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Setting: Hamstring injury data from an elite rugby union team was collected over five seasons and
retrospectively analysed.

Participants: 74 professional rugby players.

Main outcome measures: Injuries were classified as new or recurrent. Injury severity, activity, player
Athletic injuries pqsition, an.d whether the injury occu.rred during a rr.1a.tch or trainir}g.W{is determined for. each injury.
Magnetic resonance (MR) Injury location and grade we.re determ}ngd for more clinically severe injuries where Magnetic Resonance
Muscle injuries Imaging (MRI) data was available (15 injuries).

Reinjury Results: Thirty hamstring injuries were sustained over the five seasons. The majority of injuries were
new (93%), moderate in severity (60%) and occurred during running (77%). For more clinically severe
injuries, the biceps femoris long head (BFlh) was the most commonly injured muscle (73%) and the distal
myofascial junction (DMF]) was the most common injury site (58% of BFlh injuries).

Conclusions: Hamstring injuries most commonly occurred while running and in the BFlh muscle, which
is similar to other sports. However, the most common intramuscular injury site was the DMFJ, which
contrasts with reports from other cohorts. Future studies should ensure to include the myofascial
junction when classifying injury location.
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1. Introduction

Rugby union is a collision sport that requires frequent high-

intensity efforts, including running, kicking, rucking, mauling and
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Notably, hamstring injuries are the most common lower-limb non-
contact injury (Brooks, Fuller, Kemp, & Reddin, 2005; Kara, 2013),
and also the greatest cause of player unavailability in some playing
positions (e.g. backs) (Brooks et al., 2005). However, despite the
obvious burden of hamstring injuries, very few studies have
investigated the specific nature of hamstring injuries in elite rugby
union.

It is crucial to understand the mechanisms and outcomes of
hamstring injury in rugby union in order to design effective injury
prevention and rehabilitation strategies. Previous studies have
found that the majority of hamstring injuries occur during running
and primarily affect the biceps femoris long head (BFlh) muscle
(Bourne, Opar, Williams, & Shield, 2015; Brooks, Fuller, Kemp, &
Reddin, 2006). However, further details of the location of
hamstring injuries in rugby athletes are currently unknown. In
track and field athletes, the specific muscle injury site within the
BFlh has been suggested to relate to the length convalescence pe-
riods and the likelihood of injury recurrence (Pollock et al., 2016).
Intramuscular injury sites have not yet been reported for hamstring
injuries in rugby union and identifying injury rates by location may
influence treatment approaches and the risk of re-injury.

The aim of this study was to comprehensively describe the
burden of hamstring injuries in an elite rugby union team,
including the description of the most common injury scenarios
(player position, activity at time of injury, timing of injury within
the season) and outcomes (severity). Additionally, we aim to
describe injury grade and location for a sub-set of more clinically
severe hamstring injuries.

2. Materials and methods

Retrospective injury data collected over five Super Rugby sea-
sons (2013—2017) were extracted from an athlete management
database of one professional rugby union team competing in the
Super Rugby competition. Across this five year period, athletes
competed in 16 Super rugby games per season. During pre-season,
a typical training week was comprised of 12—14 training sessions
(approximately 15 h), while in-season, players undertook five to six
training session per week (approximately 8h). Training was
comprised of upper and lower body weights, dedicated speed
technique training sessions, conditioning sessions, and rugby spe-
cific sessions. Data from all players in the team squad were eligible
for inclusion, and each season there were between 34 and 39
players in the team squad. A total of 74 athletes were included in
the study, although not all of these players were present for the full
duration of the study period. Informed consent was obtained for all
athletes and the rights of all athletes were protected. This study was
approved by the human research ethics committees of the Uni-
versity of Canberra, Australian National University and Australian
Institute of Sport.

All injury data were entered in the athlete management data-
base by the team physiotherapist at the time of injury. Clinical notes
made by the team doctor and physiotherapist at the time of injury
were also available to better confirm injury details if necessary. In
this study, an injury was defined as per Fuller et al. (2007) as, “any
physical complaint, which was caused by a transfer of energy that
exceeded the body's ability to maintain its structural and/or func-
tional integrity, that was sustained by a player during a rugby
match or rugby training and resulted in a player being unable to
take a full part in future rugby training or match play.” Therefore, all
injuries reported are “time-loss” injuries. The athlete management
database coded injuries using the Orchard Sports Injury Classifi-
cation System (OSICS) at the time of injury (Orchard, 1993). The
OSICS codes were used to identify hamstring injuries within the
database which contained all injuries. Hamstring injuries were

extracted by screening all injury data for injuries coded using the
following OSICS diagnosis codes, TMHX (Hamstring strain), TMHS
(Hamstring strain — semimembranosus/tendionosus strain, grade
1—-2), TMHB (Hamstring strain — biceps femoris strain, grade 1-2)
and TMHR (grade 3 hamstring strain). The OSICS codes were not
used for any further analysis.

Hamstring injuries were identified as either new or recurrent.
Recurrent injuries were defined as per Fuller et al. (2007) as, “an
injury of the same type and at the same site as an index injury and
which occurs after a player's return to full participation from the
index injury.” In this study, the same type and site of injury was
interpreted as a hamstring injury which was within the same
muscle, in the same limb. Recurrent injuries were further classified
into: ‘early recurrence’ (recurrence within 2 months of return to full
participation) or ‘late recurrence’ (recurrence 2—12 months after
return to full participation) (Fuller et al., 2007).

