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Objectives:  The  aim  of  this  study  was  to investigate  potential  moderators  (i.e. lower  body  strength,
repeated-sprint  ability  [RSA]  and  maximal  velocity)  of  injury  risk  within  a team-sport  cohort.
Design:  Observational  cohort  study.
Methods:  Forty  male  amateur  hurling  players  (age:  26.2  ±  4.4  year,  height:  184.2  ±  7.1  cm,  mass:
82.6  ±  4.7  kg)  were  recruited.  During  a  two-year  period,  workload  (session  RPE  × duration),  injury  and
physical  qualities  were  assessed.  Specific  physical  qualities  assessed  were  a three-repetition  maximum
Trapbar  deadlift,  6 ×  35-m  repeated-sprint  (RSA)  and  5-,  10- and  20-m  sprint  time. All derived  workload
and  physical  quality  measures  were  modelled  against  injury  data  using  regression  analysis.  Odds  ratios
(OR) were  reported  against  a reference  group.
Results:  Moderate  weekly  loads  between  ≥1400  AU and  ≤1900  AU  were  protective  against  injury  during
both  the  pre-season  (OR: 0.44, 95%  CI:  0.18–0.66)  and  in-season  periods  (OR:  0.59,  95%  CI: 0.37–0.82)
compared to  a low  load  reference  group  (≤1200  AU).  When  strength  was  considered  as  a  moderator  of
injury  risk,  stronger  athletes  were  better  able  to  tolerate  the  given  workload  at  a  reduced  risk.  Stronger
athletes  were  also  better  able  to tolerate  larger week-to-week  changes  (>550–1000  AU)  in  workload  than
weaker  athletes  (OR  = 2.54–4.52).  Athletes  who  were  slower  over  5-m  (OR:  3.11,  95%  CI: 2.33–3.87),  10-
m  (OR:  3.45,  95%  CI: 2.11–4.13)  and  20-m (OR:  3.12,  95% CI:  2.11–4.13)  were  at  increased  risk  of  injury

compared  to  faster  athletes.  When  repeated-sprint  total  time  (RSAt)  was  considered  as  a moderator  of
injury  risk  at  a  given  workload  (≥1750  AU),  athletes  with better  RSAt were  at  reduced  risk  compared  to
those with  poor  RSAt (OR: 5.55,  95%:  3.98–7.94).
Conclusions:  These  findings  demonstrate  that well-developed  lower-body  strength,  RSA  and  speed  are
associated  with  better  tolerance  to higher  workloads  and  reduced  risk  of injury  in team-sport  athletes.

©  2018  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

The process of planning appropriate workloads is a cross-
iscipline effort involving management, strength and conditioning
nd medical staff encompassing an ever evolving and holistic
rocess.1 Adequate workloads are required to improve player’s
hysical and performance qualities2,3 however, there is a balance
o be considered between improving fitness and increasing player

atigue.4 The evolving nature of team based sports has resulted in
n increased interest in monitoring player activities quantitatively
n a daily and weekly basis.5 As such the prescription of appropriate

∗ Corresponding author.
E-mail address: shane.malone@mymail.ittdublin.ie (S. Malone).

ttps://doi.org/10.1016/j.jsams.2018.01.010
440-2440/© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
training loads requires careful consideration by all stakeholders to
best maximise performance levels while minimising the negative
(injury) effects of the prescribed load.5 While several studies have
documented the relationship between specific elements of training
load and injury6,7 in team sport players, very few have investigated
potential mediators and moderators of injury risk within these
cohorts.

The process leading to a specific injury occurrence is multifac-
torial, and thus attributing injuries to single risk factors is a gross
simplification of the injury process.8,9 Therefore, the interpreta-
tion of the workload–injury relationship can never be completed in

isolation.10 Instead, it is important for practitioners to understand
the specific mechanisms such as workload spikes, physical quali-
ties, playing experience, and previous injury that may  increase (or
decrease) the likelihood of injury.10,11 Furthermore, it is important

d.
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hat the characteristics that make athletes more robust or more
usceptible to injury at any given workload are better understood.
o date, few studies investigated which factors potentially mediate
r moderate the workload–injury relationship.10 Specifically, it is
nown in rugby league that rapid increases in running workloads,
ndicated by a high acute:chronic workload ratio, mediated the risk
or non-contact injuries.12 However, in Gaelic football and soccer
layers, high aerobic fitness moderated the risk for non-contact

