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Clinical Outcomes After ACL
Reconstruction in Soccer (Football,
Futbol) Players: A Systematic Review
and Meta-Analysis

lan S. Hong, BMSc, Lauren A. Pierpoint, PhD, Justin E. Hellwinkel, MD, Alexander N. Berk, BS,
Dana P. Piasecki, MD, James E. Fleischli, MD, and Bryan M. Saltzman, MD*

Context: The risk factors for anterior cruciate ligament (ACL) tear for athletes participating in pivoting sports includes
young age and female sex. A previous meta-analysis has reported a reinjury rate of 15% after ACL reconstruction (ACLR)
for athletes across all sports. To the best of the authors’ knowledge, this is the first systematic review and meta-analysis of
available literature reporting outcomes after ACLR in soccer players.

Objective: To review and aggregate soccer-specific outcomes data after ACLR found in current literature to help guide a
more tailored discussion regarding expectations and prognosis for soccer players seeking operative management of ACL
injuries.

Data Sources: A comprehensive search of publications was performed using PubMed, EMBASE, Cochrane Central Register
of Controlled Trials, and SPORTDiscus databases.

Study Selection: Inclusion criteria consisted of original studies, level of evidence 1 to 4, studies reporting clinical and
patient-reported outcomes (PROs) after primary ACLR in soccer players at all follow-up length.

Study Design: The primary outcomes of interest were graft failure/reoperation rates, ACL injury in contralateral knee,
return to soccer time, and PROs.

Level of Evidence: Level 4.
Data Extraction: Search of literature yielded 32 studies for inclusion that involved 3112 soccer players after ACLR.

Results: The overall graft failure/reoperation rate ranged between 3.0% and 24.8% (mean follow-up range, 2.3-10 years)
and the combined ACL graft failure and contralateral ACL injury rate after initial ACLR was 1.0% to 16.7% (mean follow-up
range, 3-10 years); a subgroup analysis for female and male players revealed a secondary ACL injury incidence rate of 27%,
95% CI (22%, 32%) and 10%, 95% CI (6%, 15%), respectively. Soccer players were able to return to play between 6.1 and
11.1 months and the majority of PROs showed favorable scores at medium-term follow-up.

Conclusion: Soccer players experience high ACL injury rates after primary ACLR and demonstrated similar reinjury rates as
found in previous literature of athletes who participate in high-demand pivoting sports.
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stabilizer that resists anterior and rotation forces of the

tibia relative to the femur. As a result, it is the knee
ligament that is commonly injured during sporting
activities.¥* Left untreated, athletes will experience recurrent
instability, and the literature supports evidence of increased
risk of chondral and meniscal injuries and early development
of knee osteoarthritis."*"”” The current gold standard treatment
for high-level athletes is ACL reconstruction (ACLR), with the
goal of restoring function and achieving preinjury level of
alctivity.27’57

Soccer (football, futbol) is undoubtedly the most popular and
widely played sport in the world, with an estimated 260 million
active players.”” Due to the dynamic range of movement
exhibited by a soccer player on the pitch, such as cutting,
pivoting, jumping, and landing, an ACL injury can be a
devastating setback that results in a premature end to the soccer
player’s season.” In a prospective study of professional soccer
players who underwent ACLR, only 85.8% were actively playing
soccer and only 65% were playing at their preinjury level 3
years after surgery.” Another study found that, at a follow-up of
4 years after ACLR, only 71% of professional soccer players were
playing soccer at a competitive level

There exists a wealth of information regarding the risk
factors, clinical outcomes, return-to-sport rate, and failure/
revision rates for athletes who have undergone ACLR across
all sports.”7#0424778 grydies have shown that younger age
and female sex are common risk factors for ACL injuries,
especially athletes participating in pivoting sports.**” A
systematic review by Ardern et al” found that 63% of all
athletes returned to preinjury level of sport; in comparison,
only 44% of competitive athletes managed to return to
preinjury level of participation. Regarding failure/revision
rates, a meta-analysis found that the overall second ACL
reinjury rate in athletes was estimated to be 15%.” Along with
vastly different demands put on an athlete’s knee for different
sports, the authors highlight the importance of reporting
sport-specific outcomes for the purposes of conveying
expectations for athletes and coaches and optimizing
rehabilitation regimen according to that sport.

