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Purpose: Low injury rates have previously been correlated with sporting team success,

highlighting the importance of injury prevention programs. Recent methods, such as acute:

chronic workload ratios (ACWR) have been developed in an attempt to predict and manage

injury risk; however, the relation between these methods and injury risk is unclear. The aim

of this systematic review was to identify and synthesize the key findings of studies that have

investigated the relationship between ACWR and injury risk.

Methods: Included studies were critically appraised using the Downs and Black checklist, and a

level of evidence was determined. Relevant data were extracted, tabulated, and synthesized.

Results: Twenty-seven studies were included for review and ranged in percentage quality scores

from 48.2% to 64.3%. Almost perfect interrater agreement (κ = 0.885) existed between raters.

This review found a high variability between studies with different variables studied (total

distance versus high speed running), as well as differences between ratios analyzed (1.50–1.80

versus ≥1.50), and reference groups (a reference group of 0.80–1.20 versus ≤0.85).

Conclusion: Considering the high variability, it appears that utilizing ACWR for external (eg,

total distance) and internal (eg, heart rate) loads may be related to injury risk. Calculating ACWR

using exponentially weighted moving averages may potentially result in a more sensitive

measure. There also appears to be a trend towards the ratios of 0.80–1.30 demonstrating the

lowest risk of injury. However, there may be issues with the ACWR method that must be

addressed before it is confidently used to mitigate injury risk. Utilizing standardized approaches

will allow for more objective conclusions to be drawn across multiple populations.

Keywords: injury prevention, training load, athletics

Introduction
In sport, overall team success has been previously correlated with lower injury rates

during the course of a season.1 Due to this relationship, injury prediction and preven-

tion have become key practices in the athletic domain to maximize success.1 Various

methods of predicting and preventing injuries have been developed to reduce injury

risk, including musculoskeletal screens2 and strength and conditioning programs.3

Another method of reducing injury risk that is being utilized more often, after a

British Journal of Sports Medicine blog by Dr. John Orchard4 and further detailing

by Dr. Tim Gabbett,5 is the concept of tracking training load. By tracking the training

load of an athlete, the training stimulus can be adjusted to ensure minimal injury risk

while concurrently improving fitness.5 This strategy has been gaining popularity in

sports such as Australian Football League (AFL) and soccer due to its potential

relationship with injury risk.5 As an example, high three-weekly total distances have

been associated with higher rates of injury in AFL players (OR=5.50).6

Correspondence: Danny Maupin
2 Promethean Way, Robina, QLD 4226,
Australia
Tel +61 07 5595 5530
Fax +61 7 5595 1111
Email dmaupin@bond.edu.au

Open Access Journal of Sports Medicine Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Open Access Journal of Sports Medicine 2020:11 51–75 51

http://doi.org/10.2147/OAJSM.S231405

DovePress © 2020 Maupin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0002-0510-6627
http://orcid.org/0000-0002-1865-0488
http://orcid.org/0000-0002-8358-398X
http://orcid.org/0000-0001-8297-8288
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


Training load can be divided into two categories, external

load (EL), defined as “any external stimulus applied to the

athlete that is measured independently of their internal charac-

teristics”, or internal load (IL), which is “load measurable by

assessing internal response factors within the biological system,

which may be physiological, psychological, or other”.7 EL can

be measured using variables such as total distance run, or

number of sprints, while IL can be analyzed from heart rate or

subjective scales such as Rating of Perceived Exertion.7 While

an individual may perform the same output (EL), their ability to

respond to this output (IL) may differ. Utilizing both measures

provides a comprehensive view on whether an individual is in a

state of “readiness” and able to tolerate high loads, or in a state

“fatigue” and potentially at risk of injury or decreased

performance.5 These loads can be analyzed using weekly or

bi-weekly totals, or by examining weekly changes in training

load.5 An important aspect to consider is that the rate of change

in load may be more problematic than the absolute load experi-

enced by an individual.5,8 This concept has led to the creation of

Acute:Chronic Workload Ratios (ACWR) in attempt to calcu-

late an athlete’s ability to tolerate sudden changes in load.5,8

ACWRs are calculated by dividing the acuteworkload, total

load over the last week, by the chronic workload, usually a

rolling average of the last 3–6 weeks.5 For example, if the

acute workload is higher than the chronic workload, the ratio

will be greater thanone and the injury riskmaybehigher, though

some research suggests that ratios from 0.80 to 1.30 may have

the lowest injury risk.5 If the chronicworkload is higher, the ratio

will be lower than 1, and there is potentially less risk of injury;

however, a lack of progressive overload may impede fitness

development.5 A similar method known as Training Stress

Balance (TSB) has also been referenced in the literature, and is

calculated using the same methodology but presented as a

percentage rather than a ratio.9 It has been previously theorized

that ratios between 0.80 and 1.30 will provide the lowest risk of

injury,5 and while this number has been supported by individual

studies,10,11 it remains to be seen if the entirety of research

confirms this idea. Therefore, the aim of this systematic review

was to identify, critically appraise, and synthesize keyfindings in

the literature regarding ACWR to determine if a relationship

existswithmusculoskeletal injury risk in sports and, if so, which

ratios may result in the lowest risk of injury.

Materials and Methods
Search Strategy
A systematic search of key databases was employed to identify

and include relevant studies to inform this review. The

databases searched included Pubmed, Embase, CINAHL,

and SportsDiscus andwere chosen based on their large number

of peer-reviewed material in this research area. Search terms

(Table 1) were carefully selected based on the re-occurring

terms found during a preliminary review of relevant literature.

Once these key search terms were identified, the search was

conducted by the research team using the terms and databases

outlined in Table 1. Database filters were used if available to

avoid including studies not relevant to this review (eg, utilizing

a “Human” filter to avoid capturing any animal studies).

After all studies were selected, duplicates were removed,

and the remaining studieswere screened by title and abstract for

relevance. As is the case with all reviews, there was a potential

for bias, such as search bias, duplication bias, inclusion criteria

bias and selector bias.12 Numerous strategies were employed to

minimize these biases, such as utilizing broad search terms to

capture all studies and minimize search bias, while duplication

bias was limited by removing all duplicates during the first step

of screening. Lastly, objective inclusion and exclusion criteria

(Table 2) were established prior to screening to limit selector

and inclusion criteria bias. The entire search process is outlined

in the PRISMA diagram13 (Figure 1).

Quality Assessment
A modified Downs and Black checklist was then used to

critically appraise each included article.14 This checklist is a

27-question assessment that provides a grade on the metho-

dological quality, as well as an outline of the strengths and

weaknesses of a study.14 Due to the subjectivity of question

27, regarding statistical power,14 the Downs and Black

checklist was modified for this review. This question was

changed from its original six-point scale, to a two-point scale.

This has previously been done in research in an effort to

increase objectivity.14 If a sample size or power analysis was

reported, one point was awarded, while zero points were

awarded if the sample size or power analysis were not men-

tioned. This modification reduces the maximum possible

points from the original 32, to 28.

To minimize any bias, the Downs and Black critical

appraisal was completed by two authors (DM&BS) working

individually and separately. Cohen’s Kappa coefficient (ϰ)
was then calculated to provide a level of interrater agreement.

The Critical Appraisal Scores (CAS) were then finalized, by

using the average of the two final scores, and studies were

then graded using qualitative ratings proposed by Kennelly.15

As the Kennelly grading system was based on the original

Downs and Black Scoring system of 32 points, it was con-

verted to a percentage-based score to enable comparable

Maupin et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Open Access Journal of Sports Medicine 2020:1152

http://www.dovepress.com
http://www.dovepress.com


Table 1 Databases and Relevant Search Terms

Database Search Terms Filters Results

PubMed (“Police”[Mesh] OR “Military Personnel”[Mesh] OR Police[tiab] OR Military[tiab] OR Law Enforcement

[tiab] OR Recruit*[tiab] OR “Athletes”[Mesh] OR Athlete*[tiab] OR “Sports”[Mesh] OR Sport*[tiab])

AND (Training Load[tiab] OR Train*[tiab] OR Overload*[tiab] OR Overuse[tiab] OR “Work Load”[tiab]

OR Workload*[tiab] OR “Work Loads” [tiab] OR Volume[tiab] OR “over reach”[tiab] OR over-reach*

[tiab]) AND (Injur*[tiab] OR Injury Risk[tiab] OR Injury Prevention[tiab] OR Sprain* OR Strain* OR “Soft

Tissue”) AND (GPS[tiab] OR “Global Positioning System”[tiab] OR “Heart Rate”[tiab] OR Heartrate[tiab]

OR RPE[tiab] OR “Rating of Perceived Exertion”[tiab] OR Distance[tiab] OR “Distance Run*”[tiab] OR

Questionnaires[tiab] OR TRIMP[tiab] OR “Training Impulse”[tiab] OR “Training Volume”[tiab] OR

“Training Load”[tiab] OR “External Load”[tiab] OR “Internal Load”[tiab] OR “Time-Motion Analysis”[tiab]

OR “Training Mode”[tiab])

Human,

English

1196

Embase (“Police”/exp OR “Soldier”/exp OR Police:ti,ab OR Military:ti,ab OR “Law Enforcement”:ti,ab OR Recruit*:

ti,ab OR “Athlete”/exp OR Athlete*:ti,ab OR “Sport”/exp OR Sport*:ti,ab) AND (“Training Load”:ti,ab OR

Train*:ti,ab OR Overload*:ti,ab OR Overuse:ti,ab OR “Work Load”:ti,ab OR Workload*:ti,ab OR “Work

Loads”:ti,ab OR Volume:ti,ab OR “over reach”:ti,ab OR over-reach*:ti,ab) AND (Injur*:ti,ab OR “Injury

Risk”:ti,ab OR “Injury Prevention”:ti,ab OR Sprain* OR Strain* OR “Soft Tissue”) AND (GPS:ti,ab OR

“Global Positioning System”:ti,ab OR “Heart Rate”:ti,ab OR Heartrate:ti,ab OR RPE:ti,ab OR “Rating of

