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ABSTRACT
Background
Hamstring injuries occur frequently in field sports yet longitudinal information to guide prevention programmes is missing.

Aim
Investigate longitudinal hamstring injury rates and associated time-loss in elite Gaelic football whilst identifying sub-groups of players at increased risk. 

Methods
Thirty-eight datasets from fifteen elite male Gaelic football teams were received by the National GAA Injury Surveillance Database between 2008 and 2015. Injury and exposure data were provided by team medical staff via an online platform.
Results
Overall, 391 hamstring injuries were sustained accounting for 20.8% (95% CI 20.0 – 21.7) of all injuries. Prevalence was 21.3% (95% CI 19.2 – 23.4). Incidences were 2.2 (95% CI 1.9 – 2.4) per 1000 exposure hours yet 7.0 (95% CI 6.5 – 7.1) times greater in match-play than in training. Typically each team sustained 9.0 (95% CI 7.0 – 11.0) hamstring injuries per season affecting bicep femoris belly (44.1%; 95% CI 39.4 – 48.7), proximal musculotendinous junction (13.1%; 95% CI 9.8 – 16.3), distal musculotendinous junction (11.9%; 95% CI 8.6 – 14.9), and semimembranosis/semitendinosis belly (8.9%; 95% CI 6.3 – 11.7). Approximately 36.1% (95% CI 31.5 – 41.0) were recurrent injuries. Mean time-loss was 26.0 (95% CI 21.1 – 33.0) days yet varied with age, injury type, and seasonal cycle. Hamstring injuries accounted for 31.1% (95% CI 25.8 – 38.2) of injury-related time-loss. Previously injured players (RR=3.3) and players aged 18-20 years (RR=2.3) or >30 years (RR=2.3) were most at risk of sustaining a hamstring injury. Comparisons of 2008-2011 to 2012-2015 seasons revealed a 2-fold increase in hamstring injury incidences. Overtime, training incidences increased 2.3-fold whilst match-play incidences increased 1.3-fold.
Conclusion
Hamstring injuries are the most frequent injury in elite Gaelic football with incidences increasing from 2008-2011 to 2012-2015. Tailoring risk management strategies according to injury history, age, and playing position may reduce the burden of hamstring injuries.
WHAT ARE THE NEW FINDINGS?
1. Typically each elite Gaelic football team sustained 9.0 (7.0 – 11.0) hamstring injuries per season or 2.2 (1.9 – 2.4) hamstring injuries per 1000 exposure hours.  Hamstring injury incidences are 7.0 (6.5 – 6.9) times greater in match-play than in training. 
2. Comparisons of 2008-2011 to 2012-2015 seasons revealed a 2-fold increase in hamstring injury incidences per 1000 hours.  
3. Hamstring injury severity, as measured by time-loss from sport, varies in relation to age, injury type, injury history, and seasonal cycle.
HOW MIGHT IT INFLUENCE CLINICAL PRACTISE IN THE FUTURE?
1. These data provide guidance for practitioners in monitoring hamstring injury rates while identifying specific injuries to be targeted during prevention programmes. 
2. Our study also identifies players at increased risk of hamstring injury based on their injury history, age, and playing position. 
3. Time-loss data is also provided to guide prognosis. 

INTRODUCTION
Gaelic football match-play consists of two 35 minute periods separated by a 10 minute half-time interval.[1] Match-play is characterised by intermittent bouts of multidirectional running as elite players cover 8889 m with 18% at a high-speed pace (>17 km.h-1).[2] Two opposing teams of 14 outfield players and a goalkeeper play on a grass pitch 145 m long by 90 m wide.[1] The aim is to outscore the opposition at H-shaped goal posts by kicking or striking a round ball over (1 point) or under (1 goal or 3 points) a crossbar. Shoulder-to-shoulder contact is permitted yet 67.8% of injuries are from non-contact mechanisms.[1] 
Hamstring injuries account for a large proportion of injuries in elite Gaelic football, soccer (12%), rugby union (15%), Australian football (16%), and hurling (17%).[3-6] Recurrence is common with hamstring injuries mostly non-contact in nature.[1, 3, 6] Although multi-directional field sports are inherently associated with tasks imposing asymmetrical workloads, susceptible players and harmful activities need to be identified so that injury risk management strategies can be implemented.[7] The initial steps of this process involve investigating injury rates and risk factors.[8]
Injury surveillance databases facilitate monitoring of injury rates over consecutive seasons which may provide insights into programme outcomes and risk-taking behaviour amongst team staff.[9] The Gaelic Athletic Association (GAA) Medical, Scientific and Player Welfare Committee established the National GAA Injury Surveillance Database in 2007 to monitor injury incidences in elite Gaelic Games. Previously it was reported that injury incidences in elite Gaelic football are 9.5 per 1000 exposure hours.[1] However, longitudinal injury trends have yet to be reported, particularly in relation to hamstring injuries. Likewise, the impact of hamstring injuries on time-loss and future injury risk have yet to be investigated. Such information is essential to provide direction for prevention programmes. Thus, the current study aims to chart longitudinal hamstring injuries and associated time-loss in elite Gaelic football. Additionally, it aims to identify sub-groups of elite players at increased risk of sustaining a hamstring injury. 

