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Injury incidence and athlete availability through a single-season in 
an elite rugby union team in Japan

Context: No studies report injury incidence for an elite rugby union 
team in Japan during the entire season. Also, no studies examine 
how athlete availability is affected because of injuries.
Objective: This investigation reported the injury incidence and 
athlete availability of the elite rugby union team in Japan and iden-
tified the injury characteristics. Design: Descriptive Epidemiology 
Study. Setting: Elite rugby union team in Japan. Patients or Other 
Participants: Fifty-seven players from one elite rugby union team 
participated in this study. The team participated in Japan’s first 
elite rugby union league division. These consisted of 41 Japanese 
players, 8 South African players, 5 Tongan players, 2 New Zealand 
players, and 1 Australian player. Data Collection and Analysis: 
Injuries were recorded prospectively over 1 season. Athlete-expo-
sure (AE), athlete-hour (AH), injury burden, and availability was an-
alyzed. Results: As a result of this study, 72 time-loss injuries were 
identified throughout the single-season. Injury incidence in Japan’s 
elite rugby union team is indicated as high in the field training and 
low during the official match compared to foreign leagues. Type of 
injury, muscle strain injuries in the lower leg and thigh, and concus-
sion occurred most frequently. Athlete availability during the in-sea-
son phase was high throughout but tended to decline toward the 
latter half of the season. Conclusions: This investigation revealed 
the characteristics and incidence of injury and athlete availability of 
Japan’s elite rugby union team. These data reveal focus points for 
injury prevention and provide beneficial information for strength and 
conditioning coaches and athletic trainers.
Keywords: athlete-exposure, athlete-hour, injury prevention
Keypoints: The lower in-season injury incidence compared to oth-
er national leagues may be due to pre-season training; The high 
injury burden of props in forwards and center in backs requires 
consideration when recruiting and conditioning for these positions
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Introduction 

In an elite sports team, injuries influence the 

team's performance and financial burden on the 

organization. Therefore, injury prevention plays 

a critical role in the team's success. 

The Qatari professional football league study 

reported that lower injury incidence was strongly 

correlated with team ranking position, more 

matches won, more goals scored, greater goal 

difference, and total points.1 According to the 

investigation of European football clubs, there 

was a positive correlation between league 

standing and team success.2 In rugby union, a 

negative correlation between injury and team 

success in English Premiership teams was 

reported.3 The average cost of injuries increased 

by 56% from $25,603 in 2003 to $40,021 in 2012 

due to hamstring strain injuries in Australian 

football league players despite little change in 

hamstring strain injury rates during the period.4 

Therefore, injury prevention impacts success in 

an elite sports team. Thus, strength and 

conditioning coaches and athletic trainers play a 

critical role in team performance due to the 

design of injury prevention training strategies. 

As a fundamental injury prevention strategy, van 

Mechelen et al. suggested the sequence of 

prevention model,5, while Finch et al. explained 

translating research into injury prevention which 

indicated that injury prevention strategy should 

begin with the survey of injury incidence and 

severity.6 Several investigations on injury 

incidence within rugby union exist, including 

systematic review through meta-analysis.7 

Through the systematic review, 91 injuries 

occurred per 1000 hours in rugby union official 

matches, which is greater than in other team 

sports. Also, 2.8 injuries occurred in 1000 hours 

of rugby union training.7 However, this meta-

analysis only collected data in Europe and South 

Africa, excluding Japan's elite rugby union 

teams. 

Injury incidence and severity provide key 

information to prevent injuries. In addition, 

athlete availability is strongly correlated with 

injury incidence and severity, but it has not been 

reported in the literature. Analyzing 

chronological injury incidence and athlete 

availability through the season should be 

employed to provide insight into injury 

prevention strategies. 

Considering the usefulness of injury data 

provided throughout the season, this 

investigation reported injury incidence and 

athlete availability in an elite rugby union team in 

Japan and compared these data with other 

leagues to identify the characteristics of injury 

incidence in the rugby union team in Japan. 

