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play (median 236.0 days).
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Background: Epidemiologic data in professional sport is becoming an increasingly valuable tool in identifying frequently
occurring injuries and developing strategies to reduce their occurrence. Currently, there is a paucity of literature on the
epidemiology of knee injuries in professional male rugby league players.

Methods: We retrospectively reviewed medical records from a single male professional rugby league team (Newcastle
Knights), competing in Australia, and evaluated knee injuries and time to return to play.

Results: In total, 89 knee injuries occurred, with an injury incidence of 616.7 injuries per 1000 players. The most frequently
occurring knee injuries were medial collateral ligament (416.7 injuries per 1000 players) and chondral/meniscal injuries
(416.7 injuries per 1000 players). For all injury types, being tackled was the most common mechanism of injury, and the
median time to return to play was 1 day. Anterior cruciate ligament injuries accounted for the longest time to return to

Conclusion: Medial collateral ligament and chondral/meniscal injury types were the most frequent injuries; however,
anterior cruciate ligament injuries accounted for the most time missed from sport despite being less common.
Professional male rugby league players incur similar knee injury types compared to rugby union based upon our

Key Points

e MCL and chondral/meniscal injuries account for
most of the injuries seen in rugby league.

e Injury patterns and time to return to play are similar
to players in rugby union.

e Larger prospective studies are needed to further
examine these findings.

Background

Epidemiologic data that pertains to a specific code of sport
helps to identify frequently occurring injuries within that
sport. This data can then be used to establish the aetiology
and mechanisms of these injuries, develop and implement
strategies to reduce their occurrence, and then re-assess

* Correspondence: awwgeo@gmail.com
'John Hunter Hospital, Newcastle, NSW, Australia
Full list of author information is available at the end of the article

@ Springer Open

the effectiveness of these changes [1]. Rugby league is a
contact sport played internationally and popular predom-
inantly in the Eastern states of Australia. There are 13
players on each team and the game is played on a rect-
angular field. In rugby union, there are 15 players per
team, scrums are larger, and tackles are followed by the
formation of rucks and mauls. Both rugby league and
union are extremely gruelling contact sports, with alter-
nating periods of high and low-intensity activity. However,
there have been several rule changes to rugby league over
the years that have made it a more free-flowing and taxing
game. These have included the introduction of a max-
imum tackle count to prevent teams from holding the ball
for long periods, replacing scrums with ball handovers re-
ducing the number of stoppages during the game, and
more recently the introduction of extra-time for drawn
games, thereby extending their length.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40798-019-0206-z&domain=pdf
http://orcid.org/0000-0003-2390-7222
http://creativecommons.org/licenses/by/4.0/
mailto:awwgeo@gmail.com

Awwad et al. Sports Medicine - Open (2019) 5:33

Previous studies have examined the distribution of injury
types in professional rugby league, and these have demon-
strated that lower-limb and knee injuries are amongst the
most common injury-type sustained [2, 3]. Despite the high
rate of knee injuries seen in rugby league, there is a paucity
of literature on the epidemiology of such injuries in profes-
sional male players, with current studies undertaking little
analysis of knee injury subtypes in this population [2, 4].
However, other similar codes such as rugby union [5-7],
Australian-rules football [8, 9], American football [10, 11],
and soccer [12, 13] have a greater amount of data. For ex-
ample, studies in rugby union have shown that knee injur-
ies cause the most time missed from playing and training
than injuries compared to other body parts [5].

The aim of our study was to evaluate the type and
characteristics of knee injuries in a professional male
rugby league team, mechanisms of injury, interventions
required, and the time to recovery and to compare this
to similar data in the literature.

Materials and Methods

All players who played for the Newcastle Knights in the
National Rugby League (NRL) competition in Australia
between 2015 and 2017 were included in the study. Their
medical records were reviewed, and all knee injuries
occurring during their time at the club were analysed.
Informed consent was obtained prior to accessing the
medical records of participants of the study. Additional in-
formed consent was obtained from all individual partici-
pants whose identifying information was included in this
article. Ethics committee approval was also obtained from
the local regulatory authority to perform the study.

