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ABSTRACT

Objectives: Investigate the relationship between the proportion of pre-season training sessions
completed, and load and injury during the ensuing Australian Football League season.
Design: Single cohort, observational study.

Methods: Forty-six elite male Australian football players from one club participated in this
study. Players were divided into three equal groups based on the amount of pre-season
training completed (high, HTL, >85% sessions completed; medium, MTL, 50-85% sessions
completed, and low, LTL, <50% sessions completed). Global Positioning System (GPS)
technology was used to record training and game loads, with all injuries recorded and
classified by club medical staff. Differences between groups were analysed using a two-way
(group x training/competition phase) repeated measures ANOVA, along with magnitude-
based inferences. Injury incidence was expressed as injuries per 1,000 hours.

Results: The HTL and MTL group completed a greater proportion of in-season training
sessions (81.1% and 74.2%) and matches (76.7% and 76.1%) than the LTL (56.9% and
52.7%) group. Total distance and Player load were significantly greater during the first half of
the in-season period for the HTL (p=0.03, ES=0.88) and MTL (p=0.02, ES=0.93) groups than
the LTL group. The relative risk of injury for the LTL group (26.8/1,000 hours) was 1.9 times
greater than the HTL group (14.2/1,000 hours) (3>=3.48, df=2, p=0.17).

Conclusions: Completing a greater proportion of pre-season training resulted in higher
training loads and greater participation in training and competition during the competitive
phase of the season.
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Introduction

During Australian football (AF) match-play, players are required to perform repeated high-
speed (i.e. sprinting, running) efforts and physical contacts, interspersed with low-speed (i.e.
jogging, walking) movements.!? In order to reach and maintain the required level of physical
activity throughout a match, strength and conditioning staff are required to prescribe adequate
training loads to enhance physical qualities, while also minimizing the negative responses to
training (e.g. fatigue, illness, and injury).>* As previously suggested,’ an inadequate training
stimulus will fail to elicit the required physiological adaptation, while an excessive training
stimulus, with inadequate recovery periods may increase the risk of injury or illness.

During the competitive season, it is difficult to prescribe a training stimulus sufficient to
enhance fitness, as time to allow recovery between matches is required.® Accordingly, the pre-
season period is seen as a crucial period to develop physical qualities to meet the required
level of physical demands during match-play.* Previously, training loads during the pre-
season period have been reported as 2—4 times greater than during the in-season period,”® and
consequently the accurate control of training loads during this period is essential to both
maximize positive training adaptations, and minimize the negative training response.”” The
relationship between training load and incidence of injury and illness over a pre-season period
has been analyzed, with Piggott et al.'® reporting no significant relationships between injuries
or illness and training load across this period. However these findings should be interpreted
with some caution due to the small number of injuries (n = 5) and study duration (a 15-week
pre-season). Further research and larger studies are required to provide a more comprehensive
understanding of the relationship between load and injury during the pre-season period, and
the ensuing in-season period, including early season and late season.

The physical demands of AF have increased over the last decade,!' and soft tissue injuries
remain the most common injury in the game.!? Previously, it has been shown that high
training loads, or inadequate recovery periods can increase the risk of soft tissue injury in elite
team sport athletes.'*!* As such, an increased emphasis has been placed on quantifying loads
during training and competition, to determine the relationship between load and injury.!3-!%:16
Specifically, in sub-elite rugby league players, increases in session-RPE training load have
been associated with increases in the likelihood of injury.’ In addition, recent work by
Rogalski et al.'” in AF showed that larger 1-weekly (>1750 arbitrary units, OR = 2.44 — 3.38),
2-weekly (>4000 arbitrary units, OR = 4.74), and previous-to-current week changes in load
(>1250 arbitrary units, OR = 2.58) were significantly related to an increased injury risk during
the in-season period. Similarly, during a pre-season training block, greater 3-weekly distance
covered (OR = 5.49, p = 0.008) and 3-weekly sprint distance (OR = 3.67, p = 0.074) were
associated with a higher non-contact soft tissue injury risk during the pre-season period.'¢