Methods 

Participants 

This study was approved by the ethics 

committee of the University of Marketing and 

Distribution Sciences (approval number: 

20210011). Fifty-seven players (mean ± 

standard deviation (SD); age, 26.7 ± 3.3 years; 

height, 178.6 ± 5.1 cm; body mass, 97.6 ± 13.3 

kg) from one elite rugby union team participated 

in this investigation. The team participated in 

Japan's first elite rugby union league division. 

Participants consisted of 41 Japanese players, 8 
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South African players, 5 Tongan players, 2 New 

Zealand players, and 1 Australian player. Data 

were collected through the single-season in 

2021 (from January to May). 

Injury definition 

Team doctors and the senior athletic trainer, who 

was certified through the Board of Certification, 

recorded and classified injuries. Injuries/pain 

which the team doctors and senior athletic 

trainers provided any treatment were subjected 

in this survey as the medical attention injury 

which utilized injuries with time-loss8, 9. Medical 

attention injury is classified into non-time-loss 

and time-loss. Bahr et al. defined time-loss as 

any injury that resulted in single or multiple 

absences from field training and match.8 In this 

study, the doctor suggested the date of return to 

play and determined by both athletic training and 

strength and conditioning staff when players 

returned in the training after athletic 

rehabilitation provided by athletic trainers and 

reconditioning sessions provided by strength 

and conditioning coaches. 

Subjected activities 

All matches and field training sessions 

scheduled in the team activities were subjected. 

The field training sessions included rugby 

strategies and skills, as well as strength and 

conditioning training, such as fitness, speed, and 

agility training, were included. Off-field training, 

such as resistance training, was excluded. 

Moreover, injuries that occurred during the other 

matches and training (e.g., the national team 

training) that participated players joined were 

subjected to. 

Injury classification 

Subjected injuries were classified into location 

and type of injury, and severity. The location of 

injury was referred to the international standards 

according to Bahr et al.8 Type of injury was 

based on the IOC Daily Medical Report on 

Injuries and Illnesses.8 Injury severity was 

classified as the number of days that have 

elapsed from the injury date to the players’ return 

to full match and training participation. Injuries 

were grouped as minimal (1–7 days), moderate 

(8–28 days), and severe (more than 29 days).10 

Data analysis 

Playing positions were grouped as forwards and 

backs. Moreover, all ten positions were analyzed. 

Injury incidence was calculated by athlete-

exposure (AE) and athlete-hour (AH).11, 12 Injury 

burden was also calculated to analyze injury 

severity.13 

AE indicates injury incidence per 1000 times of 

match or training and its formula is below. 

AE ＝ (the number of injuries/athlete-

exposure)×1000 

AH indicates injury incidence per 1000 hours of 

match or training and its formula is below. 

AH＝(the number of injuries/athlete-hour)×1000 

Strength and conditioning coaches recorded the 

number of participating players and the duration 

of the training and match play to calculate 

athlete-exposure and athlete-hour. The duration 

of training was sorted into entire duration and 

active duration. The entire duration was 

recorded from the beginning of the training, such 
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as warm-up through the last training drill. Active 

duration excluded any time players were inactive, 

such as water breaks or coaches’ explanations 

for the training drills on the field. 

Injury burden indicated injury severity and 

influences and was calculated using the 

following formula. 

Injury burden＝injury incidence (how frequently 

injuries occur) ×injury severity (how many days 

are missed due to the injury) 

Athlete availability 

Athlete availability indicates the number or rate 

of players available for matches or training. In 

this study, athlete availability was the rate of 

players who were available to be selected as a 

member for the official match. There were 16 

official matches in the 2021 season, so athlete 

availability was calculated for every match. 

Statistical analysis 

The mean and SD was used to display the study 

population data. Injury incidence was calculated 

for each position and phase. Injury severity 

indicated mean and 95% confidence interval. 