Perceived Exertion”:ti,ab OR Distance:ti,ab OR “Distance Run*”:ti,ab OR Questionnaires:ti,ab OR TRIMP:

ti,ab OR “Training Impulse”:ti,ab OR “Training Volume”:ti,ab OR “Training Load”:ti,ab OR “External Load”:

ti,ab OR “Internal Load”:ti,ab OR “Time-Motion Analysis”:ti,ab OR “Training Mode”:ti,ab)

Human 1946

CINAHL ((MH “Police+”) OR (MH “Military Personnel+”) OR TI Police OR AB Police OR TI Military OR AB

Military OR TI “Law Enforcement” OR AB “Law Enforcement” OR TI Recruit* OR AB Recruit* OR (MH

“Athletes+”) OR TI Athlete* OR AB Athlete* OR (MH “Sports+”) OR TI Sport* OR AB Sport*) AND (TI

“Training Load” OR AB “Training Load” OR TI Train* OR AB Train* OR TI Overload* OR AB Overload*

OR TI Overuse OR AB Overuse OR TI “Work Load” OR AB “Work Load” OR TI Workload* OR AB

Workload* ORTI “Work Loads” OR AB “Work Loads” ORTI Volume OR AB Volume ORTI “over reach”

OR AB “over reach” OR TI over-reach* OR AB over-reach*) AND (TI Injur* OR AB Injur* OR TI “Injury

Risk” OR AB “Injury Risk” OR TI “Injury Prevention” OR AB “Injury Prevention” OR Sprain* OR Strain*

OR “Soft Tissue”) AND (TI GPS OR AB GPS OR TI “Global Positioning System” OR AB “Global

Positioning System” OR TI “Heart Rate” OR AB “Heart Rate” OR TI Heartrate OR AB Heartrate OR TI

RPE OR AB RPE OR TI “Rating of Perceived Exertion” OR AB “Rating of Perceived Exertion” OR TI

Distance OR AB Distance OR TI “Distance Run*” OR AB “Distance Run*” OR TI Questionnaires OR AB

Questionnaires OR TI TRIMP OR AB TRIMP OR TI “Training Impulse” OR AB “Training Impulse” OR TI

“Training Volume” OR AB “Training Volume” OR TI “Training Load” OR AB “Training Load” OR TI

“External Load” OR AB “External Load” OR TI “Internal Load” OR AB “Internal Load” OR TI “Time-

Motion Analysis” OR AB “Time-Motion Analysis” OR TI “Training Mode” OR AB “Training Mode”)

English 921

SportDiscus ((MH “Police+”) OR (MH “Military Personnel+”) OR TI Police OR AB Police OR TI Military OR AB

Military OR TI “Law Enforcement” OR AB “Law Enforcement” OR TI Recruit* OR AB Recruit* OR (MH

“Athletes+”) OR TI Athlete* OR AB Athlete* OR (MH “Sports+”) OR TI Sport* OR AB Sport*) AND (TI

“Training Load” OR AB “Training Load” OR TI Train* OR AB Train* OR TI Overload* OR AB Overload*

OR TI Overuse OR AB Overuse OR TI “Work Load” OR AB “Work Load” OR TI Workload* OR AB

Workload* ORTI “Work Loads” OR AB “Work Loads” ORTI Volume OR AB Volume ORTI “over reach”

OR AB “over reach” OR TI over-reach* OR AB over-reach*) AND (TI Injur* OR AB Injur* OR TI “Injury

Risk” OR AB “Injury Risk” OR TI “Injury Prevention” OR AB “Injury Prevention” OR Sprain* OR Strain*

OR “Soft Tissue”) AND (TI GPS OR AB GPS OR TI “Global Positioning System” OR AB “Global

Positioning System” OR TI “Heart Rate” OR AB “Heart Rate” OR TI Heartrate OR AB Heartrate OR TI

RPE OR AB RPE OR TI “Rating of Perceived Exertion” OR AB “Rating of Perceived Exertion” OR TI

Distance OR AB Distance OR TI “Distance Run*” OR AB “Distance Run*” OR TI Questionnaires OR AB

Questionnaires OR TI TRIMP OR AB TRIMP OR TI “Training Impulse” OR AB “Training Impulse” OR TI

“Training Volume” OR AB “Training Volume” OR TI “Training Load” OR AB “Training Load” OR TI

“External Load” OR AB “External Load” OR TI “Internal Load” OR AB “Internal Load” OR TI “Time-

Motion Analysis” OR AB “Time-Motion Analysis” OR TI “Training Mode” OR AB “Training Mode”)

None 954
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grading. These percentage-based scores are <45.4% signify-

ing “poor” methodological quality, between 45.4% and

61.0% showing “fair” methodological quality, and >61.0%

demonstrating “good” methodological quality.15

Data Extraction
After the final studies were selected, appraised, and graded,

key data were extracted. Data extracted included author and

year of publication, population studied, method used to

assess load (eg, ACWR or TSB), the reference value, vari-

ables examined, timeframes utilized, and associated risk.

Data Analysis
Comprehensive Meta-Analysis (Version 3.3) software pro-

gram was used to create combined effect sizes of multiple

outcomes from select studies to provide an overview of data.

Studies were included if they examined ACWR and injury

predictability without the effect of other variables, results

were published in either odds ratios or relative risk (as

these were the only present results that could be combined),

and the study contained multiple outcomes in the ACWR

ranges of <0.80, 0.80–1.30, 1.30–2.00, and >2.00. These

ranges were chosen to compare results from outside the

training “sweet spot” as proposed by Tim Gabbett.5

Results
Search Results
After the use of specific inclusion and exclusion criteria

(Table 2), 27 studies were included for review.

Critical Appraisal Results
A Cohen’s kappa analysis revealed an almost perfect

agreement between raters (κ = 0.885).16 The average

score of the studies was 59.7% indicating “fair” quality

with the lowest score of 48.2%17 and the highest score of

64.3%.18–23 These lower scores were likely due to the fact

that the Downs and Black is typically used to grade ran-

domized control trials, and most of the included studies

were cohort studies. This resulted in consistently lower

scores in areas of internal validity, specifically questions

14, 15, 19, 23, 24, and 25. These questions were subse-

quently removed in an attempt to calculate a more repre-

sentative score, resulting in increases of percentage quality

scores, ranging from 61.4%17 to 81.8%,18–23 with a mean

of 75.9%, demonstrating “good” quality.

Study Characteristics
For general study characteristics, including population,

variables examined, and method to assess load please

refer to Table 3.

The most common timeframe used was a 1-week acute

training load and 4-week chronic training load.9–11,17,18,20-36

Other timeframes included a 3-day acute load and a 21 day-

chronic load,19 or varying timeframes.37–40 One study exam-

ined various timeframes for calculating ACWR,37 utilizing

2–9 days for acute loads, and chronic loads varying from 14

to 35 days, while the other study ranged from 1 to 2 weeks for

acute loads, and 3–8 weeks for chronic loads, but only

utilized the 1:4 week ratio for relationship to injury.38 Five

studies utilized exponentially weighted moving averages

(EWMA) for their calculation of ACWR17,27,29,36,39 and

four articles studied a combination of ACWR and chronic

workload.11,30,38,39 Lastly, one study examined ACWR in

combination with recent lower limb injuries,36 while another

evaluated the effects of fitness on the relationship between

ACWR and injury risk.23

Table 2 Inclusion and Exclusion Criteria and Examples of Excluded Studies

Inclusion Criteria Example/s

Must contain sport or tactical population Any study including sporting or tactical populations

Must examine acute:chronic workload ratios or training stress balance and

the relationship with injury risk

Any study reporting the relationship between injury risk and

acute:chronic workload ratios

Exclusion criteria Example/s

Not related to injury risk Studies not discussing injury risk

Youth population Studies including participants under the age of 17

Systematic review Studies presented as systematic reviews

Not utilizing ACWR Studies that did not utilize ACWR
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Associationof External Loads and InjuryRisks
Total Distance

All seven studieswho reported total distance (TD)11,18,22,27,34,36,38

used ACWR. Three studies reported the ACWRof total distance

and its relation to varying chronic workloads.11,30,38 Hulin et al18

found that anACWRof 1.23–1.61 combinedwith short recovery

(<7 days between matches) increased injury risk compared to an

ACWR of 1.02–1.22 (RR=2.88). In addition, it was also found

that ACWR ≥1.62 combined with short recovery further

increased injury risk relative to ACWR of 1.02–1.22 (RR=5.80)

and 0.67–0.86 (RR=3.41).18 Evenwith longer recovery (≥7 days

betweenmatches), it was found that ACWR ≥1.50 still increased

injury risk (RR=4.46) compared to an ACWR of 1.10–2.10.18

Murray et al27 found that an ACWR using TD >2.00

increased chance of injury compared to a range 1.00–1.49

both during the pre-season (RR=8.41), and in-season

(RR=6.52). This study27 also utilized EWMA-based

ACWR and found that the same ratio using this method

increased the relative risks to 8.74 and 21.28, respectively.