Players were included in the study if they sustained a
knee injury whilst playing or training in the NRL team/
first-team squad. These injuries were classified by the team
doctor and physiotherapists according to the Orchard
Sports Injury Classification System [14] and recorded into
an electronic database (Smartabase). The type of data re-
corded was based upon the NRL injury definitions and data
collection procedures (Additional file 1; reproduced with
permission from the NRL) and included player demograph-
ics, as well as injury data from games and training. These
injuries were then grouped into broader categories of anter-
jor cruciate ligament (ACL), medial collateral ligament
(MCL), posterior cruciate ligament (PCL)/posterolateral
corner (PLC), chondral/meniscal, patellofemoral joint
(PFJ)/extensor mechanism, or other minor injuries.

Table 1 Demographic data for all injuries
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Players were excluded from the study if they were not in
the NRL team/first-team squad as training regimens and
playing schedules were different for players in different
squads. Players were also excluded if the injury sustained
occurred whilst playing for another club as medical records
of these injuries were not available for review. Finally,
players sustaining an injury that did not directly involve the
knee (e.g. hamstring injury) were also excluded.

The variables that were evaluated included the type of
knee injury (ACL, MCL, PCL/PLC, chondral/meniscal,
PFJ/extensor mechanism, or other minor injury), player
demographics, details of injury (in game/training, con-
tact, illegal play), primary mechanism of injury (getting
tackled, tackling, running, changing direction, twisting,
direct blow, insidious, other or unknown), recurrence,
whether operative treatment was required, and the time
taken to return to play (RTP).

The definitions of injury and injury recurrence were as
per guidelines supplied by the NRL, entitled NRL injury
definitions and data collection procedures (Additional
file 1). An injury was defined as any physical complaint,
which was caused by the participation in rugby league
training or a match, which required the need for medical
attention or resulted in time loss from rugby league
activities. Illegal play was defined as any injury caused by
play resulting in a foul or penalty. RTP was defined as
the time from onset of injury until the time the player
was deemed fit enough for selection and not requiring
any training modifications. The decision to return to
play was made on a case-by-case basis by the medical
team (physiotherapists and team doctor in conjunction
with any consulted medical professionals).

All player data was collected, de-identified, and analysed
in a Microsoft Excel spreadsheet. Data were reported as
means and medians and rounded to a single decimal
point. Injury incidence was also calculated and recorded
as injuries per 1000 players.

Results

In total, 60 players were included in the study that had
played for the Newcastle Knights professional rugby
league team in the NRL in seasons 2015 to 2017. All in-
juries sustained by players during their time at the club
were evaluated. Players were on average 24.1 years of age
with a body mass index (BMI) of 29.2. The majority of
players in the study suffered a knee injury at an inci-
dence of 616.7 injuries per 1000 players (Table 1).

Total Total Total number Proportion knee  Incidence Number of Average BMI (range)  Average age (range)
number number of players injuries in (injuries/ different types

of knee injuries  of players suffering knee injury  squad (%) 1000 players) — of knee injuries

89.0 60.0 37.0 61.7 616.7 210 29.2 (246-332) 24.1 (17.0-35.0)

BMI body mass index
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Injury Types

The most frequently occurring knee injuries were MCL
and chondral/meniscal injuries. Other/minor injuries
also occurred frequently; however, ACL injuries occurred
the least frequently (Table 2). Of the three ACL injuries
in our study, one was a graft rupture in a player who
had previously sustained a primary ACL rupture at the
club, and the other was a tibiofemoral dislocation in
which the player also suffered a lateral collateral liga-
ment tear and common peroneal nerve palsy. Players
with PFJ/extensor mechanism injuries were the youngest
and had the greatest BMI as compared with the other

injury types.

Mechanisms of Injury

More injuries occurred during a game than during train-
ing, with 2% due to illegal play. The majority of injuries
were contact in nature, with two of the three ACL injuries
being due to contact (Table 3).

Primary injury mechanisms were divided into 10 categor-
ies as listed in Table 4. The most common mechanism was
getting tackled (25.8%), closely followed by tackling (20.2%)
and insidious causes (20.2%). The majority of both MCL
tears and chondral/meniscal injuries were due to getting
tackled, and the majority of PFJ/extensor mechanism injur-
ies were due to insidious causes.

