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ABSTRACT ARTICLE HISTORY

An examination of team-level and player-specific injury incidence in Received 13 October 2023
Rugby Union, using different match exposure calculations, Match Accepted 21 October 2023
time-loss injuries and match exposure using Global Positioning KEYWORDS

Systems (GPS) was collected across three seasons (2016/17-2018/ Athletic injuries;

19). Team-level and player-specific injury incidence were calculated epidemiology; consensus;
using standard match length and GPS exposure. The probability of Rugby; GPS; poisson
one or two or more injuries was calculated using the Poisson probability
probability. A total of 487 injuries were sustained by 111 players.

Team-level injury incidence across three seasons using standard

match length was lower than the injury incidence using GPS (59.5

vs 95.7 injuries/1000 match hours, respectively). More than 84% of

players fell outside the 95% confidence intervals for the team-level

injury incidence each season. When exposed to a lower number of

match hours, at the same incidence the probability of only one

injury was higher. When exposed to a higher number of match

hours, at the same incidence the probability of sustaining two or

more injuries was higher. The standard match length underesti-

mates the team-level injury incidence if the entire player cohort has

not provided consent. In addition, team-level injury incidence is

a poor representation of the underlying injury incidence of players.

1. Introduction

Injury rates within Rugby Union are typically represented as the team-level injury
incidence, encouraging comparisons between research and accommodating the evalua-
tion of the effectiveness of injury management strategies aimed at reducing team-based
injury rates (Bitchell et al., 2020; West et al., 2020; Williams et al., 2013; Fuller et al,,
2020). The continued focus on team-level analysis is primarily driven by recommenda-
tions outlined in the consensus statement (Fuller et al., 2007), calculating the team-level
injury incidence by summing the injuries sustained by each player to produce a total
number of injuries for the whole team, and then dividing by a standardised team-based
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estimate of match exposure (i.e. 15 players exposed for 80 minutes (Fuller et al., 2007)).
However, this recommendation is unlikely to account for differences in match exposure
between players due to replacements, head injury assessments and sin bins. Player-
specific differences in exposure could consequently influence the analysis of team-level
exposure, and in turn, the calculation of team-level injury incidence.

Whilst the use of the standard match length as a measure of exposure is a common
approach used within Rugby Union epidemiology (Brooks et al., 2005; Kemp et al., 2008;
Williams et al., 2017). Williams et al. (2017) investigated the risk of injury associated with
the number of matches a player participated in. Unsurprisingly, they demonstrated
differing injury risks to players who were exposed to different number of matches,
emphasising the importance of considering injuries at a player-specific level (Williams
et al., 2017). The continued reporting of team-level injury rates within Rugby Union fails
to consider injury rates at a player-specific level and may not provide accurate player-
specific information to develop effective injury management strategies. The extent to
which team-level analysis of injury incidence can account for potential variations in
player-specific incidence of injury therefore needs to be established. Whilst the consensus
statement provides recommendations for team-level exposure, there are yet to be inves-
tigations into the player-specific exposures and corresponding injury incidence.
Furthermore, Global Positioning Systems (GPS) have highlighted the match demands
experienced by players and may offer an alternative for calculating match exposure hours
(Cahill et al., 2013; Portillo et al., 2014; Roberts et al., 2008). However, this method of
calculating player-specific exposure is yet to be considered. Comparisons between GPS-
derived match exposure and the standard match length for calculating injury incidence is
warranted to identify whether this is a feasible method of analysis.

