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Abstract

Background: The aim of anterior cruciate ligament reconstruction (ACLR) is to restore the function of the knee
joint, protect the cartilage, and reduce the occurrence of osteoarthritis. However, due to the structural limitations of
the human body, it is not possible to perform ACLR with conventional sutures. To restore normal functioning of the
anterior cruciate ligament (ACL), a new ligament must be reconstructed in the position of the previous ACL.

Objective: To compare autografts and synthetic grafts in terms of postoperative knee stability and function

Search methods: The protocol for this study was registered with PROSPERO (CRD42021243451). Two reviewers
independently searched the PubMed, Embase, and the Cochrane Library databases from database inception though
February 10, 2021. The following search method was used: ((Autograft) OR (Autologous) OR (Autotransplant)) OR
Artificial Ligament AND (Anterior Cruciate Ligament Injury [MeSH Terms]) AND (Randomized controlled trial [MeSH
Terms]). Methodological quality was assessed by the Cochrane risk of bias tool.

Selection criteria: We only included randomized controlled trials (level I) that compared autograft and synthetic
graft interventions in participants with ACL injury. We included trials that evaluated ACLR using at least one
outcome (Lachman test, pivot shift test, IKDC grades, or complications).

Results: A total of 748 studies were identified in the initial literature search, and seven studies that examined only
bone-patellar tendon-bone (BPTB) grafts compared with artificial grafts met the predetermined inclusion criteria.
The results showed that BPTB grafts were associated with significantly better pivot shift test and Lachman test
results and better IKDC grades and lower complication rates than synthetic grafts.

Conclusions: This review indicates that for adults, BPTB grafts perform more favorably than synthetic grafts in ACLR
in terms of knee stability, function, and complication. More research is needed to compare autologous tendons and
allogeneic tendons with artificial ligaments, especially in elderly individuals.

Level of evidence: Level I, systematic review and meta-analysis

Keywords: Anterior cruciate ligament, Anterior cruciate ligament reconstruction, Autograft, Artificial, Synthetics,
Meta-analysis
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Introduction
In many countries, the incidence of anterior cruciate
ligament reconstruction (ACL) injuries has been steadily
increasing [1–3]. In addition, the ACL injury rate for
women remains 3–6 times greater than that for men
and has not changed in over 20 years [4]. Once an ACL
injury is diagnosed, the gold-standard surgical procedure
for treating ACL injury is performed [5]. In ACLR, the
use of different grafts may result in different outcomes,
so the surgeon’s selection of grafts is very important.
There are three main types of grafts for ACLR: auto-
grafts, allografts, and synthetic grafts [5].
Autografts are widely used for ACL because they pro-

vide good long-term return to sports results without the
risk of graft rejection [6–8]. However, morbidity caused
by autograft harvesting and long recovery may affect
prognosis [9]. Allografts are another choice for ACLR
which is technically easier and not associated with add-
itional donor-site morbidity [10]. However, they are as-
sociated with special sterilization techniques, potential
infection risk, delayed healing, and higher graft rupture
rates [11–15]. In the 1980s, synthetic ligaments were be-
ing used in ACL reconstruction to treat ACL injuries
[16, 17]. However, these ligaments are associated with
high failure rates and reactive synovitis [16–18].
Numerous systematic reviews have compared autografts

versus allografts [12, 13, 19, 20]. Joyce et al. [12] showed
no difference after ACL reconstruction with nonirradiated
BPTB and soft-tissue allografts. Wang et al. [13] reported
that the hamstring tendon is superior to allografts in
terms of subjective knee evaluations and stability but
inferior in terms of hypoesthesia. Prodromos et al. [19]
showed that compared with autografts, allografts were as-
sociated with significantly less normal stability. Mariscalco
et al. [20] showed no significant differences in autografts
and allografts. However, only a few systematic reviews and
meta-analyses have attempted to determine the superior-
ity of autografts or synthetic grafts [11, 21]. In addition,
the studies assessed included nonrandomized, low-quality
studies with small sample sizes. A meta-analysis of data
from current available studies and quantitative synthesis
of their results may provide clarity.
The purpose of this review article was to compare auto-

grafts and synthetic grafts in terms of postoperative knee
stability and function. The primary outcomes were the
pivot shift test, Lachman test, and instrumented laxity. Sec-
ondary outcomes were IKDC grades and complications.
The authors hypothesized that autografts are superior to
synthetic grafts in terms of the pivot shift test, Lachman
test, instrumented laxity, IKDC grades, and complications.

Methods
The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [22] were used

to extract relevant data from the RCTs included in this
meta-analysis. A protocol for the study was registered
with PROSPERO (CRD42021243451). The PRISMA
checklist was used.

Search strategy
Two reviewers (DYF, JM) searched the PubMed, Embase,
and Cochrane Library databases independently from data-
base inception though February 10th, 2021.The electronic
search strategy was as follows: ((Autograft) OR (Autolo-
gous) OR (Autotransplant)) OR Artificial Ligament AND
(Anterior Cruciate Ligament Injury [MeSH Terms]) AND
(Randomized controlled trial [MeSH Terms]). Two re-
viewers (DYF, JM) screened all the studies identified by
title, abstract, and full text using the inclusion criteria. To
ensure that no relevant studies were missed, the reference
lists of the articles retrieved were also checked. Discrepan-
cies were resolved, by a third reviewer (LZ).