There exists a number of studies pertaining to ACLR for soccer
players.* 77 However, all review articles to date have focused
on topics regarding epidemiology, risk factors, and prevention
strategy for ACL injuries in soccer players. To the best of the
authors’ knowledge, comparative review studies evaluating
outcomes after ACLR solely in soccer players are lacking.
Furthermore, the systematic review conducted by Warner et al”®
concluded that there is a relatively small amount of data in the
literature on “sport-specific outcomes” in athletes after ACLR.
The purpose of this study was to report soccer-specific
outcomes with regard to soccer by performing a systematic
review and meta-analysis of available literature on clinical
outcomes and patient-reported outcomes (PROs) after ACLR
exclusively in soccer players.

‘ he anterior cruciate ligament (ACL) is a critical knee

METHODS
Search Strategy

A comprehensive search of publications that reported on the
outcomes after ACLR in soccer players was performed by the
first author in May 2020 using PubMed, EMBASE, Cochrane
Central Register of Controlled Trials (CENTRAL), and
SPORTDiscus databases. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRIMSA) guidelines
were followed. ™ The following search terms were used for each
database previously outlined: (“ACL” OR “anterior cruciate
ligament”) AND “Reconstruction” AND (“soccer” OR “football”
OR “futbol”). Inclusion criteria consisted of original studies, level
of evidence of 1 to 4, studies focusing on clinical outcomes after
ACLR in soccer (football) players, studies reporting length of
time from ACLR to return to play, studies reporting time from
injury to surgery, PROs, graft failure, or second ACL injury after
ACLR. The exclusion criteria consisted of studies focusing on
American Football players, review articles, technique papers,
conference/presentation abstracts, case reports, editorials,
expert opinion, non-English language studies, data pertaining
exclusively to soccer players not reported, studies reporting on
ACLR combined with other ligamentous procedures, or studies
that did not present outcomes data.

Evaluation of Study Quality

To evaluate the methodological quality of the studies included
in this review, the methodological index for nonrandomized
studies (MINORS) was utilized.” MINORS criteria is an
assessment tool to evaluate methodology and risks of bias for
nonrandomized studies involving 8 criteria for noncomparative
studies and an additional 4 criteria for comparative studies. Each
criteria is given a score of 0 (not reported), 1 (reported but
inadequate), or 2 (reported and adequate) for a maximum
global score of 16 and 24 for noncomparative and comparative
studies, respectively. Two independent blinded reviewers
assessed each study, and discrepancies in scores were discussed
by the 2 reviewers until a consensus was reached. Analyses of
the means and standard deviations (range) of global scores of
noncomparative and comparative studies were performed.
Higher scores indicate a high-quality study and methodology
with a low risk of bias (Online Appendix Table AD).

For Level 1 evidence: 1 randomized controlled trial,* the risk
of bias assessment was conducted using Version 2 of the
Cochrane risk-of-bias tool for randomized trials (RoB 2) by 2
independent blinded reviewers.”

Data Extraction

For all eligible studies that were included for review and meta-
analysis, data were extracted from the full text and entered into
a database. Data collected consisted of the article title, authors,
country, publication year, journal, level of evidence, sample size,
patient demographical information (sex, mean/median age,
height, body mass index [BMI]), type of graft used for ACLR,
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concomitant knee injuries, length of time from injury to surgery,
time to return to play, and outcomes of clinical follow-up (graft
failure/reoperation rates, secondary ACL injury to contralateral
knee, and PRO with associated follow-up time intervals). The
primary PRO measures that were reported in the studies
included the Knee Injury and Osteoarthritis Outcome Score
(KOOS), the International Knee Documentation Committee
(IKDC) score, the Lysholm score, and the Tegner Activity Scale.