MATERIALS AND METHODS
Fifteen elite male teams participated which provided thirty eight season-datasets. All teams were division one standard and enrolled in the National GAA Injury Surveillance Database between 2008 and 2015 seasons. Injury and weekly exposure data were provided by team medical staff via an online platform customised to collect desired data (table 1). As the elite competitive season starts in January and concludes in September, data collection began on 1st January each year with teams prospectively followed until elimination from competition. Data collection ceased for the off-season and restarted the following January. Player anonymity was maintained and data protection assured in accordance with ethical approval received from the University Research Ethics Committee.
definitions
Information packs regarding injury definitions and classifications (table 1) were distributed to participating teams and embedded onto the user interface of the online platform.[10] Injury diagnosis was made by a medical doctor or chartered physiotherapist and stratified as hamstring bruising/haematoma, biceps femoris belly, distal musculotendinous junction, proximal musculotendinous junction, semimembranosis/semitendinosis belly, or unspecified hamstring region. Players were divided into subgroups based on age and playing position to facilitate calculation of injury incidences for specific subgroups. For the purposes of the current study the season was divided into four cycles: preseason (weeks 1-7), competitive cycle one encompassing provincial shield and National League (weeks 8-16), mid-season (weeks 17-22), and competitive cycle two encompassing the Provincial-National Championship (weeks 23-34). 
Data Analysis
Data were entered into statistical analysis software (IBM SPSS Statistics 20.0). Continuous variables are reported as mean with 95% confidence intervals (95% CI) whilst team rates are reported as median with interquartile ranges (IQR). Injury incidences are reported per 1000 exposure hours. Injury burden was calculated by multiplying mean time-loss by the injury incidence to report days lost per 1000 exposure hours. Incidence rate ratios (RR) were calculated to assess injury risk across age groupings, playing positions, and players with previous injuries. In the current study RR was calculated by comparing an incidence rate for a specific subgroup of players relative to that for all other players (e.g. 18-20 year olds relative to all other players). Risk of sustaining another hamstring injury was calculated only for players registered over consecutive seasons. 
RESULTS
A total of 391 hamstring injuries were sustained by 307 players (table 2). Approximately 21.3% (95% CI 19.2 – 23.4) of enrolled players sustained a hamstring injury. Hamstring injuries accounted for 20.8% (95% CI 20.0 – 21.5), 28.8% (95% CI 26.8 – 31.2), and 27.8% (95% CI 25.6 – 30.7) of total, training, and match-play injuries, respectively.
INCIDENCE
In total 182047 exposure hours were recorded. Teams typically accumulated 4791 (95% CI 4395 – 5220) exposure hours per season with a ratio of training to match-play hours of 7.6 (95% CI 7.1 – 8.0). Hamstring injury incidences per 1000 exposure hours were 2.2 (95% CI 1.9 – 2.4). Incidences were 7.0 (95% CI 6.5 – 7.1) times greater in match-play when compared to training (table 2).
team rate per season
Mean season duration was 31.4 weeks (95% CI 29.9 – 32.8). The mean number of players per elite Gaelic football team was 38.0 (IQR 33.0 – 39.0). Typically 27.0 (IQR 20.0 – 29.0) players sustained 42.0 (IQR 33.0 – 51.0) injuries per season which included 9.0 (IQR 7.0 – 12.0) hamstring injuries. Hamstring injuries were stratified as biceps femoris belly (44.1%; 95% CI 39.4 – 48.7), proximal musculotendinous junction (13.1%; 95% CI 9.8 – 16.3), distal musculotendinous junction (11.9%; 95% CI 8.6 – 14.9), semimembranosis/semitendinosis belly (8.9%; 95% CI 6.3 – 11.7), and bruising (1.2%; 95% CI 0.0 – 2.3). The location of 20.9% (95% CI 17.0 – 24.5) hamstring injuries were unspecified.
Injuries Per Seasonal Cycles

