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Abstract: Background: In rugby, the shoulder contributes to attack/defence during collisions, tack-
ling, falling, scrummaging, and mauling. We investigated the frequency, tissue, and pathology
type of shoulder injuries per player position among professional South African rugby players, and
compared injury severity in the context of momentum, intensity, and collision variables. Methods:
A prospective study collecting shoulder injury data of 80 male Super Rugby players (>18 years)
over 4 seasons (2018-2021). Players wore a Catapult Evo GPS unit during training and match-play,
recording performance variables and collision forces during injury. We collected tissue and pathology
types of injury from players” medical files, clinical examinations, and special investigations. Results:
Shoulder injuries contributed to 17% of all injuries, ranging from 2 to 34% per year. Forwards (63%)
sustained most shoulder injuries, specifically locks (30%). Acromioclavicular (AC) joint (47%) was
mostly involved, and ligament/joint capsule (65%) was the most common tissue type injured. Injuries
with the highest average momentum resulted in players suffering minimal to mild severity injuries
(1-7 days time-loss). Backs (631.15 kg-m/s) required less momentum than forwards (816.00 kg-m/s)
to suffer injuries resulting in >28 days time-loss (p = 0.008). Backs encountered higher match intensity
(67.76 m/min, p = 0.031) and highest average collisions (0.28/min) without suffering more severe
(>28 days time-loss) injuries. Match intensity of >60 m/min resulted in more than 55% of shoulder
injuries. Conclusion: One in six injuries in this cohort was shoulder-related. Forwards, specifically
locks, sustained most shoulder injuries. The AC joint was the tissue type that mainly contributed.
Backline players were involved in higher velocity contact, game intensity, and collision frequency but
suffered fewer injuries. However, they required less momentum to sustain more severe injuries.

Keywords: shoulder injuries; rugby; contact; GPS; severity

1. Introduction

Professional rugby union (henceforth called rugby) is a multi-faceted collision sport
played worldwide. The on-field rugby team comprises 15 players, sub-divided into eight
forward and seven backline player positions [1-3]. The different player positions have
different roles and a range of physical game demands [1,4-6], which involve high-velocity
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efforts (high-speed running, accelerations, decelerations), jumping, change of directions,
static exertions, and low-velocity high-force efforts (tackle, ruck, maul, scrum) [1,7-10]. The
combination of speed, strategy, and strength skills is also associated with a high proportion
of traumatic injuries that may occur during training or match-play [11,12].

In rugby, the player’s shoulder is typically the first point of contact in physical col-
lisions and technical contests such as tackling, cleaning out a ruck, scrummaging, and
mauling [4,7,13,14]. The tackle is the match event responsible for almost all shoulder in-
juries (46-90%) [12,15-20]. In rugby, tackling is a core skill of defence for all players and
is associated with a high risk of injury [21-25]. The high risk of shoulder injuries during
tackle events may result from its unparalleled range of motion [16,26].

These physical demands on the shoulder are also position specific. A previous study
found significant differences in player injury profiles, as well as between different positions.
The study hypothesised that there are likely position-specific differences determined by
the technical and physical requirements of each position [27]. The different positional
requirements of rugby players, with specific reference to locomotor and contact skills,
demand specific technical actions during attack or defence plays [5,7,14]. For example, only
forwards are involved in static exertion periods (scrums). In the backline, collision events
commonly occur when performing high-intensity running [1,5,7,12,13].

As a consequence of these demands, the shoulder is the second most commonly
injured body site (28% of all injuries) after the knee [15,27] and causes the second-highest
time-loss injuries after the knee joint [28]. A study on Premier League rugby players
reported shoulder injuries as the most severe [28], and a Super Rugby tournament study
found 25.6% of all injuries were in the upper limb [15]. This highlights the importance of
an in-depth investigation involving collision events and resultant injury severities specific
to the shoulder joint.

Global positioning systems tracking and microsensor technology are used in sports
settings and analysed to better help understand sports performance [7]. The excessive
forces applied to the shoulder joint of rugby players during collisions or tackles often
result in shoulder injuries [17,22-24,27]. Factors such as high momentum, intense physical
demands, and specific collision metrics can contribute to the likelihood and severity of
shoulder injuries [7]. Quantifying these factors can assist in better preparing rugby players
for collision demands of matches and strategies to reduce the risk of shoulder injuries.

The primary aim of this study is to describe the frequency of shoulder injuries per
player position among professional South African rugby players, and to describe the
severity of each reported shoulder injury (tissue type, pathology type) in the context of
momentum, intensity, and collision variables. The hypothesis is that shoulder injuries
differ among player positions, and the number of shoulder injuries is higher following
high-impact matches.

