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Objectives:  To  investigate  injury  incidence  and  the  influence  of physical  fitness  parameters  on  the  risk of
severe  injuries  in  players  on  rugby  sevens  university  teams.
Design:  Prospective  cohort  study.
Methods:  Rugby  players  from  three  universities  (N = 104;  90M:14F;  20.6  ± 1.9 years)  were  recruited  before
the  beginning  of  the season.  Players  underwent  pre-season  assessments  of  power,  strength,  speed,  agility,
endurance,  stability,  and  flexibility.  Throughout  the  season,  rugby-related  injury  and  exposure  data  were
collected.  Potential  predictor  variables  were  analyzed  using  Cox proportional  regression  model  to identify
risk  factors  associated  with severe  injuries  (time  loss  >  28  days).
Results:  Thirty-one  injuries  occurred  during  the  rugby  season.  The  match  and  training  injury incidence
rates  were  59.3  injuries  and  3.3  injuries  per  1000  player-hours,  respectively.  Lower  limb  injuries  were
most  common  and most  severe.  The  ankle  joint  was  the  most  prevalent  site of injury,  and  ligamentous
injury  was  most  common  (48.4%).  Nine  severe  injuries  were  sustained  resulting  in an  average  time  loss
of 51.3  ±  14.6  days.  Female  (hazard  ratio  [HR]  = 8.35;  95%  confidence  intervals  [CI]  =  2.01–34.8),  slower
(HR  =  3.51;  95%  CI  =  1.17–10.5),  and  less  agile  (HR  =  2.22;  95%  CI  = 1.26–3.92)  players  as well  as  those  with
hip  flexors  tightness  (HR  =  1.12;  95%  CI = 1.00–1.25)  were  at significantly  greater  risk  for  sustaining  severe

injuries.
Conclusions:  Limited  studies  are  available  on  risk  factors  associated  with  amateur  rugby  players  in the
Sevens  version.  The  development  of  gender-specific  injury  prevention  measures  that  emphasize  speed
and agility  training,  and  improve  hip  flexor  extensibility  may  be important  to  reduce  the  risk of  severe
injuries.

© 2017 Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
. Introduction

The popularity of rugby has increased tremendously in the past
ecade, both locally and internationally. This is due to players’
ttraction to the rugby sevens (rugby-7s) game and to the inclusion
f the sport in the Rio Olympics 2016. The global participation in
ugby increased from 2.6 million in 2007 to 7.7 million in 2015 and it
s predicted to reach 11 million by 2020.1 There is an effort to boost
ugby participation in schools and universities. In the United States,
ugby is considered as an emerging team sport in universities.2
espite increased participation in rugby at the university level,
here is limited research on injury prevention approaches for uni-
ersity students who play rugby.

∗ Corresponding author.
E-mail address: ella.yeung@polyu.edu.hk (E.W. Yeung).
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Rugby-7s differs from the 15-a-side rugby (rugby-15s) in the
number of players (7 vs. 15 players) and the duration of match (7-
min  vs. 40-min halves). The physical demands in the sevens game is
greater than in the 15-a-side, with frequent high-intensity sprints,
open-field tackles, rapid acceleration, deceleration, and change of
direction.3 The fast pace of the game can result in numerous physi-
cal collisions and tackles and the athletes are vulnerable to serious
injuries. The incidence and severity of injuries were reported to be
higher in rugby-7s than rugby-15s. For instance, the injury inci-
dence sustained by elite, professional players during match play in
rugby-7s was 106.2 per 1000 player-hours and 84 per 1000 player-
hours in rugby-15s.4 For concussions, the incidence and severity
sustained were greater in men’s elite rugby-7s players (8.3 per 1000
player-hours) than rugby-15 players (5.2 per 1000 player-hours).5
Prospective injury surveillance is much needed to evaluate risk
factors and to help develop injury prevention strategies. Numerous
risk factors have been examined through epidemiological studies,

d.
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ncluding previous injury, training volume, body-mass index, lig-
ment laxity, cigarette smoking status, experience, age, weather
nd ground conditions, level of play, length of season, and foul
lay.6–8 Other research indicates that physical fitness can predict

njuries: players with lower upper body strength, lower maximal
erobic capacity, and high-intensity intermittent running ability
ad a greater risk of injury.9,10 However, these studies were con-
ucted for elite and club-level players. There are limited injury
urveillance studies for amateur players. Furthermore, the contri-
ution of different components of physical fitness to injury risk for
layers, specifically in the Sevens version, is not well known.

