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Objectives: This study aimed to analyse the timing of ACL injuries during match play in professional women's
football games.
Design: Media-based retrospective cross-sectional s tudy.
Methods:Retrospective analysis of playing timeassociatedwithACL injuries across international competitions and27 
professional leagues between 2022 and 2024. Identification of ACL injuries involved media reports, including online 
searches for official statements and interviews. Follow-up verification of time within gameplay, including video and 
substitution minutes, was also conducted. Kaplan–Meier survival analysis assessed the ACL i njury risk over playing
time; injuries pre vs post 45 min were compared using a one-sample proportion test with continuity correction.
Results: Of the 208 ACL injuries captured during an official match, the majority (70 %) occurred within the initial 
45 min of play (p < 0.001), with 50 % of injuries within the first 28 min. Survival analysis revealed a declining r isk of
ACL injury as the game continued, resulting in only a 25% likelihoodof injury occurring in the last 40minof the game.
Conclusions: Most ACL injuries in women's football occurred within the initial 45 min of effective playing time, 
particularly between the 15th and 35th minutes. This suggests that early-game intensity, acute fatigue or other
factors rather than cumulative fatigue may contribute to ACL injury risk.
© 2025 The Authors. Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access ar ticle

under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 
Practical implication s

• ACL injury research should prioritise the role of acute fatigue and high 
mechanical loading, rather than cumulative fa tigue, in injury mecha-
nisms.

• Injury prevention efforts should focus on preparing players for 
the most intense phases of match play, particularly the 15th–35th mi-
nutes, w hen injury risk appears highest.

• Biomechanical studies of ACL injury mechanisms may need to focus on 
acute fatigue and high mechanical loading, rather than cumulative fa-
tigue.

1. Introducti on

Football (soccer) players face the risk of Anterior Cruciate Ligament 
(ACL) injuries due to several sport-sp ecific factors, including cutting
d on behalf of Sports Medicine Austr
and pivoting manoeuvres associated with the game.1 Notably, more 
than 65 % of ACL injuries occur during a defensive action via a non-
contact situation or indirect contact, such as pressing or tackling.2,3 

Despite investments in research and intervention strategies, the inci-
dence of ACL injuries has not shown any signs of decrease over the 
years, averaging 0.063–0.100 per 1000 h of exposure, with playe rs fac-
ing an extended average absence of 9–12months.4,5 This injury burden 
warrants critical examination, as the ramifications of ACL injuries 
extend beyond immediate consequences, encompassing a 5-fold likeli-
hood of re-injury,6 a 2–4-fold elevated risk of subsequent knee injuries,5,7 

early onset of knee osteoarthritis,8 and shorter athletic careers7 often due 
to fear of re-injury.

Risk factors for ACL injuries are multifactorial, influenced by envi-
ronmental, biomechanical, anatomical, hormonal, a nd sex-related
factors.9 Current evidence indicates that sex is a strong risk factor, 
with women 2–3 times more likely to sustain an ACL injury during a
football match compared to men.1,6 Whilst the precise cause remains
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unclear; however, both non-modifiable factors such as female anatomy, 
hormonal milieu, and physiology, and modifiable factors including the 
training environment, developmental pathways, access to medical and 
performance expertise, athlete income, biomechanics, and fatigue, are
considered to contribute to this increased risk.9 

Fatigue as a modifiable risk factor has been extensively examined in 
the research literature, using a variety of labo ratory and field-based ex-
perimental designs.10 Fatigue may influence players' movements and 
decision-making, resulting in coordination or tactical errors.11 A  decline  
in neuromuscular control may increase the player's risk of anACL injury, 
as fatigued muscles will absorb less energy, placing the knee ligam ents
at higher risk of injury.10,11 Such theoretical frameworks, however, have 
not been conclusively supported by empirical data, and a consensus re-
garding the role of fatigue and ACL injuries remains absent.11 For exam-
ple, studies documenting the timing of ACL injury occurrences have 
shown a high prevalence in the 1st half of the match, leading to the in-
ference that fatigue accumulating wit hin amatch-play exposure is not a
primary aetiological factor.2,3 Importantly, much of what is presumed 
about injury risk is based on research on men, limiting direct applicabil-
ity to women's football.9,12 