njuries.2,11

Recently, workload–injury investigations have examined abso-
ute weekly workloads (1–4 weekly) and acute workloads relative
o chronic workloads (acute:chronic workload).2,6 Previously
igher workloads have been reported to have either positive or
egative influences on injury risk.7,11 Specifically, compared with
layers who had a low chronic workload, players with a high
hronic workload were more resistant to injury with moderate-
ow through moderate-high (0.85–1.35) acute:chronic workload
atios and less resistant to injury when subjected to ‘spikes’ in acute
orkload.12 In addition, higher chronic workloads combined with
ell-developed aerobic fitness can moderate subsequent injury

isk.3,11 Indeed, Gaelic football players with higher chronic loads
ere able to complete maximal velocity running exposures at

ower risk than players with lower chronic loads.11 High training
oads, designed to develop physical qualities, are thought to be criti-
al to prepare players for competition. Ultimately there is the need
o understand which physical qualities best protect players dur-
ng these periods of increased load.1 To date, speed, lower-body
trength, and repeated-sprint ability (RSA) have not been investi-
ated as potential moderators of injury risk.10 There is a need for
ractitioners to understand the mediators and moderators of injury
isk within team sport athletes. At present, very few studies3,6 have
nalysed multiple physical qualities and determined how these
ualities subsequently impact the workload–injury relationship. As
uch, the purpose of the current investigation was to examine the
elationship between training load, physical qualities and injury in
eam sport players.

. Methods

Forty amateur male hurling players (age = 26.2 ± 4.4 years,
eight = 182.2 ± 7.1 cm,  mass = 81.3 ± 3.7 kg) with a median of 5
ears (range 1–12 years) playing experience from a single team
ere recruited for this study. The human research ethics commit-

ee of the local institution approved the study and participants gave
nformed written consent prior to the observational period.

All time-loss injuries were recorded using a bespoke database
or data collection. All injuries that prevented a player from taking
ull part in all training and match-play activities typically planned
or that day, and prevented participation for a period greater than
4 h were recorded. The current definition mirrors that employed
y Brooks et al.13 and conforms to the consensus time-loss injury
efinitions proposed for team sport athletes.14,15 All injuries were
lassified as being low severity (1–3 missed training sessions);
oderate severity (player was unavailable for 1–2 weeks); or high

everity (player missed 3 or more weeks). Injuries were also cate-
orised for injury type (description), body site (injury location) and
echanism.16

Data were collected from 241 pitch and gym based training ses-
ions across a two-year period. Each player participated in 2–3
itch based training sessions depending on the week of the sea-
on. During the pre-season, training sessions typically had elements

f position-specific fitness work in addition to technical and tacti-
al elements. As the season progressed there was a focus towards
ncreased technical and tactical work. This resulted in a reduction
f fitness-specific elements. The pitch based training sessions were
edicine in Sport 22 (2019) 29–34

supplemented by 1–2 gym-based, strength training sessions per
week depending on the phase of the season. The duration of the
pitch based training sessions was  typically between 60 and 110 min
depending on session goals. The typical gym-based session was
60–80 min  with both upper and lower body exercises completed
within the program.

The intensity of all training sessions (including rehabilitation
sessions) and match-play were estimated using the modified Borg
CR-10 rate of perceived exertion (RPE) scale, with ratings obtained
from each individual player immediately after the completion of
each training session and match.2,3 Each player had the scale
explained to them before the start of the season and players were
asked to report their RPE for each session confidentially with-
out knowledge of other players’ ratings.16 Session-RPE in arbitrary
units (AU) for each player was then derived by multiplying RPE and
session duration (min). Session-RPE (s-RPE) has previously been
shown to be a valid method for estimating exercise intensity.17

The collection of s-RPE also allowed for the quantification of the
following training load measures, 1 week rolling through 4 week
rolling load, acute:chronic workload ratio (ACWR; 1-week:4-week)
and absolute change in workload (the previous to current week).2,8

A weekly cycle of training load was  defined from Sunday to Sun-
day, this allowed for match-play events to be calculated within a
week of training load. A one-week acute load comparison to four-
week chronic load period is suited to Gaelic sports such as hurling
given that most training programs are designed by coaches around
4-week cycles during the season due to limited match-play events
during the seasonal period.

