epigenetics, and innovative neuroimaging technigierory, 2017)

1.2.1 Neuropathophysiology of Mild Traumatic Brain injury and Concussion

mTBI andconcussiorhave been found tavolve neuropathological changes that are
microstructurabnd metabolicand related to functional change in the absenskuwif
fractures, contusionsor bleeding on the brai¢Furlan et al., 2020V ariousbiological
methodsareused to investigate diagnostic and prognostic faetsssciated witfunctional
changessuch adlood biomarkersadvancedeuramaging and metaboliess (Mayer et al.,
2017) Diffusion Tensor Imaging (DT))a comparatively rneer brainimaging technique
showsmicrostructural brain almmmalitiesconsistently among SRC sefers, thougliindings
are inconsistentvith regard to th@natomical site ahoseabnormaliteswhichtend tovary
from person to persaiGardner et al., 2012Phase contrast angiograplayterial spin
labellingand transcranial Doppler aaf methods that have been used to assess cerebral
blood flow patterns postoncussiorwith various patterns of decreased and increased flow
detected at differential periods of recov@damins et al., 2017)A combination of gerial
spin labelling and MRWas used byang et al. (2016)whofoundthatconcussed football
players had significantlgecreasederebral blood flow at 24 hrs peSRC, and fuher
decreased blood flow at 8 days p8&Cin dorsal prefrontal and temporal lobe regions.
Many researchefsypothesise that reductisin cerebral blod flow contribute to symptom
severity(Bazarian et al., 2014amer, Churchill, Hutchison, Graham, & Schweizer, 2020;
Maugans, Farley, Altaye, Leach, & Cecil, 201Romarker researchas alsaevealed
elevatedevels ofneuronabproteinsfollowing concussiorfDiaz-Arrastia et al., 20140ne
characteristic biomarker glial fibrillary acidic protein (GFAP) and GFAP breakdown
proteinwhich when detected catelineatethose who have sustained concussion from
uninjured controlgMannix, Eisenberg, Berry, Meehan lll, & Hayes, 2014; McCrea et al.,
2020; Metting, Wilczak, Rodiger, Schaaf, & Van Der Naalt, 200#)ile much of his
research is still in the experimental phakesemethodsn combinationdemonstrate clea
evidence ophysiologicneuronal streswhich underpirs the functional disturbances typically
observed following concussi@nd mTBI

1.2.2 Complicated mild traumatic brain injury and sub-concussion

Complicated mTBI and sutoncussion are also terms used in the literature that warrant
clarification . Existing at opposite ends of the 1 nj

mTBI 6 1 s use t o dnpiry orrconocussioras perithe daforémerationad



parameterthat is accompanied by evidence of intracranial abnormality on acute nagnogm
such as computed ngraphy (CT) (Gasquoine, @20; Voormolen et al., 2020)As

complicated mTBIlis related to structural abnormality and linked to differential reppv
outcomes (Karr et al., 2020), studies included hereinaftelangiely focus on SR@hich does

not includethose concussi@in whichlesionsarepresenbn structurabrainimaging

Sub-concussion is defined as an insult to the brain with insuffidierce to produce
clinical symptoms(Morris, 2019) The parameterof subconcussionare poorly defined
(Patton, Mcintosh, & Kleiven, 201@nd it is currently uncleasto theextentto whichsub
concussions are cumulatively related to cognitivetherimpairment(McCrory, Meeuwisse,
etal., 2017)It is worth noting that the athletic community have become increasingly concerned
about the impact of lifetime exposure to milderadimpact forcessuch as swooncussion
(Malcolm, 2019; Schatz, Cooran, Kontos, & Elbin, 2020and somestudies have linked
repeated exposure moicrostrudural brain changespgnitiveimpairmentandreduced balance
(Lavender et al., 2020; McAllister & McCrea, 2017; MiyashDaakogeorgiou, & 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 theilikeld of brain damag@losco & Stern, 2019)
Moreover, all participants in previous studpay youth sport, and then go on taypkthrough
college and adulsport It is unlikely then that being exposed to head impacy®uth tackle
football alone would confatsk for a latemeurodegenerative disease #imerearefew studies
that delineatethese factors or provide strongi@ence of aink between acut&RC and

permanent neurological chan@éeargin, Kingsley, Mensch, Mihalik, & Monsma, 2017)

1.3 Paediatric Concussion

Clinical presentation and outcomédollowing SRC are similar across adult and
paediatric populationgCorti, Pizzimenti, McCarthy, Essad, & Kutcher, 2018)ough
differences in skull thickness, neck strength and cerebral blood volume are theorised to render
the developing brain more vulnerabéeinitial injury and longer recovery periods (Nelson et
al., 2016)Braindevelopmenin children and adolescents is markstkeyperiodsn structural
formation of brain regions and in neuronal circuifbenroot & 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 mamitted throughout the brain) and axonal and dendritic arborization

(i.e., branching process where neurons form new treg@dreanches to create new synapses)



begin prenatally and continue throughout the lifespan, however, these processes are prolific
throughout childhood and adolescelfcenroot & Giedd, 2006)As myelination is incomplete

in young children, axons armore susceptible to the shearing mechanisms associated with
concussiorfChoe, Babikian, DiFiori, Hovda, & Giza, 201Eyontal and temporal lobe regions

also undergo a great deal of deymteent in childhood, with these areas continuing to mature
into early adulthoodAnderson, Jacobs, & Anderson, 2010; Giedd et al., 19896)these
processes are aacing, the young brain is vulnerable to disruption of normal development
with damage induced by concussiuggested to hapathophysiological effects that haae
laterimpacton neuropsychological heal(ding, Hllis, Seri, & Wood, 2019; Ryan et al., 2019;
Theadom et al., 2019)

Cerebral blood flow alterations also occur in children post $figans et al. (2012)
demonstrated significantly diminished cerebral blood flow in children agetiblylears, 30
days after injury by using MRDTI, and proton magnetic resonance spectroscopy. The impact
of these physiologal alterations and correlation with symptoms and outcomes remains poorly
understoodMoore, Kay, & Ellembeg, 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 childreoore 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 progmaostic

diagnosticbiomarkers in the futuréMoore et al., 2018)

Procedures for evaluating the level of consciousness and mental s&tthsamn injury
in children differs from adults, as the most commonly used measure (F€&dale &
Jennett, 1974)o classify severity of injury as mild, moderate, or severe; contains a verbal
component, which is not able to be administered tevprbal infants & toddlergHolmes,
Palchak, MacFarlane, & Kuppermann, 2Q08)is led to the development of the pediatric GCS
(Raimondi & Hirschauer, 1984yhich assesses the presence of cries, incomprehensible sounds
and moans in children aged below two yg&wargialli et al., 2016; Raimondi & Hirschauer,
1984) The Children's Orientation and Amnesia Test (COAT) isl@ minute measure of PTA
which assesses the chi |l rmodypostrbmininjuyEwingCabbs, or i en

Levin, Fletcher, Miner, &Eisenberg, 1990 he use of a valid test measuring PTA in paediatric



populations is essential given its significance as a prognostic indicator for potentitdriong

outcomes.

14 Austrfalbit mmkkdbncussi on

Australian football (also referred s AFL, Aussie rules, or footy) is one of the most
popular sports in the country. Participation ins#ralian footballpromotes physical fitness,
coordination, teamwork and psychosocial wding; howeger, as most contact sports do,
comes with a riskfanjury and SRGSimma et al., 2020)t is fastpaced, and involves running,
tacKing, kicking and handballing which results in playewplayer, and playeto-ground
collisions (Orchard, Wood, Seward, & Broad, 1998; Scase et al., 2012). An elite Australian
football team consists of between 14 andolEers, who are on the fielghictured below) at
any given timeand no more than four gfers available on the bench to be interchanged
throughout the game (Laws of Australian Football, 20TBg objective of the game is to score
the maximum number of points for the team by moving thietraugh the goal posts using a
combination of kickig and handballingAFL., 2020 ) A goal (six poims) is scored when a
player moves the ball through theddle two goal posts (séegure 1.2, middle goal posts are
coloured red) and a behind (one point) is scored wheplélyer moves the ball between the

insideand outside posts (between white and red posts pictured below)

Figure 1.2 Australian football oval.



When the ball is kicked, opposition players will often contest the ball (pictured below)
to achieve a mei. A mark is when the player catches the ball which has been kigkad b
player on the same team that has not been cont@gstezhed by any other playenshile 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 goat pass the ball on for the same purposes. iragid another key feature
of Australian footbalwhich is when a player is allowed to grab an opposing player who has
the ball below the shoulders and above the k(le®ss of Australia 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 grouaglaye® beadmaycollide with

body parts of the opposing play@&ilbert & Partridge, 2012)

Figurel.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 diisionsfor playersunder agel8; children 813 years are considered
junior and13 to 18years consideredoyth. For all age groups under 8, theléwys state that
no tackling is permitted; for W9 sr ea nedaeslel60 sa,
in possession of the ball by grabbing his or her jumper; for Ulls and 12s modified rules still

apply, a player in possession of the ball may be tackled by an opponent around the area below



the top of the shoulders and on/above the knfsage groupdJ13 and U14 increasing
freedom is given to tackling; and for U15s to U18 the full lawthefelite gamere applied
(Kreisfeld., 2020)

In spite of efforts at minimising injury risk in youthustralian football analysis of
emergency department (ED) hospitalmassion records revealed thAustralian football
contributes to the moshospitalisations for SRC in the country (Hospitalised sports injury in
Australia, 201617, 2020). [@ta also outlines that patients whopresented forAustralian
footballrelatedinjurieswere significantly more likely to present for head or neck injuries when
compared to other team sports such as ru@wynma et al., @20) While informative,
epidemiological data cannot solely be obtained through ED records, as those sources cannot
provide informatiorto elucidate targets favidencebased rule change or be used to evalua
the effectiveness of safety interventionsr Ehese purposes, researchers are depeopent
the availability of consistent and reliable-field injury surveillance data. Injursurveillance
is a method of collecting epidemiological data on sportarieg whereby ongoing and
systematic data is tlected on player exposure, risk factors and injury incidgitegren,
Gabbe, & Finch, 2016 Conducted at sportaatches and training sessions, methods typically
include direct observation and reporting of injuries by club doctors or resedig¢hgsmallis,

2013) While researchers have conducted studies on exposure and causes of injstyaineA
football, studies have broadly been restricted to adult and elite players. This is surprising given
the high rate of documented hospital admissiamsrfjuries in children and adolescents who

play Australian football

15 Femal e Australian football and concussion

The establi shment of the Australian Foot:
resulted in a w@bstantial influx of female participation. Aacbng 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
competedin Australian football natioiwide for ower 100 years, with the earliest recorded
match played in Western Australia in 1915 (Saulty, 2018).female players have only been
included in one previous injury surveillance styd§cNeel, Clark, Davies, Major, & Lum,
2020) There is a pressing need to attain injurywsiliance data regarding SRC among female
players in the Astralian footbalcommunity. h regards tolte likelihood of sustaining SRC,

it appears that in contact sports females are more susceptible thar(Abas=mms, McFie,
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Patricios, Posthumus, & Septbar, 2014 Brestzin et al., 2021Dick, 2009 Van Peltet al,

2021). Comparisons of this type havetnget been made in youth uAtralian football
representing a key area for important research as youth female athletes have also been shown
to have protreted recovery from SR(Merritt, Padgett, & Jak, 2019puggestions for these
differences are that femalesvieareduced neck mass and strength compared with males
(Esopenko et al., 2020have dferent patterns of cerebral blood flofMamer et al., 2020)

and that disruption of estrogen and progest
neurotransmitters may impact severity and recogdojtzman & Ackerman, 2019)t has also

been suggested thaiggestedex differences in SRC incidence may partially be atfan of

gendered behavioand reportingas males may have a tendency to conforma rwesculine

norm role and not report SR&roshus, Baugh, Stein, Austi&,Calzo, 2017)

16 Concussion sympt oms

1.6.1 Acute observable signs and seleported symptoms

Tablel.1 below outlines the acut#gns and symptoms assoe@twith SRC identified
across a number of studiéSlifton, Gastin, & Makdissi, 2017; Makdissi, Cantu, Johnston,
McCrory, & Meeuwisse, 2013; Makdissi & Davis, 2016b; McCrory, Meeuwidsa,,e2017;
Meehan & Bachur, 2009)

Tablel.1 Signs and symptoms of sports related concussion

Observable signs Selfreport Symptoms
LOC Headache
Impact seizure Difficulty concentrating
Anterograde or rebgrade amnesia on objective tests Dizziness
Appearing dazed Nausea/vomiting
Acting confused Gait disturbance (balance)
Inappropriate emotionality Emotional lability (sadness,
Tonic posturing irritability)
Clutching of the head Blurred vision
Slow to get up Drowsiness
Failure to protect self when falling to the ground Sleep disturbance
Imbalance Memory difficulties
Motor incoordination Fatigue
Slow verbal response Ment al Afogagi
Behavioural angbersonality change Sensitivity to light

Given the myiad of different clinical presentations across individuals, objective
diagnosis can be difficult and is compounded by the fact that SRC symptoms -@enbic
and share clinical profiles with other injuri@seddy et al., 2015)As an example, Lddy et al.
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(2015) found that postoncussion 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 BR@\stancemany symptomsnay have

been present prior to injury (i.e., headaches, fatigue, trouble concentrétngj, Paniccia,

Reed, & Keightley, 2016tausing misattribution errarg-urthermorethere is substantial
overlap between SRC and other symptom aetiologies such as dehydration and over training
(Meehan & Bachy 2009) depressior(Stazyk, DeMatteo, Moll, & Missiuna, 20173leep
disorder{Morse & Kothare, 2018)nd chronic pain syndroni®lollayeva, Cassidy, Shapiro,
Mollayeva, & Colantonio, 2017)

