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ABsTr ACT

We examined the association between coupled and uncoupled 
acute:chronic workload ratios (ACWR) and injury risk in a co-
hort of 28 elite cricket fast bowlers (mean ± SD age, 26 ± 5 yr). 
Workloads were estimated using the session rating of perceived 
exertion (session-RPE). Coupled ACWRs were calculated using 
a 1-week acute workload and 4-week chronic workload (acute 
workload was included in the chronic workload calculation), 
whereas uncoupled ACWRs used the most recent 1-week acute 
workload and the prior 3-week chronic workload (acute work-
load was not included in the chronic workload calculation).  
A nearly perfect relationship (R2 = 0.99) was found between 
coupled and uncoupled ACWRs. Using a percentile rank meth-
od,	no	significant	differences	in	injury	risk	were	found	between	
the coupled and uncoupled ACWR. Higher ACWRs were associ-
ated with increased injury likelihood for both coupled and un-
coupled	methods,	however	there	were	no	significant	differ-
ences in injury risk between coupled and uncoupled ACWRs. 
Our data demonstrates that both coupled and uncoupled 
ACWRs produce the same injury likelihoods. Furthermore, our 
results are consistent with previous studies: higher ACWRs are 
associated with greater risk, irrespective of whether acute and 
chronic workloads are coupled or uncoupled.

Introduction
Acute:chronic workload ratios (ACWRs) are common calculations 
within sport. Initial calculations of acute and chronic workloads 
have been ‘mathematically coupled,’ i. e., a chronic workload con-
tains the current week’s acute workload [1, 2]. Coupled chronic 
workloads generate spurious correlations with acute workloads, 
which hypothetically may lead to biased inferences [1]. In contrast, 
uncoupled chronic workloads exclude the acute workload of the 
most recent week.

Windt and Gabbett [2] demonstrated the mathematical inter-
play of ACWRs that contain either coupled or uncoupled acute and 
chronic workload values, and provided regression equations for 

practitioners to convert between coupled and uncoupled meas-
ures. They suggested that an appreciation of both calculations is 
necessary	and	that	neither	method	has	received	sufficient	investi-
gation to provide a superior measure of injury risk.

Practitioners involved in the monitoring of athlete workloads 
need	to	be	confident	that	their	methodological	decisions	are	based	
upon the best available evidence. Equally, any criticism of applied 
training-monitoring strategies should be based upon empirical ev-
idence and practical reality – rather than whether statistical per-
fection has been achieved within the literature. Our purpose here 
is to use a real-world dataset to provide novel insights on the dif-
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ferences in injury risk between ACWRs containing either coupled 
or uncoupled acute and chronic workloads.

Materials and Methods
In a cohort of 28 elite cricket fast bowlers (mean ± SD age, 26 ± 5 yr), 
we previously demonstrated that coupled ACWRs were associated 
with injury risk [3]. We have re-examined these data using both 
coupled and uncoupled ACWR methods. All data were collected 
according to the principles of the Declaration of Helsinki, in line 
with the ethical standards for research involving human partici-
pants [4, 5].

Quantifying workloads
Workloads were estimated using the session rating of perceived 
exertion (session-RPE) 10-point category ratio scale [6]. Multiply-
ing the session-RPE and session duration, for either training or com-
petition, provided an estimate of internal workload. The session-
RPE has been shown to provide a valid and reliable estimate of in-
tensity [7, 8]. The ratings of perceived exertion were recorded using 
a pen and paper 30 min after completing the training session or 
match. Coupled ACWRs were calculated using a 1-week acute work-
load and 4-week chronic workload (the acute workload was includ-
ed in the chronic workload calculation), whereas uncoupled ACWRs 
used the most recent 1-week acute workload and the prior 3-week 
chronic workload (the acute workload was not included in the 
chronic workload calculation) [2].

Definition of injury
Injury	records	were	updated	and	maintained	by	medical	staff	from	
the New South Wales and Victorian Cricket Associations. An injury 
was	defined	as	any	non-contact	injury	that	resulted	in	a	loss	of	ei-
ther match-time or greater than one training session over a 1-week 
period [3].

Statistical analysis
Injury risks were calculated as the number of injuries sustained rel-
ative to the number of exposures to each workload category. Bina-
ry logistic regression was used to model the univariate association 
between coupled/uncoupled ACWRs and injury in the subsequent 
week	[3].	Relative	risks	(RRs)	and	95	%	confidence	intervals	(CIs)	
were calculated to determine which ACWR categories were asso-
ciated	with	an	increased	or	decreased	risk.	Statistical	significance	
was set at p < 0.05.

Results

Is there a difference in injury risk between coupled 
and uncoupled ACWRs?
A nearly perfect second-order polynomial relationship (R2 = 0.99) 
was found between coupled and uncoupled ACWRs (▶Fig. 1a).

The regression equation displayed in ▶Fig. 1a was used to con-
vert coupled ACWRs into uncoupled data in ▶Fig. 1b. The convert-
ed uncoupled ACWRs were then compared with traditional coupled 
ACWR-injury risk relationships (▶Fig. 1b). At ACWRs greater than 

1.0, the conversion of coupled to uncoupled ACWRs shifted the 
ACWR-injury likelihood curve to the right.

