W) Check for updates

Received: 13 April 2025 Accepted: 6 July 2025

DOI: 10.1002/ksa.70020

KNEE Knee Surgery, Sports Traumatology, Arthroscopy WL EY

The majority of elite and professional athletes return to
the preinjury level of activity after ACL reconstruction: A
systematic review and meta-analysis
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Funding information . Methods: The PubMed, Embase and Cochrane Library databases were
"tallan Ministry of Health ~*Ricerca Corrents searched to identify potentially relevant research articles that analysed RTP,
time to RTP, level of RTP, and graft failure rate in elite and professional
athletes after ACLR. An elite or professional athlete was defined as one who
participates in national- or international-level competitions in professional or
amateur sports—including academy players aged 15 years or over.
Results: A total of 49 studies met the inclusion criteria. Eleven different
sports and 4463 knees were included in the final analysis. The pooled data
revealed an RTP rate of 85.8% (95% confidence interval [Cl] 82.8-88.5]. A
lower RTP was observed in Australian football (67.8% [95% CI 54.1-80.1];
p <0.001) and football (73.0% [95% CI 65.9-79.5]; p <0.001) than in soccer
(92.8% [95% CI 89.3-95.7]). Almost 90% of the athletes returned to their
preinjury level. The meta-analysis revealed no difference (p>0.05) in
the level of RTP rate among the different studies, ranging from 79.0%
(soccer) to 97.3% (basketball). The pooled mean time to RTP was 292 days
(95% CI 268-316 days). The pooled ACL graft failure rate was estimated to
be 7.0% for athletes.

Conclusions: Following ACLR, more than 85% of elite and professional
athletes returned to play and almost 90% returned to their preinjury level,
with a graft failure rate of 7.0% and a mean return to play at 292 days.

For affiliations refer to page 19.
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INTRODUCTION

Anterior cruciate ligament (ACL) rupture is a serious
and potentially career-limiting injury for elite and pro-
fessional athletes, particularly those involved in sports
that include jumping, pivoting and cutting movements
[14, 44, 60, 73, 75].

In most athletes, ACL reconstruction (ACLR) is per-
formed to allow them to return to their preinjury level of
sport [36, 40]. Despite advances in ACLR surgical
techniques, rehabilitation protocols, and return-to-play
(RTP) criteria, approximately 80% of ACL-reconstructed
patients return to some type of sports activity, but only
65% are able to return to their preinjury level and 55%
return to competitive level sports [15, 32, 36]. In partic-
ular, sports involving jumping, pivoting, and cutting
manoeuvres are associated with lower return to sport
rates after ACL reconstruction [15, 32, 36].

Elite and professional athletes have higher RTP
rates than the general population [15, 54, 81]. Differ-
ences between sports and their unique physical
demands contribute to these variations. In fact, RTP
rates range from 77% in Australian Football and Major
League Soccer to 100% in alpine skiing [36, 63, 86].

However, the treatment of ACL injuries in elite and
professional athletes presents the additional challenge
of restoring their ability to perform at an exceptionally
high physical level [15]. Sport-specific demands are
also reflected in performance after ACLR. National
Hockey League (NHL) players have the highest RTP
rates and shortest recovery times, with performance
rates that do not differ from preinjury levels. National
Football League (NFL) athletes have decreased ath-
letic performance and the shortest postoperative
careers [9, 18, 49]. National Basketball Association
(NBA) players showed a decline in performance from
preinjury levels, with an average career length of
4.3 years after surgery [31, 43].

Differences between sports are also reflected in the
time to RTP, with recovery times typically ranging from
6-10 months. Rugby players return to play faster
(9.6 months) than football players (10.6 months) [13, 31].

However, measuring and comparing RTP levels in
different sports is challenging because of the lack of a
standardised measurement method, highlighting the need
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Athletes and their treating physicians can utilise these findings to set rea-
sonable expectations for their return to competition after ACLR.

Study Registration: CRD42025632248.

Level of Evidence: Systematic review and meta-analysis of level IV.

ACL, elite athletes, failure rate, return to sport, same preinjury level, time to return

for further research. The aim of this systematic review and
meta-analysis was to compare RTP, time to RTP, level of
RTP, and rate of ACL graft failure in elite and professional
athletes from different sports. It was hypothesised that the
majority of athletes would RTP at their pre-injury level.

METHODS

A systematic search strategy was developed according to
the Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines and is registered in
the PROSPERO Registry (CRD42025632248) [66, 67].

An electronic database search was performed to
identify potentially relevant research articles that ana-
lysed RTP, time to RTP, level of RTP and percentage of
ACL graft rupture in elite and professional athletes after
ACL reconstruction. The MEDLINE (PubMed), Embase
(Elsevier), and Cochrane Library databases were
searched on 2 January 2025, and repeated after
2 weeks, using the following Boolean search terms:
‘ACL reconstruction” OR ‘anterior cruciate ligament
reconstruction’” OR ‘ACL’ AND ‘professional’ OR ‘elite’
OR ‘competitive’ OR ‘high-level’ OR ‘top-level'.

Eligibility criteria

The literature selected for this study was selected on
the basis of the following criteria.