2. Materials and Methods
2.1. Study Design and Ethical Considerations

This prospective study was implemented to record data at single time-points across
four seasons. Before the onset of this study, the Ethics Committee at the University of
Pretoria approved the study (REC 531/2020) with the permission of the Director of Rugby.
The team physicians reviewed the medical files and the recorded GPS data of all players
that sustained a shoulder injury during the period 2018-2021. The team’s sports scientist
assisted in analysing the data.

2.2. Participants

All professional male rugby union players (>18 years) from one South African (SA)
rugby franchise that competed in rugby tournaments (including the Super Rugby, Super
Rugby Unlocked, Currie Cup, and Rainbow Cup) were eligible for inclusion in this study.
Eighty (n = 80) professional rugby players from this franchise participated in rugby union
tournament training and matches from 2018 to 2021. Each season started in November
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and ran until October the following year. Players from other SA franchises were excluded.
Figure 1 explains the inclusion and exclusion criteria.

All professional male rugby union players from all SA rugby franchises,

Total population

2018 -2021
) Players from other SA
All professional male rugby union players e e
(*18 years) from one SA rugby franchise,
§ 3 2018-2021
2018 -2021 (n=380)

52 players sustained

28 players sustained no shoulder injuries

43 shoulder injuries

Figure 1. Flow chart of total sampling population explaining the inclusion and exclusion criteria.

2.3. Data Collection
2.3.1. Definitions

Injury definitions for this study aligned with the consensus for injury data collection in
rugby union and the International Olympic Committee consensus statement on methods for
recording and reporting of epidemiological data [29,30]. As such, the following definitions
were used:

e Injury: “tissue damage or other derangement of normal physical function due to partic-
ipation in sports, resulting from rapid or repetitive transfer of kinetic energy” [29,30].

e  Recurrent injury: “a player sustaining the same pathology to the same anatomical
structure within 4 weeks. More than one injury in the same player was recorded as a
separate injury” [29,30].

e Collision: “the gravitational force (G) experienced during contact, i.e., when tackled
(either being tackled or executing the tackle) [29,30] was set to register an incident at
>3G".

e Injury severity: “the estimated number of days a player is unable to participate in
training or match-play” [29,30].

2.3.2. GPS Data Collection

Each player wore a Catapult Evo GPS unit (https://www.catapult.com, accessed on
15 April 2021) during training and match-play. The GPS unit is only a few millimeters in
size and encased in a special pouch within the playing jersey on the player’s back, between
their shoulder blades. The position of the GPS unit on the athlete’s thoracic spine did not
hinder their upper limb or torso range of motion during training or match-play [4].

Each player’s device was switched on, and a satellite lock established before training or
matches started. Players wore the same allocated device for training and matches, to keep
inter-unit error to a minimum [31,32]. After each training session and match, the GPS units
were collected and the data downloaded using OpenField proprietary software (Catapult,
OpenField Version 14.1). The data were synced to Catapult’s cloud platform, exported to a
Microsoft Excel spreadsheet, and downloaded to a local computer for further analysis.
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Catapult is validated for various contact and non-contact sports settings [7,19,32-34].
The device uses tri-axial accelerometers (up/down, forwards/backwards, and sideways)
that measure acceleration at 10,000 Hz and record at 100 Hz (100 times per second). The
tri-axial gyroscopes, used along with the accelerometers, enable the device to measure
acceleration, force, rotation, and body orientation with detailed movement assessment
at the time of impact. It has a microprocessor that records over a thousand data points
per second in real-time, ample storage on the device for post-session analysis, a powerful
battery, and a GPS tracking engine. The frequency (collisions per minute) indicates the
short, high-intensity bursts experienced over an entire match of 80 min. Collision per
minute indicates how often a player position experience contact during their time on the
field. The higher the frequency, the higher the volume of contact exposure is for a specific
match [6,7,19,34-36].

2.3.3. Injury Data Collection

Injury data collection occurred continuously throughout all four seasons, from Novem-
ber to October the following year. The medical team recorded the demographic profile
(Mean =+ SD) of players with shoulder injuries, which included height (meter, m), body
mass (kilogram, kg), and BMI (Body mass index, kg/m?). The specific rugby activity
(match-play, training, conditioning, attacking, or defensive drills) during which injury
occurred, was noted. Injuries were classified using the modified Orchard Sports Injury
Classification System (OSICS) [37].

All the players’ medical history, collision data, injury data, and time to return-to-play
data were collected. If available, information on the type of shoulder injury was gathered
from the player’s medical files including clinical examinations and special investigations
(i.e., ultrasound, computerised tomography, and magnetic resonance imaging). The time-
loss (in days), specifically due to shoulder injuries, was documented. Various performance
variables and collision forces experienced during the injury (from GPS data) were used in
evaluating the spectrum of shoulder injuries, including the pathology of the injury.