Statistical Analysis

Ranges for mean/median age, height, BMI, concomitant articular
cartilage or medial/lateral meniscal injury, time from injury to
surgery, rates of graft failure/reoperation, rate of contralateral
knee ACL injury, and the combined ACL reinjury, return-to-sport
time, and return to competition time were reported from all
studies reporting each respective variable. Graft choice, and
numbers of male and female subjects were reported as counts.
A random-effects meta-analysis of proportions was used to
calculate pooled estimates for single proportions including
proportion of hamstring grafts, allografts, and reinjury rates. All
analyses were weighted for individual study size. Subgroup
pooled estimates of reinjury proportions are presented with
forest plots for the total study population, for studies including
only male or only female athletes. Subgroup analysis for the
effect of sex and type of graft on reinjury risk was not possible
as individual studies did not report the necessary stratified data.
All analyses were performed in R Version 4.0.0 (R is a
programming language and free software environment for
statistical computing and graphics supported by the R
Foundation) using the metafor package.”

RESULTS
Study Selection

Using PRISMA guidelines, a search of literature as outlined in
Methods yielded a total of 952 articles; 3 additional articles were
identified using the reference lists of studies included in the
final qualitative synthesis. A total of 582 articles were identified
as duplicates and were excluded. Titles and abstracts of the
remaining 373 articles were screened using the inclusion and
exclusion criteria set out, and resulted in further exclusion of
201 articles. The full texts of 172 articles were screened and 140
studies were excluded. A total of 32 studies were used for
qualitative synthesis and systematic review; 12 of the 32 studies
reporting on graft failure/reoperation rate, contralateral ACL
injury, or second ACL injury were included in the meta-analysis
(Figure 1).

Study Characteristics

The majority of the articles that were included in the review
were of Level 3 to 4 evidence; 1 of 32 (3.1%) was Level 1
evidence,™ 11 of 32 of studies were Level 2,2>0910.14 2024647577
11 of 32 (34.4%) of studies were Level 3
evidence,1’3’2l’22'24'25'52'54'60'61'71 and 9 of 32 (28.1%) of studies
were Level 4 evidence, *235385802480 The qutcomes of 3112

soccer players after ACLR were available for analysis. The
reported number of male athletes who underwent ACLR was
1780, compared with 1181 female athletes (Table 1). The range
of mean age of soccer players who underwent ACLR was 15.7
to 29.7 years, range of mean height was 1.68 to 1.82 m, and
range of mean BMI was 22.8 to 24.9 kg/m”. Of the studies that
reported the type of graft used for the reconstruction, 14 of 32
(43.8%) studies used autografts =" 2> A the 2 most
commonly used grafts included 1600 hamstring tendon (HT)
and 603 bone-patellar-tendon-bone (BPTB) grafts. Using the
concomitant procedures data, the range of patients with
articular cartilage involvement was 6.5% to 30.4% and meniscal
involvement was 35.6% to 60.0% (Table 2).

Evaluation of Study Quality

MINORS criteria revealed that, for noncomparative studies, the
mean global scores for 12 studies was 11.9 £ 3.0 (range, 7-18)
and for 19 comparative studies the mean global scores for 19
studies was 18.1 + 3.4 (range, 11-23). The risks of bias for 1
level of evidence 1 randomized controlled trial using RoB 2
demonstrated “low risk of bias” in the randomization process,
deviations from the intended interventions, missing outcome
data, measurement of the outcome, and “some concern” in the
selection of the reported results and the overall bias level was
determined to be “some concern.”

Outcomes After ACLR

The overall graft failure/reoperation rate after ACLR in soccer
players (Table 3) ranged from 3.0% to 24.8%, and the overall
contralateral ACL injury rate after ACLR ranged between 1.0%
and 16.7%. Three studies did not mention the laterality of a
second ACL injury after ACLR.***** However, the secondary
ACL injury rate regardless of laterality ranged between 5.4% and
27.8%. A stratified analysis of the secondary ACL injury rate in
male soccer players was 10%, 95% CI (6%, 15%), I* = 58.9%
(Figure 2). In contrast, the secondary ACL injury rate in female
soccer players was 27%, 95% CI (22%, 32%), I* = 0.0%

(Figure 3).

Studies reported return to sport by specifying either return to
soccer training and/or return to soccer match. The range of
mean return to soccer training was 3 to 12.2 months and return
to soccer match was 0.1 to 11.1 months (Table 4). A subset of
studies reported both return to soccer training and return to
soccer match. #3374 When using these subset of studies,
the range of mean return to soccer training was 3 to 9 months
and return to soccer match was 5.1 to 11 months.

