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Abstract
Lower-limb muscle injuries are common in football and are often linked to fluctuations in training load. Global Position-
ing System/Global Navigation Satellite System (GPS/GNSS) and Inertial Measurement Unit (IMU) based monitoring 
of external workload is now routine, yet evidence for its association with injury risk remains inconsistent. This review 
aimed to synthesize current evidence on the relationship between GPS/IMU-derived workload variables and lower-limb 
muscle injuries in football players. Following PRISMA guidelines, we searched PubMed and Scopus to September 2025. 
Eligible studies involved football players at any competitive level, reported GPS/IMU-based workload metrics, and in-
cluded muscle-injury outcomes. Study quality was assessed with the Newcastle–Ottawa Scale. Twelve studies met the 
inclusion criteria for qualitative synthesis; however, only four studies provided extractable statistical data for quantita-
tive pooling. These four studies contributed 21 independent effect-size comparisons, analysed as odds ratios (ORs) or 
relative risks (RRs). Workload definitions and thresholds varied substantially across studies—particularly speed zones, 
sprint metrics, and ACWR calculations—limiting direct comparability. The exploratory quantitative analysis of OR-based 
studies showed no significant association between high workload and injury risk (pooled OR=1.33, 95% CI 0.85–2.07; 
p=0.21; I²=93%). In contrast, the RR-based analysis indicated a significant association, with high workloads more than 
doubling injury risk (pooled RR=2.33, 95% CI 1.65–3.30; p<0.00001; I²=0%). Given the small number of extractable stud-
ies and substantial heterogeneity in workload definitions, these findings should be interpreted as exploratory rather 
than confirmatory. GPS/IMU-monitored external workload may be associated with muscle-injury risk, but the direction 
and magnitude depend on analytic approach and how “high workload” is operationalized. Larger, multi-club prospective 
studies with standardized workload definitions are needed to strengthen the evidence base.
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Introduction 
Lower-limb muscle injuries are among the most prev-

alent health problems in football (soccer) (Ferdinand et al., 
2025; Nilsson et al., 2023; Nobari et al., 2021, 2022). They re-
duce on-field performance and cause short- and long-term 
absences, which affects team continuity and results (Fanchini 
et al., 2018; Windt et al., 2018). The high incidence of muscle 
injuries makes this issue a significant concern in sports medi-
cine and athlete performance management.

One factor believed to contribute to injuries is training 
load. The physical load from training and competition, referred 
to as training load, is defined as ‘the cumulative stress placed 
on an individual from multiple training sessions and matches 
over a given period of time’ (Zumeta-Olaskoaga et al., 2025). 
Training load is generally a result of training intensity and du-
ration, and research shows that an increase in training load is 
associated with an increase in the frequency and severity of 
injuries (Georgiadis et al., 2024; Sumartiningsih et al., 2022). 
Excessive, disproportionate, or poorly managed training load 
can increase the risk of lower-limb muscle injuries (Carling et 
al., 2018; Windt et al., 2017; Windt & Gabbett, 2017). There-
fore, monitoring and managing training load is crucial in pre-
venting injuries and optimizing player performance.

Recent technological advances have enabled routine 
monitoring of athlete-performance indicators. In professional 
football, Local Positioning Systems (LPS), GNSS/ GPS) and 
IMU are used to quantify external load. LPS and GPS are used 
to measure distance traveled at various speed zones (e.g. high-
speed running distance or HSRD), or the number of speed 
changes, (e.g. acceleration (ACC). Meanwhile, IMUs capture 
movement dynamics and estimate the mechanical load im-
posed during training and matches. These systems are now 
standard for real-time external-load monitoring and support 
day-to-day training decisions (Colby et al., 2014; de Dios-Ál-
varez et al., 2023; Piłka et al., 2023; Saberisani et al., 2025). 
The data collected includes distance, speed, sprints, accelera-
tion-deceleration, and power output.

In practice, several key variables are used to evaluate 
external load, including total distance, high-speed running, 
sprint distance, number of accelerations-decelerations, and 
the acute: chronic workload ratio (ACWR) (Buchheit et al., 
2021; Clemente et al., 2021; Colby et al., 2014; Fousekis et al., 
2025; Georgiadis et al., 2024). These variables characterize the 
intensity and distribution of training load, which may be as-
sociated with injury risk.

