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Background: Rugby union is a collision-based ball sport played at the professional level internationally. Rugby union has one of
the highest reported incidences of injury of all team sports.

Purpose: To identify the characteristics, incidence, and severity of injuries occurring in Australian professional Super Rugby Union.

Design: Descriptive epidemiology study.

Methods: The present study was a prospective epidemiology study on a cohort of 180 professional players from 5 Australian Super
Rugby teams during the 2014 Super Rugby Union Tournament. Team medical staff collected and submitted daily training and match-
play injury data through a secure, web-based electronic platform. The injury data included the main anatomic location of the injury,
specific anatomic structure of the injury, injury diagnosis, training or match injury occurrence, main player position, mechanism of
injury, and the severity of the injury quantified based on the number of days lost from training and/or competition due to injury.

Results: The total combined incidence rate for injury during training and match-play across all Australian Super Rugby Union
teams was 6.96 per 1000 hours, with a mean injury severity of 37.45 days lost from training and competition. The match-play injury
incidence rate was 66.07 per 1000 hours, with a mean severity of 39.80 days lost from training and competition. No significant
differences were observed between forward- and back-playing positions for match or training injury incidence rate or severity.

Conclusion: The incidence of injury for the present study was lower during match-play than has previously been reported in
professional rugby union; however, the overall time loss was higher compared with previous studies in professional rugby union.
The high overall time loss was due fundamentally to a high incidence of injuries with greater than 28 days’ severity.
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Rugby union is a field-based ball sport contested between 2
opposing teams of 15 players, including 8 forward-playing
positions and 7 back-playing positions. The main objective of
thecompetition is toscoremorepoints thantheopposition.The
offensive team is the one that possesses the ball and attempts

to progress toward the defending team’s goal line. The player
with the ball must attack the defensive line through forcefully
running at the defense line, passing between players within
their team,kickingandchasingtheball, andattemptingtorun
through gaps in the opposition’s defense. The team without
possession of the ball may use physical contact to tackle the
opposition’s player with the ball to limit advancements of the
ball toward their goal area and force errors to regain posses-
sion of the ball. Dissimilar to many contact sports, rugby union
players do not wear helmets or protective padding.

Rugby union is played at the professional level interna-
tionally, with the largest professional competition in the
southern hemisphere being the Super Rugby Union com-
petition, comprising 15 teams from 3 countries (Australia,
South Africa, and New Zealand). Uncertainty exists regard-
ing injury characteristics and the incidence and severity of
injuries occurring within Australian professional teams
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participating in the Super Rugby Union competition. A
greater understanding of the epidemiology of injury during
a regular-season period of Super Rugby Union is needed to
develop rugby-specific injury prevention strategies27 and
training and recovery programs to facilitate optimal on-
field performance and reduce the risk of injury.

Rugby union is quantifiably a game of high physicality
that involves intermittent high-intensity exercise6 and
encompasses multiple collisions resulting in repeated blunt
force trauma,15 multiple accelerations and decelerations
above 7g,15 and rapid changes of direction5,15 in training and
competition. As a consequence of the aforementioned char-
acteristics, rugby union retains one of the highest injury
incidences of any team sport.29 Specifically, previous studies
involving professional rugby union have identified an injury
incidence of between 83.3 match-play injuries per 1000
player hours22 and 91 match-play injuries per 1000 player
hours,3,8,10 where an injury was defined as ‘‘an injury pre-
venting a player competing in a match or missing >1 days
training.’’29 Recently, an analysis in South African Super
Rugby Union22 identified >80% of all injuries involved the
musculoskeletal system, namely muscle/tendon or joint/liga-
ment injuries. In other sports, the incidence of injury has
been reported to be 32.8 match injuries per 1000 hours for
professional soccer,24 59.6 injuries per 1000 hours for pro-
fessional ice hockey,26 and 25.7 injuries per 1000 hours for
Australian rules football.17 Recent studies2-4,22,25 have
added to our understanding of the incidence of injury dur-
ing professional rugby union match-play; however, there
is a lack of information regarding injury characteristics as
well as the incidence and severity of injuries occurring in
Australian professional Super Rugby Union training and
competition.

To decrease the incidence of injuries, previous studies in
professional team sports18,19,27 have recommended
research follow the 4-stage van Mechelen paradigm27 for
injury prevention. The van Mechelen paradigm27 requires
the identification of common and serious injuries, identifi-
cation of risk factors, institution of injury preventative pro-
grams, and monitoring the success of injury prevention
programs. Previous epidemiology studies17,18,24,26 in soccer,
ice hockey, Australian rules football, and rugby union2-4,22

have successfully identified common and serious injuries. It
is necessary to build on previous studies2-4,22 in profes-
sional rugby union for a greater ability to discern risk fac-
tors for injury. The present study will provide new
information regarding the nature of injuries in Super
Rugby Union training and competition that have not pre-
viously been reported at a professional level of competition.
The aim of this study was to identify the nature, incidence,
and severity of injuries sustained during match-play and
training in professional Australian rugby union.

METHODS

Study Design

The present study was a prospective epidemiology study of
a cohort of 180 professional male rugby union players.

Participants

Rugby union players from all 5 Australian teams competing
in the Super Rugby Union competition participated in the
study (N ¼ 180). The study was a collaborative investiga-
tion between the Australian Rugby Union (ARU) and the
Faculty of Health Science and Medicine of Bond University,
Queensland, Australia. All 5 Australian Super Rugby
Union franchises participated in the study. After agree-
ment of the franchises to participate, the medical staff were
informed of the data collection processes. Players from each
rugby franchise were identified as participants for the pres-
ent study. Players were provided with explanatory state-
ments and briefed in relation to the methodology of the
study by the team medical staff before providing written
informed consent. The published data represent 100% par-
ticipation of the players competing in the Super Rugby
Union competition. Subject characteristics are presented
in Table 1. The study protocol was approved by the Bond
University Human Research Ethics Committee.