Of the 32 studies, 15 (46.9%) reported PROs. The KOOS was
reported by 5 studies (Online Appendix Table A2) HH6LH0
However, only 4 studies reported the 5 separate subscales
(symptoms, pain, function in daily living, function in sport and
recreation, and quality of life). The follow-up period for KOOS
ranged from a minimum of 3 months to a maximum of 10 years.
Two studies reported KOOS scores of soccer players who had
returned to soccer and those who did not return.***' The mean
function in sport and recreation subscale score for players who
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Figure 1. PRISMA search strategy flow diagram. ACLR, anterior cruciate ligament reconstruction; PRISMA, preferred reporting

items for systematic reviews and meta-analyses.

returned to soccer was 77.9 + 20.9 and 51 £ 28. In contrast, the
mean function in sport and recreation subscale score for players
that did not return to soccer was 62.9 £ 22.2 and 72 + 21. The
IKDC score was reported in 10 studies, ! +6:10:20:24263377
Postoperatively, the mean IKDC scores at final follow-up ranged
from a minimum of 80.2 to a maximum of 95. Of note, 1 study
reported 2 separate mean IKDC scores for a cohort of soccer
players treated with semitendinosus in triple configuration

(91.4 £ 7.9) and a cohort of soccer players treated with double
semitendinosus combined with a gracilis autograft (79.6 +
12.9).* Lysholm score was reported in 7 studies."***#3%! The
mean preoperative Lysholm score ranged from a minimum of
52,5 5.1 to a maximum of 80.5 £ 11.9. The mean
postoperative Lysholm score at final follow-up ranged from a
minimum 88 % 15 to a maximum of 96 (SD not reported).

The same aforementioned study reported 2 separate mean
Lysholm scores for a cohort of soccer players treated with
semitendinosus in triple configuration (97.7 £ 3.8) and a cohort

of soccer players treated with double semitendinosus combined
with a gracilis autograft (87 + 9.6). Finally, the Tegner activity
scale was reported in 10 studies,">1024 20335477 Nyt (he
exception of 2 studies, ™ all studies that reported preoperative
and postoperative follow-up Tegner activity scales after ACLR
saw improvements.

DISCUSSION

The primary findings of this systematic review and meta-analysis
on clinical outcomes after ACLR on soccer players found that
(1) female players experienced an incidence of secondary ACL
injury of 27%, whereas the incidence in male players was 10%;
(2) there is a higher rate of ipsilateral ACL injury (graft failure/
reoperation) than contralateral ACL injury; (3) players were able
to return to soccer matches as early as 6.1 months after ACLR;
and (4) there was a general positive trend in PROs at medium-
term follow-up.
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Table 2. Summary of studies reporting concomitant knee injuries and/or time from injury to index ACLR surgery

in soccer players

First Author (Year)

Concomitant Knee Injuries

Articular Cartilage

Medial/Lateral Meniscal
Injury

Time from Injury to Surgery

Allen (2016)' 6/90 (6.7%) 54/90 (60.0%) NR

Almeida (2018)2 NR NR Median, 3 mo; Range, 1-12
mo

Alonso (2009)° NR NR NR

Alonso (2019)* NR NR NR

Alvarez-Diaz (2015)° NR NR NR

Angelozzi (2012)° NR NR Mean, 4.3 + 2.8 mo; Range,
2-9 mo

Arundale (2019)° 11/117 (9.4%) 49/117 (41.9%) <3 mo, 42/117; 3-6 mo,
35/117; 6-9 mo, 25/117;
>9 mo, 15/117; Median,
3 mo; Range, 0-22 mo

Bak (2001)™ NR 47/132 (35.6%) Median, 15 mo; Range, 3-72
mo

Barth (2019)" NR NR Mean, 13.7 + 1 days

Brophy (2012)"* NR NR NR

Drocco (2019)% NR NR NR

Ellera Gomes (2014)% NR NR NR

Erickson (2013)% NR NR NR

Féltstrom (2016)%* 16/182 (8.8%) 75/182 (41.2%) <3 mo, 42/182; 3-6 mo,
112/182; >12 mo, 20/182

Féltstrém (2017)% 5/77 (6.5%) 31/77 (40.3%) <3 mo, 22/77, 3-12 mo,
48/77; >12 mo, 6/77;
Median, 4 mo; IQR, 5 mo