Quasi-Poisson generalized linear models 

estimated comparison of injury incidence.14 

Comparison of injury burden was evaluated as if 

the 95% CIs between comparisons did not 

overlap; it was deemed that the injury burden 

comparisons were significantly different.15 Chi-

square test was utilized to test the comparison 

for athlete availability. Statistical significance 

was set at p < 0.05. Effect sizes of <0.09, 0.10–

0.49, 0.50–0.79, and >0.80 were considered 

trivial, small, moderate, and large, respectively.16 

Results 

 Table 1 shows each position's 1000 AE, 1000 

AH, and injury burden. Seventy-two time-loss 

injuries were identified throughout Japan's 

single-season of the elite rugby union team. 

While there was no significant difference 

between forwards (12.5/1000 AE, 12.6/1000 AH) 

and backs (12.1/1000 AE, 12.8/1000 AH), injury 

burden tended to be greater in backs (872.2 

injury days/1000 AH, 95% CI (461.4 to 1279.4) 

than forwards (551.0 injury days/1000 AH, 95% 

CI (355.7 to 744.3). In 10 position comparison, 

props (267.3 injury days/1000 AH) and centers 

(403.1 injury days/1000 AH) were higher than 

each position group. 

Table 2 shows 1000 AE, 1000 AH, and injury 

burden for activity type and phase. Match 

(practice match: 43.4/1000 AH, official match: 

43.8/1000 AH) was higher significance than field 

training (9.2/1000 AH) (practice match; IRR: 

4.798, 95% CI (2.274 to 9.114, p < 0.001, official 

match; IRR: 4.818, 95% CI (2.597 to 8.423, p < 

0.001). Also, in the phase, pre-season 

(17.2/1000 AH) was significantly higher than in-

season (IRR: 1.668, 95％ CI (1.014 to 2.752, p 

= 0.043). 

Results identified leg, knee, and thigh as 

frequently occurring injury locations, and these 

three types of injuries occupied 57% of total 

injuries (Figure 1). Results also identified that 

more than half of the injuries were severe 

(Figure 2). The cause of injury did not show 

significance between contact and non-contact 

(Figure 3). Soft tissue injuries occurred the most 
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(Figure 4). 

Athlete availability averaged 76.4% ± 4.5% 

throughout all 16 official matches. The early 

official match phase (First 5 official matches) 

was significantly higher than the later phase (p = 

0.01, d = 0.1, Figure 5).

 

Table1. Injury incidence and injury burden by each position for elite rugby union team in 

Japan 

 

 

Table2. Injury incidence and injury burden by each activity and each phase for elite rugby 

union team in Japan 

 

 

Discussion 

This investigation characterized injury incidence 

and athlete availability during a single-season of 

elite rugby union team play in Japan. Results 

from this investigation further support the need 

for adequate strength and conditioning training 

to prevent common injuries that afflict players 

and team success. 

The number of injury occurrences and injury 

incidence 

Seventy-two time-loss injuries were identified. 

Injury incidence was 12.4 in 1000 AE, and 12.7 

in 1000 AH (Table 1). In activities, 47 injuries 

(8.7/1000 AE, 9.2/1000 AH) occurred during the 

field training, which consisted of 65% of total 

injuries, while 15 injuries (59.3/1000 AE, 

Injury count

(n)

Incidece

(/1000AE)

Exposure time

(active duration, h)

Incidence

(/1000AH)

Injury burden

(days/1000AH)

Position group

 All player 72 12.4 5668 12.7 54.3 [37.7-70.9] 689.7

 Forwards 41 12.5 3252 12.6 43.7 [28.2-59.1] 551.0

 Backs 31 12.1 2417 12.8 68 [36.0-100.0] 872.2

Position

 Props 22 6.7 6.8 39.5 [29.2-49.9] 267.3

 Hooker 7 2.1 2.2 28.3 [15.1-41.5] 60.9

 Lokcs 4 1.2 1.2 51.7 [5.3-98.1] 63.6

 Flankers 4 1.2 1.2 143.5 [9.2-277.8] 176.5

 Number eight 5 1.5 1.5 31.4 [19.3-43.5] 48.3

 Scrum half 3 1.2 1.2 7.3 [5.6-9.1] 9.1

 Flay half 5 2.0 2.1 77.6 [17.7-137.5] 160.5

 Centres 12 4.7 5.0 81.2 [11.2-151.2] 403.1

 Wingers 6 2.3 2.5 40.5 [23.6-57.4] 100.5

 Full backs 4 1.6 1.7 68.3 [-22.3-158.8] 113.0

Severity[95%CI]