Study design

Randomised controlled trials (RCTs), controlled (non-
randomised) clinical trials (CCTs), prospective and
retrospective comparative cohort studies, case—control
studies, and case series were included. Case reports
and case series that did not report data on RTP, RTP
level, time to RTP or the rate of ACL graft failure were
excluded. RTP was defined as participation in at least
one game in the same league as before the injury.
Studies reporting on overlapping patient populations
with the same outcomes were also excluded (only one
such study was included in the review).
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Participants and interventions

Studies were conducted on skeletally mature elite or
professional athletes treated with ACLR and eval-
uated for RTP activity, time to return, level of RTP
and rate of ACL graft failure. Concomitant proce-
dures were not considered exclusionary, provided
that ACLR was the primary procedure. In trials that
included revision ACLR without clearly separable
data, outcomes were analysed under the assumption
of primary surgery.

An elite or professional athlete was defined as one
who participates in national- or international-level
competitions in professional or amateur sports—
including academy players aged 15 years or over [11].
The minimum follow-up period included studies that
analysed athletes for at least one full season after the
intervention.

Types of outcome measures

Four different outcome measures were extracted and
recorded:

» Return to play: Played in at least 1 game after ACLR
in the same sport activity.

» Time to return to play: The time between surgery and
return to the first official game in days.

* Return to pre-injury level: The criterion for returning
to the preinjury level was playing at the same or
higher level (% calculated for patients who returned
to play).

» ACL graft failure: Ruptures of the ipsilateral ACL after
ACLR (% calculated for patients who returned

to play).

Data collection and analysis
Study selection

The retrieved articles were first screened by title
and, if relevant, further screened by reading the
abstracts. After studies that did not meet the elig-
ibility criteria were excluded, the entire content of
the remaining articles was assessed for eligibility. To
minimise the risk of bias, the authors reviewed and
discussed all the selected articles, references, and
articles excluded from the study. In the case of any
disagreements among the reviewers, the senior
investigator made the final decision. At the end of
the process, further studies that might have been
missed were searched manually by going through
the reference lists of the included studies and rele-
vant systematic reviews.
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Data collection process

The data were extracted from the selected articles by
the first two authors using a computerised tool created
with Microsoft Access (Version 2010, Microsoft Corp,
Redmond Washington). Each article was validated
again by the first author before analysis. For each
study, data regarding the patients were extracted (age,
sex, sports practised), RTP, time to RTP, level of
postoperative activity, and ACL graft failure rate.

Level of evidence

The Oxford Levels of Evidence set by the Oxford
Centre for Evidence-Based Medicine were used to
categorise the level of evidence [52].

Evaluation of the quality of studies

The quality of the selected studies was evaluated using
the Methodological Index for Nonrandomized Studies
(MINORS) score. The checklist includes 12 items, of
which the last four are specific to comparative studies.
Each item was given a score of 0—2 points. The ideal
score was set at 16 points for noncomparative studies
and 24 points for comparative studies [76].

Statistical analysis

We calculated the weighted average age, that is, the
average age weighted according to the number of
knees included in each study, and tested differences by
sport with a weighted linear regression model.

Four meta-analyses were performed on the fre-
quency of (i) RTP, (ii) the level of return to the preinjury
level, (iii) ACL graft failure and (iv) the mean time
to RTP.

For the first three outcomes, a random-effects
model was performed using the DerSimonian—Laird
estimator for variance. The raw proportions were sta-
bilised using the Freeman-Tukey double arcsine
transformation. Pooled estimates were presented as
pooled proportions with corresponding 95% confidence
intervals (95% Cls). For the average time to RTP, we
also performed a random-effect model on raw means
using the restricted maximum likelihood (REML) esti-
mator for variance estimation. The pooled estimates
were presented as pooled means with 95% Cls. In
studies where the range was available instead of the
standard deviation (SD), the SD was estimated on the
basis of sample size and range [84]. For each outcome,
between-study variation was assessed for each model
using the Cochran's Q x? test for heterogeneity and the
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Higgins % statistic. Statistical heterogeneity was
defined as substantial when 2 >50% [35].

For subgroup analyses, we explored sport differ-
ences with univariable mixed-effects meta-regression
models with a common between-study variance com-
ponent across subgroups [80]. As above, for the first
three outcomes, we used the Der Simonian—Laird
variance estimator and the Freeman-Tukey double
arcsine outcome transformation. For the fourth out-
come, the variance was estimated using the REML
method. In subgroup analyses, for each outcome,
heterogeneity between sports was tested with a Co-
chran's Q x? test. For the comparison of sport catego-
ries, soccer was selected as the reference category
because it had the highest frequency of studies and
knees in this group.

For each model, we included sports with more than
two studies with available data for each outcome.
Meta-analyses on (ii) return to the preinjury level, (iii)
ACL graft failure and (iv) the average time to RTP were
conducted among subjects who underwent RTP. Sen-
sitivity analyses included all sports with at least two
studies with available data for each of the first three
outcomes. For time to RTP, a sensitivity test was con-
ducted, including studies that reported only the SD in
the primary study, to assess the effect of the estimated
SD [85].

Publication bias and small-study effects were
assessed through funnel plots. Their asymmetry was
tested with the rank correlation test and the regression
test. Two-tailed tests were performed. A p-value of
<0.05 was considered statistically significant. The
analysis was carried out using R (version 4.3.0, R
Foundation for Statistical Computing, Vienna, Austria).
URL https://www.R-project.org/), specifically with meta
(version 8.0.1) and metafor packages (version 4.2.0).