Recurrent Injuries

There were 73 new injuries sustained and 16 recurrent
injuries. One player sustained an ACL graft rupture 2
years following the initial ACL reconstruction. PF]/ex-
tensor mechanism injuries had the lowest recurrence of
any injury, with only one of 11 recurring (Table 5).

Operative Treatment

Overall, the majority of players suffering a knee injury in
our study did not require surgery, with only 12 undergoing
operative treatment. All ACL tears underwent surgical
treatment, with one player who sustained a tibiofemoral
dislocation and subsequent multi-ligament knee injury

Table 2 Demographic data of injury types
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requiring LCL reconstruction and delayed ACL reconstruc-
tion. All MCL tears, PCL/PLC tears, and other/minor injur-
ies were managed non-operatively. One player with a PFJ/
extensor mechanism injury required surgery after sustain-
ing a patella dislocation and undergoing arthroscopy for
removal of loose bodies (Table 6).

Return to Play

The average time taken to RTP from all injuries was just
under 3 weeks, and the median value was 1 day. ACL in-
juries accounted for the longest time to RTP. At the
time of publication, the player suffering a tibiofemoral
dislocation was still undergoing rehabilitation and had
not yet returned to play. The other player who sustained
an ACL injury returned to playing first-grade rugby
league after his initial rupture but was still in rehabilita-
tion after his subsequent graft rupture. PCL/PLC injuries
(median 31.0 days) had the second longest median RTP.
Players suffering chondral/meniscal and PFJ/extensor
mechanism injuries and other/minor injuries had the
lowest median times to recovery (Table 7).

Discussion

Knee injuries occurred in the majority of subjects in our
study (37 of 60 players), with MCL tears and chondral/
meniscal injuries accounting for most of these injuries.
Just over half of all injuries occurred during games
(55.1%), with being tackled the most common mechanism
of injury. The majority of players suffering any knee injury
were treated non-operatively (86.5%), with all ACL injuries
undergoing surgery. ACL tears caused players to miss the
most time from games (median 236.0 days).

After reviewing the literature, there were no other dir-
ectly comparable studies focusing on the epidemiology of
knee injuries in professional male rugby league. A study
by Gibbs et al. [2] identified 141 injuries of all types occur-
ring at an Australian professional rugby league club over a
3-year period and found that knee injuries were the most
common injury sustained (24.1%). Whilst they did not
specify each type of knee injury, they stated that MCL
injuries were the most common (10.6%), ACL injuries

Type of injury Total number of type  Proportion (%)  Incidence (injuries/1000 players)  Average BMI (range) ~ Average age (range)
MCL tear 250 281 294 (246-32.9) 236 (180-32.0)
ACL? 3.0 34 50 282 (27.8-29.0) 213 (19.0-24.0)
PCL/PLC 80 9.0 1333 29.0 (26.3-32.0) 25.1 (18.0-33.0)
Chondral/meniscal 250 281 284 (26.0-329) 24.7 (19.0-29.0)
PFJ/extensor mechanism  11.0 124 183.3 30.1 (26.0-32.9) 20.9 (17.0-29.0)
Other/minor* 17.0 19.1 2833 288 (26.0-33.2) 23.5(19.0-35.0)

BMI body mass index, MCL medial collateral ligament, ACL anterior cruciate ligament, PCL/PLC posterior cruciate ligament/posterolateral corner, PFJ

patellofemoral joint

*| njuries included: ITB friction syndrome, Baker’s cyst, joint capsule irritation, pes-anserine bursitis, Hoffa’s fat pad impingement, contusion, knee pain

*Injuries included: ACL graft rupture, tibiofemoral dislocation



Awwad et al. Sports Medicine - Open (2019) 5:33

Page 4 of 7

Table 3 Injury details (game/training, illegal play, contact) as a function of injury type

Type of injury Number injuries during Proportion  Number injuries during game due to Proportion  Proportion  Proportion
game (%) illegal play (%) (%) (%)