(days missed)

Injury count

(n)

Incidece

(/1000AE)

Exposure time

(active duration, h)

Incidence

(/1000AH)

Injury burden

(days/1000AH)

Activity type

 Field training 47 8.7 5136 9.2 42.1 [27.1-57.0] 385.2

 Practice match 10 57.8 231 43.4 80.6 [1.2-160] 3494.2

 Offcial match 15 59.3 343 43.8 68.5 [33.8-103.2] 2998.5

Season

 Off-season 9 7.3 850 10.6 60.8 [38.2-83.3] 643.4

 Pre-season 33 18.2 1914 17.2 57.8 [26.7-88.9] 996.6

 In-season 30 10.9 2904 10.3 45.2 [26.3-64.2] 467.0

Severity[95%CI]

(days missed)
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43.8/1000 AH) during the official match, 10 

injuries (57.8/1000 AE, 43.3/1000 AH) during 

practice match (Table 2). A previous review on 

senior men’s professional rugby union showed 

81/1000 AH (95% CI 63 to 105), 52/1000AH 

(95% CI 42 to 65) for New Zealand premier club 

rugby union, and another review in Australian 

rugby union players resulted in 74/1000 AH.17-19 

The survey from the Rugby World Cup 2015 

indicated 90/1000 AH.20 Therefore, this 

investigation shows a lower injury incidence in 

Japan's elite rugby union team. Nevertheless, in 

terms of injury incidence during the field training, 

a systematic review showed 6/1000 training 

hours, and English professionals resulted in 

2/1000 AH (95% CI 1.8 to 2.2).21, 22 These two 

investigations show lower injury incidence than 

the present study. Thus, injury incidence in the 

elite rugby union team is indicated as high in the 

field training and low during the official match. 

 

 

Figure 1. Location of injury in an elite rugby union team in Japan 

 

Figure 2. Injury severity in an elite rugby union team in Japan 
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Figure 3. The rate between contact and non-contact in the elite rugby union team in Japan 

 

 

Figure 4. Injury types in the elite rugby union team in Japan 

 

 

Figure 5. Athlete availability of official match phase in the elite rugby union team in Japan 

 



Hayato Yamamoto et al., IJSMR, 2023; 6:26 

IJSMR:https://escipub.com/internal-journal-of-sports-medicine-and-rehabilitation/              8

 

Figure 6. Scatter plots with injury incidence and severity as variables 

Japan's elite rugby union annual schedule may 

impact these results. For example, Gaelic 

football players with higher chronic workloads 

were more robust to given increases in 

workload.23 In some cases, athletes with greater 

pre-season training volumes have been shown 

to have a lower risk of injury during the season.24, 

25 As a characteristic of rugby teams in Japan, 

pre-season duration tends to be longer; this 

team had 19 weeks, which was more than the 

10-week pre-season model from other 

literature.26 Therefore, chronic load seemed high 

due to the longer pre-season, where the team 

spent a long time preparing for the season, 

causing lower injury incidence during the official 

match. However, longer pre-season, where the 

team had more training sessions, caused higher 

injury incidence during the field training. 

Athlete position 

Since there was no statistically significant 

relationship between forwards and backs in 

1000 AE or 1000 AH, their injury incidence was 

not different. However, the injury burden was 

higher for backs, with 872.2 injury days per 1000 

AH compared to 551.0 injury days per 1000 AH 

for forwards. Although there was no significant 

difference between forwards and backs in injury 

incidence, backs tended to suffer more severe 

injuries than forwards. When injury incidence 

was compared among 10 positions, prop from 

forwards and centers from backs had higher. As 

these two positions seemed to have more 

injuries than other positions, they tended to have 

higher body weight and more frequent contact 

than other positions.27 Thus, these positions 

might have a higher load on lower extremity 

muscles due to their positional characteristics, 

leading to higher injury incidence. Flankers had 

a significantly greater injury severity than the 

other 10 positions. This is likely because flankers 

make frequent high-speed contact during attack 

and defense situations. High-speed contact 

increases momentum, so injury severity could be 

higher. 