RESULTS

Initially, a thorough search of the three electronic da-
tabases yielded 2154 records. The titles and abstracts
of 820 studies were reviewed after 1334 duplicates
were eliminated. After reviewing the title and abstract,
762 trials were removed and 58 full-text articles were
assessed for eligibility. Finally, the reviewers excluded
nine studies after evaluating the full texts, leaving 49
articles included in the final analysis of this review. The
PRISMA diagram is shown in Figure 1.

Study characteristics
All patients and study characteristics are reported in

Table 1. A total of 11 sports and 4463 knees were
included.
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Age

The mean age of athletes at the time of surgery was
significantly higher for football and hockey players
(p <0.05). The detailed results are reported in Table 2.

Return to play

The pooled meta-analysis revealed that 85.8% (95% ClI
82.8-88.5) of athletes RTP. A lower rate of RTP was
found in Australian football (67.8% [95% CI 54.1-80.1];
p<0.001) and football (73.0% [95% CI 65.9-79.5];
p <0.001) than in the reference group (soccer — 92.8%
[95% CI 89.3-95.7]). The forest plot in Figure 2 shows
in detail the RTP for each study and sport.

Level of RTP

The pooled meta-analysis revealed that 89.3% (95% CI
81.8-95.2) of athletes returned to their preinjury level.
The meta-analysis revealed no difference (p > 0.05) in
the RTP rates between studies, ranging from 79.0%
(soccer) to 97.3% (basketball). The forest plot in
Figure 3 shows the RTP for each study and sport in detail.

Time to RTP

The mean time to RTP was estimated to be 292 days
(95% CI 268-316). Soccer players had a faster RTP
(263 days [95% Cl 231-296]) than basketball
(350 days [95% CI 318-383]; p=0.0047) and football
(344 days [95% CI 305-384]; p=0.006) players. The
forest plot in Figure 4 shows the RTP for each study
and sport.

Graft failure rate

The pooled ACL graft failure rate was estimated to be
7.0% (95% CIl 5.5-8.6). Australian football (23.8%
[95% CIl 15.8-32.8]; p < 0.001) reported a higher failure
rate than the reference group (soccer 7.5% [95% CI
5.6-9.7]). Basketball reported a lower failure rate (2.0%
[95% CI1 0.0-5.8]; p=0.042). The forest plot in Figure 5
shows in detail the failure rates for each study and
sport.

DISCUSSION

The most important finding of the present meta-
analysis was that more than 85% of elite and
professional athletes returned to sport after ACL
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FIGURE 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart indicating research article inclusion

for final analysis.

reconstruction, and almost 90% returned to their pre-
injury level, with an ACL graft failure rate of 7.0% and a
mean return to sport at 292 days. Australian Football
athletes and football athletes have a lower return to
sport rate, whereas basketball and football players
have a slower return to sport. Basketball players have a
lower reinjury rate than Australian football players.
Few studies in the literature have analysed and
compared the return to sport among elite and profes-
sional athletes and reported results similar to ours. In
2018, Lai et al. determined the rate of return to the

preinjury level of sport after ACL reconstruction in elite
athletes. The pooled RTP rate was 83%. The mean
time to RTP ranged from 6 to 13 months. The pooled
graft failure rate was 5.2%. Six out of nine studies that
included an uninjured control group reported no sig-
nificant deterioration in athletic performance following
ACL reconstruction [46].

A lower rate of return to sport was reported by
Ardern et al., who revealed that, on average, 81%
returned to any sport, 65% returned to their preinjury
level of sport, and 55% returned to a competitive level
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TABLE 2 Characteristics of studies by sport.

N of Weighted mean age in
studies N of knees years?®

N=44 N=3528
n (%) n (%)

Mean*SD p value

Australian 2(45) 273(7.7) 23.8+0.2 0.48

Football

League

Badminton 1(2.3) 66 (1.9) 23.2+0.0 0.46

Baseball 2 (4.5) 145 (4.1) 246+22 0.78

Basketball 7 (15.9) 271 (7.7) 25.7+0.6 0.09

Football 6 (13.6) 468 (13.3) 26.4+0.5 0.002*

Hockey 2 (45) 85(2.4) 27.7+0.5 0.02*

Kabbadi 1(23) 93(2.6) 22.4%0.0 0.14

Rugby 3 (6.8) 152 (4.3) 23.5+0.8 0.42

Ski 1(2.3) 18 (0.5) 23.7+0.0 0.83

Jumping

Soccer 18 1877 (53.2) 243+14 Reference
(40.9) category

Wrestling 1(23) 80(2.3) 17.0£0.0 <0.001*

@Standard deviation (SD) calculated on the weighted mean age;
*Statistical significant difference.

of sport after surgery. The same author highlighted
similar results in a previous study analysing athletes
after ACL reconstruction: 82% of participants had
returned to some type of sport, 63% had returned to
their preinjury level of participation, and 44% had
returned to competitive sports at the final follow-up [3].

In 2020, Ross et al. analysed the impact that an
ACL injury has on the ability to RTP and the post-ACLR
performance level in American football players. The
rate of RTP after ACLR in football players was 67.2%,
and the mean time to return was 11.6 months. Although
there was considerable heterogeneity in the study
designs and outcomes measured, in general, the
majority of football players experienced a greater
decline from their preinjury level of performance than
did the controls over the same period [72].