Recent investigations into the relationship between load and injury, and load and performance
have investigated the acute:chronic load ratio, i.e. the load performed in 1 week (acute load)
relative to the average of the previous four weeks (chronic load).!”!® Specifically, in elite
cricket fast bowlers, it has been shown that high loads over a chronic period (i.e. 4-weeks)
results in positive physiological adaptations that potentially minimize the fatigue response,
and in turn reduce the likelihood of injury.!” Similarly, Hulin et al'® reported that elite rugby
league players with a high chronic load, compared to those with a low chronic load, were
more resistant to injury when acute load was similar to chronic load (i.e. acute:chronic load
ratio ~0.8-1.3)."® Collectively, these findings suggest that high chronic loads, coupled with
moderate acute:chronic load ratios may provide a protective effect against injury.!’-!
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Recent work from elite rugby league has shown that players who completed a greater
proportion of the planned pre-season experienced a lower incidence and severity of injuries
during the competitive phase of the season.’’ While studies have explored the relationship
between load and injury in elite AF players, there is limited research that has investigated the
relationship between the proportion of pre-season training sessions completed, and
subsequent training and match loads and injury risk in the ensuing season. Therefore, it was
the aim of the present study to investigate the relationship between the proportion of pre-
season training completed and subsequent in-season load, match availability, and injury risk
in the ensuing season in elite Australian football players.

Methods

Subjects

Forty-six elite Australian football players from one professional Australian Football League
(AFL) club (mean + SD age, 23.1 + 3.7 years; height, 189.2 + 7.1 cm; mass, 87.0 + 8.2 kg)
participated in this study. All participants received a clear explanation of the study, including
information on the risks and benefits of participation. The Australian Catholic University
Human Research Ethics Committee approved all experimental procedures (Approval Number
182E).

Training and Competition Loads

Participants were fitted with a 10 Hz GPS (Global Positioning System) unit (Optimeye S5,
Catapult Innovations, Melbourne, Victoria, Australia) during data collection. The GPS unit
also housed a tri-axial accelerometer, gyroscope, and magnetometer sampling at 100 Hz to
provide information on the movement demands during training and competition. Participants
were equally divided into thirds and assigned to a high (HTL, completed > 85% of pre-season
sessions, n = 15), medium (MTL, completed 50-84.9% of pre-season sessions, n = 16), or low
(LTL, completed <50% of pre-season sessions, n = 15) training load group at the beginning of
the competitive season based on the percentage of main pre-season sessions completed. The
characteristics of players in each group were as follows; HTL group (mean + SD age, 22.8 +
2.9 years; playing experience, 3.9 + 2.6 years; percentage of pre-season spent in rehabilitation
group, 4.6 £ 4.3 %), MTL group (mean + SD age, 23.3 + 3.8 years; playing experience, 5.0 +
3.5 years; percentage of pre-season spent in rehabilitation group, 21.8 = 11.5 %), LTL group
(mean + SD age, 22.8 + 4.2 years; playing experience, 4.7 + 4.3 years; percentage of pre-
season spent in rehabilitation group, 46.0 = 33.5 %). While it would have been ideal for all
players to complete all training sessions, on occasions, players were required to undertake
modified training activities in order to minimize excessive fatigue and injury risk. The types
of training sessions were main training sessions, modified training sessions, and rehabilitation
training sessions. Main training sessions reflected completion of the total prescribed sessions
comprised of running and speed along with skills; modified training sessions reflected partial
completion of prescribed sessions; and rehabilitation sessions reflected completion of an
individualized injury-specific return-to-play program.