MCL tear 19.0 76.0 0.0 0.0 88.0

ACL 30 100.0 0.0 0.0 66.7

PCL/PLC 6.0 750 00 00 62.5

Chondral/meniscal 120 480 20 16.7 48.0

PFJ/extensor 30 273 00 0.0 9.1

mechanism

Other/minor 7.0 412 0.0 0.0 353

All injuries 49 55.1 2 22 539

MCL medial collateral ligament, ACL anterior cruciate ligament, PCL/PLC posterior cruciate ligament/posterolateral corner, PFJ patellofemoral joint

occurred in 4.3%, and knee lateral capsule occurred in
2.1% of the players. These were the only subtypes of knee
injury listed, and hence, the results are difficult to com-
pare to our own study.

Whilst there were no directly comparable studies in
rugby league, our results were comparable to a similar
study in rugby union players by Dallalana et al. [5]. They
evaluated 211 knee injuries in 12 clubs in the English
Premiership (a professional male rugby union competi-
tion in England) over 2 seasons. Knee injuries occurred
more often in match play than during training (an inci-
dence of 11.0 vs 0.16 injuries per 1000 player-hours).
They found that MCL (28.9%), other/small injuries
(27.0%), and chondral/meniscal injuries (18.5%) were the
most common injuries sustained. These proportions are
similar to those seen in our study; however, chondral/
meniscal injuries were more prevalent in our study com-
pared with rugby union players (28.1% vs 18.5% respect-
ively). The mechanisms of injury were similar to those
seen in our study, although tackling was more common
than getting tackled as a cause of injury in rugby union
(the opposite to our study). Interestingly, the authors of
the rugby union study defined an injury as those causing
a player to miss training or game activity for a period of

at least 24 h, which was slightly different to that in our
study. It was unclear who decided on RTP in the rugby
union study; however, the authors state that medical
personnel reported all knee injury episodes, so presum-
ably, these personnel also determined when a player was
fit to RTP. In our study, the physiotherapists and team
doctor in conjunction with any consulted medical pro-
fessional made this decision. Bearing this information in
mind, time to RTP was similar for most injuries in both
studies.

In our study, MCL and chondral/meniscal injuries
accounted for 56.2% of the knee injuries sustained and
were the most frequent injury types. Whilst the median
time to RTP for players with chondral/meniscal injuries
was only 4.0 days, it took players more than 3 times as
long to recover from MCL injuries (median 14.5 days,
with an average time of 19.1 days). In rugby union, MCL
injuries are also the most common injury seen [5], as well
as in an American football [15], and form a high propor-
tion of injuries in Australian-rules football [8, 16]. In
rugby union and Australian-rules football, the average
time missed from MCL injuries is 32 days and 25.2 days
respectively. However, chondral/meniscal injuries account
for a larger amount of average time missed in both rugby

Table 4 Primary mechanism of injury as a function of injury type (%)

Type of injury Getting Tackling Running Changing Twisting Direct Insidious  Other (jJumping, kneeling, Unknown
tackled direction blow kicking)

MCL tear 44.0 320 0.0 4.0 4.0 4.0 4.0 0.0 80

ACL tear 333 333 0.0 0.0 0.0 0.0 0.0 333 0.0

PCL/PLC 250 375 125 125 00 0.0 125 0.0 0.0

Chondral/meniscal 280 16.0 0.0 120 4.0 4.0 120 8.0 16.0

PFJ/Extensor 9.1 9.1 9.1 0.0 0.0 0.0 72.7 0.0 0.0

mechanism

Other/minor 59 59 294 59 0.0 17.6 294 59 0.0

All injuries 258 20.2 79 6.7 2.2 56 20.2 45 6.7

MCL medial collateral ligament, ACL anterior cruciate ligament, PCL/PLC posterior cruciate ligament/posterolateral corner, PFJ patellofemoral joint
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Table 5 New and recurrent injuries by injury type
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Type of injury Number new

Proportion (%)

Number recurrent Proportion (%)