17 CmmcusSéeqguel ae

SRCmay beassociated with acute and chronic sequelae which largely vary from person
to person(McCrory, Feddermandemont, et al., 20175RC sequelae care broken down
into condellationsof symptoms whichexpertresearchersuggestcould be used talassify
concussion into sutypes(LumbaBrown et al., 2020)The expert multidisciplinary wonkg
group devised a system fife sympgom groupsincluding oculomotor, migrairBeadache,
vestibular, anxietandmood cognitive,andtwo associated conditionsleep disturbance and
cervical strairlLumbaBrown et al., 2020}t is proposed thavhile these clusters of symptoms
are interlinkedconsidering them as concusssubtypesclarifiestarges for intervention and
treatmentThe 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
(RegisterMihalik, Mihalik, & Guskiewicz, 2008)The leading hypothesis as to the underlying
mechanism by which headaches occur in concussion is that when thebtdoobarrier is
disrupted by the trauma, the brain activates an inflammatory response to clear oof entry
proteins and pathogens (Mares et al., 2019). Ultimately, the inflammatory response can be
harmful to normal cells which leads to paifcarly assessmems vital as the presence of
headaches and/or migraine have been shown to be important in preatitingymptoms such
as balance deficit{RegisterMihalik, Mihalik, & Guskiewicz, 2008) oculonotor and
vestibular dysfunctiorfMoran, Covassin, & Wallage019) In addition, many studies have
found that the headaches and migraines in the early phase®pogssion are related to worse

overall symptom everity, worse cognitive outcomes and longer recoyeagle et al., 2020;
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Kontos et al., 2013; Kwan, Plourde, Yeates, Noel, & Brooks, 2020; McConnell et20;, 20
Moran et al., 2019; Rosenbaum et al., 20Rppears that prexisting headaches contribute
to the likelihood of developing secondary headaches in response to the injurfMeses$,
Dagher, & HarissDagher, 2019)

1.7.2 Oculomotor

SRChas beerassociated witldeficits in visual functions, including visual tracking
photophobiaand esightissues(Maruta et al., 2017; Sussman, Ho, Pendharkar, & Ghajar,
2016) The visual systerhas wide reaching networks across the cortexcanthins the optic
nerve which stretches from the back of the eye to the odcquitéex in the most posterior
region of the brair(Mares et al.2019). This diffuse nature of the visualstemrenders it
vulnerableto neurophysiologial change and damagarticularly in the étinal ganglion cells
which have axons that collect information from photoreceptors within the r@&kieand,

Balcer, & Galetta, 2019; Mares et al.,, 201Gharges in @ulomotor functionhave been
detected in adolescent Australian footballers with a history of SRC 6 month&jpogt
(Clough et al., 208). Specifically, they demonstrated slowed performance in oculomotor
switching, that is, the latency between looking towards a target and looking away from a target
Therese&a her s suggested that this (onitivetcantol cost 0O
(Clough et al., 2018)Oculomotor testing can also lbsed in thediagnosis ofconcussion
(Echemendia, Broglio, et al., 201Mhese assessmerasn todetect blured vision, diplopia

and sensitivity to ligh(Sussman et al., 2016T he presence dhesesymptomscan be used to
extrgpolate whether the person may be at risk of difficulties with work, driving, screen time or
reading (LumbaBrown et al., 2020; Sussman et, a016) Importantly, assessment of
oculomotor issuesither through symptom saiéporting or objective measuremeainplay a

vital role inconcussiordiagnosis

1.7.3 Vestibular dysfunction

The vestibular systems caigs of three circularsensorycanalsembeddedin close
proximity to the cochlea (within the temporal bone/inner @a)Gall et al., 2019)The canals
containmicroscopidhair cells and a fluid called ealymph(ValovichMcLeod & Hale, 2015)
These systema c t i mplicitly to receive fAhead refer
which is converted into electrical impuls@galovich McLeod & Hale, 203) allowing for
spatial orientation, dynamic balance, postural stability statllegaze(Balaban, Blak, &

Silberstein, 2019)importantly, insportsthe systemsiffected by vestibular dysfunction (e.g
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balance, postural stability et@jevital for any kind ofathleic performancehowever issues
are common as the forces associated with concussion gs@ daect injury to the vestibular
systen (Balaban et al., 2019Dne of the most common concussion symptoms (dizzimness)
thought to be in relation wisruptionof the vestibular system, though other sympttimascan
manifest ardearing loss, tinnitus and nystagmus (involuntary eye movergientall et al.,
2019; Valovich McLeod & Hale, 2015%iven the profond nature of how debilitating these
vestibularsymptoms can be, the need for multidisciplinary treatment aedsmenincluding
physiotherapys highlighted (Schneider, Meewisse, Barlow, & Emery, 2018)

1.7.4 Anxiety and mood

Depression, irritability, increased emotional(tfo, Hall, Noseworthy, & DeMatteo,
2020; Tery, Brassil, Iverson, Panenka, & Silverberg, 20H9)d anxiety are frequently
observed postoncussior{Gillie et al., 2020; Macartney, Woodfield, Terekhov, Vassilyadi, &
Goulet, 2020) A neuropsychological moderoposes a complex interplay betweenritige
and psychological symptontisat explains how thesequelagnanifest. The theory proposes
thatanxietyaround cognitive issues exacerbategnitive symptomsand experience of those
cognitive issues further compounds anxiétyay, Newman, Cavallo, Ezrachi, & Resnick,
1992) SomeSRC sufferergo on to experience diulties in situations/activities that require
optimal cognitive function which leads to avoidance, restricted participation and ultimately,
more anxiety and eventualljhe onset oflepressie symptomsWhile it seems that these
symptoms can loop and ween over time, eecentwell designed study conductéegt Gornall
et al. (2020putlined thain a sample of children ages 5 to 18 years with concussiootional
disturbance and behavioural problems were presantwo 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 olde ad@esents)were at an incresed

risk for experiencing mood problems months pmstcussion.

1.7.5 Cognitive

It is hypothesised that axonal injuries, disruption to the bloadn barrier function,
neuroinflammationneurometabolic, microstructural, and functiongrationsare causatie
in producing postconcussion cognitive changes such as reduced concentration, memory,
processing speed, attention and executiygunction (Carman et al., 2015; Howell et al.,
2019) These changes are considete beassociated witliunctional alterationsrather than

strucural changes per sasfew abnormalities aréypically detected on routinelinical brain
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imaging (CT, MRI)(McCrory, Feddermaniemont, et al., 2017aLhanges havehowever,
been detected adiffusion tensor imaging (DTWhich demonstratesmicro-structural axonal
injury disturkance inwhite mattertracts (Cubon, Putukian, Boyer, & Dettwiler, 2011;
Lancaster et al., 2016; Xiong et al., 2014)

Neuropsycholgists are uniquely placed to identify, test and assegbdmymptoms
and risk factors that have the potential to modify outco(@@smiento, Gioia, Kirkwood,
Wade, & Yeates, 2020Neuropsychological testing has a long histfrpeing used to assess
for concussion and recovery traject¢Barth et al., 1983)ith most sidehe tests focusing on
detection of deficits in memory (predomnily working memory) and motor response time
(Masterson, Tuttle, & Maerlender, 2019IMmPACT is one widely used computerised
neuropsychological battery in spdi€ovassin, Elbin, Stille©Ostrowski, & Kontos, 2009;
Gerrard et al., 2017)he battery prduces four composite subscales: verbal memory, visual
memory, meéor speed, and reaction time (Lovell, 2007). Another computerised battery used to
detect postoncussion cognitive changes is CogState.Staig has been shown to be a valid
tool in detectingmild cognitive impairment and reliable change, important foessag for
signs of SRC, which in some cases can be siGiidlie et al., 2004) CocState includes
measures of reaction time, psychomotor speed, working memory, divided attention and
learning and memor{Collie et al., 2003)Neuropsychologists also readily use pad 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 testsibitory control (Kontos,
Sufrinko, Womble, & Kegel, 2016)

A metaanalysis olheuropsychologicabutcomes post SR adultsre-analyzed data
from the 25 studiesndshowed thatvithin 7 days pet injury, the largest effect sizes for
differences between SRéarticipants antiealthycontrols were in areas of memdigohling
et al., 2011)At 3 months post SRC albgnitive differences were indistinguishable between
the groups, indicating thah the subacute phase of recovergeficits in specific areas of
memorymay be somewhat easier to detect post $B@pared to issues in other areds o
cognition (e.g. executevfunctions and processing speed). Highlighted by these findings is also
that at3 months post SR@europsychological testing mapt be usefulasmostpeoplehave
either recovered from the cognitiedfects or the tests are n&ensitive tadetectingchanges
that latepost SRCIn Australian football researchelnsavecompaedassociative learningnd

executive functionaising standardised tasks from the Cambribigeiropsychological Test
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Automated Batteryamongmale amateurplayes agedbetween 260 yeas olds with and
without SRC(Pearce et al., 2015)n addition to neuropsychological testing and tests of
reaction time, transcranial ragnetic stimulation (TMS)was used asa measure of
neurophysiological chang&he authors found that players with SRC demonstrated changes
across all measuwseompared tcon-concussed counterpams 48 hrs post injury. Noveb

this study at the timeyas theuse of TMS which deonstrated that those players with SRC
had increased intracortical inhibition at 48 tasd 96 hrs post injuryndicatingthat the brain

was producingslowed neuronal action potentially another Australian football cohort,
Cogstate was used among 240laglayers where posSRC assessments demonstrated that
players performed significantly worse on the simple reaction time task from Cogstate, but
performed better on traditional pen apdper neuropsychological testhg Digit Symbol
Substitution Test andirail Making Testy compared to their preseason base{Makdissi et

al., 2001) Based on these findings it was suggested that computerised cognitive tests may be
more sensitive to detecting changes associated with &Rnpared tdraditional paper and

pencil tests.

While the above stlies highlighted important finding#, remains difficult to draw
robust conclusions assessing cognition prospectively and for long periods of time provides
the highest quality datAs an examplef a prospective stugdizchemendia, Putign, Mackin,
Julian, and Shoss (200i&cruited male and female collegiate athletes from various sports
(football, ice hockey, soccer, basketball}h all participants completg preseason baseline
neuropsychological testing and repeat testirge plagrs who dil not sustain an SRC served
as healthy, but similarly exposed control§Echemendia et al., 2001)Repeat
neuropsychological testing was conducted at 2 hours, 48 hours, 1 week, and inteorsls
acrosshothgroups, which revealed that the SRC sufferers had significantigriscores than
their norSRC counterparts in areas of attention, working memory, and visual and verbal
memory.Interestingly, while there continued to be slight differences in cogrprformance
between the groups at one week and one month post 8&@ifferences in scores were no
longer statistically significardit 1 month demonstrating that the SRC group were gradually
returning to their baseline performance scovésh regardto long term cognitive functioning
years, and even decadasst SRC, tere isa paucity of prospective longitudinal studibst
extend to follow up over several decadig®ugh there igvidence that many retired athletes
selfreport cognitive difficultis in later life(Cunningham, Broglio, O'Grady, & Wilson, 2020)

Results from read data synthesis suggest that a history of multiple SR&sbeassociated
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with long term changes in memory, executive function, and psychomotor €haatngham
et al., 2020)

While there are common cognitive deficits repdracross studiggemory, speed of
processing et¢t is important ® note that pstconcussion cognitive deficits in children and
adultsremainheterogenous, with varying presentatieegn across individua{@&nderson et
al., 2020) Some paediatric concussion studlesvever, suggest that specifslymptoms
(headaches, dizziness and fatigue) are more common in children compared toFadults
instance, reaction time and aspects of memory, attention, and executive functioning have been
demonstrated as the most sensitivehange in the initial pericafter concussion for children
and adolescen{Sesma, Slomine, Ding, & McCast, 2008) Delineating the mrsentation of
concussion in children compared to adults howeveamnigently not wellsupportedDavis 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, teash How each group perceivescassion has an
impact on those reports, and discrepancies have been seen as children tend to report a greater
number of complaintselativeto their parent§Hajek et al., 2010)The period of cognitive
follow up testing required to assess childiem r e ¢ o BRCralgo diffeocs{McCrory,
Meeuwisse, et al., 201 7Hor examplewe sawabove thaMakdissi et al., detected wognitive
changes in adult Australian footlmas at 1 week post SRC using pen and paper
neuropsychologicatests According to leading paediatric SR@searchers howeveboth
computerised and pen and paper newclpslogical testhave beenmepeatedly showto be
sensitive to detecting cognitivénange at 1414 days posSRCin children and adolescents
(Covassin, Elbin, & Nakayama, 2010; Davis et al., 2017; Iverson, Gaetz, Lovell, & Collins,
2004; Katos, Covassin, Elbin, & Parker, 2012; Schatz, PardiniglloZollins, & Podell,

2006) In suport of this, advaneeneuroimaging techniques such as DTI have detected
microstructural alterations following SRC in child and adolesatiétes bothin the acute and
chronic phases of recovenyp to 35 days poshjury (Chamard & Lichtenstein, 2018)

A prospectivdongitudinal study including 728 children and adolescents agiti710
yearswererecruited from Australian schools and sports clubsamked to complete baseline
cognitive testingand follow up testindor those who sustainedcancussior{Crowe et al.,
2016) Over the 1 year follow up period( childrensustained a concussiand completed a
CogSportoattery TheCogSport battery was then repeas¢® days10 days and 1 onth

postconcussionreveaing agradual reduction in cognitive symptoms throughout the 30
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days Of note 40% of participantsshoweda significant reduction in all symptoms by 10 days
post injury, howevera return to baselineaction tine scores took th longest, with some not
performing at preoncussion levels untilay 30.This study highlighted the importea of
considering th@umber ofprevious concussioras a risk factor for prolonged recoveag
thosewith a higher number tookhgestto achieve symptom resolutiorBeauchamp et al.
(2018)alsoconducted a longitudinal follow up study 31 childrenand adolescents aged 6
18 yearswith acuteconcussion symptomatology wpoesented t&D. Cognitive testingvas
administerecht 4 and 12 weeks pespncussiorandincludedtestingof overall intellectual
functioning (Wechsler Abbreviated Scale of Intelligefé&chsler, 2011)sustained
attention and response inhibiti o@onfefBate Conne
al., 2000) verbal fluency and inhibition (Dehlaplan Executive Function Systgielis,
Kaplan, & Kramer, 2001 )fine motor speed and visuaotor coordination (grooved
pegboard; Trites., 1977), processing speed (Coding subtest from thelWIB@chsler,
2003) and new learning and memory (The California Verbal Learning (Dedis, Kramer,
Kaplan, & Ober, 1994)The study found that neuropsychological impairment was present in
10.3% of children at 1 month pestncussion and 4.5% of children 3 months post
concussionThese studis demonstrate various finds, 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 opostconcussiortognitiveissueson academic performande children
and adolescentre well documenteflverson & Gioia, 2016; Master, Gioia, Leddy, &
Grady, 2012; Ransom et al., 2015; Sady, Vaughan, & Gioia, 2Rahsom et al. (2015)
demonstrated adverse effects on academic learning for those aged 5 to 18 years who
sustained concussise. Spefically, greatersymptom severity was related to both parents and
students reportintpwer grades. A retrospective population based anabfsg240 Canadian
students (1709 concussed, 6531-noncussed students) showed that at 1 year post
concuswn, there was little long term impact of concussion on gradegver and that
concussed students were just as likely to graduate as thezononssed pee(Russell et al.,
2016) Importantly, this does not negate the importance of return to learn programs following
concussion, as individualfterenes, preinjury risk factors and demographic factors play a
profound role in determining who may or may not have difficultieh academic
performance. AMaster et al. (2012)ighlight, among many childresymptoms are

worsened by an abrupt return to full cognitive activity treteforeit is important for
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cliniciansto communicat the need for physical as wels canitive restwith the goalof
keepng the patienbelow concussion symptom threshold

What renders investigatiom cognitive outcomesdlifficult is thatreport ofcognitive
issues such as poor concentration and attention have regh e s ion phatipogr (ire.a |
people who have not sustained concussion or brain injuri§.viell establishedhat pre
existing cognitive issuesanincrease in severitipllowing concussiormndas mentioned in the
previous sectiongcan be exacerbated by poor mentallthe@Kontos, Deitrick, & Reynolds,
2016) Concordant with thigsvasa recent well designed prospective cohort swbich found
that famales of all ages tended to recover more slowly than rmeaddshose witha history of
anxiety or depression recovered more slowly irrespective afRsesenbaum et al., 202@n
association between poor mental heglpecifically depressive symptoms) and greater
cognitive symptoms posSRC in high school and collegiate athletes milasdemonstrated by
Kontos et al. (2012)vho found that higher depressi@tores were associated wilower
reaction time, antbwer verbal and visal memory scoresn IMPACT. Interestingly a recent
study aimed to delve further into these conceptsaayparing ImMPACT scores between
concussed adolescents and concussed addleseigm postconcussion depressa symptoms
(Ho et al., 202Q)The authors hypothesid that those with depression would perform worse in
cognitive areas of exmutive function, though results outlined that the groups performed

comparably.