However, there are several reasons necessitating further exploration 
of fatigue in the context of ACL injury in women's football: 1) the dis-
tinct physiological sex differences, such as a higher pr oportion of type
I muscle fibres (fatigue-resistant),13 influence the manifestation of 
fatigue; 2) studies that have reported the timing of injuries in matches 
have been under-represented by female athletes (18 %)2,3,14–17 and/or 
have had limited injury incidences due to the requirement of high qual-
ity footage for biomechanical risk-factor assessments2,14 ; and 3) in the 
analysis of temporal incidence, data is often dichotomised [e.g. 1st vs 
2nd half] or analysed in a binary fashion.2,3 Hence, this study aimed to 
provide a comprehensive interrogation of the time-to-ACL incidence 
during effective gameplay across a multi-league dataset in women's 
football ma tches throughout the 2022–2024 seasons.

2. Method s

2.1. Study design and sa mple

This media report-based retrospective cross-sectional study 
investigated the exact timing (minutes; min) of ACL injuries during 
the 2022–2024 seasons. The study population consisted of women foot-
ball players classified as Tier 3 (Highly Trained/National Level), Tier 4 
(Elit e/International Level), or Tier 5 (World Class) according to the
McKay et al.18 Participant Classification Framework. A total of 27 
leagues and international matcheswere included in the analysis. League 
names and player counts are detaile d in Supplementary Table 1.

The first injury included was on 1st January 2022, whilst the last 
injury occurred on 29th March 2024. Only ACL injuries that occurred 
during official matches were selected for analysis to enable accurate 
identification of the exact minute of injury, and bec ause competitive
games have a 9-fold higher incidence rate versus training.19 Like previ-
ous studies,20 injured players were categorised into four playing posi-
tions: forward, midfielder, defender, and goalkeeper which were 
determined using publicly available data (e.g. SoccerDonna). No 
research ethics board approval was required for this study as the data
were collated from publicly available sources.2,3 

2.2. Identification and classification of ACL i njuries

The data collection process involved four distinct phases. In the ini-
tial phase, one researcher [VC] identified players who had sustained 
anACL injury by regularly conducting internet searches for offi cial state-
ments, interviews, and public injury registries.21 Internet searches in-
cluded keywords “ACL (she or her)” in English and “ligament croisé 
(joueuse or féminin or féminine or féminines or femmes)” in French, 
along with similar terms in other languages. Additionally, we
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periodically reviewed “currently injured players” lists on SoccerDonna 
for various leagues to identify new cases. Subsequently, a second re-
searcher [WH] independently verified the player names and ACL injury 
cases with the exact minute of injury identified in the initial search. 
A media-based approach was adopted due to its efficiency in data col-
lection compared to surveying team medical staff. This method offers 
access to a large, diverse dataset and allo ws for a simpler public verifica-
tion of reported cases. Thismethod has been validated for recordingACL
injuries22 and the verification process revealed no discrepancies from 
the initial da ta collection.

Thereafter, the minutes of effective gameplay (minutes spent on the 
field), when the ACL injury occurred were ascertained by two investiga-
tors (WH and VC) who collaboratively shared their results to verify the 
recordings, allowing for a detailed analysis of the time-to-event. Video 
footage from YouTube, The FA Player, NWSL, and FIFA+ served as the 
primary source for identifying effective gameplay minutes. In cases 
where video was unavailable, substitution minutes from SoccerDonna, 
SoccerWay, SofaScore or Playmakerstats were used (no discrepancies
were found between these data sources). For cases where both video
and official substitution were inaccessible, information from news
reports was employed.

For substitutes, playing time was recorded as minutes on the field 
(playing time) at the time of injury rather than absolute match time. For 
example, a player entering at the 30th minute and injured at the 40th 
had a recorded playing time of 10 min. For injuries occurring after the 
45thminute, injury time (stoppage time) fromeachhalf (e.g. injuries, sub-
stitutions, and other delays during regular play) was included in the total 
effective playing time. Players with unverified injury timing during stop-
page (i.e. after 45 min in the first half) were included in the analysis, but 
those without confirmable injury timing from video, substitution data or
news sources were excluded. To determine the inter-rater reliability in
data extraction, three researchers independently sourced ACL injury
timing for a sub-sample of 40 players using substitution data.