MCL tear 21 84
ACL tear 2 66.7
PCL/PLC 7 87.5
Chondral/meniscal 20 80
PFJ/extensor mechanism 10 90.9
Other/minor 13 76.5
All injuries 73 82

4 16
1 333
1 12.5
5 20
1 9.1
4 235
16 18

MCL medial collateral ligament, ACL anterior cruciate ligament, PCL/PLC posterior cruciate ligament/posterolateral corner, PFJ patellofemoral joint

union and Australian-rules football (41 days and 43.4 days
respectively vs. 5.4 days in our study), whilst this disparity
may be explained by the different playing styles and player
exposures in the codes, as well as the fact that our study
analysed a smaller dataset from a single team unlike the
Australian-rules football and rugby union studies.

Some studies have investigated the effectiveness of
prophylactic bracing to prevent ligamentous knee injuries,
particularly in college American football players, given the
high rate of knee injuries seen in this sport [17]. However,
the data showing benefit of such braces is not conclusive
[18-21]. Furthermore, there has been concern that restrict-
ing knee motion may increase ipsilateral ankle injuries [22],
as well as the potential for laceration and contusion type in-
juries to the player themselves and their opponent. Hence,
the feasibility of players being able to wear such braces
whilst playing rugby league remains questionable.

Australian-rules football has been more heavily studied,
and the injury surveillance programmes are more developed,
than those in rugby league. Studies of knee injuries in
Australian-rules football have shown that knee cartilage
injuries had the highest incidence followed by MCL and
ACL injuries [8]. ACL injuries occurred more frequently in
Australian-rules football studies than in our study, or than
in other rugby league/union studies. In Australian-rules
football, ACL injuries are usually non-contact in nature
occurring during cutting or pivoting manoeuvers [23]. Non-
contact ACL injuries are also more frequent in other sports

Table 6 Surgical treatment of injuries

Type of injury Number Proportion
surgery required surgery required (%)
MCL tear 00 00
ACL 30 100.0
PCL/PLC 0.0 0.0
Chondral/meniscal 80 176
PFJ/extensor mechanism 1.0 9.1
Other/minor 0.0 0.0
All injuries 12 13.5

MCL medial collateral ligament, ACL anterior cruciate ligament, PCL/PLC
posterior cruciate ligament/posterolateral corner, PFJ patellofemoral joint

such as basketball, soccer, and handball [24—26]. However,
in both our own study and a similar study in rugby union
[5], the majority of ACL injuries were due to contact. One
of the ACL injuries in our study occurred whilst getting
tackled, and the other occurred whilst performing a tackle.
In the study by Dallalana et al., getting tackled caused most
contact ACL injuries. This disparity in the mechanism for
ACL injuries between rugby union, league, and Australia-
rules football may reflect the fact that both rugby league and
union are played on a smaller field with more direct and
forceful collisions, as well as having a unique style of tack-
ling, that make contact ACL injuries more likely. Given the
high incidence of ACL injuries seen in Australian-rules foot-
ball, there has been research studying the factors associated
with ACL injuries in this football code. Non-contact ACL
injuries have been shown to occur more frequently on fields
with rye grass compared to other grass types [27]. Higher
rates of ACL injuries have also been seen in those stadia lo-
cated in climates with high evaporation and low rainfall
prior to play [28]. This data may be applicable to rugby
league and could be used in the prevention of such injuries

Table 7 Time to return to play of injuries (days)

Type of injury Average Median time
time to RTP to RTP (range)

MCL tear 19.1 14.5 (0.0-
104.0)

ACL 236.0 236.0 (236.0-
236.0)*

PCL/PLC 376 31.0 (0.0-
237.0)

Chondral/meniscal 54 4.0 (0.0-
320)

PFJ/extensor 379 0.0 (0.0-

mechanism 83.0)

Other/minor 29 0.0 (0.0~
60.0)

All injuries 20.7 1.0 (0.0-
237.0)

RTP return to play, MCL medial collateral ligament, ACL anterior cruciate
ligament, PCL/PLC posterior cruciate ligament/posterolateral corner, PFJ
patellofemoral joint

*2 of the 3 ACL injuries in our study had not returned to play at the time of
the study; hence, the range is of a single value
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with better field preparation and grass selection for playing
surfaces.