Féltstrém (2019)% 11/117 (9.4%) NR <3 mo, 42/117, 3-6 mo,
69/117; >12 mo, 6/117,
Median, 3 mo; Range,
0-22 mo; IQR, 5 mo

Guzzini (2016)* NR NR Mean, 4.5 + 2.5 days;
Range, 2-11 days

Herrington (2018)* NR NR NR

Howard (2016)* NR NR NR

Martin-Alguacil (2018)* NR NR NR

Niederer (2018) NR NR NR

(continued)
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Table 2. (continued)

Concomitant Knee Injuries

Medial/Lateral Meniscal

First Author (Year) Articular Cartilage Injury Time from Injury to Surgery

Patras (2012)** NR NR <6 mo, 14/14

Roos (1995)* NR NR NR

Sandon (2015)°" 39/205 (19.0%) 95/205 (46.3%) NR

Sandon (2020)°" 208/684 (30.4%) 255/684 (37.3%) Mean, 23.7 + 41.7 mo

Schiffner (2018)% NR NR NR

Shelbourne (2009)%* NR NR NR

Thomson (2018)"* NR NR NR

Waldén (2011)" NR NR Mean for male athletes,
44.7 + 36 days; Mean for
female athletes, 65.3 £
90.8 days

Waldén (2016)™ NR NR NR

Welling (2019)”" NR NR NR

Zaffagnini (2014)® NR NR Mean, 48 days + 36 days;
Range, 17-98 days

Summary Statistics Range, 6.5%-30.4% Range, 35.6%-60.0% Range, 13.7 days-23.7 mo

ACLR, anterior cruciate ligament reconstruction; NR, not reported.

The increased risks of ACL tear rates in female athletes
compared with male athletes have been reported widely in the
literature. >35> previous review articles have summarized the
differences between male and female athletes with regard to
risk of ACL injury and proposed various factors such as greater
Q angle, increased posterior tibial slope, narrow femoral
intercondylar notch, neuromuscular activation patterns of knee
musculature, and cyclical sex hormones during menarche that
may play a role in the higher rupture rates in female athletes,
although no definitive consensus has been reached.®” A recent
study by Pfeiffer et al”” found that healthy female collegiate
athletes with no previous knee injury demonstrate an increased
rotatary knee laxity determined using image capture analysis
during the pivot-shift test examination. The authors suggest that
this higher baseline rotatory knee laxity may contribute to the
poor outcomes after ACLR in female athletes. A meta-analysis of
the incidence of ACL tears by Prodromos et al found a
female:male ratio of 2.67 for soccer players. However, there is a
paucity of data regarding secondary ACL tear rates after ACLR in
soccer players. Our meta-analysis found that the incidence
proportion of female players who sustained secondary ACL

injury was 27%, 95% CI (22%, 32%) compared with male
players, who experienced 10%, 95% CI (6%, 15%) equating to a
female:male ratio of 2.7. This female:male secondary ACL injury
ratio subsequent to ACLR of 2.7 is comparable with the ratio of
2.67 found by Prodromos et al*® for primary ACL injury
incidence in soccer players. Although we cannot directly
compare secondary ACL injury incidence with primary ACL
injury, it is evident that female soccer players face a higher risk
for another ACL injury compared with their male counterparts.
To mitigate the higher risk of recurrent ACL tears in female
athletes, previous studies evaluating the use of neuromuscular
and proprioceptive training programs have found that
compliance improved biomechanical deficits in ACLR knee and
decreased the incidence of ACL injuries, thus highlighting the
importance of a regimented rehabilitation program especially in
female athletes. "%

Our study found that the overall secondary ACL injury rate in
soccer players after ACLR ranged between 5.4% and 27.8%.
Furthermore, when subgroup analysis for ipsilateral graft failure
and contralateral limb ACL injury was done, we found an
incidence ranging from 3.0% to 24.8% and from 1.0% to 16.7%
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Author Events Total Weight Proportion, 95% CI Proportion, 95% CI

Barth (2019) 26 164 24.0% 0.16[0.11; 0.22] =

Erickson (2013)2! 4 45 132% 0.09[0.02;021] —@—

Niederer (2018)® 13 132 223% 0.10[0.05; 0.16] ——

Schiffner (2018)%° 9 72 17.2% 0.12[0.06; 0.22] —H

Waldén (2016)7 8 149 233% 0.05[0.02;0.10] B

Total (95% CI) 562 100.0% 0.10[0.06; 0.15] .