Although adherence to the consensus statement has enabled comparisons to be made
between epidemiological studies in Rugby Union, anecdotally, the incidence rate is
unintuitive and often challenging to communicate in a clinical environment. As an
alternative to reporting injury incidence, injury risk analysis using regression and hazard
ratios has been utilised in previous research (Williams et al., 2017; Rafferty et al., 2018;
Windt et al., 2017). However, there is limited research that has quantified the probability
of sustaining an injury on a player-specific level - a development which could provide
a more familiar method of communicating injury risk. Consequently, Parekh and
colleagues (Parekh et al., 2012) suggested using a risk metric, the Poisson probability,
in order to calculate the probability of sustaining a number of injuries within a given
number of exposure hours. Whilst the Poisson probability is a standard method of risk
analysis in statistics, it is yet to be widely adopted in the sport injury setting. Parekh et al.
(2012) analysed the incidence and consequent probability of injury for a single player
from schoolboy rugby, demonstrating that when a player had an incidence of 43.3
injuries/1000 hours, the probability of sustaining zero to five injuries in 17.5 hours was
between 0.1% and 46.9% (Parekh et al., 2012). Whilst this demonstrated the probability
of injury for one player, exploring differences in player-specific injury risk and presenting
injury probabilities across a larger cohort of players is yet to be investigated.

To examine both the team-level and player-specific injury incidence using different
match exposure calculations, and explore a more familiar analysis of injury risk, this
study aimed to: 1) compare estimates of team-level and player-specific injury incidence
using standard match length and player-specific GPS-derived measures of match
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exposure; and 2) implement an alternative method for presenting player-specific injury
risk using the Poisson probability.

2. Methods

The participants were male first team members from each of the four Welsh regional
clubs from the 2016/17 to the 2018/19 season (mean age: 23.7 + 3.5 years, height: 1.85 +
0.11 m and mass: 102.6 + 13.1 kg). All participants provided informed consent and
ethical approval was obtained from the University’s Research Ethics committee.

The injury surveillance period in this study covered three seasons, from the 1°' of
July 2016 to the 30™ of June 2019 (inclusive). Time-loss injury definitions and data
collection procedures followed the recommendations from the consensus statement
(Fuller et al., 2007). One designated medical team member from each team recorded
all time-loss injuries. At the end of each month, all data were sent to an independent
researcher at the University (LB) and were checked and reconfirmed, if necessary, to
increase the accuracy of the data. Only injuries sustained when playing for regional
competitions (PRO14, European and U23 competitions, Anglo Welsh Cup and practice
matches) were analysed.

Exposure characteristics during all regional matches were recorded by a Cataplult
Optimeye S5 device (10 Hz sampling rate). The GPS data was collected prospectively
from the 1% of July 2016 to the 30™ of June 2019 and included data on the distance
covered (m) and metreage (m - min~!) within match-time only. The locomotor-based
outcomes derived from these units (e.g. speed and distance) have been found to have
acceptable reliability and validity, with less than a 1% error reported for measuring total
distance (Johnston et al., 2014; Varley et al., 2012). Match-exposure minutes per player
were calculated by dividing the distance covered (m) by the meterage (m - min~'). The
minutes per player, per match was capped at 80 minutes to represent the standard length
of a match. The minutes were then divided by 60 and summed per player, per season to
give the exposure hours. Data was missing for 3% (n=177) of instances for match
exposure. Within players, a maximum of 33% of match exposure data was missing for
one player (Supplementary Table A). Where players were missing GPS data for distance
covered (m) and meterage (m - min~'), the players median value data for distance
covered (m) and meterage (m - min~!), (median imputation) was calculated due to the
potential for outliers in the data (Salgado et al., 2016).

The team-level injury incidence was calculated using the total number of injuries and
the match exposure using standard match length (Fuller et al., 2007).

match exposure hours = number of matches X number of players x (80/60)

where the number of matches represents the total number of matches in a season, the
number of players represents the total number of players on the pitch at any given time
for one team (15 players) and 80 represents the length of a singular match in minutes.
Team-level GPS-derived match exposure was summed across players, each season.
Match injury incidence was calculated as the number of injuries sustained per 1000
match hours with 95% confidence intervals (CI) calculated using the Poisson distribution
(Pezzullo, 2013). To compare the injury incidence, a rate ratio (RR) was calculated, with
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a difference identified if the 95% CI for the RR did not cross one. For the RR the
numerator was the standard match length injury incidence, and the denominator was
the GPS match length injury incidence. The number of injuries, standard match length
and the GPS-derived match exposure hours were also summed per player, per season and
were used to calculate the player-specific injury incidence.