Competition

The present research represents player injury data from
players competing in the competitive season of the 2014
Super Rugby Union competition. During the 2014 Super
Rugby Union, teams played a total of 16 matches over the
season excluding finals. In the 2014 Super Rugby Union
competition, 2 Australian teams qualified for the finals
series. A total of 84 team matches occurred over the com-
petition. The competition season ran in 2014 from February
15 until July 12, and the grand final took place on August 2.
There was a 3-week break in competition between rounds
16 and 17 for an international tournament. A total of 32
players from the Australian Super Rugby Union teams
were selected and participated in the international tourna-
ment. Injuries during the international tournament were
not included in this study.

Data Collection

Each injury episode during training or match-play was out-
lined in a detailed injury report that was completed by team

TABLE 1
Subject Characteristics With

Between-Position Comparisonsa

Playing
Position n Age, y Height, cm Body Mass, kg

Forwards 98 25.17 ± 3.38 189.26 ± 7.43 111.16 ± 7.11
Backs 82 24.46 ± 2.71b 184.94 ± 5.36c 91.43 ± 7.14c

Total 180 24.78 ± 3.15 186.90 ± 7.04 100.40 ± 12.03

aData are presented as mean ± SD.
bSignificant (P < .05) difference for backs compared with for-

wards.
cVery significant (P < .001) difference for backs compared with

forwards. Forward-playing positions had a significantly greater
age (P < .05), height (P < .01), and weight (P < .01) compared with
back-playing positions.
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medical staff. The injury report comprised a questionnaire
of the injury specifics, including injury diagnosis, mechan-
ism of injury, nature of injury, and details of return to
training and match-play. Injuries were diagnosed using the
Orchard Sports Injury Classification System,20 which is a
commonly used injury classification system in Australian
professional sport9,19,20 and professional rugby union inter-
nationally.3 Injuries were recorded using national database
software used by the Australian Rugby Union franchises,
allowing for uniformity of data entry processes.

All injuries were reported by medical staff contempora-
neously and within 48 hours of injury diagnosis to ensure
accuracy of detail when completing injury record documen-
tation. The medical staff completing the questionnaire was
required to liaise with players and training staff to accu-
rately gain the required information. For acute match-play
injuries with known match time of onset, the detail of the
injury report was confirmed through video review of the
injury by a single investigator independent of each fran-
chise to ensure consistency of injury mechanisms between
teams.

Injury Definitions

An injury was defined as ‘‘an injury preventing a player
from talking full part in training or match-play for a period
of greater than 24 hours from midnight at the end of the day
the injury was sustained,’’9 adapted from the Rugby Injury
Consensus Group established by the International Rugby
Board for the standardization of injury reports within
rugby union. The definition provides a practical and rugby
union–specific definition for the purpose of data collation
and injury surveillance rather than a theoretical definition.
Based on that feedback from ARU and Super 15 medical
staff, a further statement was added to the consensus state-
ment injury definition for further clarification: ‘‘Injury
(addendum): In the event a player is withdrawn from train-
ing or match-play for a short-term period as a preventative
measure against injury, this should not be recorded as an
injury, for example restricted training due to muscle sore-
ness.’’ Injury severity was reported as ‘‘the number of days
that had elapsed between the day the injury was sustained
until the player returns to full training and availability for
match-play selection.’’9 A recurrent injury was defined 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 par-
ticipation from the index injury.’’9 Training exposure was
defined as ‘‘team-based and individual physical activities
under the control or guidance of the team’s coaching and
fitness staff that are aimed at maintaining or improving
players’ rugby skills or physical conditioning.’’9

Statistical Analysis

The number of injuries are reported for the duration of the
season, and injury incidence is reported per 1000 player
hours. The Super Rugby Union season consisted of a total
of 84 team matches for the 5 Australian franchise teams.
The 84 matches involved 1680 player hours: 896 hours for
forward positions and 784 hours for back positions.

Player hours were calculated as follows: 84 matches �
1.333 hours per match ¼ 112 total match hours; 112
total match hours � 15 players ¼ 1680 player hours;
1680 player hours � 8/15 (number of forward-playing
positions/total playing positions) ¼ 896 forward-position
player hours; 1680 player hours � 7/15 (number of back-
playing positions/total playing positions) ¼ 784 back-
position player hours.

Training hours were calculated as follows: Team medi-
cal staff of each Australian franchise team recorded the
hours trained in each session. Training hours were multi-
plied by the number of players in each team to determine
the training player hours. It was assumed that all players
on the team completed the entire training session. Train-
ing hours included strength, conditioning, and skills train-
ing sessions.

Subject characteristics are represented with means
and standard deviations. Significance was assessed for
positional differences in subject characteristics using an
independent-samples t test. Between-group comparisons
for injury severity were assessed using an independent-
samples t test or 1-way analysis of variance (ANOVA).
Significance was assessed for injury proportion using a
chi-square goodness-of-fit test. All statistical analyses
were performed using SPSS for Windows (version 14.0;
IBM Corp). The criterion level for statistical significance
was set at P < .05. Injury incidence is expressed as rate
per 1000 player hours with 95% confidence interval, and
injury severity is expressed as mean number of days lost
with 95% confidence interval. Injury incidence and
injury severity data were entered into a spreadsheet
(Microsoft Office Excel for Windows 2003; Microsoft
Corp) for the subsequent calculation of confidence
intervals.

RESULTS

Players in forward-playing positions had a significantly
greater age (P < .05), height (P < .01), and weight
(P < .01) compared with those in back-playing positions.