Eligibility
The inclusion criteria for studies with level I of evidence
were as follows: (1) the study only compared autografts
vs artificial ligaments and was published before February
10, 2021; (2) the study reported at least one outcome
(pivot shift test, Lachman test, IKDC grades, or compli-
cation); (3) the article was published in English; (4) the
follow-up period was a minimum of 24-months; and (5)
if same patients were included in two RCTs, the most
recent publication was included. The exclusion criteria
were as follows: (1) duplicate reports, (2) reviews and
meta-analyses, (3) prospective comparative studies, (4)
retrospective comparative studies, (5) case reports and
case series, (6) cadaveric reports, (7) cell studies, (8) ani-
mal experiment studies, (9) abstract-only publications or
full texts that were unavailable, (10) protocols.

Methodological quality assessment
To assess the methodological quality of the articles in-
cluded, we used the Cochrane risk of bias tool, which
examines 6 domains. Two researchers (DYF, JM) inde-
pendently performed quality assessments, and a third re-
searcher was consulted if there were any questions.

Data collection
Two researchers (DYF, JM) extracted the clinical data for
this study. Then, the data were reviewed by another
researcher (LZ). A spreadsheet that was used to extract the
following data comprised of (1) study characteristics,
including the year of publication, country in which the
study was performed, journal, patient sex, mean patient age
(years), follow-up duration (month), cause of the injury,
comorbidity, time from injury to surgery (month), and graft
type; and (2) pivot shift test, Lachman test results, instru-
mented laxity, IKDC grades, and complications.
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Statistical analysis
The Cochrane Review Manager statistical software 5.3.0
was used to analyze the extracted data. Dichotomous
(pivot shift test, Lachman test, IKDC grades, instru-
mented laxity, and complications) clinical results are re-
ported as odds ratios (ORs) and 95% confidence interval
(CIs). A fixed effects model was used based on our pre-
vious assumptions. The I2 values were calculated and
presented in forest plots to quantify the degree of
heterogeneity.
The Kappa score was used in this study to assess the

level of agreement between reviewers. Scores of 0–0.2,
0.21–0.40, 0.41–0.60, 0.61–0.80, and 0.81–1.00 were
considered to indicate slight, fair, moderate, substantial,
and almost near perfect agreement, respectively.

Subgroup analysis
If data is available, we performed a subgroup analyses,
for autografts with different artificial ligaments.

Results
From the search of the three online databases, a total of
748 studies were identified, and 426 eligible studies were

screened after duplicates were excluded. Two studies
were of the same patients with different follow-up times
[23, 24], and we included the most recent study. Seven
studies [24–30] met the predetermined inclusion criteria.
All studies compared bone-patellar tendon-bone (BPTB)
grafts with artificial grafts, and no studies evaluating
other autografts were identified. The level of agreement
between reviewers regarding the inclusion of articles
based on the titles was good, and the agreement regard-
ing the inclusion of articles based on the abstracts and
full texts was very good. The literature identification and
screening results can be found in the PRISMA flow chart
(Fig. 1).

Study characteristics
A total of 504 patients were included in seven studies,
and all studies included in this meta-analysis contained
level I evidence. The included studies were performed in
four countries (Sweden, Norway, Canada, UK) and pub-
lished in different journals. The follow-up duration
ranged from 24 to 300 months (Table 1). The studies re-
ported that soccer play, team handball, and other sport-
ing activities were the main cause of injury. The mean

Fig. 1 PRISMA flow diagram
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age in the included studies ranged from 23.4 to 31.7
years, and there were no differences in the age or sex
distribution among the seven studies (Table 2).

Outcomes
Five studies used the Lachman test [24, 25, 27, 29, 30].
Five studies reported complications [24, 26–28, 30]. Four
studies used the pivot shift test [24–27, 30], and four
studies reported IKDC score [25, 28–30] (Table 3).

Methodologic quality assessment
This study used the Cochrane Collaboration risk of bias
tool to evaluate the risk of bias of the six randomized
studies. The sequence generation and allocation
methods were reported for all included studies. All stud-
ies included blinding of the outcome assessor, and as a
result, a low risk for detection bias was noted. Seven
studies had a low risk of bias because all patients were
blinded to the intervention. Only two studies reported
significant loss of follow-up rates. Four studies had a low
risk regarding selection bias and incomplete outcome
data reporting (Figs. 2 and 3). Very good study agree-
ment was reported Kappa score =0.88.