Figure 6 shows injury incidence and severity in 

a scatter plot, which clarifies the relationship 
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between injury incidence and injury severity in 

Japan's elite rugby union. The variable goes 

toward the right in the chart, suggesting higher 

injury incidence. 

Location of and type of injury 

Anatomically, an injury occurred 72.2% (52 

injuries) in the lower limb, 13.9% (10 injuries) in 

the head and neck, 9.7% (7 injuries) in the upper 

limb, and 4.2% (3 injuries) in the trunk. These 

findings are similar to that reported on Australian 

rugby union players.19 While injury incidence is 

different in each league, the location of the injury 

may have similarities between Japan and other 

countries. Lower limb injuries were also detailed 

as a lower leg (16 injuries), knee (14 injuries), 

and thigh (11 injuries, Figure 1). In the lower leg, 

there were 8 muscle strains (50%) and 4 Achilles 

tendinitis (25%). Knee injuries included 6 

ligamentous injuries (3 ACL; 3 MCL), 5 meniscal 

injuries (2 occurred with ligamentous injuries), 

and 3 cartilage injuries. 9 of 11 thigh injuries 

were hamstring strain injuries (82%). As a result, 

muscle strain injuries in the lower leg and thigh 

were the most injuries in the elite rugby union 

team. 

Concussions occurred only in matches, and 

injury incidence was 13.0/1000 AH in a practice 

match and 11.7/1000 AH in an official match. 

Since the systematic review of concussion injury 

incidence was 4.7/1000 AH, Japan's elite rugby 

union team had more concussions.28 While 

injuries that occurred during matches were fewer 

than in previous literature; concussions seemed 

to occur more frequently. A characteristic of the 

elite rugby union team in Japan was a lower rate 

of injuries during the in-season due to a longer 

pre-season with a high chronic load, leading to 

less influence on concussion. Preventive 

training for concussions may be necessary 

during pre-season, as a concussion is not 

usually related to workload. 

Athlete availability 

Athlete availability was 76.4% in the team during 

the season in this study. To our knowledge, there 

are no previous reports on the availability of 

rugby union teams throughout the season. This 

study showed athlete availability throughout the 

season, which may provide a new perspective 

on team sports success. Compared to other 

sports, European football clubs (match: 86%, 

training: 77%) or Swedish athletics athletes 

(78%) resulted similarly to this study.2, 29 

Considering that injury incidence tends to be 

high in rugby union, the elite rugby union team in 

Japan seemed to have higher athlete availability. 

However, as the season went on, athlete 

availability was dropping. 

Calculation of injury incidence 

Since 1000 AE and 1000 AH calculated injury 

incidence, analysis of playing positions did not 

confirm significant differences in each variable. 

This may be because of the active duration in 

exposure time utilized to calculate 1000 AH. The 

active duration is shorter than the entire duration 

because it excludes coaches’ explanations and 

hydration time. Therefore, when active duration 

is utilized for exposure time, 1000 AH is higher 

than when the entire duration is used. 

Conceptually, 1000 AE shows a higher value, but 

1000 AH, based on active duration, calculates a 
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higher value. Thus, the difference between these 

variables was reduced. On the other hand, 

differences between the 1000 AE and 1000 AH 

variables are observed when classifying by 

activity type or phase. The calculation of injury 

incidence requires using variables appropriate to 

the analysis method. 

This novel study revealed the characteristics of 

injury incidence and athlete availability of 

Japan's elite rugby union team. However, this 

study is limited due to the small sample size 

collected over one competition season. Future 

investigations should examine multiple seasons 

and teams, which may provide beneficial 

information to inform strength and conditioning 

coaches and athletic trainers. In addition, these 

types of investigations may afford an improved 

understanding of the relationship between 

athlete availability and performance. 