The physical qualities of players were assessed by conditioning
staff during each phase of each season across a two-day testing
period with 24-h between testing days. Specifically, during the
observational period the conditioning staff assessed maximal lower
body strength (3 RM Trapbar deadlift), maximal linear speed across
5-, 10-, and 20-m and repeated-sprint ability (RSA). On day one
of testing maximum lower body strength was  assessed using a
3-repetition maximum (RM) Trapbar deadlift exercise performed
using a free-weight barbell. After warming up with progressively
heavier loads, the athlete attempted their self-selected 3RM. The
intraclass correlation coefficient (ICC) for test retest reliability and
typical error of measurement (TEM) for the 3RM Trapbar deadlift
were 0.93 and 2.3%, respectively. The final weight lifted was  then
referenced to players’ body mass to provide relative lower body
strength. After a one-hour recovery period, players linear sprint
speed was assessed using a 5-, 10- and 20-m sprint. Players sprinted
from a standing start. Players were instructed to run as quickly
as possible along the 20-m distance. Speed was  measured to the
nearest 0.01 s, with the fastest value obtained from 2 trials used
as the speed score. For the 5-, 10- and 20-m sprint tests, the ICC
for test-retest reliability were 0.95, 0.96 and 0.97, respectively, and
the TEM were 1.8%, 1.6% and 1.2%, respectively. On day two  of the
assessment, a RSA test was conducted using six repeated 35-m
shuttles with 10 s of passive recovery between efforts.18 Players
sprinted from a standing start and were instructed to sprint as fast
as they could for each repeated effort with total sprint time (RSAt;
s) recorded. The ICC for test-retest reliability was 0.95, for RSAt and
TEM was  1.2%. Both linear running tests were monitored with a
photocell timing gate system (Witty, Mircrogate, Bolzano, Italy).

Data were analysed in SPSS Version 22.0 (IBM Corporation, New
York, USA). A chi-squared analysis was used to compare the fre-
quency of injuries at different workloads and physical qualities
across the seasonal phases. Based on the total injuries and ses-
sions completed the calculated statistical power to establish the

association between workload, physical qualities and soft-tissue
injury was 83%. Weekly load exposure values, physical qualities
and all injury data (injury vs. no injury) including subsequent week
injuries, were then modelled using a second order polynomial
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Table 1
Relative lower body strength (kg kg−1) as a risk factor for injury above certain train-
ing  and game load values. Data presented as OR (95% CI) when compared to a
reference group.

Load calculation OR 95% confidence interval p-value

In-season Exp (B) Lower Upper

Cumulative load (sum)
1 weekly
>1750 AU
3.0 (Reference) 1.00
2.5 to 2.9 1.51 1.03 2.29 0.459
1.7  to 2.4 2.08 1.22 3.93 0.045
1.0  to 1.7 4.53 3.98 5.50 0.033

Absolute change (±)
Previous to current week
>550 AU–1000 AU
3.0 (Reference) 1.00
2.5–2.9 2.54 1.04 2.97 0.487
1.7–2.4 3.53 2.66 3.88 0.011
1.0–1.7 4.52 3.98 4.92 0.023

Acute:chronic workload (AU)
>1.25 AU
3.0 (Reference) 1.00
2.5–2.9 1.33 1.10 2.59 0.032
1.7–2.4 2.48 1.33 3.87 0.004
1.0–1.7 5.10 3.98 6.10 0.003

Table 2
Speed over 5-,10- and 20-m (s) as a risk factor for injury above certain training and
game load values. Data presented as OR (95% CI) when compared to a reference
group.