Training and match loads were categorized cumulatively into the following variables; (1) total
distance (TD, m), (2) low-speed distance (LSD, 0.00-6.00 km.hr!), (3) moderate-speed
distance (MSD, 6.01-18.00 km.hr™!), (4) high-speed distance (HSD, 18.01-24.00 km.hr!), (5)
very high-speed distance (VHSD, >24.00 km.hr'), and (6) player load (PL, au). This
technology has demonstrated adequate validity and reliability for accurate measurement of
velocity, distance, acceleration, and player load.?!*? Player load was measured as a modified
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vector magnitude using accelerometer data from the microtechnology unit. It is expressed as
the square root of the sum of the squared instantaneous rate of change in acceleration in each
of the three vectors (X, Y, and Z axis) and divided by 100.%' In addition, all injuries were
classified by medical staff at the football club with injury reports maintained and updated
daily throughout the season. An injury was recorded if it occurred during training or
competition and resulted in a missed match.'> Injuries were categorized according to injury
type (description) and body site (location).

Statistical Analysis

Data were analyzed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA), where load variables in;
1) the pre- and in-season period, and 2) the first and second half of the in-season period were
compared using a two-way (load group x training/competition phase) repeated measures
ANOVA. If significant main effects were found, Bonferroni post hoc analyses were used to
determine the source/s of the differences. Data were checked for normality using a Shapiro-
Wilk test, and a Pearson’s product moment correlation coefficient was used to assess the
relationships among: percentage of pre-season completed, match availability, pre-season
training load, and in-season training load. Descriptors were used to describe the size of the
correlation between variables, and were as follows: trivial; <0.1, small; 0.1-0.3, moderate; O-
3-0.5, large; 0.5-0.7, very large; 0.7-0.9, and nearly perfect; >0.9.2* Given the practical
nature of the study, magnitude-based statistics were used to determine any practically
meaningful differences between groups.”?* The magnitude of the change in the dependent
variables were also assessed using Cohen’s effect size (ES) statistic,”> and 90% confidence
intervals (CI). Effect sizes of <0.2, 0.2-0.6, 0.61-1.2, 1.21-2.0, and >2.0 were considered
trivial, small, moderate, large, and very large, respectively.?* Likelihoods were subsequently
generated and thresholds used for assigning qualitative terms to chances were as follows:
<1%, almost certainly not; <5%, very unlikely; <25%, unlikely; <50%, possibly not; >50%,
possibly; >75%, likely; >95%, very likely; >99%, almost certainly.”>** The magnitude of
differences between groups was considered practically meaningful when the likelihood was
>75%.?>?* In addition, injury rates were also calculated for each load group (i.e. high,
medium, and low). Injury incidence was calculated by dividing the total number of injuries by
the overall exposure hours for each load group and expressed as rates per 1,000 hours of
exposure and 95% confidence intervals (CIs). The chi squared test (>) was used to determine
significant differences between load groups. All data were reported as means + SD and
significance was set at p<0.05.

Results

Across the season, a total of 3,710 individual sessions were recorded. Of these, 1,765
individual training sessions were observed during the pre-season period, and 1,945 individual
sessions (i.e. training and competition) were recorded during the in-season period.
Collectively, training loads were ~1.3 times greater during the pre-season period than the in-
season period (p=0.02). Figure 1 shows the total training duration and the proportion of
session distribution across the pre- (A, B) and in-season (C, D) periods. During the pre-season
period, the HTL group collectively completed 87.2% of the prescribed sessions, while the
MTL and LTL groups completed 61.3% and 35.4%, respectively. Similarly, during the in-
season period, the proportion of time in main training was slightly higher for the HTL group
with 57.3%, compared with the MTL groups with 57.1% (p>0.05, ES=0.16 [-0.51-0.66], 52%
Possibly). Further, the proportion of time in main training for both the HTL (p>0.05, ES=1.20
[0.71-1.70], 100% Almost Certainly) and the MTL (p>0.05, ES=1.01 [0.47-1.56], 99%
Almost Certainly) groups were higher than the LTL (49.8%) group. Similarly, the HTL and
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MTL groups were available to play for 76.7% and 76.1% of in-season competitive matches,
respectively (p>0.05, ES=0.02 [-0.64-0.60], 41% Possibly). In comparison to the HTL
(p>0.05, ES=0.84 [0.27-1.41], 97% Very Likely) and MTL (p>0.05, ES=0.82 [0.25-1.39],
96% Very Likely) groups, the LTL group was only available to play for 52.7% of in-season
competitive matches.