Similarly, another study by Murray et al22 found a TD

ACWR >2.00 in-season also lead to a higher injury risk in

the current week compared to ACWRs of <0.49 (RR=7.98)

Records identified through 

database searching

(n =  5017)

Sc
re
en

in
g

In
cl
ud

ed
El
ig
ib
ili
ty

Id
en

�fi
ca
�o

n Additional records identified 

through expert in the field 

(n = 0)

Records after duplicates removed

(n = 3045)

Records screened

(n = 3045)

Records excluded (must 

contain sport and 

ACWR/TSB)

(n =2793)

Full-text articles assessed 

for eligibility

(n = 252)

Full-text articles 

excluded

(n = 225)

Reasons:

Review

(n=30)

Youth Population

(n=17)

Not associated with 

injury risk

(n= 117)

Does not contain ACWR

(n=56)

No full text (n=3)

No predictability 

statistics reported (n=2)

Studies included in data 

synthesis

(n = 27)

Figure 1 PRISMA flow chart.
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and 0.50–0.99 (RR=5.04). This same ratio increased risk of

injury in the next week both during pre-season (RR=4.87)

and in-season (RR=5.49) when compared to an ACWR of

1.00–1.49.22 The study by Cummins et al also demonstrated

a significant relationship between TD and injury risk

(AUC = 0.580, p = 0.09).34

Esmaeili et al36 compared ACWR and EWMA-based

ACWR for TD, and later combined these results with previous

leg injuries. This article found that using EWMA-based

ACWR demonstrated increases in hazard ratios (HR) (HR

range from 21.0 to 6.80), compared to ACWR on its own

(HR range from 0.92 to 2.40), and that the combination of a

recent leg injury lead to higher hazard ratios for both methods

(EWMA-based ACWR HR=16.00, ACWR HR=5.80).36

Stares et al38 examined various ACWR for TD in combi-

nation with chronic loads of other variables, and found that in

comparison to an ACWR of 0.90–1.20 with a high 4-week

chronic sprint distance (272–368m), an ACWR ranging from

1.50 to 1.80 combined with a very low 4-week chronic sprint

distance load (<190m) lead to increases in injury risk 7

(RR=3.31), 14 (RR=3.00), and 21 days later (RR=2.52).

However, there was no significant increase 28 days later

(RR=2.36).38 This same study also found an ACWR of

0.00–0.03 for TD combined with low 4-week chronic TD

(18,834–20,892m) further increased injury risk 7 days later

(RR=8.19) compared to chronic sprint distance, but had no

significant impact 14 (RR=5.49), 21 (RR=4.16) or 28 days

later (RR=3.16) when compared to an ACWR 0.90–1.20 and

a high 4-week chronic TD (20892–22762m).38

Colby et al30 reported, compared to ACWR range of 0.99 to

1.08, ranges of <0.88 (IRR=1.17), 1.08–1.21 (IRR=1.37), and

>1.21 (IRR=1.53) resulted in higher incidence of injury, while

0.88–0.99 (IRR=0.60) resulted in a lower incidence when using

TD. This same study found that when compared to an above

average chronic TD load (81694m over 4 weeks) and moderate

ACWR(0.99–1.08) a lowchronicTD(<81694m) andveryhigh

ACWR (>1.21) were likely to increase injury risk with an

incidence rate ratio (IRR) of 2.60.30 These findings are similar

Table 3 Characteristics of Included Studies

Sport References External

Load

References Internal

Load

References Method References

AFL [9,22,27,30,32,37,40] Total [10,11,18,19,22,25–

27,30,34,36–39]

Total [9,10,17,20,21,23–26,28–

33,35–38,40]

ACWR [11,17–

23,25–40]

Soccer [19,20,25,26,33–35] TD [11,18,22,27,30,34,36,38]

Rugby League [11,18,34] Distance at

varying speed

[19,22,25,27,34,36–38] sRPE [9,10,17,20,21,23–

26,28,30,32,33,35–38,40]

Gaelic Football [21] Change in

Acceleration

[22,27]

Rugby Union [24] Acceleration

Efforts

[25,34] HRV [29] TSB [9,10,24]

Basketball [28] Deceleration

Efforts

[25,34]

Cross-Fit [29] Distance–

Load

[37] Mood/sleep/

stress

[31]

Cricket [10] Sessions per

week

[26]

American Football [39] Bowls per

week

[10]

Hurling [23]

Various [31]

Endurance Sports [17]

Abbreviations: AFL, Australian Football League; TD, total distance; sRPE, session rating of perceived exertion; HRV, heart rate variability; ACWR, acute:chronic workload

ratio; TSB, training stress balance.
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to those found by Stares et al,38 with both studies suggesting a

low chronic load may increase injury risk.30

Hulin et al11 tracked load across the current week, the

next week, and over a 2-week average utilizing ACWR

(calculated through TD) to assess its relation to injury. The

ACWR was divided into very low (≤0.30 current week and

next week; ≤0.45 2-week average), low (0.31–0.66; 0.46–

0.74), moderate-low (0.67–1.02; 0.71–1.01), moderate

(1.03–1.38; 1.02–1.30), moderate-high (1.39–1.74; 1.31–

1.58), high (1.75–2.10; 1.59–1.87) and very high (≥2.11;
≥1.88) categories.11 These values were found to have

relative risks ranging from 0.0 (very low 2-week average)

to 16.7 (very high current week and 2-week average) when

compared to all other ACWR ranges.11 This study also

examined the effects of the same categories and their 2-

week average compared to low (<16095m) and high

(>16095m) chronic workloads.11 When combined with

low chronic workloads, relative risk ranged from 0.00

(very low ACWR) to 18.20 (very high ACWR), while

the combination with high chronic workloads lead to rela-

tive risk values ranging from 0.00 (very low ACWR) to

28.60 (very high ACWR).11 However, these were not

linear increases as moderate-low in both low (RR=10.0)

and high (RR=5.90) chronic workloads had a higher rela-

tive risk compared to a moderate ACWR in low

(RR=9.30) and high (RR=6.20) chronic workloads.11

This contrasts with the results reported by Stares et al38

and Colby et al30 as ACWR combined low chronic work-

load was associated with similar or lower injury risk than

ACWR combined with high chronic workload, except in

the moderate ranges.

Total Distance and Speed

While multiple studies utilized distance at various speeds

as a variable, their definitions of these speeds

varied.19,22,25,27,30,34,36-38 For example, one study states high

speed running (HSR) ranges from 18.01 to 24.00 km/h,27

while another study stated HSR is anything greater than

14.40 km/h.19 In the study by Murray et al,27 an ACWR of

2.00 with HSR (18.01–24.00 km/h) increased injury risk rela-

tive to an ACWR ranging from 1.00 to 1.49 (RR=4.66). In this

same study, the same ACWR comparison with medium speed

running (MSR) (6.00–18.00km/h) was found to further

increase injury risk both in-season (RR=18.19) and pre-season

(RR=6.03).27 In the study Murray, Gabbett, Townshend,

Hulin, McLellan22 low speed running (LSR) (0.00–6.00km/

h) andMSR (6.01–18.00 km/h), with ACWR>2.00, increased

injury risk in the next week when compared to ACWRs

ranging from 0.50 to 0.99 and 1.00 to 1.49 with RR ranging

from 7.21 to 10.98.22 In addition, it was found that an HSR

running (18.01–24.00 km/h) ACWR of 2.00 increased injury

risk both in the current and next week when compared to

ACWRs of 0.50–0.99 and 1.00–1.49, though to a lesser extent

(RR=4.36–9.63).22

In the study by Jasper et al,25 an ACWR of >1.18 in

regards to HSR (>20 km/h) increased the odds of injury

(OR=1.71) compared to an ACWR of <0.79. Likewise,

Malone et al19 found that HSR (>14.14 km/h) ACWRs

≥0.85 increased the chance of injury with odds ratios

ranging from 1.20 to 3.02, when compared to a ratio of

≤0.85. This study also found that sprint distance (>19.8

km/h) ACWRs >0.70 increased an athlete’s odds of injury

(OR=1.15–5.00) compared to ratios ≤0.70.19 The excep-

tion to this is an ACWR of 0.71–0.85 which decreased

injury risk (OR=0.85), though the authors of this study did

not present a potential explanation.19 It should also be

noted that this study used a different timeframe than

most other studies presented in this article, utilizing 3

days for acute workload instead of 7 days and 21 days

for chronic workload instead of 28 days, to calculate their

ratio.

Colby et al30 reported that sprint distance (SD) (>75%

players maximum speed) was associated with a player’s

injury risk. Compared to a reference value of 0.99–1.08,

ACWR ranges of <0.67 (IRR=1.83), 1.13–1.40

(IRR=1.06), and >1.40 (IRR=1.90) resulted in higher

injury incidence, while a range of 0.67–0.93 (IRR=0.99)

resulted in a lower injury incidence.

Stares et al38 compared sprint distance (>75%max speed)

in the presence of high chronic workload (272–368m) and an

ACWR ranging from 0.90 to 1.20 to various ACWRs and

very low or low chronic sRPE, sprint distance, and total

distance, workloads. This study found that these ratios either

increased relative injury risk with RR ranging from 1.94 to

8.19 or had no statistically significant effect, with RR ranging

from 1.47 to 5.49.38 In the study by Cummins et al34 a

statistically non-significant relationship was found between

both HSR (>20 km/h) (AUC=0.504, p=0.205) and very HSR

(>25 km/h) (AUC=0.543, p =0.205).

Esmaeili et al36 compared EWMA ACWR to ACWR

using HSR (>4.17 m/s) and found that EWMA ACWR

resulted in higher HR (HR range from 1.59 to 4.60)

compared to ACWR (HR range from 0.67 to 1.37).