Heterogeneity: Tau? = 0.0033; Chi® = 9.74, df = 4 (P = 0.04); /> = 59% | : ' ' '
0 0.1 0.2 0.3 0.4

Proportion

Figure 2. Forest plot showing pooled overall secondary ACL injury rate after ACLR in male soccer players. ACL, anterior cruciate

ligament; ACLR, ACL reconstruction.

Author Events Total Weight Proportion, 95% CI
Allen (2016)" 25 90 31.6% 0.28[0.19; 0.38]
Faltstrom (2019)* 29 117 41.0% 0.25[0.17; 0.34]
Howard (2016)*" 22 78 27.4%

Total (95% Cl) 285 100.0%

0.27 [0.22; 0.32]
Heterogeneity: Tau? = 0; Chi® = 0.38, df = 2 (P = 0.83); 1> = 0%

Proportion, 95% CI

0.28 [0.19; 0.40] e

‘:—
I I | | 1

0.1 0.2 0.3 0.4
Proportion

Figure 3. Forest plot showing pooled overall secondary ACL injury rate after ACLR in female soccer players. ACL, anterior cruciate

ligament; ACLR, ACL reconstruction.

respectively. A systematic review by Warner et al’® focusing on
long-term outcomes after ACLR found the ipsilateral ACL graft
rupture rate to be 5.8% and contralateral ACL injury to be
11.8%; although this systematic review did not focus on athletes
or soccer players, the respective graft failure and contralateral
ACL injury rates fall within the ranges reported in our findings.
A recent systematic review and meta-analysis by Wiggins et al”®
found the overall rate of secondary ACL injury after ACLR in all
athletes who had returned to sports to be 15%, ipsilateral graft
failure rate to be 7%, and contralateral ACL injury rate to be 8%.
The findings by Wiggins et al”® also fall within the ranges for
soccer players reported in this study. A systematic review by
Barber-Westin and Noyes'' found that age <20 years is a key
determinant for risk of secondary ACL reinjury after ACLR,
noting that 18% reinjured either the ACL graft and/or
contralateral ACL. Previous studies have determined stringent
objective criteria that must be met during the rehabilitation stage
before returning to sport, which has been shown to reduce
recurrent graft failure and/or contralateral ACL injury by
4fold ¥ Kyritsis et al*’ found associations for a 4 times greater
risk of ACL graft tear in athletes who had a decreased
hamstring-to-quadriceps ratio of the involved leg during
isokinetic tests, and who also did not meet the 6 discharge
criteria, defined as (1) isokinetic test at 60, 180, and 300 deg/s;

(2) single hop; (3) triple hop; (4) triple crossover hop; (5)
on-field sports-specific rehabilitation; and (6) running t test.”
For athletes participating in pivoting sports, Grindem et al found
that returning to sports no later than 9 months post-ACLR and
obtaining more symmetrical quadriceps strength measured on
isokinetic quadriceps strength testing were associated with a
reduced reinjury rate.** It is currently unclear why there exists a
higher rate of contralateral secondary ACL injury compared with
the ipsilateral graft failure rate; however, it is likely that it can be
better explained using an aggregate of the various proposed
mechanisms found in the literature. One theory is that the
individual athlete retains the same risk factors that resulted in
the primary ACL injury,‘% and the persistence of leg strength and
functional performance deficits of the reconstructed knee for up
to 2 years may cause athletes to compensate with their
contralateral limb, potentially increasing the stress to which the
contralateral knee is subjected.”* This highlights the importance
of rehabilitation for both the ACLR knee as well as the
contralateral knee to balance and equally strengthen any deficits
caused during the recovery period subsequent to the ACLR.