References 

[1]. Eirale C, Tol JL, Farooq A, Smiley F, Chalabi H. 

Low injury rate strongly correlates with team 

success in Qatari professional football. Br J 

Sports Med. 2013;47(12):807–808. 

[2]. Hägglund M, Waldén M, Magnusson H, 

Kristenson K, Bengtsson H, Ekstrand J. Injuries 

affect team performance negatively in 

professional football: an 11-year follow-up of the 

UEFA Champions League injury study. Br J Sports 

Med. 2013;47(12):738–742. 

[3]. Williams S, Trewartha G, Kemp SPT, Brooks 

JHM, Fuller CW, Taylor AE, Cross MJ, Stokes KA. 

Time loss injuries compromise team success in 

Elite Rugby Union: a 7-year prospective study. Br 

J Sports Med. 2016;50(11):651–656. 

[4]. Hickey J, Shield AJ, Williams MD, Opar DA. The 

financial cost of hamstring strain injuries in the 

Australian Football League. Br J Sports 

Med. 2014;48(8):729–730. 

[5]. Van Mechelen W, Hlobi H, Kemper HCG. 

Incidence, severity, aetiology, and prevention of 

sports injuries. Sports Med. 1992;14:82–99. 

[6]. Finch C. A new framework for research leading to 

sports injury prevention. J Sci Med Sport. 

2006;9:3–9. 

[7]. Williams S, Robertson C, Starling L, McKay 

C, West S, Brown J, Stokes K. Injuries in elite 

men's rugby union: An updated (2012–2020) 

meta-analysis of 11,620 match and training 

injuries. Sports Med. 2022;52:1127–1140. 

[8]. Bahr R, Clarsen B, Derman W, Dvorak J, Emery 

CA, Finch CF, Hägglund M, Junge A, Kemp S, 

Khan KM, Marshall SW, Meeuwisse W, Mountjoy 

M, Orchard JW, Pluim B, Quarrie KL, Reider B, 

Schwellnus M, Soligard T, Stokes KA, Timpka T, 

Verhagen E, Bindra A, Budgett R, Engebretsen L, 

Erdener U, Chamari K. International olympic 

committee consensus statement : methods for 

recording and reporting of epidemiological data on 

injury and illness in sport 2020 (including 

STROBE Extension for sport injury and illness 

surveillance (STROBE-SIIS)). Br J Sports Med. 

2020;54:372–389. 

[9]. Kerr ZY, Lynall RC, Roos KG, Dalton SL, Djoko A, 

Dompier TP. Descriptive epidemiology of non-

time-loss injuries in collegiate and high school 

student-athletes. J Athl Train. 2017;52(5):446–

456. 

[10]. Fuller CW, Ekstrand J, Junge A, Andersen TE, 

Bahr R, Dvorak J, Hagglund M, McCrory P, 

https://scholar.google.co.jp/citations?user=PnXwrF8AAAAJ&hl=ja&oi=sra
https://link.springer.com/article/10.1007/s40279-021-01603-w
https://link.springer.com/article/10.1007/s40279-021-01603-w
https://link.springer.com/article/10.1007/s40279-021-01603-w
https://link.springer.com/article/10.1007/s40279-021-01603-w


Hayato Yamamoto et al., IJSMR, 2023; 6:26 

IJSMR:https://escipub.com/internal-journal-of-sports-medicine-and-rehabilitation/             11

Meeuwisse WH. Consensus statement on injury 

definitions and data collection procedures in 

studies of football (soccer) injuries. Scand J Med 

Sci Sports. 2006;16(2):83–92. 

[11]. Timpka T, Alonso J-M, Jacobsson J, Junge A, 

Branco P, Clarsen B, Kowalski J, Mountjoy M, 

Nilsson S, Pluim B, Renström P, Rønsen O, 

Steffen K, Edouard P. Injury and illness definitions 

and data collection procedures for use in 

epidemiological studies in Athletics (track and 

field): consensus statement. Br J Sports Med. 

2014;48(7):483–490. 