Combining recent leg injuries in the comparison led to a

higher HR for both EWMA ACWR (HR=5.70) and

ACWR (HR=4.60).
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Carey et al37 examined both HSR (>24 km/h) and

MSR (18–24 km/h). This study compared various daily

ACWR (acute period ranging from 2 to 9 days; chronic 14,

18, 21, 24, 28, 32, and 35 days), and examined the relative

injury risk of ratios outside the range of 0.80–1.20.37 It

was found that using utilizing a timeframe of 5:14 days

was likely to show increase injury risk (RR=2.74), while a

timeframe of 5:24 days may show a smaller increase

(RR=2.49) during HSR.37 Regarding MSR it was found

that a timeframe of 3:28 days would show an increase in

injury risk (RR=2.59), while other timeframes, 3:21 days

(RR=2.43), and 3:32 days (RR=2.24) showed smaller

increases in injury risk.37 The timeframe of 5:14 days

was also used for MSR running, but unlike HSR, this

timeframe showed a smaller increase (RR=2.18) in injury

risk.37

Player Load

Five studies reported player load, which is derived from

accelerometer acceleration,41 and ACWR.22,27,34,36,39 The

first study found that an ACWR >2.00 increased current

week injury risk during the season when compared to an

ACWR ranging from 0.50 to 0.99 (RR=6.27).22 When

compared to an ACWR ranging from 1.00 to 1.49, an

ACWR >2.00 lead to a similar increase in injury risk

occurring in the next week in-season (RR=5.80), and a

greater injury risk during pre-season (RR=12.46).22 This

same comparison also showed an increased risk of injury

in the current week during the season (RR=7.72).22 In the

second study, an ACWR of 2.00 was compared to range of

1.00–1.49 utilizing both rolling averages and EWMA.27

An ACWR of 2.00 using rolling averages lead to a relative

injury risk of 5.87 during the season.27 Calculating the

ACWR by using EWMA resulted in higher relative injury

risk in season (RR=13.43) and during pre-season

(RR=9.53).27 Similarly, Esmaeili et al36 found using

EWMA ACWR leads to higher HR (HR range from 1.92

to 6.80) compared to ACWR (HR range from 0.84 to

2.20). The combination of player load and recent leg

injuries led to higher HR for both EWMA ACWR

(HR=16.00) and ACWR (HR=5.40).39

Sampson et al39 found that ACWR >1.30 led to a higher

RR of injury compared to <0.80 (RR=3.06) and 0.80–1.30

(RR=3.33). A similar finding was compared when the

ACWR >1.30 was combined with a low 21-day chronic

workload compared to <0.80 and low 21-day chronic work-

load (RR=14.15) and 0.80–1.30 with low 21-day chronic

workload (RR=30.67).39 Lastly, though 0.80–1.30 is thought

to be the “sweet spot”,5 this ratio was found to have higher

RR compared to <0.80 (RR=2.59) and >1.30 (RR=14.52) in

combination with high 21-day chronic workloads.39

However, Cummins et al34 found no statistically significant

relationship between player load and injury (AUC=0.561,

p=0.155).

Other

The ACWR of the number of acceleration and deceleration

efforts was also studied.25,34 For acceleration efforts, an

ACWR ranging from 0.87 to 1.22 decreased the chance of

injury (OR=0.39) when compared to an ACWR of <0.87.25

Likewise, an ACWR in deceleration efforts ranging from

0.86 to 1.12 also decreased injury risk (OR=0.38) compared

to an ACWR of <0.86.25 Cummins et al34 examined both

measurements, and found that acceleration efforts

(AUC=0.605, p=0.001) and deceleration efforts

(AUC=0.581, p=0.037) had significant relationships with

injury.

Cummins et al34 also evaluated relative distance (m/

min) and found that this measure had no significant rela-

tionship with injury (AUC=0.492, p=0.811).

Lastly, sessions per week26 and bowls per week10 were

also studied. In sessions per week, it was reported that a

higher ACWR occurred in injured athletes compared to

non-injured (ES=0.83); however, no ratios were

presented.26 Bowls per week was recorded using TSB.10

It was reported that a TSB >200% had no relationship with

injury risk compared to a TSB ≤100%, but did increase

risk injury risk in the next week when compared to a TSB

<49% (RR=2.90) and a TSB ranging from 50% to 99%

(RR=3.30).10

Association of Internal Loads and Injury

Risk
Session Rating of Perceived Exertion

Of the 18 articles that examined session Rating of Perceived

Exertion (sRPE), 3 utilized TSB,9,10,24 while the other 15

implemented ACWR.17,20,21,23,25,26,28,30,32,33,35-38,40 Of the

three studies that utilized TSB,9,10,24 one did not find any

clear effects on injury risk after comparing a two standard

deviation increase to the mean,24 while another found no

relationship between a TSB >200% and injury risk in the

current week when compared to a TSB of 100%.10 It was

found, however, that a TSB >100% increased injury risk in

the next week compared to a TSB of 100% (RR=2.20).10

Hulin et al10 also discovered that, in comparison to a TSB of

50–99%, both a TSB ranging from 150% to 199%
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(RR=2.10), and >200% (RR=4.50) increased risk of injury in

the next week. The third study found that, when compared to

a TSB of <50%, any TSB >50% increased the odds of

sustaining an injury, with odds ratios ranging from 1.17 to

4.00,9 though it was not mentioned if this was during the

current or next week. This was not a linear increase as a TSB

of 150–199% had an odds ratio of 4.00, while a TSB that was

>200% had an OR of 1.17.9

With regards to sRPE and ACWR, Jasper et al25 found

that when compared to an ACWR of <0.85, ACWRs of

0.87–1.12 and >1.12 decreased injury risk with an OR of

0.49 and 0.69, respectively. During pre-season and in-

season time periods, Malone, Owen, Newton, Mendes,

Collins, Gabbett20 discovered that ACWRs of 1.00 to

1.25 may increase injury risk both pre-season (OR=0.68)

and during season (OR=0.28) when compared to an

ACWR of ≤0.85. Similarly, a ratio of 0.85–1.00 may

also decrease injury risk during pre-season when com-

pared to ≤0.85 (OR=0.95), though it may increase injury

risk in season (OR=1.05).20 However, ACWRs ≥1.50 may

increase injury risk during pre-season (OR=3.03) and in

season (OR=2.33).20 In the study by Malone, Roe, Doran,

Gabbett, Collins,21 ACWR ≥1.00 led to ORs ranging from

0.88 to 5.33 when compared to an ACWR of 1.00. This

same study also found that first-year Gaelic football

players were at higher odds of sustaining an injury when

compared to seventh-year players when the ACWR was

≥1.50.21 The authors of this study commented that this

may be due to first-year players have a lower prior training

history compared to the more experience players.21

Utilizing the same ACWR, it was discovered that second-

and third-year players (OR=0.20) and fourth- to sixth-year

players (OR=0.24) were at less odds of sustaining an

injury compared seventh-year players, suggesting a bell

curve regarding player experience and injury risk.

McCall et al,26 utilizing sRPE, compared injured and

non-injured players and found that a higher ACWR con-

tributed a small to moderate effect size on injury

(ES=0.45). In a similar fashion, Weiss et al28 discovered

that ACWRs outside the range of 1.0–1.49 resulted in

higher injury rates, ranging from 1.4 to 1.7 times more

players injured. Carey et al37 also studied sRPE utilizing

the same methods mentioned in the previous section. This

study found that utilizing a timeframe of 9:18 days showed

an increase in injury risk (RR=1.97), while a timeframe of

9:28 days showed a slightly less increase in risk of injury

(RR=1.69).37 McCall et al40 also utilized various time-

frames and found that only 1:3 week and 1:4 week

ACWR were associated with injury risk. Though it should

be noted only three comparisons resulted in statistically

significant outcomes: ACWR range of 0.97–1.38 com-

pared to 0.60–0.97 (RR=1.68), >1.38 compared to 0.60–

0.97 (RR=2.13), and >1.42 compared to 0.59–0.97

(RR=1.90).40

Colby et al30 examined sRPE and found that, compared to

an ACWR range of 1.02–1.14, an ACWR > 1.30 decreased

injury incidence (IRR=0.93) while ranges of <0.86

(IRR=1.38), 0.86–1.02 (IRR=1.02) and 1.14–1.30

(IRR=1.01) increased injury incidence. This reported relation-

ship does not follow the other variables reported in this and

other studies, with the highest ACWR range demonstrating the

lowest injury risk. In another study by Colby et al,32 it was

found that three or more exposures to ACWR >1.37 over 2

weeks led to an increased injury incidence (IRR=1.93) com-

pare to less than 3 exposures over the same time frame.

Johnston et al utilized EWMAACWR in a study of endurance

runners and found that, compared to a ratio of <0.80, ratios of

0.80–1.30 (HR=1.21), 1.30–1.50 (HR=1.34), and >1.50

(HR=2.15) led to high chances of injury.

Not every study found positive associations between

ACWR with sRPE and injury risk. The study by Raya-

Gonzalez et al33 found no association between ACWR and

injury (OR=0.16), though it was unclear which ratios were

being compared. Similarly, Delecroix et al35 found con-

flicting evidence with only ACWR >0.85 leading to sta-

tistically significant result when compared to ACWR

<0.85 (RR=1.31) when using the 1:4 week calculation

method. This study did find statistically significant asso-

ciations between 1:3 weeks >1.30 compared to 1:3 weeks

≤1.30 (RR=1.37), 1:2 weeks ≤0.85 compared to 1:2 weeks

>0.85 (RR=1.80), 1:2 weeks <0.85 and >1.25 (RR=1.55),

1:1 week <0.85 to 1:1 week >0.85 (RR=1.94), 1:1 week

<1.25 to 1:1 week >1.25 (RR=1.68) and 1:1 week <0.85

and > 1.25 (RR=1.33).35

Whilemost studies utilized sRPE on its own, Stares et al38

utilized ACWR of sRPE combined with very low chronic

workloads of different variables (eg, sprint distance). These

were then compared to an ACWR of 0.9–1.2 and a high

chronic workload. This study discovered that in the presence

of very low chronic workloads (distance, sprint distance, and

sRPE), risk of injury increased 7, 14, 21, and 28 days later

with RR ranging from 2.71 to 6.93, similar to the results

found using ELs.38 This study also examined an ACWR of

0.3–0.6 with a very low sRPE chronic workload and found

that injury risks increase 7, 14, 21, and 28 days later

(RR=2.15–2.38) compared to an ACWR of 0.90–1.20 and a
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high sRPE chronic workload.38 Colby et al30 also combined

ACWR with a chronic load and, similar to Stares et al,38

found that a low chronic sRPE load (<4660 AU) combined

with a low ACWR (0.86–1.02) was likely to increase injury

risk (IRR=2.52) when compared to an above average chronic

sRPE load (4660 AU) and moderate ACWR (1.02–1.14).

Malone et al23 combined sRPE with performance on fitness

testing. This study demonstrates a trend that as individuals

fitness decreases, measured by strength relative to body-

weight, and sprinting speed, the odds of injury increased.23

Lastly, the study by Esmaeili et al36 found that when combing

ACWR calculated from sRPE and recent leg injuries the HR

increased for both ACWR (HR=3.70) and EWMA

(HR=6.80) compared to not combination with leg injury

(ACWR HR=2.80, EWMA ACWR HR=4.00).