However, the operational definitions of these workload 
metrics vary widely across studies (Buchheit et al., 2021; 
Windt et al., 2018; Windt & Gabbett, 2017). Speed thresholds 
for high-speed running and sprinting differ considerably be-
tween teams and tracking systems, and ACWR is calculated 
using multiple non-equivalent formulas. Similarly, acceler-
ations, decelerations, and sprint variables are inconsistently 
defined across the literature (Buchheit et al., 2021; Windt et 
al., 2018; Windt & Gabbett, 2017). This lack of standardization 
has created substantial heterogeneity in how “training load” 
is conceptualized and measured, contributing to inconsistent 
findings regarding its association with injury risk.

However, no systematic review or meta-analysis has 

specifically focused on the association between GPS/GNSS/
IMU-derived exercise load variables and lower-limb muscle 
injuries in football players. This gap is significant because, al-
though monitoring technology is now standard in profession-
al practice, the scientific evidence supporting its use in injury 
prevention remains limited and fragmented. This study aims to 
systematically synthesize observational findings on the relation-
ship between GPS-based training load variables and the risk of 
lower-limb muscle injuries in football players. The results are ex-
pected to provide a more comprehensive scientific understand-
ing and offer practical insights for coaches, medical staff, and 
performance managers in developing injury prevention strate-
gies informed by training load monitoring technologies.

Given the substantial variability in workload definitions 
and analytic approaches across studies, a systematic synthesis 
is needed to clarify the current evidence and assess the extent 
to which meaningful conclusions can be drawn.

Methods
Search strategy

A comprehensive literature search was performed in Sco-
pus and PubMed databases to identify relevant studies exam-
ining the association between GPS-monitored workload and 
lower-limb muscle injuries in football players. The search per-
formed up to September 4, 2025, included no restrictions on 
publication year, using a combination of controlled vocabulary 
and free-text terms. Search terms covered sport-related key-
words (“soccer,” “football”), monitoring technologies (“GPS,” 
“GNSS,” “local positioning system,” “wearable tracking”), 
workload variables (“training load,” “external load,” “acute: 
chronic workload ratio,” “high-speed running,” “sprint dis-
tance,” “acceleration,” “deceleration,” “distance covered”), and 
injury outcomes (“muscle injury,” “hamstring injury,” “quadri-
ceps injury,” “adductor injury,” “calf injury,” “lower-limb inju-
ry,” “time-loss injury,” “injury incidence,” “injury risk,” “injury 
occurrence”). Eligible study designs were cohort, longitudinal, 
prospective, observational, and randomized controlled tri-
als. Only peer-reviewed, English-language articles indexed in 
PubMed and Scopus were eligible. The reference lists of in-
cluded studies were also screened to identify additional rele-
vant publications not retrieved by the database search.

Study selection and eligibility criteria
The initial search yielded 100 records (Scopus =70; 

PubMed =30). After removing duplicates, 70 unique articles 
were screened by title and abstract. Of these, 33 were excluded 
for not meeting the inclusion criteria (e.g., irrelevant popu-
lation, GPS not used for workload monitoring, or outcomes 
unrelated to injury). The full text of 37 articles was assessed 
for eligibility, and 25 studies were excluded for the following 
reasons: no GPS workload data (n=9), no injury outcomes re-
ported (n=5), or inappropriate study design (not RCT, cohort, 
case-control, or longitudinal observational; n=11). Ultimate-
ly, 12 articles fulfilled all eligibility criteria and were included 
in the qualitative synthesis. Of these, four provided sufficient 
statistical information for quantitative synthesis. Because 
several studies reported multiple effect sizes (e.g., Malone et 



DOI 10.26773/smj.260219

WEARABLE WORKLOAD AND MUSCLE INJURIES IN FOOTBALL | Y.N. HANIEF ET AL.

171

al., 2018: six outcomes; Jaspers et al., 2018: nine outcomes; 
Nobari et al., 2021: four outcomes; Nobari et al., 2022: two 
outcomes), the meta-analysis included a total of 21 indepen-
dent comparisons (15 OR-based and 6 RR-based), which were 
analysed according to their reported effect measure. The re-
view followed PRISMA guidelines for systematic reviews and 
meta-analyses, and the protocol was prospectively registered 
with PROSPERO (CRD420251146818). The PRISMA flow 
diagram (Figure 1) summarizes the study selection process. 
When critical statistical information was unavailable, corre-
sponding authors were contacted (up to three times) to re-
quest additional data. Studies that remained incomplete were 
excluded from the quantitative synthesis but were described 
narratively. The eligibility criteria were defined using the PI-
COS framework. The population (P) included male and fe-
male football players of all competitive levels (professional, 
semi-professional, academy, and youth). The exposure (I) 

