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Objectives:Quantify and identify factors associatedwith concussion underreporting in Super League rugby league
players.
Design: Cross sectional survey.
Methods: During the 2022 season preseason, 422 Men's and Women's Super League players completed an online
survey quantifying player demographics, rugby playing history, concussion history, prevalence of, and reasons for
underreporting concussion, concussion knowledge and long-term implications and perceptions of concussion.
Results:Overall, 20% of respondents stated they did not report concussion-related symptoms tomedical staff during
the 2020 and 2021 seasons. The two most common reasons for underreporting concussion were ‘didn't want to be
ruled out of a match’ (35%) and ‘didn't want to let down team’ (24%). 65% of players reported an appropriate level
of knowledge about concussion and potential long-term implications at the start of their senior rugby career, versus
89% now. In relation to concussion knowledge, symptoms were correctly identified on 74% of occasions. 57% of
players surveyed were concerned about the potential long-term implications from concussion, and 11% of players
would encourage their/family members' children to not play rugby league.
Conclusions: The proportion of Super League players who did not report concussion symptomswas similar to rugby
leagueplayers inAustralia. Themain reasons for not reporting concussion appeared to bedue to perceptions ofwhat
is beneficial for the team, suggesting both performance and medical staff should collectively encourage players to
report concussion. A player's attitude towards concussion is potentially an individual modifiable risk factor and
should be considered within the concussion management of players.
© 2023 The Authors. Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Practical implications

• In practice, clinicians should be aware that 1 in 5 rugby league players
did not report concussion-related symptoms to medical staff, most
commonly due to ‘didn't want to be ruled out of a match’ and ‘didn't
want to let down team’, therefore during training and matches medi-
cal practitioners should increase their clinical suspiciousness.
alia. This is an open access article under the CC BY license (http://creativecommons.org/
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• Eighty-nine percent of players reported they have an appropriate
level of knowledge about concussion and the potential long-term im-
plications now, which was higher than at the start of their senior
rugby career (65%), and players could identify concussion symptoms
correctly on 74% of occasions. Therefore, ongoing education and
awareness of concussion symptoms and interventions beyond player
education are also required.

• Given over half of rugby league players were concerned about the po-
tential long-term implications and approximately 1 in 10 players
would encourage their/family members' children to not play rugby
league, at a policy level the findings from this study can be used to en-
sure all stakeholders (inclusive of coaching and medical staff) are in-
volved in any concussion-related interventions for the overall
benefit of the sport.

• The findings of this study agree with similar studies, therefore global
and cross-sport collaboration should be at the heart of concussion in
sport.

1. Introduction

Professional rugby league is played predominantly in Australasia and
Europe by men and women in the National Rugby League (NRL) and
Super League (SL) competitions. Rugby league is a physically demanding
full-contact sport, with a relatively high risk of head collisions, head inju-
ries and concussion.1,2,40 Reported rates of concussion in rugby league
range from 53 up to 404 concussions per 1000 h. These variable rates
are typically due to the nature of reporting, study methodology and/or
the study sample. The incidence of concussion is similar or higher than
other football codes (e.g., rugby union; 20 per 1000 h5 and Australian
Rules Football 6 per 1000 h6). Given the incidence rates of concussion in
rugby league, it is important to quantify and identify factors associated
with concussion reporting from a player's perspective.

Concussion education initiatives and policies at all levels of rugby
league have enhanced concussion awareness,7 although underreporting
of concussion is still prevalent amongst players involved in contact
sports.8–10 In Canadian American football, 82% of players did not seek
healthcare advice for suspected concussion symptoms9; 28% of rugby
union players in the USA11 and 21% of professional fighters (boxers,
mixedmartial artists andmartial artists) concealed concussion symptoms
frommedical staff.10Within theNRL over the 2018 and 2019 seasons, 17%
ofmale players disclosed they under-reported concussion symptoms, and
22% of these players did not report at least one concussion.8 Themain rea-
son for not reporting concussion symptoms was the risk of missing
playing time (57.7%) and not wanting to let down coaches or teammates
(23.1%),8 consistent with National Collegiate Athletic Association
athletes.12 External pressures and performance expectations on profes-
sional athletes have been shown to influence professional players'
decision to not report head injury symptoms compared to junior
athletes.8,13,14 The reporting of symptoms is fundamental for concussion
diagnosis,15 thus the underreporting of concussive symptoms is a signifi-
cant player welfare issue. The clinical consequences of underreporting
symptoms are missed concussions, persistent symptoms, delayed return
to play, altered brain function, and a higher risk of short-term and long-
term injury.8,16 Acute progressive cerebral oedema (“second impact syn-
drome”) may occur if an initial concussion is missed resulting in serious
neurological consequences.16

