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A B S T R A C T

Importance: Return to sport (RTS) is considered an indicator of successful recovery after anterior cruciate ligament
reconstruction (ACLR). In recent years, there has been major interest in documenting RTS following anterior
cruciate ligament (ACL) injury. Despite women being at increased risk for ACL injuries and a global increase in
women's participation in sports, research has not adequately focused on female athletes.
Objective: The purpose of this study is to conduct a systematic review and meta-analysis evaluating the RTS rate in
female athletes after ACLR.
We hypothesize that most of the female athletes can RTS.
Evidence review: A systematic review was conducted following the Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) guidelines. Electronic databases (PubMed, Embase, and Epistemonikos) were
searched for articles reporting RTS rates and contextual data in female athletes.
The following search terms were used: “anterior cruciate ligament reconstruction” OR “ACL reconstruction” AND
“female” OR “women” AND “return to sports” OR “return to play” to retrieve all relevant articles published be-
tween 2003 and 2023. A quality assessment of the included studies was conducted.
Findings: Fifteen articles were included, reporting on 1456 female athletes participating in pivoting sports.
The included studies comprised 9 cohorts, 1 case-control study, 2 case series, 2 descriptive epidemiology studies,
and 1 observational study. Eight out of fifteen studies focused solely on elite-level athletes.
The participants had a mean age of 23.13 years. Soccer was the most prevalent sport among the participants,
accounting for 49.7% of all athletes included. All 15 studies reported an RTS rate, yielding a meta-proportion of
69% [95% CI, 58–80%] for RTS. Nine articles reported the average time to RTS, which was 10.8 months [95% CI,
8.7–12.8 months].
Conclusions: This systematic review demonstrates that a majority of female athletes (69 %) can RTS participation
at an average of 10.8 months, however, the available information is insufficient, and quantitative data and
reasons for not returning to play are lacking. Future studies should establish return-to-play criteria in this pop-
ulation and determine reasons for not returning to play.
Level of evidence: III.
terior cruciate ligament reconstruction varies within literature between 22 % and 100 %.
.3 and 11.1 months.
sport and better functional outcomes in male versus female athletes.
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What are the new findings?

� 69 % of female athletes can return to sport.
� 79 % of elite female athletes return to sport.
� 73.6 % (26–100 %) of female athletes return to sport to their preinjury level and this number rises up to 87.7 % in elite female athletes.
� Literature is lacking on reasons for not returning to play.
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INTRODUCTION

Anterior cruciate ligament (ACL) injury is an increasingly common
knee injury in young athletes participating in jumping, cutting, and
pivoting sports [1,2]. Over the past few decades, there has been a sig-
nificant increase in the rates of ACL reconstructions (ACLR) among both
men and women in the USA and internationally [2–4], with over 100,000
ACLRs performed per year in the USA alone [5–8].

Female gender is a risk factor for sustaining ACL injury [9–11].
Compared to male counterparts within the same sport, it has been well
established that female athletes are two to nine times more likely to
sustain an ACL injury [11–13], specifically with 2.8 times and 3.5 times
increased incidence in soccer and basketball, respectively [14]. This is
due to a complex interaction of multiple factors (anatomical, biome-
chanical, neuromuscular, environmental) [11,15].

The growth of women's sports is constant, and the number of sports
licenses is increasing year after year. According to data from the National
Sports Council, in the last decade, the number of female sports licenses
has grown by 20.8%, mainly in basketball and soccer [16], and with that,
the number of ACL injuries in these athletes has increased.

With the increase in participation in youth athletics as well as the
expansion of women's collegiate and professional programs over the last
few decades [17], it has become increasingly important to better un-
derstand potential mechanisms underlying the gender difference in
injury rates. In the last years, there has been an increase in the proportion
of females undergoing ACLR compared to males in both ambulatory and
inpatient settings [18], however, despite higher rates of primary injury in
female athletes, males have been reported to undergo ACLR more
frequently [19,20].