When	the	original	ACWR	data	were	used,	no	significant	differ-
ences in injury risk were found between the coupled and uncou-
pled methods for each percentile rank category (▶Fig. 1c).

Finally, when the original ACWR data were used, the association 
between coupled and uncoupled ACWRs and subsequent week in-
jury risk was assessed using the previously described categories [3]. 
Higher ACWRs were associated with increased injury likelihood for 
both coupled and uncoupled methods (▶Fig. 1d), however there 
were	no	significant	differences	in	injury	risk	between	the	coupled	
and uncoupled methods in any category.

Discussion
Our data demonstrate that both coupled and uncoupled ACWRs 
produce the same injury likelihoods. Furthermore, our results are 
consistent with previous studies: higher ACWRs were associated 
with greater injury risk [9–13], irrespective of whether acute and 
chronic workloads were coupled or uncoupled.

These	findings	confirm	the	separation	between	the	coupled	and	
uncoupled methods for ACWRs greater than 1.0 [2]. Practitioners 
using previously suggested ACWR thresholds derived using coupled 
data (i. e., > 1.5 or > 2.0) to interpret uncoupled ACWRs should con-
sider converting these categories using the equation provided in 
▶Fig. 1a. Conversion will provide the same injury likelihood for each 
discrete category as the traditional coupled method. However, given 
the	insignificant	differences	in	injury	risk	between	coupled	and	un-
coupled methods, practitioners needing to use the previously de-
scribed coupled thresholds with uncoupled ACWRs can do so be-
cause	both	methods	reproduced	the	previous	findings	of	increased	
injury risk with higher ACWRs. Although it is acknowledged that 
there is somewhat more statistical purity in the uncoupled ACWRs, 
in	practice	it	makes	little	difference.	Our	findings	may	assist	organ-
isations and clubs that are using either coupled or uncoupled ACWRs 
to	confidently	plan	training	and	competition	workloads.

We found no evidence to support the discontinuation of cou-
pled ACWRs in a real-world practical setting. In fact, although ex-
amination of the ACWR will continue – and is encouraged – reject-
ing coupled ACWRs in favour of uncoupled ACWRs on the basis that 
one provides a more valid assessment of injury risk should be con-
sidered premature. Practitioners should continue using their cho-
sen	method	with	confidence.	If	required,	practitioners	can	convert	
between methods; however, a consistent analytical approach is en-
couraged. Ideally, practitioners would create their own injury risk 
models using categories and data that are relevant for their organ-
isation and sport contexts, which should prove more valuable than 
injury	risk	profiles	developed	from	other	sports.	Researchers	and	
practitioners	must	make	specific	note	of	their	methods	for	future	
interpretation and replication [2]. Importantly, neither coupled nor 
uncoupled ACWRs should be used in isolation to prescribe and 
monitor workloads. Historical (e. g., age and previous training ex-
perience) [14, 15], physical (e. g., aerobic fitness, lower-body 
strength and speed) [15–17], environmental and psychosocial fac-
tors	[18–21]	may	independently	effect	injury	risk	and	moderate	
the workload-injury relationship. As such, interpreting and acting 
upon ACWR data should be conducted in association with other 
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important information (i. e., athlete wellness, readiness measures, 
and	risk	profile)	[22,	23].

Like	many	studies,	our	findings	are	not	without	their	limitations.	
Others have cautioned against the use of discretisation methods 
for injury prediction [24]; although our results demonstrate an as-
sociation	between	the	ACWR	and	injury	likelihood,	our	findings	do	
not imply that injuries can be predicted from a single training var-
iable.	Equally,	others	have	used	different	acute	and	chronic	loading	
windows [25, 26] and exponentially weighted moving averages to 
develop acute and chronic workloads [27]. As such, the novel in-
sights presented here do not answer every question in relation to 
workload-injury relationships. Further research is clearly required 
to	identify	the	workload-injury	profiles	of	different	tissue	types	
(e. g., bone, tendon, joint, and muscle), if acute and chronic work-
loads and the ACWR are associated with performance, and wheth-

er training loads derived via exponentially weighted moving aver-
ages provide a better association with performance than those de-
rived	from	rolling	averages.	However,	our	findings	offer	valuable	
information for practitioners working in professional sport – spikes 
in workload are associated with increased injury risk, regardless of 
whether acute and chronic workloads are coupled or uncoupled.

In conclusion, the original concept of the ACWR suggests that 
if an athlete has performed more training than they are prepared 
for, they are at greater risk of injury [3, 28, 29]. However, this con-
cept has been clouded by methodological debate [1, 2]. Although 
this debate is welcome and encouraged, it is not an argument 
against the above-mentioned premise. We suggest that future 
methodological discussion be supported by real-world data. If the 
debate counters the hypothesis that athletes performing more 
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▶Fig. 1 Relationship between coupled and uncoupled acute:chronic workload ratios (ACWRs), and likelihood of injury with coupled and uncoupled 
ACWRs. a – Relationship between coupled and uncoupled ACWRs; b – Likelihood of injury with traditional coupled ACWR and converted uncoupled 
ACWR data; c – Likelihood of injury with the original coupled and uncoupled ACWR data using the percentile rank method; d – Likelihood of injury 
with the original coupled and uncoupled ACWR data using distinct ACWR categories. D
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training than they are prepared for is not related to future injury, 
then this should be clearly stated and substantiated.
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