Injury Incidence

Over the 2014 Super Rugby Union season the total injury
count in the Australian teams was 161 injuries sustained
during training and match-play that result in >1 day lost
from training or match-play. Match-play injuries accounted
for 69% of the total injuries sustained and had a signifi-
cantly (P < .05) greater incidence rate (66.07; 95% CI,
53.78-78.36) compared with the expected frequency. No sig-
nificant difference was observed for injury incidence rates
when separated as forward positions and back positions
(Table 2).

Injury Severity

The average time lost per injury was 37.45 days (95% CI,
34.18-40.82). The total time lost due to injury for the 5
Australian Super Rugby Union teams was 6029 days.
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The time lost due to match-play injures was 4418 days,
equivalent to 52.60 days lost per club per match. No
significant difference in injury severity was found
between match-play injuries and training injuries or for
injury severity between forward- and back-playing posi-
tions (Table 2).

New and Recurrent Injuries

Of the 161 time-loss injuries, 136 were new injuries and
25 were recurrent injuries (Table 3). No significant dif-
ference in injury severity was observed for recurrent
injuries (50.92; 95% CI, 42.63-59.21) or new injuries
(34.97; 95% CI, 31.42-38.52) compared with the expected
frequency. When comparing forward and back positions,
no significant difference was observed between injury
incidence rates for new or recurrent injuries. Recurrent
injury severity for forward positions was not signifi-
cantly different (64.25; 95% CI, 52.29-76.21) from that
for back positions (38.62; 95% CI, 27.13-50.10), as pre-
sented in Table 3.

Injury Incidence Distribution by Severity

Figure 1 displays the injury incidence (per 1000 hours) as a
product of injury severity. A similar trend is observed
between forward and back positions for minor (0-7 days
lost) and moderate (7-28 days lost) injuries. For injuries
with more than 60 days time lost, back positions had an
injury incidence of 23 injuries per 1000 hours compared
with forward positions with an injury incidence of 10 per
1000 hours.

Anatomic Locations of All Injuries

Lower limb injuries were the main anatomic location
injured, with a significantly greater injury incidence
compared with the expected incidence rate (P < .001)
(Table 4). The high incidence of lower limb injuries was
largely the result of knee (incidence, 1.2) and thigh (inci-
dence, 1) injuries. Tables 5 and 6 compare injury data
between matches and training. There was a disproportio-
nately higher percent of head and upper limb injuries in
match-play compared with training injuries. Training
injuries are presented in Table 6 and were weighted
more toward lower limb injuries, in particular, thigh
injuries. The mean severity of knee injuries (86.54;
95% CI, 78.25-94.83) was greater than all other main
anatomic locations. Severity of knee injuries remained
the most severe when separated into training (125.29;
95% CI, 109.31-141.27) and match-play (72.26; 95% CI,
62.56-81.96) injuries. Other severe match-play injuries
included ankle injuries, lower leg (tibia/fibula) injuries,
and shoulder/clavicle injuries. Severe training injuries
included hip/groin injuries and hand/wrist/finger inju-
ries. The anatomic regions mentioned in Table 5 had
greater injury incidence rates in match-play injuries
compared with training injuries (Table 6), excluding
injuries to neck/cervical, upper arm/forearm/elbow,
hand/finger/wrist, lower back/lumbar, pelvis/sacrum/
abdomen, foot/toe, and lower leg regions. Head and neck
injuries were associated with the shortest time loss due
to injury while upper limb and lower limb injuries were
associated with the greatest time loss due to injury.
Head/face was the most frequently injured specific
anatomic region, largely as a result of concussion (see
Table 4).

Table 7 displays match-play injuries separated by main
anatomic location and tissue type. Joint and ligament inju-
ries were the most frequently injured tissue type (54.5 inju-
ries/1000 hours) followed by muscle/tendon injuries (43.8
injuries/1000 hours). There was a greater injury incidence
of muscle/tendon injuries in back positions (29.3 injuries/
1000 hours) compared with forward positions (14.5 injuries/
1000 hours); however, the mean injury severity was greater
for muscle/tendon injuries for forwards (29.8 days) com-
pared with backs (19.3 days).

Most Severe Injuries

Anterior cruciate ligament (ACL) injuries resulted in the
greatest time lost due to injury for the forward positions,

TABLE 2
Injury Incidence Rate and Severity
Between Match Play and Traininga

n (%) IR (95% CI) Severity (95% CI)

All injuries 161 (100) 6.96 (5.89-8.04) 37.45 (34.18-40.82)
Match 111 (69) 66.07 (53.78-78.36) 39.80 (35.87-43.83)
Training 50 (31) 2.33 (1.69-2.98) 32.22 (26.36-38.26)

Forwards 70 (43) 5.57 (4.27-6.87) 37.46 (32.51-42.57)
Match 50 (31) 55.80 (40.34-71.27) 38.84 (32.98-44.92)
Training 20 (12) 1.71 (0.96-2.46) 34.00 (24.74-43.64)

Backs 91 (57) 8.63 (6.85-10.40) 37.44 (33.10-42.00)
Match 61 (38) 77.81 (58.28-97.33) 40.59 (35.29-46.18)
Training 30 (19) 3.07 (1.97-4.17) 31.03 (23.47-39.03)

aIncidence reported per 1000 hours; severity reported as time
lost in days. IR, injury incidence rate.

TABLE 3
Injury Incidence Rate and Severity

for New and Recurrent Injuriesa

n (%) IR (95% CI) Severity (95% CI)

All injuries
New 136 (84) 6.17 (5.14-7.21) 34.97 (31.42-38.52)
Recurrent 25 (16) 1.13 (0.69-1.58) 50.92 (42.63-59.21)

Forwards
New 58 (36) 4.62 (3.43-5.80) 31.91 (26.47-37.35)
Recurrent 12 (7) 0.95 (0.41-1.50) 64.25 (52.29-76.21)

Backs
New 78 (48) 7.39 (5.75-9.03) 37.24 (32.55-41.93)
Recurrent 13 (8) 1.23 (0.56-1.90) 38.62 (27.13-50.10)

aIncidence reported per 1000 hours; severity reported as time
lost in days. IR, injury incidence rate.
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largely due to the severity of ACL injuries rather that
the injury count (Table 8). Shoulder dislocation/instabil-
ity injuries were the soft tissue injury associated with
greatest time loss. The largest time lost due to injury
in back positions was the result of lower limb fracture/
dislocation.

