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Objectives: To quantify the incidence of concussion and compare between playing levels in male rugby league.
Design: Retrospective cohort.
Methods: Between 2016 and 2022, medically diagnosed concussions in Super League, Championship, and Acad-
emy competitions were reported to the Rugby Football League via club medical staff. Anonymised data were
analysed using generalised linear mixed-effects models by season, month, and between competitions.
Results: Overall, 1403 concussions were identified from 104,209 player-match hours. Concussion incidence
for Super League, Championship, and Academy was 15.5, 10.5, and 14.3 per 1000 player-match hours,
respectively. Championship concussion incidence was significantly lower than the Super League (p <
0.001) and Academy (p < 0.001). No significant differences were identified between years for Super League
(range: 13.3 to 18.8 per 1000 player-match hours) and Championship (range: 8.4 to 12.1 per 1000 player-match
hours). In Academy (range: 9.6 to 20.5 per 1000 player-match hours), concussion incidence was significantly
greater in 2021 compared to earlier years (2016, p = 0.01 and 2017, p = 0.03). No significant differences
were identified between months for any competition.
Conclusions: The incidence of concussion is greater in Super League and Academy compared to the
Championship. Academy concussion incidence has increased over time. Different factors between and within
competitions, such as changes to medical standards and knowledge, could have influenced the identification
and diagnosis of concussion.
© 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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• The overall incidence of concussion between 2016 and 2022was 15.5,
14.3 and 10.5 per 1000 player-match hours in Super League, Academy
d on behalf of Sports Medicine Austr
and Championship rugby league players, which is higher than
previously reported in similar cohorts.

• Championship rugby league has lower resources than Super League
for medical provision, therefore it is important to delineate if the
lower rates of reported concussion are due to less concussions and
not undiagnosed concussions, due to challenges in identification and
diagnosis at sub-elite levels.
alia. This is an open access article under the CC BY license (http://creativecommons.org/
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• Academy rugby league players had the highest incidence of concus-
sion in 2021, which may be due to the enforced COVID-19 break,
which reinforces the need for rugby league players to be exposed to
appropriate training, specifically related to the tackle.

1. Introduction

Recognising, managing, and reducing concussion are priorities for
sports,1 given the potential immediate health risks, and potential risk to
later-in-lifemental and cognitive healthwhich can include neurodegener-
ative diseases.2,3 National sports governing bodies should ensure the
incidence of concussions is quantified. Given the contact demands of
rugby league,4,5 the sport has a relatively high risk of injury, including
concussion.6,7 The incidence of concussion is currently under-researched
in rugby league in England, compared to Australasian rugby league,8–10

and rugby union.11

A systematic review of concussion in rugby league, reported an
incidence of 0.0 to 40.0 per 1000 player-match hours.6 In the National
Rugby League (NRL [the highest level of senior male professional compe-
tition in Australasia]), the incidence of concussion was 14.9 per 1000
player-match hours.12 Amateur rugby league players had a higher concus-
sion rate (19.1 per 1000 player-match hours) than professional and semi-
professional players (7.1 and 5.9 per 1000 player-match hours).13 In youth
male rugby league players, varied concussion rates have been observed
across competitions in Under-19 (U19) academy players in England
(13.0 per 1000 player-match hours),14 U16 and U18 players in New
Zealand (14.7 per 1000 player-matchhours),15 and17–18 year old players
in Australia (4.6 per 1000 player-match hours).16 In the Super League (the
highest level of senior male professional competition in England and
France), concussions were reported as 5.0 per 1000 player-match hours
between 2013 and 2015.17 Since 2015, the concussion incidence has not
been reported, and there has been no research comparing whether con-
cussion incidence differs between playing levels in England.

It is important to understand the incidence of concussion across vary-
ing levels of rugby league in order to fully understand the risk posed to
players. Therefore, the aim of this study is to describe the incidence of
concussion by season and month between 2016 and 2022, across the
Super League, Championship, and Academy levels in men's rugby league
in England and France. This researchwill also act as a baseline to evaluate
initiatives aimed at reducing concussion in rugby league.