Pivot shift test
Five studies reported pivot shift test results [24–27, 30].
A total of 397 patients were included in the two groups

(Fig. 4). In the Leeds-Keio graft subgroup, poor data
showed that the BPTB group had lower pivot shift posi-
tive rate than the Leeds-Keio graft (OR=0.04; 95% CI
0.00, 0.31). However, in the poly (urethane urea) aug-
mentation device (Artelon) subgroup, the BPTB graft
group showed no significant difference from the syn-
thetic group (OR=1.05; 95% CI 0.51, 2.19). In the Ken-
nedy ligament augmentation device subgroup, compared
with BPTB grafts, artificial grafts had poor results (OR=
0.30; 95% CI 0.11, 0.82; p=0.02; I2=75%). Similarly, BPTB
grafts had better result than synthetic grafts (OR=0.47;
95% CI 0.28, 0.78; p=0.001, I2=77%). The test for sub-
group differences showed high heterogeneity (I2=0.81).

Lachman test
Five studies reported cramping pain [24, 25, 27, 29, 30].
There were 215 patients who used patellar tendons and
192 patients who used synthetics (Fig. 5). In the Leeds-
Keio graft subgroup, the poor data showed less Lachman
test positivity in the BPTB group (OR=0.09; 95% CI 0.01,
0.76). Similarly, in the Kennedy ligament augmentation
device subgroup, compared with BPTB grafts, artificial
grafts had worse results (OR=0.06; 95% CI 0.01, 0.42; p=
0.24; I2=28%). Conversely, the poly (urethane urea) aug-
mentation device (Artelon) showed no significant differ-
ence from the BPTB group (OR=0.85; 95% CI 0.47,
1.54). Collectively, the 215 patients in BPTB group

Table 1 Overview of included studies

Study Year Country Journal Follow-up (month)

Engstrom et al. [25] 1993 Sweden Clinical Orthopaedic and Related Research 28.5

Muren et al. [26] 1995 Sweden Acta Orthopaedica Scandinavica 48

Grøntvedt and Engebretsen [27] 1995 Norway Scandinavian Journal of Medicine & Science In Sports 24

Nau et al. [28] 2002 Canada The Journal of Bone And Joint Surgery 24

Ghalayini et al. [29] 2010 UK The Knee 60

Peterson et al. [30] 2013 Sweden Knee Surg Sports Traumatol Arthroscopy 48

Elveos et al. [24] 2018 Norway The Orthopaedic Journal of Sports Medicine 300

Table 2 Overview of included studies

Study Cause of the injury Autograft Synthetic graft

Patients Age Sex Patients Age Sex

Engstrom et al. [25] Soccer and other pivoting sports 30 28 M14 F16 30 23.4 M21 F9

Muren et al. [26] NS 20 25 M13 F7 20 23 M16 F4

Grøntvedt and Engebretsen [27] Soccer, team handball, and other
sporting activities

26 NR NR 22 NR NR

Nau et al. [28] NS 27 30.9 M15 F12 26 31 M21 F5

Ghalayini et al. [29] NS 26 30.9 M19 F7 24 31.7 M21 F3

Peterson et al. [30] NS 86 27 35 74 27 49

Elveos et al. [24] Soccer, team handball, and other
sporting activities

48 25 NR 45 27 NR

NS not shown
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showed lower positive Lachman test positive rate com-
pared with the 192 patients in the synthetic graft group
(OR=0.49; 95% CI 0.29, 0.80; p=0.02; I2=71). The test for
subgroup differences indicated the presence of hetero-
geneity (79.4%).

Instrumented laxity
Four studies [24, 25, 27, 30] that included 342 patients
(183 patients treated with patellar tendons and 159 pa-
tients treated with synthetics) reported instrumented
laxity (>3mm). In the Kennedy ligament augmentation
device subgroup, the data showed no significant differ-
ence between the BPTB group and the synthetics group
(OR=0.52, 95% CI 0.24, 1.13; I2=71%). Similarly, the poly
(urethane urea) augmentation device (Artelon) group
showed no significant difference from the BPTB group
(OR=1.01; 95% CI 0.53, 1.91). Collectively, the 183 pa-
tients in BPTB group showed no significant difference
from the 159 patients in the synthetic graft group (OR=

Table 3 Overview of included studies

Study Comorbidity Time from injury to
surgery (month)

Graft type Outcome

Engstrom et al. [25] Medial collateral ligament injury,
medial meniscus injury, lateral
meniscus injury

32.5 Bone-patellar tendon-bone graft
Leeds-Keio graft

Pivot shift test, Lachman test, IKDC;

Muren et al. [26] Medial collateral ligament suture,
medial meniscus surgery, lateral
meniscus surgery, extra-articular
reconstruction

30 Bone-patellar tendon-bone graft
Kennedy ligament
augmentation device

Pivot shift, instrumented,
complications

Grøntvedt and
Engebretsen [27]

Meniscal ruptures, medial
collateral ligament injuries

NS Bone-patellar tendon-bone graft
Kennedy ligament
augmentation device

Lachman test, instrumented, pivot
shift, complications;

Nau et al. [28] Meniscal tears 57.6 Bone-patellar tendon-bone graft
Ligament Advancement
Reinforcement System