In a study on amateur rugby players, a considerable propor-
ion of injuries (40%) sustained were severe, resulting in at least
ve missed training/games. In addition to loss of training, the ath-

etes lost study time and work and also incurred medical costs.11

his clearly points to the need to assess the risk for severe injuries
ssociated with amateur athletes who play rugby-7s, necessary for
eveloping effective injury prevention strategies. Therefore, this
tudy was undertaken (i) to determine the incidence of severe
njuries [an absence from rugby for greater than 28 days (>28 d)]
ustained; and (ii) to identify risk factors for injury in amateur
ugby-7s players at the university level. The hypothesis is that
here would be an association between physical fitness and the
ccurrence of severe injuries in these players.

. Methods

The study was conducted over one rugby season, from
eptember 2014 to April 2015. A total of 104 rugby players
90M:14F) aged 20.7 ± 2.0 years (mean ± SD) were recruited from
hree university rugby teams in Hong Kong. The participants had
layed rugby for an average of 21.0 months (range, 0–144 months);
8 players were completely new to the sport. All players in this
ohort were at least 18 years and received no remuneration. The
tudy was approved by the Human Subjects Ethics Sub-Committee
f the Hong Kong Polytechnic University (HSEARS20150609001).
ll players were informed of the study procedures and gave written

nformed consent. All participants in the study were undergraduate
embers of university rugby teams. Players with health problems

hat prevented participation in the physical tests were excluded.
The players underwent the physical testing in July and August

014, before the start of formal rugby training. Each player provided
nformation regarding gender, age, height, weight, playing experi-
nce, medical history, and history of previous injury. Ten tests were
sed to assess different components of physical function (aerobic
apacity, upper and lower body muscle strength and power, speed,
gility, balance, and flexibility) related to rugby. These included:
o–yo intermittent recovery test12; push-up test13; isometric mid-
high pull test14; single leg bridge test15; vertical jump test16; 40-m
peed test17; Illinois agility test18; Y balance test19; sit and reach
est20; and Thomas test.21 Good to excellent test–retest and inter-
ater reliability of these tests have been demonstrated previously.
n the test day, players were given verbal and physical demonstra-

ions for each test. After a structured 10-min warm-up, the players
otated between different testing stations. Sufficient rest periods
etween tests were given to avoid fatigue.

During the season, any player that sustained an injury either
n matches or during training was contacted by the team. The
layer was followed up within 24 h of the injury. Specific details of
he injury were collected, including body location, type of injury,
hether it was new or recurrent injury, mechanism of injury, con-
act vs. non-contact injury, diagnosis, treatment, and number of
ays off lost from playing rugby. For the purpose of the study,

njury was defined as “any physical complaint sustained during a
atch or training session that prevented the athlete from taking a
 Medicine in Sport 20 (2017) 648–652 649

full part in all training or match for one day or more following the
day of injury, irrespective of whether match or training sessions were
actually scheduled”.22 Recurrence was defined as “injury of the same
type and at the same site and that occurs after a player’s return to
full participation from the original injury”.23 The number of days lost
from training or match play was used to define injury severity:
slight (0–1 days), minimal (2–3 days), mild (4–7 days), moderate
(8–28 days), severe (>28 days).23

Exposure time was  quantified as the total time the players were
exposed to the possibility of injury during training or competition.
Over the 28-week period, rugby training and competition volumes
for each player were reported by coaches based on attendance
records. Injury incidence was  expressed as number of injuries per
1000 player-hours of exposure.22

Descriptive statistics were calculated for all variables.
Kaplan–Meier curves were plotted for estimates of players
who remained free of injury throughout the season. Mantel–Cox
log rank test was used for comparison of injury occurrence
stratified by injury severity (<28 days time loss vs. >28 days time
loss).

Preliminary Spearman’s rho analysis was conducted to assess
correlations between serious injuries (>28 days time loss) and each
potential predictor variable (previous injury, gender, age, playing
experience, weight, height, and physical test data). All predictor
variables were assessed for multi-collinearity. Variables with a
trend for significance (p < 0.10) at the Spearman rho’s test were
included into the Cox proportional hazards regression model to
identify significant risk factors for serious injuries. Time to occur-
rence of the initial serious injury or to the end of the season free
of serious injury across the players was the primary dependent
variable. Hazard ratios (HR) were reported with 95% confidence
intervals (95% CI). Data analyses were conducted using the Statis-
tical Package for the Social Sciences (SPSS) Software (version 20.0;
SPSS, Inc., Chicago, IL, USA). The significance level was set at  ̨ = 0.05.
Data is expressed as mean ± SD.

