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ABSTRACT

Concussion is the most common match injury in rugby union.
Some players wear padded headgear, but whether this protects
against concussion is unclear. In professional male rugby union
players, we examined: (i) the association between the use of
headgear and match concussion injury incidence, and (ii)
whether wearing headgear influenced time to return to play
following concussion. Using a nested case-control within a co-
hort study, four seasons (2013-2017) of injury data from 1117
players at the highest level of rugby union in England were in-
cluded. Cases were physician-diagnosed concussion injuries.
Controls were other contact injuries (excluding all head inju-
ries). We determined headgear use by viewing video footage.
Sixteen percent of cases and controls wore headgear. Headgear
use had no significant effect on concussion injury incidence
(adjusted odds ratio=1.05, 95 % Cl: 0.71-1.56). Median num-
ber of days absent for concussion whilst wearing headgear was
8 days, compared with 7 days without headgear. Having sus-
tained a concussion in the current or previous season increased
the odds of concussion more than four-fold (odds ratio=4.55,
95% Cl: 3.77-5.49). Wearing headgear was not associated with
lower odds of concussions or a reduced number of days' ab-
sence following a concussion.

Introduction

Concussion is the most common match injury in professional men’s
rugby union and accounted for 21 % of all injuries in the highest
level of rugby in England between 2014/2015 and 2018/2019 [1].
There are a variety of strategies that could be employed to target
a reduction in concussion risk in collision sports, including policy
and rule changes (e. g., modifying contact [2, 3]), injury prevention

exercise programmes [4, 5], and wearing protective equipment [6].
In relation to protective equipment, rugby union players are al-
lowed to wear padded headgear [7]. World Rugby, the internation-
al governing body for rugby union, state that padded headgear is
“not intended nor expected to protect against any form of mild
traumatic brain injury” [8], but research evidence regarding a pro-
tective effect against concussion is unclear at present [9].
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In observational studies of rugby union, there is mixed evidence
as to whether there is a reduced incidence of concussion in those
wearing headgear. In a sample of over 750 professional rugby play-
ers over three seasons, overall concussion incidence was 4.1/1000
hours, and there was a lower incidence of concussion in players
wearing headgear (2.0/1000 h, 95 %Cl: 1.0-4.1) than in those who
did not (4.6/1000 h, 95 %Cl: 3.7-5.7) [10]. Supporting these find-
ings, a cohort study of 3000 non-professional rugby players found
those who self-reported always wearing headgear had a lower in-
cidence of concussion (rate ratio=0.57, 95 %Cl: 0.40-0.82) [11].
In contrast, a cohort study of 304 non-professional players over a
single season showed that padded headgear tended to prevent
damage to the scalp and ears (rate ratio=0.59, 95 % Cl: 0.19-1.86),
but that the incidence of concussion was not lessened by the use
of padded headgear (rate ratio=1.13, 95 %Cl: 0.40-3.16) [12].

Two intervention studies have focussed on the effect of wear-
ing headgear on concussion incidence in rugby union. In a single-
season study involving 294 school players, there was no difference
in concussion incidence in a headgear group (1179 player expo-
sures, 7 concussions) when compared with a control group (357
player exposures, 2 concussions) [13]. Similarly, in a larger cluster
randomised controlled trial involving 3686 young male players
(aged 12-21 years), compared with not wearing headgear, wear-
ing “standard” (incidence rate ratio=1.11, 95%Cl: 0.69-1.21) or
“modified” (incidence rate ratio=1.01, 95 %Cl: 0.67-1.69) head-
gear did not reduce incidence of concussion when compliance was
taken into account.[14] The authors did explicitly note potential
for bias associated with a range of factors, highlighting poor com-
pliance as a major limitation.