Match-Play Event Associated With Injury

Being tackled was the event most associated with injury in
match-play (Table 9). The 3 main events associated with
injury were contact events including being tackled
(22.5%), tackling (20.7%), and collision (19.8%). All contact
events accounted for 75.7% of the total injury count, while

noncontact events accounted for 9% of the total injury inci-
dence (15.3% unknown). Noncontact injuries accounted for
16.4% of the total time loss due to injury in match-play
compared with noncontact injuries, which accounted for
70.45% of the total time lost.

DISCUSSION

The main findings of this study include the following: (1)
On average, each Australian Super Rugby Union club will
have 32 injuries requiring time away from training or
match-play of an average severity of 37.4 days. (2) Based
on the average injury severity and injury incidence rate, a

TABLE 4
Incidence and Severity of All Injuries Distributed by Anatomic Locationa

Main Anatomic Location n (%) IR (95% CI) Severity (95% CI)

Head/neck
All head/neck injuries 33 (20.5) 1.5 (0.99-2.01) 14.21 (6.85-21.57)
Head/face 27 (16.8) 1.2 (0.76-1.69) 16.26 (8.12-24.40)
Neck/cervical spine 6 (3.7) 0.3 (0.05-0.49) 5.00 (0-22.26)

Upper limb
All upper limb injuries 21 (13.0) 1 (0.55-1.36) 49.90 (40.68-59.13)
Shoulder/clavicle 15 (9.3) 0.7 (0.34-1.03) 59.73 (48.82-70.65)
Upper arm/forearm/elbow 2 (1.2) 0.1 (0-0.22) 42.50 (12.61-72.39)
Hand/finger/wrist 4 (2.5) 0.2 (0.00-0.36) 16.75 (0-37.89)

Trunk
All trunk injuries 15 (9.3) 0.7 (0.34-1.03) 17.80 (6.88-28.72)
Upper trunk/chest/thorax/rib 8 (5.0) 0.4 (0.11-0.61) 20.38 (5.43-35.32)
Lower back/lumbar 4 (2.5) 0.2 (0.00-0.36) 16.25 (0-37.39)
Pelvis/sacrum/abdomen 3 (1.9) 0.1 (0-0.29) 13.00 (0-37.41)

Lower limb
All lower limb injuries 92 (57.1) 4.2 (3.32-5.03) 46.14 (41.73-50.55)
Hip/groin 13 (8.1) 0.6 (0.27-0.91) 27.23 (15.51-38.96)
Thigh 23 (14.3) 1 (0.62-1.47) 15.30 (6.49-24.12)
Knee 26 (16.1) 1.2 (0.73-1.63) 86.54 (78.25-94.83)
Ankle 15 (9.3) 0.7 (0.34-1.03) 49.80 (38.88-60.72)
Foot/toe 8 (5.0) 0.4 (0.11-0.61) 20.38 (5.43-35.32)
Lower leg 7 (4.3) 0.3 (0.08-0.55) 54.14 (38.16-70.12)

aIncidence reported per 1000 hours; severity reported as time lost in days. IR, injury incidence rate.
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Figure 1. Injury incidence (per 1000 hours) as a function of injury severity (time lost in days). The dotted lines represent injury
severity groups based on the consensus statement for injury definitions in rugby union.9 Injury severity groups are classified
as mild/minimal (less than or equal to 7 days), moderate (8-28 days), or severe (greater than 28 days).

The Orthopaedic Journal of Sports Medicine Epidemiology of Injuries in Rugby Union 5



team may expect to have between 7 to 8 players unavail-
able to play as a consequence of match-play injuries after 6
consecutive rounds without a bye in Super Rugby Union.
Additionally, with approximately 1 player injury every 19
days during training with an average severity of 32.2 day,

8 to 9 players may be expected to be unavailable at a single
point due to training and match-play injuries. (3) The most
frequent injury sustained was a concussion, which may be
expected to occur on average once every 4 to 5 matches per
team.

TABLE 5
Incidence and Severity of Match Injuries Distributed by Anatomic Locationa

Main Anatomic Location n (%) IR (95% CI) Severity (95% CI)

Head/neck
All head/neck injuries 25 (22.5) 14.9 (9.05- 20.71) 14.52 (6.06-22.98)
Head/face 22 (19.8) 13.1 (7.62-18.57) 15.64 (6.62-24.65)
Neck/cervical spine 3 (2.7) 1.8 (0-3.81) 6.33 (0-30.74)

Upper limb
All upper limb injuries 19 (17.1) 11.3 (6.22-16.39) 52.84 (43.14-62.54)
Shoulder/clavicle 15 (13.5) 8.9 (4.41-13.45) 59.73 (48.82-70.65)
Upper arm/forearm/elbow 2 (1.8) 1.2 (0-2.84) 42.5 (12.61-72.39)
Hand/finger/wrist 2 (1.8) 1.2 (0-2.84) 11.5 (0-41.39)

Trunk
All trunk injuries 9 (8.1) 5.4 (1.86-8.86) 22.22 (8.13-36.31)
Upper trunk/chest/thorax/rib 6 (5.4) 3.6 (0.71-6.43) 23.33 (6.07-40.59)
Lower back/lumbar 1 (0.9) 0.6 (0-1.76) 23 (0-65.28)
Pelvis/sacrum/abdomen 2 (1.8) 1.2 (0-2.84) 18.5 (0-48.39)