[12]. Derman W, Badenhorst M, Blauwet C, Emery CA, 

Fagher K, Lee Y-H, Kissick J, Lexell J, Miller IS, 

Pluim BM, Schwellnus M, Steffen K, Vliet PV de, 

Webborn N, Weiler R. Para sport translation of the 

IOC consensus on recording and reporting of data 

for injury and illness in sport. Br J Sports Med. 

2021;55(19):1068–1076. 

[13]. Bahr R, Clarsen B, Ekstrand J. Why we should 

focus on the burden of injuries and illnesses, not 

just their incidence. Br J Sports Med. 

2018;52(16):1018–1021. 

[14]. Tarzi G, Tarzi C, Mirsu D, Patel J, Dadashi E, El-

Sabbagh J, Gerhart A, Cusimano MD. Effect of a 

new concussion substitute rule on medical 

assessment of head collision events in Premier 

League football. Br J Sports Med. 2022;0:1–7. 

Injury Prevention. 2022;28(6):521–525. 

[15]. Starling LT, Gabb N, Williams S, Kemp S, Stokes 

KA. Longitudinal study of six seasons of match 

injuries in elite female rugby union. Br J Sports 

Med. 2022;0:1–7. 

[16]. Cohen J. A power primer. Psychol Bull. 

1992;112:155–159 

[17]. Williams S, Trewartha G, Kemp S, Stokes K. 

A meta-analysis of injuries in senior 

men's professional rugby union. Sports Med. 

2013;43:1043–1055. 

[18]. Schneiders AG, Takemura M, Wassinger CA. A 

prospective epidemiological study of injuries to 

New Zealand premier club rugby union players. 

Physical Therapy in Sport. 2009;10(3):85–90. 

[19]. Bathgate, A.; Best, J.P.; Craig, G.; Jamieson, M. 

A prospective study of injuries to elite Australian 

rugby union players. Br. J. Sports Med. 

2002;36(4):265–269. 

[20]. Fuller CW, Taylor A, Kemp SPT, Raftery M. 

Rugby world cup 2015: world rugby injury 

surveillance study. Br. J. Sports Med. 

2017;51(1):51–57. 

[21]. Kaplan KM, Goodwillie A, Strauss EJ, Rosen JE. 

Rugby injuries: A review of concepts and current 

literature. Bull. NYU Hosp. Jt. Dis. 2008;66(2):86–

93. 

[22]. Brooks JHM, Fuller CW, Kemp SPT, Reddin DB. 

Epidemiology of injuries in English 

professional rugby union: part 2 training injuries. 

Br. J. Sports Med. 2005;39(10):767–775. 

[23]. Malone S, Roe M, Doran DA, Gabbett TJ, Collins 

K. High chronic training loads and exposure to 

bouts of maximal velocity running reduce injury 

risk in elite Gaelic football. J Sci Med Sport. 

2017;20(3):250–254. 

[24]. Neupert EC, Cotterill ST, Jobson SA. Training-

monitoring engagement: an evidence-based 

approach in elite sport. Int J Sports Physiol 

Perform. 2019;14(1):99–104. 

[25]. Windt J, Gabbett TJ, Ferris D, Khan KM. 