Insert Figure 1 About Here

During the pre-season period, the HTL group completed greater training load for all variables
than both the MTL (p<0.05, ES=1.32-1.58, 100% Almost Certainly) and LTL (p<0.05,
ES=1.47-1.78, 100% Almost Certainly) groups (Table 1). Similarly, the MTL group
completed greater training load for each measured variable (p<0.05, ES=1.09-1.43, 100%
Almost Certainly) than the LTL group. During the competitive season, there were no
statistically significant differences in TD covered between the groups, however practically
meaningful differences were observed where the HTL (p=0.12, ES=0.72 [0.13-1.31], 93%
Likely) and MTL (p=0.12, ES=0.73 [0.16-1.31], 94% Likely) groups covered practically
greater TD than the LTL group. Moreover, the HTL group completed moderately greater
VHSD (p=0.01, ES=0.80 [0.22-1.38], 96% Very Likely) and PL (p=0.12, ES=0.73 [0.14-
1.31], 93% Likely) than the LTL group. The MTL group had moderately greater VHSD
(p=0.01, ES=0.54 [0.05-1.14], 83% Likely), and PL (p=0.15, ES=0.70 [0.12-1.28], 92%
Likely) than the LTL group. There were no differences between the HTL and MTL groups
during the season.

Insert Table 1 About Here

Percentage of pre-season training completed, match availability, pre-season training load, and
in-season training load are shown in Table 2. A near perfect correlation was observed
between the percentage of pre-season training completed and pre-season TD (r = 0.96, p =
0.001). Further, a very large correlation was observed between the percentage of pre-season
training completed and pre-season HSD (r = 0.86, p = 0.001). Similarly, a near perfect
correlation was observed between in-season TD and match availability (r = 0.95, p = 0.01).
There were moderate correlations observed between percentage of pre-season training
completed and match availability (r = 0.31, p = 0.04), and pre-season TD (r = 0.36, p = 0.02),
HSD (r=0.34, p = 0.02), and match availability.

Insert Table 2 About Here

During the first half of the season, the HTL (p=0.03, ES=0.88 [0.31-1.44], 97% Very Likely)
and MTL (p=0.02, ES=0.93 [0.38-1.47], 98% Very Likely) groups covered significantly
greater weekly TD than the LTL group. Similarly, PL values were significantly higher for
both the HTL (p=0.03, ES=0.89 [0.33-1.45], 98% Very Likely) and MTL (p=0.02, ES=0.93
[0.38-1.48], 98% Very Likely) groups compared to the LTL group. The HTL group
completed moderately greater (albeit not significantly) MSD (p=0.32, ES=0.60 [0.00-1.19],
87% Likely) and VHSD (p=0.18, ES=0.75 [0.17-1.34], 94% Likely) than the LTL group
(Figure 2). Further, there were no significant or practical differences in any load category for
the LTL group from the first to the second half of the season.

Insert Figure 2 About Here
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Across the in-season period, 50 injuries were recorded, with the knee (22%), hamstring
(14%), and ankle (10%) the most common sites of injury. Although there was a trend toward
greater injury rates in the low load group, no significant differences (}>=3.48, df=2, p=0.17)
were found between the HTL (14.2 [95% CI, 6.92-25.50] per 1,000 hours), MTL (17.7 [95%
CI, 9.90-27.22] per 1,000 hours), and LTL (26.8 [95% CI, 12.22-30.89] per 1,000 hours)
groups.

