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Abstract 

Background  There have been emerging clinical trials investigating the efficacy of synthetic-graft-augmented auto-
grafts in anterior cruciate ligament reconstruction (ACLR) in recent years. Hamstring tendon and Ligament Augmenta-
tion and Reconstruction System (LARS) are both widely discussed graft choices for ACLR.

Purpose  To compare the clinical efficacy of hamstring tendon grafts with LARS-augmented hamstring tendon grafts 
in ACLR.

Study Design  Systematic review and meta-analysis.

Method  A systematic literature search was performed in PubMed, Embase and the Cochrane Library to identify pri-
mary evidence related to the comparison of ACLR with a hamstring tendon (HT) versus a hamstring tendon with LARS 
(HT + LARS). Quality assessment of the included studies was conducted using Newcastle–Ottawa Scale for non-RCTs. 
Quantitative analysis was conducted with Reviewer Manager 5.4. The primary outcomes compared were the Lysholm 
scale, Tegnar activity scale, International Knee Documentation Committee (IKDC) evaluation, KT-1000-based laxity, 
complication/retear rate and rate of return-to-sports. The secondary outcomes were the Knee Injury and Osteoarthri-
tis Outcomes Score (KOOS), Global Rating of Change (GRC) scale, hop tests, isokinetic knee strength tests and radio-
graphic and arthroscopic evaluations.

Results  Six cohort studies with 710 participants were included in this study. Compared with the HT group, 
the HT + LARS group had better Lysholm scores at the 1-year follow-up (P = 0.0007) and at the final follow-up (P = 0.04). 
HT + LARS group had better IKDC scores at the 1-year follow-up (P = 0.003). The HT + LARS group had a better return-
to-sports rate in short term. No significant difference in complications or re-surgery was observed. The secondary 
results revealed superior or non-inferior outcomes in the HT + LARS group.
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Conclusions  As grafts for ACLR, the use of hamstring tendons with LARS augmentation, compared with the use 
of hamstring tendons alone, in the short term, has significantly superior overall functional results and better early 
sports participation and non-inferior results in other comparisons. In the long term, the use of hamstring tendon 
with LARS augmentation demonstrated non-inferior results in terms of functional scores, knee stability, knee strength, 
complications and re-tear rate, etc.

Keywords  Anterior cruciate ligament reconstruction, Artificial/synthetic graft, LARS, Hamstring tendon graft

Introduction
The anterior cruciate ligament (ACL) is pivotal for resist-
ing anterior tibial translation and rotational loads [1], and 
ACL deficiency usually leads to collateral meniscus and 
cartilage damage, increasing the long-term risk of knee 
osteoarthritis [2–4]. Anterior cruciate ligament recon-
struction (ACLR) is widely considered a standardized 
treatment for ACL rupture [5, 6]. The most important 
purpose of ACLR is to restore the stability and function 
of the injured knee [7, 8].

One of the primary goals of ACLR is to help patients 
return to sports, especially young and physically active 
individuals. People who undergo ACLR usually have high 
expectation of returning to their pre-injury level of sports 
activity[9]. One study demonstrated that 81% of peo-
ple returned to some form of sport after ACLR surgery, 
65% returned to their previous level of sport, and 55% 
returned to competitive sports [10]. Thus, the quality of 
the reconstructed ligament is highly emphasized, and the 
function of the operated knee is highly valued. Notably, 
there is a moderate incidence of failure or re-rupture 
after ACLR, which requires revision surgery, especially 
considering the need to return to sports [11–14].

Multiple factors contribute to the failure or re-rupture 
of the reconstructed ACL, among which graft choice 
has been widely discussed [15–17]. Traditionally, sur-
geons tend to use autologous grafts to reconstruct the 
ACL due to theoretically better biological healing capac-
ity, lower antigenicity, and lower chance of infection or 
disease transmission [18]. Commonly used autologous 
grafts include bone-patellar-bone (BTB), quadriceps ten-
don and hamstring tendon grafts [19]. In recent years, 
synthetic grafts for ACLR have also been studied world-
wide. Compared to autologous grafts, synthetic grafts are 
believed to possess the advantages of sparing the donor 
site, providing tensile strength, and allowing for early 
rehabilitation and accelerated recovery [20, 21]. The Liga-
ment Augmentation and Reconstruction System (LARS) 
has been the most popular choice for either substituting 
for an autograft or augmenting an autograft [20, 22–28]. 
However, there is still hesitation toward the use of syn-
thetic grafts because of the reported higher rate of failure, 

higher incidence of synovitis and earlier onset of sec-
ondary knee osteoarthritis [29–32]. Another way to use 
synthetic grafts is to augment the autograft, either due 
to the inadequate size and strength of the autograft or 
the greater demand for intensive sports. Man et al. [33] 
conducted a meta-analysis evaluating the efficacy of aug-
mented autografts versus autografts alone in ACLR, and 
found that there was no significant advantage comparing 
the results at the final follow-up. However, since LARS 
has been reported to facilitate early recovery, it remains 
unclear whether there is an advantage in the early reha-
bilitation stage with LARS-augmented autografts.