Itis notable that all of the studies described above were pub-
lished before 2010, and it is very likely that at this time concussion
was dramatically under-reported [15]. In professional rugby union,
since 2011 there has been an operational definition of concussion
that has improved the detection and recording of concussion,
which has contributed to an increase in concussion incidence [1].
An operational definition of concussion, routine surveillance of all
injuries, and the availability of video footage for all matches offers
more accurate recording of both concussion and headgear use
(using video) than in previous studies. In addition, in the observa-
tional studies, previous concussion history has not been included
as a confounder, despite the fact that previous concussion might
influence a player’s choice as to whether or not to wear headgear.
The primary aim of this study was to examine the association be-
tween the use of headgear and match concussion injuries in pro-
fessional male rugby union players. The secondary aim was to de-
termine whether wearing headgear influences time to return to
play following concussion.

Materials and Methods

Study design and participants

This is a nested case-control study within a larger longitudinal co-
hort study, and was conducted in a population of 1117 first-team
male professional rugby union players (2554 player seasons) com-
peting at the highest level of rugby in England. The study is a sec-
ondary analysis of data collected as part of the Professional Rugby

Injury Surveillance Project over four seasons (2013-2017) from all
clubs participating in the English Premiership in each season. A fa-
vourable ethical opinion for all injury data collection was given by
the Research Ethics Approval Committee for Health at the Univer-
sity of Bath and written informed consent was obtained from each
player on an annual basis. The study was carried out according to
the ethical standards of the journal [16]. We did not directly include
patient and public involvement, but the project steering group in-
cludes key stakeholders (i. e., policy-makers, coaches, practition-
ers, player representatives). There was no a priori sample size cal-
culation, but the recommendation that 200 injury cases are need-
ed to detect small-to-moderate associations between risk factors
and injury [17] was considered.

Procedures

Injury data were collected as part of the Professional Rugby Injury
Surveillance Project for which club medical staff reported all match
injuries via a standard electronic injury report form (Rugby Squad,
The Sports Office UK Ltd). Injuries were included if they resulted in
time loss, which was defined as preventing a player from fully par-
ticipating in all training and match activities typically planned for
that day for a period of greater than 24 h [18]. As part of the injury
report, the match event associated with the injury was recorded
and subsequently characterised as a contact (i. e., associated with
tackles, scrums, rucks, mauls, lineouts, or collisions) or non-con-
tact (i. e., associated with running or kicking) injury. Specificinjury
diagnoses were also recorded. Physician-diagnosed concussion was
recorded according to the operational definition that was devel-
oped to support the Head Injury Assessment (HIA) process for use
in elite rugby union. The HIA process has been described previous-
ly [19] and is a three-stage process that incorporates: (i) HIAO1, in-
game, immediate removal of players showing clear signs of con-
cussion, or, where a meaningful head impact has occurred, an off-
field screening process supported by an abridged version of the
Sports Concussion Assessment Tool (SCAT); (ii) HIA02, a detailed
post-game medical assessment within 3 h of the head impact event
supported by the Sports Concussion Assessment Tool (SCAT); and
(iii) HIA03, a detailed medical assessment 36-48 h after the head
impact event to monitor clinical progress and to confirm or refute
a diagnosis of concussion, supported by the Sports Concussion As-
sessment Tool (SCAT). Ultimately, experienced team doctors made
afinal diagnosis of concussion, supported by the HIA process, based
on positive clinical signs or symptoms or clinical judgement at any
of the three stages.

Eachinjury report recorded whether or not the player was wearing
headgear at the time of the injury. To verify practitioner-reported
headgear use, video footage of matches was reviewed by two mem-
bers of the research team (RTS and EM) to determine whether each
injured player was wearing headgear during the match. Permissible
headgearis clearly defined by World Rugby [8], and as such there is no
ambiguity about whether a player should or should not be included
as wearing headgear. Headgear use data from the video review was
used in all further analysis.

For calculation of incidence rates, exposure to match play was
calculated based on 15 players per team playing for 80 min per
match (i. e., 2400 min of exposure per match) multiplied by the
total number of matches played. Injury severity was reported as
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the number of days absent from full training and/or match play as
aresult of aninjury.