In terms of mechanism of injury, both getting tackled
and tackling accounted for nearly half (45.8%) of the
knee injuries sustained. It is unclear whether the injuries
themselves occurred at the point of contact, or after the
initial impact during the twisting and landing phases of
the tackle. The heavy-contact nature of rugby league is
such that these mechanisms will most likely continue to
account for a significant proportion of knee injuries sus-
tained, unless drastic rule changes are made. However,
there is scope for improved teaching of tackling tech-
niques, and the ability of a player to safely “absorb” a
tackle from an opponent, in an effort to reduce the num-
ber of knee injuries associated with these mechanisms.

Almost half of all injuries sustained in our study (44.9%)
occurred during training. This included 72.7% of PF]/ex-
tensor mechanism injuries, 52% of chondral/meniscal in-
juries, and 48.8% of other/minor injuries. These results
differ from those reported by Dallalana et al. [5], where
only 15.6% of rugby union players sustained injuries dur-
ing training, and all injury types were more commonly
sustained during games. Our results need to be compared
with data from other rugby league clubs but certainly indi-
cate that training practices need to be closely scrutinised
to address this trend.

The strengths of our study include being limited to
one club where all players were assessed in a similar
manner by the same group of medical and allied health
staff (including physiotherapists, a team doctor and con-
sulting specialist orthopaedic surgeons). Our study is
unique as it is the only such study in the literature inves-
tigating the epidemiology of knee injuries in professional
male rugby league.

A limitation of our study was a low number of subjects
and its retrospective nature. We also understand that
whilst applicable to Australian rugby league, these re-
sults may differ internationally in countries with differ-
ing climates and conditions. We chose to limit our study
to that of professional rugby league players, as it has
been noted that injury rates and patterns differ based on
whether rugby league is played at the amateur or profes-
sional level [29, 30]. We also limited the study to include
players in the first team squad alone, as training and playing
schedules were different at other squad levels within the
club.

This study helps to increase the awareness of the most
common and severe knee injuries in professional male
rugby league players. This will enable better coaching and
training practices, improve player well being, and could
reduce the significant financial burden associated with
these injuries by the use of targeted ‘pre-habilitation” pro-
grammes. These programmes can utilise the information
from this study to target the most common injury patterns
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seen and develop strength and conditioning exercises to
reduce their occurrence. Pre-habilitation programs should
also include exercises tailored to the individual player’s
needs, accounting for their own injury history.

Overall, more epidemiological studies are needed with
larger subject numbers to help identify whether the in-
jury patterns and recovery times we have identified are
indeed representatives of professional male rugby league.
Analysing the data from other leagues around the world
would also help determine whether the trends we have
seen are unique to knee injuries seen in Australia, or
whether they reflect injuries seen internationally as well.

Conclusions

Knee injuries occur frequently in rugby league and affected
more than half of the players in this study. Like in rugby
union, MCL and chondral/meniscal injuries accounted for
a high proportion of the knee injuries seen. ACL injuries
were mainly contact in nature and accounted for the most
time missed from play. Both being tackled and tackling
were the most common mechanisms of injury, and a sig-
nificant proportion of the injuries sustained occurred dur-
ing training.

Longer-term and prospective studies are needed to gather
more data and develop a clearer picture of the trends we
have demonstrated. This will enable more accurate decision
making for clubs in developing strategies to reduce the
overall burden of these injuries, as well as the league in re-
fining the rules of the game to protect players in the future.

Additional file

Additional file1: NRL Injury definitions and data collection procedures.
(PDF 453 kb)

Abbreviations

ACL: Anterior cruciate ligament; BMI: Body mass index; ITB: lliotibial band;
MCL: Medial collateral ligament; NRL: National Rugby League; PCL: Posterior
cruciate ligament; PFJ: Patellofemoral joint; PLC: Posterolateral corner;

RTP: Return to play

Acknowledgements
Not applicable.

Authors’ Contributions

All four authors contributed to this paper. GEHA, CJD, and DCD were
involved with the development of the research idea and hypothesis. GEHA
and JHC performed data collection and interpretation. GEHA, JHC, CJD, and
DCD wrote and edited the paper. All authors read and approved the final
manuscript.