was workload variables measured with GPS/IMU technology, 
including total distance, high-speed running distance, sprint 
distance, accelerations/decelerations, ACWR, and player load. 
The comparators (C) included injured versus non-injured 
players, or groups exposed to different workload levels (e.g., 
high vs. low workload). The outcomes (O) were lower-limb 
muscle injuries (hamstring, quadriceps, adductor, calf), mea-
sured by incidence, recurrence, and time-loss injuries. Eligible 
study designs (S) were primary studies such as randomized 
controlled trials (RCTs), cohort, case-control, and longitudi-
nal observational studies.

Although twelve studies met the eligibility criteria and 
were included in the qualitative synthesis, only four studies 
provided extractable numerical data (i.e., odds ratios, relative 
risks, or raw injury counts) suitable for quantitative pooling. 
The remaining studies lacked compatible effect estimates or 
reported workload variables using non-comparable formats.

Figure 1. Flowchart of study selection

Id
en

tifi
ca

tio
n Records identified through 

database searching databases:
Scopus (n = 70)

PubMed (n = 30)

Records excluded based on 
title and abstract

(n = 33)

Full-text articles excluded (n = 25):
No GPS workload (n = 9)
No injury report (n = 4)

Not RCT, cohort, case-control, 
longitudinal observational (n = 11)

Records screened
(n = 70)

Full-text articles assesed for eligibility
(n = 37)

Full-text articles excluded
(n = 25)

Studies included in qualitative 
synthesis
(n = 12)

Unique studies included in 
qualitative synthesis

(n = 12)

Sc
re

en
in

g
El

ig
ib

ili
ty

In
cl

ud
ed

Definition and categorization of workload variables
Workload variables reported across the included stud-

ies were highly heterogeneous in definition, thresholding, 
and calculation methods. To enable transparent synthesis, we 
grouped workload metrics into broader conceptual categories 
based on their physiological and mechanical characteristics. 
Total distance, high-speed running distance, and sprint dis-
tance were classified as “locomotor distance-based metrics.” 

Accelerations, decelerations, and change-of-direction actions 
were categorized as “accelerometry-based metrics.” Acute/
chronic workload ratio (ACWR) variables were grouped sep-
arately because of their distinct temporal structure and the 
use of multiple non-equivalent calculation methods (e.g., roll-
ing average vs. EWMA-based models). These categorizations 
were used to guide narrative comparison and to avoid pooling 
conceptually incompatible variables within the meta-analysis.
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Study characteristics
Two researchers (YNH and SS) independently extract-

ed data using a predefined form. Variables collected included: 
study characteristics, population type, GPS/IMU technology, 
injury definition, sample size, and effect-size values (OR, RR, 
HR) with 95% CI or raw data. Disagreements were resolved 
through discussion, and a third reviewer (SR) was consulted 
when necessary. Inter-rater reliability was calculated (Cohen’s 
κ/ICC). For the NOS quality assessment, inter-rater reliability 
was good (ICC=0.84, 95% CI).

Methodological quality assessment
Two authors independently assessed the methodological 

quality of the included studies using criteria adapted from the 
Newcastle–Ottawa Scale (NOS) for cohort and observational 
designs. The assessment focused on three domains: (1) selec-
tion of participants and exposure measurement (e.g., clarity 
of the football population, validity of GPS devices); (2) com-
parability of groups (e.g., adjustment for potential confound-
ers such as age, playing position, or match exposure); and (3) 
outcome assessment (e.g., definition of muscle injury, objec-
tive confirmation, and adequacy of follow-up). Each study re-
ceived a risk-of-bias rating (low, moderate, or high). Disagree-
ments were resolved through discussion until consensus was 
reached. The NOS was chosen because most included stud-
ies used observational cohort designs, and the criteria were 
adapted to the context of sports injuries. Figure 1 shows the 
PRISMA flow diagram for study selection.

Most studies were rated as having moderate meth-
odological quality, mainly due to limited sample sizes, sin-
gle-team designs, and lack of adjustment for confounding 
variables. Nevertheless, all included articles employed pro-
spective or longitudinal injury surveillance and used validated 
GPS or GNSS devices, supporting the reliability of workload 
and injury measurements. Any discrepancies in quality rat-
ings between reviewers were resolved through discussion un-
til consensus was reached.