2.3.4. Physical Outcome Variables and Specific Parameters Measured

Physical variables and specific locomotor parameters collected for each player in-
cluded demographics (age, height, body mass, BMI), position of play, diagnosis (OSICS
classification), GPS collision data [intensity of match (meters/minute), acceleration per
minute (intensity), concentric load, collisions (amount per minute; break down to tackles
and rucks, 1x plane), top speed/max velocity (meters/second), total distance (meters),
impact (different plane like stepping off the ground or hand off; amount per game)], and
time-loss [number of days lost to training and match-play, sub-divided into three categories;
1-7 days (minimal to mild); 8-28 days (moderate); >28 days (severe)]. Momentum was
calculated using the following equation:

Momentum (kg-m/s) = mass (kg) x velocity (m/s) (1)

The main outcome was to observe the frequency (n, %) of shoulder injuries per player
position. The secondary outcome was to identify the severity (days lost) of each reported
shoulder injury in the context of momentum, intensity, and collision variables, and to
compare the impact of shoulder injuries between player positions (p < 0.05).

2.3.5. Calculation of Player Exposure

Exposure time over the 4 years was calculated based on the consensus statement on
injury data collection in rugby [29]. NM x PM x DM (where NM is the number of matches,
PM is the number of players per match, and DM is the match duration in hours). The
total duration of a rugby union match is 80 min (1.33 h of play). Injury surveillance was
conducted only on one team in the tournament; thus, PM was calculated as 15 players per
team for each match. It was also assumed that there were 15 players for the entire match,
ignoring the effects of yellow and red cards on match exposure.
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2.4. Data Analysis

The analysis was conducted using the statistical program R (https://www.r-project.
org/, accessed on 24 January 2023). Descriptive statistics include the mean and standard
deviation (SD) and counts and proportions for the categorical variables. Exposure time was
used to determine injury incidence and corresponding 95% Cls for the number of shoulder
injuries per 1000 h of match-play, regardless of whether a player was injured more than
once. Additional investigations included comparing results between the forwards and the
backs. The Shapiro-Wilk’s test was used for the continued variables to determine if the
data was normally distributed. The independent t-test was used to compare the results
for the normally distributed data. The non-parametric alternative, the Mann-Whitney U
test, was used when the normality assumption was rejected. The career ender data were
excluded where time-loss is reported. All tests were performed at a 5% level of significance.

3. Results

The total match exposure time was computed to 1840 player-hours (981 player-hours
for forwards; 859 player-hours for backs).

3.1. Demographic Data

During the 4 years, 80 players rotated through the squad. Players had a mean height
of 1.88 &+ 0.08 m and mean body mass of 102.96 £ 13.97 kg. The forwards had a BMI of
30.64 & 2.64 kg/m? and the backs 26.64 + 1.70 kg/m?.

3.2. Frequency, Period Prevalence, and Incidence of Shoulder Injuries

A total of 92 matches were played over 4 years of which 34 in 2018, 30 in 2019, and
14 each in 2020 and 2021. The frequency of shoulder injuries was higher during 2018
(n = 16; 34%), followed by 2019 (n = 10; 26%) and 2021 (n = 15; 17%). A total of 28 players
sustained 43 shoulder injuries with a period prevalence of 35%. Of the 43 shoulder injuries,
33 (77%) injuries were sustained on the player’s right side and 10 (23%) on the player’s left
side. Recurrent injuries occurred in 15 cases. The overall incidence (per 1000 player-hours;
95% CI) of shoulder injuries was 23.37 (16.38-30.35). The total number of shoulder injuries
during the 2018-2021 seasons (A) and for each year (B) is depicted in Figure 2.

300 100
261 (A) 90 (B) 88 88
250 80
70

200 _
G £ 60
o) g 47
£ 150 g 50
= =) 38
Z Z 40

100

16% = 34% 17%
43 20 16 26% 15
50 10 o
10 l 2%
N u : H
O 0 I
Total all Total 2018 2019 2020 2021
Injuries Shoulder Total Injury Count M Shoulder Injuries
Injuries
2018-2021

Figure 2. (A) The total number of all injuries and the number and percentage of all shoulder injuries
during the 2018-2021 seasons. (B) The total number of all injuries and the number and percentage of
shoulder injuries each year. The SARS-CoV-2 (COVID-19 virus) global pandemic in 2020 negatively
influenced participation in all sports.
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Injury count per year

18
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Shoulder Injuries by Player Position

Forwards (n = 27; 63%) sustained more shoulder injuries compared to backs (n = 16;
37%). The incidence of shoulder injuries in forwards was 27.52 (17.14-37.90) and in backs
was 18.63 (9.50-27.75). The total injury count for all shoulder injuries sustained by forwards
and backs for each season is depicted in Figure 3.

mmmmmm Shoulder Injuries e ¢ o o Forwards e= e Backs

16

2018 2019 2020 2021

Figure 3. Number of shoulder injuries sustained by forwards and backs for each year from 2018 to
2021. The SARS-CoV-2 (COVID-19 virus) global pandemic in 2020 negatively influenced participation
in all sports.