This study aims to investigate the clinical outcomes 
of patients who underwent surgery with either the 
hamstring tendon alone or the hamstring tendon aug-
mented with LARS at both the early stage and long-
term follow-up. With a systematic approach, we strive 
to provide a comprehensive comparison of subjective 
patient-reported outcomes (Lysholm scale, Tegnar 
activity scale, IKDC, etc.), KT-1000-Arthrometer-based 
stability assessment, return-to-sports rate, isokinetic 
knee strength tests, hop tests, complications and radi-
ographic and arthroscopic evaluations. This study is 
intended to bring more attention to the potentials of 
LARS-augmented autografts in clinical settings.

Methods
Literature review and study selection
This study was conducted according to PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses) guidelines [34]. Two independent 
researchers systematically searched and reviewed the 
studies in PubMed, Embase and the Cochrane Library. 
The keywords applied in the search were “Anterior 
cruciate ligament OR ACL” and “LARS OR The Liga-
ment Augmentation and Reconstruction System OR 
Ligament advanced reinforcement system OR syn-
thetic ligament OR artificial ligament”. A manual 
search and confirmation were also conducted. Differ-
ences between researchers were settled by discussion. 
A senior surgeon was consulted if needed. This meta-
analysis review protocol was registered on PROSPERO 
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(International Prospective Register of Systematic 
Reviews; Registration Number CRD42024467546).

Inclusion and exclusion criteria
Two researchers independently searched the databases 
mentioned above. Inclusion criteria:

(1) Participants: Hamstring tendon graft alone and 
hamstring tendon with LARS artificial ligament for 
patients with ACL injury; (2) Interventions and com-
parisons: There were at least two study groups in ACLR 
with either Hamstring tendon graft or hamstring tendon 
with LARS, and the type of graft fixation was not lim-
ited; (3) Outcome measure: the outcome assessments 
included at least one of the following measures includ-
ing patient-reported functional scores, knee stability, 
complications, return-to-sports rate, knee strength and 
hop tests [35]; (4) Study design: RCTs, retrospective and 
prospective cohort studies that compared hamstring ten-
don alone with hamstring tendon with LARS for ACL 
reconstruction.

The following studies were excluded: case reports, 
reviews, editorial letters, expert opinions or non-compar-
ative studies.; studies failing to clearly report the data that 
met our interest; studies with follow-up time less than 
1  year; and biomechanical or animal studies. A study 
was also excluded if data from the same patients were 
reported in another study with longer follow-ups.

Data extraction
Two researchers independently conducted these pro-
cesses and resolved disagreements by discussion. A 
senior surgeon was consulted if needed. Eligible stud-
ies were assessed and data pertaining to demographics, 
interventions used, surgical techniques, outcome meas-
ures used, and results were extracted. Hamstring Tendon 
with LARS (HT + LARS) was compared with Hamstring 
Tendon alone (HT). Primary outcomes included Lysholm 
scores, Tegnar activity scores, the International Knee 
Documentation Committee (IKDC) evaluation forms, 
KT-1000-Arthrometer-based knee stability (side-to-
side differences, laxity), complications/ retear rates 
and return-to-sports (RTS) rates. Secondary outcomes 
included the Knee Injury and Osteoarthritis Outcomes 
Score (KOOS), isokinetic knee strength, hop tests (sin-
gle hop distance (SHD), triple hop distance (THD), tri-
ple crossover hop/ crossover hop distance (TCHD) and 
6-min timed hop (6MTH)) and radiographic and arthro-
scopic evaluations. The results of the hop tests and isoki-
netic knee strength tests were reported in the form of 
Limb Symmetric Indices (LSIs) as a functional compari-
son between the operated and non-operated knee. The 
primary follow-up times were 12 months, 24 months, or 

long-term (more than 2 years) post-operatively. The out-
comes were also compared at the final follow-up despite 
the different lengths of follow-up time in each study. 
Comparisons were made based on data availability pro-
vided by individual studies.