Instrumented, IKDC, complications

Ghalayini et al. [29] Meniscal pathology NS Bone-patellar tendon-bone graft
Leeds-Keio graft

IKDC, Lachman test

Peterson et al. [30] NS 16 (augmentation)
24 (patellar tendon)

Bone-patellar tendon-bone graft
Poly (urethane urea)
augmentation device (Artelon)

Lachman test, pivot shift test, IKDC,
instrumented, complications

Elveos et al. [24] NS 40 Bone-patellar tendon-bone graft
Kennedy ligament
augmentation device

Lachman test, pivot shift test,
instrumented, complications

NS not shown, IKDC International Knee Documentation Committee

Fig. 2 Risk of bias graph Fig. 3 Risk of bias summary
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0.77; 95% CI 0.47, 1.26; p=0.02; I2=63%). The test for
subgroup differences indicated the presence of hetero-
geneity (40.5%) (Fig. 6).

IKDC grades
Three studies [25, 29, 30] that included 292 patients
(154 patients treated with patellar tendons and 138 pa-
tients treated with synthetics) reported IKDC grades.

One study was excluded because of different data types
[28]. In the Leeds-Keio graft subgroup, the data showed
better IKDC grades in the BPTB group than in the syn-
thetic graft group (OR=0.30; 95% CI 0.12, 0.78). In the
poly (urethane urea) augmentation device (Artelon) sub-
group, the pooled data for artificial grafts showed no sig-
nificant difference from those for BPTB grafts (OR=0.53;
95% CI 0.28, 1.02). Conversely, 176 patients in the BPTB

Fig. 4 Pivot shift test forest plot

Fig. 5 Lachman test forest plot
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group showed better IKDC grades than 164 patients in
the synthetic graft group (OR=0.44; 95% CI 0.26, 0.75;
p=0.53; I2=0). No heterogeneity for subgroup differences
was found (Fig. 7).

Complications
Five studies [24, 25, 27, 28, 30] that included 380 pa-
tients (205 patients treated with patellar tendons and
1175 patients treated with synthetics) reported compli-
cations. In the Leeds-Keio graft subgroup, three studies
showed no significant difference between the two groups
(OR=0.50; 95% CI 0.19, 1.33). Similarly, in the Ligament
Advancement Reinforcement System (LARS) subgroup,
the synthetic graft group showed no significant differ-
ence with BPTB group (OR=1.50; 95% CI 0.12, 18.13). In
the poly (urethane urea) augmentation device (Artelon)
subgroup, compared with BPTB grafts, artificial grafts

showed worse results (OR=0.49; 95% CI 0.28, 0.86). Col-
lectively, 205 patients in the BPTB group showed super-
ior results compared with 175 patients in the synthetic
graft group (OR=0.49; 95% CI 0.28, 0.86; p=0.61; I2=0%).
No heterogeneity was found according to the test for
subgroup differences (Fig. 8).

Discussion
In this meta-analysis, the most important finding was
that BPTB grafts were associated with better pivot shift,
Lachman test results, and IKDC grades and fewer
complications than synthetics.
In this study, we found that in the pivot test (OR=0.47;

95% CI 0.28, 0.78) and Lachman test (OR=0.49; 95% CI
0.29, 0.80), BPTB grafts were associated with better re-
sults than synthetics. The Kennedy ligament

Fig. 6 Instrumented forest plot

Fig. 7 IKDC grades forest plot
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augmentation device (Kennedy LAD) and Leeds-Keio
grafts were also associated with worse in pivot test and
Lachman test results, which is similar to the findings of
a previous study [11]. Jia et al. [11] showed that Kennedy
LAD and Leeds-Keio grafts had worse results in terms of
instrumented laxity, but our study found there was no
difference between the two groups (OR=0.77; 95% CI
0.47, 1.26). This result may be due to our inclusion of
the study with the longer follow-up of the same patients.
In contrast, Sun et al. found lower instrumented laxity
with a Ligament Augmentation and Reconstruction Sys-
tem (LARS) [21]. IKDC grades, a widely used tool for
assessing knee function and pathology, were better for
BPTB grafts than old-generation synthetic grafts (OR=
0.30; 95% CI 0.12, 0.78), and this result was supported
by Jia et al. [11]. After surgery, complications are an im-
portant problem that needs to be addressed. In this
study, the Leeds-Keio graft (OR=0.50; 95% CI 019, 1.33)
and Kennedy LAD subgroups (OR=1.50, 95% CI 0.12,
18.13) showed no significant differences in complications
between the two groups. However, the overall results
show that autogenous tendons remain the preferred op-
tion (OR=0.49; 95% CI 0.28, 0.86) because of the poly
augmentation device. In the Sun et al. study, autografts
had a higher rate of complications than LARSs, which
may indicate an improvement in new artificial ligaments
compared to older generation ligaments [21].
Artificial grafts became popular for ACL reconstruction

in 1980s [16, 17]. They provide greater strength and
stability and decreases donor site morbidity and the risk of
disease transmission [5, 17]. Second-generation artificial