Discussion

This study investigated the relationship between training load completed during the pre-
season period and subsequent in-season weekly loads (i.e. training and match loads) and
injury during the ensuing season in elite Australian football players. During the in-season
period, the HTL group completed a greater proportion of main training sessions and matches
than both the MTL and LTL groups. Similarly, there were large differences in the proportion
of main training sessions completed and training load between the HTL, MTL, and LTL
groups during the pre-season period. No differences between the HTL and MTL groups
during the in-season were observed, however both groups were higher than the LTL group for
TD, VHSD, and PL. In addition, there were moderate to large differences for TD, PL, MSD,
and HSD between the HTL and MTL groups, and the LTL group during the first half of the
season. Furthermore, the lowest and highest injury rates were observed for the HTL and LTL
groups, respectively.

Similar to previous findings,®!> we found that training load was higher during the pre-season
phase than the in-season phase. Further, very large to nearly perfect correlations existed
among the percentage of pre-season training completed and pre-season TD and HSD. A
moderate correlation existed between the proportion of pre-season training completed and
match availability suggesting that factors in addition to, or other than pre-season training
determine in-season match availability. However, our findings demonstrate that 1) completing
a greater proportion of pre-season training sessions results in a greater pre-season training
load, 2) greater pre-season training load is positively associated with a greater in-season
training load, and 3) greater in-season training load is positively associated with greater match
availability.

Unlike previous work, once separated into respective load groups, training load was
significantly higher during the pre-season phase for both the HTL and MTL groups, but not
the LTL group. This is likely due to the fact that during the pre-season period, the LTL group
were unable to complete as much training as both the HTL and MTL group, respectively
(Figure 1A). These findings suggest that players in both the HTL and MTL groups had
greater opportunity to 1) participate in a greater proportion of training and 2) maintain a
higher training load to develop the required physical qualities to compete in matches during
the in-season phase.* Of the training the LTL group did perform, they were only able to
complete 35.4% of the prescribed training sessions. In contrast, the HTL group and the MTL
group completed 87.2% and 61.3% of the prescribed training sessions, respectively (Figure
1B). This may be due to a multitude of factors including but not limited to; injury, “off-legs”
conditioning, increased time spent in the rehabilitation program, and individually modified
training load programs. Moreover, during the in-season period, players in the HTL and MTL
groups spent more time completing main training sessions, and less time completing
rehabilitation sessions than players in the LTL group (Figure 1C). Similar to previous
findings,?® approximately 50% of external load was obtained through competition during the
in-season period (Figure 1D). These findings have important practical applications for
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strength and conditioning staff involved in the preparation of athletes. Specifically, players
should attempt to complete as much of the planned pre-season training program as possible in
order to; 1) develop the physical qualities required to compete in competition, and 2) develop
resilience to tolerate training and match loads during the season.*

As expected, there were significant differences among load groups for all measured load
variables during the pre-season period. During the in-season there were no notable differences
between the HTL and MTL groups, although both groups were higher than the LTL group for
TD, VHSD, and PL. In addition, during the first half of the season we found that TD and PL
were significantly greater for the HTL and MTL groups compared to the LTL group. A
possible explanation for this finding is that players who were unable to complete a large
amount of pre-season training (<50%) may have been underprepared for the physical
demands of competition,!> and therefore below the load threshold necessary to promote
physiological adaptation.* As a consequence, their risk of injury may have increased due to an
inadequate level of fitness.**"?® In contrast, there were only moderate differences between
both the HTL and MTL group and LTL for VHSD, with no significant differences between
any groups during the second half of the season. This most likely reflects decreases in training
load for the HTL and MTL groups due to an increased in-season focus on recovery between
competitive matches,®* as opposed to increases in training load for the LTL group. However,
across the first to second half of the season, the LTL group experienced a minor increase
(albeit not significant) in total load. With competition cited as the main external stimulus
during an in-season weekly cycle,® a possible explanation for this finding is that players
within the LTL group were able to use competition to increase their weekly total load during
the in-season period.