Cases were players who sustained physician-diagnosed concus-
sion injuries. Controls were players who sustained other contact
injuries (excluding all head injuries); these were chosen as controls
to allow comparison of injuries with a similar mechanism as con-
cussion (i. e., physical contact leading to injury rather than gradual
onset injuries or soft-tissue injuries that did not involve contact). A
supplementary analysis was conducted using all other injuries to
body locations other than the head (i. e., including non-contact
time-loss injuries) as the control.

Data analysis

Agreement between practitioner-reported and video verified head-
gear use was determined by calculating Cohen’s kappa [20]. All es-
timations were made using R (version 3.6.0; R Foundation for Statis-
tical Computing, Vienna, Austria). A generalised linear mixed effects
model was used to produce odds ratio (OR) estimates with 95 % con-
fidence intervals (Cls) for the effect of headgear use on contact in-
jury rates. This model was implemented via the Ime4 package assum-
ing a binomial distribution with logit link function [21]. Covariates
included in the model were selected a priori based on prior knowl-
edge and available data. The included covariates were age, position-
al group (forward/back), playing season, and number of concussion
eventsin the current or previous season [22]. There were three miss-
ing data points for the positional group covariate and 101 missing
data points for age. No imputation was performed for missing data
as these were assumed to be ‘missing completely at random’ and so
would not bias the model estimates. The nested case-control design
allowed the number of concussion events in the current or previous
season to be collated from the longitudinal cohort study data set.
Confounders that we could not account for in the data included life-
long concussion history, any premorbid conditions that might affect
the risk of concussion or recovery time, and risk-taking or aggressive
behaviour. Playeridentity and team were included as random effects
to account for repeated observations and clustering, and were as-
sumed to be normally distributed (with mean 0). The severity distri-
butions for concussion injuries were compared between those wear-
ing headgear and those without headgear using the Kaplan-Meier
method and log-rank test [23]. All estimates are presented with 95%
confidence intervals.

Results

Incidence of concussion, and all injuries and contact injuries over
each year of the study are shown in > Table 1. In total, 2453 inju-

ries were recorded, but video footage and injury report data could
not be linked for 206 of these injuries (primarily because video foot-
age of the match was not available). From the remaining 2247 in-
juries, 417 concussion cases and 1239 non-concussion contact in-
jury controls were identified. Injury reports and video verification
showed moderate agreement (92 % agreement; kappa, 0.66, 95 %
Cl: 0.62-0.71) for headgear use in all injuries, concussion cases
(94 % agreement; kappa, 0.79, 95 % Cl: 0.71-0.87), and of non-con-
cussion contact injury controls (90 % agreement; kappa, 0.62,95%
Cl: 0.56-0.68). All subsequent analysis used headgear use data
from the video review.

» Table 2 shows the variables by case and control status. Of the
417 concussion cases, 67 (16 %) were confirmed to be wearing
headgear. Of the 1239 non-concussion contact injury controls, 199
(16 %) were confirmed to be wearing headgear. Headgear use had
no significant effect on concussion injury incidence after adjusting
for relevant covariates (adjusted odds ratio=1.09, 95 % Cl: 0.74-
1.63; » Table 2). The headgear effect was consistent in the unad-
justed model (odds ratio=1.02, 95 % Cl: 0.72-1.43), when contact
head injuries were included in the controls (adjusted odds
ratio=1.07,95% Cl: 0.72-1.58) and when non-contact injuries
were included in the controls (adjusted odds ratio=1.13, 95 % Cl:
0.77-1.65). There was no significant difference in the severity dis-
tribution of concussion injuries incurred whilst wearing headgear
versus concussions incurred without headgear (median differ-
ence=1day, P=0.63;» Fig. 1), with median time-loss of 8 days and
7 days, respectively. Having sustained a concussion in the current
or previous season increased concussion injury incidence more than
four-fold regardless of headgear status (adjusted odds ratio=4.55,
95% Cl: 3.77-5.49; » Table 2). Of all cases wearing headgear, 93 %
had sustained a concussion in the current or previous season, com-
pared with 99 % for cases not wearing head gear, 32 % for controls
wearing headgear, and 33 % for controls not wearing headgear. A
relatively low number of contact injuries (excluding concussions)
in 2015-16 compared with the reference season (2013-14), cou-
pled with a higher number of concussions (> Table 1) resulted in a
significant odds ratio for the 2015-16 season (adjusted odds
ratio=1.57,95% Cl: 1.05-2.35). Playing position (adjusted odds
ratio=0.94,95% Cl: 0.70-1.25) and age (adjusted odds ratio=0.98,
95 % Cl: 0.94-1.02) were not significantly associated with concus-
sion injury incidence.