3. Results

Ninety male (age: 20.73 ± 2.06 years; height: 174.2 ± 5.42 cm;
weight: 70.8 ± 9.56 kg) and 14 female (age: 20.30 ± 1.16 years;
height: 160.8 ± 3.88 cm;  weight: 53.3 ± 5.10 kg) rugby players were
recruited. All players participated in regular training and compe-
tition, with an average of 43.5 ± 26.0 training hours and 2.6 ± 1.6
match hours during the season. The total number of training hours
was 4525.5 ± 26.0 h, and the total number of match hours was
270.0 ± 1.6 h over the 28-week period. The injury incidence dur-
ing training and match play was 3.31 and 59.25 injuries per 1000
player hours, respectively.

The characteristics of the injuries sustained are presented in
Table 1. Twenty-eight players (21M:7F) sustained a total of 31
injuries over the 28-week season. Three players were each injured
twice. Of these injuries, 15 (48.4%) occurred during training, while
the other 16 (51.6%) injuries occurred during a match. A majority of
the injuries observed was  new injuries (64.5%) compared to recur-
rent injuries associated with previous rugby season (9.7%) and from
the current rugby season (6.5%). Regarding the injury mechanism,
26 of the injuries (83.9%) were caused by contact, and being tackled
or tackling contributed to the majority of contact injuries. Of the five
non-contact injuries, running, changing direction, and passing were
implicated as the injury mechanism. Furthermore, ground condi-
tions, foul play, fatigue, cold weather, previous injury, inadequate

warm-up, and poor skills were suggested by the players as the pos-
sible causes of injuries. Lower limb injuries comprised the greatest
proportion of injuries (15 out of 31; 48.4%) and also were the most
severe; followed by upper extremity (11 out of 31; 35.5%); head
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Table  1
Characteristics of the 31 injuries sustained in rugby sevens in this study.

No. of injuries

Time of injury
Training 15
Match 16

New/recurrent injury
New injury 20
Recurrent injury with previous rugby season 9
Complication of injury from current season 2

Body region
Ankle 7
Shoulder 6
Knee 4
Fingers 4
Head 3
Hamstring 3
Toes 1
Hand 1
Face 1
Upper back 1

Injury type
Ligament sprain 11
Ligament tear 4
Muscle strain 4
Concussion injury 3
Joint dislocation 2
Fracture 2
Tendon injury 2
Hematoma 2
Open wound 1

Injury mechanism
Contact 26

Tackling 9
Tackled 9
Collision (non-tackle) 3
Ruck 3
Tackle collision (no use of arm) 2

Non-contact 5
Running 3
Changing direction 1
Passing rugby 1

Injury severity
Slight (0–1 days) 2
Minimal (2–3 days) 2
Mild (1–7 days) 8
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Fig. 1. Kaplan–Meier survival curves for survival probability of severe injury

compared to those reported for 7s players at the professional level.
Moderate (8–28 days) 10
Severe (>28 days) 9

nd face (4 out of 31; 12.9%) and trunk (1 injury; 3.2%). The most
revalent sites of injury were ankles (22.6%); followed by shoul-
ers (19.4%), knees (12.9%), fingers (12.9%), hamstrings (9.7%), and
eads (9.7%). Ligamentous injuries were the most common type
f injury encountered (48.4%), followed by muscle strains (12.9%)
nd concussion (9.7%). The mean severity for match injuries was
5.5 ± 23.2 missed days, while for training, the mean severity was
.62 ± 8.0 missed days.

Nine severe injuries were sustained during the season, resulting
n an average of 51.3 ± 14.6 days of lost time. The injury inci-
ences for matches and training were 22.22 and 0.66 per 1000
layer-hours, respectively. Six injuries occurred during match play
s a result of contact in a tackle or collision. All nine players
5M:4F) required medical attention, with five injuries needing hos-
ital admission and four injuries being diagnosed and treated by
ealth care professionals (general practitioners, physiotherapists
r orthopedic specialists). The type of injuries sustained was  liga-
entous tears to the knee (two injuries); ligament sprains (four
njuries: two knees, one ankle, and one shoulder); ankle joint
islocation (one injury), ankle fracture (one injury) and finger frac-
ure (one injury). The Kaplan–Meier survival curve of the time
(>28 days time loss) and slight to moderate injury (<28 days time loss) events during
the rugby season.

to initial injury is shown in Fig. 1. There was a significant differ-
ence in time to first injury when severe injuries (that resulted in
>28 days loss) were compared to less severe injuries (that resulted
in <28 days loss; �2 = 30.3; p < 0.0001). The mean time of injury
for slight to moderate injuries and severe injuries were 70.5 h and
24.8 h, respectively. The median survival time for severe injury is
21.8 h.