2. Methods

2.1. Study design

This was a retrospective study using data extracted from the Rugby
Football League (RFL) that was recorded prospectively by club medical
team personnel over seven seasons (2016–2022). As part of recognised
medical standards, rugby leaguemedical teams at elite senior and acad-
emy levels must complete a concussion report by a medical doctor or
equivalent. The report was filled out electronically and submitted to
the RFL via email within 24 h of an incident that resulted in a player
being removed from thefield of playwith concussion, or suspected con-
cussion. Anonymised concussion numbers were provided by the RFL.
Exposure for each level (i.e., Super League, Championship, Academy)
was calculated by multiplying the number of games in a season for
each level by the number of players on the field (26) and the duration
of the game (80 min).18 Ethics approval was granted by Leeds Beckett
University, Local Ethics Committee (87571) for secondary data analysis.

All incidents of concussion were reported by either top tier Super
League (n = 12 teams), second tier Championship (n = 14 teams fol-
lowing the expansion from 12 teams in 2019), and RFL Academy (U19
and below; n = 12) teams. The total team seasons for Super League,
Championship and Academy were 84, 90 (2020 COVID-19 shortened
season) and 168 (2020 COVID-19 shortened season). The RFL Academy
structure during the study period consisted of 12 clubs competing at
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two levels, “Academy” and “Scholarship”. The scholarship competition
was for players in the U16 age grade, with the academy initially for
players competing at U19 with a change to U18 in 2020. During 2021,
due to COVID-19 the Scholarship included four matches at the U17
age grade. This study also includes data from the 2020 COVID-19 season,
where matches were suspended between March 16th and August 2nd
2020 for Super League to form a shorter season and cancelled for both
the Championship and Academy until the start of the 2021 season.

2.2. Data sources and definitions

Concussion was operationalised according to the consensus-based
definitions set out in the RFL medical standards following the principles
agreed at the 2016 Berlin conference and the concussion in sport con-
sensus statement.19 The RFL HIA procedure recognises ten category 1
signs and symptoms including: abnormal neurological signs, loss of con-
sciousness, no protective action on falling, traumatic convulsion, impact
seizures, loss of tone, ataxia, memory impairment, confusion, and be-
havioural changes. These features indicate a prompt and permanent re-
moval from play. Category 2 signs and symptoms include: possible loss
of consciousness, loss of responsiveness, possible impact seizures, possi-
ble balancedisturbance and suspected facial injury or fracture. The pres-
ence of these descriptors should prompt the team doctor to initiate a
temporary 15-minute interchange for an off-field assessment. Symp-
toms (e.g., headache), physical signs (e.g., loss of consciousness), bal-
ance impairment, behavioural changes, and cognitive impairment are
used to suspect concussion. The RFL medical standards direct that the
Sport Concussion Assessment Tool—Fifth Edition (SCAT5) be adminis-
tered as part of the multimodal, standardised concussion assessment,
used to aid the clinical diagnosis.20

2.3. Statistical analysis

Concussion incidence rates were calculated as the count of con-
cussions per 1000 player-match hours of exposure: (concussion count /
exposure hours)× 1000. All estimationswere performedusingR (version
4.1.0, R Foundation for Statistical Computing, Vienna, Austria). General-
ised linear mixed-effects models (glmer) were fitted using the lme4
package,21 using a Poisson distribution, log-link function, and offset for
match exposure hours. The count of concussion injuries incurred was
the dependent variable. Predictor variables (i.e., season, month, and com-
petition) were included as fixed effects to evaluate their association with
concussion incidence rates. A random intercept term for ‘playing level’
(Academy, Championship, or Super League) was used to account for
clustering and repeated observations. Data were reported as the mean
and 95 % confidence interval. The emmeans package22 was used to
make pairwise comparisons, with a ‘false discovery rate’ post-hoc cor-
rection used to account for making multiple comparisons.23

3. Results

A total of 1403 (Super League = 538; Championship = 358;
Academy = 507) concussions were reported from a total of 104,209
(Super League = 34,701; Championship = 34,078; Academy =
35,429) exposure hours. The overall incidence of concussion between
2016 and 2022 was found to be significantly greater for Super League
(15.5 per 1000 player-match hours; 95 % CI 14.2–16.9; p < 0.001) and
Academy (14.3 per 1000 player-match hours; 95 % CI 13.1–15.6; p <
0.001) when compared to the Championship (10.5 per 1000 player-
match hours; 95 % CI 9.5–11.7).