Most studies were rated as of moderate quality, primar-
ily due to small sample sizes, single-team designs, and limit-
ed adjustment for potential confounders. Nevertheless, using 
validated GPS/GNSS devices and standardized injury defini-
tions strengthened the methodological rigor across studies. 
Inter-rater reliability of NOS ratings was good (ICC=0.84, 
95% CI).

Study outcomes and effect size calculation
The primary outcome was the incidence of lower-limb 

muscle injuries in football players, including hamstring, quad-
riceps, adductor, and calf injuries, as well as composite catego-
ries of non-contact and overuse muscle injuries. Only studies 
reporting outcomes according to established consensus defi-
nitions (e.g., time-loss or medical-attention criteria) were in-
cluded. Exposure variables comprised training-load metrics 
obtained from GPS/GNSS and IMU devices, including total 
distance, high-speed running distance, sprint distance, accel-
erations and decelerations, weekly acute workload, four-week 
rolling-average chronic workload, ACWR, and composite in-

dices such as player load.
For the meta-analysis, studies were eligible if they pro-

vided sufficient statistical information (odds ratios [ORs], 
relative risks [RRs], hazard ratios [HRs]), or raw data permit-
ting conversion to effect sizes). Reported ORs and RRs were 
extracted directly, and when 95% confidence intervals (CIs) 
were available, log odds ratios (logOR) and their standard er-
rors (SE) were computed using standard formulas. If only HRs 
were reported, they were synthesized qualitatively but not 
pooled. Log odds ratios were calculated as logOR = ln(OR), 
while the standard error was derived from the 95% CI using 
the formula SE_logOR = (ln[upper_CI] − ln[lower_CI]) /
(2×1.96), and the variance as vi = SE_logOR² (ln denotes the 
natural logarithm).

Effect sizes were pooled using a random-effects model to 
account for between-study heterogeneity. Subgroup analyses 
were planned to compare non-contact and overuse injuries; 
however, because of the limited number of studies, these com-
parisons were interpreted narratively rather than pooled. Het-
erogeneity was assessed using Cochran’s Q (Chi²), τ², and I², 
and publication bias was assessed visually using funnel plots. 
The quantitative synthesis was performed in Review Manag-
er (RevMan, version 5.4; Cochrane Collaboration, London, 
UK). RevMan generated forest plots displaying individual 
study estimates (log(OR) or log (RR)), their standard errors 
and study weights, alongside the pooled effect size with 95% 
CI, illustrating consistency across studies. Heterogeneity sta-
tistics (τ², Chi², and I²) and the overall test of effect (Z statistic 
and p-value) were also produced. In accordance with PRIS-
MA guidelines, the forest plots were exported directly from 
RevMan and incorporated into the Results section.

Because the number of eligible studies was extremely 
limited (n=4), subgroup analysis and meta-regression could 
not be performed due to insufficient statistical power. Al-
though 15 odds-ratio comparisons were analyzed, these out-
comes originated from only two original studies, which fur-
ther restricted the ability to explore sources of heterogeneity. 
Consequently, while several training-load indicators suggest-
ed an elevated injury risk, the high heterogeneity (τ²=0.69, 
Chi²=192.56, p<0.00001, I²=93%) could not be meaningfully 
investigated, and a random-effects model was applied for all 
pooled estimates.

Secondary analysis
Secondary analyses were performed to evaluate the ro-

bustness of the pooled effects. Publication bias was assessed 
visually using funnel plots; however, because fewer than ten 
studies were included in the meta-analysis, the interpretation 
of any asymmetry was limited. Sensitivity analyses (e.g., leave-
one-out procedures) and formal statistical tests (e.g., Egger’s 
regression test, prediction intervals) were initially planned 
but not performed due to the small number of eligible stud-
ies. Therefore, the results of the secondary analyses should be 
interpreted with caution. All analyses used Review Manager 
(RevMan, version 5.4; Cochrane Collaboration, London, UK).

Because the included studies reported effect estimates 
using different statistical measures (i.e., odds ratios and rel-
ative risks), pooling was performed separately for OR-based 
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Authors 
(Year) Country Population Load 

Variables
Injury 

Outcomes Key Results
Meta-

analysis 
Eligibility

Morgans et 
al. (2025) England 30 EPL 

players
Sprint 

distance
Hamstring 

injury

Players who sustained injuries 
had higher sprint distance in the 
week prior to injury (p = 0.038).