Overall, 17.4% (95% CI 13.2 – 21.5) of hamstring injuries occurred during preseason. Approximately 63.5% (95% CI 54.4 – 72.8) of hamstring injuries occurred during competitive cycles with 24.9% (95% CI 20.7 – 29.0) and 38.6% (95% CI 33.7 – 43.8) in competitive cycles one and two, respectively. The remaining 19.2% (95% CI 15.3 – 23.1) occurred during mid-season cycles.
Injury Type
Acute (77.6%; 95% CI 73.4 – 81.6) hamstring injuries were more prevalent than chronic (5.8%; 95% CI 3.7 – 8.2) or overuse (15.9%; 95% CI 12.6 – 19.2) cases (table 3). Overall, 73.4% (95% CI 69.2 – 77.6) occurred during running. Most hamstring injuries were new (63.9%; 95% CI 59.0 – 68.5%) as opposed to recurrent (36.1%; 95% CI 31.5 – 41.0%). The proportion of recurrent hamstring injuries varied between sites (table 3). Overall, 38.5% (95% CI 28.2 – 44.7) of recurrent hamstring injuries were sustained within eight weeks of return to play.
Inciting Activity and Quarter
Most hamstring injuries occurred during match-play (49.1%; 95% CI 42.5 – 57.1) and pitch training (45.9%; 95% CI 41.5 – 51.0). Timing of injury was provided for 93.9% (n=367) of injuries. The proportion of hamstring injuries occurring in quarters one to four were 22.9% (95% CI 19.1 – 27.2), 23.2% (95% CI 18.5 – 27.8), 27.8% (95% CI 22.9 – 32.7), and 26.2% (95% CI 21.5 – 30.8), accordingly.
Age Groupings

Hamstring injury incidences per 1000 exposure hours varied across age groups for 18-20 years (4.5; 95% CI 3.5 – 5.5), 21-24 years (1.5; 95% CI 1.2 – 1.8), 25-29 years (2.1; 95% CI 1.8 – 2.5), and >30 years (3.1; 95% CI 2.2 – 3.9). The RR per age group, reflecting injury incidence relative to all other players, was greatest for those aged 18-20 years (2.3; 95% CI 1.8 – 3.0) and >30 years (2.3; 95% CI 1.8 – 2.9) (figure 1). Players aged 21-24 years and 25-29 years had a RR of 0.5 (95% CI 0.4 – 0.7) and 0.9 (95% CI 0.8 – 1.2), respectively. 
Prior Injury and Position of Play
Compared to their uninjured counterparts, players with any previous injury were 3.0 (95% CI 2.4 – 3.8) times more likely to sustain a hamstring injury (figure 1). However, risk was even greater for players with a previous hamstring injury, compared to those without prior hamstring injury history (RR 3.3; 95% CI 2.6 – 4.0). In total, 43.5% of players with a previous hamstring injury sustained another. When incidence rates were compared across positions, hamstring injury RR varied between goal-keepers (RR 1.4; 0.63 – 3.17), defenders (RR 1.96; 95% CI 1.53 – 2.51), midfielders (RR 1.45; 95% CI 1.06 – 1.98), and forwards (RR 0.33; 0.24 – 0.45).

Initial Prognosis Versus Actual Severity
At time of diagnosis practitioners believed that 62.4% (95% CI 57.2 – 67.0), 35.6% (95% CI 31.2 – 40.7), and 2.1% (95% CI 0.8 – 3.6) would result in mild (1-7 days), moderate (8-28 days), and severe (>28 weeks) time-loss, respectively. However, analysis of time-loss data revealed that 20.8% (95% CI 15.9 – 25.4), 56.4% (95% CI 50.4 – 62.9), and 22.7% (95% CI 18.2 – 28.0) of hamstring injuries were actually mild, moderate, and severe, respectively.
Time-Loss

Hamstring injuries typically resulted in 26.0 (95% CI 21.1 – 33.0) time-loss days from sport equating to 299.0 (95% CI 211.0 – 438.9) days per team each season (table 2). This accounted for 31.1% (95% CI 25.8 – 38.2) of injury-related time-loss from sport each season. The number of days lost per 1000 exposure hours (i.e. injury burden) was 57.2 (95% CI 40.1 – 79.2). Injury burden was 10.7 times (95% CI 8.8 – 11.4) greater for match-play (213.4/1000 hours; 95% CI 140.6 – 305.3) than training injuries (20.0/1000 hours; 95% CI 16.0 – 26.7). Time-loss differed in relation to injury type, sites, inciting activity, age, and seasonal cycle (table 4). 
Variation Across Seasons