2.3. Statistical analy sis

Descriptive statistics are presented as frequencies (percentages), 
and continuous variables are presented as mean ± standard deviation 
(SD). Injury proportions pre and post 45 min of gameplay were 
compared using the 1-sample proportion test with continuity cor-
rection. A separate analysis was conducted excluding goalkeep ers
due to their unique physical attributes and match demands vs out-
field players.23 Fleiss's Kappa and the intraclass correlation coeffi-
cient (ICC) were used to assess inter-rater reliability and consistency,
respectively.

Survival analysis provides time-to-event data, modelling time-
dependent risk and evaluating trends over varying follow-up times. 
We employed a Kaplan–Meier method, which estimates non-
parametric survival curves and captures time-varying injury risk.24 

This approach enables the consistent analysis of ACL injury patterns 
across effective gameplay minutes, operating under the assumption 
of a constant hazard rate. By doing so, it may help to account for 
any observed imbalances in the frequency of ACL injuries.24 Effective 
minute of gameplay was evaluated by two separate non-parametric 
survival analyses: one examining the entire game duration and the 
other dichotomising the data into first and second half periods, to 
assess whether similar patterns or trends emerged when analysing 
the two hal ves of the game separately. All statistical analyses
were performed using R Studio (version 4.3.1) and Microsoft Office
version 365.

3. Result s

A total of 434 ACL injuries were recorded, with 193 excluded due to 
occurrence during training sessions or unspecified injury locations in 
media or football registries. The remaining 241 injuries occurred in
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official or friendly matches, with 33 excluded due to unknown injury 
timing. Of the remaining 208 match injuries analysed (median age = 
24), three players sustained ACL injuries twice. Most injuries (n = 
183) occurred in national league matches (club-level within a country), 
with 25 in international competitions (national team matches). 
Injury timing was determined via video footage (n = 103; 49.5 %), 
substitution data (101; 48.6 %), and news reports (n = 4; 1.9 %). 
Twen ty-two ACL injuries involved substitute players. For 29 injuries
where exact stoppage time could not be determined, 0 min was
assumed per half.

Fleiss's Kappa for interrater reliability was 0.777 across all data, indi-
cating substantial agreement (95 % CI: [0.705, 0.846]) with a 75.6 % 
agreement rate. After excluding 9 substitute minutes not found by one 
researcher, the Fleiss's Kappa increased to 0.948, indicating near-
perfect agreement (95 % CI : [0.860, 1.0]). Additionally, the ICC value
was very high (95 % CI: [0.998, 1.0]).

A substantialmajority (70 %) of ACL injuries occurred during thefirst 
45 min of gameplay, with 50 % in the initial 28 min (Fig. 1). Removing 
goalkeepers from the analysis (N = 13), 50 % of injuries shifted to 27 
min and 70 % were before 44 min. A 1-sample proportion test with con-
tinuity revealed a significant distinction between injuries occurring be-
fore and after the 45-min mark of effective gameplay ( p = 0.002),
indicating that the majority (70 %) of ACL injuries occurred before this
point.

A survival analysis, represented by non-parametric Kaplan–Meier 
and parametric exponential survival curves (Fig. 2), showed a 25 % like-
lihood of ACL injury occurrence after the (approx.) 52nd minute. How-
ever, until the 64th minute, the injury rate remained at or above the 
instantaneous exponential hazard rate, after which it decreased. This
pattern of survival is upheld for both halves (Fig. 3) as represented by 
the parallel survival curves for players without ACL injuries at 25 % 
(9.4–10.1 min), 50 % (19.7–20.5 min) and 75 % (32.2–32.7 min) thresh-
olds.

Examining player positions, midfielders (37 %) had a higher propor-
tion of injuries; followed by defenders (29.8 %), forwards (26.9 %) and 
goalkeepers (6.3 %). Positional differences were only statistically signif-
icant whe n compared to goalkeepers (p < 0.01). Goalkeepers had a
Fig. 1. Distribution of ACL inj

141
mean ACL injury incidence time of 49 (±32) min, which was not differ-
ent than those in outfield positions (33–35 min; p = 0.163–0.266;
Fig. 4).