Other

One study29 examined heart rate variability (HRV), the

variation in time between resting heartbeats, and found

that when comparing a normal ACWR combined with

moderate log-transformed square root of the mean sum

of the squared differences between R-R intervals (Ln

RMSSD) a high ACWR combined with a low Ln

RMSSD lead to an increase in chance of injury

(RR=2.61). The normal and high ACWR were calculated

by utilizing within-individual z-scores which were parsed

into tertiles resulting in z-scores of 0.31 to 0.41 for normal

ACWR and >0.41 for high ACWR.29 Hamlin et al31 com-

pared various IL measures and found that mood

(OR=0.89), energy (OR=1.07), sleep duration (OR=0.94)

and academic stress (OR=0.91) were significantly related

to odds of injury in elite university athletes.

Please refer to Table 4 for an overview of the statistics

from each study including confidence intervals and

p-values where appropriate.

Combined Effect Size

Seven studies were analyzed to produce a combined effect

size10,11,19-22,27 (Figure 2). Variables examined included

TD,11,22,27 sRPE,10,20,21 HSR,19,22 PL,22 and MSR.22 The

combined effect sizes show a trend for an ACWR range of

0.80–1.30 being related to a lower injury risk. In terms of

OR, ACWR greater than 2.0 showed a higher risk

(OR=4.00, 95% CI=1.65–9.68), compared to a range of

1.30–2.00 (OR=1.69, 95% CI=0.67–4.30), and 0.80–1.30

(OR=0.59, 95% CI=0.14–2.45 and 1.65, 95% CI=1.51–

1.81). For RR, ACWR >2.0 resulted in RRs ranging

from 3.91 to 8.90, while <0.8 had a RR of 3.57 (95%

CI=1.65–9.68) and 1.30–2.00 was 11.51 (95% CI=5.57–

23.79). The range of 1.30–2.00 appears to be an outlier,

possibly due to the study using all other ACWR as a

reference value which included low ranges, such as

<0.30. While this study11 was unable to create a combined

effect size for ACWR >2.00, it does report a single result

demonstrating a higher RR (16.7). No variable was present

across all four ranges for comparison; however, two were

included in three ranges (sRPE and TD). sRPE shows a

higher combined OR in an ACWR greater than 2.00

(OR=4.00, 95% CI=1.65–9.68) compared to 1.30–2.00

(OR=1.69, 95% CI=0.67–4.30) and 0.8–1.3 (OR=0.59,

95% CI=0.14–2.45), while TD shows a higher RR in the

ACWR of 1.3–2.0 (RR=11.51, 95% CI=5.57–23.79), com-

pared to greater than 2.0 (RR=5.73, 95% CI=3.42–9.59

and 7.41, 95% CI=1.72–31.89) and <0.8 (RR=3.57, 95%

CI=1.65–9.68).

Discussion
The aim of this systematic review was to identify, criti-

cally appraise, and synthesize key findings in the literature

regarding ACWR and provide evidence for an ACWR that

results in the lowest injury risk. This review found the

literature was generally of “good” quality. Furthermore,

the research included high variability in points of refer-

ence, ACWR ranges, and variables tested. It appears that

utilizing ACWR with external and internal loads may

relate to injury risk, with EWMA ACWR potentially

resulting in a more sensitive measure; however, the high

variability of the involved studies makes it difficult to be

sure. There also appears to be a trend towards the ratios of

0.80 to 1.30 demonstrating the lowest risk of injury.

External Loads
There was high variability in the variables measured,

reference groups and ACWR ranges. For example, while

HSR was a relatively common variable studied the defini-

tions varied between articles. One study defined HSR as

anything greater than 20 km/hr,25 while another study

defined HSR as anything greater than 14.4km/hr.19 With

regards to reference groups, one study utilized a reference

group of less than or equal to 0.85,19 while another used

1.00–1.49.27 Given the notable variability between studies,

systematic comparison and analysis is difficult. However,

given the high number of statistically significant results

across the range of studies10,11,18,19,22,25-27,30,37,38 of

“good” quality, it is likely that utilizing ELs and ACWR

may have a relationship with injury risk. While this article
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Table 4 Key Injury Predictability Data from Each Article

Article and

Population

Method Reference Variable ACWR/TSB Relationship

ACWR All Other ACWR TD ≤.30 current week (VL) RR=2.4 [2.8]*

≤.30 next week (VL) RR=1.2 [2.0]*

≤.45 2-week average (VL) RR=0.0 [0.0]*

0.31-0.66 current week (L) RR=5.0 [2.5]*

0.31-0.66 next week (L) RR=8.9 [3.4]*

0.46-0.74 2-week average (L) RR=7.6 [3.1]*

0.67-1.02 current week (ML) RR=10.2 [1.9]*

0.67-1.02 next week (ML) RR=7.8 [1.6]*

0.71-1.01 2-week average (ML) RR=8.9 [1.6]*

1.03-1.38 current week (M) RR=7.2 [1.5]*

1.03-1.38 next week (M) RR=7.8 [1.6]*

1.02-1.30 2-week average (M) RR=6.9 [1.6]*

1.39-1.74 current week (MH) RR=10.9 [3.6]*

1.39-1.74 next week (MH) RR=10.5 [3.7]*

1.31-1.58 2-week average (MH) RR =13.0 [4.3]*

Hulin et al.11 1.75-2.10 current week (H) RR=8.3 [7.6]*

1.75-2.10 next week (H) RR=8.1 [7.4]*

1.59-1.87 2-week average (H) RR=11.8 [7.4]*

Pop = Rugby League ≥2.11 current week (VH) RR=16.7 [14.4]*

≥2.11 next week (VH) RR=11.8 [12.9]*

≥1.88 2-week average (VH) RR=16.7 [14.4]*

ACWR + L

CW

All Other ACWR

+ L CW

TD ≤.0.30 2-week average (VL) RR=0.0 [0.0]*

0.31-0.66 2-week average (L) RR=7.8 [4.1]*

0.67-1.02 2-week average (ML) RR=10.0 [2.5]*

1.03-1.37 2-week average (M) RR=9.3 [2.6]*

1.38-1.74 2-week average (MH) RR=11.0 [4.9]*

1.75-2.16 2-week average (H) RR=5.9 [7.3]*

≥2.17 2-week average (VH) RR=18,2 [14.9]*

ACWR + H

CW

All Other ACWR

+ H CW

TD ≤0.66 2-week average (VL) RR=0.0 [0.0]*

0.67-0.84 2-week average (L) RR=9.6 [4.1]*

0.85-1.01 2-week average (ML) RR=7.5 [2.2]*

1.02-1.18 2-week average (M) RR=6.2 [2.2]*

1.19-1.35 2-week average (MH) RR=7.1 [4.0]*

1.36-1.53 2-week average (H) RR=12.0 [10.7]*

≥1.54 2-week average (VH) RR=28.6 [18.1]*

(Continued)
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

ACWR 0.8-1.2 HSR (>24 km/h) 5:14 days RR=2.74 [1.19-6.33]

5:24 days RR=2.49 [1.08-5.76]

MSR (18-24 km/h) 3:28 days RR=2.59 [1.18-5.66]

Carey et al.37 3:21 days RR=2.43 [1.11-5.32]

3:32 days RR=2.24 [1.03-4.90]

Pop = AFL 5:14 days RR=2.18 [1.05-5.47]

sRPE 9:18 days RR=1.97 [1.17-3.31]

9:28 days RR=1.69 [1.02-2.81]

Cross et al.24

Pop = Rugby Union

TSB Mean sRPE 172% (2 SD increase) OR=1.41 [0.60-2.80]

TSB <50% sRPE > 200% OR=1.17[0.10-13.20]*

Harrison et al.9

Pop = AFL

150-199% OR=4.00 [0.43-37.17]*

- 100-149% OR=3.52 [0.51-27.46]*

- - - - 50-99% OR=2.80 [0.34-23.40]*

TSB ≤100% Bowls per week >200% No relationship with injury risk in

current week

>100% RR=2.10 [1.81-2.44] next week

Hulin et al.10 50-99% Bowls per week >200% RR=3.30 [1.50-7.25] next week

<49% Bowls per week >200% RR=2.90 [1.14-7.40] next week

≤100% sRPE >200% No relationship with injury risk in

current week

Pop = Cricket >100% RR=2.20 [1.91-2.53] next week

50-99% sRPE >200% RR=4.50 [3.43-5.90] next week

150-199% RR=2.10 [1.25-3.53] next week

<49% sRPE >200% RR=3.40 [1.56-7.43] next week

ACWR ≤0.85 sRPE 0.85-1.00; pre-season OR=0.95 [0.98-3.95]

0.85-1.00; in-season OR=1.05 [0.98-3.95]

Malone et al.20 1.00-1.25; pre-season OR=0.68 [0.08-1.66]

1.00-1.25; in-season OR=0.28 [0.08-1.26]

Pop = Soccer ≥1.50; pre-season OR=3.03 [1.69-3.75]

≥1.50; in-season OR=2.33 [1.69-4.75]

ACWR ≤0.85 HSR (>14.4km/h) 0.86-1.00 OR:1.20 [1.10-2.03]*

1.00-1.25 OR:2.27 [2.13-3.04]*

Malone et al. 19 ≥1.25 OR:3.02 [2.53-4.98]*

≤0.70 SD (>19.8 km/h) 0.71-0.85 OR:0.85 [0.33-0.95]*

Pop = Soccer 0.86-1.35 OR:1.15 [1.11-2.14]*
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

≥1.35 OR:5.00 [3.01-7.38]*

ACWR 0.99-1.08 TD <0.88 IRR:1.17 [0.63-2.19]

0.88-0.99 IRR:0.60 [0.28-1.32]

1.08-1.21 IRR:1.37 [0.72-2.59]

>1.21 IRR:1.53 [0.84-2.76]