For the purpose of investigating variations across seasons data were grouped into two periods of 2008-2011 or 2012-2015 seasons.  Hamstring injury incidences increased 2-fold (1.9 v 3.9 per 1000 hours) between these time periods. Training incidences increased 2.3-fold (1.0 v 2.4) whilst match-play incidences increased 1.3-fold (9.7 v 12.8). Over this period the difference between match-play and training incidences grew by 20.4%. Prevalence of hamstring injuries amongst all elite Gaelic football players increased by 44.6% (18.9% v 27.4%) over the investigated periods. Between 2008-2011 elite Gaelic football teams typically sustained 9.0 hamstring injuries per season, however, between 2012-2015 this increased by 38.9% to 12.5 hamstring injuries.
DISCUSSION
More Hamstring Injuries Being Sustained
Hamstring strains are the most common injury in elite Gaelic football accounting for 20.8% of injuries and 31.1% of injury related time-loss. Although 21.3% of registered elite players experienced at least one hamstring injury per season over the investigated period, prevalence increased by 44.6% from 2008/2011 (18.9%) to 2012/2015 (27.4%) seasons. Prevalence in the current study is comparable to elite soccer (21.8%) but greater than elite rugby union (11.2%).[3, 11] Typically elite Gaelic football teams sustained 9.0 hamstring injuries per season with increases observed in latter seasons. Such team rates are higher than reports in elite soccer (6.0), elite Australian football (6.0), or elite rugby union (7.5).[5, 10, 12] 
However, as season duration and accumulation of exposure hours varies between teams, the incidence rate per 1000 hours may be a more appropriate method of evaluating injury rates. The current study reported that for every 1000 hours of exposure 2.2 (95% CI 1.9 – 2.4) hamstring injuries were sustained, however, a 2-fold increase was observed between 2008/2011 (1.9/1000 hours) to 2012/2015 (3.9/1000hours). Previous studies among sub-elite Gaelic footballers reported that hamstring injuries accounted for approxiately 12% of all injuries (1.6/1000 hours).[13] Thus, hamstring injuries appear to be more frequent in elite Gaelic football than in sub-elite levels.
In comparison to training, hamstring injury incidence was 7-times more frequent whilst the injury burden was 10.7 times greater in match-play. Among elite soccer players simulated match-play decreases eccentric peak torque, alters functional hamstring:quadriceps ratios, and alters sprinting kinematics.[14, 15] Transient isometric hamstring strength decrements and increased soreness have also been recorded following match-play in international youth soccer players.[16] Responses to strenuous running demands among illprepared players include myocellular disruption, thereby impairing force production necessitating recruitment of a greater muscle mass which increases energy expenditiure.[17, 18] Such responses likely excaberate fatigue and accumulation of muscle damage. Thus, future research should evaluate responses of hamstring function to training and match-play demands in elite Gaelic football players. Such approaches may assist in identfying players with adverse responses to sport specific stressors.
Despite a greater increase in training incidences (2.3-fold) than match-play (1.3-fold) the difference between match-play and training incidences grew by 20.4%. Such trends suggests that training demands increased in an injurious manner, however, deployed training methods offered less protection to players during match-play. Essentially, when exposure is standardised to 1000 hours, both training and match-play activities were more injurious in 2012/2015 than 2008/2011.