It can be difficult to deteateliable changes in cognitiopostSRC, thoughbatteries
such as IRACT and Co@tate incorporate alternate forms as a means to minimize practice
effects (Higgins, Denney, & Maerlender, 2017; Lovell et al., 200Blpnetheless, hhe
occurrence of MAsandbaggi(Hogrs ¢ al.a2017)Sandbaggingai s e d
refers to the idea that athletes purposely give suboptimal performances on their baseline test in
order to return to their baseliseores more quickly following SRC, which in turn, assists them
to be cleared to return to play neaquickly.This is particularly rife amongomesports teams
with one studyfinding thatup to50% of collegeAmericanfootball players fail at least one in
built indicator of performance validity oomPACT (Abeare et i, 2019) It has also been
suggestedhatperformance validity is particularly poor for younger athletes aged between 10
12 yeargAbeare, Messa, Zuccato, Merker, & Erdodi, 201i8portant to note however, is that
this iIs not consi der ed t o erbyeungerrchildrentdampaned | 0S¢
with older ad¢escents and adults are more likely to present as inattentive, may have poorer

comprehension of task instructions améy not appreciat¢he importance of needing to
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perform at their begfDeRight & Carone, 2015; Lichtenstein, Moser, & Schatz, 203 is
problematicbecausechangesn cognitionare difficult b detect when the baseline measure

underestimates abilifAbeare et al., 2018)

According to prominent researcken the field in most casesognitive sequelaare
no longer detectableneto two weeks after injury (Guskiewicz, Marshall, Broglio, Cantu, &
Kirkendal, 2002; McCrea et al.,, 2003) and some authors suggestthay subjective
persisting cognitive comaints are related to psychological distress and prior psychiatric
history, rather than actual cognitive impairmg&tillman, Madigan, Torres, Swan, &
Alexander, 202Q)Many consider the cognitive deficits associated with gssion to be
Aclinically i nsi gnimhy pedamt ,wihin a@mal irangesomi dual s
neuropsychlogical tesing (Echemendia eal., 2001) though others highlight thahood
disorders such as anxiety, depressiondiititsin attentiorandexecutive functionmay have
a signifcant impact on welbeing and daily activities for suffereidloore et al., 2016; Moore
et al., 2018) Importantly, there are alsonigue impacts otoncussion for children in the
learning environment as there are both direct and indirect impacts on leg@anhg et al.,
2011) For example, cognitive issues can make efficient information procedsatignging,
and in addition sleep diturbanceand mood changes caesult in reducedilertness and
motivation in a classroonAlternatively, tere is also a risk that the child is more anxious about
missing school than their concussiamhich can result incognitive overexertion and an

associated higher symptom repanid protracted recove(gady 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, 201R)s thought thadiffuse axonal
injury contributesand dysfunction of sleep modulation centers ofttteénincludingthe mid
and basal foterain, dorsolateral popsiypothalamusnd deep grey matteesut in altered
sleepwake cyclegJaffee Winter, Jones, & Ling, 20155leepcomplaints typically consist of
drowsiness and difficulty sleem which has secondary effects on daytime sleepiness, fatigue
and low energyevels(Tkachenko, Singh, Hasanaj, Serrano, & Kothare, 20h@)ortantly,
sleepquality shares a key relatiship with mood andlisruption of sleegan be secondary to
anxiety and depressive symptoms associati¢ll @oncussionBrustman et al., 2020)Pain
from cervical strain can also contribute to sleep disturbance rather than sleep issues being

directly attributable to the concussion its€lkachenko et al., 201@&)r alternatively, all of
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these factors may work in conjurmt to exacerbate outcomes in some individuals.
Intervention for sleep disturbangmst SRCis indicatel because it is important for daily
functions, and among athlegmpulationsthere is an increasingleathat quality sleep can
enhance sporting performee(Jaffee et al., 2015} ess is known about the prevalence of sleep
disturbance in concussed children compared to adults, hoBeamtey et al. (2017@stimate

rates of 34% in children 13 to ¥8ars of agbased on retrospective review of medical records
Disrupted sleep after SRC has been linkedntreased 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., B)Kostyun, Milewski, & Haéez, 2015)As

an exampleKostyun et al. (2015pund that adolescents who slept longer than 9 hoursigu
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

Concussiorhas beemssociateavith cervicd strainwhichrefers 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 consideredassociated condition
by LumbaBrowne and co#tagues (202QYyather than a symptoof concussion itselfis that
the brainis not thesource ofthe problemlt is ratherissues inthe cervical spinevhich may
evencontribute tothe presence of oth@ercéved cognitivesymptoms such as fatigu€his
distinction encourages the involvement of physiotheragsessment angthabilitationto
separate out aetiologiemndit has beesuggestdthat concussioevenb e c |l assi fi ed
relatedo ooo fA(cklrlviisc,ogleenddy & Wil ler., 2015).

18 Per si s tceonnc wsossiton sy mpt oms

The typical time course of recovery from SRC is poorly defined across the literature
and many still debate {Haider et al., 2018 large prospective study examinitige natural
progression of recovery among a sample of 1,631 adult sports participants indicated that
symptoms resolve on average by 7 days post @RCrea et al., 208). Many studies have
demonstraté that among adults symptoms are significantly alleviated at around 7 days, and
the time for full symptom resolution is 4 days(Belanger & Vanderploeg, 2005; Benson,
MeeuwisseRizos, Kang, & Burke, 2011; Kontos, Elbin, et al., 201®)ildren and adolescents

however,have protracted recovery compared to adults, witlatleeageexpected time frame
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of symptom resolutio being 24 weekgHaider 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 pegincussion symptoms (PPCS). The literature on PPCS is confusing
as definitionsha® changed over time and guidelines on
vary. The Diagnostic and Statistical Manual of Mental Disorders (D&M stipulated a
criterion of 3 or more symptoms (e.g., cognitive impairment, sleep difficulties) persisting fo
more than 3 mont hscdmausasido @ ganyrsdlgdmeticai pPC$)
Psychiatric Association, 1994). Notably, the DSM craemphasised that PCS occurred as a
result of neurological injury and objective cognitive impairments innattle or memory
needed to be demonstrated on testing for diagnosis. Historically, PCS was a most commonly
used term, however, the recent revisitre DSMV abandoned the term, with prolonged
recoveries now falling und eocognitiveaisordenbduetdb | a o f
TBI 0 < DABdican Psychiatric Association, 2013).

The International Statistical Classification of Diseases aridt&kHealth Problems
(ICD-10) currently uses thBCS defining it as the presence of at least 3 symptoms, (e.g
headache, fatigue, dizziness) post head trauma that is severe enough t@D€a(keth ed,;

ICD-10; World Health Organization, 2019). Of natee ICD emphasises that PCS Symptoms

may occur in conjunction with @nmxiieaty,amhaperoe
states that those comorbid factors can cause some to become hypochondriacal, adopting a
permanent sick role. Key difference ween the two classification systems can be observed;

DSM criteria emphasises that the initial neurologic yjarthe causative mechanism by which

PCS occurs and specifies a minimum symptoms duration (3 months). In contrast, #i®ICD
specifies no minimion symptom duration, leaves the potential causative factor of the syndrome

open (emphasis on mental health aacbvery expectations as causative) and has no criteria
pertaining to objective testin@/layer 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-100064%) than DSMV criteria (11%)
(Boake et al.,, 2005)highlighting a need taefine the criteria to ensure consistent
epidemiological data is able to be collected. The (WHO) task ford&1d| stated that neither
the DSMIV nor the ICD-10 criteria present a strong empirical basis for their cri{€aroll
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et al., 2004nd more recently there has been a move for the scientific community to adopt the
more clinically relevant term opersistent postoncussion symptoms (ES). It is broadly
accepted that PPCS isfised as clinical recovery that falls outside of the expected time frames
of more than 1014 days for adults and more than 4 weeks in child@®arke et al., 2020;
Makdissi et al.,, 2017)In spite of diagnostic @llenges, it is generally accepted that the
proportion of those that suffer PPCS varies betweef020 (Rao, Syeda, Roy, Peters, &
Vaishnavi, 2017)The impact ofthesesymptoms also differs for pdmtric populations who
require a more conservative appbdo SRC management as even subtle and transient issues
can significantly interfere with academic performa(ideCrory, Collie, Anderson, & Dauvis,
2004) and return to school following SR@an lerssel et al., 2020Providng booklets to
families containing concussion informatibas resulted in improved patient outcomes, as has

counselling provided by healthcare work@ramba-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 sdopt maladaptivetraegies followingSRC and dvelop
PPCS(Polich, laccarino, Kaghuk, MoralesQuezada, & Zafonte, 2019) reliable predictor
of complex and prolonged recovery is a greater number and severity of symptoms (Harmon et
al., 2013).0Other factors identified to increase the likelihood of prolon§Bd recovery are
personband/or family history of mood disorders, other-pigiry psychiatric illness, high level
of parental distress, pigjury 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. (20208howed in theiretrospective crossectional study among children
attending a concussion clinic that early presemtatio the clinic was the most robust predictor
of timely recovery, even after controlling for initial symptom severity, vestibular dysfunction
and historyof headaches and migraine. This highlights the importance of early treatment and
education, and sefttj appropriate expectations about recovery which can have a major
influence on SRC outcomeg&wan et al., 2020; Polich, lactao, Kaptchuk, Morales
Quezada, & Zafonte, 2020)

19 Neurodegenerative Outcomes

The first study to link SRC to loagerm neurodegenerative outcomes iretared NFL
player was published in 200®malu et al., 2005)and sinceghena considerable body of

anecdotal evidence from players has emerged regarding what has been labsadieid C
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Traumatic Encephalopathy (CTELTE is characterised as a neurodegenerative condition
caused by an excessive and abnormal accumulation of hypehnpingsped tau protein (fau)
(McKee et al., 2016)According to an expert group of neuropathologists, tteupleposition

in CTE can be differentiated fromhdt seen in other neurodegenerative condition (i.e.,
Al z hei me esSiwe ,suprpnuategr rpalsy 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 pastrtem through
examination of neural tissue and but teassociated witlpersistent mood and behavioural
disturbances, cognitive impairment, ghic headaches, dementia and suicidaityrose living

with the condition(Brett et al., 2019)Discourse around CThas extended to the community
through media coverage, movies and doauamées(Kroshus, Chrisman, & Rivara, 2017),
which inadvertently, hapotentiallyled tosome parents placing restrictions on their children
playing contactsport(Kroshus et al., 2017high profile players leaving the game out of
potentially misguided f& of developing the condition, and initiation aéss action and
individual litigation at the high school and collegiate levels of s{@wstomon & Sills, 2014).
Unfortunately, publicperception ofSRCis 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 befween SR

and longterm brain healtitManley et al., 2017)

110 Spotnhgury Surveillance

In order to developmprovedsports safety strategiess is fundamental that we first
acquire reliable and sound data retyag 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 sporhetaanalyss of injury surveillance research on SR&s indicated
thatthelack d data for junior angbarticularlyfemale playerss striking(McNeel et al., 2020)
and studies iryouth sport have largely been focused nugby, hockey, American football,
lacrosse, and socc@Rivara et al 2020) Thesestudiesevealthat while SRC incidence vase
across sporting codes, the codes with greater contact (e.g., rugby, football, hockey) have the
highest ratesf SRC(Pfister et al., 2016) he suggestion thgbuthAustralian footbalplayeis
sustainpotential concussive impact forces equal to thosasomed in adults further highlights
the need for a greater capacity for injury data anabysieng this populatiofHecimovich,

King, Dempsey, & Murphy, 2018)
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Across injury surveillance studies, injury and SRC raiag beexpressea@ccording to 1000

or 10,000 athletic exposurégbooney et al., 2020; Zuckerman et 2015) or 100 player
exposuresA commonly used mat 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 idadated using the following fonulaand will

be used throughout the remainder of this thesis

(no. of injuries reported)/(no. of exposures) x 1000 = injury rate perd@9ér hours

A seminal studyemploying this methodvas a prospective injury surlance study
conducted in 2004yhich included 54unior and youth Aistralian footbalteams from U9 to
U18sAustralian footbal(Romiti, Finch, & Gabbe, 2008 o obtain injury data, the researchers
recruited primary data collectors (PDCs) who were tbased sports trainers, coaches, parents
and team managersgho were trained to record injuries over one season using standardised
reporting forms. The key findingzas that the younger age groups (U10 to Wdi&tained
substantiallyfewer injuriesthan olde age groups (U18)A more recentprospectivecohort
injury surveillancestudy specificallyinvestigatig SRC incidence in Astralian footballwas
conducted byHecimovich and King (2017)lhat studyincluded n= 976footballers aged-47
yearswho weremonitored over one season digsignated data collecsowho reported on the
number ofsuperficialheadinjuries (i.e., blows to the headhdSRCs 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, fasgmory or
appeared to be confused or disorientated aftetlision. These were confirmed by a medical
practitioner, withsevenSRCsand 13superficialhead injuries documentexver the season.
Interestingly, 8 of the SRCsoccurred in players aged 4 Years elucidating more evidence
that there may be less ridlor smaller children(9-11 yearg. It is reasonable thatounger
playerswould incur lessnjuries overall and less SRClsecause younger teams are subject to
AFL match policies of no tacklingnd modified tackling rules (Australian Sports Commission,
2017).