The constructs of concussion-related knowledge, attitudes and
norms are directly related to one another, yet the dynamics and trans-
ferability of such relationships may be complex.17 Beyond knowledge
and attitudes, norms indicate cultural expectations or standards of so-
cial behaviour.17 More specifically related to concussion, these include
reporting intentions and prior health-seeking behaviours surrounding
concussive injuries,18 perceived stakeholder support and encourage-
ment for concussion reporting, as well as missing games and training
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due to a concussive injury.17 Research into different athlete cohorts
will assist with further understanding of these dynamics.

Whilst data on concussion underreporting exists for the NRL,8 this
study should be repeated in a similar cohort with a larger sample size,
including female players to establish if the same findings are observed
in SL players.19,20 Therefore, the aim of this study was to determine
the rates of concussion underreporting in SL players and establish why
players may not report symptoms or suspected concussions, alongside
establishing basic concussion knowledge and establishing awareness
of the long-term implications of concussion. The findings can help in-
form governing bodies on targeted player education initiatives.

2. Materials and methods

This cross-sectional study used an online survey based on
Longworth et al.8 to quantify concussion underreporting and factors as-
sociated with concussion reporting in rugby league players from the SL.
A link to the survey was emailed to all 658 registered men's (n = 370)
and women's (n = 288) players from SL teams by the Rugby Football
League (RFL) during the 2022 preseason. Players were informed that
completion of the survey was voluntary and anonymised for name,
team, and gender. A total of 422players completed the survey (response
rate 64%). Responses from each league were not possible and the anon-
ymous survey was used to reduce fears of being disadvantaged by sub-
mitting truthful answers. Not all the participants answered every
question in the survey, therefore data are presented relative to the com-
pleted responses.

The survey questions and response options are shown in Supple-
mentary Table 1, with modifications from Longworth et al.8 indicated.

Data analyses were undertaken using Microsoft Excel 2019
(Microsoft Corporation, Washington, USA) and IBM SPSS statistics 27.0
(SPSS Inc., Chicago, USA). Responseswere described as percentages. De-
scriptive analyses and frequency comparisons were performed in SPSS
by first splitting the data into categories: players by age, years playing
senior elite rugby league, international playing experience and primary
playing position; and then comparing to players who did not report a
suspected concussion, the reasons for not reporting a concussion, had
an appropriate level of knowledge about concussion, are concerned
about the long-term implications, and would encourage their/family
members to not play rugby league. Correct, incorrect, and unsure an-
swers for concussion symptoms were compared. Statistical compari-
sons were made using a generalised linear model with binomial
distribution, to examine the associations between underreporting of
concussion symptoms (overall underreporting response) and player
demographics (e.g., concussion education, age, international experi-
ence, concussion diagnosis history and years playing). p<0.05was con-
sidered statistically significant.

3. Results

The distribution of players per age categories were 29% <18 years,
35% 19–25 years, 20% 26–30 years, 15% >30 years. The distribution of
players who played senior elite rugby league for 0–2 years was 53%,
3–5 yearswas 14%, and>5 yearswas 34%. Twenty six percent of players
had played international rugby league, and 58% were forwards and 42%
were backs.

During or following amatch, 29% reported 1–2, 2% reported 3–5 and
1% reported>5 diagnoses of concussion by a doctor in the past two sea-
sons, and 68% of players reported they had not had a concussion. During
or following training, 9% of players reported they had been diagnosed
with a concussion by a doctor 1–2 times and 91% reported they had
not. Outside of rugby, 4% of players had been diagnosed with a concus-
sion by a doctor 1–2 times, and 96% reported that they had not.