Return to sports (RTS) is considered an indicator of successful re-
covery after ACLR. In the current literature, male patients have superior
functional outcomes following primary ACLR and significantly higher
RTS rates compared to female athletes at 12 months after surgery [21,
22]. Female athletes are less likely to return to preinjury sports [23]; they
experience more instability and greater psychological distress after ACLR
than male athletes [24].

Several studies have been performed on outcomes after ACLR
[25–27]; however, little is known about the return-to-play and perfor-
mance outcomes of female athletes after ACLR. Girls and women
comprise <40 % of participants in clinical trials. To better prevent, di-
agnose, and treat ACL injuries, it is necessary to study and report sex
differences [28].

The purpose of this study is to conduct a systematic review and meta-
analysis to evaluate the RTS rate in female athletes after ACLR.

We hypothesize that most of the female athletes can RTS.

METHODS

This study was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines. PROSPERO
(international database of prospectively registered systematic reviews)
was checked for similar systematic reviews before proceeding. Two au-
thors independently performed the study selection. Electronic databases
(PubMed, Embase, and Epistemonikos) were searched for articles
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reporting a RTS rates and contextual data in female athletes. Any dis-
crepancies were resolved by the senior author as needed.

The following search terms were used: “anterior cruciate ligament
reconstruction” OR “ACL reconstruction” OR “anterior cruciate liga-
ment” OR “ACL” AND “female” OR “women” AND “return to sports” OR
“return to play” to retrieve all relevant articles published between 2003
and 2023. The last research was made on May 29th, 2023.

Journals in all languages were included, with no limits in the search
strategy. In the identification phase, the search was performed using
keywords. In the screening phase, abstracts were screened for relevance.
In the eligibility phase, the full text was reviewed to assess for inclusion.

The inclusion criteria for this review were as follows: (1) clinical
studies published in the last 20 years; (2) the purpose of the research was
to report RTS after ACLR on female athletes or both sexes and (3) the
available data included gender differentiation and qualitative and
quantitative results.

Exclusion criteria included letters, editorials, narrative reviews, and
studies recognized as having a low level of evidence. The references of
the selected full-text articles were reviewed for the inclusion of addi-
tional articles.

The outcomes sought included RTS rates, time to RTS, the level at
which athletes returned, and reasons for not returning.

Other variables collected included participants' characteristics and
demographic data, sports practice, and the level at which they played
before injury.

All selected articles were critically appraised by the authors. A quality
assessment of the included studies was conducted by the authors. The
risk of bias was assessed by two independent reviewers via the Meth-
odological Index for Non-Randomized Studies (MINORS) criteria [29].
All data were extracted and tabulated using Microsoft Excel 365
(Microsoft, Seattle, WA) and analysed using the STATA 16.1 program
(Stata Corp LLC, College Station, Texas 77845, USA).

The heterogeneity of the studies was evaluated using the Higgins and
Thompson I2 statistic, and the meta-analysis was made to control het-
erogeneity by using a random effects model.

Subgroup analysis was conducted for studies that included only elite
athletes.

RESULTS

Fifteen articles were included, reporting on 1456 female athletes
participating in pivoting sports (Fig. 1).

The included studies consisted of 9 cohorts [21,22,30–36], 1
case-control study [37], 2 case series [38,39], 2 descriptive epidemiology
studies [40,41], and 1 observational study [42]. Eight out of fifteen
studies evaluated only elite-level athletes (Table 1). The elite level was
defined as a professional level of sports or the highest national level of
sports participation. The participants had a mean age of 23.13 years. The
most practised sport among the participants was soccer, accounting for
49.7% of all included athletes, followed by basketball (15.1 %) (Table 1).

All 15 studies reported a RTS rate, though RTS was defined in
different ways in the studies. Listed definitions of RTS were: (1) any
documented WNBA game play after ACLR [30], (2) yes or no question-
naire [31], (3) participation in sports for a minimum of 12 months after



Fig. 1. Article selection.

