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Abstract
Background  Anterior cruciate ligament (ACL) tear is considered as one of the most common sport-related musculoskeletal 
injuries. Double bundle (DB) and single bundle (SB) surgical techniques has been widely adopted for ACL reconstruction. 
This systematic review aimed to provide updated evidence by comparing the short-term, mid-term, and long-term knee 
stability and functional outcomes of DB and SB reconstruction techniques.
Methods  We searched Medline, Web of Science, and CENTRAL. We have selected randomized controlled trials (RCTs) 
that compared DB and SB ACL reconstruction techniques for primary isolated ACL tear. We have assessed the following 
outcomes: pivot shift test, Lachman test, KT-1000/2000 knee ligament arthrometer, Lysholm knee function score, Tegner 
activity score, and graft failure. We have used the standardized mean difference (SMD) was to summarize the continuous 
outcomes while risk ratio (RR) was used to summarize the dichotomous outcomes.
Results  A total of 34 RCTs that enrolled 2,992 participants deemed eligible. Overall, DB showed significantly better out-
comes in terms of pivot shift test (RR = 0.61, 95% confidence interval (CI) 0.49–0.75), Lachman test (RR = 0.77, 95% CI 
0.62 to 0.95), and KT 1000/2000 arthrometer (SMD = − 0.21, 95% CI − 0.34 to − 0.08). No discernible difference was 
found between DB and SB techniques in the overall Lysholm score (SMD = 0.12, 95% CI − 0.03 to 0.27), Tegner score 
(SMD = 0.03, 95% CI − 0.17 to 0.24), or graft failure rate (RR = 0.78, 95% CI 0.33 to 1.85).
Conclusions  Our review suggests that DB ACL reconstruction technique shows significantly better knee stability and func-
tional outcomes than SB at short-term follow-up. However, both techniques exhibit similar outcomes at mid-term and long-
term follow-up.
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IKDC	� International Knee Documentation Commit-
tee score

CENTRAL	� Cochrane Central Register of Controlled 
Trials

SMD	� Standardized mean difference
RR	� Risk ratio
OA	� Osteoarthritis

Introduction

Anterior cruciate ligament (ACL) tear is considered one 
of the most common sport-related musculoskeletal inju-
ries, representing 50% of all the acute traumatic knee 
injuries [1]. ACL reconstruction is the standard manage-
ment approach to restore the biomechanical function of 
the knee following ACL tears in young active patients [2, 
3]. Double bundle (DB) and single bundle (SB) are widely 
adopted surgical techniques for the anatomical reconstruc-
tion of ACL. DB technique involves the anatomical res-
toration of the anteromedial and posterolateral bundles 
of the native ACL whereas SB technique in involves the 
anatomical restoration of the either anteromedial or pos-
terolateral bundle of the native ACL. Recently, there has 
been a debate about the superiority of DB or SB technique 
in restoring the knee stability and function following ACL 
reconstruction [4–6].

A recent systematic review by Kong et al. revealed sig-
nificantly better knee stability and functional outcomes in 
favor of DB compared to SB. However, most of the included 
studies in this review provided short-term follow-up data [7]. 
More recently, a systematic review by Chen et al. showed 
that both DB and SB reconstruction techniques confer simi-
lar outcomes at mid-term and long-term follow-up. Nonethe-
less, a small number of studies and relatively small sample 
size were inherent limitations of this review [8]. In addition, 
many randomized controlled trials (RCTs) providing mid-
term and long-term follow-up data were further introduced 
to the literature since Chen et al. review [9–12].

The aim was to perform an updated systematic review and 
meta-analysis by comparing the short-term, mid-term, and 
long-term knee stability and functional outcomes of DB and 
SB reconstruction techniques.

Methods

This review was performed according to a pre-established 
protocol reported in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines [13].

Eligibility Criteria

Patients: adult patients with primary isolated ACL tear; inter-
vention: ACL reconstruction through anatomical DB tech-
nique; comparison: ACL reconstruction through anatomical 
SB technique; outcomes: rotational stability (i.e., pivot shift 
test), anterior stability (i.e., subjective tests; Lachman test, 
objective tests; KT-1000/2000 knee ligament arthrometer), 
functional outcomes including Lysholm knee function score, 
Tegner activity scale, International Knee Documentation 
Committee (IKDC) subjective score, and IKDC objective 
score, return to pre-injury sports activity, and graft failure; 
study design: RCT. Trials that enrolled participants with con-
comitant ipsilateral or contralateral posterior cruciate ligament, 
medial collateral ligament, lateral collateral ligament injury, 
or previous ligament surgery in the index knee were excluded. 
DB technique was defined as the individual anatomical res-
toration of anteromedial and posterolateral bundles of native 
ACL regardless of the source of the graft or the reconstruc-
tion technique. SB technique was defined as the anatomical 
restoration of the either anteromedial or posterolateral bundle 
of the native ACL regardless of the source of the graft or the 
reconstruction technique.