In soccer players, Manojlovic et al. assessed RTP
and performance after ACLR. They reported an RTP
rate of 72% and a return to preinjury sports level of 53%
after ACLR. In addition, recent evidence provided in
this literature review demonstrated that the mean time
to RTP was 264 days or 8.7 months. The average
career length of soccer players after ACL surgery is
approximately 4-5 years [56].

It is imperative to ascertain the functional status of
athletes prior to their return to sport to guarantee the
most favourable results, as demonstrated by prior
research. However, there is no consensus on the most
effective method for determining an athlete's RTP sta-
tus after ACLR. According to a recent systematic

ELITE & PROFESSIONAL ATHLETES RETURN TO PREINJURY LEVEL

review, the most commonly used criteria for RTP are
subjective knee stability, degree of laxity on physical
examination, and time since surgery [13, 16].

Another outcome of our study was the time to return
to sport, with variable results across different disci-
plines. Time was the most commonly used criterion to
clear patients for RTS after ACLR. The time following
ACL reconstruction is crucial for the recovery of phys-
ical function and the 'ligamentisation' of the graft.
Studies suggest that the rupture rate can be reduced
by 50% by delaying RTS beyond 9 months following
ACL reconstruction [8, 21].

Unfortunately, in the literature, the description of
return to sport guidelines is infrequently and variably
reported. There are no definitive rules for allowing a
safe return to unrestricted sports, despite the abun-
dance of peer-reviewed evidence available in the
medical literature. Following ACL surgery, return to
sport depends on a number of patient-, knee-, and
ligament-specific factors. Clinical investigations often
report subjective and clinical outcome scores that are
validated, responsive, and trustworthy. The preinjury
competitive level played, the patient's postinjury ambi-
tions, and the level of sport attained after ACL surgery
all influence how broadly and differently the capacity to
return to sport is characterised [33, 70].

The results of this systematic review reported a ACL
graft failure rate of 7%; it is estimated that the incidence
of reconstruction after ACLR is between 1.7% and
7.7%. A 25-year follow-up study revealed that the graft
failure rate after ACLR was approximately 9%.
Although the risk of revision or graft rupture after ACLR
is not high, secondary ACLR is more technically de-
manding than primary ACLR, with a higher failure rate
and lower patient satisfaction, which has a significant
impact on the likelihood of returning to sport [73, 88].

An athlete's ability to return to sport may also be
influenced by psychological factors. Depression, self-
efficacy, and kinesiophobia (fear of reinjury or move-
ment) can all affect athletes during the rehabilitation
process. In fact, clinically diagnosed depression is one
of the most debilitating psychological factors affecting
clinical outcomes after ACLR [69]. This condition has
been identified preoperatively in nearly 40% of ACLR
candidates [69]. Therefore, it is prudent to identify and
address psychological factors during the recovery
process to better equip athletes for their return to
competition. Interventions such as guided imagery,
relaxation, behavioural counselling, goal setting, and
coping modelling have yielded inconsistent results;
however, they appear to be generally promising [69].

Limitations

The overall return to sport rate of 85% should be
interpreted with some caution. There was considerable
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Study Returned to sport (n) Total (n) Proportion (%) [95% CI] Weight
Sport = AUSTRALIAN FOOTBALL LEAGUE

Liptak et al. 2017 85 115 —8— 739 [655; 81.6] 26%
Lai et al. 2018 121 158 —i— 76.6 [69.6; 829] 2.7%
Lai et al. 2019 53 104 ——— 51.0 [41.3; 60.6] 2.5%
Subgroup 377 R 67.8 [54.1; 80.1] 7.8%

Heterogenelty: I* = 90%, «* = 0.013, 3 = 20 (p < 0.001)

Sport = BADMINTON

Tan et al. 2024 57 66 86.4 [76.9; 93.7) 0.0%
Sport = BASEBALL

Erickson et al. 2019 99 124 79.8 [72.3; 865] 0.0%
Mai et al. 2017# 17 21 81.0 [60.9; 95.4] 0.0%
Sport = BASKETBALL

Namdari et al. 2011 14 18 S 77.8 [55.2; 945] 1.5%
DeFroda et al. 2021 22 26 —_— 84.6 [67.8; 96.4] 1.8%
Abbas et al. 2021 42 54 e 77.8 [65.6; 88.0] 2.2%
Busfield et al. 2009 21 27 —_— 77.8 [59.9; 91.8] 1.8%
Mai et al. 2017# 65 76 i 855 [76.6; 92.7) 2.4%
Kester et al. 2017 70 79 — 886 [80.5; 94.8] 2.4%
Harris et al. 2013 57 58 — 98.3 [92.7;100.0] 2.3%
Nwachukwu et al. 2017 11 12 S - 91.7 [67.6;100.0) 1.2%
Subgroup 350 - 86.7 [78.8; 93.1] 15.5%

Heterogenelty: I° = 61%, t* = 0.013, %2 = 17.9 (p = 0.012)