0.93-1.13 SD <0.67 IRR:1.83 [1.01-3.32]

0.67-0.93 IRR:0.99 [0.50-1.94]

1.13-1.40 IRR:1.06 [0.55-2.07]

>1.40 IRR:1.90 [1.01-3.58]

1.02-1.14 sRPE <0.86 IRR:1.38 [0.83-2.30]

0.86-1.02 IRR:1.02 [0.57-1.83]

1.14-1.30 IRR:1.01 [0.53-1.92]

Colby et al.30 >1.30 IRR:0.93 [0.48-1.80]

ACWR + L

CW

0.93-1.13 and

>1097m

SD <0.67; Low SD adj-IRR: 1.44 [0.64-3.27]

Pop = AFL 0.67-0.93; Low SD adj-IRR:0.87 [0.31-2.43]

0.93-1.13; Low SD adj-IRR:0.78 [0.28-2.16]

1.13-1.40; Low SD adj-IRR:1.23 [0.51-2.93]

>1.40; Low SD adj-IRR:1.60 [0.68-3.78]

<0.67; High SD adj-IRR:1.64 [0.65-4.11]

0.67-0.93; High SD adj-IRR:1.00 [0.42-2.41]

1.13-1.40; High SD adj-IRR:0.73 [0.29-1.83]

>1.40; High SD adj-IRR:0.91 [0.36-2.29]

0.99-1.08 and

>81694m

TD <0.88; Low TD adj-IRR:1.11 [0.41-2.98]

0.88-0.99; Low TD adj-IRR: 0.80 [0.20-3.26]

0.99-1.08; Low TD adj-IRR:1.62 [0.53-4.89]

1.08-1.21:Low TD adj-IRR:1.73 [0.72-4.11]

>1.21; Low TD adj-IRR:2.60 [1.07-6.34]

<0.88; High TD adj-IRR:0.89 [0.29-2.74]

0.88-0.99; High TD adj-IRR:0.68 [0.19-2.42]

1.08-1.21; High TD adj-IRR:2.16 [0.78-6.02]

>1.21; High TD adj-IRR:1.36 [0.32-5.78]

1.02-1.14 and

>4660 AU

sRPE <0.86; Low sRPE adj-IRR:1.63 [0.70-3.77]

0.86-1.02; Low sRPE adj-IRR:2.52 [1.01-6.29]

1.02-1.14; Low sRPE adj-IRR:1.30 [0.37-4.63]
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

1.14-1.30; Low sRPE adj-IRR:1.02 [0.44-2.34]

>1.30; Low sRPE adj-IRR:0.61 [0.26-1.45]

<0.86; High sRPE adj-IRR:0.86 [0.30-2.50]

0.82-1.02; High sRPE adj-IRR:0.83 [0.34-2.04]

1.14-1.30; High sRPE adj-IRR:0.67 [0.25-1.85]

>1.30: High sRPE adj-IRR:0.62 [0.13-3.07]

ACWR 1.00 sRPE ≥2.00; pre-season OR=3.33 [1.69-6.75]

≥2.00; early in-season OR:4.33 [1.69-6.75]

1.35-1.50; late in-season OR:3.25 [1.69-7.51]

≥2.00; late in-season OR:5.33 [1.69-6.75]

Malone et al. 21 ≥2.00; total in-season OR:3.33 [1.69-6.65]

1.00-1.35; pre-season OR=1.95 [0.98-3.95]

1.35-1.50; pre-season OR=0.88 [0.28-4.66]

Pop = Gaelic

Football

1.00-1.35; early in-season OR=1.95 [0.98-3.95]

1.35-1.50; early in-season OR=0.88 [0.28-4.66]

1.00-1.35; late in-season OR=2.95 [0.98-3.95]

≥1.50; 7th year sRPE ≥1.50; 1st year OR:2.22 [1.45-3.36]

≥1.50; 2nd-3rd year OR:0.20 [0.04-0.78]

≥1.50; 4th-6th year OR:0.24 [0.06-0.80]

McCall et al.26 ACWR 0.60-2.0 sRPE 1.65-1.75 ES:0.45 [0.31-0.87]*

Pop = Soccer 0.90-1.10 # of sessions 1.00-2.00 ES:0.83 [0.56-1.60]*

ACWR 1.0-1.49 TD >2.0; pre-season RR:8.41 [1.09-64.93]

>2.0; in-season RR:6.52 [4.83-8.80]

HSR (18.01-24.00

km/h)

>2.0; in-season RR:4.66 [4.12-5.27]

Murray et al.27 Player Load >2.0; in-season RR:5.87 [4.12-8.36]

EMWA

ACWR

1.0-1.49 TD >2.0; pre-season RR:8.74 [7.35-10.39]

>2.0; in-season RR:21.28 [20.02-22.62]

Pop = AFL MSR (6.00-

18.00km/h)

>2.0; pre-season RR:6.03 [2.21-16.4]

>2.0; in-season RR:18.19 [17.17-19.27]

Player Load >2.0; pre-season RR:9.53 [5.31-17.11]

>2.0; in-season RR:13.43 [12.75-14.14]

ACWR 1.02-1.22 TD 1.23-1.61; short recovery RR=2.88 [0.97-8.55]*

Hulin et al.18 ≥1.62; short recovery RR=5.80 [1.75-19.2]*
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

0.67-0.86 TD ≥1.62; short recovery RR=3.41 [1.17-9.91]*

Pop = Rugby League 1.10-1.20 TD ≥1.50; long recovery RR=4.46 [0.91-21.91]*

ACWR <0.79 HSR (>20km/h) >1.18 OR=1.71 [1.08-3.26]*

Jaspers et al.25 <0.87 Acceleration

efforts

0.85-1.12 OR=0.39 [0.23-0.65]*

<0.86 Deceleration

efforts

0.86-1.12 OR=0.38 [0.20-0.72]*

Pop = Soccer <0.85 sRPE 0.87-1.12 OR=0.49 [0.24-1.02]*

>1.12 OR=0.69 [0.42-1.13]*

ACWR <0.49 TD >2.0; in-season RR:7.98 [5.86-10.88]* current week

HSR (18.01-24.00

km/h)

>2.0; in-season RR:11.62 [10.04-13.45]* current

week

0.50-0.99 TD >2.0; in-season RR:5.04 [4.16-6.11]* current week

LSR (0.00-6.00

km/h)

>2.0; in-season RR:9.06 [7.78-10.56]* current week

MSR (6.01-

18.00km/h)

>2.0; in-season RR:10.98 [10.73-11.25]* current

week

HSR (18.01-24.00

km/h)

>2.0; pre-season RR:6.46 [4.63-9.02]* next week

HSR (18.01-24.00

km/h)

>2.0; in-season RR:9.63 [9.21-10.07]* current week

Player Load >2.0; in-season RR:6.27 [5.62-6.00]* current week

Murray et al.22 1.00-1.49 TD >2.0; pre-season RR:4.87 [2.33-10.21]* next week

>2.0; in-season RR:5.49 [4.19-7.20]* next week

LSR (0.00-

6.00 km/h)

>2.0; pre-season RR:8.29 [2.90-23.69]* next week

Pop = AFL >2.0; in-season RR:7.25 [6.44-8.16]* next week

MSR (6.01-

18.00km/h)

>2.0; in-season RR:7.21 [6.80-7.65]* next week

HSR (18.01-24.00

km/h)

>2.0; in-season RR:6.54 [6.19-6.92]* current week

RR:4.36 [3.50-5.43]* next week

Player Load >2.0; pre-season RR:12.46 [8.35-18.59]* next week

>2.0; in-season RR:7.72 [7.57-7.88]* current week

RR:5.80 [4.62-7.27]* next week

ACWR 0.9-1.2, High

Chronic Load

sRPE 1.8-2.1, Very Low Chronic TD IRR:4.96; p=0.00 7 days later

IRR:5.67; p=0.00 14 days later

IRR:6.93; p=0.00 21 days later

IRR:4.89; p=0.00 28 days later
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

1.8-2.1, Very Low Chronic SD IRR:6.36; p=0.00 7 days later

IRR:4.58; p=0.00 14 days later

IRR:3.51; p=0.01 21 days later

IRR:2.81; p=0.03 28 days later

1.8-2.1, Very Low Chronic sRPE IRR:3.21; p=0.01 7 days later

IRR:3.32; p=0.00 14 days later

IRR:3.47; p=0.00 21 days later

IRR:2.71; p=0.00 28 days later

0.3-0.6, Very Low Chronic sRPE IRR:2.25; p=0.03 7 days later

IRR:2.38; p=0.02 14 days later

IRR:2.18; p=0.02 21 days later

IRR:2.15; p=0.01 28 days later

TD 1.5-1.8, Very Low Chronic SD IRR:3.31; p=0.02 7 days later

IRR:3.00; p=0.02 14 days later

IRR:2.53; p=0.02 21 days later

IRR:2.36; p=0.07 28 days later

Stares et al.38 0.0-0.3, Low Chronic Distance IRR:8.19; p=0.02 7 days later

IRR:5.49; p=0.06 14 days later

IRR:4.16; p=0.11 21 days later

Pop = AFL IRR:3.16; p=0.19 28 days later

SD (>75% max

speed)

2.1-3.0, Very Low Chronic SD IRR:3.04; p=0.03 7 days later

IRR:2.36; p=0.02 14 days later

IRR:1.94; p=0.03 21 days later

IRR:1.47; p=0.20 28 days later

2.1-3.0, Very Low Chronic sRPE IRR:3.14; p=0.03 7 days later

IRR:2.11; p=0.04 14 days later

IRR:2.39; p=0.01 21 days later

IRR:2.84; p=0.02 7 days later

0.0-0.3 Very Low Chronic sRPE IRR:1.56; p=0.19 14 days later

IRR:2.06; p=0.02 21 days later

IRR:1.61; p=0.07 28 days later

IRR:1.78; p=0.07 28 days later

1.8-2.1, Low Chronic Distance IRR:3.74; p=0.02 7 days later

IRR:2.63; p=0.04 14 days later

IRR:2.46; p=0.05 21 days later
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