Hamstring injury severity was assessed by the number of days
that elapsed from the date of injury to the date of the player's re-
turn to full participation in team training and availability for match
selection (Fuller et al., 2007). Severity was classified as: slight (0—1
days), minimal (2—3 days), mild (4—7 days), moderate (8—28 days),
severe (>28 days) or career ending (Fuller et al., 2007). Other
hamstring injury information extracted included the player's po-
sition at the time of injury, whether the injury occurred during a
match or training and the activity at the time of injury. The season
period in which injuries occurred was also determined, and cat-
egorised as: ‘pre-season’ (beginning of pre-season to the first round
of the season), ‘early season’ (first game to the middle round of the
season), ‘late season’ (middle round of the season to the end of the
season, including finals where applicable), ‘off-season’
(commencing after the last game of the season until the following
pre-season).

A subset of hamstring injuries that were determined to be more
clinically severe by the team doctor were assessed via magnetic
resonance imaging (MRI). MRI was used to assess approximately
half of the injuries in the days following injury occurrence, while
other injuries were assessed using ultrasound or clinical assess-
ment by the team doctor and physiotherapist. Generally, injuries
were assessed via MRI if, after assessment by the team doctor, it
was believed the injury was more severe than a grade 1 injury
(based on clinical assessment). For these more clinically severe
injuries where MRI data was available, specific injury location and
the grade of injury was also identified. If MRI data was not available,
the injury was excluded from the classification of location and
grade. MRI data were eligible for inclusion if the scan was per-
formed within seven days of the injury. All MRIs were reviewed by
a single independent radiologist with 17 years of experience in
musculoskeletal radiology (MT). Injury location was classified ac-
cording to the muscle affected (biceps femoris long head, BFlh;
biceps femoris short head, BFsh; semimembranosus, SM; semite-
ndinosus, ST), and the specific region of the muscle affected using
the previously described methods of Crema et al. (2016; Fig. 1).
Crema et al. (2016) reported perfect (kappa 1.00) intra-relater
reliability for classification of injury site using this method. Injury
sites were reported as follows: proximal tendon (PT), proximal
myotendinous junction (PMTJ), proximal myofascial junction
(PMEF]J), proximal muscle belly (PMB), distal muscle belly (DMB),
distal myofascial junction (DMF]), distal myotendinous junction
(DMT]J) and distal tendon (DT). Where multiple injury sites existed
for the same injury, both the primary and secondary injury sites
were recorded, where the primary injury site was the injury with
the greatest area of signal abnormality on MRI.

Injury grade was assessed using the British Athletics Muscle
Injury Classification system, which classifies injuries into grades
zero to four based on the extent of injury, and subcategories a, b and
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percentages for each category were reported. Days lost from
training and competition was reported as a median and inter-
quartile range (IQR), as inspection of a boxplot revealed non-
normally distributed data. For ease of analysis, the classification
of injury grade was collapsed into four grade categories (grades
0—4) because the tissues involved were detailed within the location
results.

PMTJ

3. Results

A total of 30 hamstring injuries were recorded across the five-
season study period, or an average of six injuries per season
(range, 1-13). Hamstring injuries accounted for 6% of all injuries
reported, and 11% of all lower limb injuries. The majority of injuries
were new (93%), compared to recurrent (7%). Time to recurrence for
recurrent injuries was 157 and 166, resulting in two late re-
currences. There were no early recurrences.

When the timing of hamstring injury within a rugby season was
considered, the late season period was the most common time for
hamstring injuries, followed by the pre-season (Table 2). A greater
number of injuries were recorded during training (63%) compared
to during matches (37%). The majority of training injuries occurred
during pre-season, while most match injuries occurred in the late

DMFJ

DT

Fig. 1. Representation of hamstring injury location for the subset of more clinically
severe injuries. Adapted from Crema et al. (2016). This figure is not intended to be
anatomically correct. PT, proximal tendon; PMT]J, proximal myotendinous junction;
PMFJ, proximal myofascial junction; PMB, proximal muscle belly; DMB, distal muscle
belly; DMF]J, distal myofascial junction; DMT], distal myotendinous junction; DT, distal
tendon.

c based on the tissues involved (Pollock, James, Lee, & Chakraverty,
2014). Intra-rater reliability assessments for this classification sys-
tem have varied between ‘substantial’ agreement (kappa 0.71)
(Patel et al., 2015) to ‘almost perfect’ agreement (kappa 0.89)
(Wangensteen et al., 2017). The criteria for each grade is defined as
per Pollock et al. (2014). A detailed description of the criteria for

season period (Table 2).

Injuries most commonly occurred during running (77%), with a
smaller proportion of injuries occurring during a ruck (10%). The
activity at the time of injury was unknown in 13% of injury occur-
rences. A similar number of injuries were sustained by backs (53%)
and forwards (47%).

A median of 26 days (IQR 24) was lost from training and
competition for each hamstring injury. The majority of injuries
were classified as moderate (8—28 days; 60%), followed by severe
(>28 days; 37%). A smaller number of injuries were mild (3%), while
no slight, minimal or career-ending injuries were reported. Per
season, an average of 207 days (range, 57—374) were lost as a result

each injury grade can be found in Table 1.
The majority of variables were categorical, and therefore

Table 1

of hamstring injuries.
A total of 18 injuries were determined to be more clinically se-
vere after initial assessment by the team doctor. These injuries were

Classification of hamstring injury grade: The British Athletics Muscle Injury Classification System (Pollock et al., 2014).