considerations for managing injury risk 
Evaluating the nature of hamstring injuries provide unique insights for future research and prevention strategies. Firstly, the current study revealed that most hamstring injuries in elite Gaelic football were acute (77.6%; 95% CI 73.4 – 81.6) and occurred whilst running (73.4%; 95% CI 69.2 – 77.6). Secondly, over one-third (36.1%; 95% CI 31.5 – 41.0) of hamstring injuries were recurrent in nature with 38.5% (95% CI 28.2 – 44.7) recurring within 8 weeks of return to play. In elite Australian football recurrent hamstring strains were more prevalent than other recurrent injuries during 1992-2002 (33% v 17.6%) and 2003-2012 (20% v 17.2%).[5] Hamstring injuries also account for more recurrent injuries in elite soccer (15.7% - 22.7%) than in sub-elite soccer (12.5%).[19] Thus, recurrent hamstring injuries are not a problem unique to Gaelic football yet higher rates than other field sports suggests some rehabilitation programmes are limited in facilitating complete recovery or modifiy programmes to address initial risk factors. Factors leading to reinjury have been identified previously and should be addressed in training programmes.[20]
Thirdly, a positional hamstring injury profile revealed that defenders (1.96; 95% CI 1.53 – 2.51) and midfielders (1.45; 95% CI 1.06 – 1.98) were more at risk than forwards (0.33; 95% CI 0.24 – 0.45). Running performance, as measured by total distance and percentage covered >17km.hr during elite Gaelic football match-play, varies between defenders (7796m; 20.2%), midfielders (9523m; 23.4%), and forwards (8021m; 16.3%).[2] Interestingly, high-speed distance (>17 km.hr) metres per min is lower for forwards (18.2 m.min-1) than defenders (22.5 m.min-1) or midfielders (31.8 m.min-1).[2] The large 95% CI RR observed for goal-keepers (1.4; 95% CI 0.63 – 3.17) may reflect a small sample size or unique physical-technical demands.
Fourthly, RR per age group, reflecting injury incidence relative to all other groups, was greatest for players aged 18-20 years (2.32; 95% CI 1.81 – 2.97) and >30 years (2.30; 95% CI 1.79 – 2.94) (figure 1). The presence of this U-shaped RR indicates that risk is greatest for players transitioning in and out of elite Gaelic football teams. Age related fitness differences have been observed during the Yo-Yo Intermittent Recovery Test (Level 1) for sub-elite Gaelic footballers.[21] Interestingly, players aged 18-20 years (1585m; 95% CI 1426 – 1755) performed lower than their older counterparts (2365m; 95% CI 2178 – 2551; p<0.05, ES 1.7).[21] Thus, players may be at increased risk when adapting to increased demands associated with more strenuous or elite playing levels. Similarly, it could be speculated that accumulation of demands over many seasons increases risk for players >30 years. 
Additionally, considering the typical season duration was 31.4 (95% CI 29.9 – 32.8) weeks, 17.4% of all hamstring injuries occurred within the initial 7 weeks or 22.3% of the season. This  suggests demands of preseason activities were not particularly injurious. However, deconditioning over the offseason may increase susceptibility to fatigue as 53.1% of hamstring injuries occur within the initial 7 weeks of the elite American football season.[22] In elite AFL, players with reduced preseason eccentric hamstring strength (<256N) were 2.7-times (95% CI 1.3 – 5.5; p=0.006) more likely to sustain an injury than players above this threshold.[23] However, elite AFL players with hamstring injury history demonstrated less eccentric strength development across preseason training, which may increase risk of recurrence.[24] Thus, ineffective preseason training stimuli may impair readiness for competitive cycles thereby increasing inseason injury risk. Adverse responses may be more pronounced during congestive periods as hamstring injury rates were 1.3 (95% CI 1.1 – 1.6; p=0.01) times higher in elite soccer matches separated by ≤4 days’ recovery compared to ≥6 days’ recovery.[25] 
Furthermore, biceps femoris belly (44.1%; 95% CI 39.4 – 48.7) was the most frequently diagnosed hamstring injury site. In elite English soccer a similar proportion of biceps femoris (53%) injuries have been reported as opposed to semitendinosus (16%) or semimembranosus (13%).[26] However, it should be noted that some cases are difficult to stratify as a specific site as marked by 20.9% (95% CI 17.0 – 24.5) being unspecified. The proportion of recurrent injuries at proximal musculotendinous junction (53.7%; 95% CI 40.7 – 66.7) and semimembranosis/semitendinosis belly (41.7%; 95% CI 25.0 – 58.3) were more common than at other sites. In elite European soccer players, recurrence rates following 8 weeks of return to play differ between biceps femoris (18%) and semitendinosus/semimembranous (2%) questionning whether accelerated rehabilitation programmes are safe or effective for all hamstring injuries.[27] The injury type of specific sites suggests that certain activities may progressively adversely overload different sites and may require different treatment or risk management strategies following return to play (table 3).

Finally, considering several randomised control trials showed efficacy in reducing hamstring injury rates, but that just 14% of elite soccer teams utilised these programmes, each team’s approach to prescribing training activities should be evaluated.[28] More elite teams may have been applying injury prevention programmes over the study period, however, increased training and match-play demands may have counteracted any protective effect.[3] Factors influencing effectiveness of injury prevention programmes include duration of complaince, technique, inadequate stimuli for adaptation, exercise specificity, and coach-management continuity.[3] Whilst the longer-term benefits of strenous training may trigger desireable physiological adaptations and provide a protective effect, mismanagement of training activities in the days surrounding strenous activities may increase injury risk.[29, 30] Thus, practitoners should continually monitor known injury risk factors when prescribing training activities.
Guiding Prognosis and Clinical Decision Making

Typically hamstring injuries resulted in 26.0 (95% CI 21.1 – 33.0) time-loss days from sport. Time-loss was greater for injuries with proximal musculoskeletal junction involvement (35.1 days; 95% CI 18.1 – 34.0), incited via match-play (25.4 days; 95% CI 19.8 – 31.8), when recurrent (39.7 days; 95% CI 22.5 – 39.1), when sustained in preseason (40.4 days; 95% CI 19.3 – 67.9), and among players aged 25-29 years (35.1 days; 95% CI 19.3 – 53.9). Thus, various entities associated with different injury types result in distinct time-loss patterns, indicating that modified programmes may be required for various types of hamstring injuries.[31] The current study also found differences between estimated time-loss at diagnosis when compared to actual time-loss data. Such results highlights difficulties with gauging the complex interplay between the many variables influencing time-loss. Practitioners should consider prognostic factors identified by the current study when estimating time-loss.
Impact of Hamstring Injuries