Lower limb
All lower limb injuries 58 (52.3) 34.5 (25.64-43.41) 49.16 (43.6-54.71)
Hip/groin 8 (7.2) 4.8 (1.46-8.06) 26.75 (11.8-41.7)
Thigh 14 (12.6) 8.3 (3.97-12.7) 14.71 (3.42-26.01)
Knee 19 (17.1) 11.3 (6.22-16.39) 72.26 (62.56-81.96)
Ankle 9 (8.1) 5.4 (1.86-8.86) 65 (50.91-79.09)
Foot/toe 3 (2.7) 1.8 (0-3.81) 44 (19.59-68.41)
Lower leg 5 (4.5) 3 (0.37-5.58) 68.2 (49.29-87.11)

aIncidence reported per 1000 hours; severity reported as time lost in days. IR, injury incidence rate.

TABLE 6
Incidence and Severity of Training Injuries Distributed by Anatomic Locationa

Main Anatomic Location n (%) IR (95% CI) Severity (95% CI)

Head/neck
All head/neck injuries 8 (16.0) 0.4 (0.12-0.67) 13.25 (0-28.2)
Head/face 5 (10.0) 0.2 (0.03-0.46) 19 (0.09-37.91)
Neck/cervical spine 3 (6.0) 0.1 (0-0.31) 3.67 (0-28.08)

Upper limb
All upper limb injuries 2 (4.0) 0.1 (0-0.23) 22 (0-51.89)
Shoulder/clavicle 0 (0.0) 0 (0-0)
Upper arm/forearm/elbow 0 (0.0) 0 (0-0)
Hand/finger/wrist 2 (4.0) 0.1 (0-0.23) 22 (0-51.89)

Trunk
All trunk injuries 6 (12.0) 0.3 (0.06-0.53) 11.17 (0-28.43)
Upper trunk/chest/thorax/rib 2 (4.0) 0.1 (0-0.23) 11.5 (0-41.39)
Lower back/lumbar 3 (6.0) 0.1 (0-0.31) 14 (0-38.41)
Pelvis/sacrum/abdomen 1 (2.0) 0 (0-0.15) 2 (0-44.28)

Lower limb
All lower limb injuries 34 (68.0) 1.7 (1.11-2.23) 41 (33.75-48.25)
Hip/groin 5 (10.0) 0.2 (0.03-0.46) 28 (9.09-46.91)
Thigh 9 (18.0) 0.4 (0.15-0.73) 16.22 (2.13-30.31)
Knee 7 (14.0) 0.3 (0.09-0.6) 125.29 (109.31-141.27)
Ankle 6 (12.0) 0.3 (0.06-0.53) 27 (9.74-44.26)
Foot/toe 5 (10.0) 0.2 (0.03-0.46) 6.2 (0-25.11)
Lower leg 2 (4.0) 0.1 (0-0.23) 19 (0-48.89)

aIncidence reported per 1000 hours; severity reported as time lost in days. IR, injury incidence rate.
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Incidence and Severity of Match-Play
and Training Injuries

The injury incidence rate for the present study was lesser
during match-play2,3,22 and greater during training4,22

than has previously been reported in professional rugby
union. Specifically, the present study identified a match-
play injury incidence rate of 66.07 injuries per 1000 hours
and a training injury incidence rate of 2.33 injuries per
1000 hours. In the 2012 Super Rugby Union competition,
a study22 of the 5 South African teams identified an injury
incidence rate of 83.3 injuries per 1000 hours for match-
play and 2.1 injuries per 1000 hours for training. A study3

of English Premiership rugby reported an injury incidence
rate of 91 injuries per 1000 hours during match-play. The
mean match-play injury severity for the present study was

39.8 days. Brooks and colleagues3 reported a mean injury
severity of 18 days in English Premiership rugby. In the
present study, injuries with >28 days severity accounted for
41.4% of the total injury incidence, while in South African
Super Rugby Union, they accounted for 14.8% of the total
injury incidence.22 Although the injury incidence rate in
the present study was considerably below the injury inci-
dence rates reported by Schwellnus et al22 and Brooks
et al,3 due to the high injury severity, the total time lost
per 1000 hours match-play was 2630 days for the present
study compared with 1638 days lost per 1000 hours in Eng-
lish Premiership rugby.3 The present study used the same
injury definitions9 as used by Schwellnus et al22 and Brooks
et al3; therefore, difference in injury rates and severities
cannot be attributed to differences in recording methodol-
ogies. It is often reported that nonprofessional clubs with-
out designated club medical staff underreport injury rates
as injuries will often go untreated. The studies by Schwell-
nus et al22 and Brooks et al3 were in professional clubs;
therefore, it is unlikely that injuries would go unnoticed
given the requirements of player availability for perfor-
mance and player welfare.

An annual report21 for England professional rugby
union identified a lower injury incidence rate for the Eng-
land senior team compared with the teams competing in
the premiership competition (incidence, 62 per 1000
player hours vs 82 per 1000 hours, respectively). Addition-
ally the English senior side has shown a trending decrease
in the incidence of injury over the previous 9 years while
injury severity has trended toward an increase.21 The
lower incidence of injury in the English senior side com-
pared with English Premiership rugby21 may be due to
differences in conditioning levels. In 2 studies investigat-
ing the movement characteristics in English Premiership
rugby5 and Australian Super Rugby Union,15 the total dis-
tance covered was greater in English Premiership rugby
(forwards, 5850 m; backs, 6545 m) compared with
Australian Super Rugby Union (forwards, 4709 m; backs,

TABLE 7
Match-Play Injury Incidence and Mean Severity by Anatomic Location and Tissue Typea