The Poisson probability calculates the probabilities of a given number of events
occurring within a given interval of time (Parekh et al., 2012). In the current study, the
Poisson probability was used to estimate the probability of sustaining a given number of
injuries (k) in a given number of exposure hours (¢)

(Af)ke M

Pl =4

where X =injury incidence divided by 1000, ¢=the number of match exposure
hours, e =the base of the natural logarithm and k! =factorial of ‘k’ (Parekh et al.,
2012). The probability of sustaining one injury was calculated using the dpois
function in R, which is the probability of ‘K’ (only one) injury occurring within
a given exposure. The probability of sustaining two or more injuries was calculated
using the ppois function in R, which is the cumulative probability of more than or
equal to ‘k’ (more than or equal to two) injuries occurring within a given exposure.

The probability of injury was calculated for each player using three exposure cate-
gories and player-specific injury incidence per season. The three exposure categories
were calculated using the player-specific GPS-derived match exposure hours each season,
with the 25" percentile, median and 75™ percentile of match hours representing the low,
median and high exposure categories, respectively. To show the relationship between
injury incidence and the probability of injury, graphs were plotted using both incidence
and log transformed incidence, to account for the large range of player-specific injury
incidences. All the data were analysed using R®.

3. Results

A total of 487 injuries were sustained by 111 players, which represents 34% of the total
player cohort across three seasons (total of 330 players across the three seasons; 224 in
2016/17, 232 in 2017/18 and 258 in 2018/19). There was a total of 5090 GPS match
exposure hours for the 111 players across the three seasons (range across players: 3-81
match exposure hours per player). Sixteen players sustained one injury, 19 players sus-
tained two injuries and 23 players sustained more than six injuries across the three seasons,
with the range of injuries for players between one and 16 (Supplementary Table B).

The three-season injury incidence using the standard match length was 59.5 injuries/
1000 match hours (95% CI: 54.5-65.1) and the three-season injury incidence using GPS
was 95.7 injuries/1000 match hours (95% CI: 87.6-104.6). There was a difference in the
three-season injury incidence (RR: 0.62, 95% CI: 0.45-0.86), and within each season
separately (Table 1). However, in 2016/17 only 45% of players from the total player
cohort provided consent, 50% in 2017/18 and 56% in 2018/19. When adjusting the
standard match length exposure for the proportion of consenting players, there was no
difference between the proportional standard match length and GPS injury incidence in
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Table 1. The team-level injury incidence (injuries/1000 match hours) using the standard match length,
GPS-derived match exposure and proportional standard match length (with 95% Cl and RR compared
to GPS injury incidence) and the player-specific range for injury incidence (injuries/1000 match hours)
using the standard match length and GPS-derived match exposure.

GPS
(injuries/1000 Standard Match Length (injuries/1000  Proportional (injuries/
Season match hours) match hours) 1000 hours)
2016/17  Team-level 96.9 (81.7-114.8) 48.2 (40.7-57.1) 107.1 (90.6-126.6)
Rate Ratio - 0.50 (0.35-0.70) 1.11 (0.84-1.45)
Player-Specific 32.0-11901.6 24.2-750.0 -
Range
2017/18  Team-level 83.6 (71.4-97.9) 53.8 (46.0-63.0) 107.6 (91.4-126.7)
Rate Ratio - 0.64 (0.46-0.91) 1.29 (0.97-1.71)
Player-Specific 34.0-3769.5 25.0-750.0 -
Range
2018/19  Team-level 106.8 (93.0-122.8) 78.3 (68.2-90.0) 139.9 (117.6-166.5)
Rate Ratio - 0.73 (0.55-0.98) 1.31 (1.02-1.69)
Player-Specific 39.0-2663.7 31.3-656.3 -
Range

2016/17 and 2017/18, however there was a difference in 2018/19 (Table 1). The range for
player-specific injury incidence using the standard match length across the three seasons
was 27.8-500.0 injuries/1000 match hours, and the range for GPS derived match expo-
sure was 34.0-1014.5 injuries/1000 match hours. The range for player-specific injury
incidence per season is shown in Table 1.