Load calculation OR 95% confidence interval p-value

In-season Exp (B) Lower Upper

Cumulative load (sum)
1 weekly
>1750 AU
5-m
0.88 (Reference) 1.00
0.88–0.92 1.23 1.01 2.01 0.041
0.92–0.95 1.45 1.22 2.11 0.023
>0.95 3.11 2.23 3.87 0.001
10-m
1.75  (Reference) 1.00
1.75–1.78 2.45 1.98 3.33 0.012
1.78–1.83 1.98 1.11 2.11 0.045
>1.83 3.45 2.71 4.12 0.004
20-m
2.85  (Reference) 1.00
2.85–2.89 1.77 1.14 2.13 0.049
2.89–3.01 1.98 1.45 3.11 0.034
>3.01 3.12 2.11 4.13 0.004
Acute:chronic workload (AU)
>1.25 AU
5-m
0.88 (Reference) 1.00
0.88–0.92 2.11 1.45 3.23 0.042
0.92–0.95 3.23 2.11 4.12 0.004
>0.95 3.98 2.34 4.55 0.003
10-m
1.75  (Reference) 1.00
1.75–1.78 1.87 1.34 2.54 0.05
1.78–1.83 2.11 1.45 3.11 0.041
>1.83 2.78 1.32 3.14 0.034
20-m
2.85  (Reference) 1.00
2.85–2.89 2.11 1.76 3.12 0.044
S. Malone et al. / Journal of Science

egression. Data were divided into quartile ranges, with a given
orkload and physical quality range being used as a reference anal-

sis grouping. Odds ratios (OR) were calculated to determine the
njury risk at a given cumulative workload (1, 2, 3 and 4-weekly
umulative), ACWR and for absolute change in workload (the previ-
us to current week). Correlation coefficients between the training
oad measures, alongside variance inflation factors (VIF), were used
o detect multicollinearity between the predictor variables. A VIF
f ≥10 was deemed indicative of substantial multicollinearity.19

ithin our model, all load measures provided a VIF of ≤10 there-
ore providing acceptable levels of multicollinearity. When an OR
as greater than 1, an increased risk of injury was reported (i.e.,
R = 1.50 is indicative of a 50% increased risk) and vice versa.

. Results

In total, 93 time-loss injuries were reported across the two-
easons. Overall the most common site of injury was  the thigh
35%), the knee (11%) and the ankle (17%) with pelvis/groin injuries
ccounting for 14% of overall injuries. The performance profile of
he investigated cohort are shown in Supplementary Table 1. The
ypical one weekly through to four weekly loads and ACWR as
otential risk factors associated within injury are shown in Supple-
entary Fig. 1 and Supplementary Table 2 respectively. Moderate
eekly loads between ≥1400 AU and ≤1900 AU were shown to
rotect players during both the pre-season (OR: 0.44, 95% CI:
.18–0.66) and in-season periods (OR: 0.59, 95% CI: 0.37–0.82)
ompared to a low weekly load group of ≤1200 AU. There were
onsistent trends for moderate loads to offer reduced odds of injury
or 2-weekly, 3-weekly and 4-weekly loads across both the pre-
eason and in-season phases. Large absolute weekly changes in
oad (≥1000 AU) were shown to increase the odds of injury com-
ared to smaller weekly changes in load during the pre-season
OR: 5.58, 95% CI: 3.19–7.32) and in-season (OR: 4.98, 95% CI:
.33–5.36) phases. An ACWR between 0.90 and 1.30 was  shown to
ffer protective effects, with the ratio explaining 60% of the variance
ssociated with likelihood of subsequent injury (Supplementary
ig. 1). When relative strength was considered independent of other
actors, players who had higher relative strength qualities were at
educed risk of injury compared to their lower relative strength
ounterparts (Fig. 1). When strength was assessed as a moderator
n injury risk at a given weekly workload (≥1750 AU), stronger ath-
etes were better able to tolerate the given workload at a reduced
isk (Table 1). Stronger athletes were also better able to tolerate
arger week to week changes (>550–1000 AU) in workload than

eaker athletes (OR = 2.54–4.52). When a given ACWR and strength
ere considered, stronger athletes were shown to tolerate spikes

n workload better than weaker athletes (OR: 1.33–5.10). Faster
thletes over 5-, 10-, and 20-m had lower injury risk than slower
thletes (Fig. 1). When speed qualities were considered as a mod-
rator at a given weekly workload (≥1750 AU), athletes who  were
lower over 5-m (OR: 3.11, 95% CI: 2.33–3.87), 10-m (OR: 3.45,
5% CI: 2.71–4.12) and 20-m (OR: 3.12, 95% CI: 2.11–4.13) were
t increased risk compared to the faster athlete reference group.
dditionally, slower 5-m (OR: 3.98, 95% CI: 2.34–4.55), 10-m (OR:
.78, 95% CI: 1.32–3.14) and 20-m (OR: 4.55, 95% CI: 2.12–4.98) ath-