Discussion

We examined the use of headgear and concussion injury in profes-
sional rugby union players. The main finding was that, in a setting

> Table 1 Match exposure, and number and incidence of all injuries, concussions and all other contact injuries (excluding concussions). Mean (95 % Cls)

are reported per 1000h (/1000 h).

Year Match All injuries Concussion Non-concussion contact injuries
exposure (hours) N= Incidence (/1000h) | N= | Incidence (]1000h) | N= Incidence (/1000 h)

2013-14 8160 645 79.0 (73.2-85.4) 80 9.8 (7.9-12.2) 399 48.9 (44.3-53.9)

2014-15 8200 577 70.4 (64.9-76.3) 93 11.3(9.3-13.9) 316 38.5(34.5-43.0)

2015-16 7162 446 62.3 (56.8-68.3) 113 15.8 (13.1-19.0) 241 33.6(29.7-38.2)

2016-17 8100 785 96.9 (90.4-103.9) 170 21.0(18.1-24.4) 427 52.7 (47.9-58.0)

All Years 31622 2453 77.6 (74.6-80.7) 456 14.4 (13.2-15.8) 1383 43.7 (41.5-46.1)
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> Table 2 Distribution of variables and results of the logistic regression analysis for the concussion cases and contact-injury controls.

Predictor Variable Cases (n=417) | Controls (n=1239) | Adjusted Odds Ratio (95% CI) | P-value
Headgear use

No 84 % (n=350) 84% (n=1041) reference

Yes 16% (n=67) 16% (n=198) 1.09 (0.77-1.63) 0.66
Season

2013-14 19% (n=79) 31% (n=384) reference

2014-15 22%(n=92) 24% (n=297) 1.17 (0.78-1.76) 0.44
2015-16 26%(n=108) | 18%(n=223) 1.57 (1.05-2.35) 0.03
2016-17 33%(n=138) | 28% (n=335) 0.93 (0.62-1.38) 0.71
Mean £SD number of concussions in current/previous season | 1.5£0.9 0.4+0.7 4.55 (3.77-5.49) <0.001
No headgear 1.5+0.9 0.4£0.8

Headgear 1.6+1.1 0.4+0.7

Median (IQR) number of concussions in current/previous season | 1 (0-2) 0(0-1)

Positional group

Backs 42% (n=175) 39% (n=483) reference

Forwards 58%(n=242) | 61%(n=756) 0.94 (0.70-1.25) 0.67
Age (years) 26.2£3.7 26.3%3.8 0.98 (0.94-1.02) 0.26

p=0.63

Proportion of players
o
w1
o

o _

——

0 50 100 150
Days absent

Group =— No Headgear Headgear

> Fig. 1 Kaplan-Meier survival curve for time to return to full train-
ing or match play in concussed players wearing headgear and not
wearing headgear at the time of injury.

where concussion identification and diagnosis was of a high stand-
ard and where video footage was used to verify headgear use, wear-
ing headgear was not associated with concussion. Days’ absence
due to concussion was not different when players were or were not
wearing headgear. The number of concussions sustained in the cur-
rent or previous season was associated with an increased the odds
of concussion.

Why doesn’t headgear reduce concussion?