Based on the 422 SL players who completed the survey, 20% of
players did not report concussion-related symptoms to medical staff
during the 2020 and 2021 seasons. During or following a match, 17%
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of players responded to not reporting a suspected concussion 1–2 times
and 2% responded to not reporting a suspected concussion 3–5 times.
During or following training, 6% of players responded to not reporting
a suspected concussion 1–2 times and 1% responded to not reporting
a suspected concussion 3–5 times during or following training. Outside
of rugby, 1% of players responded to not reporting a suspected concus-
sion 1–2 times. Of the players who did not report a concussion (20%),
27% were <18 years, 33% were 19–25 years, 30% were 26–30 years
and 10% were >30 years.

Of the players who did not report concussion symptoms to medical
staff, this occurred during a match head injury assessment (HIA)
(63%), during the return to play following a concussion (26%), at pre-
season baseline assessment/medical review (13%), HIA assessment at
training (11%), an incident outside of rugby (1%), or other (18%).

Of the 20% of players that did not report a suspected concussion the
following reasons were given; didn't want to be ruled out of a match
(35%), didn't want to let down team (24%), it occurred during an impor-
tant match or time of the season (19%), didn't want to let down the
coaches (18%), despite the symptoms(s), didn't think the symptoms
were significant (17%), fear that having a concussion diagnosis would
affect future selection (15%), didn't want to be ruled out of training
(13%), and didn't think the symptoms were related to concussion
(8%). There were 53 unique multiple combinations provided in the re-
sponses, with the most common single answer was ‘didn't want to be
ruled out of a match’.
Fig. 1. The proportion (%) of players by age, years playing senior elite rugby league, internation
cussion, the reasons for not reporting a concussion, had an appropriate level of knowledge abou
family members to not play rugby league.
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Supplementary Table 2 shows the breakdown of player under-
standing of concussion symptoms. Overall, symptoms of concussion
were identified correctly 74 ± 0.2% of times. Potential symptoms of
concussion were identified correctly 77% of occasions. Incorrect
potential symptoms of concussion were identified correctly 43% of
occasions.

Sixty two percent of players reported having annual concussion ed-
ucation at their clubs, 21% reported to not having and 17% reported to
not knowing if they did. Less players (65%) reported an appropriate
level of knowledge about concussion and the potential long-term impli-
cations at the start of their senior rugby career, versus now (89%). Fifty
seven percent of players reported that they were concerned about the
potential long-term implications from concussion, and 11% of players
said they would encourage their/family members' children to not play
rugby league. Of the players who responded that they would encourage
their/familymembers' children to not play rugby league, 28% had previ-
ously tried to hide concussive symptoms from a doctor, 30% did not re-
port a suspected concussion on 1–2 occasions in the last 2 seasons
during a match, 87% were concerned about the potential long-term im-
plications from concussion, and 36% and 23% said they did not have ap-
propriate knowledge at the start of their senior rugby league career or
now about concussion.

Fig. 1a shows a heat map depicting the proportion of players in each
category (i.e., age, years playing senior elite rugby league, and interna-
tional playing experience) who responded to questions on not
al playing experience and primary playing position who; did not report a suspected con-
t concussion, are concerned about the long-term implications, andwould encourage their/
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reporting a suspected concussion, knowledge about concussion and the
potential long-term implications, the potential long-term implications
of concussion and whether they would encourage their/family mem-
bers to not play rugby league. For example, 23% of <18-year-olds stated
they did not report a suspected concussion, during or following amatch
on 1–2 occasions.

Fig. 2 shows a heat map depicting if players responded to questions
on not reporting a suspected concussion, knowledge about concussion
and the potential long-term implications, the potential long-term impli-
cations of concussion and whether they would encourage their/family
members to not play rugby league, which category (i.e., age, years
playing senior elite rugby league, and international playing experience)
theywere in. For example, for the players that stated they did not report
a suspected concussion, during or following a match on 1–2 occasions,
37% were <18 years old.

There were no statistically significant associations between interna-
tional playing experience or annual concussion education and
underreporting of concussion symptoms. Players aged 26–30 years
had higher odds of underreporting concussion symptoms, compared
to players >30 years (OR 2.26, p = 0.03). Players who had reported at
least 1–2 diagnosed concussions in thepast two seasons,were less likely
to report concussion symptoms to medical staff than players with no
previous diagnosed concussion (OR 2.06, p=0.03). Playerswhohad re-
ported at least 3–5 diagnosed concussions in the past two seasons were
less likely to report concussion symptoms to medical staff than players
with no previous diagnosed concussion (OR 5.60, p = 0.04). Players
with 0–2 years playing experience were less likely to under-report
Fig. 2. The proportion (%) of players who; did not report a suspected concussion, the reasons fo
concerned about the long-term implications, and would encourage their/family members to n
experience and primary playing position.
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concussion symptoms, compared to players with >5 years' experience
(OR 0.65, p = 0.04).