etes had increased injury risk when the weekly ACWR was  ≥1.25
Table 2). Athletes with better RSAt had lower risk than players with
lower RSAt, when considered independently of all other variables
Fig. 1). When RSAt was  considered as a moderator of injury risk at
 given workload (≥1750 AU), athletes with better RSAt had lower
isk than players with slower RSAt (OR: 5.55, 95%: 3.98–7.94). Ath-
etes with slower RSA had higher odds of injury and were unable to
olerate larger week to week changes (>550–1000 AU) in workload

2.89–3.01 3.12 2.87 4.11 0.023
>3.01 4.55 2.12 4.98 0.005
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ig. 1. Relative strength (a), speed over 20-m (b) and RSAt (c) as risk factors for i
eference group.

han athletes with better RSAt (OR = 2.54–6.52), with similar trends
eported for a given ACWR (Supplementary Table 2).

. Discussion

This study investigated the association between measures of
raining load, physical qualities and injury risk in team sport (i.e.
urling) players. Our data highlights that moderate weekly load-

ng offers a protective effect for team sport athletes. In agreement
ith previous literature2,8 we have shown that the ACWR has an

ssociation with injury risk with the ratio explaining 60% of the
ariance in injury risk within the current cohort. Furthermore, we
ave identified greater relative lower body strength, faster speed
nd repeated-sprint ability as potential moderators of subsequent
njury risk. Specifically, when considered both independently and
t specific absolute workloads, relatively stronger athletes were at
educed risk of injury compared to their weaker counterparts. Sim-
larly, we found that faster athletes over 5-m, 10-m and 20-m were
t lower risk of injury than their slower counterparts. Finally, our
ata highlights the need to consider the repeated-sprint abilities of
eam sport athletes given the observed relationship between faster
SAt and reduced injury risk in this cohort.

Our findings agree with the previously observed association
etween weekly training loads and injury risk in team sport
thletes.2,3 Interestingly, we consistently observed that moderate
eekly loads offered protective effects for athletes across both

he pre-season and in-season phases. In agreement with previous
tudies,7,16 higher weekly workloads resulted in increased risk of
njury for players. Players who exerted moderate weekly loads of
etween ≥1400 AU to ≤1900 AU had lower injury risk than players
ho exerted lower loads, with this finding observed during both
he pre-season (OR: 0.44, 95% CI: 0.18–0.66) and in-season periods
OR: 0.59, 95% CI: 0.37–0.82). In line with previous literature on the
orkload–injury association,3,10 larger absolute weekly changes

n load (≥1000 AU) were shown to increase the odds of injury
independent of other factors. Data presented as OR (95% CI) when compared to a

compared to smaller weekly changes in load during both the pre-
season (OR: 5.58, 95% CI: 3.19–7.32) and in-season (OR: 4.98, 95%
CI: 2.33–5.36) phases. These results highlight the need to appropri-
ately load players from week to week to ensure improved physical
capacities which in turn have been shown to protect against injury
within team sport athletes.3,10

Interestingly we observed that moderate loading patterns pro-
tected players from injury both in pre-season and in-season. This
finding is in contrast to previous findings where higher workloads
have been associated with lower injury risk.11,12 One potential
explanation for this finding may  be directly related to training time
with players only training two to three times per week, with it dif-
ficult for players to attain higher loads due to limited training time.
Ultimately, coaches and medical staff need to work holistically to
effectively improve physical capacities while reducing the injury
risk of players,1,8 particularly during the pre-season phase where
within many team sports there is a specific focus on improving the
fitness levels of players which often involves higher training loads.
While moderate loads and U-shaped curves (i.e. lower and higher
loading patterns increasing risk of injury) have been previously
noted within the literature11 there is a fine balance to be struck
by coaches. Ultimately coaches will need to maintain adequate
chronic loads while manipulating acute loads to ensure improved
fitness and reduced injury risk.8 This can be achieved by maintain-
ing an ACWR of between 0.90 and 1.30. Interestingly, in the current
investigation, the ACWR explained 60% of the variance associated
with likelihood of subsequent injury compared to 52% in previous
literature.8 However, practitioners need to be aware that several
limitations have been suggested when using a s-RPE derived. The
ACWR will be subject to statistical scaling across all metrics with
which practitioners utilize. Furthermore, sRPE is unlikely to be sen-