Methodblogically, the study by Romiti et al (2008) was limited by the fact that PDCs
have notto datebeenidentified as valid and relble reporters of injury, although it is
recognised tht there are limited ways in which to collect injury dataammunity sportsand
many cases this is the only viable source of data colle(fkegren, Gabbe, & Finch, 2015)

In contrast, Hecimovich and King (201w%ere able to verify SRMy requesting that

participants follow up wittmedical professionalsid provide confirmation of SRC in the form
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of a signed physicianbs note. While this is
remains possible that the true incidence ofCSRas underestimateifl children and their

parents neglected to have medical follow Upaddition,this method would be difficult to

employ for a study assessing ratesS&C andinjury to all other body regions, as asking

participants to seek medicatexttion for all injuies is burdensome and unrealistic.

Despite the few studies that have examined injury rates in youth, a knowledge gap
persists with regard to recent injury dateERCamongjunior and female Astralian football
players, as all previastudieshave beerdimited male playergHecimovich & 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, 200&case et al., 2012nd most includelayers >15years
(Lathlean et al., 2018; McMahon et al., 1993; McManus et al., 2004; Orchard et al., 1998;
Scase et al., 2012)

Injury surveilance studiesn Australian footballuse different definitions of injury
whichvaryf r om fAanything that significantly inter
t he <Grimmer & Williams, 2003o6 6any trauma that causes s
(Romiti et al., 2008pgnd fany physi cal or medical condi tioc
mat cho ( Or char d, 2013)y.Enpl@aingdnjury definiti®seasvrelatihg,to time
loss from the gamer asrelating to the requirement of medical attentiwethe mostommon
definitions used (Ekegren et al., 2015)et this has been criticised as being too narrow,
especially for obtaining rated SRC because underrepog/lack of recognition among young
athletes isubstantia(Beakey, Roe, Tiernan, Keenan, & Collins, 2020contrast, definitions
based on interference with enjoyment of sport have been criticisedefog too broad,
allowing the documentation of events that do not cause any functional impairment to the player.
Definitions based on medical attention or missed gahwsever, are noalways feasible in
community sports settings where there is limiteckas to medical supp@mdstaff, therefore,
it is vital that methods are tailored to the needs of different sports sdikggren et al.,

2015)

While differences in injurydefinition are somewhat inevitable across settings, it has
been established thptospectiveas opposed to retrospeet recording of injuries is superio
in methodology(Ekegren et al., 2015Retrospective collection relies on the players or staff

having an accurate memaoyinjury events including how they occurred and what symptoms
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were experienced. In thage of SRC where a player is often experiencing an acute episode of
dizziness, confusion etc, it is unreasonable to rely on their memdhefearenta week, month
or years lger. Medical practitionersare best placed to observe injury events in real &nte
prospectively record injury and SRC as they are trained in doing #as personn&r PDCs
have also been purported tosagerior data collectokghen compared to retspective player
selfreport (Ekegren et al., 2015Many have first aide training and provide nrediate

treatment following injury during the match.

1.10.1 Detectingand assessingports related concussion

SRCcanbeidentified bysubjective player selfeport of symptomsen instruments such as the
Rivermead PosConcussion Symptom Scdleotter, Leigh, Wade, & Fleminger, 200&)the
Symptom checklist component of the Sports Concussion Assessment Tool 5-83CAT
(Echemendia, Meeuwisse, et al., 2Q1al)hough selreporthasprovento be widely variable

in reliability (Johna K. RegisteMihalik et al., 2013; Sned&k & Bouton, 2020; Wayment
Huffman, Lane, & Lininger, 2019For objective measuremersgveral 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 Asssment Tool 5 (SCAD) is one such instrument that
comprises an initial Astep 10 assessment t h:
pain, double vision, weakness or tingling/burning in arms or legs) and observable signs of SRC
(e.g., disomntation or confusionlying motionless on the playing fieldEchemendia,
Meeuwisse, et al., 2017h} alsodocumentsareas ottognitiveand physical functioning (e.g
cervical spine assessment, Glasgow coma scale and gait/bdEctoenedia, Meeuwisse, et
al., 2017. The concussion recognition toCRT-5) was based on the SCA, however,
designedor community use and assists laypersons to recognise the signs and symptoms of
SRC and remove the player if indicai@&themendia, Meeuwisse, et al., 2017is available
in many languages and recommended by major sporting bodies (AFL, FIFAAetather
SRC recogition tool (the rapid sidéhe Head Injury Assessment FoonHIA form) has been
developed specifically based asiinical features andsigns of SRCamong Australian
footballes (Clifton, Harcourt, Gastin, & Makdissi, 2017\ modified version of that tool
containing 10checklistitemsis publicly available for use in junior communityusiralian
football to guide SRC recognitiorAs well as guiding recognition, it algpuidesactions 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 assess€f)note, the HIA érm purely aimgo capture
observable signs of SRC, whereas the S&AMcludesa cognitive screen componeiithe
Standardized Assessment of ConcusS&€C) which includes orientation, immediate and
delayed memory and concentration tasks (digits backwardsnonths inaverse order)in
spite ofadvancesn sideline assessment of SRChas been acknowledged that m&RCs
arestill missedMakdissi & Davis,2016) A promising way to objectivelgcreen for possible
SRC is through video analygiPavis, 2019) Video analysistechnguesare reliablyusedto
detectsigns of SRC, however, this method is largely availabhdy in elite spors where the

matchis broadcastDavis, 2019)

1.10.2 Prevention ofsports related concussion

SRC prevention strategies in youth sports have been focused on pddigyngp
technique (&.teaching skills that reduce exposure to head impacts), rule chargésiting
tackling and contact) and the use of protective equipmenthard shell helmets, padded
headgear and mouthguard#yaltzman & Sarmiento, 2019dentifying risk factors for SRC
through injury surveillancés a vital first step in implementing @reventionstrategy For
instanceplayerto-player contact has been identified as a leading mechanism ahSB@act
sport thus,the implementation afule changes to limibodycontact habeenusedandshown
promise(Cross et al., 2019; Evans, Curtis, & Beidler, 2020; Saw et al., 2018)

There are few experimental stadion sofshell padded headge@iG), andno study
to date has been effectively powered to detect differen@&R@across models of HG, though
ancillary data suggests that various models do in fact have different impact attenuation
capabilities and thefore, could offer differing levels of SRC preventi@vicGuine et al.,
2020b) The obvious lack of data on the topic, and suggestion that advancing HG technology
indicates HG use as pivotal in SRC prention highlights the need for further investigatidm.
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 thjoygh risk
compensatioifHagel & Meeuwisse, 2004; Hrysomallis, 2015; Pettersen, 2@0@)therclear
limitation in the body of literaturen SRC preventiois that only one study has ever focused
on female athletes exclusively, and 85.4%tbfer studies include male players offymery
et al., 2017)
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1.11Hel mets ant@ioHepdgeanti on

Studies on the protective mechanismshe&dwen are well advanced in American
football (NFL) and other sports (smw-boarding,cycling etc) thause hard shell helmets (see
Figure 1.4). These helmetsffer protection byredudng the incidence of catastrophic skull
fractures and severe TBI (Bonfield, Shin, & Kanter, 20 protective headwear cdme
completelyimperviousto SRG but can potentially offer a degree of impact attenuation in
response to the initial force sustained to the l{elms$hizaki, Post, Oeur, & Brien, 2014G
(seeFigurel.4) often used in rugby, and occasionally in Austrafieotball hasseldom been
studied as SRC preventiohpwever, the most popular opinion is that it provides limited or no
protection against SR(Gardner et al., 2019Yhis may partly be due to a lack of égnce

being construed as a lack of effect.

Figurel.4 Riddell hard shell helmet, predominantly used in NF&ftjl Softshell padded
headgear, predominantly used in rugby (right).

There are navidely recognisednanufacturing standards in Australia to govtra
design or effectiveness #{G and laboratory tests of impact attenuation show substantial
limitations to the currently availablelG (Mcintosh & McCrory, 2001; Mcintosh & Patton,
2017; A. S. Mcintosh et al., 2009; Patton & Mcintosh, 20R&nhdomiseatontrol trials(RCT)
have aimed to examinetlieavailableHG canmitigate the accelerations associated with SRC.
In 2009,McIntosh et al., conductelRCT investigaing HG effectivenessn relation to youth
SRC among aohort of 3,686 male rugby players (U13 to U20) wheewrandomised to one
of 3 conditionsgither noHG, modifiedHG or standardHG. Outcome measures were the rates
of SRCand injury rates for all body regiomembined The operational definition @RCwas
based on the typical signs and symptoms (e.g., headache, LOC, confusion) outlined by the
CISG Viema Consensus Statemdtubry et al.,, 2002) All injuries were coded using a
standardised portingform bytrained and paig@rimary data collectsy the same method used
in the aforementioned Australian football injury surveillance study conduct&biyyti and
colleagues (2008)PDCsgatheredSRC,injury andHG compliance data at eachatchand
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were subjectd random weekly checks for accuradjhere were no statistically significant
differences inSRCratesbetweerthe groupshowever, there was a 16% increasénjuriesto

the entire bodyor those wearing standakiG. This finding raised the question of ether HG
users were somehow at higher risk of injury than themGnusers. Unfortunately, very few
players among the study complied with wearing the netliilG (likely because the padding
was thicker and perceived as more uncomfortable), highlightingjffialties with testing the
effectiveness of HG models-vivo. Many prospective HG studies have been limited by
reluctance and low compliance in playesing HG and it has clearly been a barrier to obtaining
robust data in this research af@ivara 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 bee made clear is that further research is vital in validating or refuting
whether HG users may be exposed to increased risks of injuriesedis #reincreasing global
awareness of SRQn recent history, igh profile concussion caskave publiclyjknownwhich

is potentiallyassociated withpublic demand for mandated HG as preven{iéartington,
Twomey, & Finch, 2015)

Of the studies investigating th&extiveness of HG, no such study has been done in
Australian football. As a result, the current AFL position statement on HG use in theggame i
largely based on studies conductednternational football codesnd rugby league games.

The AFL Matchpoliy (2017) for junior footbal!l Sstat ec
suggest protective headgear is necessary in junior football. Inghethat protective headgear

is required due to a disability or medical condition, a medical certificate sheuddolbided

that states that the protective headgear wil
junior communityAF teams have clsen to make headgear mandatory with the best intentions

of improving safety for their players, irrespective giods that there is no reliable evidence

thatHG preventsSRCin any other sporting codes that use it (i.e., soccer, r §wyara et al.,

2020)

1.11.1 Headgearand increasedinjury r isk

Two hypotheseby which theuse of protectiveeadgear/helmets can result in increased
risk of SRC and other type of injuhave been proposethe first is the suggestion that players
use their heads as a tackle wegmo the second the risk compensation hypothe@dvara
et al.,, 2020) The use of hardhell helmets in tackig situationshas been documented, as

pl ayers ar et @ btsteaivre do g mo mehoffensiveiplayta phefomemr hel m
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broadlyspecific to American footbalFortunately a zero tolerance policy prohibiting all use

of the helmet as a defensive or offensive weapon has been enfidesgq Clarke, Peterson,

Torg, & Weis, 2004)There is o indication that this occurs in sports that use padded HG, such
as rugby and soccdroweverthe concept of risk compensatimmmaingHagel & Meeuwisse,
200)Synonymous with Aroi gk shko meogitstaasedds 107Gme avrays
by an author who sggsted thaincreass in traffic accidentswere aresponse to safety
regulations(Peltzman, 1975)Peltzman (1975poldly stated thatswe perceive that we are

safer, we change our behaviour in a way that brings us back to the original level of desired risk
(Peltzman, 195). For example, if a person perceives an intervention (e.g., headgear use
safety regulationgo havelowered their level of riskf injury, theylower their inhibitions and

play or drive more aggressivelthus returning themselves to the origieakl of risk.Concern

has been expressed that the use of HG may secondarily result in this phenomenuat, and t
players might actually be at increased m$lsustaining SRC and neroncussive injuries to

the rest of the body compared to their ##6@ usng counterparts in soccer, rugby and
Australian football (Gilbert & Partridge, P12; Hrysomallis, 2015; Lasenthessard &
Morrongiello, 2011; Messiah, Constant, Contrand, Felonneau, & Lagarde, 2012)

While survey data indicates that some players hold risk compensation attitudes and
beliefs, therdhave been no direatvestigationsof this concern and very limitesh field data
suggest behavioural change in youth athletes wearing. HiBe literaturepertaining tothis
phenomenoris further explored in chapters two and threlee $trongesttonsensuss per a
systematic red@won HG as SRC prevention is thhere is little evidence teecommendit to
prevent concussion in soccand rugby(Emery et al., 2017)Australian football is ot
mentioned in thtreviewhowever Jikely becaus the sport hagtle to nodata available on the
subject.Reviews havalsobeen conducted on the subject of risk compensation in snow sports
and cyclingwhich use hard shell helmefBhese have concluddhat the use of safety helmets
do not appear tancrease risky behawioes when compared to nohelmeted participants in
skiing andsnowboardingHaider, Saleem, Bilaok, & Barraco, 20129r cycling(Esmaeilikia,
Radun, Grzebieta, & Olivier, 2019)

1.11.2 Attitudes and beliefs aboutheadgear

Survey studiegxaminingHG have explored the reasons that motivatggrato wear
HG and their attitudeand beliefsegarding HGincluding exploringperceptions bbeing able

to play hardewhen wearing i{fBraham, Finch, Mcintosh, & McCrory, 2004; C. Finch, A. S.
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Mcintosh, & P. M€rory, 2001; Finch, McIntosh, McCrory, & Zazryn, 2003; Menger, Menger,
& Nanda, 2016)The investigation ofheseattitudes towardHG areparamount in determining
whether players are misguided about curké@teffectivenessandwhether or nothese beliés
influenceplaying behaviour.

In the US, Menger and Colleagues (2016) highlighted the risks associated with
misguided attitudes abottG by providing evidence thatigby players who believe they are
protected, also believe that they can play more agigedg (Menger et al., 2016)n Australia,

Finch and colleagues (2001) studied the attitudes oialeyouth rugby players (aged 14

16) and found titaamong the players wearing protectid&, 67% reported that it allowed
them to play with more confidence. The study also found that thitis@ prior history of head

or neck injury were less likely to endoid& safety than those with no history of sucjuries
indicating that fear fofuture injuries may be a motivating factor in the choice to useTH@.

aut hor s concl emwbethatthely @d mofe pdnfalgnieandsable to tackle harder if
they wear headgear, suggesting that a belief in riddegtive capabilities may influence

b e h a v(Finegtuet a., 200, P.1).This study was undertaken more than 15 years ago, well
before therecent medical and media proliferation of raised awareness in the community

regarding potential risks associatedw&RC.