Funding
Not applicable.

Availability of Data and Materials
Please contact the author for data requests.


https://doi.org/10.1186/s40798-019-0206-z

Awwad et al. Sports Medicine - Open (2019) 5:33

Ethics Approval and Consent to Participate

The research involved the retrospective review of medical records of human
subjects. Ethics approval was obtained from the Australian Institute of Sport
(document attached). Approval Number 20180602.

Each participant also gave their informed consent to access and use their
medical records for research purposes.

Consent for Publication
Each participant gave their informed consent to access and use their
medical records for research purposes.

Competing Interests

Dr George Awwad, Dr Jennifer Coleman, Dr Christopher Dunkley and Dr
David Dewar declare they had no non-financial competing interests in this
study. Dr George Awwad, Dr Christopher Dunkley and Dr David Dewar de-
clare they did not receive any financial support for the undertaking of the
study, or had a financial relationship that may have posed a conflict of inter-
est, aside from Dr Jennifer Coleman who was employed by the Newcastle
Knights Rugby League club at the time of the study. Dr Jennifer Coleman
was employed as the Chief Medical Officer of the Newcastle Knights Rugby
League club, from which the subjects of this research were recruited. How-
ever, she does not receive financial gain with regards to the conduct or pub-
lication of this research, and it is not tied to the terms of any employment.

Author details
'John Hunter Hospital, Newcastle, NSW, Australia. “Newcastle Knights Rugby
League Club, Newcastle, NSW, Australia.

Received: 27 December 2018 Accepted: 9 July 2019
Published online: 24 July 2019

References

1. van Mechelen W, Hlobil H, Kemper HC. Incidence, severity, aetiology and
prevention of sports injuries. A review of concepts. Sports Med. 1992;14(2):82-99.

2. Gibbs N. Injuries in professional rugby league. A three-year prospective
study of the South Sydney Professional Rugby League Football Club. Am J
Sports Med. 1993;21(5):696-700.

3. Bottini E, Poggi EJ, Luzuriaga F, Secin FP. Incidence and nature of the most
common rugby injuries sustained in Argentina (1991-1997). Br J Sports Med.
2000;34(2):94-7.

4. Seward H, Orchard J, Hazard H, Collinson D. Football injuries in Australia at
the elite level. Med J Aust. 1993;159(5):298-301.

5. Dallalana RJ, Brooks JH, Kemp SP, Williams AM. The epidemiology of knee injuries
in English professional rugby union. Am J Sports Med. 2007;35(5):818-30.

6. Brooks JH, Fuller CW, Kemp SP, Reddin DB. Epidemiology of injuries in
English professional rugby union: part 1 match injuries. Br J Sports Med.
2005;39(10):757-66.

7. Brooks JH, Kemp SP. Recent trends in rugby union injuries. Clin Sports Med.

8. Orchard JW, Seward H, Orchard JJ. Results of 2 decades of injury
surveillance and public release of data in the Australian Football League.
Am J Sports Med. 2013;41(4):734-41.

9. Saw R, Finch CF, Samra D, Baquie P, Cardoso T, Hope D, et al. Injuries in
Australian rules football: an overview of injury rates, patterns, and
mechanisms across all levels of play. Sports Health. 2017:1941738117726070.

10.  Hershman EB, Anderson R, Bergfeld JA, Bradley JP, Coughlin MJ, Johnson RJ,
et al. An analysis of specific lower extremity injury rates on grass and
FieldTurf playing surfaces in National Football League Games: 2000-2009
seasons. Am J Sports Med. 2012;40(10):2200-5.

11, Powell JW, Schootman M. A multivariate risk analysis of selected playing
surfaces in the National Football League: 1980 to 1989. An epidemiologic
study of knee injuries. Am J Sports Med. 1992,20(6):686-94.

12. Engebretsen AH, Myklebust G, Holme |, Engebretsen L, Bahr R. Intrinsic risk
factors for acute knee injuries among male football players: a prospective
cohort study. Scand J Med Sci Sports. 2011,21(5):645-52.