Recent investigations in cricket,'” and rugby league,'® have demonstrated that sustained high
chronic loads may offer a protective effect against injury."” There were no significant
differences between groups for injury rates, although injury rates were nearly two-fold greater
in the LTL group compared with the HTL group. While these are preliminary findings from
one club in an elite Australian football competition, further research is required to understand
the protective effect of sustained high chronic load in Australian football.

While this study provides some novel findings surrounding training load, there are some
limitations that warrant discussion. First, it should be acknowledged that the present data is
from one club and may be solely related to this particular cohort of players in this particular
season. It is also possible that the results are a reflection of the training philosophies of the
coaches and strength and conditioning staff of the studied club, and may not reflect the
training practices of other AFL clubs. Second, it should be noted that the ability to draw
strong conclusions on the relationship between load and injury may be limited due to an
overall low number of injuries (n = 50). Further investigations across a larger number of
players and Australian Football teams would clearly strengthen the present findings. Finally,
no measures of internal load were included in this study. While GPS technology provides
detailed information on the external load of players, other measures of internal training load
(i.e. session-RPE, heart rate, etc.) should also be monitored to provide detailed insight into the
training loads, and subsequent load-injury relationship of athletes. Including internal loads,
larger injury numbers, and more players would provide a greater understanding of the
relationship between load and injury.

Practical Applications
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The results of the present study demonstrate that high training loads during the pre-season
period allow players to develop the required physical qualities for competition, while also
resulting in greater training and competition participation in-season. Further, greater pre-
season participation may reduce the risk of injury in the ensuing in-season competition
period. Similarly, players who complete less pre-season training, also complete less training
and compete in fewer matches during the following season. These findings hold important
ramifications for practitioners involved in the physical development and preparation of
players. Particularly, there is a need to develop strategies to maximize participation in pre-
season training as this may result in a greater proportion of the squad available for training
and selection during the competitive phase of the season.

Conclusions

This is the first study to examine the relationship between the amount of pre-season training
completed and subsequent training load and injury during the ensuing competitive season in
elite Australian football players. Our findings demonstrate that players who are able to
complete a greater amount of pre-season training are able to maintain higher training loads
during the ensuing season, and similarly, players who complete less pre-season training also
complete less training and fewer competitive matches during the in-season phase.

Acknowledgements

The authors would like to thank the players of the Brisbane Lions Australian Football Club
for participating in and supporting this study.



371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Coutts AJ, Quinn J, Hocking J et al. Match running performance in elite Australian Rules
Football. J Sci Med Sport 2010:13(5):543-548.

Gray AJ, Jenkins DG. Match analysis and the physiological demands of Australian
football. Sports Med 2010:40(4):347-360.

Meeusen R, Duclos M, Gleeson M et al. Prevention, diagnosis and treatment of the
overtraining syndrome: ECSS position statement ‘task force’. Euro J Sports Sci
2006:6(1):1-14.

Veugelers KR, Young WB, Fahrner B et al. Different methods of training load
quantification and their relationship to injury and illness in elite Australian football. J Sci
Med Sport 2016:19(1):24-28.

Gabbett TJ, Domrow N. Relationships between training load, injury, and fitness in sub-
elite collision sport athletes. J Sports Sci 2007:25(13):1507-1519.

Gamble P. Periodisation of training for team sport athletes. Strength Cond J
2006:28(5):56-66.

Borresen J, Lambert MI. The quantification of training load, the training response and the
effect on performance. Sports Med 2009:39(9):779-795.

Moreira A, Bilsborough JC, Sullivan CJ et al. Training periodisation of professional
Australian football players during an entire Australian football league season. Int J Sports
Physiol Perform 2015:10:566-571.

Buchheit M, Racinais S, Bilsborough JC et al. Monitoring fitness, fatigue and running
performance during a pre-season training camp in elite football players. J Sci Med Sport
2013:16(6):550-555.

Piggott B, Newton MJ, McGuigan MR. The relationship between training load and
incidence of injury and illness over a pre-season period at an Australian Football League
Club. J Aust Strength Cond 2009:17(3):4-17.