The choice of graft for a highly active demographic has been
debated extensively in the literature. The 2 most popular are
BPTB autograft and HT autograft."® Our review found that 1600
ACLRs were performed using HT grafts and 663 ACLR using
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Table 4. Summary of studies reporting return to play after index ACLR surgery in soccer players

Time from ACLR to Soccer

Time from ACLR to Soccer

First Author (Year) Training Match Level of Soccer
Allen (2016)' NR NR NR
Almeida (2018)° NR NR Professional
Alonso (2009)° Mean, 10 + 3 mo; Range, NR Recreational
6-20 mo
Alonso (2019)* - NR Recreational
Alvarez-Diaz (2015)° Median, 5 mo; Range, NR NR
1-24 mo
Angelozzi (2012)° NR NR Professional
Arundale (2019)° NR NR Professional and recreational
Bak (2001)"° NR Median, 7 mo; Range, 5-24 Professional and
mo Recreational
Barth (2019)'2 NR Mean, 310.9 + 14.9 days Professional
Brophy (2012)"* Mean, 12.2 + 14.3 mo, Male NR NR
athletes: Mean, 10.2 +
7.3 mo; Female athletes:
Mean, 15 + 20.3 mo
Drocco (2019)% NR NR NR
Ellera Gomes (2014)*" Mean, 10 + 2.8 mo NR NR
Erickson (2013)? NR NR Professional and recreational

Faltstrom (2016)%

Median, 7 mo; IQR, 13 mo

Median, 11 mo, IQR,5 mo

Féltstrém (2017)% Median, 9 mo; Range, 3-33 | Median, 11 mo, Range, 6-34 Professional
mo; IQR, 5 mo mo, IQR=5.5 mo
Faltstrom (2019)% NR NR NR
Guzzini (2016)* NR NR Professional
Herrington (2018)* Mean, 201.5 + 68.7 days Mean, 224.1 + 75.8 days Professional
Howard (2016)% Median, 5.5 mo, Range, 3.8- | Median, 6.1 mo, Range, 3.9- College
12.7 mo 33.2mo

Martin-Alguacil (2018)** NR NR NR
Niederer (2018)°2 NR Mean, 209 + 93 days Professional
Patras (2012)* NR NR NR
Roos (1995)° NR NR NR
Sandon (2015)" NR NR NR
Sandon (2020)° NR NR NR
Schiffner (2018)% NR NR NR

(continued)
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Table 4. (continued)

Time from ACLR to Soccer ~ Time from ACLR to Soccer
First Author (Year) Training Match Level of Soccer
Shelbourne (2009)%* NR Male athletes: Mean, 5.1 + NR
2 mo; Female athletes:
Mean, 5.1 £ 1.9 mo
Thomson (2018)" NR NR Professional
Waldén (2011)" NR NR Professional
Waldén (201 6)74 Median, 201.5 days; IQR, Median, 225 days; IQR, 80.3 Professional
58 days days

Welling (2019)" NR NR Recreational
Zaffagnini (2014)® Mean, 84 + 51 days; Range, Mean, 186 + 52 days; Professional

35-154 days

Range, 107-282 days

Summary Statistics Range, 3 - 12.2mo

Range, 6.1 - 11.1mo

ACL, anterior cruciate ligament; ACLR, ACL reconstruction; NR, not reported.

BPTB grafts. This may reflect the geographical differences in
surgeon preference for graft choice. An international survey on
ACLR practices found that 72% of European surgeons favored
the HT significantly as compared with 42% of North American
surgeons.16 A survey of Major League Soccer Team Physicians
validated the results of the previous study by reporting that
North American surgeons have a preference for using BPTB
autograft in elite soccer players, citing hamstring weakness as a
major concern for avoiding the use of HT. Most studies included
in our review originated from Furopean nations, which may
reflect the high proportion of HT used for ACLR in soccer
players. DeFazio et al'® found in their systematic review and
meta-analysis that athletes treated with BPTB autografts resulted
in higher return-to-sport rates in their respective sport when
compared with HT autografts. Furthermore, recent studies have
found that, in young female patients, BPTB autografts lead to
fewer graft failure rates.””* However, recent clinical trials found
that, when ACLR was performed with HT grafts in athletes
participating in pivoting sports in the absence of a lateral
extra-articular tenodesis or anterolateral ligament reconstruction,
the risk of graft failure was 2.75 and 3.1 times higher,
respectively.28'66 Sonnery-Cottet et al® also reported that ACLR
reconstructed with HT and anterolateral ligament reconstruction
reduced the risk of graft failure by 2.5 times when compared
with BPTB grafts.