Asthe landscape of sport in Australia is currently experiencing a paradigm shift, where
female competition is gaining traction,i#t of interest to explore whether attitudes towards
SRCandHG differ for male and female players. Concepts suchasas cul i ne 1 nvin
may not apply to females, and they may be more recepthi&toecause they are more likely
than men to engage health seeking behauios (Addis & Mahalik, 2003) Given that new
and potentially moreeffective HG productsmay beon the horizon, iis also of interest to
establishwhat motivates players to use H@reviously, attitudes have be&yund to be
influenced by injury history, media portrayals, potential selection for etfitepetition and
perceived level of safety (Finch, Donohue, & Garnham, 2002).

One study that used a thorough method to collect surveydetanmunity Australian
footballincluded coaches/trainers and aimed to examinekheivledge andhtentions to us
concussion guideline@Nhite et al., 2014) The researchers recruited participants through
notices placed on an AFL community websithe website of the Victorian Branch of Sports
Medicine Australia (SMA), the AFL School Ambassador Program eNewsletter, and the AFL
Community Development eNewslett Details of the study were also emailed directly to
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registered AFL coaches through tAEL development network and to registered users of
SMA6s Sports I njury Tracker, an online sport
of coaches and trairerat the time was approximately 100,000, and the study received a
response rate of 934Nhite et al., 2014 found that misinformation was prevalent; many
incorrectly believed that routine brain imaging showed damage post SRC, that HG could
prevent SRC andefv coaches/trainers recognise that younger players are prone to longer
recovery from SRChan adultsAnother sirvey study in Australian footbaihcludedparent

and playes, investigatingtheir knowledge ofSRC management and retuta play criteria
Theyreceived aesponse rate of 1,441 parents and 284 players out of a pool of approximately
10,600 registered youth football players and their pafel@simovich, King, & Marais, 2016)

It was predicted that parenmc player knowledgefdSRC would differ and that player age,
years of experience playinguatralian football and history of concussion would be associated
with SRC knowledge. Findingsutlinedthat parents had greater knowledge than players, and
significantly higher knowledgecsres were observed for parents with SRC training compared
to thosewithout. Age, years of experience and historycohcussiomwere not associated with
SRC knowledge among playeihis sample was adequate to power the study, however the
female responsef players was very low, including only 38 femalayersof the total 284

highlighting a key area to address in future research.

112 0ver vilkaeaurofehmts i s

This research addressan important gap in the literature where the incidenceRE
with and withoutHG, andplayerattitudes andeliefsassociated with HGagin Australian
football are currently unknown. At this stag@ere is a clear need ftemale athleteso be
included in SRC epidemiology studies and by conduc®Rg injury surveillarce, questions
pertaining to sex differences can also be answdredegin answering these questions, the
first stepwasto undertale a systematic review of the literatusa the rates of SRC and other
injuries inHG and noRHG usersn contact sportExploring thestate and quality gireviously
published studiet shedlight on whether SRC and other injury rates differ with HG was
a priority. Equally importantvasexploring the strengths and weaknesses of previous studies

to inform future steps to asseakgese concepis junior and youthAustralian football.

There is little research to indicate whether orastudy on HG effectiveness is feasible
to conduct in gunior and youth Australian footbatiohort As suchthe seconaim for this

researchwasto gain and understanding of) ivhether HG is being used ianjior Australian
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football, 2) whether players are prone to risk compensation beliefs, arwhat factars
motivateplayers tdHG use. The final stepasto conduct a prospective HG studyAustralian
football, examining rates of SRC and other injuri€ven the significant financial and
operational resources required to enlist medical practitioners @éodathatches, itwas
decidedly more feasible to use the PDC metasgreviously describedHecimovich et al.,
2018; Mcintosh et al., 2009; Romiti et al., 20@8}theretrospective injury selfeportmethod
was not seen as of high enoughkthodologicaktandard

Based on thesabjectives thethesis compses 3 studies

x CHAPTER 2)Softshell headgear, concussiand injury prevention in youth

team collision sports: a systematic review.

x CHAPTER 3)Padded headgear in junior and yoAthstralian football: player

insights from a national survey

x CHAPTER 4)Theassociation opaddecheadgear witttoncussion anahjury risk
in junior Australianfootball: A prospective cohort study.
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21 Abstract

Objectives To assesthe association between ssfiell headgear (HG) use and sports
related concussion (SRC). Secondary objectives were to assess the association between HG
andsuperficial 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 wengh <18, EngBh
languagein-vivo studiespublished after 1980 thatvaluated SRC and other injury incidence
in HG users compared to nasers. Outcome Measuresincidence rates of SRC, superficial
head injury or other injuriefesults: Eight studies were eligible HRE majority (n=5) reported
no difference in the rate of SRC among HG users versusisens. Oneugby study identified
significantly lower risk of SRC for neRG users (RR: 0.63; 95%CI: 0.4198) compared to
HG users, whereascrosssectional survey agoccer players indicated higher risk of SRC for
nonHG users RR: 2.65; %ClI: 1.233.12) comparedot HG usersThree of the four studies
investigating superficial head injury found no significant differences with HG use, though the
soccer survey reporteddeced risk among HG users (RR=1.86; 95%CI:00081). Increased
incidence of injuries to all bgdregions for rugby HG users was reported in two studies with
adjusted RRs of 1.16 (95%CI: 1:0429) and 1.23 (95%CI: 1.eD50. Conclusions:HG use
was notassociated with reduced rates of SRC or superficial head injury in youth soccer and
rugby. The pesibility 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 teghligh
Strengths and Limitations of the Study

1 This systematic review provides the figimprehensive examination of the limited
available evidence for the use of ssiftell padded headgear for sports related
concussion prevention in youth athletes.

1 The revew included only five studies that specifically pertained to youth cohorts. Many
studes combined adult and youth participants, potentially confounding findings
regarding risk taking behavior with headgear which may differ across age.

1 The literature seah revealed few articles. Included studies generally lacked robust
evidence and did natssess the intervention of headgear as the primary outcome. As

such, the conclusions should be interpreted with caution.
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1 This review provides an up to date evidencgebimr community decision making on
club headgear mandates and an indication of whate id currently lacking on the

topic, specifically in youth and female athletes.

22 I ntroducti on

Traumatic brain injury (TBI) is a leading cause of disability and deatttributing to
a growing worldwide disease burdelobal estimates indicate that TBffects 60 million
individuals per yeaf. Collision sports are recognized as a significant contributor, with
exponential increases in hospital admissionshildren and adolescents sustaining TBI since
the early 20008 The majority of these are classifi as mild traumatic brain injury, or sports
related concussion (SRC), with one study indicating that 8R€rgency department visits
have increased by more than 85%8irto 13yearolds and by more than 200% in-14 19
yearolds.* Increased public awaness around SRC and higher numbers of youth participation

in collision sport are likely contributing to these increases

In most cases of youth SRGymptoms resolvevithin four weeks, though some
players have protracted recovery with cognitive, behaal and emotional difficultieghat
interfere with school attendance, academic endeavors, sporting performance, social life and
family relationships for months andreetimes year$Playing technique (e.g. teaching skills
that reduce exposure to heagawts), rule changes (e.g. limiting tackling and contact) and the
use of protective equipment (e.g. hard shell helmets, padded headgear and moutlagaards)
variably implemented as brain injury prevention initiatives in collision sports such as football,
rugby and soccérHelmet suktypes include those with a haoditer shell used in the National
Football League in the USA, and ssfiell padded headgear (HG), thabheitfully covers the
head (e.g. rugby scrum cap) or resembles a headband (e.g. saxgedr) with an opening
at the top. HG is most commonly used in rugby, with inconsistent uptake in Australian football
and socce? albeit with varying policy guidelireacross community clubs. Within the sporting
community it is a widely held belief thatich HG protects against injdgnd SRC? leading
some youth Australian football, soccer and rugby clubs to mandate #$'tse.

Previous reviews have evaluated H@etiveness across a diverse range of HG models
and sports (e.g. skiing, American fbatl, hockey etc). Findings indicate evidence for hard
shell helmets in the prevention of severe ¥R&hough findings for SRC prevention with HG
are equivocal at be8# 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 preventidi.The evidence however, was scarce and largely drawn from- cross
sectonal, rather than randomised control trial methods. The most commonly accepted opinion
is that HG provides limited or no protection against SRalthough, this may be due to a lack

of evidence, rather than a lack of effétAs such, debate continuestivregard to HG for SRC
preventiorf 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 sustainingpjuries due toincreased tackling using the head and increases in
aggressive play because they assume greater safety when weatihtf H@ortantly, to date,

no reviews have focused exclusively on youth populations. Youth may be more vulnerable to
risk compensatiorhin adults as the cognitive processes associated with risk taking in the

developing brain are immatute.

The primary objective of this study was to assessitheéivo evidence ér the
intervention of HG for SR@ youth collision sportsSecondary okgtives were to assebks
for prevention forsuperficialhead 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 Mehods

The review was conducted in accordancertteferred Reporting Items for Systematic
Reviews and Meténalyses PRISMA) guidelineg® See supplementary file for search
strategy. A review protocol was registered with PROSPEROCRD42018115310.

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 providingiterventions for thaswith 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 datalfagesMEDLINE,
Cochrand.ibrary, 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 ntdG 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
guantitative methods to report SRC, head injury and other injteg (a.g., cross séahal
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 l&d neHG groups, wee not published in English
language, or were published prior to 1980, laboratory based, conducted in adult only cohorts,
conducted in individual and/or naontact sports or only included participants wearing-hard
shell helmets. Authrs Archbold, et al.?! were contacted and agreed to provide additional

unpublished data on the rates of SRC sustained by HG users andaren

Two review authors (JMK and JN) independently screened manuscripts on title and
abstract, selecting agreed tibas in full text ughg 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, spodircode, sample sizeohort 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 injuy incidence were exdrcted in as much detail as each study provided. Incidence
rate ratios (IRR), relative risk and risk ratios with 95% confidence intervals (Cl) were extracted
(if reported) from each study. Where these were not available, relativend<$5&6 Cl were
calcubted using the incidence data available. Due to the expected heterogeneity in reported
statistical methods and study design, a rastalysis was not planned.

2.3.5 Quality and Level of Evidence Assessment

Two reviewers (JMK and JN) indepaently assessed tlogiality of nornrandomised
studies using the nirgiem Newcastle Ottawa Scale (NOS) for Cohort Stutfidhe NOS
assesses three domains and assigns up to a maximum of nine points for: 1) selection of cohorts
(four points); 2) comparaltty of cohorts (twopoints); and 3) outcomes (three points). On this

scale, scores betweer@Avere considered good quality, and scor€swlere considered low
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quality. The quality of randomised control trials (RCTs) were assessed using-ifeen11
Physidherapy Evidence Ddase (PEDro) scafé.On this scale, scores betweérl® were
considered excellent qualityi 8, good quality; #5, fair quality; and <4, poor qualify.
Reviewers also assessed levels of evidence using the Oxford Centre for E#deade
Medicine (OCEBM)guidelines® The OCEBM levels range from level one, representing
systematic reviews, level two representing randomized trials, level three denoting non
randomized controlled cohort/follewp, level four denoting case series, to ldie, denoting
mechanistic reasoning. All included studies were assigned a number indicating the level of

evidence and quality.

24 Resul t s

Of the4,355citations that remained after duplicates were removed, 73 were screened
in full text for eligibility and of these, 65 were duded Eigure 2.1). The most common
reasons for exclusion were if studies were laborabaged or utilised harshdl 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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Figure2.1 The figure depicts a PRISMA flowchart showing systematic exclusion of articles

ateach 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). T&evere six rugby and twsoccer cohorts, with a total of
12,064 participants. Aree studies included female athletes, whpyasented 2,038 (17%) of
the total included participant®f the eight included studies, five were exclusive to youth, and
others omprised mixed adult/youth cohorts who ranged in age from 13 to 45 $tadées
examined the effect of HG upon rates of SIREB), injuries to other body regions (n=5), head
injury superficial to the skull (n=4), and frequency of impacts sustained toetid (n=1).
Three studies examined a combination of these outcomes, as they associated the use of soft
shell HG with SRC, suerficial head injury and injuries to other body regions. Injury data was
typically collected for games and training sessions, withexception of three studies that

included injuries sustained in games only. Study characteristics are summaiiabte].
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Table2.1 Methodological details adtudies

Randomisation
of HG use,

Exposure Level, Sex Operational Data Variables adjusted for in
Study Study Sport/ ; o i Outcomes i . .
Design Country comp'llance & quantificatio & Age: Definition of Collection analysis
wearing rates n M(SD) Outcomes Method
Mclntosh Pilot RCT Rugby/ Random numbei Player hours School Concussion  Concussion Club NA
and Australia approach to competition, and head verified by a personnel
McCrory, select 9 HG males impacts. medical completed
2001 teams, & 7 Ul56s practitioner  standardized
nonHG teams. and reporting
Compliance classified as  forms and
data NA. atraumatic researchers
event that reviewed
resulted in  video footage.
the player
missing a
game or
training
time.
Marshall, et Prospective  Rugby/ Players were Player Community  Concussion, Any event Researchers  Protective equipment,
al, 2005 cohort injury New asked weekly weeks and school headinjury thatresulted completed level of comgtition,
surveillance Zealand  whether they competition, and injury inaninjury weekly follow playing position, playing
used protective 240 males for all body requiring up interviews out of usual position,
gear. HG was and 87 regions medical with players  injury history, frequency
worn for 14% of females U17 combined. attention or over the of in-season injury, body
player weeks. to U22 and causing a phone. somatype, fitness level,
23 and over. player to health status, anger,
miss at least anxiety, negative affect,
one game or task orientation in sport,
practice. and perceived importanc
of injury to team
performance.
Delaney, et Cross Soccer/ Players were No. of Community  Concussion Concussion Players Headgear and
al, sectional Canada retrospectively players competition,  and head symptoms completed  mouthguard use, sex, ag
2007 study asked if U13to U18, injury. listed were  retrospective concussion history, level
180 males consistent  online survey of experience, and
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they wore HG and 98 with the considering oneself as a
and how often females. Concussion fheader o
18.7% of in Sports
players Group
reportedly used (CISG)
HG statemertf.
(73.1% female). Head injury
All HG users defined as
wore HG for abrasions
games, while laceratons
69.2% wore HG or
for practices. contusions.
HG assigned to Player hours Community Concussion, Concussion Trained data Standard headgear
Mclintosh, et Cluster Rugby/ rugby teams and school  head injury in collectors modified headgear, no
al, randomized Australia  within a club/ competition,  and injury accordance recorded data headgear & competition
2009 control trial school and level U13, U15, forallbody with CISG". on level.
yearly. 45.7 % uUl8 and regions Injury standardized
standard HG U20 males  combined. required on reporting form
and 10.8% field
modified HG treatment, a
compliance. player being
removed
from the
game, or a
player
missing the
next game.
Hollis, et al, Prospective Rugby/ Reports on Playerhours Community Concussion Any event  Trained data Headgear and
2009 cohort injury  Australia baseline competition where a collectors, mouthguard use, age,
surveillance guestionnaire males 1945 player left ~ coachesc¢lub height, wéght,
outlined 671 yrs. and the field due  doctors and impulsivity, time spent
players school to dizziness, physical training, experience,
Afal way competition confusion, therapists player position,
145 nof males aged loss of recorded data concussion history,
227 fAsol 1518 yrs. coordination on competition level.
, 207 n 22.7(5.5) , and/or loss standardized
and 985 of reporting
usedHG. consciousnes forms.
s; and
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stopage of
play was
required, or
they
received
medical
attention
because of a
blow to the
head.