The impact of hamstring injuries may be best appreciated by considering time-loss from sport and reinjury rates.[32] The current study reported that elite Gaelic football teams typically sustained 9.0 (IQR 7.0 – 12.0) hamstring injuries per season resulting in 299.0 (95% CI 211.0 – 438.9) time-loss days. Additionally, time-loss varied for injury type (new or recurrent, training or match-play) and player profile (e.g. age, injury history). Beyond guiding prognosis such data reveals that hamstring injuries reduces opportunities for player development and performance.
Compared to uninjured players, players with any previous injury or previous hamstring injury had similar RR of sustaining a future hamstring injury (3.0 v 3.3). In elite soccer previous hamstring strains increases risk of future injury 3-7 fold.[33] Thus, injury risk is influenced by previous injury, even when injury types differ, implying that certain players will inherently have different subsequent injury rates. Mitigating factors include responses to injury such as neural inhibition, selective atrophy, reduced fascicle length, eccentric strength deficits, and increased susceptibility to fatigue.[34-37] As return to play decision making often centres on whether practitioners believe that the athlete has an acceptable level of risk of future injury, identifying persisting maladaptations may be advantageous in reducing recurrent injury rates.[37]
Future Research

A high proportion of elite field sport athletes may present with hamstring injury history, eccentric hamstring strength imbalances, reduced fascicle length, poor fitness, and high training loads.[7, 29, 35, 38] Current team programmes appear to be failing players as marked by the rise in hamstring incidences, prevalence, and the team time-loss per season. Considering the overuse nature of injuries in team sports it is likely that some athletes continue to participate with existing musculoskeletal problems.[39, 40] Thus, a major limitation of the current study is failure to report hamstring-related disorders not requiring time-loss. Practitioners should understand the prevalence of time-loss and non-time-loss medical incidences among players under their care to tailor activities appropriately.[41] In order to optimise injury risk management, multimodal interventions are required to tailor programmes for the diverse range of needs within a squad.[9, 21, 42] 
It appears there is a need to investigate responses to sport-specific training and match-play loads in order to establish markers for detecting changes in injury susceptibility. Such investigations would facilitate practitioners in combining assessments of variables influencing injury susceptibility (e.g. age, previous injury, eccentric strength, fitness, training load, training activities). In a practical setting this information would guide the design of future programmes so that desirable outcomes are achieved in a manner that decreases injury risk and player time-loss.
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Table 1 – Injury Definitions

	Term
	Definition

	Injury
	Any injury that prevents a player from taking a full part in all training and match play activities typically planned for that day, where the injury has been there for a period greater than 24 h from midnight at the end of the day that the injury was sustained.

	
	

	
	

	
	

	
	

	Recurrence Injury
	A reinjury to a previously injured region.

	
	

	Mild Injury
	Injury lasting up to 1 week.

	
	

	Moderate Injury
	Injury lasting up to 4 weeks

	
	

	Severe Injury
	Injury lasting more than 4 weeks.

	
	

	Acute
	Injury incited by single event of macrotrauma.

	
	

	Chronic
	Injury which previously required ongoing treatment.

	
	

	Overuse
	Injury associated with repeated microtrauma

	
	

	Contact
	Injury incited by contact with another player.

	
	


Table 2 - Incidence and Burden of Hamstring Injuries Across Eight Seasons
	 
	Total 
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015

	Overview
	
	
	
	
	
	
	
	
	

	Number of Teams
	38
	8
	3
	7
	4
	4
	2
	7
	3

	Team Rate
	9.0 (7.0 – 12.0)
	7.0 (5.0 – 10.0)
	10.0 (9.0 - 11.0)
	9.0 (8.0 – 12.0)
	9.0 (8.0 - 12.0)
	8.0 (6.0 – 9.0)
	21.0 (21.0 - 21.0)
	14.0 (5.0 – 19.0)
	11.0 (9.0 – 13.0)

	Prevalence
	21.3% (19.2 - 23.4)
	16.4% (12.3 - 20.6)
	21.9% (14.3 - 29.5)
	19.5% (14.8 - 24.3)
	17.8% (11.7 - 23.8)
	22.4% (15.7 - 29.0)
	35.5% (24.8 - 46.3)
	21.8% (16.8 - 26.8)
	29.8% (21.4 - 38.2)

	Incidence Per 1000 Hours
	
	
	
	
	
	
	
	
	

	Total
	2.2 (1.9 - 2.4)
	1.6 (1.2 - 2.0)
	2.1 (1.3 - 2.8)
	2.4 (1.9 - 3.0)
	1.6 (1.0 - 2.1)
	3.0 (2.0 - 3.9)
	5.0 (3.5 - 6.5)
	3.8 (2.9 - 4.6)
	3.7 (2.6 - 4.7)

	Training
	1.2 (1.1 - 1.4)
	0.8 (0.5 - 1.1)
	1.0 (0.5 - 1.6)
	1.4 (0.9 -1.8)
	0.9 (0.4 - 1.3)
	1.8 (1.0 - 2.6)
	2.5 (1.3 - 3.6)
	2.0 (1.3 - 2.7)
	3.1 (2.1 - 4.1)