Tissue Type Position

Head/Neck Upper Limb Trunk Lower Limb All

IR Severity IR Severity IR Severity IR Severity IR Severity

Muscle/tendon Forwards — — 2.2 107.5 2.2 18.5 10.0 15.0 14.5 29.8
Backs 1.3 9.0 1.3 13.0 2.6 51.0 24.2 16.8 29.3 19.3

Joint/ligament Forwards 2.2 5.0 7.8 44.7 2.2 23.0 16.7 72.5 29.0 56.0
Backs 1.3 29.0 8.9 52.4 — — 15.3 80.2 25.5 67.9

CNS/brain Forwards 8.9 7.8 — — — — — — 8.9 7.8
Backs 11.5 7.2 — — — — — — 11.5 7.2

Bone Forwards — — — — 2.2 6.5 — — 2.2 6.5
Backs 5.1 47.0 1.3 72.0 1.3 2.0 3.8 115.3 11.5 67.6

Neurological Forwards — — 1.1 24.0 — — — — 1.1 24.0
Backs — — — — — — — — — —

All Forwards 11.2 7.2 11.2 55.2 6.7 16.0 26.8 50.9 55.8 38.8
Backs 19.1 19.4 11.5 50.2 3.8 34.7 43.4 47.9 77.8 40.6
All 15.5 14.5 11.3 52.8 5.4 22.2 34.5 49.2 66.1 39.8

aIncidence reported per 1000 hours; severity reported as time lost in days. CNS, central nervous system; IR, injury incidence rate.

TABLE 8
Injuries Associated With the Greatest Time Loss

Position and Injury
Total Days

Absent
Days Absent/
1000 Hours

Forwards
Anterior cruciate ligament 568 634
Shoulder dislocation/instability 290 324
Lower limb fracture/dislocations 227 253
Rotator cuff injury 210 234
Medial collateral ligament 167 186
Ankle sprain 76 85
Concussion 62 69

Backs
Lower limb fracture/dislocations 471 601
Shoulder dislocation/instability 367 468
Posterior cruciate ligament 236 301
Facial/jaw fractures 188 240
Ankle sprain 161 205
Ankle osteochondral/joint injury 116 148
Hamstring strain 109 139
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6005 m). However, indirect comparisons between high-
speed meters show that forward positions in English Pre-
miership rugby covered 37 m above 81% of maximum velo-
city while forward positions in Australian super rugby
union covered 131 m above 76% of maximum velocity,
including 38 m above 91% of maximum velocity, suggest-
ing a greater amount of high-intensity activity performed
in Australian Super Rugby Union compared with English
Premiership rugby union. Additionally, the greater injury
severity in Australian Super Rugby Union compared with
English Premiership rugby may be a result of more con-
servative management of injuries.

New and Recurrent Injuries

In the present study, recurrent injuries accounted for 16%
of the total injury incidence. Similar findings were
reported for recurrent injuries in rugby union at 18%3 and
15%25 of the total injury incidence. Injury severity of
recurrent injuries (50.92; 95% CI, 42.63-59.21) were not
significantly more severe than injury severity for new
injuries (34.97; 95% CI, 31.42-38.52) due to the low volume
of recurrent injuries and large standard deviation about
the mean. The severity of recurrent injuries reported in
the present study was considerable greater than has pre-
viously been reported in rugby union3 (50.92 compared
with 27 days). The Australian Football League (AFL)
reported a recurrent injury rate of 9% in 2012, which has
consistently decreased since 1992 when recurrent injuries
accounted for 25%.18 The AFL partially attributes the
decreasing rate of injury recurrence to significant
decreases in lower limb soft tissue injuries.18 The risk of
recurrent soft tissue injuries may be mitigated with appro-
priate rehabilitation protocols16 and conservative man-
agement,18 which accounts for the modifiable factors
associated with reinjury. Modifiable risk factors for recur-
rent injuries include decreased flexibility,14,30 decreased
eccentric strength,14 altered lower limb biomechanics,28

and altered muscle tissue lengthening mechanics.23

Although these modifiable factors may influence the risk
of recurrent injury, they were not recorded in the present
study. Further research is needed in this area to

investigate the recurrent injury rates for soft tissue inju-
ries when controlling for modifiable risk factors.

Anatomic Location of Injury

In the present study, lower limb injuries accounted for 57%
of the total injury incidence, with a mean severity of 46.14
days; in South African Super Rugby Union,22 lower limb
injuries accounted for 48.1% of the total injury proportion.
When investigating the incidence rates, South African
Super Rugby Union22 had similar injury incidence rates for
lower limb injuries for match-play injuries (34.4) compared
with the present study (34.5) and for match-play and train-
ing injuries combined (4.4) compared with the present
study (4.2). The present study had fewer upper limb inju-
ries (incidence, 1.00; 95% CI, 0.55-1.36) compared with the
South African Super Rugby Union22 (incidence, 2.4; 95%
CI, 1.7-3.2). The lower proportion of upper limb injuries was
largely the result of fewer shoulder/clavicle injuries during
match play. Headey et al13 reported that professional rugby
union players aged 31 to 34 years and players aged 19 to 22
years had the greatest incidence of shoulder injury com-
pared with other players. Furthermore, professional Eng-
lish Premiership rugby union players with a body mass
index >30.9 kg/m2 experienced a greater incidence of more
severe shoulder injuries while players 197 to 204 cm in
height experienced the lowest incidence and severity of
shoulder injuries.13 The height, weight, and age of players
in the present study were similar to those reported in the
South African Super Rugby Union study; therefore, these
variables were unlikely to account for the differences in
injury incidence rates of the upper limb between the pres-
ent study and those observed in South African Super Rugby
Union.

Harder ground conditions have been associated with a
greater number of shoulder injuries due to the direct impact
between the shoulder and ground, which is common during a
tackle event. Differences in ground conditions may have con-
tributed to the observed difference in the incidence of
shoulder dislocation/instability injuries between South Afri-
can Super Rugby Union and Australian Super Rugby Union.