Sport = FOOTBALL

Daruwalla et al. 2014 151 184 — 821 [76.2; 87.3] 2.7%
Cinque et al. 2017 47 73 —_— 64.4 [53.0; 75.0] 2.4%
Manoharan et al. 2021 47 76 — 61.8 [50.6; 72.5] 2.4%
Mody et al. 2022 173 312 - 55.4 [49.9; 60.9] 2.8%
Carey et al. 2006 26 33 —_— 78.8 [63.0; 91.3] 1.9%
Erickson et al. 2014 13 14 -_—— 92.9 [71.8;100.0] 1.3%
Longstaffe et al. 2020 30 43 —s— 69.8 [55.1; 82.7] 21%
Read et al. 2017 28 38 —_— 73.7 [58.4; 86.6] 2.0%
Shah et al. 2010 31 49 — 63.3 [49.2; 76.3] 2.2%
Mai et al. 2017# 169 205 — 824 [76.9; 874] 27%
Khair et al. 2020 43 47 —— 91.5 [81.5; 98.1] 2.1%
Eisenstein et al. 2016 57 92 — 62.0 [51.8; 71.6] 25%
Subgroup 1166 o 73.0 [65.9; 79.5] 27.2%
Heterogeneity: I = 87.3%, 1 = 0.013, 1, = 86.7 (p < 0.001)

Sport = HOCKEY

Erickson et al. 2014 36 37 97.3 [88.8;100.0] 0.0%
Mai et al. 2017# 46 48 95.8 [87.9; 99.9] 0.0%
Sport = KABBADI

Arora et al. 2024 92 93 98.9 [95.4;100.0] 0.0%
Sport = RUGBY

Hurley et al. 2021 14 15 —_— 93.3 [73.6;100.0] 1.4%
Takazawa et al. 2016 12 12 — 100.0 [86.1;100.0] 1.2%
Jones et al. 2023# 115 125 — 92.0 [86.5; 96.2] 2.6%
Subgroup 152 —— 95.4 [84.0;100.0] 5.2%
Heterogenelty: I° = 0%, t° = 0.013, 3 = 1.1 (p = 0.578)

Sport = SKI JUMPING

Oronowicz et al. 2024 15 18 83.3 [62.0; 97.6] 0.0%
Sport = SOCCER

Zaffagnini et al. 2014 15 21 -_— 71.4 [50.0; 89.1] 1.6%
Barth et al. 2019 164 176 = 93.2 [88.9; 96.5] 2.7%
Arundale et al. 2018 40 54 _— 741 [61.5; 85.0] 2.2%
Forsythe et al. 2021 41 51 —_— 80.4 [68.2; 90.3] 2.2%
Mazza et al. 2022 174 183 - 95.1 [91.4; 97.8] 2.7%
Farinelli et al. 2023 25 27 — 926 [79.0; 99.9] 1.8%
Abed et al. 2023 27 30 - 90.0 [76.2; 98.7] 1.9%
Szymski et al. 2023 96 120 — 80.0 [72.3; 86.7] 2.6%
Waldén et al. 2016 130 134 = 97.0 [93.3; 99.4] 2.6%
Borque et al. 2024 80 82 — 97.6 [92.8;100.0] 2.4%
Krutsch et al. 2020 62 63 —= 98.4 [93.3;100.0] 23%
Jones et al. 2023# 225 234 = 96.2 [93.3; 98.3] 2.8%
Waldén et al. 2011 69 Al —= 97.2 [91.7;100.0] 2.4%
Balendra et al. 2022 222 231 - 96.1 [93.2; 98.3] 2.8%
Pinheiro et al. 2023 194 200 - 97.0 [94.1; 99.0] 2.7%
Bonanzinga et al. 2022 27 28 —a 96.4 [85.3;100.0] 1.8%
Niederer et al. 2018 123 125 = 98.4 [95.2;100.0] 2.6%
Ghali et al. 2025 20 23 —_—l 87.0 [69.6; 98.2] 1.7%
Howard et al. 2016 66 78 —— 84.6 [75.7; 91.9] 24%
Subgroup 1931 < 92.8 [89.3; 95.7] 44.2%

Heterogenelty: I° = 80.7%, ©* = 0.013, 3¢, = 93.2 (p < 0.001)

Sport = WRESTLING
Marigi et al. 2022 69 80 86.2 [77.7; 93.0] 0.0%

Total 4463 <> 85.8 [82.8; 88.5] 100.0%
Heterogenelty: I = 92.6%, 1 = 0.013, x, = 595.4 (p <0.001) f T T T T T 1
40 50 60 70 80 90 100
Proportion (%)

FIGURE 2 Forest plot of RTP among different sports after ACL reconstruction. Cl, confidence interval.
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Study Same pre-injury level (n) Total (n) Proportion (%) [95% CI] Weight
Sport = AUSTRALIAN FOOTBALL LEAGUE

Liptak et al. 2017 85 85 - 100.0 [98.0;100.0] 2.3%
Lai et al. 2018 121 121 . 100.0 [98.6;100.0] 2.3%
Lai et al. 2019 36 53 —=— 67.9 [54.7; 79.9] 2.3%
Subgroup 259 — 95.2 [66.2;100.0] 6.9%

Heterogenelty: /° = 96.2%, 1* = 0.116, 3 = 52.7 (p < 0.001)

Sport = BADMINTON

Tan et al. 2024 29 57 50.9 [37.8; 63.8] 0.0%
Sport = BASEBALL

Erickson et al. 2019 91 99 91.9 [85.6; 96.6] 0.0%
Mai et al. 2017# 14 17 824 [60.0; 97.4] 0.0%