sitive to the subtle changes in high-speed running movements of
match-play and training which have been shown to be important
within the injury-workload paradigm.11 Therefore, a coach’s injury
prevention and monitoring philosophy should not be limited to the
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onitoring of a single training load variable. As such understanding
n athlete’s physical qualities in addition to their sporting and indi-
idual needs, is fundamental to ensure athletes are healthy across

 competitive season. Furthermore, the ACWR-injury relationship
ill ultimately differ between sporting codes and cohorts.

Our data highlights for the first time that relative strength can
oderate injury risk for team sport athletes. Specifically, stronger

thletes were better equipped to tolerate larger week to week
hanges in workload along with higher absolute workloads. Inter-
stingly, athletes with a higher relative strength were also shown
o tolerate spikes in workload better than weaker athletes (OR:
.33–5.10). The current data is of practical significance to the
orkload–injury literature as it highlights the necessity for con-
itioning and medical staff to appropriately load athletes within
he gym to provide them with the required strength and robust-
ess to tolerate pitch and match-based loads. Previously, adequate
trength profiles have been associated with improved flexibility,
unning economy, maximal aerobic speed, rate of force develop-
ent, change of direction, jumping, and maximal speed,20 all of
hich are associated with improved ability to perform repeated

ntense exercise, a key component of team sport competition.
herefore, coaches should be aware that improved strength will
educe subsequent injury risk while also potentially improving ath-
etic performance.20

The current investigation has observed that faster players over
-, 10-, and 20-m were at reduced risk of subsequent injury. The
urrent data provides important considerations for coaches given
hat anecdotally, exposure to maximal velocity is feared amongst

any practitioners despite this quality being considered to be crit-
cal for performance. Well-developed maximal velocity running
bilities are required of players during competition to beat opposi-
ion players to possession and gain an advantage in attacking and
efensive situations.21 In order to optimally prepare players for
hese maximal velocities and high-speed elements of match-play,
layers require regular exposure to periods of high-speed run-
ing during training environments.3,11 Recent evidence suggests
hat lower limb injuries are associated with excessive high-speed
unning exposure.22 However, the risk appears to be reduced
hen players have well-developed aerobic fitness and chronic
orkloads.2,11 Future research should aim to assess the preven-

ative nature of specific speed training methodologies to allow
edical and conditioning staff to select the most appropriate train-

ng method to enhance performance and reduce injury risk. Overall,
he current findings add further support to the notion of maxi-

al  velocity providing a protective effect against injury. Coaches
ay aim to improve speed and thus reduce injury risk through the

pplication of training methodologies such as very heavy sled based
raining.23 Previous literature has shown the positive impact that
he application of 80% body mass load through sled based train-
ng can have on athlete’s speed across distances of 5-m and 20-m
espectively in team sport athletes.23

We  show for the first time that an athlete’s ability to repeat
aximal efforts over a short period of time can protect them from

ubsequent injury risk. This would appear intuitive given that dur-
ng both training and match environments athletes can engage in

ovements that require them to repeatedly produce maximal or
ear maximal efforts (i.e. sprints), interspersed with brief recovery

ntervals consisting of complete rest or low- to moderate-intensity
ctivity.18 While recently the external validity of these tests has
een questioned in team-sport environments,24 we have observed
hat those athletes with better RSAt were at reduced risk compared
o athletes with slower RSAt (OR: 5.55, 95%: 3.98–7.94). Therefore, it

ould appear that improving a player’s ability to tolerate repeated

xposures to maximal sprinting can in turn reduce their subsequent
njury risk. As such while these events may  be rare within match-
lay, these tests offer medical staff the ability to stratify athletes
edicine in Sport 22 (2019) 29–34 33

into higher and lower risk groups based on their repeated-sprint
ability across a shortened period of time.