Fig. 1 shows the concussion incidence for Super League, Championship,
and Academy by year.Whilst therewas some variation in concussion inci-
dence, no significant differences were observed between years in Super
League or Championship. A larger range of incidences were reported for
Academy, with the lowest identified in 2018 (9.6 per 1000 player-match
hours; 95 % CI 7.5–12.1) and the highest in 2021 (20.5 per 1000 player-



Fig. 1. Incidence of concussion (95 % confidence intervals) per 1000 player-match hours for Super League, Championship, and Academy by year.
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match hours; 95 % CI 16.6–25.5). Within the Academy, the 2018 season
(i.e., lowest year) had a significantly lower concussion incidence than
2017 (p = 0.03), 2021 (p < 0.001) and 2022 (p = 0.01). 2016 was also
significantly lower than 2021 for Academy players (p = 0.01).
Fig. 2. Incidence of concussion (95 % confidence intervals) per 1000 player-
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The incidence of concussion for Super League, Championship, and
Academybymonth can be observed in Fig. 2. Overall, therewere no signif-
icant differences betweenmonths. Themonthswith the highest incidence
of concussion were November for Super League (28.8 per 1000 player-
match hours for Super League, Championship, and Academy by month.
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matchhours; 95% CI 15.0–55.4), January for the Championship (24.7; 95 %
CI 11.1–55.0), and April for Academy (15.5 per 1000 player-match hours;
95 % CI 12.6–19). The months with the lowest incidence of concussion
were October for Super League (11.3 per 1000 player-match hours; 95 %
CI 6.3–20.5), May for Championship (8.7 per 1000 player-match hours;
95 % CI 6.5–11.9) and January for Academy (5.8 per 1000 player-match
hours; 95 % CI 0.8–41.0).

4. Discussion

This study describes the concussion incidence in the highest tier of
rugby league in England and France and, for the first time, compares
concussion incidence between different levels of competition. Overall,
the incidence of concussion between 2016 and 2022 across the Super
League and Academy was greater than the Championship. When con-
sidering between season differences, similar concussion incidence was
observed for both Super League and Championship, however concus-
sion incidence was higher in Academy players after the 2020 season
(2021 and 2022 seasons). Across all levels, nodifferenceswere observed
between months suggesting that concussion incidence does not vary
across a season regardless of the playing level. This study is the largest
of its kind to present concussion incidence in European rugby league
and can act as a reference point for the future.

Concussion incidence in the Super League is similar to the NRL12

(2020; 14.9 concussions per 1000 player-match hours) and lower than
recent years in rugby union11 (e.g., 2018/2019; 20.4 concussions per
1000 player-match hours). Compared to the incidence of concussions
previously reported in the same competition between 2013 and 2015,17

an increase from 4.6 per 1000 player-match hours between 2013 and
2015 to 18.8 per 1000 player-match hours in 2018was observed. Similar
changes are noted in rugby union's English Premiership, with concussion
rates increasing from 5.0 concussions per 1000 player-match hours from
2011/2012 to 20.4 concussions per 1000 player-match hours in 2018/
2019.24 In an effort to improve player welfare with regard to concussion,
the SCAT5 was adopted across sport following the Berlin consensus in
201620 and a number of changes implemented in rugby league by the
RFL since the 2013–2015 study by Fitzpatrick et al.17 This includes an
off-field, in-game head injury assessment of 15 min with a free tempo-
rary interchange (introduced in 2016); mandatory live pitch-side video
replay for medical teams to review injury footage (introduced in 2018);
and the introduction of two home-team doctors (introduced in 2019)
for Super League. However, since 2016 there were no significant differ-
ences between years in Super Leaguewith a similar plateau occurring fol-
lowing the 2016/2017 season in rugby union.25 As a consequence, it is
likely that rather than a rise in the rates of concussions, the interventions
have improved the attention and resources for identifying suspected con-
cussions. This has likely resulted in amore conservative approach to con-
cussion diagnosis and management.

The incidence of concussion in Academy players (14.3 concussions
per 1000 player-match hours) was similar to Super League players in
the current study and previously reported incidence in New Zealand
academy rugby league (14.7 concussions per 1000 player-match
hours).15 Of the previously discussed interventions, only the HIA
has been introduced to Academy level rugby league. Therefore, it is sur-
prising that Academy concussion incidence is comparable to Super
League, given the lower resources. Anecdotally, it is suggested that
extra caution is taken with concussion in youth players in Academy
rugby league, due to the negative short- and long-term consequences
on neurodevelopment.26 This may therefore result in a more cautious
approach to the permanent removal of players from the field of play fol-
lowing a HIA to prioritise player welfare. However, differences could
also be a result of less proficient tackle choice and execution27 or expo-
sure to a greater intensity of competition than players are used to (some
players will enter the talent development system from the community
pathway). To gain further understanding of why the concussion
incidence is similar between Super League and Academy given the
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differences in policy, further research is required into clinical ap-
proaches towards player removal and the mechanisms and confound-
ing factors of concussion (i.e., tackle technique, body mass and player
speed) at different standards. In addition, this should be investigated
within community and women's rugby league.28