Wisbey B, Pyne D, Rattray B. Quantifying changes in AFL player demands using GPS
tracking. (http://sport.fitsense.com.au/downloads/AFL._GPS_Research_Report_2012.pdf);
2012.

Orchard JW, Seward H, Orchard JJ. Results of 2 decades of injury surveillance and public
release of data in the Australian Football League. Am J Sports Med 2013:41(4):734-741.
Gabbett TJ, Ullah S. Relationship between running loads and soft-tissue injury in elite
team sport athletes. J Strength Cond Res 2012:26(4):953-960.

Gabbett TJ, Jenkins DG. Relationship between training load and injury in professional
rugby league players. J Sci Med Sport 2011:14(3):204-209.

Rogalski B, Dawson B, Heasman J et al. Training and game loads and injury risk in elite
Australian footballers. J Sci Med Sport 2013:16(6):499-503.

Colby MJ, Dawson B, Heasman J et al. Accelerometer and GPS-derived running loads
and injury risk in elite Australian footballers. J Strength Cond Res 2014:28(8):2244-2252.
Hulin BT, Gabbett TJ, Blanch P et al. Spikes in acute load are associated with increased
injury risk in elite cricket fast bowlers. Br J Sports Med 2014:48:708-712.

Hulin BT, Gabbett TJ, Lawson DW et al. The acute:chronic load ratio predicts injury:
high chronic load may decrease injury risk in elite rugby league players. Br J Sports Med
2016:50:231-236.

Gabbett TJ. The training-injury prevention paradox: should athletes be training smarter
and harder? Br J Sports Med 2016:50:273-280.

Windt J, Gabbett TJ, Ferris D et al. Training-load injury paradox: is greater pre-season
participation associated with lower in-season injury risk in elite rugby league players? Br
J Sports Med 2016 (in press).

10



421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441

21.

22.

23.

24.

25.

26.

27.

28.

29.

Boyd LJ, Ball K, Aughey RJ. The reliability of MinimaxX accelerometers for measuring
physical activity in Australian football. Int J Sports Physiol Perform 2011:6(3):311-321.
Varley MC, Fairweather IH, Aughey RJ. Validity and reliability of GPS for measuring
instantaneous velocity during acceleration, deceleration, and constant motion. J Sports Sci
2012:30(2):121-127.

Batterham AM, Hopkins WG. Making meaningful inferences about magnitudes. Int J
Sports Physiol Perform 2006:1:50-57.

Hopkins WG, Marshall SW, Batterham AM et al. Progressive statistics for studies in
sports medicine and exercise science. Med Sci Sports Exerc 2009:41(1):3-13.

Cohen J. Statistical power analysis for the behavioural sciences. 2" ed. 1988, New York,
Academic Press.

Ritchie D, Hopkins WG, Buchheit M et al. Quantification of training and competition
load across a season in an elite Australian Football club. Int J Sports Physiol Perform
2015. http://dx.doi.org/10.1123/ijspp.2015-0294.

Gamble P. Reducing injury in elite sport — is simply restricting loads really the answer? N
Z J Sports Med 2013:40(1):34-36.

Gabbett TJ, Ullah S, Finch CF. Identifying risk factors for contact injury in professional
rugby league players — application of a frailty model for recurrent injury. J Sci Med Sport
2012:15(6):496-504.

Slattery KM, Wallace LK, Bentley DJ et al. Effect of training load on simulated team
sport match performance. Appl Physiol Nutr Metab 2012:37(2):315-322.

11



4472
443
444
445
446
447
448
449
450

Figure Legends
Figure 1. Total duration of training hours during the pre- (A) and in-season (C) periods, with
proportion of sessions completed for each load group (i.e. high, medium, and low) during the

pre- (B), and in-season (D) period.

Figure 2. Quantification of weekly training and game loads (i.e. total loads) throughout the
first and second half of the in-season period for each load group (i.e. high, medium, and low).
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