Grade

Sub-category

Description of muscle strain injury

Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

A.
B.
A.

A focal neuromuscular injury with normal MRI.

MRI characteristic of delayed onset muscle soreness - generalised patchy high signal change affecting several muscles.

Extends from the fascia and demonstrates high signal change on fat suppressed/STIR images within the periphery of the muscle. No greater
than 10% into the muscle and with longitudinal length of less than 5 cm within the muscle. Frank muscle fibre disruption is not usually seen,
but evidence of fibre disruption of less than 1 cm with limited high signal change may still be classified in this grade. Intermuscular fluid/
haematoma on MRI may be evident within the fascial planes over a greater distance.

Sited within the muscle or, more commonly, at the myotendinous junction (MT]). High signal change extends over a limited area of less than
5 cm and less than 10% of the muscle cross-sectional area at its maximal site. Frank muscle fibre disruption is not usually seen but evidence of
fibre disruption of less than 1 cm with limited high signal change may still be classified in this grade.

Extend from the peripheral fascia into the muscle - high signal change will be evident from the periphery of the muscle. The high signal
change will either measure between 10% and 50% of the cross-sectional area or extend between 5 cm and 15 cm within the muscle.
Architectural fibre disruption will be less than 5 cm.

Occur within the muscle or, more commonly, at the MT]. The high signal change will either measure between 10% and 50% of the muscle
cross-sectional area or have a longitudinal length between 5 cm and 15 cm. There is likely to be evidence of muscle fibre disruption of less
than 5 cm.

Extend into the tendon. Injury within the tendon is evident over a longitudinal length of less than 5 cm and less than 50% of the maximal
tendon diameter on axial images. If the injury is near the free tendon there may be some loss of tension in the free tendon. It may still be
classified as 2c, rather than 3c, if the injury size is compatible with the measurement above.

Extend from the peripheral fascia into the muscle. High signal change patterns of greater than 50% of the muscle cross-sectional area or
greater than 15 cm in length. There will be evidence of architectural fibre disruption which is likely to be greater than 5 cm.

Occur within the muscle or, more commonly, at the MTJ. High signal change patterns of greater than 50% of the muscle cross-sectional area
or greater than 15 cm in length. There will be evidence of architectural fibre disruption which is likely to be greater than 5 cm.
Intratendinous injury. Evidence of injury in the tendon over a longitudinal length of greater than 5 cm or greater than 50% of the tendons
maximal cross-sectional area. No evidence of a complete defect but there may be loss of the usual straight margins and tendon tension.
Complete tear to the muscle.

Complete tear to the tendon.
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Table 2
Hamstring injuries by season period.

Pre-season Early season Late season Off-season Total season
Training injuries 9 (47%) 3 (16%) 6 (31%) 1(5%) 19
Match injuries 0 (0%) 4 (36%) 6 (55%) 1(9%) 11
Total 9 (30%) 7 (23%) 12 (40%) 2 (7%) 30

evaluated using MRI and 15 of these were eligible for inclusion. All
included MRIs were performed within three days of injury occur-
rence (mean, 1.5 + 0.9 days). The majority of the subset of more
clinically severe injuries affected the BFlh, and the most common
injury site was the DMF] (Table 3). Notably, in this subset of data for
which injury location was assessed, the BFlh muscle was affected
(either as the primary or secondary injury site) in 90% of injuries
that occurred during running (n = 10).

Most of the clinically more severe injuries occurred at a single
injury site. However, in four cases (27%), a secondary injury site was
evident (Table 4). The majority of injuries assessed using MRI were
grade 2 injuries (80%), with fewer grade 3 injuries (20%). There
were no grade 0, 1 or 4 injuries.

4. Discussion

Hamstring injuries in rugby union are highly prevalent; how-
ever, few studies have investigated the specific scenarios and out-
comes of these injuries in elite rugby athletes. To our knowledge,
this is the first study to report the specific location of hamstring
injury in rugby athletes. We found that in more clinically severe
injuries, the BFlh was the most commonly affected muscle, which
aligns with previous research in both rugby union and other
running-based sports (Askling, Tengvar, Saartok, & Thorstensson,
2007; Bourne et al., 2015; Connell et al.,, 2004; Crema et al.,
2016). However, the most common intramuscular location was
the distal myofascial junction (DMFJ). This has not been previously
reported in rugby athletes, and differs from the site reported for
other sports including soccer, Australian Rules football (ARF), and
track sprinting (Askling et al., 2007; Connell et al., 2004; Crema
et al., 2016). In these cohorts, the MT] has been widely reported
as the most common injury site (Askling et al., 2007; Connell et al.,
2004; Crema et al., 2016; Slavotinek, Verrall, & Fon, 2002). While it
is important to note that the analysis of injury location only reflects
injuries that were determined to be more clinically severe, and it is
unknown whether this trend would be evident for less severe in-
juries, these data suggest that rugby athletes may differ from other
running athletes in that they are more susceptible to sustaining
hamstring injuries at a different location of the BFlh.