The finding that the use of headgear that is permitted by the inter-
national governing body was not associated with concussion is in
agreement with intervention studies in rugby union [13, 14]. Fur-

thermore, there was no difference between wearing and not wear-
ing headgear in terms of the number of days missed following con-
cussion, which supports previous findings of similar acute concus-
sion outcomes in helmeted and unhelmeted sports [24]. The
primary purpose of padded headgear is to prevent abrasions and lac-
erations, with evidence of reduced damage to the scalp and ears
when wearing headgear [12]. This could not be explored in the pre-
sent study because most such injuries do not typically result in time
loss; only one 24-h time loss injury abrasion or laceration to the scalp
was recorded in the current data set. Headgear might also attenu-
ate linear forces when the head does not move, but angular acceler-
ation is an important contributor to the risk of sustaining a concus-
sion [25], and there is no evidence that headgear can reduce head
movement during impacts. As such, currently available rugby union
headgear is unlikely to confer a biomechanical benefit that reduces
either the incidence or severity of concussion. In this context, it is in-
teresting to note that only 16 % of players who sustained an injury
were wearing headgear, reflecting relatively low levels of use.

Recent concussion is a strong risk factor for concussion

Consistent with findings other settings [26-28], previous concus-
sion was found to be a risk factor for subsequent concussion. This
might be because some individuals are at greater risk of concus-
sion in the first place, because an initial concussion leaves an indi-
vidual more vulnerable to subsequent concussion or most likely
both. In fact, previous concussion has been identified as a risk fac-
tor for all injuries in a variety of sports settings [22, 29, 30], with
prolonged motor system and attentional deficits highlighted as
possible explanations [31]. Further work is needed to understand
patterns of multiple concussions in athletes over the course of their
careers to improve concussion management.

Strengths and limitations

One strength of this study is that we employed video verification
to determine whether a player who sustained an injury was wear-
ing headgear. This overcomes the challenges of using self-report
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methods or relying on practitioners to record headgear use. How-
ever, there was moderate agreement between practitioner-report-
ed headgear use and video verified headgear use. For an injury re-
port form field that might be considered irrelevant when reporting
anything other than head injuries, this indicates good reporting
compliance. In this setting, practitioner reported headgear use ap-
pears acceptable without the further need for video verification.
Concussions were physician-diagnosed according to standard and
rigorous criteria. In addition, given that they were also injured, we
would argue controls were representative of the headgear experi-
ence of the source population that produced the concussion cases.
Known confounders were addressed in the design (controls also
experienced an injury event) and through regression modelling
(e.g., concussion history).

Limitations to the study included that it was not possible to iden-
tify all players who sustained injuries on video, though this account-
ed for less than 10 % of injuries and the sample size was still large.
Secondly, we did not have a record of each player’s entire concus-
sion history, and therefore we could only adjust for recent concus-
sions. It is notable, however, that a very large proportion of cases
(both those wearing and not wearing headgear) had a history of
concussion in the current or previous season and that the number
of recent concussions was not different between players choosing
to wear headgear and those choosing not to wear headgear. A fur-
ther limitation is that, over the four seasons of data, the concussion
incidence rate increased, indicating improved identification of con-
cussion over this period. Although it is likely that some concussions
were not identified in the earlier seasons of the study, the differ-
ence in number of concussions in each season was adjusted for in
the model. It is also possible that player reporting of concussion
was different in those wearing headgear and those not wearing
headgear based on their previous history of and attitudes towards
concussion. We could not account for this in our analysis, but the
operational standards in relation to the identification of concussion
in this professional league should limit any impact in this regard.
We acknowledge that there are confounders that we could not ac-
count for in the data, such as premorbid conditions that might af-
fect the risk of concussion or recovery time as well as differential
management of players returning from concussion. Given that both
cases and controls sustained contact injuries, confounding by risk-
taking or aggressive behaviour in individuals would be similar in
both groups. We also acknowledge that individual exposure data
was not collected in this study.

Conclusion

Professional rugby union players who wore headgear did not have
lower odds of sustaining a concussion, nor did wearing headgear
result in a difference in the number of days’ absence following a
concussion compared with not wearing headgear. This study does
not provide evidence that currently available padded headgear
should be recommended for preventing concussions.
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