The locks (n = 13; 30%) sustained the highest number of shoulder injuries, followed
by the centres (n = 8; 19%), the loose-forwards (n = 7; 16%), and the props (n = 6; 14%).
The locks (n = 8; 62%) also had the most recurrent injuries, followed by the wings (n = 3;
75%), and loosehead props (n = 2; 33%). The wing position sustained the only career-
ending injury.

3.3. Severity of Shoulder Injuries (Tissue and Pathology Type) in the Context of Momentum

Table 1 displays the injury severity (days lost to play) and momentum (kg-m/s)
by player position, tissue type, and pathology type of the shoulder injuries. Moderate
(8-28 days; n = 19; 44%) and severe injuries (>28 days; n = 14; 33%) contributed
to 33 (77%) shoulder injuries. The average momentum calculated for each severity
group was 750.87 & 95.20 kg-m/s (1-7 days), 724.20 4= 114.16 kg-m/s (828 days), and
736.77 £127.71 kg-m/s (>28 days). Forwards (n = 19, 70%) suffered more time-loss injuries
(1-28 days) compared to backs (n =9, 57%). Injuries with the highest average momentum
resulted in players suffering mostly minimal to mild time-loss injuries (1-7 days). The locks
(n =4; 791.45 kg-m/s) and loose-forwards (n = 4; 776.49 kg-m/s) had more exposure to
higher average momentum scenarios. The average momentum experienced by the other
positions were wings (737.90 kg-m/s), centres (713.05 kg-m/s), props (708.57 kg-m/s),
fullbacks (682.33 kg-m/s), scrumhalf (628.67 kg-m/s), hookers (623.70 kg-m/s), and flyhalf
(448.40 kg-m/s). There was no significant difference (p = 0.0588) in the average momentum
experienced by the forward players (762.96 £ 106.29 kg-m/s) compared to the back players
(693.61 & 114.97 kg-m/s). However, backs (631.15 + 113.20 kg-m/s) required significantly
less (p = 0.008) momentum than forwards (816.00 £ 66.36 kg-m/s) to suffer >28 day injury
severity. The tissue type most frequently injured in the >28 days time-loss category was liga-
ment/joint capsule injuries (including 1 career-ender; n = 11; 79%), muscle/tendon injuries
(n = 3; 21%), and bone injuries (n = 1; 7%). AC joint injuries (n = 20; 61%) contributed most
to the total count of the shoulder injuries and to more serious time-loss injuries (8-28 days;
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n =12; 36% and >28 days; n = 7; 21%). The average momentum experienced for injury of
each tissue type was bone (743.47 kg-m/s, n = 1), ligament/joint capsule (738.29 kg-m/s,
n = 28), muscle/tendon (735.35 kg-m/s, n = 11), and nerve (726.16 kg-m/s, n = 3).

Table 1. Severity and momentum by player position, tissue type, and pathology type.