Chalmers, et Prospective

al,
2011

cohort injury
surveillance

Rugby/
New
Zealand

Not reported  Playerhours
Community
competition,
males aged
13 & above

Injury for all
body regions
combined.

Protective equipment.
age, ethnicity, experience
lifestyle factors, injury
history, player position,
training, time of season,
foul play, warm ups,
weather conditions,
ground conditions.

Any event Researchers
that resulted  completed
in an injury  weekly follow
requiring up interviews
medical with players
attention or over the
causing a phone.
player to
miss at least
one
scheduled
game or
team
practice.

Archbold et
al,
2017

Prospective
cohort injury
surveillance

Rugby/
Ireland

School Concussion,
competition, head injury
Males, 16.8 and injuries

(0.8) for all body
regions
combined.

46.8% of
players reported
using HG in a
baseline
demographic
guestionnaire
prior to the
season.

Playerhours

Trained data
collectors
recorded data
using onlire
database.

Headgear, mouthguard
and shoulder pad use, ac
weight, height, playing
position, injury history,
strength profile and
experience.

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
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midnight at

the end of
the day the
injury was
sustained.
Stratified Playerhours
McGuine, et Cluster Soccer/ Randomisation School Concussion Concussion Athletic Headgear use, school,
al, randomized USA using school competition, and injuries recorded in trainers sex, age, year cohort,
2019 control trial emrolment size 1853 for all body accordance recordedinan SCAT3 baseline symptorr
as stratification females and regions with NATA online severity and concussion
variable. If a 913 males, combined, position database. history.
team 15.6(1.2) excluding  statement®
participated concussia.  Other injury
in both years determined
assignment by onset,
remained the mechanism,
same characteristi
cs and
physical
examination.
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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 qselssnasnt and
levels of evidence for cohort studies can be seélrable2.2. Selection bias was considered
low in all studies. Only one study was not awarded full points in this domaiDelasey.et
al2® did not ascertain the exact numbef exposures to SRC reliably due to using-seffort,
as opposed to direct observation or secure record. For comparability of cohorts, all studies
controlledfor age, sex and injury history, wittimly one study not controlling fadditional
factors. Delaney, et af® did not account for factors such as player position and player

experience that may, in addition to HG use, modify injury rites.

For the final domain, three studies did massess SRC and injuputcomes using an
independent observeFhefindings of Delaney, et af® were deemed to have the highest risk
of bias due t@ crosssectional survey design with the survey accessible online to players (aged
12-17 years) who could faccess it multiple times to update SR@ngtoms. 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 definitfaised in all other studie$wo other
studies were considered to bebject b the inherent biases assated with selreport data
collection due to a prospective design where researchers completed weeklyampestollow
up interviews with players over the pholi€3 These selfeported methods contrasted those
usedwhere diret SRC and injuryobservation was completed by trained data collectors,

athletic trainers, and medical professionals

Both RCTS* 3 were assessed as good quality, @@EBM levels of evidence were
scored as twoTable2.3). On thePEDro scale, they both recieved scores of eigtit only
three criteria not met ¢3). These criteria related to the blinding of participants, therapists and
assessors. It was deemed unfeadiblexpect blinding in these studies due t® f#ct that the

intervention (HG use) was directly observable

47



Table2.2 Results for NOS scale risk of bias assessment and Level of Evidence \QCEB

Study Selection Comparability Outcome NOS OCEBM
a b C d e f g h i Score
Mclintosh and McCrory. 2001 * * * * * * * * * 9 3
Marshall, et al. 2005 * * * * * * * * 8 3
* * * * * * 6 3
Delaney, et al. 2007
Hollis, et al. 2009 * * * * * * * * * 9 3
Chalmers, et al. 2011 * * * * * * * * 8 3
* * * * * * * * * 9 3

Archbold, et al2017
a = Representativeness of the exposed cohorGdlection of the norexposed cohort, c= Ascertainment of exposure, d = Outcome of interest was not present at ¢
study, e = Study controls for age, sex, injury historyStudy controls for additional factorg,= Assessment of outcome, Hsllow up long enough, | Adequacy of

follow up of cohorts. * = criteria met

Table2.3 Randomized Study quality (PED8rale) & Levebf Evidence (OCEBM)

Study Score  OCEBM
1 3 5 6 7 8 9 10 11
Mclintosh et al. * * * * * * * * 8 2
(2009)
McGuine et al. * * * * * * * * 8 2
(2019)
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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 hoursindstecommon
convention was for authors to report injurpes 1000 playethours The two studies who did
not conform to this, were subject to retrospectiversgdbrt bias. For instance, Marshall et al.,

(2005) obtained injury data from players atweekip t er val s and t herefore
weekd6, and Del aneynpturaks, ip2o0o0pg)ayeportedke
SRC at a single survey time point. These studies likely reported injuries in this way because

they did not capturplayers true exposure to injury, and therefore could not report per hour.

Few studes prospectively recorded HG wearing rates throughout the season. Indeed,
many studies relied on a questionnaire administered at a single time point asking players
whetter they used HG. In the Hollis et al., (2009) study the authors used a Likert sgale (e.
never, rarely, sometimes) to ascertain HG us
wore HG were significant | esselly&ewyr ¢ oHGuUSE
this is not an accurate reflection of HG use, as players maydeonided to use or not use HG
depending on how they felt on match day, and secondly, the rates of SRC among those who
6al wayso6 wore HG, c 0 mp aerHSdwere o fact heoyssimilanwde® 6 n e
Table2.4 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 Inaag been inconsistent across
games. In addition, HG uptake was generally low across observationas saulecompliance
poor in RCTs, rendering many studies statistically underpowered to assess for difference in
outcomes amongst HG users and -nsers.As data reporting methodologies differ across
studies, the data presented should be interpreted witioicaespecially when comparing
results that were obtained across varying contexts with inconsistent definitions of SRC and

injury.
2.4.3 Headgear Use ad SRC

Outcomes for SRC, superficial head injury, head impacts, and injuries to other body
regions stratified by HG use vs.-is use (NeHG) are listed infable2.4. There were seven
studies included that analyze®GS. Of these, five (one in soccer and four in rugby) found no
differences in rates of SRC with or without HG (Seable 2.4).2* 3236 Contrasting findings

49



were seen in two other studies; a prospective cohort studgby showed that neHG users
were at significantly lower risk of SRC (RR: 0.63; 95%CI: 60498) than HG users, arad
crosssectionasurvey ofsoccer players outlined higher risk of SRC for #t@ users RR:
2.65 95%CIl: 1.233.12) compared to HG use

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 sustainingpsrficial head injury between HG users and-neers?! 3¢
In the soccer survey study, nétG users were reported to have higlhejusted risk of
superficial head injury (RR= 1.86; 96%CI: 0-0R11) compared to HG usefsAmong the
four studies reportip superficial head injury, one reportiedquency and type of head impacts
using game video analysis. That study found no statibt significant association among HG
users (RR: 1.54; 95% CI: 0.6875) compared to neHG users’®

2.4.5 Headgear and injuries b all body regions

There were five included studies that reported on injuries to all body regions. Four of
these conducted tlanalyses with SRC and all body injuries combined as a composite outcome
variable?! 3233 Reporting this composite outcomere two studies conducted in rugby with
no differences observed in injury rates among HG users versusseost® 33 In contras,
Chalmers, et a? and Mclintosh, et &f reported increases in injury rates to all body regions in
rugby players wearing abdard HG, adjusted RR: 1.23 (95% CI 11080) and adjusted RR:
1.16 (95% CI: 1.041.29), respectively. The Mclintosh, et®aktudy also investigated injury
rates to al/|l body regions for players who
associagd with increased injury risk, adjusted IRR: 1.05 (95% CI.-@.44), although the
group accounted for only 11% of exposure$SRC due to poor compliance. The remaining
RCT study by McGuine et &f.reported the outcome of injury to other body regioms|(aling
SRC) and found no difference in rates for soccer HG users andseos with adjusted RR =
0.91 (95%CI 0.641.29).
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Table2.4 Outcome data for concussion, head injury and injuries to other bodysegjratified by headgear vs-headgear

Study N No-HG HG No-HG HG No-HG HG No-HG HG
exposures exposures SRC SRC syoerficial head superficial head  all body all body regions
injury injury regions combined
combined
Mcintosh and 294 357 1179 n=2 n=7 n=7 n=15 - -
McCrory., player player  *Relative Risk= *Relative risk =
2001 hours hours 0.94 1.54
95% Cl 90% Cl
[0.194.52] [0.633.75]
Marshall, et 304 4,656 752 Not Rate ratio= Not Rate ratio= Not Rate ratio=
al. 2005 player player reported 1.13 reported 0.59, reported 0.96,
weeks weeks 95%Cl 95% CI 95% CI
[0.40-3.16] [0.19- 1.85] [0.751.23]
Delaney, etal. 278 n=216 n=52 n=114 n=14 n=151 n=15 - -
2007 players players Relative Risk= Relative Risk=
2.65 95%ClI 1.8696%ClI
[1.233.12] [1.49-3.45]
Hollis, etal. 3,207 n=985 n=671 7.48 per 1000  7.39 per 1000 - - - -
2009 players players player hours. player hours.
*Relative Risk=
0.68 95%ClI
[0.24 1.93]
Mclintosh, et 3,686 1,493 Standard n= 90 n= 85 with n= 106 n= 100 with n= 799 n= 828 with
al. 2009 player HG 1,128 standard HG. standard HG. standard
hours player Incidence Rate Incidence Rate HG.
hours ratio=1.13 ratio= 1.14 Incidence Rate
95% CI 95% Cl ratio=
[0.86-1.49] [0.84-1.54] 1.16 95% C
[1.04-1.29]
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Modified See above row n= 19 with See above row n= 22 with See above n= 175 with
HG for control Modified HG. for control modified HG. row for modified HG.
1,474 group Incidence Rate group Incidence Rate  control Incidence Rate
player ratio= 1.06 ratio= 1.03 group ratio= 1.05
hours 95% Cl 95% Cl 95% ClI
[0.70-1.60] [0.67-1.58] [0.781.41]
Chalmers, et 704 4,223 1,807 - - - - n= 4,419 n= 1,844 injuries
al. 2011 player player injuries. Incidence Rate
hours hours Incidence ratio: 1.26
Rate 95% ClI
ratio:1.00 [1.00-1.50]
Archbold, et 811 n= 553 n= 258 n= 42 n=31 log rank=0.327; Not n=549 n= 258
al. 2017 players players *Relative Risk= df=1; p=0.567) reported *Relative
0.63 Risk=0.99
95%Cl 95%Cl
[0.41-0.98] [0.99-1.00]
McGuine, et 3,050 n= 1,545 n= 1,505 n= 68 n=62
al. 2019 players players Risk ratio= - - Not Risk ratio=
0.98 95% CI reported 0.91 95% ClI
[0.62-1.56] [0.64-1.29]
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25 Di scussi on

2.5.1 The Association of Headgear with Sports Related Concussion, Sufieral 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-ato evidence is
consistent with laboratory research showihgt HG does not mitigate the forces associated
with head impactd° Though some protection may be offered against superficial head injury,
as purported bipelaney et af® and prior studies where HG has been shown to protect against
soft tissue injurie sustained to areas of the head covered by patfdimgortantly, thee may
also be potential for increased risk of sustaining all types of injuries. Two studies reported 23%
32 and 16% increases in all types of injury risk for rugby players who wamemercially
available HG, and indeed, results from one prospectiv@rtahjury surveillance study
indicated higher risk of SRC among players who wore?HRaised by these findings, is the
possibility thatrisk compensation is a phenomena occurringuigby, but not soccer, as
increased injuries were not observed amongesadG users in a RCBoccer is unique in that
SRC and other types of injury are sustained when players purposefully use their head to
progress the bafl,when players knock heddsor when falling over during a tackfg.In
contrast, the majority of SR@nd other injuries in rugby are sustained in player to player
collisions during full body tackling? **These fundamental differences may render rugby HG
users more vulnerable to riglompensation behaviours because injury mechanisms overtly

differ and treir 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 witeer injury risk associated with HG use differs between adult and
youthpopulations. A commonly held belief reported by youth rugby players is that HG makes
them feel safer in contact si%*rastudlyonHG and a
perceptbons among adult and youth rugby players indicated that these bdliefedivith age,
as youth tended towards greater acceptance and beliefs in the utility“SASI@ HG users
may be protected against risk compensation as they are less prone taecidgliefs about
HG.

The studies included in the review span alntwst decades raising the possibility that
changes in HG technology might influence outconNes chronological trends were apparent

in the analysis and industry experts are of the opitiiahthe commercially available HG has
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not advanced considerably sirthe 1990s° Confounding a summative interpretation was the
heterogeneity found in definitions of injury. One study referred to superficial head injury as
the ear and scalp onfy,while others included the fa€e?® or excluded the face from the
definition 3> Some studies defined an injury as occurring only if a player was observed to miss
time from play?! *° %%or received attention from a medic or athletic traifté€f,*while otrers

used retrospective player se#fport?® 32 32 Retrospective selfeported methods are not
consistent with standards which suggest prospective recording by health professionals is
superior to retrospective interviewThe differences in methodology veeprominent in the
heterogeneity of outcomes with far higher propertad SRC recorded when seHported

compared to studies that used direct observatigh.