Quality assessment
Quality assessment of the included studies was con-
ducted using the Newcastle–Ottawa Scale for non-RCT 
cohort studies (available at https://​www.​ohri.​ca/​progr​
ams/​clini​cal_​epide​miolo​gy/​oxford.​asp). Two researchers 
independently assessed the included studies and settled 
disagreements by discussion. A senior surgeon was con-
sulted if needed.

Statistical analysis
The quantitative meta-analysis was performed using 
Review Manager 5.4 (Cochrane Collaboration). Dichoto-
mous variables were expressed in terms of the risk ratio 
(RR) and 95% confidence interval (CI), while pooled 
results for continuous variables were expressed as the 
mean difference (MD) and 95% CI. Heterogeneity was 
assessed via the I2 test (I2 > 50% was considered to indi-
cate important heterogeneity). Either a fixed-effects 
model or random-effects model was applied to outcome 
data based on heterogeneity. A fixed-effects model was 
used to demonstrate data of unimportant heterogeneity 
(I2 ≤ 50%) and a random-effects model was used for data 
showing important heterogeneity (I2 > 50%). P < 0.05 was 
considered to indicate statistical significance.

Results
Search results and inclusion
A flow chart is shown in Fig.  1. Overall, 374 results 
were obtained from the three databases. After the ini-
tial screening, 24 articles that required further full-text 
review were identified. After the exclusion of 18 articles 
that did not compare HT with HT + LARS, 6 studies with 
710 participants were included [20, 24–27, 36] in the final 
review.

Study characteristics
The 6 studies were published between 2010 and 2023, 
including 710 participants in total. There were 313 par-
ticipants in the HT + LARS group, among whom 232 
were male (74.1%), while in HT group there were 397 
participants, among which 275 were male (69.2%). The 
age of the participants ranged from 16 to 56  years. The 
follow-up time ranged from 1 to 10 years, and the time 
between injury occurrence and surgery ranged from 1 
to 34 months. All studies were retrospective or prospec-
tive cohort studies and no RCT was available. Four of 
the studies used the single-bundle technique, one study 

https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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used the double-bundle technique and one study did not 
specify the surgical technique used. Four studies were 
conducted under arthroscopy. Three of the studies men-
tioned the number of concomitant meniscectomy or 
meniscus repair procedures, while one study mentioned 
conducting aforementioned procedures based on arthro-
scopic evaluation and necessity, with no specific details. 
The full demographic information is shown in Table 1.

Assessment of risk of bias
Quality assessment of the studies was conducted using 
the Newcastle–Ottawa Scale (Table 2). All studies had 
total scores no less than 8.

Primary outcomes
Functional scores

1.	 Lysholm scores

	 Comparisons were made at 1 year (3 studies), 2 years 
(2 studies) and long-term (3 studies) post-operatively. 
And a comparison was also made among the results 
at the final follow-up (6 studies) (Fig.  2). For the 
Lysholm score, the HT + LARS group showed bet-
ter results at the 1-year follow-up (WMD 2.45; 95% 
CI 1.04–3.87; I2 = 63%; P = 0.0007) and at the final 
follow-up (WMD 1.78; 95% CI 0.11–3.44; I2 = 78%; 
P = 0.04), and non-inferior results at the 2-year fol-
low-up and long-term follow-up ( n.s.).

2.	 Tegnar activity scores
	 Two studies reported Tegnar scores at the 1-year and 

the 2-year follow-ups, and 3 studies reported long-

Fig. 1  Study selection flowchart



Page 5 of 14Zhao et al. Journal of Orthopaedic Surgery and Research          (2024) 19:742 	

term Tegnar score results. The HT + LARS group 
showed better results at the 1-year (WMD 1.02; 95% 
CI 0.67–1.37; I2 = 0%; P < 0.0001) and 2-year (WMD 
0.46; 95% CI 0.16–0.76; I2 = 0%; P = 0.03) follow-ups 

(Fig. 3), and non-inferior result at long-term follow-
up (n.s.). Comparing the Tegnar scores at the final 
follow-up, the HT + LARS group also demonstrated 

Table 1  Characteristics of the included studies

y, year; m, month; w, week; N/A, not available; HT, hamstring tendon; LARS, ligament augmentation and reconstruction system.