Injury Severity

Momentum

(Time-Loss in Days) (kkg-m/s) Player Position Tissue Type Pathology Type Diagnosis
Car(e:r:Elr;der 864.8 Wing Ligament/Joint capsule AC Joint dislocation AC L 01:n; ?izlg)za)tlon
926.6 Lock Ligament/Joint capsule AC Joint sprain AC Joint sprain
878.5 Lock Ligament/Joint capsule Shoulder dislocation n =4 (29%)
862.4 Loose-forward Ligament/Joint capsule AC Joint sprain Shoulder dislocation
802.5 Loose-forward Ligament/Joint capsule AC Joint sprain n =4 (29%)
799.0 Wing Ligament/Joint capsule AC Joint dislocation AC Joint dislocation
791.7 Lock Muscle/Tendon Shoulder muscle rupture/tear n =2 (14%)
>28 days 777.8 Loose-forward Bone Clavicle fracture Biceps muscle tear
(n=14) 746.5 Lock Muscle/Tendon Pectoralis major tear n=1(7%)
742.0 Loose Forward Muscle/Tendon Biceps muscle tear Clavicle fracture
676.3 Wing Ligament/Joint capsule Shoulder dislocation n=1(7%)
628.7 Scrumhalf Ligament/Joint capsule Shoulder dislocation Pectoralis major tear
623.0 Fullback Ligament/Joint capsule Shoulder dislocation n=1(7%)
611.5 Wing Ligament/Joint capsule AC Joint dislocation Shoulder muscle
448.4 Flyhalf Ligament/Joint capsule AC Joint sprain rupture/tear n = 1 (7%)
1003.5 Lock Ligament/Joint capsule AC Joint sprain
843.2 Prop Ligament/Joint capsule AC Joint sprain
806.8 Loose-forward Ligament/Joint capsule AC Joint sprain AC Joint sprain
783.2 Lock Ligament/Joint capsule AC Joint sprain n =11 (58%)
767.6 Lock Ligament/Joint capsule AC Joint sprain Contusion
767.4 Lock Ligament/Joint capsule AC Joint sprain n=2(11%)
763.9 Lock Muscle/Tendon Contusion Shoulder muscle
757.4 Centre Ligament/Joint capsule AC Joint dislocation rupture/tear
828 davs 742.0 Loose-forward Ligament/Joint capsule SC Joint dislocation n=2(11%)
(n=1 9})7 741.7 Fullback Muscle/Tendon Shoulder muscle rupture/tear AC Joint dislocation
712.5 Prop Muscle/Tendon Muscle strain n=1(5%)
709.2 Lock Ligament/Joint capsule AC Joint sprain Muscle strain
708.3 Lock Ligament/Joint capsule AC Joint sprain n=1(5%)
702.0 Loose-forward Ligament/Joint capsule AC Joint sprain SC Joint dislocation
672.1 Centre Muscle/Tendon Shoulder muscle rupture/tear n=1(5%)
672.0 Centre Ligament/Joint capsule SC Joint sprain SC Joint sprain
598.9 Lock Muscle/Tendon Contusion n=1(5%)
558.9 Centre Ligament/Joint capsule AC Joint sprain
449.4 Prop Ligament/Joint capsule AC Joint sprain
884.0 Centre Muscle/Tendon Contusion . o
. . . . Contusion n = 2 (22%)
843.8 Lock Ligament/Joint capsule SC Joint sprain N. - b
828.6 Centre Nerve Neuropraxia CITOpERR = A (25
. . ‘op . SC Joint sprainn =2
1-74 828.0 Prop Ligament/Joint capsule AC Joint sprain 209,
ays 709.2 Prop Ligament/Joint capsule SC Joint sprain (. %) .
n=9) . AC Joint sprain
709.2 Prop Muscle/Tendon Muscle strain n=1(11%)
666.4 Centre Muscle/Tendon Contusion . " o
665.0 Centre Nerve Impingement Impmgemept 0= ()
pmngemel Muscle strainn =1 (11%)
623.7 Hooker Nerve Neuropraxia

n = number; % = percentage. AC = acromio-clavicular; SC = sterno-clavicular. $ Player positions: Forwards (Prop,
Hooker, Lock, Loose Forward); Backs (Scrumbhalf, Flyhalf, Centre, Wing, Fullback). The table sub-divided into the
injury severity time-loss categories [Career ender; >28 days (severe); 8-28 days (moderate); 1-7 days (minimal

to mild)].

3.4. Severity of Shoulder Injuries (Tissue and Pathology Type) in the Context of Match Intensity

and Collision

Table 2 displays the severity (days lost to play), match intensity (m/min), and col-
lisions (amount/min) of injuries by player position, tissue type, and pathology type of
the shoulder injuries. The average match intensity calculated for each severity group was
64.49 £ 15.76 m/min (1-7 days), 60.36 &= 18.24 m/min (8-28 days), and 65.04 & 12.23 m/min
(>28 days). The average collisions calculated for each severity group were 0.29 & 0.23/min
(1-7 days), 0.24 £ 0.14/min (8-28 days), and 0.24 & 0.14/min (>28 days).
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Table 2. Severity, match intensity, and collision by player position, tissue type, and pathology type.