D. Figueroa et al. Journal of ISAKOS 9 (2024) 378–385
surgery [32], (4) return to level I (jumping, hard pivoting, and cutting)
sport competition [22], (5) any player who played at least 1 min in at
least 1 NWSL game after ACLR [40], (6) Tegner activity scale �6 after
ACLR [21], and (7) resuming playing soccer after ACLR and currently
playing at any level [34,36].

The studies showed a meta-proportion of RTS of 69% [95% CI,
58–80%] (Fig. 2). When considering only the articles that describe the
RTS rate in elite athletes, the proportion increases up to 79% [95% CI,
73–86%] (Fig. 3).

The studies tend to be heterogeneous, with an I2 value of 94.38 % (p
< 0.001). When comparing studies that include only elite athletes, the
sample shows mild heterogeneity with an I2 value of 37.7% (p ¼ 0.13).

Nine articles reported the time to RTS, with an average of 10.8
months [95 % CI, 8.7–12.8 months]. When analysing only elite athletes,
the time to RTS was 9.96 months [95 % CI, 4.8–15.1 months].
380
Twelve articles described at what level athletes returned to sports.
Tramer [30], and Abed [40] et al. showed worse performance within the
first year after surgery, achieving the same pre-injury level after the first
year. Brophy [31], Walden [36], and Howard [41] et al. described
75–85 % of the athletes returning to sports at the same level or higher
than their pre-injury level. Lindanger [32], Ezzat [33], Mardani-Kivi
[42], F€altstr€om [34], and Myklebust [35] et al. showed between 50
and 59 % of athletes returning to the same pre-injury level. Unlike the
rest of the articles, Ardern [38] et al. showed a return to the same
pre-injury level (full competition) in only 26 % of the participants in the
study (Table 2).

Reasons for not returning to sports were described in only 4 studies,
being mainly unrelated to knee function. The reasons listed include the
ACL injury itself, lack of trust in the knee, fear of reinjury, poor knee
function (pain, stiffness, instability), not being able to maintain



Table 1
Study characteristics and patients’ demographics of articles included in the systematic review.

First Author (Year) Female patients with
ACLR (n)

Mean age
(range)

Sports practice Level of sport Study design MINORS

Tramer JS (2020) [30] 59 26.3 years (22.4–29.7) Basketball Elite Retrospective cohort 17
Brophy RH (2012) [31] 45 19.8 years (11.1–53.0) Soccer Elite Retrospective cohort 11
Lindanger L (2019) [32] 74 (early ACL-R) 22.0 years (14.0–47.0) - Soccer

- Basketball
- Handball

- Elite
- Highly competitive
- Lower competitive
- Recreational

Prospective cohort 11

Ezzat A (2021) [33] 51 17.8 years (14.9–22.6) - Soccer
- Basketball
- Volleyball
- Others

Not defined Retrospective cohort 19

Webster K (2018) [22] 448 26.0 years (12.0–55.0) - Soccer
- Basketball
- Australian football
- Netball
- Rugby
- Volleyball

Level 1 sport (jumping,
hard pivoting, cutting)
on a weekly basis

Retrospective cohort 11

Abed V (2023) [40] 30 25.0 years (22.5–28.0) Soccer Elite Descriptive epidemiology 12
Hamrin Senorski E (2018)
[21]

138 25.0 years (15.8–34.2) Soccer Tegner 7–9 Prospective cohort 11

Mardani-Kivi M (2020)
[42]

107 27.2 years (26.4–28.0) - Soccer
- Basketball
- Volleyball
- Martial arts/
Wrestling

Not defined Observational 12

F€altstr€om A (2016) [34] 182 18.2 years (15.2–21.4) Soccer - Elite
- Sub elite
- Recreational

Prospective cohort 9

Namdari S (2011) [37] 18 26.8 years (21.7–31.3) Basketball Elite Case – control 21
Ardern C (2011) [38] 163 27.2 years (18.8–35.6) - Soccer

- Basketball
- Australian football
- Netball

Not defined Case series 11

Myklebust G (2003) [35] 37 Missing data Handball Elite Prospective cohort 13
Walden M (2011) [36] 14 20.6 years (18.4–22.8) Soccer Elite Prospective cohort 12
Erickson B (2013) [39] 12 22.6 years (18.2–27.1) - Snowboard

- Ski
Elite Case series 11

Howard J (2016) [41] 78 19.3 years (17.0–22.0) Soccer Elite Descriptive epidemiology 12

ACLR: anterior cruciate ligament reconstruction; MINORS: Methodological Index for Non-Randomized Studies.
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performance at preinjury level, changes in the team, and others not knee-
related (Table 2).