Sport = BASKETBALL

Namdari et al. 2011 14 14 —= 100.0 [88.1;100.0] 2.0%
DeFroda et al. 2021 22 22 = 100.0 [92.3;100.0] 2.1%
Abbas et al. 2021 42 42 « 100.0 [95.9;100.0] 2.2%
Busfield et al. 2009 21 21 — 100.0 [92.0;100.0] 2.1%
Mai et al. 2017# 4 65 - 63.1 [50.9; 74.5] 2.3%
Kester et al. 2017 70 70 - 100.0 [97.6;100.0] 2.3%
Harris et al. 2013 50 57 — 87.7 [77.7; 95.2) 2.3%
Nwachukwu et al. 2017 11 11 — 100.0 [84.9;100.0] 2.0%
Subgroup 302 —_ 97.3 [81.9;100.0] 17.4%

Heterogenety: I = 89.5%, t° = 0.116, = 66.4 (D <0.001)

Sport = FOOTBALL

Daruwalla et al. 2014 151 151 “ 100.0 [98.9;100.0] 2.3%
Cinque et al. 2017 47 47 = 100.0 [96.4;100.0] 2.2%
Manoharan et al. 2021 47 47 = 100.0 [96.4;100.0] 2.2%
Mody et al. 2022 107 259 - 41.3 [35.4; 47.4] 23%
Carey et al. 2006 26 26 — 100.0 [93.5;100.0) 2.2%
Erickson et al. 2014 13 13 —i 100.0 [87.2;100.0] 2.0%
Longstaffe et al. 2020 30 30 4 100.0 [94.3;100.0] 2.2%
Read et al. 2017 23 28 —— 82.1 [65.5; 94.5] 2.2%
Shah et al. 2010 31 31 = 100.0 [94.5;100.0] 2.2%
Mai et al. 2017# 101 169 — 59.8 [52.3; 67.1] 2.3%
Khair et al. 2020 29 43 —— 67.4 [52.6; 80.8] 2.2%
Eisenstein et al. 2016 57 57 L 100.0 [97.0;100.0) 2.3%
Subgroup 901 — 93.6 [79.8; 100.0] 26.7%

Heterogenelty: I = 97.7%, 1° = 0.116, 3, = 468.5 (p < 0.001)

Sport = HOCKEY

Erickson et al. 2014 19 36 52.8 [36.3; 69.0] 0.0%
Mai et al. 2017# 45 46 97.8 [90.9;100.0] 0.0%
Sport = KABBADI
Arora et al. 2024 79 92 85.9 [77.9; 92.3] 0.0%
Sport = RUGBY
Hurley et al. 2021 12 14 —a 85.7 [61.6; 99.7] 2.0%
Takazawa et al. 2016 12 12 — 100.0 [86.1;100.0) 2.0%
Jones et al. 2023# 110 115 = 95.7 [91.0; 98.8] 2.3%
Subgroup 141 —_— 95.6 [62.7; 100.0] 6.4%
Heterogenelty: I° = 20.5%, ©* = 0.116, 5 = 2.5 (p = 0.284)
Sport = SKI JUMPING
Oronowicz et al. 2024 9 15 60.0 [33.8; 83.7] 0.0%
Sport = SOCCER
Zaffagnini et al. 2014 13 15 —— 86.7 [63.9; 99.7] 2.1%
Barth et al. 2019 164 164 4 100.0 [99.0;100.0] 2.3%
Arundale et al. 2018 36 40 —- 90.0 [78.4; 97.7] 2.2%
Forsythe et al. 2021 41 41 = 100.0 [95.8;100.0] 2.2%
Mazza et al. 2022 83 174 - 47.7 [40.3; 55.2] 2.3%
Farinelli et al. 2023 23 25 —- 92.0 [77.4; 99.8] 22%
Abed et al. 2023 19 27 — 70.4 [51.6; 86.3] 2.2%
Szymski et al. 2023 48 96 — 50.0 [40.0; 60.0] 2.3%
Waldén et al. 2016 60 93 —— 64.5 [54.5; 74.0] 2.3%
Borque et al. 2024 67 80 — 83.8 [74.8; 91.1] 2.3%
Krutsch et al. 2020 39 62 — 62.9 [50.5; 74.6] 2.3%
Jones et al. 2023# 217 225 - 96.4 [93.6; 98.5] 2.3%
Waldén et al. 2011 66 69 - 95.7 [89.3; 99.4] 2.3%
Balendra et al. 2022 209 222 = 94.1 [90.6; 96.9] 2.3%
Pinheiro et al. 2023 68 194 - 35.1 [28.5; 41.9] 23%
Bonanzinga et al. 2022 8 17 —— 471 [23.6; 71.2] 2.1%
Niederer et al. 2018 31 123 = 25.2 [17.9; 33.3] 2.3%
Ghali et al. 2025 20 20 -4 100.0 [91.6;100.0] 2.1%
Howard et al. 2016 50 66 —— 75.8 [64.6; 854] 23%
Subgroup 1753 — 79.0 [64.7; 90.5] 42.7%
Heterogenelty: I = 97.7%, ©* = 0.116, 5, = 766.1 (p < 0.001)
Sport = WRESTLING
Marigi et al. 2022 64 69 928 [85.2; 97.9] 0.0%
Total 3787 - 89.3 [81.8; 95.2] 100.0%