Study Study type Surgical technique Arthroscopy Fixation

Femur Tibia

Zaid [20] Prospective (Level II) Single-bundle Yes Endobutton (Smith and Nephew) Interference screw (Smith 
and Nephew) and titanium staple 
(Citieffe)

Ebert [24] Retrospective (Level III) Double-bundle Not specified Endobutton (Smith and Nephew) Intra-fix screw and Milagio advance 
screw (DePuy)

Zhang [36] Retrospective (Level III) Single-bundle Yes tight cord (Arthrex) Bioabsorbable screw (Arthrex)

Aujla [25] Retrospective (Level III) Single-bundle Not specified Endobutton (Smith & Nephew) Intra-fix screw (DePuy)

Hamido [26] Retrospective (Level III) Single-bundle Yes Cross-Pin System (Mitek) Bioabsorbable screw

Liu [27] Retrospective (Level III) Not specified Yes Interference screw Interference screw

Study Group n Age 
mean ± SD 
(Range)

Male n (%) BMI 
mean ± SD 
(Range)

Follow-up 
time 
mean ± SD 
(Range)

Time between 
injury to 
surgery 
mean ± SD 
(Range)

Concomitant 
meniscectomy 
n (%)

Concomitant 
meniscus repair 
n (%)

Zaid [20] HT 89 27.5 ± 5.8 60 (67.4) 25.3 ± 3.0 2 y 2.8 ± 1.4 m 64 (71.9) 20 (22.4)

HT + LARS 89 28.2 ± 4.7 65 (73.0) 24.8 ± 2.7 2 y 2.4 ± 1.7 m 69 (77.5) 20 (22.4)

Ebert [24] HT 69 30.8 ± 10.6, 
(16–49)

44 (63.8) 26.0 ± 3.1, 
(20.0–34.3)

7.7 ± 0.6, 
(7–9.5) y

11.6 ± 12.8, 
(2–52) w

7 (10.1) 16 (23.2)

HT + LARS 67 31.1 ± 9.3, 
(16–49)

45 (67.2) 26.2 ± 3.1, 
(20.3–32.8)

7.9 ± 0.9, 
(7–10) y

12.8 ± 8.7, 
(2–52) w

9 (13.4) 16 (23.9)

Zhang [36] HT 32 33 (21–42) 24 (75) N/A 12 m 3.6 m (1–8) N/A

HT + LARS 36 27 (17–37) 30 (83.3) 12 m 2.2 m (1–6)

Aujla [25] HT 130 27.5 ± 8.6 79 (60.8) 25.3 ± 3.2 2 y 14.2 ± 31.2 w 10 (7.7) 47 (36.2)

HT + LARS 66 26.8 ± 9.5 44 (66.7) 24.7 ± 3.7 2 y 14.8 ± 21.9 w 8 (12.1) 26 (39.4)

Hamido [26] HT 45 20 (18–31) 44 (97.8) N/A 59 m (58–62) 8 m (6–29) N/A

HT + LARS 27 24 (21–35) 27 (100) 59 m (58–62) 7 m (6–31)

Liu [27] HT 32 32 (20–56) 24 (75) N/A 49 m (48–52) 9 m (5–33) Yes (number 
not specified)

HT + LARS 28 36 (18–54) 21 (75) 49 m (48–52) 8 m (4–34)

Study Group Graft

Zaid [20] HT 4-strand hamstring tendon graft with semitendinosus and gracilis tendon (4-strand ST/G)

HT + LARS 4-strand hamstring tendon graft with semitendinosus and gracilis tendon + LARS (4-strand ST/G/ + LARS)

Ebert [24] HT Anteromedial bundle: 2-strand semitendinosus tendon; Posterolateral bundle: 2-strand gracilis tendon

HT + LARS Anteromedial bundle: 2-strand LARS; Posterolateral bundle: 2-strand gracilis tendon

Zhang [36] HT 4-strand ST/G

HT + LARS 2-strand LARS-augmented semitendinosus tendon

Aujla [25] HT 4-strand ST/G

HT + LARS (4-strand ST/G/ + LARS)

Hamido [26] HT 4-strand ST/G

HT + LARS (4-strand ST/G/ + LARS)

Liu [27] HT 4-strand ST/G

HT + LARS (4-strand ST/G/ + LARS)
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better outcomes (WMD 0.48; 95% CI 0.22–0.73; 
I2 = 44%; P = 0.0002).