ligaments include longitudinal and transverse fibers to
promote fibroblastic ingrowth as scaffoldings but still
cause wear and debris [31]. A LARS is a nonabsorbable
polyethylene terephthalate graft [32]. It is a third-
generation synthetic ligament and attempts to provide a
meshwork for repair and avoid the complications of react-
ive synovitis [18]. As one of the commonly used artificial
ligaments, its clinical efficacy has been affirmed. A multi-
center study reported by Gao et al. found that LARSs used
in the acute and chronic phases had good outcomes with
a low rate of complications [33]. Bugelli et al. found that a
total of 31.25% of included patients were able to resume
their lifestyle from before the injury, and the subjective
evaluation showed good/excellent results [34]. A 10-year
longitudinal study reported that primary ACLR using syn-
thetics showed satisfactory outcomes [35]. In 2018, Parchi
et al. found that for elderly patients, using a LARS liga-
ment can be a safe and suitable option and enable a rapid
postoperative recovery [36]. In 2019, ACLR was reported
to be associated with good knee function scores, a high
rate of return to sport, and low rates of re-rupture [37].
Tsai et al. reported that knee stability improved immedi-
ately after ACLR with a LARS [38]. Su et al. reported no
statistically significant differences among allografts, 4-
strand hamstring tendon autografts, and LARSs in terms
of the clinical outcomes after ACLR [39].

Authors’ conclusions
Implications for practice
This review indicates that for adults, BPTB grafts are
more favorable than synthetic grafts in ALCR in terms

Fig. 8 Complications forest plot
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of knee stability, function, and complication rates. The
high-quality evidence of these results is similar to that of
those from the previous version of this review, as no
new randomized trials have been conducted.
However, the conclusions of this review do not apply

to older populations because no elderly people were in-
cluded in these studies.

For people with ACLR
For adults, BPTB grafts are associated with better knee
function, stability degree, and complication than synthetic
graft.

For clinicians
BPTB is still the “gold standard” for ACLR and provides
better knee stability, function, and complication rates
than synthetic grafts in adults.

For policy makers
BPTB is an effective autograft, compared with synthetics,
for adults in ACLR.

Implications for research
General
We found major limitations in the current evidence
base. All randomized controlled studies that we included
compared only BPTB grafts with artificial ligaments, and
only 1 to 3 studies were included for each type of artifi-
cial graft. It was difficult to thoroughly compare BPTB
grafts with specific types of artificial ligaments. More
importantly, the mean age of all the patients included in
the literature was less than 32 years, which made it im-
possible to evaluate the efficacy of BPTB grafts and arti-
ficial ligaments in elderly individuals. In addition,
comparison of the efficacy of other autogenous tendons
or allogeneic tendons with artificial ligaments was not
possible with the included studies.
We suggest the following investigation guidelines to

help further discussions in this area.
Patients who are elderly and undergoing ACLR and

reconstruction of other ligaments of the knee joints need
to be considered.
Interventions need to consider other autologous

tendons

� Comparisons need to consider the latest generation
of ligaments in the clinic.

� Outcomes should include subjective function scores,
quality of life, re-rupture, and return to activity or
sport.

� The final follow-up time should be 2 years or more
� Reporting of randomized trials should follow the

Consolidated Standards of Reporting Trials
(CONSORT) guidelines.

Abbreviations
ACLR: Anterior cruciate ligament reconstruction; BPTB: Bone-patellar tendon-
bone; ACL: Anterior cruciate ligament; RCTs: Randomized controlled trials;
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses; CI: Confidence interval; MD: Mean difference; OR: Odds ratios;
KOOS: Knee injury Osteoarthritis Outcome Score; LARS: Ligament
Advancement Reinforcement System; HT: Hamming tendon; Kennedy
LAD: Kennedy ligament augmentation device

Acknowledgements
None

Authors’ contributions
DYF conceived the design of the study. DYF and JM performed and
collected the data and contributed to the design of the study. DYF analyzed
the data. DYF and LZ prepared and revised the manuscript. The authors read
and approved the final content of the manuscript.

Funding
None

Availability of data and materials
The present study was a review of previously published literature.

Declarations

Ethics approval and consent to participate
Not applicable. This paper does not involve research on humans.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Beijing University of Chinese Medicine, Beijing, China. 2Department of Joint
Surgery and Sports Medicine, Wangjing Hospital, China Academy of Chinese
Medical Sciences, No 6, South Zhonghuan Road, Chaoyang District, Beijing
100102, People’s Republic of China.

Received: 7 April 2021 Accepted: 19 July 2021

References
1. Beck NA, Lawrence JTR, Nordin JD, DeFor TA, Tompkins M. ACL Tears in

school-aged children and adolescents over 20 years. Pediatrics. 2017;139(3):
e20161877. https://doi.org/10.1542/peds.2016-1877.

2. Nitta CT, Baldan AR, Costa LPB, Cohen M, Pagura JR, Arliani GG.
Epidemiology of anterior cruciate ligament injury in soccer players in the
Brazilian championship. Acta Ortop Bras. 2021;29(1):45–8. https://doi.org/1
0.1590/1413-785220212901235225.