TABLE 9
Match-Play Events Associated With Injurya

Event Associated With Injury n (%) IR (95% CI) Severity (95% CI)

Being tackled 25 (22.5) 14.88 (9.05 to 20.71) 53.84 (45.55 to 61.90)
Tackling 23 (20.7) 13.69 (8.10 to 19.29) 27.09 (18.45 to 35.27)
Collision 22 (19.8) 13.10 (7.62 to 18.57) 17.59 (8.76 to 26.01)
Unknown 17 (15.3) 10.12 (5.31 to 14.93) 34.24 (24.19 to 44.04)
Ruck 6 (5.4) 3.57 (0.71 to 6.43) 68.67 (51.75 to 84.85)
Running 5 (4.5) 2.98 (0.37 to 5.58) 44.20 (25.67 to 61.81)
Other noncontact 5 (4.5) 2.98 (0.37 to 5.58) 101.00 (82.47 to 118.88)
Other contact 4 (3.6) 2.38 (0.05 to 4.71) 20.50 (–0.21 to 40.56)
Scrum 3 (2.7) 1.79 (–0.24 to 3.81) 85.00 (61.08 to 107.87)
Lineout 1 (0.9) 0.60 (–0.57 to 1.76) 5.00 (–36.43 to 44.83)
Maul 0 (0.0) — —

aIR, injury incidence rate.
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Concussion was the most frequent injury overall. The
most frequent event associated with concussion was tack-
ling, such as the head colliding with the hip of the opponent.
High-speed tacking occurs more frequently in open game-
play and may have contributed to the greater incidence of
concussion in back-playing positions compared with
forward-playing positions (see Table 7). Rule changes were
recently introduced by the International Rugby Board to
better identify concussion and reduce the incidence of addi-
tional head injury while players are in a state of postcon-
cussive vulnerability. Specifically, the decision to remove a
player after a suspected concussion can be made by the
referee, independent match day doctor, or the player’s team
doctor. Additionally, a more enhanced head injury assess-
ment was introduced through strengthening the previously
used memory test and balance test, thereby allowing for
improved identification of concussion.

Most Severe Injuries

In the present study, ACL injuries (combined grades 1, 2,
and 3 sprains) resulted in the greatest time lost due to
injury for forward positions. A study of English Premier-
ship rugby3 identified a similar finding, with ACL injuries
accounting for the greatest time loss due to injury for for-
ward positions. In the back-playing positions, lower limb
fracture/dislocations resulted in the greatest time lost for
the present study. Previous research3 in professional rugby
union reported hamstring injury to account for the greatest
time loss due to injury for back positions. Additionally, pre-
vious studies in elite soccer1 and AFL18 have identified
hamstring injuries as having the greatest injury incidence
and resulting in the greatest time away from training and
match-play. In the present study, hamstring injuries were
one of the injuries with the highest injury count (n ¼ 12);
however, due to the mean severity (22.9 days), hamstring
injuries did not account for the greatest time loss in either
forward or back positions. Shoulder dislocation/instability
was in the top 3 injury types resulting in time loss due to
injury for forward- and back-playing positions in the pres-
ent study, which agrees with the finding in English Pre-
miership rugby.3

Event Associated With Injury

Being tackled and tackling were the match-play events
most associated with injury in the present study. Tackling
was associated with a large portion of head injuries. Specif-
ically, more than one-third of injuries while tackling were
concussion. Being tackled was associated with a high pro-
portion of knee ligament injuries and shoulder dislocation/
instability injuries. Previous studies in rugby union3 and
rugby league11,12 have identified the tackle as the event
most associated with injury. The high incidence of tackle
injuries is likely due to the high frequency of tackle events
compared with other contact events7 and the velocity of
impacts, dynamic nature of change of direction, and rota-
tional torque about joints experienced during the tackle.
Collision events were the third most common event associ-
ated with injury; however, as collisions reportedly occur

less frequently than tackling events, collisions have previ-
ously been reported to have the highest injury rates per
1000 collision events.7 Noncontact injuries accounted for
9% of the total injury incidence and 16.4% of the total time
loss due to injury. Specifically, injuries while running
accounting for 4.5% of the total incidence in the present
study. These results contrast that of Schwellnus et al,22

who reported an 11.3% incidence of running injuries in
South African Super Rugby Union.

CONCLUSION

The present study highlights the burden associated with
injury in professional rugby union with a mean 32 injuries
per team per season resulting in 37.4 days absent per
injury. The present findings identified a greater time loss
due to injury compared with previous studies that investi-
gated professional rugby union due to a fundamentally
high incidence of injuries with greater than 28 days sever-
ity. Match-play tackles and collisions are identified as the
largest contributors to musculoskeletal injury rates that
substantiate the unpredictability and dynamic nature of
professional rugby union competition.

A detailed comparison of between-injury types with the
inclusion of injury severity had not been reported for Aus-
tralian professional rugby union. This study describes the
injury characteristics, incidence, and severity in greater
detail than has previously been reported in Australian pro-
fessional rugby union. These results increase our under-
standing of the characteristics, incidence, and severity of
injuries occurring during Australian professional rugby
union training and competition.

REFERENCES

1. Arnason A, Andersen TE, Holme I, Engebretsen L, Bahr R. Prevention

of hamstring strains in elite soccer: an intervention study. Scand J

Med Sci Sports. 2008;18:40-48.

2. Bathgate A, Best JP, Craig G, Jamieson M. A prospective study of

injuries to elite Australian rugby union players. Br J Sports Med. 2002;

36:265-269.

3. 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;39:757-766.