Spearman’s rho analysis revealed association of nine potential
variables: gender, height, previous injury, global muscle strength
(isometric mid-thigh pull test), hamstring muscle strength (single
leg bridge test), lower limb power (vertical jump test), speed (40 m
speed test), agility (Illinois test) and hip flexor flexibility (Thomas
test). These variables were entered into the Cox regression anal-
yses using backward stepwise selection to develop a multivariate
model. The final model included gender, speed, agility, and hip flex-
ors flexibility which significantly predicted time-to-serious injury.
Female players had a greater risk to severe injury than male players
(HR = 8.35; 95% CI = 2.01–34.8). Slower players (adjusted HR = 3.51;
95% CI = 1.17–10.5) and less agile players (adjusted HR = 2.22; 95%
CI = 1.26–3.92) had a significantly increased risk to serious injury.
Lower hip flexors flexibility showed a trend toward risk of severe
injuries (adjusted HR = 1.12; 95% CI = 1.00–1.25; Table 2).

4. Discussion

This prospective study examined the injury incidence and risk
factors for injuries in university athletes on rugby-7s teams. We
report the injury incidence, injury types, and nature of injuries
these players sustained over one rugby season. The main findings of
this study were that female gender, slower speed, decreased agility
are predictors for severe rugby-related injuries resulting in a time
loss of >28 days. Our study differs from others,9,10,24 in that we con-
sidered only severe injuries for analysis of risk factors. Due to the
contact nature of the game, minor to moderate injuries are rel-
atively common. However, we believe that surveillance of more
severe injuries is important, particularly as these may  have major
consequences to the athlete’s playing career.

The incidence and severity of injury were considerably lower
4

However, the match injury incidence (59.3 injuries per 1000 player
hours) is similar to previously reported for amateur players during
the course of a rugby-7s tournament series season (55.4 injuries
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Table  2
Risk factors from Cox proportion hazard regression model for severe injuries.

Predictor variables aInjured (n = 9) Not injured (n = 95) bSpearman’s rho coefficient Cox regression model

Adjusted HR (95% CI) p

Gender (M:F) 5:4 85:10 −0.28 8.35 (2.01–34.8) 0.004*

Height (cm) 168.7 ± 9.50 173.0 ± 6.42 −0.23
Previous injury (Y:N) 7:2 39:56 0.21
Isometric mid-thigh pull test (kg) 110.0 ± 17.7 143.0 ± 38.2 −0.28
Single leg bridge test (sum of two sides, in reps) 54.9 ± 13.6 70.7 ± 26.0 −0.20
Vertical jump test (cm) 44.7 ± 7.41 57.8 ± 9.20 −0.35
40  m speed test (s) 6.13 ± 0.50 5.84 ± 0.51 0.18 3.51 (1.17–10.5) 0.025*

Illinois test (s) 17.6 ± 1.30 16.7 ± 1.09 0.19 2.22 (1.26–3.92) 0.006*

Thomas test (sum of two sides, in degree) 26.7 ± 6.10 16.6 ± 12.2 0.22 1.12 (1.00–1.25) 0.036*

HR = hazard ratio; 95% CI = 95% confidence interval
a Refers to severe injuries (>28 days time loss).
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b Spearman’s rho analysis was used to test the association of predictor variables t
egression model.

* p < 0.05.

er 1000 player hours).24 No study has documented the incidence
f injury for 7s players during training. However, we observed 3.3
njuries per 1000 player-hours during training. This is comparable
ut slightly lower than the training incidence reported for collegiate
ugby-15s players, which was 5.5 injuries per 1000 player-hours.25

The most commonly reported injuries occurred in the lower
imbs, followed by injuries to the upper extremities. This finding
s similar to the injury incidence and injury sites in international
ugby-7s tournament players4 but the incidence is greater than
or amateur rugby-7s tournament players.24 However comparison
mong studies is difficult since the level of play, injury definition
nd study period are markedly different. In our study, tackling or
eing tackled resulted in more than half of the injuries. Injuries
hat result from tackling usually are in the head, neck, or shoul-
er regions.26 Of the 6 shoulder injuries we  observed, 5 were
ue to tackles, and all 4 head and face injuries were a result
f tackling. Tackling techniques have been found to improve in
ore experienced players.27 Players in our cohort had less than

 years’ experience playing rugby and this observation may  high-
ight the importance of emphasizing proper execution of tackling
echniques. In addition, there is a clear need for research into the
iomechanics and injury mechanisms of tackles with the goal of
educing the associated risk. The most common type of injury was
o ligaments, which accounted for about half of all injuries and
s consistent with previous findings from amateur rugby union
tudies.24,25