Insufficient 
data

Zumeta-
Olaskoaga 

et al. 
(2025)

Spain 36 LaLiga 
players

Cumulative 
distance, 

avg. speed

Non-
contact 
injuries

Cumulative workload from 
the last seven sessions was 

associated with increased injury 
risk.

Not 
compatible

Soler et al. 
(2025) Spain 41 LaLiga 

players
TD, HMLD, 
Acc/Dec

Calf 
injuries

Greater total distance and 
high metabolic load distance 
in the week before injury were 
significantly associated with 

calf injuries.

Not 
compatible

Marshall et 
al. (2024) Germany

23 
Bundesliga 

players

HMLD, 
ACWR, CW

Non-
contact 
injuries

Chronic workload was the 
strongest predictor of injury 

compared to acute workload or 
ACWR.

Narrative 
only

González 
et al. 

(2024)
Spain

24 FC 
Barcelona 

Women

Player load 
+ omics

Non-
contact 
injuries

Combining player load with 
genetic and metabolomic data 
improved injury risk prediction 
compared to workload alone.

Narrative 
only

Herazo-
Sánchez et 
al. (2024)

Colombia 31 pro 
players

TD, HIRd, 
sprints

Hamstring 
injuries

No significant associations 
were found between external 

workload and hamstring 
injuries.

Narrative 
only

Nilsson et 
al. (2023) Sweden

56 youth 
elite 

players

Internal & 
external 

load

Trauma & 
overuse 
injuries

Sudden increases in training 
load were associated with 

higher injury risk, while regular 
sprinting appeared to have a 

protective effect.

Narrative 
only

Table 1. Study characteristics

and RR-based outcomes. Converting OR to RR was avoided 
because the required baseline-risk assumptions could not be 
satisfied given the heterogeneity across studies. Therefore, two 
independent meta-analyses were conducted, and their find-
ings were interpreted with caution due to the limited number 
of available studies. Because the number of included studies 
was limited (n=4), subgroup analysis and meta-regression 
could not be performed due to insufficient statistical pow-
er. Consequently, heterogeneity was addressed using a ran-
dom-effects model for all meta-analytic calculations.

Results
The initial database search identified 100 records (Sco-

pus, n=70; PubMed, n=30). After deduplication, 70 unique 
records remained for screening. Following title and abstract 
screening, 33 records were excluded, leaving 37 full-text arti-
cles for eligibility assessment. Of these, 25 were excluded due 

to lack of GPS/GNSS-derrived workload data (n=9), absence 
of injury outcomes (n=5), or ineligible study design (n=11). 
Consequently, 12 studies met all inclusion criteria and were 
included in the qualitative synthesis and methodological qual-
ity assessment (Figure 1). Because several studies reported 
multiple effect sizes (e.g., Malone et al., 2018: six; Jaspers et al., 
2018: nine; Nobari et al., 2021: four; Nobari et al., 2022: two), 
the meta-analysis was based on 21 independent comparisons 
(15 OR-based, 6 RR-based). The studies varied in sample size, 
competitive level, and exposure measures, but all met the eligi-
bility criteria and provided sufficient statistical information for 
pooling. The methodological quality of these 12 studies was 
appraised using the Newcastle–Ottawa Scale (NOS). Overall, 
the studies demonstrated acceptable quality, with scores rang-
ing from 5 to 8. Based on the ratings, five studies were cate-
gorized as low risk of bias, six as moderate, and one as high. 
Details of the assessment are presented in Table 2.
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Table 2. Quality assessment of included studies – Newcastle–Ottawa Scale (NOS)

Author/Year Selection Comparability Outcome Total Risk of Bias

Morgans et al. (2025) 3 1 2 6 Moderate

Zumeta-Olaskoaga et al. (2025) 4 1 2 7 Moderate

Soler et al. (2025) 3 1 2 6 Moderate

Marshall et al. (2024) 3 2 2 7 Low

González et al. (2024) 3 1 3 7 Low

Herazo-Sánchez et al. (2024) 2 1 2 5 High

Nilsson et al. (2023) 3 1 2 6 Moderate

Martins et al. (2023) 3 1 2 6 Moderate

Nobari et al. (2022) 4 2 2 8 Low

Authors 
(Year) Country Population Load 

Variables
Injury 

Outcomes Key Results
Meta-

analysis 
Eligibility

Martins et 
al. (2023) Portugal 33 Liga 

players
TD, HSR, 

ACC, DEC
Lower-limb 

injuries

Higher total distance, high-
speed running, accelerations, 
and decelerations in the four 

weeks before injury were linked 
to increased risk.