Academy was the only playing level with between season differ-
ences in concussion incidence. Higher concussion incidence was ob-
served in 2021 and 2022 compared to the years prior to 2020, the
COVID-19 effected season. It is possible that the increase in concussion
incidence is influenced by limited training and playing opportunities
during the COVID-19 pandemic. The 2020 season was cancelled as a
consequence of the UK lockdown on the 23rd March following initial
games that season, with academy rugby league returning the following
year (2021). Players taking part in the 2021 and 2022 academy
competitions, therefore missed out on a year of technical, tactical,
and physical development within the talent system, potentially neg-
atively effecting the acquisition of appropriate tackle technique29,30

and physical qualities31 that have been associated with increased
concussion rates. Furthermore, an increased risk of concussion in
youth athletes that have contracted COVID-19 has recently been
reported.32 Coaches should therefore consider the effects of COVID-19
or prolonged periods away from training (e.g., long-term injury) on
player development and implement appropriate interventions to sup-
port player safety.33,34

Overall, the concussion incidence in the Championship was signifi-
cantly lower than both the Super League and Academy. The lower inci-
dence of concussions at the Championship level could be a result of
lower medical standards. The Championship is a league that combines
full-time professional and part-time semi-professional clubs (of the
12/14 team league, two or three were full-time per season). During
the study period, except for the HIA, the medical standards outlined
above for Super League were only compulsory for full-time clubs. Addi-
tional scrutiny is also placed on the Super League, with more televised
matches, and potential pressure on clinical staff to be scrupulous with
their decision-making. Compared to Academy, there may be less cau-
tion in the Championship surrounding players and the threshold for a
concussion to be identifiedmay be similar to that of Super League, how-
ever there is less resource to identify them. Players are also more likely
to under-report concussions, especially at part-time clubs where
players rely on income from match appearance fees. It is suggested
that 20 % of Super League players underreport concussions, with 35 %
of those players reporting that they hide their symptoms as they “do
not want to miss games”.35 Given the increased pressure of needing to
play for appearance fees in part-time clubs, this figure may be even
greater in the Championship. The incidence of concussion is therefore
likely impacted by a range of factors and not solely due to an increased
awareness or risk, and policy to prevent concussion may need to con-
sider a broad range of factors including socio-economic considerations
for part-time players.

No differences in concussion incidences across the months of the
season were identified for any of the three competitions. This is similar
to the findings of West et al.25 in rugby union English Premiership.
Whilst the point estimates reported indicate some potential variation
at the start (January) and end of the season (November), due to the lim-
ited number of matches available to sample from these months as they
are outside of the regular season playing window, the confidence inter-
vals display a large degree of uncertainty. Further data collection from
games that occur at these periods of the season is required to confirm
any differences that may be present.

Whilst this study provides the most comprehensive, multi-year
quantification of concussion incidence in elite senior and academy
rugby league players in England and France, it is notwithout limitations.
The RFL collects concussion data routinely, so one would expect coding
and entry errors to be minimal; however, the authors relied on data
being accurately transposed from completed concussion assessments
to a computerised format. As data were anonymised by the RFL, player
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characteristics, including age, player position, and previous concussion
and return date were not available. Therefore, injury severity and bur-
den were not calculable and other influences on concussion incidence
could not be included in the analysis. In addition, it was also not possible
to evaluate factors which could influence concussion incidence such as
tackle mechanisms or physical characteristics.

5. Conclusions

This study provides concussion incidence for rugby league's male
Super League, Championship, and Academies in England and France
between 2016 and 2022. The overall concussion incidence was lower
in the Championship compared to Super League and Academy which
were comparable. These differences are likely a result of improved re-
source for identifying concussion and greater caution for youth players.
Concussion incidence at all levels is higher than previously reported in
the Super League between 2013 and 2015. However, given several
changes in thematch daymedical standards aimed to improve the iden-
tification and diagnosis of concussion, it is not possible to know if the
number of concussions is increasing or rathermore are being identified.
Given the incidence of concussion across all levels of rugby league clini-
cians, practitioners, and governing bodies should continue to optimise
player welfare and mitigate risk in the sport.
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