Our review of the literature revealed that soccer players are
able to return to match play as early as 3 months (range, 3-12.2
months) and soccer training at 6.1 months (range, 6.1-11.1
months). A previous study found that athletes returning to
sports after ACLR within 7 months had a 15.3% risk of reinjury

compared with those returning after 7 months with a risk of
5.2% (P = 0.01). Authors also found that soccer players had the
highest risk of reinjury rate of 20.8% compared with rugby
players with a reinjury rate of 6.4%; however, soccer players
were found to have returned to activity after a mean of 8.1
months compared with 10.6 months for rugby players.

The subjective PROs that were reported were heterogenous as
many studies did not report the follow-up time or follow-up
times that were widely variable. Therefore, we did not perform
an aggregate analysis. Most studies reported good outcome
scores at medium-term follow-up and, not surprisingly, that the
mean PRO scores were of a lower value for players who did not
return to soccer compared with those who did return.
Furthermore, the reporting of preoperative PROs was limited;
however, for most studies that reported preoperative and
postoperative PROs, the scores had a positive trend, therefore
providing evidence for better functional outcomes after
undergoing ACLR in soccer players.

There are several limitations to this study. One limitation is that
the literature search and data extraction were performed by 1
author only. Therefore, we are unable to provide agreement
assessment between >1 reviewer for the literature search and
data extraction. Subgroup analysis on overall pooled secondary
ACL injury rate after ACLR in male soccer players had a relatively
high heterogeneity (I* = 58.9%) and must be interpreted with
caution; however, this was reported to compare with the pooled
rates calculated for female soccer players, which showed low
heterogeneity (I* = 0%). There was a lack of standardization
when reporting secondary ACL injury (graft failure and/or
contralateral ACL tear) and our meta-analysis did not account for
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the variability in reporting when analyzing ACL graft failure.
Some studies reported a secondary ACL injury defined by
reoperation and other studies obtained these data using
scheduled clinical follow-up, registry data, publicly available
sources reporting injury news for professional players, and
questionnaires sent to postoperative patients, which may
underestimate the reinjury rate. Registry studies uses revision
cases to define failure, thereby further underestimating the
reinjury rate. In addition, our study was unable to report the
ipsilateral versus contralateral secondary ACL injury risk for male
athletes compared with female athletes due to the limited
number of studies that reported the distinction. With regard to
the type of graft used for ACLR, the majority of studies reported
the use of HT autograft and 0% use of BPTB grafts, which may
not be representative of the autografts used worldwide, and thus
the data reported may not reflect the true outcome in soccer
players. Studies that reported concomittent cartilage and/or
meniscal injuries did not report the extent of the cartilage
damage and only 3 studies provided details on whether
meniscectomy or repair was performed at the time of ACLR,
thus limiting subanalysis on the effects on return to sports and
PROs. As mentioned previously, a large majority of the selected
literature was Level 3 to 4; thus, the PROs may be potentially
biased toward those who were satisfied with their outcomes.
Furthermore, due to the variability in the PRO questionnaires
that were administered, as well as the method of determining a
second ACL injury, aggregate subanalysis was limited.
Furthermore, the goal of reporting outcomes after ACLR in
soccer players resulted in the majority of studies focusing on a
younger active population and those playing in professional
leagues. This may limit the ability to use our reported data as
evidence to provide a meaningful discussion regarding prognosis
about ACLR in soccer players who are older and/or playing at a
recreational level. Finally, broadly defining secondary ACL failure
to include graft failure and second ACL injury after ACLR may
limit the data reporting of specific incidences of graft failure and
contralateral ACL tear within this review.

10,25,60

CONCLUSION

To our knowledge, this is the first study to review the current
available literature focusing on outcomes after ACLR in only
soccer players. The results of this study show that the secondary
reinjury rates after ACLR fall within the range of previously
reported rates for all athletes in general. Furthermore, it is evident
that female soccer players are at greater risk of developing a
secondary ACL injury. However, literature is currently lacking on
the definitive reasons for the higher risk and definitive
rehabilitation programs that reduce undesirable outcomes after
ACLR. We believe future studies focusing on sports-specific
athletes will allow optimization of the ACLR procedure and
rehabilitation protocol with the objective of maximizing a
tailored-approach for treating athletes according to the sports-
specific physical demands and stress placed on the athlete.
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