IRR:1.69; p=0.24 28 days later

2.1-3.0, Low Chronic Distance IRR:3.71; p=0.03 7 days later

IRR:3.91; p=0.00 14 days later

IRR:3.83; p=0.00 21 days later

IRR:2.86; p=0.01 28 days later

2.1-3.0, Low Chronic Sprint

Distance

IRR:5.11; p=0.02 7 days later

IRR:3.37; p=0.01 14 days later

IRR:3.21; p=0.00 21 days later

IRR:2.41; p=0.03 28 days later

ACWR 1.0-1.49 sRPE ≤ 0.5 1.5x more injured players [0.30]^

Weiss et al.28 0.5 and 0.99 1.4x more injured players [0.25]^

Pop = Basketball ≥ 1.5 1.7x more injured players [0.50]^

Williams et al.29

Pop = Cross-Fit

ACWR Normal' ACWR

and 'moderate'

LnRMSSW

HRV High' ACWR and 'low' LnRMSDD RR: 2.61 [1.38-4.93]*

ACWR All Other sRPE 0.90-1.30 Protective effect

>1.25 and > 3.00

kg/kg deadlift

sRPE >1.25 and 2.50-2.90 kg/kg deadlift OR: 1.33 [1.10-1.59]

>1.25 and 1.70-2.40 kg/kg deadlift OR: 2.48 [1.33-3.87]

>1.25 and 1.00-1.70 kg/kg deadlift OR: 5.10 [3.98 -6.10]

>1.25 and 5 m in

< 0.88 seconds

sRPE >1.25 and 5 m in 0.88-0.92 seconds OR: 2.11 [1.45-3.23]

Malone et al.23 >1.25 and 5 m in 0.92-0.95 seconds OR: 3.23 [2.11-4.12]

>1.25 and 5 m in >0.95 seconds OR: 3.98 [2.34-4.55]

Pop = Hurling >1.25 and 10 m in

< 1.75 seconds

sRPE >1.25 and 10 m in 1.75-1.78

seconds

OR: 1.87 [1.34-2.54]

>1.25 and 10 m in 1.78 - 1.83

seconds

OR: 2.11 [1.45-3.11]

>1.25 and 10 m in > 1.83 seconds OR: 2.78 [1.32-3.14]

>1.25 and 20 m in

< 2.85 seconds

sRPE >1.25 and 20 m in 2.85-2.89

seconds

OR: 2.11 [1.76-3.12]

>1.25 and 20 m in 2.89 - 3.01

seconds

OR: 3.12 [2.87-4.11]

>1.25 and 20 m in > 3.01 seconds OR: 4.55 [2.12-4.98]

>1.25 and < 30

seconds RST

sRPE >1.25 and 30.50 - 34.00 seconds

RST

OR: 1.02 [0.26-2.59]

>1.25 and 34.50 - 36.00 seconds

RST

OR: 2.48 [1.33-3.87]
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

>1.25 and 36.50 - 40.00 seconds

RST

OR: 5.10 [3.98 -6.10]

EMWA

ACWR

N/A Mood N/A OR: 0.89 [0.85-0.94]

Hamlin et al.31 Sleep Quality N/A OR: 1.01 [0.96-1.06

Sleep Duration N/A OR: 0.94 [0.91-0.97]

Pop = Various

Sports

Energy N/A OR: 0.91 [0.88-0.94]

Academic N/A OR: 1.07 [1.01-1.14]

Combined N/A χ2= 31.76, 3 DoF

ACWR <2.11 sRPE >2.11 RR: 1.25 [0.67-2.35], p = 0.69

<1.5 sRPE >1.5 RR: 1.20 [0.81-1.77], p = 0.92

<1.3 sRPE >1.3 RR: 0.98 [0.71-1.36], p = 0.12

<1.25 sRPE >1.25 RR: 0.87 [0.64-1.20], p = 0.83

<0.85 sRPE >0.85 RR: 1.31 [1.02-1.70], p = 0.48

Delecroix et al.35 3 weeks ≤ 1.30 sRPE 3 weeks > 1.30 RR: 1.37 [1.05-1.77, p = 0.01

2 weeks > 0.85 sRPE 2 weeks ≤ 0.85 RR: 1.80 [1.38-2.33], p = <0.001

Pop = Soccer 2 weeks < 0.85 or

>1.25

sRPE N/A RR: 1.55 [1.20-1.99], p = <0.001

1 week > 0.85 sRPE 1 week > 0.85 RR: 1.94 [1.51-2.49], p = <0.001

1 week > 1.25 sRPE 1 week > 1.25 RR: 1.68 [1.23-2.29], p = 0.001

1 week < 0.85 or

> 1.25

sRPE N/A RR: 1.33 [1.01-1.75], p = 0.04

0.85 - 1.25 sRPE > 2.11 RR: 1.34 [0.70-2.56], p = 0.37

> 1.5 RR: 1.27 [0.84-1.92], p = 0.25

> 1.3 RR: 1.06 [0.75-1.51], p = 0.73

> 1.25 RR: 0.97 [0.69-1.36], p = 0.88

< 0.85 RR: 1.29 [0.97-1.72], p = 0.07

< 0.85 or > 1.25 RR: 1.16 [0.89-1.49], p = 0.27

ACWR N/A Duration N/A AUC: 0.580 [0.496-0.651], p = 0.09

TD N/A AUC: 0.549 [0.473-0.646], p = 0.097

Cummins et al.34 Relative distance

(m/min)

N/A AUC: 0.492 [0.406-0.585], p = 0.811

HSR (>20 km/h) N/A AUC: 0.504 [0.426-0.590], p = 0.205

VHSR (>25 km/h) N/A AUC: 0.543 [0.445-0.638], p = 0.205

Pop = Rugby League Acceleration

efforts

N/A AUC: 0.605 [0.533-0.680, p = 0.001
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

Deceleration

efforts

N/A AUC: 0.581 [0.503-0.650], p = 0.037

Player Load N/A AUC: 0.561 [0.460-0.656], p = 0.155

EMWAACWR <0.80 sRPE 0.80-1.30 HR: 1.21 [1.01-1.44]

Raya-Gonzalez et al.33

Pop = Soccer

ACWR Unknown sRPE Unknown OR: 0.16 [0.01-1.84]*

Colby et al.32

Pop = AFL

ACWR <3 exposures to

ACWR >1.37

over last 2 weeks

sRPE ≥3 exposures to ACWR >1.37

over last 2 weeks

Adj-IRR 1.93 (1.13-3.31)

Johnston et al.17 1.30-1.50 HR: 1.34 [1.01-1.76

Pop = Endurance

Sports

>1.50 HR: 2.15 [1.04-4.44]

ACWR 1:4; <0.60 sRPE 1:4; 0.60 - 0.97 RR: 0.88 [0.44-1.73]

1:4; 0.97 - 1.38 RR: 1.47 [0.78-2.78

1:4, > 1.38 RR: 1.86 [0.93-3.72]

1:4, 0.60 - 0.97 sRPE 1:4; 0.97 - 1.38 RR: 1.68 [1.02-2.78]

McCall et al.40 1:4, > 1.38 RR: 2.13 [1.20-3.77]

1:4, 0.97 - 1.38 sRPE 1:4, > 1.38 RR: 1.27 [0.76-2.11]

Pop = AFL 1:3, <0.59 sRPE 1:3, 0.59 - 0.97 RR: 0.77 [0.41-1.44]

1:3. 0.97-1.42 RR: 1.17 [0.65-2.11]

1:3, > 1.42 RR: 1.47 [0.76-2.82]

1:3, 0.59 - 0.97 sRPE 1:3. 0.97-1.42 RR: 1.52 [0.92-2.48]

1:3, > 1.42 RR: 1.90 [1.08-3.36]

1:3. 0.97-1.42 sRPE 1:3, > 1.42 RR: 1.25 [0.74-2.11]

EMWAACWR <0.80 Player Load > 1.30 RR: 3.05 [1.38-6.76]*

0.80-1.30 Player Load > 1.30 RR: 3.33 [1.35-8.19]*

<0.80 and low

21-day chronic

workload

Player Load > 1.30 and 21-day L CW RR: 14.15 [2.36-84.91]*

0.80-1.30 and low

21-day chronic

workload

Player Load >1.30 and 21-day L CW RR: 30.67 [3.03-310.51]*

<0.80 and high

21-day chronic

workload

Player Load 0.80-1.30 and 21-day H CW RR: 2.59 [1.36-4.93]*

>1.30 and high

21-day chronic

workload

Player Load 0.80-1.30 and 21-day H CW RR: 14.52 [2.38-88.66]*
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