	Match-Play
	8.4 (7.1 – 9.6)
	11.9 (7.6 - 16.2)
	11.2 (5.7 - 16.7)
	9.7 (6.3 - 13.0)
	6.1 (3.0 - 9.2)
	7.3 (3.8 - 10.8)
	23.8 (14.3 - 33.3)
	14.1 (9.7 - 18.5)
	6.1 (2.5 - 9.7)

	Incidence Comparisons
	
	
	
	
	
	
	
	
	

	Match-Play to Training Ratio
	7.0 (6.5 - 7.1)
	14.9 (14.7 - 15.2)
	11.2 (10.4 - 11.4)
	6.9 (7.0 - 7.2)
	6.8 (7.1 - 7.5)
	4.1 (3.8 - 4.2)
	9.5 (9.3 - 10.5)
	6.9 (7.1 - 7.5)
	2.0 (1.2 - 2.4)

	Match-Play to Training Difference
	7.2 (6.0 – 8.2)
	11.1 (7.1 - 15.1)
	10.2 (5.2 - 15.1)
	8.3 (5.4 - 11.2)
	5.2 (2.6 - 7.9)
	5.5 (2.8 - 8.2)
	21.3 (13.0 - 29.7)
	12.1 (8.4 - 15.8)
	3.0 (0.4 - 5.6)

	Time-Loss (Days) from Sport
	
	
	
	
	
	
	
	
	

	Percentage of All Time-Loss
	31.1% (25.8 - 38.2)
	38.6% (24.8 - 56.6)
	33.3% (27.4 - 41.3)
	35.2% (17.5 - 55.4)
	27.5% (10.8 - 61.2)
	13.2% (11.9 - 14.4)
	21.6% (18.0 - 27.7)
	38.1% (24.0 - 52.5)
	16.9% (14.3 - 18.6)

	Mean Per Team
	299.0 (211.0 - 438.9)
	224.2 (119.8 - 395.4)
	350.2 (229.5 - 539.0)
	370.6 (143.2 - 734.2)
	275.3 (140.4 - 473.4)
	198.9 (129.6 - 285.2)
	350.7 (252.0 - 516.6)
	203.5 (104.5 - 344.2)
	247.2 (169.2 - 343.5)

	Mean Per Injury
	26.0 (21.1 - 33.0)
	30.3 (21.4 - 41.6)
	36.1 (25.5 - 49.0)
	38.6 (18.6 - 64.4)
	35.3 (21.6 - 52.6)
	20.3 (16.2 - 24.8)
	16.7 (12.0 - 24.6)
	19.2 (15.6 - 23.1)
	14.8 (12.0 - 17.8)

	Injury Burden
	57.2 (40.1 – 79.2)
	48.5 (25.7 - 83.3)
	75.8 (33.2 - 137.2)
	92.6 (35.3 - 193.2)
	56.5 (21.6 - 110.5)
	60.9 (32.4 - 96.7)
	83.5 (42.0 - 159.9)
	73.0 (45.2 - 106.3)
	54.8 (31.3 - 83.7)


Note: Team rate presented at median (IQR) with all other figures presented as mean (95% CI).
Table 3 – Hamstring Injury Type

	 
	Total
	Bruising / Haematoma
	Biceps Femoris Belly
	Proximal MTJ
	Distal MTJ
	Semimembranosis / Semitendinosis Belly
	Unspecified

	Injury Type
	
	
	
	
	
	
	

	New
	63.9% (59.0 - 68.5)
	100.0%
	65.0% (58.0 - 72.6)
	42.6% (29.6 - 55.6)
	74.5% (59.6 - 87.2)
	58.3% (41.7 - 75.0)
	62.9% (52.8 - 73.0)

	Recurrent
	36.1% (31.5 - 41.0)
	-
	35.0% (27.4 - 42.0)
	53.7% (40.7 - 66.7)
	25.5% (12.8 - 40.4)
	41.7% (25.0 - 58.3)
	37.1% (27.0 - 47.2)

	Inciting Activity
	
	
	
	
	
	
	

	Match-Play
	49.1% (42.5 - 57.1)
	80.0% (20.0 - 100.0)
	48.4% (58.0 - 61.1)
	48.1% (27.7 - 64.8)
	53.2% (34.0 - 71.2)
	50.0% (33.3 - 66.7)
	46.1% (38.2 - 79.8)

	Training
	45.9% (41.5 - 51.0)
	20.0% (0.0 - 60.0)
	46.5% (38.9 - 53.5)
	48.1% (35.2 - 61.1)
	44.7% (29.8 - 59.6)
	50.0% (33.3 - 66.7)
	37.1% (27.0 - 47.2)

	Gym
	1.6% (0.5 - 2.8)
	-
	-
	-
	-
	-
	7.9% (11.2 - 29.2)