4. Discussi on

This study aimed to investigate the time distribution of ACL injuries 
in women's football games during the 2021–2024 seasons. The most 
important findings from the analysis are: 1) the majority (70 %) of 
ACL injuries occurred before the 45th minute of effective gameplay, 
with a spike in incidence between the 15th and 35th minutes and 2) 
simi lar survival curves of the percentage of players without ACL injury
was observed across both halves.

4.1. Earlier onset of ACL injuries during effect ive gameplay

We observed that 70 % of ACL injuries occurred by the 45th 
minute of effective playing time, with 50 % transpiring by the 28th
minute (Fig. 3), aligning with previous literature on women's 
football.2,14 At the 30-min mark, our findings were similar t o Lucarno
et al.2 but different from Achenbach e t al.14 (52 % vs 32 %). By the 45-
min mark, we observed 70 % of ACL injuries, com pared to 64 % re-
ported by Lucarno et al.2 and 51 % by Achenbach et al.14 .  Whilst  our  
results concur with previous research showing that ACL injuries 
occur early in the game, they also suggest that a greater proportion 
of ACL injuries occur earlier than reported previously. This variation 
may be attributed to our sample size being 3–5-fold larger than pre-
viou s research and including a multi-league data set that captures a
broader range of skill, match intensity and coaching.2,14 Notably, 
our findings align with reported ACL injury timing in men's football 
at the 15-, 30-, and 45-min marks of effective gameplay, albeit we 
did not capture men's data in this study. This challenges our initial 
hypothesis that sex-specific physiological differences, such as mus-
cle fibre type distribution, significantly influence ACL injury timing. 
Rather, the results suggest that fibre type may play a minim al role,
and that men and women may share similar underlying risk factors
and mechanisms for ACL injuries.3,16,17
uries by pl ay time (min).

move_f0005
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Fig. 2. Percentage of players without injury during a match by effective minute with corresponding 95 % confidence intervals (red-shaded area). The dotted blue line repres ents a constant
exponential hazard rate.
4.2. Analysis of the h alves

The survival analysis of each half (Fig. 3) indicates that the timing of 
ACL injuries is unaffected by the 15-min half-time break. This is repre-
sented by the similarity of findings for players without ACL injuries at 
25 %, 50 %, and 75 % thresholds between the two parallel curves. To 
the best of the author's knowledge, this finding has not been previously 
reported in the literature. Nonetheless, this novel result aligns with the 
primaryfinding that female footbal lers sustainACL injuries early in their
own effective playing time, irrespective of match status or half.
Fig. 3. Percentage of players without injury categorised into first and second halves by effectiv
dotted blue line represents a constant exponential hazard rate.

142
4.3. Theoretical framew ork

The higher prevalence of ACL injuries earlier in the match may be 
due to the increased match intensity at the start of the game. Previ-
ous women's football research has identified greater total distance 
(TD) covered, high-speed running (HSR) or very high-speed running 
(VHSR), sprinting and accelerations a nd decelerations that occur in
the first 15 min compared to the last 15 min of the match.25,26 Addi-
tionally, this trend continues when examining the first 15 min of 
both the first and second halves, reinforcing the pattern that
e minute, along with the corresponding 95 % confidence intervals (red-shaded area). The 
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Fig. 4. Distribution of ACL injuries by playing time and playing position. The y-axis (density) represents the proportion of injuries occurring at each time point.
emerges when the results were stratified according to playing half
(Fig. 3). 

This early burst of high-intensity activity not only leads to a decline 
in HSR and TD as the match progresses,27 it also translates into higher 
joint forces and moments, contributing to acute or transient fatigue, po-
tentially impacting both performance and injury risk. Interestingly, in 
the earlier stages of a game (15–35 min), whilst fatigue has not yet im-
paired cent ral motor output force production, it affects the rate of force
developed.28 This may result in slower explosive movements and po-
tentially reduced muscle stabilisation.28 Such acute fatigue-induced 
changes in neuromuscular function may explain the higher frequency 
of ACL injuries in the early stages of each half, possibly exacerbated by 
the intense cognitive or me chanical perturbations inherent in football.