Factors in addition to weekly training loads and physical qual-
ities such as previous injury, age,25 perceived muscle soreness,
fatigue, mood, sleep ratings and psychological stressors,26 are likely
to impact upon an individual’s injury risk, however these were
not accounted for in the current analysis. Although sRPE has been
shown to provide a valid indication of internal training load, it may
underestimate the average intensity of resistance exercise,27 with
fatigue potentially confounding the relationship between RPE and
relative intensity.28 Although strength training sessions in the cur-
rent study comprised a limited amount of the global total training
load, it is possible that the total training load experienced by play-
ers may  be slightly underestimated due to the mismatch between
perceived and actual resistance training intensity. Unfortunately,
it was  not possible to describe the external and internal training
loads of specific session types within the current study. Addi-
tionally, there is a need to assess the utility of external:internal
load ratios as a potential metric for injury risk assessment given
the known relationship between these ratios and fitness in team
sport athletes.29,30 Finally, the model developed within the cur-
rent investigation will be best suited to the population from which
it is derived. Therefore, since this study involves a single team
across a two-season period, it is difficult to translate these findings
to other teams across different training environments. Therefore,
we recommend cross-sport and cross-team analysis of testing and
training load data to better understand the potential moderators of
the workload–injury relationship.

5. Conclusion

In conclusion, the present findings demonstrate that well-
developed lower body strength, RSA and speed were associated
with better tolerance to higher workloads and reduced odds of
injury within team-sport athletes. When compared to a lower per-
formance group those with greater strength, and faster speed and
RSA were consistently at reduced risk of injury. Coaches should aim
to expose players to training regimens that aim to improve these
physical qualities to best moderate injury risk within their own
specific cohort of players. Given that the current investigation was
completed with an amateur cohort (i.e. 2–3 days training per week),
our findings are likely to be relevant to coaches and practitioners
of sub-elite athletes.

Practical applications

• Speed, repeated-sprint ability and maximal strength are physical
qualities that stratify injury risk.

• Coaches should be aware that improved strength, repeated-sprint
ability and speed will reduce subsequent injury risk while also
potentially improving athletic performance and therefore should
aim to develop training scenarios that allow these qualities to be
trained consistently.

• We  consistently observed that moderate weekly loads offered
protective effects for athletes across both the pre-season and in-
season phases.

Acknowledgements
The authors would like to thank the management, medical staff
and players of the team who participated in the current investiga-
tion.



3  and M

A

t

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

117:881–891.
29. Akubat I, Barrett S, Abt G. Integrating the internal and external training loads in

soccer. Int J Sports Physiol Perform 2014; 9(3):457–462.
30. Malone S, Doran D, Akubat I et al. The integration of internal and external training

load metrics in hurling. J Hum Kinet 2016; 53.
4 S. Malone et al. / Journal of Science

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at https://doi.org/10.1016/j.jsams.2018.01.010.

eferences

1. Gabbett TJ, Whiteley R. Two training-load paradoxes: can we  work harder and
smarter, can physical preparation and medical me  teammates? Int J Sports Phys-
iol  Perform 2017; 12(Suppl. 2):S250–S254.

2. Malone S, Roe M,  Doran DA et al. Protection against spikes in workload with
aerobic fitness and playing experience: the role of the acute:chronic workload
ratio on injury risk in elite Gaelic football. Int J Sports Physiol Perform 2017;
12(3):393–401. http://dx.doi.org/10.1123/ijsp2016-4140090.

3.  Malone S, Owen A, Mendes B et al. High-speed running and sprinting as an injury
risk factor in soccer: can well developed physical qualities reduce the risk? J Sci
Med Sport 2018; 21(3):257–262. http://dx.doi.org/10.1016/j.jsams.2017.05.016
[Epub 2017 May  25].

4. Banister EW,  Calvert TW.  Planning for future performance: implications for long
term training. Can J Appl Sport Sci 1980; 5:170–176.

5. Bourdon PC, Cardinale M,  Murrary A et al. Monitoring athlete training loads: con-
sensus statement. Int J Sports Physiol Perform 2017; 12(Suppl. 2):S2161–S2170.

6. Colby MJ,  Dawson B, Peeling P et al. Multivariate modelling of subjective
and objective monitoring data improve the detection of non-contact injury
risk in elite Australian footballers. J Sci Med Sport 2017; 20(12):1068–1074.
http://dx.doi.org/10.1016/j.jsams.2017.05.010 [Epub 2017 May  25].

7.  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.

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

9. Bittencourt NFN, Meeuwisse WH,  Mendonç a LD et al. Complex systems
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