The overwhelming majority of hamstring injuries across many
sports occur during running (Bourne et al., 2015; Brooks et al,,
2006; Dalton, Kerr, & Dompier, 2015; Gabbe, Bennell, Finch,
Wajswelner, & Orchard, 2006; Woods et al., 2004). Therefore, fac-
tors related to the execution of running mechanics, and sport-
specific demands during running may assist in explaining the re-
ported difference in injury location in rugby athletes. It has been
suggested that differing task demands may elicit differing running
mechanics between cohorts (Sayers, 1999). Additionally, sport-
specific demands of other tasks (eg. kicking) may fatigue the
hamstrings differently throughout game play (Duhig, Williams,
Minett, Opar, & Shield, 2017). However, both the magnitude of
differences in running mechanics between different sporting co-
horts, and the influence of running mechanics on hamstring injury
susceptibility, require further research before we can understand if,
and how, this may relate to hamstring injury location.

Further, several studies have suggested that the anatomy of the
hamstrings may influence injury occurrence (Battermann, Appell,
Dargel, & Koebke, 2011; Beltran, Ghazikhanian, Padron, & Beltran,
2012; Evangelidis, Massey, Pain, & Folland, 2015; Fiorentino,
Epstein, & Blemker, 2012; Opar, Williams, & Shield, 2012; Rehorn
& Blemker, 2010; Sutton, 1984; Timmins et al., 2015). However,
given the high incidence of hamstring injuries located at the PMT]
in other cohorts, to date, investigations have focussed mainly on the
anatomy of the proximal aponeurosis of BFlh (Battermann et al.,
2011; Beltran et al., 2012; Evangelidis et al., 2015; Fiorentino
et al, 2012). While Entwisle, Ling, Splatt, Brukner and Connell
(2017) noted that the complex, highly variable anatomy and dual
innervation of the distal hamstrings may have influenced the high
rate of recurrence of DMT] injuries observed in their study of ARF
athletes, no direct link between hamstring anatomy and injury was
described (Beltran et al., 2012; Entwisle et al., 2017; Sutton, 1984).
Further, this study focussed on the MT]. Based on the findings of the
current study, future research should examine the influence that
muscle fascia may have on hamstring injury occurrence. In fact, a
recent consensus statement highlighted the need for more detailed
investigations into the relationship between fascial tissues and
sports injuries (Ziigel et al., 2018). There is some evidence to sug-
gest that fascial tissues may provide a pathway for force

Table 3
Primary injury location for more clinically severe injuries: Injured hamstring muscle and intramuscular injury site (N = 15).
BFlh BFsh ST SM All hamstring muscles

PT 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
PMT] 2 (17%) 0 (0%) 0 (0%) 1 (50%) 3(19%)
PMFJ 2 (17%) 1(100%) 0 (0%) 0 (0%) 3(19%)
PMB 0 (0%) 0 (0%) 1 (100%) 0 (0%) 1(6%)
DMB 1(8%) 0 (0%) 0 (0%) 0 (0%) 1(6%)
DMFJ 7 (58%) 0 (0%) 0 (0%) 1 (50%) 8 (50%)
DMT] 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
DT 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Total proximal 4 (34%) 1(100%) 1 (100%) 1 (50%) 7 (40%)
Total Distal 8 (66%) 0 (0%) 0 (0%) 1 (50%) 9 (60%)
Total 11* (73%) 1(7%) 1(7%) 2 (13%)

BFlh, biceps femoris long head; BFsh, biceps femoris short head; ST, semitendinosus; SM, semimembranosus; PT, proximal tendon; PMT], proximal myotendinous junction;
PMF]J, proximal myofascial junction; PMB, proximal muscle belly; DMB, distal muscle belly; DMFJ, distal myofascial junction; DMT]J, distal myotendinous junction; DT, distal
tendon. *Note. There were 11 injuries to the BFlh in total; however, one injury spanned two locations (PMFJ] and DMF]) and therefore 12 intramuscular locations are reported

for BFlh.
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Table 4

Primary and secondary injury sites for more clinically severe injuries with multiple injury sites.

Injuries with multiple injury sites Primary Injury site

Secondary Injury site

Muscle Intramuscular injury site Muscle Intramuscular injury site
Case 1 BFlh DMB BFlh PMB
Case 2 BFsh PMFJ BFlh DMFJ
Case 3 BFlh PMF] ST DMF]
Case 4 ST PMB BFlh DMT]J

BFlh, biceps femoris long head; BFsh, biceps femoris short head; ST, semitendinosus; SM, semimembranosus; PT, proximal tendon; PMT], proximal myotendinous junction;
PMF], proximal myofascial junction; PMB, proximal muscle belly; DMB, distal muscle belly; DMF], distal myofascial junction; DMT], distal myotendinous junction; DT, distal

tendon.

transmission, which may influence muscle mechanics (Yucesoy &
Huijing, 2007; Ziigel et al.,, 2018). Notably, the morphology of
rugby players is unique and adapted to withstand large loads and
collisions during scrums, rucks and mauls (Quarrie, Hopkins,
Anthony, & Gill, 2013). Therefore, given the distinct morphology
of rugby athletes, it is reasonable to suggest that the morphology of
the hamstring muscle-tendon complex in rugby athletes may
contribute to their increased propensity for injury at the DMEF]
(Higham, 2014).