4. Discussion

Recognising, managing, and reducing concussion is a priority for
contact sports. This study determined the rates of concussion
underreporting in SL players and identified reasons why players may
not report symptoms or suspected concussions, alongside an assess-
ment of concussion knowledge and establishing awareness of the
long-term implications in the largest cohort to date. A third of all players
reported at least one concussion diagnosed by a doctor in the last two
seasons. One in five SL players did not report concussion symptoms,
similar to the NRL.8 The two most common reasons for underreporting
concussion symptoms were ‘didn't want to be ruled out of a match’ and
‘didn'twant to let down team’. At the start of their senior rugby league ca-
reer versus now, there was an improved level of knowledge about con-
cussion and the potential long-term implications. More than half of
players surveyed were concerned about the potential long-term impli-
cations from concussion, and one-in-ten players would encourage
their/family members' children to not play rugby league. As with previ-
ous research in theNRL,8 players in the SLwere less likely to report con-
cussion symptoms to medical staff if they had been diagnosed with a
concussion previously.8 The diagnosis of concussion relies on the honest
reporting of symptoms by players along with visual and objective clini-
cal signs identified by clinicians.16,21 Underreporting of concussion
symptoms may be a potentially modifiable risk factor, through
r not reporting a concussion, had an appropriate level of knowledge about concussion, are
ot play rugby league by age, years playing senior elite rugby league, international playing
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appropriate interventions,22 and should be considered by all rugby
league stakeholders. Challenging the misconceptions about injury risk
and creating a culture that both reinforces and encourages concussion
reporting with clear support from parents, players, staff and coaches,
may assist with improving rates of underreporting.22

One fifth of players surveyed did not report suspected concussion
symptoms in the last two seasons, similar to the NRL8 and other
sports.10,11,23 Longworth et al.8 observed 13% of U20s did not report a
likely concussion, less than the 27% of<18-year-olds in this study, high-
lighting the potential pressures young players face.24,25 Playerswhohad
reported at least 1–2 diagnosed concussions in the past two seasons
were twice as likely to underreport a concussion tomedical staff, similar
to NRL findings.8 Potential objective concussion recognition initiatives
(e.g., real-time video, independent doctors, spotters, clear category 1
symptom definitions,15 electroencephalogram [EEG],26 biomarkers27)
may help reduce the reliance on player reporting when objective
markers of concussion are not available or evident.

This study found that themain reasons for not reporting concussion
were player perceptions of what is beneficial for the team (not wanting
to be ruled out of amatch; 35%, notwanting to let the teamdown; 24%, and
the injury occurring at an important time of the season; 19%), suggesting
referees, coaching, performance, and medical staff should collectively
encourage concussion reporting. Similar reasons were also reported in
theNRL.8 These findings are also consistentwith professional fighters,10

rugby union11 and NCAA athletes.12 Therefore cross-sport global initia-
tives, involving coaches and referee education, may also be advanta-
geous in reducing concussion underreporting.28,29

Fewer SL players compared to NRL (62% vs 85%) reported having an-
nual concussion education at their clubs at the time of completing the
survey.8 In the present study receiving concussion education was not as-
sociated with underreporting of concussion symptoms (OR 1.04, p =
0.86). This aligns with the evidence suggesting that education may not
have the benefit of changing athlete behaviour and resulting in a reduc-
tion in injury.28,29 Despite the development of concussion education and
prevention programmes, there is little evidence to support the effective-
ness of such programmes.28,29 Potentially, targeted education focussing
on personal consequences of underreporting, and short- and long-term
implications of concussion underreporting may assist with player behav-
iour change,30 as well as optimising the environment to ensure players
feel there are no negative consequences to reporting potential concussive
symptoms.28