Few studies reported the criteria for RTS clearance. These included
completion of a full postoperative rehabilitation program, full knee range
of motion, a stable knee, functional quadriceps control, and no effusion
[38]. One study also included control of a single-legged squat, normal
running and landing, and at least 4 weeks of unrestricted training, in
addition to the previously described criteria [22].

DISCUSSION

This study summarizes the current evidence regarding the RTS
following ACLR in female athletes. Our findings show that 69% of female
athletes can RTS participation, and this number rises to 79 % when
considering only elite female athletes.

RTS rates after ACLR vary in the literature and between sports,
ranging from 22 to 100 % [38]. A recent review article reported an
overall return rate of 82 % for elite female athletes [43]. Similarly,
Ardern et al. in a systematic review in 2014 showed an RTS rate of 75 %
at any level for women [23]. However, the likelihood of returning to play
following an ACL injury is challenging, with reported rates highly vari-
able and often lower than expected, with nearly half of athletes returning
to the same preinjury level following ACLR, as described in this study.

The rates of return to preinjury level in the reviewed studies span a
wide range, with rates described from 26 to 100 %, with a mean rate of
73.6 % returning to the same or higher level. This is fairly similar to what
has been reported in the literature, which typically ranges between 40
and 86 % [23,44,45]. A systematic review in 2014 showed an RTS rate of
381
52 % at the pre-injury level and 68 % at competitive level sports for
women [23]. When evaluating only elite competitive athletes, our study
shows that 87.7 % of women return to the same or a higher preinjury
performance level. This higher percentage among elite athletes may be
explained by a greater time invested in sports, higher performance ex-
pectations, and that they may derive financial benefits from playing
sports as professional players. Also, elite athletes have access to intensive,
highly structured support from rehabilitation professionals and excep-
tional medical care compared to non-elite athletes [46–48]. This explains
why elite athletes are more likely to return to their preinjury level sport,
and have higher odds of returning to competitive sport when compared
to non-elite athletes, with literature describing twice and 6 times the
odds, respectively [23,44].

One of the most important decisions is when to clear an athlete to
return to play. This study describes a mean time to RTS of 10.8 months,
with a range from 6.1 to 15 months. These results are aligned with the
available literature. Mok et al. in a systematic review report an average
time to RTS ranging from 8.3 months to 11.1 months [49]. Also in
2019, Capin et al. described an average time to RTS of 8.5 months in
female athletes in the ACL-SPORTS trial [50]. While several factors can
influence the timing of return to play, it appears that most female
athletes can return within the first year following ACL reconstruction
surgery, however, this decision should not be based on time alone, and
the athletes should always complete a series of specific tests for sports
discharge [51].

Reasons for not returning to sports are scarcely described in the
literature. Only 4 out of 15 studies vaguely reported on the main reasons,
with most of them not being knee related. However, these studies don't



Fig. 2. Proportional meta-analysis showed an overall return to sport rate of 69 % [95 % CI, 58–80 %] in female athletes following ACLR (anterior cruciate ligament
reconstruction).

Fig. 3. Proportional meta-analysis showed an overall return to sport rate of 79 % [95 % CI, 73–86 %] in elite female athletes following ACLR (anterior cruciate
ligament reconstruction).
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Table 2
Details of studies which have reported return to sport rates after ACLR in female athletes.