The methods used to classify injury location, as previously re-
ported by Crema et al. (2016) are a strength of the current study.
These methods provide a detailed breakdown of injury location by
muscle, including the specific tissues involved and longitudinal
location. In contrast, previous studies attempting to classify injury
site have only considered the longitudinal location of the injury
without consideration of the tissues involved (Verrall, Slavotinek,
Barnes, & Fon, 2003; Esterman; Verrall, Slavotinek, Barnes, Fon, &
Esterman, 2006), or have not reported injury locations for each
hamstring muscle separately (Connell et al., 2004; Slavotinek et al.,
2002). In fact, many studies have not considered the myofascial
junction (MFJ) at all within their methods for classifying injury
location (Askling et al.,, 2007; Cohen et al., 2011). Additionally,
definitions describing the fascial location in some classification
systems is unclear, and may lead to compromised reliability for
reporting of this injury location (Wangensteen et al., 2017). Crema
et al. (2016) reported the DMF] as the third most common injury
location for the BFlh in soccer players, with a similar proportion of
injuries as the DMT]J. It is likely that many other studies have
overlooked or potentially misclassified injuries to the MF]. Future
studies should include the MF] in their injury site classification, as
both the current study and Crema et al. (2016) have demonstrated
that these injuries may comprise a large proportion of hamstring
injuries when correctly identified.

The injury recurrence rate in this study is lower than previously
reported. The rate of recurrent injury in this sample of rugby ath-
letes was 7%, which is much lower than previously reported rates of
23% and 45% in rugby union (Bourne et al., 2015; Brooks et al.,
2006). This may be influenced by loss to follow up across the five
year study period, as some players left the club within the five year
study period. However, in the current study, all recurrent injuries
were confirmed by MRI, and were established as a true recurrence
of the same muscle injury. While in previous studies, a recurrence
was either not clearly defined or based on the judgement of the
clinician examining the injury (Bourne et al., 2015; Brooks et al.,
2006). Therefore, it is likely that the recurrence definition used in
this study provides a more accurate representation of true recur-
rence of injury to the same muscle.

The average severity of hamstring injuries (days lost from
training and competition) reported in this study (median 26 days)
is slightly higher than the 17 and 21 days reported in previous
studies (Bourne et al., 2015; Brooks et al., 2006). However, it may
also be valuable to consider the proportion of injuries in each

severity category, for which the majority (60%) of injuries were
moderate (8—28 days lost). This is similar to data previously re-
ported in rugby, and also in soccer where 51% of injuries were
classified as moderate using the same severity categories (Ekstrand,
Hagglund, & Walden, 2011).

This study is the first to report the timing of hamstring injury
across a season in elite rugby union. Overall, the late season was the
most common timing of hamstring injury (40% of all injuries).
Notably, the number of injuries in the late season was almost
double that of early season injuries (12 and 7 injuries, respectively).
This may be related to fatigue accumulated across the competition
season, and is an important consideration for periodization of
training and injury prevention across a season.

This study has several limitations that should be acknowledged.
First, it was retrospective in nature, and therefore MRI data was
only available for injuries which the team doctor deemed necessary
to image at the time of injury. This resulted in a clear selection bias
for those injuries to be assessed for injury grade and location via
MRI. Hence, the classification of injury location and grade may not
be representative of all injuries since minor injuries may only have
been assessed with clinical examination or ultrasound. Therefore,
the results related to injury location should not be assumed to
generalise to minor hamstring injuries. Similarly the grade of injury
may have been influenced by the need for an MRI. All injuries in this
study were either grade 2 or 3 but this may reflect a tendency for
grade 0 and 1 injuries to be clinically assessed without MRI
Therefore, it is possible that grade 0 and 1 injuries are under-
reported in this study due to its retrospective design. Further, this
limitation resulted in only a small sample of injuries being classified
for location and grade. However, the population of rugby athletes at
the elite level is relatively small and few studies have described this
population. Therefore, the sample obtained in this study is novel
and of reasonable size for the population examined. The retro-
spective nature of this study also prohibited accurate collation of
exposure time to training and matches throughout the study
period. Therefore, injury incidence was not normalised by expo-
sure. Particular consideration should be given to this when inter-
preting the proportion of match and training injuries. While the
majority of injuries in this study occurred during training (63%) as
opposed to matches (37%), it is likely that athletes had far greater
exposure times to training compared to matches. Previously,
Brooks et al. (2006) reported a greater incidence of injury during
matches compared to training in rugby athletes. Therefore,
considering the large number of training hours per week relative to
game time, it is likely that the rate of injury may be greater in
matches when corrected for duration of exposure. Finally, this
study utilised a sample of elite rugby players from a single club, and
therefore the training and hamstring injury prevention strategies
undertaken by the players in this study may not be representative
of all rugby players. Caution should therefore be exhibited when
generalising these findings to other cohorts such as sub-elite rugby
athletes.
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The findings of this study are important for informing injury
prevention and rehabilitation programs suitable for hamstring in-
juries in rugby athletes. Injury prevention programs should be
designed with consideration to the most common site of injury. Our
finding that rugby athletes predominantly incur more severe in-
juries to the DMF] in the BFlh suggests that injury prevention
programs should include exercises that target the distal region of
the BFlh. For example, both the stiff-leg deadlift and Nordic
hamstring exercise have shown greater activation in the distal,
rather than proximal, region of BFlh and would therefore be suit-
able to include in a hamstring injury prevention program for rugby
athletes (Hegyi, Peter, Finni, & Cronin, 2018; Mendez-Villanueva
et al., 2016).