3.	 International Knee Documentation Committee 
(IKDC) evaluation

	 Comparisons were made at the 1-year follow-up (3 
studies) and the final follow-up (4 studies) (Fig.  4). 
HT + LARS showed significantly better results at 
the 1-year follow-up (WMD 2.22; 95% CI 0.75–3.70; 
I2 = 60%; P = 0.003) but the difference was no longer 
statistically significant at the final follow-up (n.s.).

KT‑1000‑arthrometer‑based laxity
Five studies reported KT-1000-based laxity. The results 
reported were side-to-side differences (mm) and were 
further categorized as normal (< 3  mm), nearly nor-
mal (3–6 mm), abnormal (6–10 mm) or severely abnor-
mal (> 10 mm). Five of the studies reported the number 
of normal (< 3  mm) participants in the outcome. Both 
the side-to-side differences and percentage of normal 
(< 3  mm) individuals were compared (Fig.  5) but there 
were no significant differences (n.s.). Notably, however, 
Hamido et al. [26] and Liu et al. [27] reported numbers 
of abnormal (6–10  mm) participants in the HT group, 
which were 4 (8.9%) and 3 (9.4%), respectively. There 
were no reported severely abnormal (> 10 mm) results in 
any of the studies.

Complications and revision surgeries
The reported complications (infections, paresthesia, 
arthrofibrosis, secondary ligament or meniscus injuries 
and etc.) were listed in Table  3 in detail. Further analy-
sis was shown in Fig. 6. However, there was no significant 
statistical difference between the groups (n.s.).

Return‑to‑sports rate
All statistically significant differences were observed 
within 1  year post-operatively and with HT + LARS 
group being the superior group (Table 4). Zaid et al. [20] 

reported that at the 6-month follow-up, 75 of 84 patients 
(89.3%) in the HT + LARS group participated in Noyes 
[37] level 3 (1–3 times per month) sports, compared to 49 
of 84 (58.3%) in the HT group (P = 0.02). At 12 months, 
75 of 80 (93.6%) patients in the HT + LARS group partici-
pated in level 1 (4–7 times per week) sports, while 59 of 
81 (72.8%) patients in the HT group did (P = 0.03). How-
ever, the difference subsided at 24 months.

Ebert et al. [24] reported that 52 (77.6%) participants in 
the HT + LARS group returned to pivoting sports after 
ACLR, compared to 53 (76.8%) in the HT group.

Aujla et  al. [25] reported that at 12  months, 54 of 66 
(81.8%) patients in the HT + LARS group return to Noyes 
level 1 (4–7 times per week) or 2 (1–3 times per week) 
sports, compared to 86 of 130 (66.2%) in the HT group 
(P = 0.029). The difference was no longer significant at 
24 months.

As for the rate of returning to pre-injury sports, Zaid 
et  al.[20] reported that at 24  months, 76 of 78 patients 
(97.4%) in the HT + LARS group and 71 of 80 (88.8%) in 
the HT group (P = 0.164) returned to participate in the 
sports they played before injury. Aujla et al. [25] reported 
that at 12  months, 34 of 66 (51.5%) participants in the 
HT + LARS group and 37 of 130 (28.5%) participants in 
the HT group (P = 0.003) returned to pre-injury sports, 
while at 24  months, there was no significant difference. 
Aujla et al. [25] also reported that comparing 24 months 
with 12 months, HT group had a significant increase in 
percentage of returning to pre-injury sports (P = 0.001) 
while HT + LARS group had no significant improvement 
(n.s.).

Secondary outcomes
Knee injury and osteoarthritis outcomes score (KOOS) 
evaluation
Comparisons were made at the 1-year and the 2-year 
follow-ups. The HT + LARS group showed prominent 
superiority at the 1-year follow-up in both the KOOS-
Sports/Recreation and KOOS-Quality of Life categories 
(P = 0.007 and P = 0.02, respectively). The other results 
were not statistically important. The detailed results were 
shown in Table 5.

Global rating of change (GRC) scale
This scale was used to evaluate patients’ self-perceived 
changes [38] before and after surgery. Only Aujla et  al. 
[25] and Zaid et  al. [20] reported GRC scales at the 
1-year and 2-year follow-ups. The HT + LARS group pre-
vailed in both comparisons (P = 0.03 and P = 0.004). The 
detailed results were shown in Table 5.

Table 2  Quality evaluation of observational trials using the 
Newcastle–Ottawa Scale

The Newcastle–Ottawa Scale uses the semiquantitative principle of scoring 
system to evaluate the quality of literature, with a full score of 9.