Narrative 
only

Nobari et 
al. (2022) Iran 21 pro 

players
ACWR, 
1-AW

Non-
contact 
injuries

Weeks with high ACWR or 
acute workload variation were 
associated with higher risk of 
non-contact injuries (OR/RR 

significant).

Included 
(RR)

Nobari et 
al. (2021) Iran 21 pro 

players
TD, HSD, 
SPD, RS

Non-
contact 
injuries

High sprint-related loads 
(total distance, high-speed 
distance, sprint distance) 

significantly increased the risk 
of non-contact injuries (OR/RR 

significant).

Included 
(RR)

Jaspers et 
al. (2018) Turkey 30 pro 

players
TD, HSR, 

s-RPE
Overuse 
injuries

Greater total distance and 
higher session-RPE were 

significant predictors of overuse 
injuries (OR significant).

Included 
(OR)

Malone et 
al. (2018) Europe 37 elite 

players

HSR, 
sprinting, 
chronic 

load

Lower-limb 
injuries

Excessive high-speed running 
and sprinting loads increased 
injury risk, while good aerobic 
fitness and chronic high load 

had protective effects.

Included 
(OR)

Abbreviations: TD-total distance; HMLD-high metabolic load distance; Acc/Dec-accelerations/decelerations; 
ACWR-acute:chronic workload ratio; CW-chronic workload; HIRd-high-intensity running distance; HSR-high-speed running; 
ACC-accelerations; DEC-decelerations; 1-AW-one-week acute workload; HSD-high-speed distance; SPD-sprint distance; RS-re-
peated sprint; s-RPE-session rating of perceived exertion. Studies labeled as “Not compatible” or “Insufficient data” were 
excluded from the quantitative synthesis because they did not provide the minimum numerical information required for 
effect-size calculation.

(continued from previous page)
Table 1. Study characteristics
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(continued from previous page)
Table 2. Quality assessment of included studies – Newcastle–Ottawa Scale (NOS)

Author/Year Selection Comparability Outcome Total Risk of Bias

Nobari et al. (2021) 4 2 2 8 Low

Jaspers et al. (2018) 3 1 3 7 Low

Malone et al. (2018) 3 1 2 6 Moderate

Because the extractable studies used different effect-size 
metrics (OR vs. RR), two independent meta-analyses were 
performed. OR-based and RR-based results were therefore in-
terpreted separately to avoid combining conceptually incom-
patible estimates. A meta-analysis of studies reporting odds 
ratios (ORs) (Jaspers et al., 2018; Malone et al., 2018) showed 
no significant association between high training load and in-
creased risk of lower-limb muscle injury (pooled OR=1.33; 
95% CI [0.85–2.07], p=0.21). Study-specific estimates be-
tween studies varied widely (OR ranged from 0.12 to 6.11), re-
flecting differences in workload definition such as sprint dis-
tance, high-speed running, session-RPE, and total distance. 
Heterogeneity between studies was very high (Tau²=0.69, 
Chi² 192.56, p 0.00001, I²=93%), indicating inconsistency in 
study results. Thus, although some training load indicators 
showed an increased risk of injury, the combined effect did 

not reach statistical significance. It should also be noted that 
despite the relatively large number of outcomes analyzed (15 
OR-based comparisons), these were derived from only two 
original studies. This limited study base reduces the robust-
ness of the findings and increases the risk of bias, warranting 
cautious interpretation.

In contrast, studies reporting risk ratios (RRs) (Nobari et 
al., 2021, 2022) indicated a consistent and robust association 
between higher workload and injury risk (pooled RR =2.33; 
95% CI [1.65–3.30], p<0.00001; I²=0%; Figure 2b). These 
findings suggest that athletes exposed to higher workloads 
have more than double the risk of injury compared with those 
with lower exposure. Risk estimates also appeared higher for 
non-contact injuries than for overuse injuries based on indi-
vidual study results. However, no formal subgroup pooling 
was conducted due to the small number of studies.

Figure 2a. Forest plot of OR-based studies (upper figure);
Figure 2b. Forest plot of RR-based studies (lower figure)



176 Sport Mont 24 (2026) 19: 169-178

WEARABLE WORKLOAD AND MUSCLE INJURIES IN FOOTBALL | Y.N. HANIEF ET AL.