3. Longo UG, Salvatore G, Ruzzini L, et al. Trends of anterior cruciate ligament
reconstruction in children and young adolescents in Italy show a constant
increase in the last 15 years. Knee Surg Sports Traumatol Arthrosc. 2021;
29(6):1728-1733.

4. Parsons JL, Coen SE, Bekker S. Anterior cruciate ligament injury: towards a
gendered environmental approach. Br J Sports Med. 2021.

5. Mascarenhas R, MacDonald PB. Anterior cruciate ligament reconstruction: a
look at prosthetics--past, present and possible future. Mcgill J Med. 2008;
11(1):29–37.

6. Shaerf DA, Pastides PS, Sarraf KM, Willis-Owen CA. Anterior cruciate ligament
reconstruction best practice: a review of graft choice. World J Orthop. 2014;
5(1):23–9. https://doi.org/10.5312/wjo.v5.i1.23.

7. Shelton WR, Fagan BC. Autografts commonly used in anterior cruciate
ligament reconstruction. J Am Acad Orthop Surg. 2011;19(5):259–64. https://
doi.org/10.5435/00124635-201105000-00003.

8. Cohen SB, Yucha DT, Ciccotti MC, Goldstein DT, Ciccotti MA, Ciccotti MG.
Factors affecting patient selection of graft type in anterior cruciate ligament
reconstruction. Arthroscopy. 2009;25(9):1006–10. https://doi.org/10.1016/j.a
rthro.2009.02.010.

Fan et al. Journal of Orthopaedic Surgery and Research          (2021) 16:478 Page 9 of 10

https://doi.org/10.1542/peds.2016-1877
https://doi.org/10.1590/1413-785220212901235225
https://doi.org/10.1590/1413-785220212901235225
https://doi.org/10.5312/wjo.v5.i1.23
https://doi.org/10.5435/00124635-201105000-00003
https://doi.org/10.5435/00124635-201105000-00003
https://doi.org/10.1016/j.arthro.2009.02.010
https://doi.org/10.1016/j.arthro.2009.02.010


9. Hamido F, Al Harran H, Al Misfer AR, El Khadrawe T, Morsy MG, Talaat A,
et al. Augmented short undersized hamstring tendon graft with LARS®
artificial ligament versus four-strand hamstring tendon in anterior cruciate
ligament reconstruction: preliminary results. Orthop Traumatol Surg Res.
2015;101(5):535–8. https://doi.org/10.1016/j.otsr.2015.01.021.

10. Dai C, Wang F, Wang X, Wang R, Wang S, Tang S. Arthroscopic single-
bundle anterior cruciate ligament reconstruction with six-strand hamstring
tendon allograft versus bone-patellar tendon-bone allograft. Knee Surg
Sports Traumatol Arthrosc. 2016;24(9):2915–22. https://doi.org/10.1007/s001
67-015-3569-9.

11. Jia ZY, Zhang C, Cao SQ, Xue CC, Liu TZ, Huang X, et al. Comparison of
artificial graft versus autograft in anterior cruciate ligament reconstruction: a
meta-analysis. BMC Musculoskelet Disord. 2017;18(1):309. https://doi.org/1
0.1186/s12891-017-1672-4.

12. Joyce CD, Randall KL, Mariscalco MW, Magnussen RA, Flanigan DC. Bone-
patellar tendon-bone versus soft-tissue allograft for anterior cruciate
ligament reconstruction: a systematic review. Arthroscopy. 2016;32(2):394–
402. https://doi.org/10.1016/j.arthro.2015.08.003.

13. Wang HD, Zhang H, Wang TR, Zhang WF, Wang FS, Zhang YZ. Comparison
of clinical outcomes after anterior cruciate ligament reconstruction with
hamstring tendon autograft versus soft-tissue allograft: a meta-analysis of
randomised controlled trials. Int J Surg. 2018;56:174–83. https://doi.org/10.1
016/j.ijsu.2018.06.030.

14. Malinin TI, Levitt RL, Bashore C, Temple HT, Mnaymneh W. A study of
retrieved allografts used to replace anterior cruciate ligaments. Arthroscopy.
2002;18(2):163–70. https://doi.org/10.1053/jars.2002.30485.

15. Sherman OH, Banffy MB. Anterior cruciate ligament reconstruction: which
graft is best? Arthroscopy. 2004;20(9):974–80. https://doi.org/10.1016/S0749-
8063(04)00842-4.

16. Yamamoto H, Ishibashi T, Muneta T, Furuya K, Mizuta T. Effusions after
anterior cruciate ligament reconstruction using the ligament augmentation
device. Arthroscopy. 1992;8(3):305–10. https://doi.org/10.1016/0749-8063(92
)90060-O.

17. Ventura A, Terzaghi C, Legnani C, Borgo E, Albisetti W. Synthetic grafts for
anterior cruciate ligament rupture: 19-year outcome study. Knee. 2010;17(2):
108–13. https://doi.org/10.1016/j.knee.2009.07.013.