Study Selection Comparability Outcome Total score

Zaid [20] 4 2 3 9

Ebert [24] 4 2 3 9

Aujla [25] 4 2 2 8

Hamido [26] 3 2 3 8

Liu [27] 3 2 3 8

Zhang [36] 4 2 3 9
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Hop tests
The single hop distance (SHD), triple hop distance 
(THD), triple crossover hop/ crossover hop distance 
(TCHD), and 6-min timed hop (6MTH) results were also 
reported in the form of LSIs. Comparisons were made at 
the 1-year follow-up and final follow-up. The results were 

not significantly different (n.s.). The detailed results were 
shown in Table 5.

Isokinetic knee strength test
Both knee extensor strength and flexor strength were 
compared at the 1-year and 2-year follow-ups. The 
results were shown in the form of LSIs. Both groups 

Fig. 2  a–d show forest plots of Lysholm scores at 1-year, 2-year, Long-term and Final follow-up, respectively. CI confidence interval, IV inverse 
variance, df degrees of freedom, SD standard deviation
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had similar results in all comparisons. The detailed 
results were shown in Table 5.

Radiographic and arthroscopic evaluation
Both Zaid et  al. [20] and Ebert et  al. [24] used MRI to 
evaluate patients at follow-up. Zaid et  al. [20] reported 
Signal Noise Quotient (SNQ) to represent the signal 
intensity of the reconstructed ACL, where SNQ = (signal 
of the ACL graft—signal of the quadriceps tendon)/sig-
nal of the background, aiming to assess the maturity of 

the graft. The results showed no significant difference at 
3 months, 6 months, 12 months or 24 months (n.s.). Ebert 
et  al. [24] used the Whole Organ Magnetic Resonance 
Imaging Score (WORMS) to evaluate the post-operative 
knee status. WORMS was applied to the medial tibiofem-
oral joint (MTFJ), the lateral tibiofemoral joint (LTFJ), 
the patellofemoral joint (PFJ), and the S region (region 
of the tibia beneath the tibial spine) to evaluate adverse 
effects on the cartilage, bone, meniscus, etc. The results 
demonstrated that both adverse features and WORMS 

Fig. 3  a–d show forest plots of Tegnar scores at the 1-year, 2-year, Long-term and Final follow-ups, respectively. CI confidence interval, IV inverse 
variance, df degrees of freedom, SD standard deviation
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Fig. 4  a, b show forest plots of IKDC scores at the 1-year follow-up and Final follow-up. CI confidence interval, IV inverse variance, df degrees 
of freedom, SD standard deviation

Fig. 5  KT-1000-based-laxity evaluations. a Side-to-side differences; b: percentage of Normal (laxity < 3 mm). IV inverse variance, CI confidence 
interval, SD standard deviation, df degrees of freedom, M-H Mantel–Haenszel
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Table 3  Complications reported in each study

ACL anterior cruciate ligament, FU follow-up, ROM range of motion, HT hamstring tendon, LARS ligament augmentation and reconstruction system.

“Non-ACL surgeries” means that patients experienced complications that required surgery but not ACL revision surgery.

Study HT + LARS HT

Patients at 
FU
n

Complications
n

Percentage of 
complications

Description of 
complications

Patients at 
FU
n

Complications
n

Percentage of 
complications

Description of 
complications

Zaid [20] 89 3 3.4% 2 infections, 1 
revision surgery

89 6 6.7% 3 infections, 
3 revision 
surgeries

Ebert [24] 79 20 25.3% 11 non-ACL 
surgeries, 9 revi-
sion surgeries

79 15 19.0% 8 non-ACL 
surgeries, 7 
revision surger-
ies

Zhang [36] 36 3 8.3% 2 crepitus, 1 
infection

32 8 25.0% 6 crepitus, 2 
loss of ROM

Aujla [25] 66 5 7.6% 1 infection,
3 non-ACL 
surgeries, 1 revi-
sion surgery

130 10 7.7% 1 infection, 6 
non-ACL sur-
geries, 3 revi-
sion surgeries

Hamido [26] 27 0 0.0% none 45 2 4.4% 1 paresthesia, 1 
arthrofibrosis

Liu [27] 28 1 3.6% 1 pain 
with screw

32 3 9.4% 2 loss of ROM, 
1 arthrofibrosis

Fig. 6  Forest plots of complications and revision surgeries in each study (a) and incidence of ACL re-rupture requiring revision surgery (b). IV 
inverse variance, CI confidence interval, SD standard deviation, df degrees of freedom, M-H Mantel–Haenszel
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scores were similar between the HT and HT + LARS 
groups with no statistically significant differences.