The contrast between the non-significant OR-based 
analysis and the significant RR-based analysis likely reflects 
differences in workload definitions, thresholding practices, 
and injury-risk modelling across studies.

A visual assessment of funnel plots was limited because 
fewer than ten studies were included. For RR-based analyses 
(Figure 3b), the plot appeared relatively symmetrical, suggest-
ing low potential for publication bias and reasonable consis-
tency across studies. In contrast, the OR-based funnel plot 

(Figure 3a) appeared asymmetrical, which may reflect high 
between-study heterogeneity and possible publication bias. 
Such asymmetry can arise when smaller studies with signif-
icant findings are more likely to be published than those with 
non-significant results, thereby distorting the pooled effect. 
Given the small evidence base (<10 studies), these patterns 
should be interpreted cautiously and do not constitute strong 
evidence of publication bias.

Figure 3a. Funnel plot OR Figure 3b. Funnel plot RR

Discussion
The results of this study indicate that the association be-

tween GPS/GNSS- and IMU-derrived training load variables 
and the incidence of lower-limb muscle injuries in football 
players remains inconsistent. Analysis based on odds ratios 
(ORs) obtained from the studies by Malone et al. (2018) and 
Jaspers et al. (2018) showed no significant association be-
tween high training load and increased risk of injury (pooled 
OR=1.33; 95% CI [0.85–2.07]), and exhibited very high het-
erogeneity. Conversely, analysis using risk ratios (RR) from 
studies by Nobari et al. (2021, 2022) showed a strong and 
consistent relationship, where exposure to high loads was 
associated with more than double the risk of injury (pooled 
RR =2.33; 95% CI [1.65–3.30]), as well as low heterogeneity. 
These differing findings warrant cautious interpretation, giv-
en the small evidence base, variation in workload definitions, 
and differences in statistical approaches.

A major challenge in synthesizing the current evidence 
is the substantial heterogeneity in how external workload is 
defined and operationalized across studies. Speed thresholds 
for high-speed running and sprinting vary widely between 
teams and tracking systems, accelerometry-based variables 
lack standardized cut-offs, and ACWR is calculated using 
multiple non-equivalent approaches (e.g., rolling averages vs. 
EWMA models). These inconsistencies limit the comparabil-
ity of workload metrics and likely contribute to the divergent 
findings observed between studies.

The inconsistency between OR and RR based results 
likely reflects differences in how definitions and selection 
of workload indicators in each study. For example, Malone 
et al. (2018) emphasized high-speed running (HSR) and 
sprinting with various distance cut-off ranges, while Jaspers 

et al. (2018) focused on total distance and session-RPE. By 
contrast, Nobari et al. (2021, 2022) used acute workload, 
chronic workload, and ACWR, placing greater emphasis on 
weekly workload fluctuations. Certain variables, such as HSR, 
high-distance sprinting, and ACWR >1.5, are consistently re-
ported with an increased risk of muscle injury (Malone et al., 
2018; Nobari et al., 2021). 

Conversely, moderate workload and good physical ca-
pacity can be protective. For example, higher aerobic capacity 
has been associated with reduced injury susceptibility in play-
ers with high training loads (Malone et al., 2018).

Physiologically, this can be explained through the con-
cept of muscle fatigue and the accumulation of microtrauma 
from repeated exposure to sprints, accelerations, and deceler-
ations. Exposure to excessive loads without adequate recovery 
can reduce the muscles’ capacity to absorb external forces, 
increasing the risk of tissue damage (Carling et al., 2018; Col-
by et al., 2014). Conversely, when increased loads are applied 
gradually in accordance with the player’s capacity, physiologi-
cal adaptations can occur, reducing injury risk (Windt & Gab-
bett, 2017). Taken together, this indicates that the relationship 
between training load and injury is nonlinear and depends 
on the balance among external load, physical capacity, and 
recovery quality.

The findings in this review are consistent with prior 
work showing that load spikes—sudden increases in training 
load are important predictors of injury in football players. For 
example, Colby et al. (2014) found that abrupt increases in 
GPS-monitored running load correlated with a higher risk of 
injury in elite players. 