18. Trieb K, Blahovec H, Brand G, Sabeti M, Dominkus M, Kotz R. In vivo and
in vitro cellular ingrowth into a new generation of artificial ligaments. Eur
Surg Res. 2004;36(3):148–51. https://doi.org/10.1159/000077256.

19. Prodromos C, Joyce B, Shi K. A meta-analysis of stability of autografts
compared to allografts after anterior cruciate ligament reconstruction. Knee
Surg Sports Traumatol Arthrosc. 2007;15(7):851–6. https://doi.org/10.1007/
s00167-007-0328-6.

20. Mariscalco MW, Magnussen RA, Mehta D, Hewett TE, Flanigan DC, Kaeding
CC. Autograft versus nonirradiated allograft tissue for anterior cruciate
ligament reconstruction: a systematic review. Am J Sports Med. 2014;42(2):
492–9. https://doi.org/10.1177/0363546513497566.

21. Sun J, Wei XC, Li L, Cao XM, Li K, Guo L, et al. Autografts vs synthetics for
cruciate ligament reconstruction: a systematic review and meta-analysis.
Orthop Surg. 2020;12(2):378–87. https://doi.org/10.1111/os.12662.

22. Moher D, Liberati A, Tetzlaff J. Altman DG; PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. J Clin Epidemiol. 2009;62(10):1006–12. https://doi.org/10.1016/j.
jclinepi.2009.06.005.

23. Grøntvedt T, Engebretsen L, Bredland T. Arthroscopic reconstruction of the
anterior cruciate ligament using bone-patellar tendon-bone grafts with and
without augmentation. A prospective randomised study. J Bone Joint Surg
(Br). 1996;78(5):817–22.

24. Elveos MM, Drogset JO, Engebretsen L, Brønn R, Lundemo TO, Gifstad T.
Anterior cruciate ligament reconstruction using a bone-patellar tendon-bone
graft with and without a ligament augmentation device: a 25-year follow-up
of a prospective randomized controlled trial. Orthop J Sports Med. 2018;6(11):
2325967118808778. https://doi.org/10.1177/2325967118808778.

25. Engström B, Wredmark T, Westblad P. Patellar tendon or Leeds-Keio graft in
the surgical treatment of anterior cruciate ligament ruptures. Intermediate
results. Clin Orthop Relat Res. 1993;295:190–7.

26. Muren O, Dahlstedt L, Dalén N. Reconstruction of old anterior cruciate
ligament injuries. No difference between the Kennedy LAD-method and
traditional patellar tendon graft in a prospective randomized study of 40
patients with 4-year follow-up. Acta Orthop Scand. 1995;66(2):118–22.
https://doi.org/10.3109/17453679508995503.

27. Grøntvedt T, Engebretsen L. Comparison between two techniques for
surgical repair of the acutely torn anterior cruciate ligament. A prospective,
randomized follow-up study of 48 patients. Scand J Med Sci Sports. 1995;
5(6):358–63. https://doi.org/10.1111/j.1600-0838.1995.tb00059.x.

28. Nau T, Lavoie P, Duval N. A new generation of artificial ligaments in
reconstruction of the anterior cruciate ligament. Two-year follow-up of a
randomised trial. J Bone Joint Surg (Br). 2002;84(3):356–60. https://doi.org/1
0.1302/0301-620X.84B3.0840356.

29. Ghalayini SR, Helm AT, Bonshahi AY, Lavender A, Johnson DS, Smith RB.
Arthroscopic anterior cruciate ligament surgery: results of autogenous
patellar tendon graft versus the Leeds-Keio synthetic graft five year follow-
up of a prospective randomised controlled trial. Knee. 2010;17(5):334–9.
https://doi.org/10.1016/j.knee.2009.09.008.

30. Peterson L, Eklund U, Engström B, Forssblad M, Saartok T, Valentin A. Long-
term results of a randomized study on anterior cruciate ligament
reconstruction with or without a synthetic degradable augmentation device
to support the autograft. Knee Surg Sports Traumatol Arthrosc. 2014;22(9):
2109–20. https://doi.org/10.1007/s00167-013-2636-3.

31. Newman SD, Atkinson HD, Willis-Owen CA. Anterior cruciate ligament
reconstruction with the ligament augmentation and reconstruction system:
a systematic review. Int Orthop. 2013;37(2):321–6. https://doi.org/10.1007/
s00264-012-1654-y.

32. Longo UG, Lamberti A, Maffulli N, Denaro V. Tendon augmentation grafts: a
systematic review. Br Med Bull. 2010;94(1):165–88. https://doi.org/10.1093/
bmb/ldp051.

33. Gao K, Chen S, Wang L, Zhang W, Kang Y, Dong Q, et al. Anterior cruciate
ligament reconstruction with LARS artificial ligament: a multicenter study
with 3- to 5-year follow-up. Arthroscopy. 2010;26(4):515–23. https://doi.org/1
0.1016/j.arthro.2010.02.001.