Heterogenelty: I = 97.1%, 1 = 0.116, x5, = 1524.2 (p <0.001) f T T T T 1
0 20 40 60 80 100
Proportion (%)

FIGURE 3 Forest plot of the level of RTP among different sports after ACL reconstruction. Cl, confidence interval.
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Study
Sport = BADMINTON

n Mean SD

Pooled

17
Knee Surgery, Sports Traumatology, Arthroscopy—W] LEY—‘—

mean 95%CIl Weight

Tan et al. 2024 57 417.0 279.0 417.00 [344.57;489.43] 0.0%
Sport = BASEBALL
Erickson et al. 2019 99 310.0 109.0 310.00 [288.53;331.47] 0.0%
Sport = BASKETBALL
Namdari et al. 2011 14 354.0 127.0 = 354.00 [287.47,420.53] 2.7%
DeFroda et al. 2021 22 3725 26.3 372.50 [361.53;383.47] 3.9%
Busfield et al. 2009 21 325.0 81.0 —ar 325.00 [290.36; 359.64] 3.5%
Harris et al. 2013 57 348.0 123.0 -2 348.00 [316.07,379.93] 3.6%
Subgroup 114 = 350.31 [317.95; 382.67] 13.7%
Heterogenelty: /* = 62.8%, t° = 2287.0, % = 8.1 (p = 0.045)
Sport = FOOTBALL
Cinque et al. 2017 47 303.0 45.0 = 303.00 [290.13;315.87] 3.9%
Mody et al. 2022 173 372.0 75.0 372.00 [360.82;383.18] 3.9%
Carey et al. 2006 26 390.6 261.4 ————=> 300.60 [290.14;491.06] 1.9%
Erickson et al. 2014 13 390.0 117.0 ——+— 390.00 [326.40;453.60] 2.7%
Longstaffe et al. 2020 30 316.1 50.7 - 316.10 [297.95; 334.25] 3.9%
Read et al. 2017 28 329.0 113.0 —8— 329.00 [287.14,370.86] 3.3%
Subgroup 317 - 344.23 [304.68; 383.79] 19.7%
Heterogenelty: /* = 93.2%, v = 2287.0, 52 = 73.4 (p < 0.001)
Sport = HOCKEY
Erickson et al. 2014 36 2340 720 234.00 [210.48;257.52] 0.0%
Sport = KABBADI
Arora et al. 2024 92 2340 19.2 234.00 [230.08;237.92] 0.0%
Sport = RUGBY
Hurley et al. 2021 14 291.0 132.0 —E— 291.00 [221.86; 360.14] 2.6%
Takazawa et al. 2016 12 249.0 45.0 -5 249.00 [223.54,274.46] 3.7%
Jones et al. 2023# 115 288.0 102.0 = 288.00 [269.36; 306.64] 3.9%
Subgroup 141 _ 274.47 [215.42; 333.52] 10.2%
Heterogenelty: /* = 67.1%, v = 2287.0, 32 = 6.1 (p = 0.048)
Sport = SOCCER
Zaffagnini et al. 2014 15 186.0 53.0 = 186.00 [159.18;212.82] 3.7%
Barth et al. 2019 164 3109 149 U 310.90 [308.62;313.18] 4.0%
Forsythe et al. 2021 41 216.0 109.0 . 216.00 [182.64;249.36] 3.6%
Mazza et al. 2022 174 248.0 136.0 = 248.00 [227.79;268.21] 3.8%
Abed et al. 2023 27 363.0 259 363.00 [353.23;372.77] 4.0%
Szymski et al. 2023 96 251.3 79.0 = 251.30 [235.50;267.10] 3.9%
Borque et al. 2024 80 327.0 129.0 - 327.00 [298.73;355.27] 3.7%
Krutsch et al. 2020 62 226.7 93.5 = 226.70 [203.43;249.97] 3.8%
Jones et al. 2023# 225 318.0 108.0 = 318.00 [303.89;332.11] 3.9%
Waldén et al. 2011 69 2375 76.1 - 237.50 [219.54,255.46] 3.9%
Balendra et al. 2022 222 315.0 108.0 - 315.00 [300.79; 329.21] 3.9%
Pinheiro et al. 2023 194 321.0 117.0 - 321.00 [304.54;337.46] 3.9%
Bonanzinga et al. 2022 27 204.0 108.0 -8 204.00 [163.26;244.74] 3.4%
Niederer et al. 2018 123 209.0 93.0 &5 209.00 [192.56; 225.44] 3.9%
Howard et al. 2016 66 183.0 189.9 —— 183.00 [137.19;228.81] 3.2%
Subgroup 1585 - 263.17 [230.64; 295.69] 56.4%
Heterogenelty: /° = 97.8%, ° = 2287.0, 5, = 625.4 (p < 0.001)

Total 2441 . 292.23 [268.42; 316.03] 100.0%
Heterogenelty: /° = 97.1%, ©° = 2287.0, 2, = 920.9 (p <0.001) ! ! | !