Injury
Severity Matc!‘ Collisions e § c hol . .
(Time-Loss Intens'lty (Amount/min) Player Position Tissue Type Pathology Type Diagnosis
. (m/min)
in Days)
Car(e;rzElI;der 51.3 0.13 Wing Ligament/Joint capsule AC Joint dislocation AC L 01=n; ((:111310()02&;t10r1
80.9 0.03 Wing Ligament/Joint capsule ~ AC Joint dislocation
86.1 0.2 Flyhalf Ligament/Joint capsule AC Joint Sprain AC Joint sprain
73.5 0.09 Scrumbhalf Ligament/Joint capsule ~ Shoulder dislocation n =4 (29%)
73.5 04 Fullback Ligament/Joint capsule  Shoulder dislocation Shoulder dislocation
66.7 0.44 Wing Ligament/Joint capsule  Shoulder dislocation n =4 (29%)
68.5 0.2 Lock Muscle/Tendon Pectoralis major tear AC Joint dislocation
72 0.25 Loose-forward Muscle/Tendon Biceps muscle tear n =2 (14%)
>28 days 63.1 0.5 Lock Ligament/Joint capsule  Shoulder dislocation Biceps muscle tear
(n=14) 59.4 0.14 Loose-forward Bone Clavicle Fracture n=1(7%)
62 0.35 Loose-forward Ligament/Joint capsule AC Joint Sprain Clavicle fracture
59.2 0.3 Lock Ligament/Joint capsule AC Joint Sprain n=1(7%)
55.6 0.2 Loose-forward Ligament/Joint capsule AC Joint Sprain Pectoralis major tear
Shoulder muscle n=1(7%)
ol Ll Luaiele Muscle/Tendon rupture/tear Shoulder muscle
39 0.14 Wing Ligament/Joint capsule AC Joint dislocation ~ rupture/tear n =1 (7%)
79.8 0.12 Prop Ligament/Joint capsule AC Joint Sprain
72.3 0.48 Centre Muscle/Tendon Shoulder muscle
rupture/tear AC Joint sprainn = 11
72 0.25 Loose-forward Ligament/Joint capsule SC Joint Dislocation (5§o %) B
67.8 0.24 Lock Ligament/Joint capsule AC Joint Sprain Contusi °_ 2 (11%)
67.4 0.35 Centre Ligament/Joint capsule AC Joint dislocation oghusmn n= °
. . . . oulder muscle
66.8 0.15 Centre Ligament/Joint capsule AC Joint Sprain rupture/tear n = 2
63.2 0.17 Loose-forward Ligament/Joint capsule AC Joint Sprain P o -
Shoulder muscle (11%)
8-28 days 62.8 0.25 Fullback Muscle/Tendon AC Joint dislocation
(n=19) . . rupture/tear n=1(5%)
62.2 0.51 Lock Ligament/Joint capsule AC Joint Sprain Muscle strain
59.8 0.48 Lock Ligament/Joint capsule AC Joint Sprain n=1(5%)
59.3 0.11 Centre Ligament/Joint capsule SC Joint Sprain SC Joint dislocation
58.4 0.35 Loose-forward Ligament/Joint capsule AC Joint Sprain n=1(5%)
574 0.1 Prop Muscle/Tendon Muscle strain SC Joint sprain
56.9 0.33 Lock Ligament/Joint capsule AC Joint Sprain =1 (513 %)
52.1 0.11 Lock Muscle/Tendon Contusion
45.5 0.17 Lock Muscle/Tendon Contusion
27.7 0.2 Lock Ligament/Joint capsule AC Joint Sprain
14.3 0 Prop Ligament/Joint capsule AC Joint Sprain
101.2 0.13 Lock Ligament/Joint capsule AC Joint Sprain
85.5 0.22 Centre Nerve Neuropraxia Contusion n = 2 (22%)
84.6 0.45 Centre Muscle/Tendon Contusion Neuropraxia n = 2 (22%)
74.3 0.18 Centre Muscle/Tendon Contusion SC Joint sprain
1-7 davs 68.9 0.17 Prop Muscle/Tendon Muscle strain n =2 (22%)
= 9}; 64.6 0.21 Lock Ligament/Joint capsule SC Joint Sprain AC Joint sprain
62.5 0.16 Hooker Nerve Neuropraxia n=1(11%)
51.3 0.14 Prop Ligament/Joint capsule AC Joint Sprain Impingement n =1 (11%)
48.6 0.14 Prop Ligament/Joint capsule SC Joint Sprain Muscle strain
40.1 0.8 Centre Nerve Impingement n=1(11%)

n = number; % = percentage. AC = acromio-clavicular; SC = sterno-clavicular. ® Player positions: Forwards (Prop,
Hooker, Lock, Loose-forward); Backs (Scrumhalf, Flyhalf, Centre, Wing, Fullback). The table sub-divided into the
injury severity time-loss categories [Career ender; >28 days (severe); 8-28 days (moderate); 1-7 days (minimal

to mild)].

Backs encountered a significantly higher (p = 0.031) match intensity (67.76 £ 14.60 m/min)
than forwards (59.44 & 15.65 m/min). The player positions experiencing the highest aver-
age amount of collisions per minute in the back positions were the centres (0.34 £ 0.23/min)
and the fullbacks (0.33 &= 0.11/min), and in the forward positions, the locks (0.27 & 0.14/min)
and the loose-forwards (0.24 + 0.08/min). Backs (0.28 & 0.20/min) experienced a higher
amount of collisions than forwards (0.23 £ 0.13/min; p = 0.669). The tissue types ex-
posed to the highest average collisions were ligament/joint capsule (0.25 £+ 0.15/min)
and muscle/tendon (0.25 £ 0.19/min), followed by the nerve (0.22 = NA/min) and bone
(0.14 == NA /min). The pathology type exposed to the highest average collisions were joint
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injury (0.31 & 0.17/min), muscle injury (0.25 & 0.19/min), traction injury (0.22 £ NA /min),
joint sprain (0.21 £ 0.12/min), and fracture (0.14 & NA/min).