Zaid et al. [20] employed an arthroscopic second-look 
for 49 (55.1%) participants in the HT + LARS group and 
46 (51.7%) in the HT group. The study reported no signif-
icant intergroup differences regarding graft tension, graft 
tears, or synovial coverage. Menisci were mostly healed 
in both groups similarly.

Discussion
In this systematic review and meta-analysis, we found 
that, as grafts for ACLR, the HT + LARS group, in the 
short term, had superior overall functional outcomes, 
better early sports participation and non-inferior results 
in other comparisons. In the long term, HT+LARS group 
demonstrated non-inferior results in terms of functional 

Table 4  Return-to-sports comparisons

HT hamstring tendon, LARS ligament augmentation and reconstruction system.

Study Follow-up time Level of Sports Percentage of participation P

HT + LARS (%) HT (%)

Zaid [20] 6 months Noyes Level 3 89.3 58.3 0.020

Zaid [20] 12 months Noyes Level 1 93.6 72.8 0.030

Aujla [25] 12 months Noyes Level 1 or 2 81.8 66.2 0.029

Aujla [25] 12 months Pre-injury Sports 51.5 28.5 0.003

Table 5  Summary of secondary outcomes

A fixed-effects model was used to demonstrate data of unimportant heterogeneity (I2 ≤ 50%) and a random-effects model (marked with *) was used for data showing 
important heterogeneity (I2 > 50%). P < 0.05 was considered with statistical significance. KOOS Knee injury and Osteoarthritis Outcome Score, GRCs Global Rate of 
Change scales, HT hamstring tendon, LARS ligament augmentation and reconstruction system, CI confidence interval, n.s. not significant (P ≥ 0.05).

Comparison Subgroups Included 
studies

Test of 
homogeneity

Fixed-effects model or Random-
effects model*

Test of effect Favored group

P I2 (%) Mean Difference 95% CI P

KOOS-Pain 1-year 2 0.22 33  − 0.92  − 2.84, 0.99 n.s

2-year 2 0.44 0 0.19  − 1.2, 1.98 n.s

KOOS-Symptoms 1-year 2 0.07 70  − 0.5*  − 4.31, 3.31* n.s

2-year 2 0.28 14  − 0.1  − 1.73, 1.52 n.s

KOOS-Activity of Daily Life 1-year 2 0.04 76 0.12*  − 3.30, 3.54* n.s

2-year 2 0.68 0  − 1.95  − 3.86, − 0.04 n.s

KOOS-Sports/
Recreation

1-year 2 0.66 0 4.77 1.31, 8.23 0.007 HT + LARS

2-year 2 0.18 45 0.18  − 2.40, 2.76 n.s

KOOS-Quality of Life 1-year 2 0.40 0 3.71 0.65, 6.77 0.02 HT + LARS

2-year 2 0.39 0 1.69  − 0.58, 3.95 n.s

GRCs 1-year 2 0.65 0 0.49 0.06, 0.92 0.03 HT + LARS

2-year 2 0.47 0 0.39 0.12, 0.66 0.004 HT + LARS

Single Hop Distance 1-year 2 0,87 0 0.12  − 2.28, 2.51 n.s

Final follow-up 3 0.06 65  − 0.38*  − 2.92, 2.21* n.s

Triple Hop Distance 1-year 2 0.97 0  − 0.65  − 3.18, 1.87 n.s

Final follow-up 3 0.09 58 0.37*  − 2.07, 2.82* n.s

Triple Crossover Hop Distance 1-year 2 0.49 0  − 0.08  − 2.64, 2.69 n.s

Final follow-up 3 0.04 68  − 1.15*  − 4.0, 1.69* n.s

6-min Timed Hop 1-year 2 0.48 0 1.27  − 1.25, 3.79 n.s

Final follow-up 3 0.11 54  − 0.02*  − 0.28, 0.25* n.s

Knee Extension 1-year 2 0.93 0 0.77  − 2.45, 3.99 n.s

Final follow-up 3 0.40 0 0.47  − 1.40, 2.33 n.s

Knee Flexion 1-year 2 0.76 0 0.08  − 3.10, 3.26 n.s

Final follow-up 3 0.41 0  − 0.62  − 3.06, 1.81 n.s
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scores, knee stability, knee strength, complications, re-
tear rate and radiographic/arthroscopic evaluation.