150 250 350 450
Mean

FIGURE 4 Forest plot of time to RTP among different sports after ACL reconstruction. Cl, confidence interval; SD, standard deviation.
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Study Re-rupture (n) Total (n) Proportion (%) [95% CI] Weight
sport = AUSTRALIAN FOOTBALL LEAGUE
Liptak et al. 2017 14 85 —— 16.5 [9.3;26.1] 3.7%
Lai etal. 2018 37 121 — 30.6 [22.5;39.6] 4.3%
Subgroup 206 _ 23.8 [15.8;32.8] 8.0%

Heterogenelty: /* = 81.6%, t° = 0.003, %° = 5.4 (p = 0.020)

sport = BASKETBALL

Namdari et al. 2015 1 14 —_—— 71 [0.2;339] 1.0%
Mai et al. 2017# 1 65 — 1.5 [0.0; 83] 3.2%
Kester et al. 2017 1 70 8— 14 [0.0; 7.7] 33%
Harris et al. 2013 2 57 -+ 35 [04;121] 29%
Subgroup 206 Lo 2.0 [0.0; 5.8] 10.4%
Heterogenelty: I° = 0%, t° = 0.003, 3 = 1.9 (p = 0.598)
sport = FOOTBALL
Manoharan et al. 2021 5 47 —— 10.6 [3.5;23.1] 26%
Erickson et al. 2014 0 13 -— 0.0 [0.0;24.7] 1.0%
Longstaffe et al. 2020 2 30 —— 6.7 [08;221] 1.9%
Mai et al. 2017# 7 169 - 41 [1.7;83] 5.0%
Kabhir et al. 2020 2 43 - 4.7 [0.6;15.8] 24%
Subgroup 302 < 48 [16; 9.1] 12.9%
Heterogenelty: /* = 0%, 1 = 0.003, % = 3.5 (p = 0.478)
sport = HOCKEY
Erickson et al. 2014 1 36 - 28 [0.1;145] 22%
Mai et al. 2017# 1 46 -— 22 [0.1;11.5] 2.6%
Subgroup 82 < 24 [0.0; 88] 4.7%
Heterogenelty: I* = 0%, v = 0.003, % = 0 (p = 0.837)
sport = RUGBY
Hurley et al. 2021 2 14 143 [1.8;428] 1.0%
Takazawa et al. 2015 0 12 —_— 0.0 [0.0;26.5] 0.9%
Jones et al. 2023# 9 115 - 7.8 [3.6;14.3] 4.3%
Subgroup 141 fea— 6.1 [1.1;13.6] 6.2%
Heterogenelty: I* = 3.8%, ¥ = 0.003, x5 = 2.1 (p = 0.354)
sport = SOCCER
Zaffagnini et al. 2014 1 15 —— 6.7 [0.2;31.9] 1.1%
Barth et al. 2018 19 164 —=— 116 [7.1;17.5) 4.9%
Arundale et al. 2018 2 40 - 5.0 [0.6;16.9] 23%
Forsythe et al. 2021 6 41 — 146 [5.6;29.2] 24%
Mazza et al. 2022 7 174 - 40 [1.6; 81] 5.0%
Farinelli et al. 2023 2 25 —— 80 [1.0;26.00 1.7%
Szymski et al. 2022 14 96 — 146 [8.2;23.3] 3.9%
Waldén et al. 2016 5 130 - 38 [1.3;87] 45%
Borque et al. 2024 8 80 —— 10.0 [4.4;18.8] 3.6%
Krutsch et al. 2020 6 62 —— 9.7 [3.6;19.9] 3.1%
Howard et al. 2015 0 66 — 0.0 [0.0; 54] 3.2%
Jones et al. 2023# 18 225 - 8.0 [48;123] 54%
Balendra et al. 2022 22 222 - 99 [6.3;146] 5.4%
Pinheiro et al. 2023 18 194 - 93 [56;143] 52%
Bonanzinga et al. 2022 1 27 3.7 [0.1;19.0] 1.8%
Niederer et al. 2018 13 123 — 106 [5.7;17.4] 4.4%
Subgroup 1684 <& 7.5 [5.6; 9.7] 57.8%
Heterogenelty: I* = 57.4%, ¥* = 0.003, %7, = 35.2 (p = 0.002)

Total 2621 ® 7.0 [5.5; 8.6] 100.0%
Heterogenelty: I° = 71.6%, t° = 0.003, 13, = 109.3 (p < 0.001) T T T

0 10 20 30 40 50
Proportion (%)

FIGURE 5 Forest plot of the failure rates among different sports after ACL reconstruction. Cl, confidence interval.
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statistical heterogeneity among the studies, which may
be explained by several factors. The included studies
employed different methods to identify and recruit elite
and professional athletes, used varying criteria to
assess return to sport, and the rate of return may have
been influenced by the type of sport played. The
inconsistent lengths of follow-up between studies may
have affected the calculations of pooled return to sport
and ACL graft failure rates. Furthermore, graft selection
and time to ACL graft failure were not evaluated, and
concomitant surgery was not considered an exclusion
criterion. In most of the studies included in the meta-
analysis, data from patients who had concomitant
surgeries could not be extrapolated, or patients who
underwent ACL revision surgery were considered on
par with those who had undergone ACLR for the first
time. Finally, this meta-analysis did not consider con-
tralateral versus operated ACL failure rates.

Therefore, it is important that future studies specify
the length of follow-up, the graft used, and concomitant
surgery performed.

CONCLUSIONS

Following ACLR, more than 85% of elite and profes-
sional athletes returned to play and almost 90%
returned to their preinjury level, with a ACL graft failure
rate of 7.0% and a mean return to play at 292 days.
Athletes and their treating physicians can utilise these
findings to set reasonable expectations for their return
to competition after ACLR.
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