Match Intensity of Each Reported Shoulder Injury

The average match intensity is plotted against the match intensity of each injury in
Figure 4. Over the 4 seasons of play, the average match intensity for the 43 shoulder injuries
was 62.54 £ 15.63 m/min (Range 14.30-101.20). A total of 25 (58%) injuries occurred at a
match intensity above 60 m/min.

All Injuries
I Injury essee. Average

Figure 4. The average match intensity plotted against the actual match intensity of each injury
(n =43).

The intensity (accelerations/min) and collisions (amount/min) are plotted against
the average intensity of each injury in Figure 5. The average intensity (acceleration) was
0.63/min for the 43 injuries. The highest acceleration recorded was 2/min. Typically, when

the accelerations increased above 0.50/min, the collisions remained below 0.50/min, except
in one instance.
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Figure 5. The intensity (accelerations per minute) and collisions (amount per minute) plotted against
the average intensity of each injury (n = 43).
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4. Discussion

The main aim of this study was to describe the frequency of shoulder injuries per
player position among professional South African rugby players, and this is the first study
to describe the severity of each reported shoulder injury (tissue type, pathology type)
in the context of momentum, intensity, and collision variables with real-time collision
data over 4 years. Across the 4 years, 1 in 6 injuries was shoulder-related. Forwards sus-
tained two-thirds of the shoulder injuries, specifically the locks (30%), and loose-forwards
(16%). The ligament/joint capsule contributed two-thirds and muscle/tendon one-third.
Almost half of the injuries affected the AC joint (sprains and dislocations). Player positions
exposed to the highest average momentum were locks (791.45 kg-m/s), loose-forwards
(776.49 kg-m/s), and wings (737.90 kg-m/s). Injuries with the highest average momentum
resulted in players suffering mostly minimal to mild severity injuries (1-7 days time-loss).
Backs required significantly less (p = 0.008) momentum than forwards to suffer >28-day
injury severity. The highest average collisions were recorded among centres (0.34/min),
fullbacks (0.33/min), and locks (0.27/min). Backs experienced a higher number of collisions
than forwards. Backs also encountered a significantly higher (p = 0.031) match intensity
than forwards. The player positions that recorded the highest average match intensity were
flyhalf (86.10 m/min), scrumhalf (73.50 m/min), and centre (68.79 m/min), with more than
55% of shoulder injuries sustained when the match intensity was above 60.00 m/min for
the respective positions.

In this study, forwards sustained two-thirds of the shoulder injuries. In rugby, for-
wards, particularly the back row (open-side flanker, blind-side flanker, and the eighth man),
are reported to have higher incidences of all injuries than backs [38,39]. In a study involving
140,249 tackles in 434 professional matches, flankers were significantly involved in more
tackles per match [40]. Loose-forwards also spend more time in high-intensity (tackling,
sprinting, and high-speed running) situations [25,41]. In contrast, an English professional
rugby union study reported a higher rate of tackle-derived shoulder injuries in backs [42].

We reported the highest number of shoulder injuries in locks. Other studies also found
locks were the most injured players [43,44]. In rugby, each player position has different
roles and responsibilities as well as diverse physical game demands that may be possible
reasons for players to be exposed to different forces [7,13]. Locks are involved in many
contact situations, which are not always at high speed but include tackles, scrum, line-outs,
mauls, rucks, and being ball carriers [5,13,14].

In more than 90% of cases, the main tissue type involved ligament/joint capsule
(65%) followed by muscle/tendon (26%). A Super Rugby tournament study found mus-
cle/tendon (50%) and ligament/joint (33%) injuries accounted for more than 80% of in-
juries [15]. In rugby, approximately 5-6% of all reported tackle injuries are shoulder
ligament injuries to the tackler [42]. The main mechanism of injury during a tackle is a di-
rect shoulder collision with the opponent or when falling onto the abducted arm, resulting
in stretching and straining ligaments [45].

AC joint injuries (47%) were the most frequently occurring diagnosis, followed by
shoulder dislocation and muscle contusion. The most common match injury reported in
English professional rugby union was an AC joint injury (32%) [42].