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0838.2006.00528.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0838.2006.00528.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0838.2006.00528.x
https://scholar.google.co.jp/citations?user=y3Cj1fAAAAAJ&hl=ja&oi=sra
https://scholar.google.co.jp/citations?user=-Xqkol0AAAAJ&hl=ja&oi=sra
https://bjsm.bmj.com/content/52/16/1018.abstract
https://bjsm.bmj.com/content/52/16/1018.abstract
https://bjsm.bmj.com/content/52/16/1018.abstract
https://scholar.google.co.jp/citations?user=83J2_xkAAAAJ&hl=ja&oi=sra
https://scholar.google.co.jp/citations?user=471bmSsAAAAJ&hl=ja&oi=sra
https://scholar.google.co.jp/citations?user=a3PtPi8AAAAJ&hl=ja&oi=sra
https://link.springer.com/article/10.1007/s40279-013-0078-1
https://link.springer.com/article/10.1007/s40279-013-0078-1
https://scholar.google.co.jp/citations?user=um0w4x4AAAAJ&hl=ja&oi=sra
https://www.sciencedirect.com/science/article/pii/S1466853X0900042X
https://www.sciencedirect.com/science/article/pii/S1466853X0900042X
https://www.sciencedirect.com/science/article/pii/S1466853X0900042X
https://bjsm.bmj.com/content/51/1/51.short
https://bjsm.bmj.com/content/51/1/51.short
https://bjsm.bmj.com/content/39/10/767.short
https://bjsm.bmj.com/content/39/10/767.short
https://scholar.google.co.jp/citations?user=rOlfNI0AAAAJ&hl=ja&oi=sra
https://www.sciencedirect.com/science/article/pii/S1440244016301487
https://www.sciencedirect.com/science/article/pii/S1440244016301487
https://www.sciencedirect.com/science/article/pii/S1440244016301487
https://scholar.google.co.jp/citations?user=Wt2VW48AAAAJ&hl=ja&oi=sra
https://journals.humankinetics.com/view/journals/ijspp/14/1/article-p99.xml
https://journals.humankinetics.com/view/journals/ijspp/14/1/article-p99.xml
https://journals.humankinetics.com/view/journals/ijspp/14/1/article-p99.xml
https://scholar.google.co.jp/citations?user=PYkkYRUAAAAJ&hl=ja&oi=sra
https://scholar.google.co.jp/citations?user=rOlfNI0AAAAJ&hl=ja&oi=sra


Hayato Yamamoto et al., IJSMR, 2023; 6:26 

IJSMR:https://escipub.com/internal-journal-of-sports-medicine-and-rehabilitation/             12

Training load--injury paradox: is greater 

preseason participation associated with lower in-

season injury risk in elite rugby league players? Br. 

J. Sports Med. 2017;51(8):645–650. 

[26]. Bradley WJ, Cavanagh BP, Douglas W, Donovan 

TF, Morton JP, Close GL. Quantification of training 

load, energy intake, and physiological adaptations 

during a rugby preseason: A case study from an 

elite European rugby union squad. J Strength 

Cond Res. 2015;29(2):434–544. 

[27]. Yamamoto H, Takemura M, Iguchi J, Tachibana 

M, Tsujita J, Hojo T. In-match physical demands 

on elite Japanese rugby union players using a 

global positioning system. BMJ Open Sp Ex Med . 

2019;0:e000659.  

[28]. Gardner AJ, Iverson GL, Williams WH, Baker S, 

Stanwell P. A systematic review and meta-

analysis of concussion in rugby union. Sports 

Med. 2014;44:1717–1731. 

[29]. Zachrisson AL, Ivarsson A, Desai P, Karlsson J, 

Grau S. Athlete availability and incidence of 

overuse injuries over an athletics season in a 

cohort of elite Swedish athletics athletes-a 

prospective study. Inj. Epidemiol. 2020;7(16)

 

https://bjsm.bmj.com/content/51/8/645.short
https://bjsm.bmj.com/content/51/8/645.short
https://bjsm.bmj.com/content/51/8/645.short
https://scholar.google.co.jp/citations?user=gihSqT8AAAAJ&hl=ja&oi=sra
https://scholar.google.co.jp/citations?user=MKX5pokAAAAJ&hl=ja&oi=sra
https://scholar.google.co.jp/citations?user=mWYMEVoAAAAJ&hl=ja&oi=sra
https://link.springer.com/article/10.1007/s40279-014-0233-3
https://link.springer.com/article/10.1007/s40279-014-0233-3
https://scholar.google.co.jp/citations?user=_f6GytsAAAAJ&hl=ja&oi=sra
https://link.springer.com/article/10.1186/s40621-020-00239-0
https://link.springer.com/article/10.1186/s40621-020-00239-0
https://link.springer.com/article/10.1186/s40621-020-00239-0
https://link.springer.com/article/10.1186/s40621-020-00239-0