4. Brooks JH, Fuller CW, Kemp SP, Reddin DB. Epidemiology of injuries

in English professional rugby union: part 2 training injuries. Br J Sports

Med. 2005;39:767-775.

5. Cahill N, Lamb K, Worsfold P, Headey R, Murray S. The movement

characteristics of English Premiership rugby union players. J Sports

Sci. 2013;31:229-237.

6. Cunniffe B, Proctor W, Baker JS, Davies B. An evaluation of the phy-

siological demands of elite rugby union using global positioning sys-

tem tracking software. J Strength Cond Res. 2009;23:1195-1203.

7. Fuller CW, Brooks JH, Cancea RJ, Hall J, Kemp SP. Contact events in

rugby union and their propensity to cause injury. Br J Sports Med.

2007;41:862-867.

8. Fuller CW, Laborde F, Leather RJ, Molloy MG. International Rugby

Board Rugby World Cup 2007 injury surveillance study. Br J Sports

Med. 2008;42:452-459.

9. Fuller CW, Molloy MG, Bagate C, et al. Consensus statement on injury

definitions and data collection procedures for studies of injuries in

rugby union. Br J Sports Med. 2007;41:328-331.

The Orthopaedic Journal of Sports Medicine Epidemiology of Injuries in Rugby Union 9



10. Fuller CW, Sheerin K, Targett S. Rugby World Cup 2011: International

Rugby Board Injury Surveillance Study. Br J Sports Med. 2013;47:

1184-1191.

11. Gabbett TJ. Incidence of injury in semi-professional rugby league

players. Br J Sports Med. 2003;37:36-43.

12. Gissane C, Jennings DC, Cumine AJ, Stephenson SE, White JA. Dif-

ferences in the incidence of injury between rugby league forwards and

backs. Aust J Sci Med Sport. 1997;29:91-94.

13. Headey J, Brooks JH, Kemp SP. The epidemiology of shoulder inju-

ries in English professional rugby union. Am J Sports Med. 2007;35:

1537-1543.

14. Jonhagen S, Nemeth G, Eriksson E. Hamstring injuries in sprinters.

The role of concentric and eccentric hamstring muscle strength and

flexibility. Am J Sports Med. 1994;22:262-266.

15. McLellan CP, Coad S, Marsh D, Lieschke M. Performance analysis of

super 15 rugby match-play using portable micro-technology. J Athl

Enhancement. 2013;2(5):1000125.

16. Opar DA, Williams MD, Shield AJ. Hamstring strain injuries: factors

that lead to injury and re-injury. Sports Med. 2012;42:209-226.

17. Orchard J, Seward H. Epidemiology of injuries in the Australian

Football League, seasons 1997-2000. Br J Sports Med. 2002;36:

39-44.

18. Orchard J, Seward H, Orchard J. Results of 2 decades of injury sur-

veillance and public release of data in the Australian Football League.

Am J Sports Med. 2013;41:734-741.

19. Orchard JW, James T, Portus MR. Injuries to elite male cricketers

in Australia over a 10-year period. J Sci Med Sport. 2006;9:

459-467.

20. Rae K, Orchard J. The Orchard Sports Injury Classification System

(OSICS) version 10. Clin J Sport Med. 2007;17:201-204.

21. Rugby Football Union. England Rugby: Premiership injury and training

audit 2012-2013 season report. Twickenham, 2014. http://www.

englandrugby.com/mm/Document/MyRugby/Players/01/30/36/13/

Injury_audit_report_Neutral.pdf. Accessed November 4, 2014.

22. Schwellnus MP, Thomson A, Derman W, et al. More than 50% of

players sustained a time-loss injury (>1 day of lost training or playing

time) during the 2012 Super Rugby Union Tournament: a prospec-

tive cohort study of 17,340 player-hours. Br J Sports Med. 2014;48:

1306-1315.

23. Silder A, Reeder SB, Thelen DG. The influence of prior hamstring

injury on lengthening muscle tissue mechanics. J Biomech. 2010;

43:2254-2260.

24. Stubbe J, van Beijsterveldt A, van der Knaap S, et al. Injuries in pro-

fessional male soccer players in the Netherlands: a prospective

cohort study. J Athl Train. 2015;50:211-216

25. Targett SG. Injuries in professional Rugby Union. Clin J Sport Med.

1998;8:280-285.

26. Tuominen M, Stuart MJ, Aubry M, Kannus P, Parkkari J. Injuries in

men’s international ice hockey: a 7-year study of the International Ice

Hockey Federation Adult World Championship Tournaments and

Olympic Winter Games. Br J Sports Med. 2015;49:30-36.

27. van Mechelen W. Sports injury surveillance systems. ‘One size fits

all’? Sports Med. 1997;24:164-168.

28. Verrall GM, Slavotinek JP, Barnes PG, Fon GT, Spriggins AJ. Clinical

risk factors for hamstring muscle strain injury: a prospective study

with correlation of injury by magnetic resonance imaging. Br J Sports

Med. 2001;35:435-439.

29. Williams S, Trewartha G, Kemp S, Stokes K. A meta-analysis of inju-

ries in senior men’s professional Rugby Union. Sports Med. 2013;43:

1043-1055.

30. Worrell TW, Perrin DH, Gansneder BM, Gieck JH. Comparison of

isokinetic strength and flexibility measures between hamstring

injured and noninjured athletes. J Orthop Sports Phys Ther. 1991;

13:118-125.

10 Whitehouse et al The Orthopaedic Journal of Sports Medicine

http://www.englandrugby.com/mm/Document/MyRugby/Players/01/30/36/13/Injury_audit_report_Neutral.pdf
http://www.englandrugby.com/mm/Document/MyRugby/Players/01/30/36/13/Injury_audit_report_Neutral.pdf
http://www.englandrugby.com/mm/Document/MyRugby/Players/01/30/36/13/Injury_audit_report_Neutral.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