	Other
	1.6% (0.5 - 3.3)
	-
	1.9% (0.0 - 4.5)
	3.8% (0.0 - 11.2)
	2.1% (0.0 - 6.4)
	-
	1.1% (0.0 - 3.4)

	Inciting Mechanism
	
	
	
	
	
	
	

	Contact
	2.6% (1.2 - 4.2)
	100.00%
	1.9% (0.0 - 4.5)
	3.7% (0.0 - 9.3)
	-
	-
	-

	Non-Contact
	97.4% (95.8 - 98.8)
	-
	98.1% (95.5 - 100)
	96.3% (90.7 - 100)
	100.00%
	100.00%
	100.00%

	Sprinting
	73.4% (69.2 - 77.6)
	-
	77.1% (70.1 - 82.8)
	61.1% (48.1 - 74.1)
	80.9% (68.1 - 91.5)
	72.2% (55.6 - 86.1)
	84.3% (76.4 - 91.0)

	Kicking
	4.4% (2.6 - 6.3)
	-
	4.5% (1.3 - 7.6)
	9.3% (1.9 - 16.7)
	4.3% (0.0 - 10.6)
	8.3% (0.0 - 19.4)
	2.2% (0.0 - 5.6

	Turning
	3.5% (1.9 - 5.4)
	-
	3.8% (1.3 - 7.0)
	7.4% (1.9 - 14.8)
	4.3% (0.0 - 10.6)
	-
	1.1% (0.0 - 3.4)

	Landing
	1.9% (0.7 - 3.3)
	-
	1.3% (0.0 - 3.2)
	5.6% (0.0 - 11.1)
	2.1% (0.0 - 10.6)
	5.6% (0.0 - 19.4)
	-

	Type
	
	
	
	
	
	
	

	Acute
	77.6% (73.4 - 81.6)
	100.00%
	84.7% (79.0 - 90.4)
	68.5% (55.6 - 81.5)
	68.1% (55.3 - 80.9)
	88.9% (77.8 - 97.2)
	78.7% (69.7 - 86.5)

	Chronic
	5.8% (3.7 - 8.2)
	-
	3.2% (0.6 - 6.4)
	13.0% (5.6 - 22.2)
	2.1% (0.0 - 6.4)
	2.8% (0.0 - 8.3)
	9.0% (3.4 - 15.7)

	Overuse
	15.9% (12.6 - 19.3)
	-
	12.1% (7.0 - 17.2)
	18.5% (9.3 - 29.6)
	29.8% (17.0 - 42.6)
	8.3% (0.0 - 19.4)
	12.4% (5.6 - 20.2)


Table 4 – Hamstring Injury Time-Loss Data

	 
	Mean
	SD
	Max
	95% CI

	All Hamstring Injuries
	26.0
	36.7
	467.0
	21.1 - 33.0

	Sites
	
	
	
	

	Bruising / Haematoma
	10.3
	10.7
	32.0
	5.0 - 19.2

	Biceps Femoris Belly
	24.9
	44.6
	467.0
	18.1 - 34.0

	Proximal Musculotendinous Junction
	35.1
	56.8
	295.0
	19.8 - 56.1

	Distal Musculotendinous Junction
	22.1
	22.9
	140.0
	16.3 - 30.2

	Semimembranosis / Semitendinosis Belly
	22.9
	24.1
	103.0
	15.5 - 31.5

	Inciting Activity
	
	
	
	

	Training
	16.7
	13.3
	70.0
	14.5 - 19.1

	Match-Play
	25.4
	35.9
	295.0
	19.8 - 31.8

	Type
	
	
	
	

	New
	17.3
	20.3
	194.0
	14.4 - 20.8

	Recurrent
	29.6
	39.7
	295.0
	22.5 - 39.1

	Seasonal Cycle
	
	
	
	

	Preseason
	40.4
	89.9
	467.0
	19.3 - 67.9

	Competitive Cycle 1
	24.6
	26.5
	140.0
	18.6 - 31.7

	Midseason
	19.2
	14.2
	70.0
	15.5 - 23.3

	Competitive Cycle 2
	22.9
	34.2
	295.0
	17.4 - 29.9

	Age
	
	
	
	

	18-20 Years
	23.9
	34.5
	140.0
	11.6 - 43.1

	21-24 Years
	27.9
	22.7
	103.0
	22.3 - 34.7

	25-29 Years
	35.1
	35.1
	467.0
	19.3 - 53.9

	>30 Years
	13.6
	7.8
	134.0
	10.6 - 18.5


Figure 1 – Risk Ratio Per Player Sub-Group

Uploaded separately.
Figure reveals risk ratio relative to all other players with corresponding 95% Confidence Interval. 

Legend: Hx = history of previous injury; HS Hx = history of previous hamstring injury.