5. Conclusion

This is the first study to classify intramuscular injury location for
hamstring injuries in elite rugby union. In contrast to other
running-based sports, the most common injury site for clinically
more severe injuries was the DMF]. While the reason for this is
unclear and warrants further investigation, this finding is directly
applicable to injury prevention program design for rugby athletes.
Further, this study highlights the need for future studies to include
the MF] when classifying intramuscular injury location in
hamstring injuries.

Ethical approval

This study was approved by the human research ethics com-
mittees of the Australian National University (approval no:
2018371), University of Canberra (approval no: 20180268). Recip-
rocal approval was also granted by the Australian Institute of Sport
ethics committee.

Conflicts of interest

We affirm that we have no financial affiliation (including
research funding) or involvement in any commercial organization
that has direct financial interest in any matter included in this
manuscript, except as disclosed in an attachment and cited in the
manuscript.

References

Askling, C. M., Tengvar, M., Saartok, T., & Thorstensson, A. (2007). Acute first-time
hamstring strains during high-speed running: A longitudinal study including
clinical and magnetic resonance imaging findings. The American Journal of
Sports Medicine, 35(2), 197—206. https://doi.org/10.1177/0363546506294679.

Battermann, N., Appell, H.-],, Dargel, ]., & Koebke, J. (2011). An anatomical study of
the proximal hamstring muscle complex to elucidate muscle strains in this
region. International Journal of Sports Medicine, 32(3), 211-215.

Beltran, L., Ghazikhanian, V., Padron, M. & Beltran, J. (2012). The proximal
hamstring muscle—tendon—bone unit: A review of the normal anatomy,
biomechanics, and pathophysiology. European jJournal of Radiology, 81(12),
3772-3779.

Bourne, M. N., Opar, D. A,, Williams, M. D., & Shield, A. J. (2015). Eccentric knee
flexor strength and risk of hamstring injuries in rugby union: A prospective
study. The American Journal of Sports Medicine, 43(11), 2663—2670. https://
doi.org/10.1177/0363546515599633.

Brooks, J. H., Fuller, C. W,, Kemp, S. P., & Reddin, D. B. (2006). Incidence, risk, and
prevention of hamstring muscle injuries in professional rugby union. The
American Journal of Sports Medicine, 34(8), 1297—1306. https://doi.org/10.1177/
0363546505286022.

Brooks, J. H., Fuller, C. W., Kemp, S. P., & Reddin, D. B. (2005). Epidemiology of in-
juries in English professional rugby union: Part 1 match injuries. British Journal
of Sports Medicine, 39(10), 757—766. https://doi.org/10.1136/bjsm.2005.018135.

Cohen, S. B., Towers, J. D., Zoga, A., Irrgang, J. J., Makda, J., Deluca, P. F, et al. (2011).
Hamstring injuries in professional football players: Magnetic resonance imag-
ing correlation with return to play. Sport Health, 3(5), 423—430.

Connell, D. A., Schneider-Kolsky, M. E., Hoving, J. L., Malara, F, Buchbinder, R.,
Koulouris, G., et al. (2004). Longitudinal study comparing sonographic and MRI

assessments of acute and healing hamstring injuries. American Journal of
Roentgenology, 183(4), 975—984.

Coughlan, G. F, Green, B. S., Pook, P. T., Toolan, E., & O'connor, S. P. (2011). Physical
game demands in elite rugby union: A global positioning system analysis and
possible implications for rehabilitation. Journal of Orthopaedic & Sports Physical
Therapy, 41(8), 600—605.

Crema, M. D., Guermazi, A, Tol, ]. L, Niu, J., Hamilton, B., & Roemer, F. W. (2016).
Acute hamstring injury in football players: Association between anatomical
location and extent of injury-A large single-center MRI report. Journal of Science
and Medicine in Sport, 19(4), 317—322. https://doi.org/10.1016/j.jsams.2015.
04.005.

Dalton, S. L., Kerr, Z. Y., & Dompier, T. P. (2015). Epidemiology of hamstring strains in
25 NCAA sports in the 2009-2010 to 2013-2014 academic years. The American
Journal of Sports Medicine, 43(11), 2671—2679. https://doi.org/10.1177/
0363546515599631.

Duhig, S. J., Williams, M. D., Minett, G. M., Opar, D., & Shield, A. J. (2017). Drop punt
kicking induces eccentric knee flexor weakness associated with reductions in
hamstring electromyographic activity. Journal of Science and Medicine in Sport,
20(6), 595—599.

Ekstrand, J., Hagglund, M., & Walden, M. (2011). Epidemiology of muscle injuries in
professional football (soccer). The American Journal of Sports Medicine, 39(6),
1226—1232. https://doi.org/10.1177/0363546510395879.

Entwisle, T, Ling, Y., Splatt, A., Brukner, P, & Connell, D. (2017). Distal muscu-
lotendinous T junction injuries of the biceps femoris: An MRI case review. Or-
thopaedic Journal of Sports Medicine, 5(7).

Evangelidis, P. E., Massey, G. J., Pain, M. T,, & Folland, ]. P. (2015). Biceps femoris
aponeurosis size: A potential risk factor for strain injury? Medicine & Science in
Sports & Exercise, 47(7), 1383—1389. https://doi.org/10.1249/MSS.00000000000
00550.