In this study, the player positions exposed to the highest average momentum were for-
wards (locks 791.45 kg-m /s, loose-forwards 776.49 kg-m/s). However, backs (631.15 kg-m/s)
required significantly less (p = 0.0081) momentum than forwards (816.00 kg-m/s) to suffer
more severe (>28 days) injuries. The momentum involved in this specific team’s contact
events is on par with international standards, where a study found the range of momentum
to be between 800 and 1000 kg-m/s [46]. The current momentum experienced by profes-
sional rugby players is higher than 20 years ago, as found in a study where the range was
between 800 and 900 kg-m/s [46]. Even so, injuries with the highest average momentum
resulted in players suffering mostly minimal to mild severity injuries (1-7 days time-loss).
The use of momentum in quantifying collision events helps to objectively analyse contact
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scenarios by excluding the difference in player body mass and velocities between forwards
and backs, with backs being faster and lighter than forwards [5,7,13,47].

We compared the collisions and accelerations per minute (intensity) to assess rugby
as a high-intensity sport. Backs experienced more collisions than forwards, although it
did not result in players suffering severe (>28 days time-loss) injuries. In a study over two
seasons on the risks associated with tackles in rugby, collisions at high impact force were
identified as significant (p < 0.01) risk factors for ball carriers and tacklers. Ball carriers were
significantly (p < 0.001) more likely to be a back than a forward, and backs were significantly
(p = 0.006) more likely to be injured [48]. Although backs encountered a significantly higher
(p = 0.031) match intensity than forwards in our study, it did not advance to more severe
(>28 days time-loss) injuries. These findings demonstrate that while high physiological
demand is placed on rugby players due to match and training intensity and collisions, it is
associated with minimal injury severity.

Strengths and Limitations

Although the use of GPS data in rugby and other sports codes is becoming standard
practice when analysing sport performance, our novel study used GPS real-time collision
data to compare the severity of each reported shoulder injury (tissue type, pathology type)
in the context of momentum, intensity, and collision variables. It is also the first study
to quantify the contact scenario with the resultant shoulder injury severity compared to
player position. This study is the largest study of its kind, comparing the severity and
time-loss of shoulder injuries in professional rugby players with real-time collision data for
4 years. Further scientific research is needed to quantify different pathologies in different
rugby populations. These findings can be used in the future strategic design of shoulder
injury prevention programs. This study has certain limitations. The SARS-CoV-2 (COVID-
19 virus) global pandemic in 2020 negatively influenced the participation of all sports.
International travel restrictions were implemented, and the South African teams were
excluded from the Super Rugby competition. Therefore, the number of shoulder injuries
in 2020 was lower. Momentum was calculated from variables, and intensities were based
on GPS data, however it should be acknowledged that match events such as the tackle
and scrum are technical. Therefore, applying these physical demands on the shoulder are
dynamic and complex and future studies should consider incorporating auxiliary camera
records. The actual training/match time a player was exposed to a certain contact load and
the number of contact interventions by each player were not explored and future research
will be of interest. The findings on male players from one sport cannot be generalised.
Further scientific research is needed in different rugby populations to compare findings.

5. Conclusions

Shoulder injuries accounted for 1 in 6 injuries. Various anatomical structures in and
around the shoulder were injured during contact scenarios, with the AC joint being the
most common and severely involved (>28 days time-loss). The main tissue type implicated
in shoulder injuries was the ligament/joint capsule. The rugby positions mostly exposed
to contact scenarios are locks (highest severity in injury count), followed by back-three
(wing specifically) and loose-forwards (exposed to high severity and momentum). Backline
players are mostly involved in higher velocity contact situations compared to forwards
being more involved in static contact situations but with a higher collision frequency.
Backline players required significantly less momentum than forwards to suffer >28-day
injury severity. However, high training, match intensity, and collisions are not associated
with more severe injuries. Future use of this technology may assist in understanding the
demands of the game and the mechanism of injury, as well the design and implementation
of individual position-specific training programs with appropriate player management.
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References

Future Recommendation

e  Area(s) of importance in the shoulder that need special conditioning attention are the
AC joint, muscle/tendon and ligaments.

e  Future research should investigate the potential risk factor analysis and the association
between momentum and injuries.

e  Future strength and conditioning research should evaluate various techniques, includ-
ing tackle, breakdown, scrum, and maul skills, to decrease shoulder injury frequency
and severity.

e  Future research should note that the contact load /demand placed on specific positions
during a training week is additional to match-play and uncontrollable, i.e., collisions
per minute (frequency), intensity (meters per minute), and momentum (velocity
variable) in contact scenarios.

e  Future research should evaluate the function and protective factors that different
protective wear offers in decreasing shoulder injury severity.

e In the current level of sport and participation, we recommend that healthcare workers
focus specifically on shoulder injury prevention strategies in future research.
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