ACWR 1.01-1.25 pre-

season, 1.03-1.14

inseason

sRPE <0.82 pre-season, <0.92 in-season HR: 1.03 [0.61-1.75]*

0.82-0.96 pre-season, 0.92-1.00 in-

season

HR: 1.05 [0.62-1.79]*

>1.25 pre-season, >1.14 in-season HR: 2.10 [1.32-3.30]*

1.10-1.53 pre-

season, 1.05-1.22

inseason

Player Load <0.86 pre-season, <0.87 in-season HR: 0.84 [0.47-1.52]*

0.86-1.09 pre-season, 0.87-1.04 in-

season

HR: 1.47 [0.88-2.50]*

> 1.53 pre-season, >1.22 in-season HR: 2.20 [1.36-3.60]*

1.10-1.52 pre-

season, 1.05-1.22

inseason

TD <0.85 pre-season, <0.88 in-season HR: 0.92 [0.51-1.67]*

0.85-1.09 pre-season, 0.88-1.04 in-

season

HR: 1.85 [1.11-3.10]*

>1.52 pre-season, >1.22 in-season HR: 2.40 [1.48-3.90]*

1.06-1.50 pre-

season, 1.03-1.24

inseason

HSR (> 4.17 m/s) <0.78 pre-season, <0.83 in-season HR: 0.67 [0.39-1.14]*

0.78-1.05 pre-season, 0.83-1.02 in-

season

HR: 0.90 [0.55-1.47]*

Sampson et al.39 >1.50 pre-season, >1.24 in-season HR: 1.37 [0.88-2.10]*

EWMAACWR 0.97-1.11 pre-

season, 1.01-1.10

inseason

sRPE <0.86 pre-season, <0.92 in-season HR: 1.75 [0.98-3.10]*

0.86-0.96 pre-season, 0.92-1.00 in-

season

HR: 1.52 [0.83-2.80]*

>1.11 pre-season, >1.10 in-season HR: 4.00 [2.40-6.70]*

Pop = American

Football

1.16-1.49 pre-

seaon, 1.02-1.16

inseason

Player Load <0.92 pre-season, <0.89 in-season HR: 3.30 [1.64-6.70]*

0.92-1.15 pre-season, 0.89-1.01 in-

season

HR: 1.92 [0.90-4.00]*

>1.49 pre-season, >1.16 in-season HR: 6.80 [3.50-13.00]*

1.15-1.48 pre-

season, 1.02-1.16

inseason

TD <0.91 pre-season, <0.89 in-season HR: 3.00 [1.52-6.30]*

0.91-1.14 pre-season, 0.89-1.01 in-

season

HR: 2.10 [1.01-4.40]*

>1.48 pre-season, >1.16 in-season HR: 6.80 [3.60-13.00]*

1.09-1.43 pre-

season, 1.00-1.16

inseason

HSR (> 4.17 m/s) <0.86 pre-season, <0.84 in-season HR: 1.59 [0.83-3.00]*

(Continued)
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Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

0.86-1.08 pre-season, 0.84-0.99 in-

season

HR: 2.00 [1.09-3.90]*

>1.43 pre-season, >1.16 in-season HR: 4.60 [2.60-8.10]*

ACWR 1.01-1.25 pre-

season, 1.03-1.14

inseason

sRPE <0.82 pre-season, <0.92 in-season HR: 1.01 [0.59-1.75]*

0.82-0.96 pre-season, 0.92-1.00 in-

season

HR: 0.96 [0.57-1.67]*

>1.25 pre-season, >1.14 in-season HR: 1.81 [1.12-2.90]*

>1.25 pre-season, >1.14 in-season

+ RLI

HR:3.70 [1.78-7.80]*

combined with 1.10-1.53 pre-

season, 1.05-1.22

inseason

Player Load <0.86 pre-season, <0.87 in-season HR:1.02 [0.54-1.92]*

previous leg 0.86-1.09 pre-season, 0.87-1.04 in-

season

HR: 1.72 [0.98-3.00]*

injuries > 1.53 pre-season, >1.22 in-season HR: 2.50 [1.50-4.30]*

> 1.53 pre-season, >1.22 in-season

+ RLI

HR: 5.40 [2.50-12.00]*

1.10-1.52 pre-

season, 1.05-1.22

inseason

TD <0.85 pre-season, <0.88 in-season HR: 1.14 [0.60-2.20]*

0.85-1.09 pre-season, 0.88-1.04 in-

season

HR: 2.30 [1.27-4.00]*

>1.52 pre-season, >1.22 in-season HR: 2.80 [1.48-3.90]*

>1.52 pre-season, >1.22 in-season

+ RLI

HR: 5.80 [2.70-12.50]*

1.06-1.50 pre-

season, 1.03-1.24

inseason

HSR (> 4.17 m/s) <0.78 pre-season, <0.83 in-season HR: 0.62 [0.35-1.10]*

0.78-1.05 pre-season, 0.83-1.02 in-

season

HR: 0.98 [0.58-1.64]*

>1.50 pre-season, >1.24 in-season HR: 1.30 [0.81-2.10]*

>1.50 pre-season, >1.24 in-season

+ RLI

HR: 2.80 [1.36-5.90]*

EWMAACWR 0.97-1.11 pre-

season, 1.01-1.10

inseason

sRPE <0.86 pre-season, <0.92 in-season HR: 1.75 [0.99-3.10]*

combined with 0.86-0.96 pre-season, 0.92-1.00 in-

season

HR: 1.27 [0.68-2.30]*

previous leg >1.11 pre-season, >1.10 in-season HR: 3.60 [2.10-6.10]*

injuries >1.11 pre-season, >1.10 in-season

+ RLI

HR: 6.80 [3.20-14.00]*

(Continued)
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was not able to adequately compare variables to find those

most related to injury risk, it does appear that the ACWR

itself may matter more than the variable studied. For

example, utilizing LSR, MSR, and HSR all tended to

result in increased injury risked with higher ACWR.

Further research will need to be completed to adequately

compare variables to each other.

Internal Loads
High variability also existed in using ILs and ACWRs.While

most studies utilized sRPE, reference groups ranged from

1.0021 to 0.90–1.20.38 ACWRs were also variable as one

study20 examined a range from 0.85 to 1.00, while another

study21 analyzed a range from 1.00 to 1.35. ACWRs were

also examined in combination with varying chronic

workloads38 or varying times in the year.21 This makes

further systematic analysis of the effectiveness of the

ACWR while using ILs difficult. However, with the “good”

quality of included studies,9,10,20,21,24-26,28–30,37,38 it does

appear that utilizing ACWR and sRPE may relate to injury

risk in athletic populations. In addition, it was also found that

utilizing ACWR and measures of stress, sleep, mood, and

energy were significantly related to injury risk.31

Limitations
Several limitations exist in this paper. As noted in

the Materials and Methods section, there is potential for

search bias, duplication bias, inclusion criteria bias and selec-

tor bias. Publication bias might also exist in the current

literature, but this was not accounted for in the current

study, which may influence the positive findings regarding

ACWR and its association with injury risk. Secondly, a meta-

analysis may have been able to provide more objective

information. This was unable to be completed due to the

Table 4 (Continued).

Article and

Population

Method Reference Variable ACWR/TSB Relationship

1.16-1.49 pre-

season, 1.02-1.16

in-season

Player Load <0.92 pre-season, <0.89 in-season HR: 3.30 [1.54-7.70]*

0.92-1.15 pre-season, 0.89-1.01 in-

season

HR: 2.40 [1.06-2.60]*

>1.49 pre-season, >1.16 in-season HR: 8.00 [3.90-17.00]*

>1.49 pre-season, >1.16 in-season

+ RLI

HR: 16.00 [6.40-40.00]*

1.15-1.48 pre-

season, 1.02-1.16

in-season

TD <0.91 pre-season, <0.89 in-season HR: 3.10 [1.41-6.70]*

0.91-1.14 pre-season, 0.89-1.01 in-

season

HR: 2.70 [1.19-6.30]*

>1.48 pre-season, >1.16 in-season HR: 8.10 [3.90-17.00]*

>1.48 pre-season, >1.16 in-season

+ RLI

HR: 16.00 [6.40-40.00]*

1.09-1.43 pre-

season, 1.00-1.16

in-season

HSR (> 4.17 m/s) <0.86 pre-season, <0.84 in-season HR: 1.67 [0.82-3.30]*

0.86-1.08 pre-season, 0.84-0.99 in-

season

HR: 2.10 [1.04-4.00]*

>1.43 pre-season, >1.16 in-season HR: 5.10 [2.80-9.40]*

>1.43 pre-season, >1.16 in-season

+ RLI

HR: 5.70 [2.60-12.00]*

Notes: [], 95% Confidence interval; []a, 90% confidence interval.

Abbreviations: ACWR, acute:chronic workload ratio; HSR, high speed running; MSR, medium speed running; sRPE, session rating of perceived exertion; TSB, training

stress balance; TD, total distance; LCW, low chronic workload; HCW, high chronic workload; LSR, low speed running; SD, Sdrint Distance; HRV, heart rate variability;

LnRMSSD, log-transformed square root of the mean sum of the squared differences between R-R intervals; RLI, recent leg injury.
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high variability in the data, as well as difference in statistical

variables used (OR, RR, and IRR). Authors were contacted

for their data in an attempt to convert all outcomes to one

variable, however not enough authors responded. Future

research should utilize either one statistical variable or pre-

sent the sample numbers of athletes injured and non-injured

to allow conversion between variables.

Though there appears to be a relationship between both

ELs and ILs and injury risk, it is important to note, this relation-

shipmay be the result of false correlations due to the acute load

being present in both the numerator and denominator42 or

confounded from an athletic schedule.43 Future research will

need to be performed to demonstrate the impact of these

factors. Until these factors are accounted for in future research,

findings should not be interpreted with complete confidence.

Clinically, practitioners should realize the ACWR is only part

ofmanaging load and injury risk. Othermethods, such as week

to week changes, or factors, such as sleep, recovery, and

nutrition, need to be utilized as part of a comprehensive injury

management program. In addition, studies presented in this

article also highlighted the importance offitness23 and previous

injury on injury risk,36 and these factors should not be ignored

when attempting to minimize incidence of injuries.

Conclusion
Given the high variability in studies, little statistical information

can be constructed based on the current research. However, the

studies included in this review were generally of “good” quality,

were completed in multiple countries and encompassed various

sports. These studies do suggest that ACWRs follow a parabolic

curve when related to injury risk. This is in support of Gabbett,5

who stated the lowest injury riskwould fall between0.80 and1.30.

However, given the potential limitations of ACWR mentioned

above, clinicians should not solely rely on this method and use it

cautiously. In the future, researchers should collaborate on meth-

odologies or generate set protocols to follow when designing

studies with similar reference values, ACWR ranges, and confi-

dence intervals. An example of a set reference group may be the

range of 0.80–1.30, as it may be correlated to the lowest risk of

injury.Thiswill potentially result in amore robustfieldof research,

allowing strong conclusions regarding the relationship between

ACWR and injury risk.
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Figure 2 Injury risk combined effect size.

Abbreviations: sRPE, session RPE; OR, odds ratio; RR, relative risk; MSR, medium speed running; PL, player load; HSR, high speed running; TD, total distance.
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