First Author (Year) Return to sports rate Level of RTS Time to RTS (months) Reasons for not RTS

Tramer JS (2020) [30] 69.5 % 100 % preinjury level 3 years after return – Not reported
Brophy RH (2012) [31] 66.7 % 85 % preinjury level or higher 15 26 % knee related (ACL injury)
Lindanger L (2019) [32] 79.8 % 53 % preinjury level – 52 % not knee related

17 % fear of reinjury
21 % knee-related issues

Ezzat A (2021) [33] 54.9 % 50 % preinjury level 12 Not reported
Webster K (2018) [22] 30.4 % – – Not reported
Abed V (2023) [40] 90.0 % 100 % preinjury level after 2 seasons 12.1 Not reported
Hamrin Senorski E (2018) [21] 50.7 % – 12 Not reported
Mardani-Kivi M (2020) [42] 74.8 % 58.9 % preinjury level 8 Not reported
F€altstr€om A (2016) [34] 52.2 % 59 % preinjury level, 22 % higher level – 28 % “lack of trust in the knee”

25 % fear or new injury
15 % “team has changed”
14 % poor knee function

Namdari S (2011) [37] 77.8 % 100 % preinjury level (only statistically significant
decrease in shooting % and steals per 40 min of
play)

11.8 Not reported

Ardern C (2011) [38] 66.9 % 26 % preinjury level 12 12 % not knee related
13 % poor knee function

Myklebust G (2003) [35] 83.8 % 54.1 % preinjury level – Not reported
Walden M (2011) [36] 85.7 % – 8.3 Not reported
Erickson B (2013) [39] 75.0 % 100 % preinjury level or higher – Not reported
Howard J (2016) [41] 84.6 % 75 % preinjury level or higher 6.1 Not reported

ACLR: anterior cruciate ligament reconstruction; RTS: Return to sport.
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delve into the reasons or other relevant factors such as physical and
psychological considerations when returning to sports.

Not returning to sports or returning to a lower level could be due to
physical, psychological, or motivational issues, or simply choosing to
give up playing the same sport or at a high level. One relevant aspect to
consider is kinesiophobia, which should be addressed as part of the
psychological aspects of returning to sports. Patients who have a fear of
reinjuring their surgically repaired knee tend to have stiffer jumping and
landing mechanics. As a result, they put themselves at a greater risk of
reinjury [52], therefore, the psychological aspects of returning to play
should also be taken into consideration and addressed by qualified pro-
fessionals with appropriate interventions when necessary [53].

This study does not evaluate the difference in RTS between male and
female athletes. However, in most studies that reported RTS rates for
both groups, male patients had a higher RTS rate compared to their fe-
male counterparts. They are also more likely than women to return to
their preinjury level of sport [23,24,49,54,55]. One potential explanation
seen in the literature is that male patients have been shown to have
greater psychological readiness for RTS throughout the entire rehabili-
tation process compared to females [56–58]. Self-reported psychological
readiness has been identified as the most important factor in predicting
subsequent return to comparable athletic performance [59]. This implies
a potential role for psychological treatment for female athletes as part of
rehabilitation programs to successfully achieve RTS after ACLR.

The likelihood of returning to play should be considered and analysed
based on a multitude of factors, including patient demographics (such as
gender), concomitant injuries, specific sport played, graft selection, and
psychological factors [60]. The effect of gender as an individual factor on
return-to-play rates remains unclear, and empirical evidence is lacking to
explain gender differences in returning to sport.

There are several limitations to this study. As mentioned, there is a
high risk of bias in the included studies, as the majority are retrospective
cohort studies. Another limitation is that most studies had different
definitions of RTS, making it difficult to evaluate the results together.
Many studies reported data as descriptive variables, such as reasons for
not returning to sport, which makes them not comparable. All these
factors make it difficult to analyse the data on a larger scale.

Future research on evaluation after ACLR should report sex-specific
outcomes so that they can be analysed separately for male and female
383
patients. This will allow for different rehabilitation strategies to be car-
ried out for both men and women.

CONCLUSION

This systematic review demonstrates that the majority of female
athletes (69 %) can RTS participation at an average of 10.8 months,
however, the available information is insufficient, and quantitative data
and reasons for not returning to play are lacking. Future studies should
establish return-to-play criteria in this population and determine reasons
for not returning to sport.
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