Ninety four percent of players fell outside of the three-season team-level injury
incidence 95% CI for both the standard match length and GPS. For the standard
match length injury incidence per season, 97% of the players fell outside of the 95% CI
in 2016/17, 87% in 2017/18 and 89% in 2018/19 (Figure 1(a)). For the GPS injury
incidence per season, 88% of players fell outside of the 95% CI in 2016/17, 84% in
2017/18 and 85% in 2018/19 (Figure 1(b)).

The player-specific probability of sustaining only one injury increases as the incidence
increases, to a peak between 30 and 100 injuries/1000 match hours, followed by
a decrease in the probability as the injury incidence increases above 100 (Figure 2).
Exposure to a low number of match hours showed a higher probability of sustaining only
one injury at the same injury incidence than the median and high quartile hours. In
contrast, the probability of sustaining two or more injuries showed an increasing trend as
the injury incidence increases (Figure 2). Exposure to a high number of match hours
showed a higher probability of sustaining two or more injuries at the same injury
incidence as the median and low quartile hours.

4. Discussion

The aims of this study were to compare injury incidence at a team and player-specific
level using standard match length and GPS-derived measures of exposure, and to
calculate the probability of injuries using the Poisson probability. There was
a difference between the team-level injury incidence using the standard match length
and GPS-derived exposure across the three seasons and within each season separately.
However, when the standard match length was calculated as the proportion of consenting
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Figure 1. Box plots for the distribution of player-specific injury incidence with (a) team-level injury
incidence using standard match length and corresponding 95% Cl with outliers (incidence above 600
injuries/1000 match hours) removed and (b) team-level injury incidence using GPS-derived match
exposure and corresponding 95% Cl with outliers (incidence above 600 injuries/1000 match hours)
removed.

players, the team-level injury incidence was similar to the GPS team-level incidence in
the 2016/17 and 2017/18 season. This indicates that if 50% of players within the study
provided consent, the calculation of standard match length using 7.5 players exposed for
80 minutes represents a more adequate estimation of exposure for the calculation of
team-level injury incidence. This demonstrates that the standard match length calcula-
tion recommended by Fuller et al. (2007) does not adequately calculate team-level injury
incidence if the entire player cohort have not provided consent for their data to be
analysed. Whilst previous research investigating injury rates in Rugby Union have
indicated that players provided consent, there has been no indication as to what propor-
tion of the player cohort this represents (Fuller et al., 2007; Moore et al., 2015; West et al.,
2020b). This study therefore demonstrates that calculating the exposure using the
standard match length is dependent on the proportion of players providing consent.
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Figure 2. The probability of sustaining only one injury or two or more injuries using the three GPS-
derived match exposure categories per season for all players. (a) the probability of sustaining only one
injury; (b) the probability of sustaining only one injury with log transformed incidence on horizontal
axis; (c) the probability of two or more injuries; (d) the probability of two or more injuries with log
transformed incidence on horizontal axis.

A key finding in this study was that the team-level 95% CI failed to cover > 94% of player-
specific injury incidences, which equates to 104 of the 111 players that sustained injuries falling
outside of the team-level data. This means that the team-level injury incidence does not appear
to provide a rate of injury that is reflective of the underlying player-specific injury rate.
Furthermore, using the standard match length to calculate player-specific injury incidence
underestimates the incidence in comparison to using GPS-derived exposure. This is the first
time that this player-specific method has been used to calculate player-specific injury inci-
dence during matches. Whilst epidemiological studies are yet to utilise player-specific GPS
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exposure, research investigating rugby training and match exposure has shown that differ-
ences in exposure lead to differences in injury risks (Hulin et al., 2016; Killen et al., 2010;
Williams et al., 2017). In the study by Williams et al. (2017), players who were involved in less
than 15 or more than 35 matches in the preceding 12 months had a higher risk for injury,
providing insight into the potential for differences in injury profiles of players within a team.
Our findings support this notion, with the large range of player-specific injury incidences
highlighting the importance of considering player-specific exposure and injury profiles when
investigating injury rates within a team. Future epidemiological research should, where
possible, collect GPS exposure to establish more accurate injury rates and identify differences
in player-specific injury profiles within a team to encourage the development of appropriate
injury management strategies and reduce injury rates. If GPS data cannot be collected,
recording player-specific match minutes played could be manually inputted as exposure
data for each match throughout a season.