13. Krutsch W, Zeman F, Zellner J, Pfeifer C, Nerlich M, Angele P. Increase in
ACL and PCL injuries after implementation of a new professional football
league. Knee Surg Sports Traumatol Arthrosc. 2016;24(7):2271-9.

14.  Rae K, Orchard J. The Orchard Sports Injury Classification System (OSICS)
version 10. Clin J Sport Med. 2007;17(3):201-4.

Page 7 of 7

15. Meyers MC, Barnhill BS. Incidence, causes, and severity of high school
football injuries on FieldTurf versus natural grass: a 5-year prospective study.
Am J Sports Med. 2004;32(7):1626-38.

16. Orchard J, Seward H. Epidemiology of injuries in the Australian Football
League, seasons 1997-2000. Br J Sports Med. 2002;36(1):39-44.

17. Lawrence DW, Hutchison MG, Comper P. Descriptive Epidemiology of
musculoskeletal Injuries and concussions in the National Football League,
2012-2014. Orthop J Sports Med. 2015;3(5):2325967115583653.

18.  Albright JP, Powell JW, Smith W, Martindale A, Crowley E, Monroe J, et al.
Medial collateral ligament knee sprains in college football. Effectiveness of
preventive braces. Am J Sports Med. 1994;22(1):12-8.

19. Najibi S, Albright JP. The use of knee braces, part 1: Prophylactic knee
braces in contact sports. Am J Sports Med. 2005;33(4):602-11.

20. Pietrosimone BG, Grindstaff TL, Linens SW, Uczekaj E, Hertel J. A systematic
review of prophylactic braces in the prevention of knee ligament injuries in
collegiate football players. J Athl Train. 2008;43(4):409-15.

21. Salata MJ, Gibbs AE, Sekiya JK. The effectiveness of prophylactic knee bracing
in American football: a systematic review. Sports Health. 2010,2(5):375-9.

22. Grace TG, Skipper BJ, Newberry JC, Nelson MA, Sweetser ER, Rothman ML.
Prophylactic knee braces and injury to the lower extremity. J Bone Joint
Surg Am. 1988;70(3):422-7.

23. Cochrane JL, Lloyd DG, Buttfield A, Seward H, McGivern J. Characteristics of
anterior cruciate ligament injuries in Australian football. J Sci Med Sport.
2007;10(2):96-104.

24.  Arendt E, Dick R. Knee injury patterns among men and women in collegiate
basketball and soccer. NCAA data and review of literature. Am J Sports Med.
1995;23(6):694-701.

25. Faude O, Junge A, Kindermann W, Dvorak J. Injuries in female soccer
players: a prospective study in the German national league. Am J Sports
Med. 2005;33(11):1694-700.

26. Giza E, Mithofer K, Farrell L, Zarins B, Gill T. Injuries in women's professional
soccer. Br J Sports Med. 2005;39(4):212-6 discussion -6.

27.  Orchard JW, Chivers |, Aldous D, Bennell K, Seward H. Rye grass is associated
with fewer non-contact anterior cruciate ligament injuries than bermuda
grass. Br J Sports Med. 2005;39(10):704-9.

28. Orchard J, Seward H, McGivern J, Hood S. Intrinsic and extrinsic risk factors
for anterior cruciate ligament injury in Australian footballers. Am J Sports
Med. 2001;29(2):196-200.

29. King DA, Hume PA, Milburn PD, Guttenbeil D. Match and training injuries in
rugby league: a review of published studies. Sports Med. 2010;40(2):163-78.

30. Gabbett TJ. Incidence of injury in junior and senior rugby league players.
Sports Med. 2004;34(12):849-59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Methods
	Results
	Conclusion

	Key Points
	Background
	Materials and Methods
	Results
	Injury Types
	Mechanisms of Injury
	Recurrent Injuries
	Operative Treatment
	Return to Play

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Authors’ Contributions
	Funding
	Availability of Data and Materials
	Ethics Approval and Consent to Participate
	Consent for Publication
	Competing Interests
	Author details
	References
	Publisher’s Note