2.5.2 Directions for Future Research.

A key finding of this review is that standardized definifand 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 pedhlisonsensus
statements, and that definitions rely on a hamof factors to describe severity. It is
recommended that a SRC be defined as a ftr a
forceso with physical, b e h d fedtuces doeumenteccvatiy n i t i \
each SRC eveitA superficial had injury should be defined as any injury to the head that is
superficial to the skull (including contusions, abrasions and laceratiohe)capture the full
spectrum of SRC and other injuriesda facilitate comparison with past results, it is
recommended t hat researchers record al/l injuries
(e. g. i njury recorded if 1t causes a player
injury recorded ifplayer misses a gam&)As an example, an injury anywheoa 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 gamesjired medical attention or resulted
in hospital transfer should be collected as surrogates for setfdbiita collection conducted
by a medical professional diagnosing SRC and reliably clasgifgiayers as H@&isers and
nonHG users would be optimal, Wwever, 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 healtrelated fielé has shown promiséVideo 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, anccode the bleaviours of HG wearers.

Underrepresentation of female attds in the included studies was frequently
observed. Compared with male athletes, females have been reported to have higher rates of
SRC*%3 report more SRC symptom$>°>demonstrate worse codine impairment following
SRC?3°*and may take longer t@cover:® *°In addition, it has been suggested that females
are at higher risk of the effects of sabncussive impacts due to differences in neck strength
and body compositio™. Given the expoential increase in female participation in these
sports®® 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 legely exist at the elite level and require significant fosiahand operational resources
to conducf! Nonetheless, identifying constraints is an important step for researchers
conducting future studies to address this important issue. Existing cotssar@rihe potential
ethical dilemmas regarding HG being iieyqmented in an RCT because of the lack of evidence
that supports its protective benefit versus potential h@threrbarriers include difficulty truly
randomizing HG (i.e., allocation often occbiased on entire teams and is stratified by gender)
and poorcompliance. For instance, only 11% of exposure hours were attributable to those in
the modified HG arm of th#lcIntosh, et aP®> RCT due to very low compliance. A HG RCT
conducted in Australiarmobtball that was screened for inclusion also revealed fR&t &d
injury outcomes could not be assessed dueeity low compliance in HG us. Low
compliance was less problematic in the included soccer RCT with 99.5% of those allocated to
the HG arm cosistently wearing i8* raising the question of what encogeas compliance in
these types studies. As seen in McGuineods
model from a range of provided options that met specific testing standards. This [hptentia
contributed to higher compliance because the playergteader 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 revigaithat 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 tottiar explore this important topid.he review
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included only fve 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,raining and increased maturity in riskking decisioamaking among

adults!® Without robust data it was difficult to draw definitive conclusions about the role of

HG in sports injury prevention important methodological issue was that reporting oflt®su
across studies was inconsistent. Reporting of homogenauasnoes and 95% confidence
intervals was not possible in all cases as data was not available, although attempts were made
to reanalyse available data to provide consistency.

26 Concl usi on

Extending upon the most recent CISG conseifsiés review indicatesa 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 asbifiocu
including female participants across a range of spocilgs 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 (<13years)andout h (013 years) Australian footba
using a descriptive surveilethods: A web-based tool was used to obtai@mographics,

HG use, concussion history, beliefs about HG andtakkg propensityResults: A total of

735 phyers (including 190, 25.9% female) representing 206 clubs acresd 88ge groups
participated. HG was worn by 315 players (42.9%; 95% CB-36.4). The majority (59.5%)

of HG users wore it for games only and wore it voluntarily (59.7%), as oppobethtp

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 havedle wearing HG (p <0.001). The overall

popul ation however, had a mediesmheingabemonse of
pl ay harder. Median responses were fAdisagree
and on experienced players noedmg to wear HG. Beliefs did not differ between males and
females. HG use was associated with players belotgiaglub where HG was mandated

for other age groups (OR 16.10; 95% CI: 738162, p <0.001), youth players (OR 2.79;

95% CI: 1.933.93, p <0001), and female players (OR 1.57; 95% CI: 12030, p = 0.019).
Conclusions:Club HG culture, older age and bgifemale were prominent variables

associated with voluntary HG use. Players reported believing that HG offers protection. The

importance of HQuse being informed by higher levels of evidence is highlighted.

31 I ntroducti on

Considerable focus has been dieecto sports related concussion (SRC) and its
potential effects on lonrterm brain health and functidnAs children and adolescents are
vulnerable to SRC interfering with academic performance, school attendance and physical
activity 2 debate exists regding the best methods to prevent SRC and the role of personal
protective equipment such as padded headgear (HG), in reducing SR€oishktay HG use
has been previously reported to be variable in sdatgyhy’ and Australian footbafl though
some junior (813 years) and youth (1B3 years) Australian footbatlubs mandate HG use,
despite théack of evidence that it reduces SRQmitigates head impact forcés,

The Australian Football League (AFL) does not mandate HG at any level. The AFL
advisecommuni ty athletes AThere is no definiti

concussion or other brain injuries in Australiaotfmall. Some experts believe that younger

65



players who wear a helmet may change their playing style, and receive mienpaats as

a resultéthere is no scientific evidence
preventi on %Curretl ihis unlnewin bow inany clubs mandate HG use, how
frequently players wear it and why they choose to wear it. Sue&sarch provides some
insight, highlighting that many rugby and Australian football stakeholders mistakenly believe
that HG protects gainst SRC? Factors cited by players that motivate them to use HG are
being mandated to do so, and also that it mé#kes feel safer and they want to be protected

against injuryt:13

Within the Australian Football Leage (AFL), there is some concegarding the theory
of risk compensation/riskomeostasig ® *Risk compensation refers to the theory that when
individuals perceive greater safety due to an intervention (e.g., headgeargntigge in
increasingly riskybehaviourwhich returns themot preintervention levels of injury risk, or
potentially even greater levels of injury riSkConcordant with this theg, Australian
footballers have reported that they can play harder witf?'H@n a study of under 1gear
old rugby union players it999, where almost 80% wore HG during a game, 67% said that
they played more confidently when they wore Pi@/hether thee beliefs translate into
behaviour change on the field remains unknown, as no studies have directly investi§ated it.
Indirectly, McIntosh et al., (2001 and 2009) observed no significant effects of HG in youth

rugby union on increased injuriés’

Current beliefs about HGhave not been examined among youth male and female
Australian footballers, asost studies have examined these cptsmadult cohorts, are not
contemporary, and are not inclusive of female athléteg differences in the factors dimg
HG use may be apparent for younger, compared to older players aséyepe more
susceptible to misinformation about the protextdenefits of HG® and theirmotivations to
HG may be additionally impacted by peer influence, the attitudes of thegnts and their
club!® A tendency tovearHG may also be motivated yaving sustained SRC in the past as
one study outlined thpotential that players whimavesustained prevous SRC,may uptake

HG as they fear sustaining future injQry.

The aims of this study were to obigyatterns of HG use and investigate beliefs and
factors associated with HG use in junior and youth Australian football. A tentehty use
may also be motivated by club culture, in that players who belong to clubs that mandate HG

for other age groups maise it because they see the club endorsing it for their peers. Finally,
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it washypothesisedhat players participating in youths opposed to junior age groups would
be more likely to use HG use as there is an increased exposure to contact, tackhipgynd
risk for older age groupd.It was hypothesised that a history of prior concussion would
motivate HG use, as players fefuture concussions.Risk-taking tendencies were also
hypothesised to play a role, as HG use could be thought to moderafifettieof increased
risk-taking behaviour® Females may be more likely to use Hdtentially associated with a

greater awarenesg SRC?!

3.2 Met hods

A cross sectional webased survey was distributed to junior and youth Australian
footballers.The resuk were reported in accordance with @leecklist for Reporting Results
of Internet ESurveys (CHERRIESY This study was approved by the Monash
UniversityHuman Research Ethics Committee (MUHREC Reference: 11254) and informed
consent was obtained by prding information (survey lengtltonfidentiality and researcher
contact details) to participants when thegened the survey link. It was considered that
informed consent was implied if participants agreed to continue.

An advertisement and survey link veeavailable on the Australian Football League
(AFL) community website from July 2018 to August 2019. Thd.ABmmunity web page
provides resources, training and advice for Australian football coaches, umpires, players, club
administrators and volunteershd survey link was also included in a Coach AFL newsletter
and representatives for community football ircleaustralian state were encouraged to
disseminate the survey via their social media channels. For the advertisement, a photo of junior

footballersve ar i ng HG was di splayed with the title

The survey content wasagoped in consultation with the industry partner (AFL). Items on

HG beliefs were based on those used in previous HG stufliéise sections (1&éms) of

the broader (60 item) survey that pertained to the current study aims were analysed.

Additional suvey items pertain to outcomes which will be reported in athemuscriptsThe

items usedvere demographic questions: sex, age group for participatiome of response

(e.g. under 8s, under 9s, etc.), football club; HG use questions: players were categorized as
voluntary HG users, mandated HG users,otNG user s. The tdrtmrfecl ub
refers to those who played for a club where HG wasdated for age groups other than their

own. Concussion history was se#fported by players. If the player indicated that they had
sustained a concussion, they were then asked whether the conagssirred whilst playing

67



Australian football. These ressiiwere reported as the total number sustained, and the subset
of those that were sustained during AF.

A four item version of the sk-taking propensity scalé(RPS; wherescores ranged
from 4 to 20 and higher scores indicate greatertagkng), andive items on beliefs about HG
use. Four of the seven available RPS items were chosen to reduce administration time.
Response choicesrfthe RPS and beliefs about HG were orpaiit Likert s@le with options:
6strongly disagreeb6 (categorised to score of
(categorisedtoscoreofl) do not take ri skss wiéddulmyr [hyea, t|
myself as a risKIl gvwicdcer o i arkidicalirlg gremtecagka | | e n ¢
taking) Five items pertained to beliefs about HG (see figure 1 for items) and were derived from
previous studies by Braham et al., (2004) &ieth et al., (2001)Technical functionality of
the survg was designed and tested in consultation with a senior software engineer and then
preliminary tests were conducted on researchers/() and childrenn(= 3). Wording of some
guestions were modified following feedbadke survey took approximately®) 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 iffitta analysis. HG use, wearing ratasd
HG type were summarised usifigquencies (%). Playsex, age group (categorised as junior
and youth), selfeported concussions (of any aetiology) and SRCs sustained in Australian
football were summarised as tfrequency (%) for each group (voluntary, mandated or non
HG use). For t he wlasfuSedto&alysaibternalltansisteacl gndhprevious
methods were used tweate a group of risk avoiders (low scores on the RPS) anthkisis
(high score®n the RPS) using a median split (10.80) reverse scoring of items 1 anéf' 4.
Risk-taking aml HG mandating culture were summarised as the frequency (%) of voluntary,
mandated and neHG users that were categorised as high-tagling or belonging to alub
where HG was mandated for other age grolmiefs about HG were summarised using
median [QR) and reported for the overall population, and junior, youth, male and female
player subgroups. To assess for differences in HG beliefs among groups (jensws youth,
male versus female), Manlwhitney U tests were used to account for the catedoratare of
the data.

Among participants for whom HG use was not mandated, association of the pre
determined variables of sex, age group, belonging to clubsewh@ris mandated for other

age groups, riskaking, concussion history and history of SRC instalian football were
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assessed using univariable logistic regression and reported using odds ratios and 95%
confidence intervalsA p-value of <0.05 was defindd be statistically significant. Analyses
were conducted using Stata v15.1, College Stalizh USA.

33 Resul ts

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. Table3.1 outlinesdemographic factors, seléported concussions and SRC, risk
taking and club HG mandates for other age grolmpstnal consistency for the RPS was good
(4 it e msOverall 315 playets342.9%; 95% Cl: 3948.4) reported wearing HG with
127 @0.3%9 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 foesgarty, 127
(40.3%) for training and games, and one player for training énlptal 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 8ussbn, n= 11 players reported 4
corcussionsand n= 7 players reported having sustained 5 concus$tmmmost popular brand
of HG used was Steedd€B88.0%), followed by Maddison (10.0%), Canterbury (6.3%) and
Impact Rugby (6.0%). Ninetgight respondents (98, 31.1%ere not sure what type of HG
they used.

Table3.1 Demographics, history of saléported concussions, rigking and club HG
mandates for other age groups

Variable VoluntaryHG Use  MandatedHG Use No-HG Use
(n = 188) (n = 127) (n = 420)
Female 61 (32.4%) 31 (24.4%) 98 (23.3%)
Junior Players (U8 to U12) 72 (38.2%) 107(84.3%) 265 (63.1%)
Youth Players (U13to U18)  116(61.7%) 20 (15.7%) 155 (36.9%)
Concussion History 64 (34.0%) 11(8.7%) 132 (31.4%)
SRC in AF 54 (28.7%) 5 (3.9%) 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: Sportgelated concussion; AF: Australian football; HG: Headgear
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Responsesstratified by male or female are illugted inFigure 3.1. The overall
populationhad a median reponseidfa gr ee o on f eel i ng &aldyers when
had a median response of Aneutral 0o with re;q
compass on t o femal es wh p=054)gWitk reghrd tthe bebiefthat HG c o u |
users are able to play harder, the Medarall p
reponses weanereférrohg te sy aneirgudy than use HGdaon experienced

players not needing to wear HG. Opinion appeairedas between male and female players.

I do/would feel safer with headgear on :I—{
Players who wear headgear are less likely to be injured| I
Players who wear headgear can play harder than thosc| 4‘:: :
h i N \
who do not wear it i _(_-TO O O,k
. | |
I would rather risk an injury than play with headgear I ' '
| |

Experienced players do not need to wear headgear|——1

as they are not at risk of injury m
I T T

Strongly Disagree 1 2 3 4 5 Strongly Agree

|
1
1

female players [1 male players

Figure3.1 Male and female player beliefs about headgear. Boxes represent median, IQR and

whiskersrepresent range of responses.

Responses, stratified by junior versgmuth players are summarised kigure 3.2.
There were significant differences between groups for their responses on all items. Junior
playershagamali an response of fAagreed on HG wearin
Aneutral 0 f rKO0.091).ThHe medmh raspomse $or bpth groups to the belief that
HG users were |l ess |likely to be iesjdisticalyd wa s
more likely to agreep(<0.001). With regard to the belief that HG users are able to play harder,
both junior and youth players had median res
statistically more likely to agre@ € 0.04). Rgarding the statements about preferring to risk
an injury than play with HG, the median resp.
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players were statistically less likely to agrpe<(0.001). Junior players were also less likely to

agree to th belief that experienced players do not need to wearmpH@(01).