34. Bugelli G, Dell'Osso G, Ascione F, Gori E, Bottai V, Giannotti S. LARS™ in ACL
reconstruction: evaluation of 60 cases with 5-year minimum follow-up.
Musculoskelet Surg. 2018;102(1):57–62. https://doi.org/10.1007/s12306-017-
0499-3.

35. Chen T, Zhang P, Chen J, Hua Y, Chen S. Long-term outcomes of
anterior cruciate ligament reconstruction using either synthetics with
remnant preservation or hamstring autografts: a 10-year longitudinal
study. Am J Sports Med. 2017;45(12):2739–50. https://doi.org/10.1177/03
63546517721692.

36. Parchi PD, Ciapini G, Paglialunga C, Giuntoli M, Picece C, Chiellini F, et al.
Anterior cruciate ligament reconstruction with LARS artificial ligament-
clinical results after a long-term follow-up. Joints. 2018;6(2):75–9. https://doi.
org/10.1055/s-0038-1653950.

37. Ebert JR, Annear PT. ACL reconstruction using autologous hamstrings
augmented with the ligament augmentation and reconstruction system
provides good clinical scores, high levels of satisfaction and return to sport,
and a low retear rate at 2 years. Orthop J Sports Med. 2019;7(10):
2325967119879079. https://doi.org/10.1177/2325967119879079.

38. Tsai SH, Lee CH, Tong KM, Wang SP, Lee KT, Tsai WC, et al. Activity-related
outcome in anterior cruciate ligament reconstruction with synthetic
ligament advanced reinforcement system. J Chin Med Assoc. 2019;82(3):
235–8. https://doi.org/10.1097/JCMA.0000000000000035.

39. Su M, Jia X, Zhang Z, Jin Z, Li Y, Dong Q, et al. Medium-term (least 5 years)
comparative outcomes in anterior cruciate ligament reconstruction using
4SHG, allograft, and LARS ligament. Clin J Sport Med. 2021;31(2):e101–10.
https://doi.org/10.1097/JSM.0000000000000730.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Fan et al. Journal of Orthopaedic Surgery and Research          (2021) 16:478 Page 10 of 10

https://doi.org/10.1016/j.otsr.2015.01.021
https://doi.org/10.1007/s00167-015-3569-9
https://doi.org/10.1007/s00167-015-3569-9
https://doi.org/10.1186/s12891-017-1672-4
https://doi.org/10.1186/s12891-017-1672-4
https://doi.org/10.1016/j.arthro.2015.08.003
https://doi.org/10.1016/j.ijsu.2018.06.030
https://doi.org/10.1016/j.ijsu.2018.06.030
https://doi.org/10.1053/jars.2002.30485
https://doi.org/10.1016/S0749-8063(04)00842-4
https://doi.org/10.1016/S0749-8063(04)00842-4
https://doi.org/10.1016/0749-8063(92)90060-O
https://doi.org/10.1016/0749-8063(92)90060-O
https://doi.org/10.1016/j.knee.2009.07.013
https://doi.org/10.1159/000077256
https://doi.org/10.1007/s00167-007-0328-6
https://doi.org/10.1007/s00167-007-0328-6
https://doi.org/10.1177/0363546513497566
https://doi.org/10.1111/os.12662
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1177/2325967118808778
https://doi.org/10.3109/17453679508995503
https://doi.org/10.1111/j.1600-0838.1995.tb00059.x
https://doi.org/10.1302/0301-620X.84B3.0840356
https://doi.org/10.1302/0301-620X.84B3.0840356
https://doi.org/10.1016/j.knee.2009.09.008
https://doi.org/10.1007/s00167-013-2636-3
https://doi.org/10.1007/s00264-012-1654-y
https://doi.org/10.1007/s00264-012-1654-y
https://doi.org/10.1093/bmb/ldp051
https://doi.org/10.1093/bmb/ldp051
https://doi.org/10.1016/j.arthro.2010.02.001
https://doi.org/10.1016/j.arthro.2010.02.001
https://doi.org/10.1007/s12306-017-0499-3
https://doi.org/10.1007/s12306-017-0499-3
https://doi.org/10.1177/0363546517721692
https://doi.org/10.1177/0363546517721692
https://doi.org/10.1055/s-0038-1653950
https://doi.org/10.1055/s-0038-1653950
https://doi.org/10.1177/2325967119879079
https://doi.org/10.1097/JCMA.0000000000000035
https://doi.org/10.1097/JSM.0000000000000730

	Abstract
	Background
	Objective
	Search methods
	Selection criteria
	Results
	Conclusions
	Level of evidence

	Introduction
	Methods
	Search strategy
	Eligibility
	Methodological quality assessment
	Data collection
	Statistical analysis
	Subgroup analysis


	Results
	Study characteristics
	Outcomes
	Methodologic quality assessment
	Pivot shift test
	Lachman test
	Instrumented laxity
	IKDC grades
	Complications

	Discussion
	Authors’ conclusions
	Implications for practice
	For people with ACLR
	For clinicians
	For policy makers

	Implications for research
	General
	Abbreviations


	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