Our study also revealed that 50% of the severe injuries occurred
n the first 21.8 h of the season. The transition from off-season to
igh-volume and high-intensity training without sufficient prepa-
ation early season can cause injuries. A proper periodization
chedule to gradually increase the training intensity could ensure
hat players have enough time to build physical fitness to adapt to
ew loads imposed on the body. Significant differences in aerobic
ower, speed, muscular power and body fat have been reported
etween professional and amateur rugby-15s players.28 Gabbett
nd Domrow9 found that lower speed (odds ratio = 9.93) and max-
mal aerobic power (odds ratio = 6.20) increased the risk of contact
njury in amateur rugby league players. Although the physical char-
cteristics of rugby-7s players have been examined,3 at present,
here is no study of the relationship between physical qualities
nd severe injury risk in amateur players. Results from the present
tudy suggest that speed and agility, as reflected in the 40-m speed
est and the Illinois agility test respectively, were strong risk fac-
ors for serious injuries. The less agile and slower players had a

- or 3.5-fold increased risk for severe injury, respectively. Greater

njury risk in players slower in speed and agility may  reflect their
educed ability to position themselves quickly and correctly before
re injuries. Nine variables with a trend for significance (p < 0.10) were fitted to Cox

the tackle. The speed characteristics of rugby-7s and 15s players
have been reported to be similar over standardized distances (for
example, 10 m,  40 m),3 but acceleration appears to be an impor-
tant component in rugby sevens. Further studies should examine
the acceleration characteristics in rugby-7s players. The incorpora-
tion of cognitive components such as decision-making in the agility
test will also be useful in discriminating players’ abilities. Findings
in our study also suggest that the development of speed and agility
may  help to reduce the risk of severe injuries.

This study also reviewed that female players were at an
approximately 8-fold higher risk of serious injuries than males,
in agreement with other studies.26,29 For instance, a recent injury
surveillance study29 of the USA Rugby-7s tournament series
revealed that in a multiple-match tournament, 93% of all severe
injuries occurred in female players during the last match. Non-
elite female players also sustained more severe injuries than elite
female players (means: 48.4 days time loss vs. 22.7 days time loss).
Furthermore, the incidence of head and neck injuries in females
(16% of all injuries) was  higher than in male rugby-7s players (5%
of all injuries). A limitation of the study was that the sample size
for female players was small (n = 14). As the popularity of women’s
rugby continues to grow worldwide,1 further research would aid
in identifying risk factors and in establishing gender-specific injury
prevention strategies.

There was  a small association of hip flexor flexibility with injury
risk in this study. Hip flexor tightness has been associated with
lower extremity injury in male collegiate athletes participating in
various sports.30 As different sports have specific inherent injury
risks, further work is required to clarify the role of iliopsoas tight-
ness in rugby-related injuries.

There are several limitations to this study. The physical test
results were collected before the season started and may  have
changed throughout the playing season. The sample size of the
study is relatively small, limiting its statistical power. Areas for
further study include injury surveillance throughout consecutive
seasons with a larger sample size and inclusion of more female
rugby players.

5. Conclusion

In this study, we  report the incidence and severity of injury
to university athletes during training and match play of rugby-
7s over a rugby season. Female gender, reduced agility, reduced

speed, and tightness of the hip flexors were all predictors of severe
injuries. Identifying players at risk of injury before the season
begins and implementing individualized injury prevention mea-
sures may  reduce severe rugby-related injuries.
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29. Ma R, Lopez Jr V, Weinstein MG  et al. Injury profile of American Women’s Rugby-
7s. Med Sci Sports Exerc 2016; 48(10):1957–1966.

30. Krivickas LS, Feinberg JH. Lower extremity injuries in college athletes: relation
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ractical implications

Injury risk between players in rugby-15s and rugby-7s; and those
participating at professional vs. amateur level is different.
Slower speed and reduced agility account for increased risk fac-
tors for serious injuries.
Female players are at a greater risk of serious injuries.
Pre-season and regular assessment of speed and agility may  help
to identify high-risk players. Injury prevention countermeasures
can be implemented to reduce risk of injury.
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