I do/would feel safer with headgear on :\\\\\\\\\\\\\\ W
. S i —
Players who wear headgear are less likely to be injured DN

P | I
Players who wear headgear can play harder than thoss— NN\
who do not wear it ¥4|:/| J]

I would rather risk an injury than play with hcadgcar *
] | | %
Experienced players do not need to wear headgear A\ !

as they are not at risk of injury 1
1

T T T
Strongly Disagree 1 2 3 4

wm - L

Strongly Agree
junior players [ youth players
Figure3.2 Responses of junior and youth player beliefs about head®mezs represent

median, IQR and whiskers represent &nfjresponss.

The odds of voluntary HG use were significantly higher for players belonging to a club
where HG was mandated for othe@®R 16.10; 95% CI7.71-33.62,p <0.00)), youth players
(OR 2.79; 95% CI: 1.93.93,p <0.001) and female players (ORS; 95% CI:1.07-2.30,p
=0.019) There was no statistically significant association between voluntary HG use and SRCs
sustained in Australian footbglOR 1.12; 95% CI0.761.75,p = 0.56, concussion history
(OR 1.13; 95% CI0.78-1.62,p = 0.52, orrisk-takingpropensity(see Figue 3.3, Appendix A

supplementary file).

34 Di scussi on

This study, the first tainvestigate beliefs anféctors associatedith HG use in male
and female junior and youth Australian football plsyeomprised 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 naasexisted 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
nonHG uses) 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 headgeareelwer e i
safer when I Ramdoxically, players id tBed6lirrent study were unclear about
whether HG could actually reduce the likelihood of injury. When asked whether wearing HG

all owed them to play harder , dstplayersndisdgreadn r e s |
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 differencesambserved by junior (U&12) and youth (U13

U18) players. Junior players were significantly more likely to agree that HG prevents injury, a
finding consistent with those reported Bgrnes, Rumbold, Olusod&who found that young

rugby union players lihagreater 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 bkefs. Whether these beliefs render junior players vulnerable to increased injury

risk through risk compensatiomehaviouris unclear without oiffield behaviouraldata in

Australian Footbalt® In Rugby Union, where similar beliefs have been reportede tisero

evidence that headgear increases injurfé§Vhat is clear, is that research translation should

aim to inform junior players, parents and clubs that if HG were to offer protection, playing

6harder® may négate those benefits.

HG use was predomamtly 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
theseclubs 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 whetheptlgses 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?gimeas
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 isese&remale 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 comparedds?! 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!SR@ hypothesis that
concussion historwould be associated with HG usasmot supported. This was at odds with

the view that HG use may be motivated by fear of future injdriesugh the data dittend

towards higher rates of HG use among those who had previous concussrorsg.be noted

that a recent scoping reviedid in factdemonstrate that across sporting codes, playsrof
protective headgear was associated witstory of injury.?! The absenceof statistical
significance in the current study may be a Type 2 error due to inadequate sampléesize.
hypothesis that riskaking propensity would be associated with HG uas alsaot supported

potentially due to limitations described in detail lvelo

Incidentally, results demonstrated that mandated HG sskuieported very few SRCs
compared to voluntary HG useand norHG users, in spite of equal riséking 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 reoluce SRC.Mandated HG users may be
failing to recognse 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
reseach may be limited by the target group representing tindseare biased towardsose
whoreport that theyave sustained concussion arsd 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 HGBias towards HG use in the included popuaatimay explain the lack of
association between concussion history and the RPS with HG use, and that bias rendered the
studyunable to report on the true prevalence of HG use in the target population.

The risktaking propensity measure used in this study rhave been insufficient to
elicit appropriate classification as it assessed general attitudes to risk as opposed to domain
specific attitudes (e.g., health riskking, sociarisk-taking, etc.¥® Individuals differ in their
risk-taking across domainsd measurement of specific health and safety concepts would be

optimal however, scales such as The Dor&pecific RiskTaking measure are not designed
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for children. Sensation sking has been hypothesised as a moderator of risky behavior, as such

the Senation Seeking Scale for Children (SSSC) may be a viable future incfision.

Statements regarding beliefs about HG could also be modified to specifically pertain to
SRC (e.g., headgear can pr evVv eAsthe populatonuvees i on s )
surveyed encompassed players as young as 7 years old a number of themlmeagweote of
SRC and the survey did not provide definitions. Language and terminology of future survey
iterations should be tailored to paediatric reference groups as rediisedically, it has been
difficult for researchers to conduct HG trials investigating risk compemsaii@ to poor
compliance among youth in wearing H&The findings from this study indicate that further
investigation into those concepts is warranted and junior Australianaftestbrepresent an
ideal cohort for such a study as many players are alnesidg HG and some appear to be

susceptible to risk compensation beliefs.

35 Concl usi ons

Many junior and youth Australian football players reported that HG offered protection.
Suchbeliefs were consistent in both male and female players, while more prorameng
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. Agpadied beliefs
are not supported by available evidence, the importancé&afisgé being informed by higher

levels of evidence is highlighted.
Practical Implications

1 Many junior and youth Australian football players appear to prefer wearing headgear
as ttey feel safer when wearing it.

1 Clubs that mandate headgear for juniors,rextly influence players from other age
groups to wear headgear.

1 Junior more than youth players appear to express the view that headgear allows them
to play harder, which if acteon may render them at higher risk of injury because
popular headgear modeale not offer additional protection.

1 Thereis 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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history of SRC in AF= ——
history of concussion = l—I—i
club headgear = : ' -
risk takers= l—'—i
youth players = : ——
female players = '—-—4
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odds ratios (.25 0.5 1 2 4 8 16 32 64

< 1= against HG use, >1= favours HG use

Appendix A Figure3.3. Odds ratios for factors associated with voluntary headgear use
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41 Abstract

Objectives: To assess whether padded headgear (HG) was associated with incidence of
sportsrelated concussion (SRC),m8RC head injury, and injuries to all body regions in
junior Australian footballDesign: Prospective cohort injury surveillanddethods: 400

junior players (42.5% female) were enrolled across two seasons. Data on HG use, SRC, non
SRC head injury and injies by body region were collected, with medical assessment and
missed matches used as surrogates for injury severity. A multivariable logistissieg

model was used to assess variables associated with inRe®gts: Twenty teams were
monitored oer 258 matche204 players (2,484 player hours) used HG throughout the
season, and 196 (2,246 player hours) did not. The incidence rate of SBAW&&% CI:
3.04-3.30)per 1000 playehours and no differences were observed between males and
females (R 1.11; 95% CI: 0.448.06. HG use was not associated with reduced SRC (RR
1.09; 95% CI: 0.42.97) medical assessmefRR 1.44; 95% CI: 0.28.53)or missed

matches for SRCRisk difference 0.02; 95% C10.00-0.03. No matches were missed for
non-SRC had injury and HG use was not associated with8BC head injury risk (RR

0.52; 95% CI: 0.241.03) or medical assessment for +#IRC head injury (RR.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% GR.822
Conclusions Currently available HG was not associated wothier incidence of SRC or
nonSRC head injury. There was suggestion of an association between HG useeamkohc

injuries to all body regions.

42 I ntroducti on

In recent years, the deleterious consequences of gptated concussion (SRC) have
been at théorefront of sports media and public awareneSRC is common among youth,
with an estimated 1.1 to 1.9 hivin recreational and SRCs occurring annually in the United
States of America in those aged under 18 yedusiior Australian football carries aki of
nonSRC head injury (e.g., bruising, lacerations external to the skull) and B&ding to
frequentdebate regarding whethpadded headgear (HG) should be mandated.

Community players variably endorkks as a tool for effective head injury and SRC
preventiory’ and some junior and youth Australian footballers even report that they can play

harder whenvearing it® Such anecdotal views are concerning as these beliefs may alter or

reflect playerbehavio t hr ough a phenomenon®Risker med #fAri sk
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compensation posits that HG users perceive greater safety, play more aggressively, and
ultimately, put themselves at higher risk a@if injury compared to nehG users.Important
asinjury incidene rates in youth Australian football (37.2 injuries per 1000 player hours)
have been shown to be comparable to those reported in elite Australian f(8idaihjuries
per 1000player hour¥? with the most common occurring to lower extremities (thigleekn
lower leg) followed by the upper extremitieshioulder, forearms etc.)

Regarding the scientific evidence, reduced SRC aneSft@ head injury rates
among HG users have been documented in soméeeel of evidence studié§** whilst no
such effect is evident in higlevel of evidence studie¥:* With regard to Australian
football, noin-vivo studies have successfully evaluated HG effectivenesialpadue to low
compliance amonglayers adhering to HG interventiottDueto the highlevel evidence on
the topic and the lack of alternative HG designs to those already studied, current Australian
football community guidelines do not support or esifly refute HG usé® The guidelines
do, however, c whotwaroamelniehnzay changelthaiypkying style, and
recei ve mor e®TheeCandussiomip Sport Graup (CISG) adsdline a lack of
rigorous evidence to equivocally suppor refute HG as SRC prevention across multiple
sportst’

Presumably due to concern regarding young players sustaining SRC, and perhaps to
improve comfort in contact situations, some Australian football commahibs currently
mandate the compulsoryusef HG f or juni or pl ayer sicywith
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 weéltimed, particularly among junior and female athletes tne been
underrepresented historicalfy: 1°

The objectives of this study were to assess whether HG use was associated with
incidence of observable signs and symptoms of SRCSRID head injunandall body
region injury rates in junior Australian fdwll. Based upon the paucity of previous work
exploring HG efficacy in youth Australian football, there was lgtk¢ant literature upon

which to base hypotheses.

43 Met hods

As this was the first HG study in junior Audtea football and was designed to assess
feasibility for future trials, preletermined sample size was not calculated. A prospective cohort

injury surveillance was undertaken over two junior Australian fobslealsons (April to August
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in 2018 and 2019)ith each season comprising 14 matcAegenty-two junior (Under 103

Under 14s) teams were approached for participation and twenty agreed. Ten teams mandated
HG use across matches for players in the undesa8 age group (U8) to under 12 years age

group( U12) with a Ano headgear, no play policy
players were eligible to participate. HG was not supplied by the researchers but rather was
provided by the club or by parts. As such, HG models varied both within &etiveen 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 dataollectors (PDC) were parents in team suppaes who were trained and
reimbursed to record SRC, r@RC head injury and all injuries by body region on standardised
reporting forms (See Appendix A). Important to note is that the team support rolegom jun
community Australian football, (trainerseam 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 commeesiegrchers held
a 1:1 meeting with each PG 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 anddragaries alongside the PDCs to provide
exampes 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 injur data independently. During inteater relialiity rounds, the two injury
observers (PDCs and research assistants) were instructed to have no discussion about what was
observed or recorded. The PDCs were, Theowever
players came off the field at this locatito 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 emtpahe following week by
research assistants 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®RedCap database. Baseline data including
height (cm), body mass (kg), age, age group for participation, previous SRCefzaifed),
sex, and whether tackling was permitted were documented by research assistants. Exposure
was defined as the amount ah@é (in minutes) players spent on the field dgran observed

match.
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SRC, norSRC head injury and injuries to all body regions (See télldelow for

definitions) were coded as:

A Match injury was defined as any physical complaint reported or displayad
player during the match where the playeswobserved to exhibit signs of pain
after an observed impact (i.e., both the incident and effect of trauma had to be
observed).

A Medical assessment injury was defined as a subset of match injuries occurring
when a clinician (doctor, paramedic or physarapist) was consulted or

provided treatment during or after the match.

A 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 (BHllform 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% ClI: 75.44%
96.21%) and 98% specificity (95% CI: 92.03%9.72%) when completed by sports medicine

physicians3

Table 4.1. Definitions of SRC, néBRC head injury and all body region injuries

Injury Type/Variable Definition

Measure

SRC

In accordance with the recent CISG
consensus statement, concussion wa:
definedas a traumatic brain injury
induced when a biomechanical force i
sustained to the head, neck, face or
elsewhere on the body and transmitte
to the brain'’ SRC may or may not
involve loss of consciousness, cannot

accounted for by other injuse
medication or medical and

psychological factors, and typically

involves transient neurological

impairment that resolves spontaneous

over time.

Observed signs and/or reportt
symptons of a SRC were
recorded using the Australian
Football League Commuryit
Football Head Injury
Assessment form). Data
collectors recordeeadgear
use at the time of impact aad
suspected SRC was recorded
any signs/symptoms were
recorded on the HIA.

Non-SRC head
injury

Non-SRC head injuries were defined ¢

those that ozurred to the head,

superficial to the skull and excluding
SRC (e.g., bruising, abrasions).

Observed signs and symptom
were recorded with body
region, pathology, impact
descriptor andheadgear use at
the time of injuryusing
categories derived frorfhe
Australian Sports Injury Data
Dictionary.?°
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Injury to all body All body region injury ratesvere Observed signs and symptom
regions defined as injuries sustained to gayt  were recorded with body
of the body, including SRC and non  region, pathology, impact
SRC head injuries. descriptor and headgear use i

the time of injury using
categories derived frormhe
Australian Sports Injury Data
Dictionary.?°

HG and norHG users were compared on baseline characteristics using means (SD) and
frequencies (%). Chsquare tests (sex, tacldirpermitted), independentésts (age, height,
body mass) and Fisheroés exact t eusseason)wegce gr o
used to analyse differences in baseline characteristics. All injuries were classified by body
region, pathologyrad impact descriptor, and summarised as frequency (%). For injuries with
duplicate records (collected by PDC and researcktass), the PDC version was used for the
final analyses as this was designed to be the primary data source. SFBR@dead injuies
and all body region injury rates were summarised using incidence rate (IR) per 1000 hours of
match exposure. Risk ratiRR) and risk differences (RDs) were calculated for each variable
and reported with 95% confidence intervals. RDs were only udeshwbservation of a
variable of interest was equal to zero. A multivariable logistic regression model was used to
assess whher HG use was independently associated with match injuries to all body regions,
adjusted for potential confounders (sex, age lJetackling, previous SRC). Potential
confounders were included in the model if a univariate association was demonstra@etD(p <
with the outcome variable, with HG retained in the model. Results from the model were
reported using adjusted odds ratiagwv®5% confidence intervals. Performance of the model
was assessed using Hosrhemeshow goodness of fit (GOF) and area uneeeiving
operator characteristics curve (AUROC), with multicollinearity assessed using variance
inflation factors. A pvalue 0f<0.05 was defined to be statistically significant. Analyses were
conducted using Stata v15.1, College Station, TX, USA.

44 Res$ o s

Among 409 eligible players from 20 recruited teams, 400 (including 170, 42.5%
female) players were monitored for injuries,lglirg 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 yearg). Amon
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