A similar finding was reported by Windt et al. (2018), 
who noted that the relationship between training load and 
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injury is nonlinear, but rather influenced by the balance be-
tween load exposure and individual adaptive capacity. Carling 
et al. (2018) further observed that accumulating high loads 
in a short period may lead to neuromuscular fatigue and 
increased muscle damage, thereby increasing the risk of in-
jury if not balanced with adequate recovery. Thus, although 
GPS-monitored training load can indicate risk, the relation-
ship is not necessarily linear; it depends on the interaction 
among load intensity, distribution, and players’ physiological 
capacity to tolerate load.

In practice, monitoring training load with GPS can serve 
as a warning system for coaches and medical teams by detect-
ing load spikes that may increase injury risk. This informa-
tion enables rapid adjustments to the training plan to keep 
load within a player’s tolerance. Load management should 
prioritize preventing spikes and implementing progressive in-
creases aligned with individual physical capacity. Indices such 
as ACWR can help monitor the balance between acute and 
chronic load, but they should not be used in isolation. Indi-
vidual factors—such as age, playing position, and injury his-
tory—must also be considered to make prevention strategies 
more effective and to personalize training programs.

Limitations
Although this review provides an overview of the associ-

ation between GPS-based workload variables and lower-limb 
muscle injuries, several limitations should be considered. 
Multiple effect sizes were extracted from single studies, which 
may introduce dependency bias despite representing distinct 
workload variables. The quantitative evidence base was small: 
of the twelve eligible studies, only four provided extractable 
numerical data, contributing a total of 21 outcomes—most of 
which originated from just two primary studies. This limited 
evidence base reduces the statistical power and stability of the 
pooled estimates, restricts the possibility of subgroup or sen-
sitivity analyses, and increases vulnerability to bias. Addition-
ally, definitions of workload variables were not uniform (e.g., 
speed cut-offs for HSR and sprinting, ACWR formulas), in-
flating heterogeneity and hindering direct comparisons. Most 
studies were single-club with small samples, limiting general-
izability, and publication bias remains possible.

The contrasting results between the OR-based and RR-
based analyses further highlight the influence of methodolog-
ical and definitional variability. The OR meta-analysis showed 
no significant association and very high heterogeneity, where-
as the RR meta-analysis demonstrated a strong and consistent 
effect. This discrepancy likely reflects differences in how “high 
workload” was defined, the injury-risk models employed, and 
the types of workload metrics emphasized across the includ-
ed studies. As such, differences in effect size metrics should 
not be interpreted as contradictory findings, but rather as evi-
dence of non-equivalent exposure definitions.

Despite these limitations, the findings suggest that el-
evated external workloads—particularly when captured 
through GPS/GNSS metrics such as high-distance locomotor 
loads or repeated sprint exposures—may increase the risk of 
lower-limb muscle injuries. However, given the variability in 
workload definitions and small number of contributing stud-

ies, practitioners should apply these findings cautiously and 
prioritize individualized monitoring frameworks rather than 
rigid workload thresholds.

Future research
To address these limitations, future research should use 

multi-club, multi-season designs with larger samples to im-
prove representativeness. Standardizing the definition and 
measurement of training load—particularly sprint speed cut-
offs, HSR, and ACWR—is essential to improve consistency 
across studies. In addition, integrating external load (GPS) 
with internal load (e.g., heart rate [HR] and session-RPE), 
together with individual factors such as fitness level, injury 
history, and genetic aspects, can provide a more comprehen-
sive picture of injury risk. Looking ahead, machine-learn-
ing–based analytical approaches and predictive modelling 
(Saberisani et al., 2025), could help generate more accurate 
and applicable models for injury prevention in professional 
football.

Conclusion
This systematic review and exploratory quantitative syn-

thesis indicate that GPS-monitored training-load variables are 
associated with lower-limb muscle-injury risk in football play-
ers. However, the available evidence is limited and not entirely 
consistent. OR-based analyses found no significant associa-
tion, whereas RR-based analyses showed more than a twofold 
increase in injury risk among players with high loads. These 
divergent results suggest that the relationship between train-
ing load and injury is nonlinear and influenced by variable 
definitions, analytical methods, and individual player capaci-
ty. GPS monitoring can serve as an early-warning system for 
coaches and medical teams to manage training load, empha-
sizing a balance between gradual progression and physical ca-
pacity. Nonetheless, the limited number of studies, variations 
in workload definitions, and small samples highlight the need 
for further research using multi-club designs, standardized 
variables, and modern predictive approaches to strengthen 
the evidence base.
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