The participants surveyed in the study identifying the correct and in-
correct symptoms of concussion on average 77% and 43% of occasions.
Headaches and confusion were correctly identified at the same rates
as other contact sports.31 Fig. 1 shows that the younger players
(<18 years) in the study reported good concussion education rates
at their clubs, at the start of their careers (86%) and at the time of
the study (96%); whereas the older players' rates had a larger per-
centage difference from the start of their careers to now. This high-
lights that the current and recent RFL education programmes are
reaching youth level rugby league, but the reasons for higher levels
of underreporting in this cohort (Fig. 2) should be investigated,
along with the differentiation in the age-group reporting rates. This
further emphasises that education programmes on their own, may
not be the best method to address negative health-associated
behaviours.32,33 Bespoke interventions for players of different ages
may be useful in addressing concussion-related behaviours.28,29,33

Developing and implementing concussion education and prevention
measures that target concussion-related norms, may improve
concussion related knowledge, attitudes.17

Mental health associated symptoms of concussion were the least
recognised symptoms in this study. Players with greater mental health
literacy have greater health-seeking behaviours, and therefore a better
understanding of personal welfare, and reduced risk of prolonged
injury.34 Mental health consequences of concussion could form part of
future concussion education initiatives.
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This study confirms underreporting of concussion amongst elite
rugby league players. Despite the mandated delivery of annual concus-
sion education programmes and the knowledge of the long-term impli-
cations, players are still underreporting symptoms and concussions are
potentially beingmissed. A global approach to concussion and changing
player perceptions may be beneficial. Concussion diagnosis can be
challenging, and the underreporting of symptoms is potentially
modifiable. Cultural and behavioural change is not only supported
by what the people have learned but also by what they believe.35

Changing of attitudes is the first step in influencing behaviour
change, and shared beliefs will make it possible to change percep-
tions regarding the severity and long-term consequences of
concussions.35 Advances in objective assessments for concussion
diagnosis may lead to a reduced reliance on the self-reporting of sub-
jective symptoms. The uses of instrumented mouthguard
technology,36 EEG monitoring,26 biomarkers,27 and MRI imaging37

may assist in the identification, assessment and diagnosis of concus-
sion. Other contact sports have seen benefit from altering the culture
of violence and tough play by rule changes, financial penalties, ap-
propriate education, and changes in governance of the sport.22

Future cross-sport, and sport-wide education programmes need to
target players and coaches and encourage symptom reporting, to
assist in the diagnosis of concussion, and safeguard player welfare.

This study is not without its limitations. The use of an anonymous
and voluntary survey attempted to reduce bias. It is difficult to assess
the generalisability of the study due to potential reporting and sampling
bias, however the number of participants is the largest cohort to date (n
= 422) in comparison to similar studies,8,10,23 with 64% of the popula-
tion group completing the survey. The survey reliability was not
analysed, as it was based on a questionnaire used in the NRL.8 A limita-
tion of this study is that the questionnaire did not differentiate between
Men's and Women's SL players, therefore gender-specific results were
not possible to analyse. Furthermore, not every question in the survey
was compulsory, therefore somequestionswere skipped. In the reasons
for not reporting a concussion section, possible answers were given,
therefore limiting the full scope of answer that the participant could
give. These suggested answers were based on other similar research
surveys. This may impact the findings as women have been shown to
be more honest reporting concussion symptoms.38,39 An unconsidered
variable in this study is the participant background; future research
might benefit from considering the origin of the players and whether
it influences their reporting behaviours. For example, some players in
this study are fromAustralia, and thereforemay result in cultural differ-
ences regarding the reporting of concussion, and reasons why. This
study should be replicated in the future, with a differentiation for sex,
investigate age-grade and community levels, in addition to evaluating
on-going concussion initiatives.

5. Conclusion

One fifth of SL players did not report concussion symptoms or tried
to hide a potential concussion from a doctor, similar to the NRL.8 Clini-
cians involved in rugby league need to be aware of underreporting, as
it could be a contributing factor tomissing potential concussion diagno-
ses. The underreporting of concussion symptoms is potentially an indi-
vidual modifiable factor. Given the primary reasons for not reporting
concussion (e.g., not wanting to be ruled out of a match and not wanting
to let the team down), performance andmedical staff should be involved
in concussion education to ensure consistency of message and remove
any negative perceptions around concussion reporting.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jsams.2023.09.015.
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