Fiorentino, N. M., Epstein, F. H., & Blemker, S. S. (2012). Activation and aponeurosis
morphology affect in vivo muscle tissue strains near the myotendinous junc-
tion. Journal of Biomechanics, 45(4), 647—652. https://doi.org/10.1016/
j.jbiomech.2011.12.015.

Fuller, C. W., Molloy, M. G., Bagate, C., Bahr, R., Brooks, ]. H., Donson, H., et al. (2007).
Consensus statement on injury definitions and data collection procedures for
studies of injuries in rugby union. British Journal of Sports Medicine, 41(5),
328-331.

Gabbe, B. ], Bennell, K. L., Finch, C. F, Wajswelner, H., & Orchard, ]J. W. (2006).
Predictors of hamstring injury at the elite level of Australian football. Scandi-
navian Journal of Medicine & Science in Sports, 16(1), 7—13. https://doi.org/
10.1111/j.1600-0838.2005.00441.x.

Hegyi, A., Peter, A., Finni, T., & Cronin, N. J. (2018). Region-dependent hamstrings
activity in Nordic hamstring exercise and stiff-leg deadlift defined with high-
density electromyography. Scandinavian Journal of Medicine & Science in Sports,
28(3), 992—1000.

Higham, D. G. (2014). Applied physiology of rugby sevens: Performance analysis and
elite player development [doctoral dissertation]. University of Canberra.

Kara, S. D. (2013). Injuries in professional rugby union: A study of five year of injury
data with training loads and travel as co-variates. Auckland University of
Technology.

Mendez-Villanueva, A., Suarez-Arrones, L., Rodas, G., Fernandez-Gonzalo, R.,
Tesch, P, Linnehan, R, et al. (2016). MRI-based regional muscle use during
hamstring strengthening exercises in elite soccer players. PLoS One, 11(9).
https://doi.org/10.1371/journal.pone.0161356.

Nicholl, J., Coleman, P,, & Williams, B. (1995). The epidemiology of sports and ex-
ercise related injury in the United Kingdom. British Journal of Sports Medicine,
29(4), 232—-238.

Opar, D. A., Williams, M. D., & Shield, A. J. (2012). Hamstring strain injuries: Factors
that lead to injury and re-injury. Sports Medicine, 42(3), 209—226. https://
doi.org/10.2165/11594800-000000000-00000.

Orchard, J. (1993). Orchard sports injury classification system (OSICS). Sport Health,
11, 39-39.

Patel, A., Chakraverty, ], Pollock, N., Chakraverty, R., Suokas, A., & James, S. (2015).
British athletics muscle injury classification: A reliability study for a new
grading system. Clinical Radiology, 70(12), 1414—1420.

Pollock, N., James, S. L., Lee, ]. C., & Chakraverty, R. (2014). British athletics muscle
injury classification: A new grading system. British Journal of Sports Medicine, 48,
1347—1351.

Pollock, N., Patel, A., Chakraverty, J., Suokas, A., James, S. L., & Chakraverty, R. (2016).
Time to return to full training is delayed and recurrence rate is higher in
intratendinous (‘c’) acute hamstring injury in elite track and field athletes:
Clinical application of the British athletics muscle injury classification. British
Journal of Sports Medicine, 50(5), 305—310.

Quarrie, K. L., Hopkins, W. G., Anthony, M. J., & Gill, N. D. (2013). Positional demands
of international rugby union: Evaluation of player actions and movements.
Journal of Science and Medicine in Sport, 16(4), 353—359.

Rehorn, M. R,, & BlemKer, S. S. (2010). The effects of aponeurosis geometry on strain
injury susceptibility explored with a 3D muscle model. Journal of Biomechanics,
43(13), 2574—2581. https://doi.org/10.1016/j.jbiomech.2010.05.011.

Roberts, S. P, Trewartha, G., Higgitt, R. ]J., EI-Abd, ]., & Stokes, K. A. (2008). The
physical demands of elite English rugby union. Journal of Sports Science, 26(8),
825—833.

Sayers, M. (1999). Running techniques for running rugby. New Zealand Coach, 7,
20-23.

Slavotinek, J. P., Verrall, G. M., & Fon, G. T. (2002). Hamstring injury in athletes:


https://doi.org/10.1177/0363546506294679
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref3
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref3
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref3
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref3
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref4
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref4
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref4
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref4
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref4
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref4
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref4
https://doi.org/10.1177/0363546515599633
https://doi.org/10.1177/0363546515599633
https://doi.org/10.1177/0363546505286022
https://doi.org/10.1177/0363546505286022
https://doi.org/10.1136/bjsm.2005.018135
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref8
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref8
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref8
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref8
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref9
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref9
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref9
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref9
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref9
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref10
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref10
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref10
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref10
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref10
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref10
https://doi.org/10.1016/j.jsams.2015.04.005
https://doi.org/10.1016/j.jsams.2015.04.005
https://doi.org/10.1177/0363546515599631
https://doi.org/10.1177/0363546515599631
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref13
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref13
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref13
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref13
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref13
https://doi.org/10.1177/0363546510395879
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref15
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref15
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref15
https://doi.org/10.1249/MSS.0000000000000550
https://doi.org/10.1249/MSS.0000000000000550
https://doi.org/10.1016/j.jbiomech.2011.12.015
https://doi.org/10.1016/j.jbiomech.2011.12.015
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref18
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref18
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref18
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref18
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref18
https://doi.org/10.1111/j.1600-0838.2005.00441.x
https://doi.org/10.1111/j.1600-0838.2005.00441.x
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref20
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref20
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref20
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref20
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref20
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref20
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref21
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref21
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref22
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref22
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref22
https://doi.org/10.1371/journal.pone.0161356
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref24
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref24
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref24
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref24
https://doi.org/10.2165/11594800-000000000-00000
https://doi.org/10.2165/11594800-000000000-00000
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref26
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref26
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref27
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref27
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref27
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref27
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref28
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref28
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref28
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref28
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref29
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref29
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref29
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref29
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref29
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref29
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref30
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref30
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref30
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref30
https://doi.org/10.1016/j.jbiomech.2010.05.011
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref32
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref32
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref32
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref32
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref33
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref33
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref33
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref35

198 C. Kenneally-Dabrowski et al. / Physical Therapy in Sport 38 (2019) 192—198

Using MR imaging measurements to compare extent of muscle injury with
amount of time lost from competition. American Journal of Roentgenology,
179(6), 1621-1628.

Sutton, G. (1984). Hamstrung by hamstring strains: A review of the literature®.
Journal of Orthopaedic & Sports Physical Therapy, 5(4), 184—195. https://doi.org/
10.2519/jospt.1984.5.4.184.

Timmins, R. G., Bourne, M. N,, Shield, A. J., Williams, M. D., Lorenzen, C., & Opar, D. A.
(2015). Short biceps femoris fascicles and eccentric knee flexor weakness in-
crease the risk of hamstring injury in elite football (soccer): A prospective
cohort study. British Journal of Sports Medicine, 50, 1524—1535. https://doi.org/
10.1136/bjsports-2015-095362.

Verrall, G. M., Slavotinek, J. P, Barnes, P. G., & Fon, G. T. (2003). Diagnostic and
prognostic value of clinical findings in 83 athletes with posterior thigh injury:
Comparison of clinical findings with magnetic resonance imaging documen-
tation of hamstring muscle strain. The American Journal of Sports Medicine,
31(6), 969—973.

Verrall, G. M,, Slavotinek, J. P,, Barnes, P. G., Fon, G. T., & Esterman, A. (2006).
Assessment of physical examination and magnetic resonance imaging findings
of hamstring injury as predictors for recurrent injury. Journal of Orthopaedic &

Sports  Physical 215—-224.
jospt.2006.36.4.215.

Wangensteen, A., Tol, ]. L., Roemer, F. W., Bahr, R, Dijkstra, H. P,, Crema, M. D., et al.
(2017). Intra-and interrater reliability of three different MRI grading and clas-
sification systems after acute hamstring injuries. European Journal of Radiology,
89, 182—190.

Williams, S., Trewartha, G., Kemp, S., & Stokes, K. (2013). A meta-analysis of injuries
in senior men's professional Rugby Union. Sports Medicine, 43(10), 1043—1055.

Woods, C., Hawkins, R. D., Maltby, S., Hulse, M., Thomas, A., Hodson, A., et al. (2004).
The football association medical research programme: An audit of injuries in
professional football-analysis of hamstring injuries. British Journal of Sports
Medicine, 38(1), 36—41.

Yucesoy, C. A., & Huijing, P. A. (2007). Substantial effects of epimuscular myofascial
force transmission on muscular mechanics have major implications on spastic
muscle and remedial surgery. Journal of Electromyography and Kinesiology, 17(6),
664—679.

Ziigel, M., Maganaris, C. N., Wilke, J., Jurkat-Rott, K., Klingler, W., Wearing, S. C., et al.
(2018). Fascial tissue research in sports medicine: From molecules to tissue
adaptation, injury and diagnostics. British Journal of Sports Medicine, 52, 1497.

Therapy,  36(4), https://doi.org/10.2519/


http://refhub.elsevier.com/S1466-853X(19)30075-6/sref35
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref35
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref35
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref35
https://doi.org/10.2519/jospt.1984.5.4.184
https://doi.org/10.2519/jospt.1984.5.4.184
https://doi.org/10.1136/bjsports-2015-095362
https://doi.org/10.1136/bjsports-2015-095362
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref38
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref38
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref38
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref38
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref38
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref38
https://doi.org/10.2519/jospt.2006.36.4.215
https://doi.org/10.2519/jospt.2006.36.4.215
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref40
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref40
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref40
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref40
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref40
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref42
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref42
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref42
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref43
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref43
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref43
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref43
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref43
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref44
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref44
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref44
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref44
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref44
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref45
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref45
http://refhub.elsevier.com/S1466-853X(19)30075-6/sref45

	A retrospective analysis of hamstring injuries in elite rugby athletes: More severe injuries are likely to occur at the dis ...
	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	5. Conclusion
	Ethical approval
	Conflicts of interest
	References