When considering the player-specific analysis of injury risk, if players were exposed to
a low number of match hours, the probability of sustaining only one injury was higher at
the same injury incidence than being exposed to median and high match hours. In
contrast, when match exposure hours were high, the probability of sustaining two or
more injuries was higher at the same injury incidence than the median and low hours,
implying that playing more hours led to an increased probability of sustaining multiple
injuries. This study has demonstrated the possibility for the Poisson probability to be
used within professional Rugby Union as a more clinically relevant metric than injury
incidence, specifically considering the challenges in interpreting and presenting the
incidence rate in a clinical setting. Though injury incidence within epidemiological
research has provided valuable context to the injuries sustained (Moore et al., 2015,
Bitchell et al., 2020; Williams et al., 2013) the Poisson probability facilitates the potential
development of a clinical tool that can calculate the probability of sustaining an injury
within a given number of match exposure hours. The higher probabilities associated with
higher exposure hours indicate that practitioners and coaches should monitor player
match exposure hours throughout a season and consider ways to reduce levels of match
exposure, such as through strategic replacements within matches and increasing squad
rotation. Though calculating the probability requires a players injury incidence, clini-
cians within a professional setting have access to the number of injuries sustained by
a player and the number of match exposure hours within a season. For example, if
a player had accumulated 31 hours of match exposure and six injuries, the injury
incidence would be 193.5 injuries/1000 match hours. This injury incidence can then be
used to calculate the probability of sustaining only one injury (11%) or two or more
injuries (65%) in 17 hours of exposure. The Poisson probability could then be imple-
mented to aid squad selection, where practitioners can use the probability calculation to
establish whether individual players have higher probabilities of sustaining multiple
injuries within the expected number of match hours in a season.

A limitation within the current study is the use of only match injuries and exposure for
the calculation of injury incidence and risk. Whilst the majority of injuries in Rugby Union
occur during matches (Best et al., 2005; Holtzhausen et al., 2006; Moore et al., 2015) players
are exposed to higher training exposure than match exposure throughout a season (Quarrie
etal, 2017; West et al., 2020). Though the analysis of injury risk using the overall number of
exposure hours for a player could provide better context for the risk within a season across
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all Rugby Union exposure, prevention strategies for reducing the risk of injuries are often
implemented within matches, due to the higher risk for injury reported within matches
(Fuller et al., 2007; Quarrie et al., 2017; Williams et al., 2013).

5. Conclusion

In conclusion, the standard calculation of match exposure using 15 players exposed for
80 minutes underestimates team-level injury incidence in comparison to GPS-derived
exposure, specifically when the entire player cohort has not provided consent. However,
team-level analysis provides a poor understanding of injury rates for players within
a team. In addition to the player-specific injury incidence, using the Poisson probability
provided a different interpretation of injury that has a more clinically relevant applica-
tion when considering the risk for injury in professional Rugby Union. In the future, the
Poisson probability provides opportunities for the development of live risk calculations,
where medical practitioners could identify players at a higher risk for injury and
influence how players are utilised within a team.

Highlights

e Exposure calculations using the standard match length underestimates the team-
level injury incidence when compared with GPS-derived measures of match expo-
sure, specifically when the entire player cohort has not provided consent.

e Team-level injury incidence and associated 95% confidence intervals fail to accu-
rately consider the variance in injury incidence at a player-specific level.

¢ Higher match exposure hours resulted in a higher probability of sustaining multiple
injuries compared to median or low hours, at the same injury incidence.
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