Using the LARS ligament as a graft has been proven 
to facilitate accelerated recovery compared with the 
use of autografts in previous studies [22, 28]. However, 
Man et al. [33] reported in a 2023 meta-analysis that at 
the final follow-up (at least 2  years after surgery), there 
was no advantage of using autografts with synthetic graft 
augmentation, including LARS, compared to no augmen-
tation in ACL reconstruction. In this study, we found 
similar results in long-term (more than 2 years after sur-
gery) comparisons between the groups. However, at the 
early stage of recovery (within 2 years), we found that the 
HT+LARS group demonstrated overall superior func-
tional scores. For return-to-sports, all individual studies 
that discussed this outcome reported better percentage 
of return-to-sports at any level of sports activity in the 
HT+LARS group, but only at the early stage. The Global 
Rating of Change scale outcomes showed that patients 
in the HT+LARS group experienced more notable 
improvement in knee function compared to pre-surgery, 
which combined with the results of early KOOS-Sports/
Recreation outcomes and reported early sports participa-
tion, indicated that patients who underwent HT + LARS 
reconstruction had more confidence and self-perceived 
capability to participate in sports shortly after surgery. 
This led us to believe that LARS-augmented hamstring 
tendon grafts preserved the advantage of the LARS liga-
ment, which benefited fast recovery.

According to previous studies, compared to autografts, 
synthetic grafts such as LARS were believed to cause a 
greater rate of failure, a greater incidence of synovitis and 
earlier onset of secondary knee osteoarthritis [29–32]. In 
this study, we found that the use of the LARS for ham-
string tendon graft augmentation, compared to the use 
of the hamstring tendon alone, showed non-inferior out-
comes in the long-term comparison of complications. 
Interestingly, in the KT-1000-based laxity evaluation, 
although there was no statistically significant difference 
in the quantitative comparison, relative laxity (side-
to-side difference > 6  mm) was only reported in the HT 
group. For complications and revision surgeries, there 
was no statistically significant difference between HT 
and HT + LARS, but all studies except for Ebert et al. [24] 
reported a greater incidence in the HT group. Consider-
ing Ebert et al. [24] was the only study that specified the 
use of the double-bundle technique, the heterogenous 
results might need more researches regarding the dif-
ferent surgical techniques applied. MRI evaluation and 
arthroscopic second-look revealed that no significant 
difference related to cartilage degradation, osteophytes, 
meniscal degradation, synovial coverage, graft tension or 
graft tears between the two groups. These results showed 

that the use of the LARS to augment hamstring tendon 
grafts did not cause more severe long-term complica-
tions than the use of the hamstring tendon alone.

Preserving the advantages while improving the previ-
ously believed disadvantages of synthetic ligament grafts, 
using LARS to augment hamstring tendon grafts showed 
promising efficacy in facilitating early recovery and 
return-to-sports with a low long-term incidence of com-
plications after ACL reconstruction.

There were some limitations to this review. First, only 
6 studies were included and none of them were rand-
omized controlled trials. This led to a rather small sam-
ple size and a considerable possibility of biases. Second, 
due to limited clinical trials available, it was hard to make 
sub-group analysis based on different surgical techniques 
or different types of fixations, both of which might con-
tribute to heterogeneity of the results. Third, the out-
comes reported in these studies vary, which made it 
difficult to compare certain outcomes across all studies. 
The follow-up time differed from 1 to 10  years in each 
study when comparing different outcomes. Due to the 
different lengths of follow-up time, however, the final fol-
low-up might be at 1 year or 10 years, which led to unfair 
comparisons among participants. Hopefully, there will be 
more high-quality clinical studies with comprehensive 
outcomes in the future.

This study indicated that for ACLR patients who seek 
fast recovery to a rather competitive sports, but worry 
about more severe complications caused by using LARS 
alone, LARS-augmented hamstring tendon graft can be a 
good alternative to consider.

Conclusion
As grafts for ACLR, the use of hamstring tendons with 
LARS augmentation, compared with the use of hamstring 
tendons alone, in the short term, has significantly supe-
rior overall functional results and better early sports par-
ticipation and non-inferior results in other comparisons. 
In the long term, the use of hamstring tendon with LARS 
augmentation demonstrated non-inferior results in terms 
of functional scores, knee stability, knee strength, com-
plications and re-tear rate, etc.
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