Most ACL injuries (88 %) occurwithout direct contact to the knee,2,14 

with 55 % classified as non-contact.29 A recent video analysis by 
Achenbach et al.14 reported that 41 % of non-contact ACL injuries 
occur within the first 15 min of play, highlighting match timing as a 
key factor. Thismay reflect insufficient neuromuscular activation during 
warmups, cumulative fatigue over the seaso n, or acute fatigue during
early high-intensity match periods.14 Additionally, early match dynam-
ics, such as engaging the opposition, tactical pressure, or heightened im-
portance due to game significance, may increase the likelihood of high 
risk movements, th ereby elevating ACL injury risk.

4.4. Positional differenc es

Our results indicate that goalkeepers have the lowest incidence of ACL 
injuries (6.2 %), consistent with previous findings (4.8 %).30 In contrast, 
ACL injuries were more evenly distributed across outfield positions 
(27.3–36.8 %).Midfielder injury rates (37.0 %) align edwith those reported
by Sandon et al.,30 whilst forward injuries (26.9 %) were higher than pre-
viously reported (20.6 %), and defender injuries (29.8 %) were lower than 
previous estimates (38 %). The consistently low ACL injury rate in goal-
keepers likely reflects their distinct movement patterns, involving fewer 
rapiddirectional changes andmore vertical jumpingand landing actions.23 

Variability in outfield injury patternsmay relate to differences inmatch in-
tensity and tactical styles across different leagues.

4.5. Clinical significa nce

Our findings highlight a critical period between the 15th and 35th 
minutes of play, where ACL injury risk i s elevated in women's football.
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This shifts the weight of evidence towards a link between injury risk 
and periods of high locomotor activity, force and joint loading, rather 
than cumulative fatigue. The findings may suggest that the research, 
coaching and clinical communities focus their injury prevention efforts 
on the early part of the game and direct resources towards understand-
ing the relationship s between higher forces andmoments, acute fatigue
and ACL injury. Whilst ACL prevention programmes are known to re-
duce injury rates,31 the underlying mechanisms are unclear. These 
programmes may improve biomechanics and enhance resistance to 
acute fatigue, potentially mitigating injury risk. This raises the possibil-
ity of using measures of fatigue resistance as surrogate indicators of ACL 
injury susceptibility. Additionally, the data may imply that players 
should prepare for the most intense periods of the match, ensuring 
t hey are adequately trained to tolerate these high-stress phases as
part of the injury prevention system.

5. Limitation s

This study was subject to several limitations. First, fatigue was not 
objectively measured; hence, this study only established an association 
between playing time and ACL in jury in women players. As noted in
previous research,2,3,14 the methodology employed to identify ACL inju-
ries in this study differed from the gold standard of prospective studies, 
which often involve regular interactions with teams' medical staff. In-
stead, we relied on publicly available records to collect injury timing 
and substitution minutes. This approach introduces potential sources 
of error, which may overestimate the moment of injury, as the player's 
timeof leaving thefield is extended due to on-fieldmedical assessments 
and treatment. Tomitigate this limitation, video footage was used as the 
primary reference for accurate time-to-event data. Owing to the un-
availability of information on first-half injury time, for the 29 players in-
jured in the 2nd half, we recorded time-to-event data without including 
stoppage time, potentially underestimating the actual game duration. 
Additionally, the lack of data on pre-match physical status (e.g. diet, 
sleep, stress, and perceived readiness), training load, recovery period 
between matches, travel, and mechanism of injury (contact, indirect 
or non-contact) limits our ability to comprehensively analyse the injury 
rates. Finally, we acknowledge that the aetiology of ACL injury is multi-
faceted and complex; this study did not account for several intrinsic fac-
tors (prior injury history, ligament creep) or extrinsic/contextual
variables (score, league position, importance of game, footwear, playing
surface and weather conditions).
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6. Conclusi on

Our study reveals that ACL injuries in women's football predomi-
nantly occur in the 15th–35th minutes, aligning with existing literature. 
This suggests that cumulative fatigue may not be a primary risk factor 
for ACL injuries. Instead, the intensity of play during these early phases, 
where acute or transient fatigue may develop, appears to be a more sig-
nificant contributor. Future research should further investigate this rela-
tionship by examining injury mechanisms and match context ual factors
during these high-risk periods, as well as identifying risk factors that
may predispose players to both acute and chronic fatigue for ACL injury
risk.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jsams.2025.08.016. 
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