Search Strategy

We searched Medline, Web of Science, Evidence-Based 
Medicine Review databases via Ovid, and Cochrane Central 
Register of Controlled Trials (CENTRAL). No restrictions 
on date or language was applied. We used MeSH terms and 
keywords for each electronic database when available. Search 
terms used can be found in the supplementary material. We 
have also explored the following trial registries for potentially 
relevant ongoing or recently finished RCTs: ISRCTN registry, 
Australian New Zealand Clinical Trials Registry, UMIN Clini-
cal Trials Registry, ClinicalTrials.gov, and MetaRegister of 
Controlled Trials. The last search was performed on August 
6, 2020. The bibliographic references of the included RCTs 
were manually explored for potentially relevant RCTs missed 
through the electronic search.

Study Selection and Data Extraction

Independently and in duplicate, two reviewers did the eligibil-
ity screening for titles and abstracts; full text assessment; and 
data extraction from the eligible studies. Disagreements were 
resolved by discussion or the decision of a third reviewer.

Subgroup Analysis

It was pre-specified to perform a subgroup analysis based 
on different follow-up periods. The different follow-up 
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periods were divided into short-term (≤ 2 years), mid-term 
(3–5 years), and long-term (> 5 years) follow-up.

Meta‑analysis

We used Comprehensive Meta-Analysis version 3 (Biostat, 
Inc. Eaglewood, New Jersey, USA) for the meta-analysis. 
The random-effects model was used for all statistical analy-
ses. I2 and the P of the χ2 test were used to assess the statis-
tical heterogeneity. We adopted 95% confidence level as a 
confidence level and P < 0.05 as a threshold. We have used 
the standardized mean difference (SMD) was to summarize 
the continuous outcomes while risk ratio (RR) was used to 
summarize the dichotomous outcomes. Trials with multiple 
publications (i.e., follow-up publications for the original tri-
als) were only counted once, but data were derived from 
all available publications to obtain the longest available 
follow-up.

Risk of Bias Assessment

Two reviewers, independently and in duplicate, assessed the 
risk of bias of the eligible RCTs using the Revised Cochrane 
Risk of Bias Assessment Tool [14]. Any disagreement was 
resolved by consensus or the decision of a third reviewer. 
We assessed the publication bias for the primary outcome 
(pivot shift test) by visual inspection of the funnel plot with 
RR and standard error. The significance of the funnel plot 
asymmetry was examined using Egger’s test. Publication 
bias was further assessed for two of the secondary outcomes 
Lachman test and Lysholm score.

Results

The literature search yielded 10,710 articles, of which 5188 
duplicates were excluded. A total of 66 were deemed eligible 
for full-text assessment, of 27 articles were further excluded, 
leaving 39 eligible articles which represent 34 RCTs (Fig. 1) 
[9–12, 15–49].

Trial Characteristics

The 34 eligible RCTs enrolled 2992 participants with 
ACL tear who received ACL reconstruction through DB 
(n = 1524) or SB (n = 1468). Of the 2992 participants, 68% 
were male (n = 2,034) and 32% were female (n = 958). The 
characteristics of the included RCTs are summarized in 
Table 1.

Risk of Bias Assessment

Out of 34 RCTs, 7 had an overall low risk of bias, 17 had 
some concerns, and the remaining 10 had an overall high 
risk of bias. The risk of bias assessment of the included 
RCTs is summarized in Table 2.

The funnel plot for pivot shift test was asymmetrical on 
visual inspection and Egger’s test showed significant plot 
asymmetry (p < 0.001) (Supplementary Fig. A). The fun-
nel plot for Lachman test was also asymmetrical. However, 
Egger’s test showed that plot asymmetry was not of statisti-
cal significance (P = 0.08) (Supplementary Fig. B). Lysholm 
score had symmetrical funnel plot on visual inspection, and 
Egger’s test showed no statistical significance (P = 0.26) 
(Supplementary Fig. C).

Pivot Shift Test

A total of 26 studies reported data on pivot shift test [9–12, 
17, 20–23, 25, 27–36, 38–41, 43–49]. Overall, DB showed 
significantly better results than SB (RR = 0.61, 95% CI 
0.49–0.75, P < 0.001; I2 = 62%). However, subgroup analysis 
showed that the improvements in pivot shift test in favor of 
DB became insignificant at mid-term and long-term follow-
up (Fig. 2).

Lachman Test

Sixteen studies reported on Lachman test [9, 12, 17, 22, 23, 
25, 29, 32, 34–36, 36–41, 43–45]. DB showed a significant 
reduction in overall the risk of developing positive Lach-
man test compared to SB (RR = 0.77, 95% CI 0.62 to 0.95, 
P = 0.01; I2 = 34%). However, subgroup analysis showed that 
both groups had similar risk of developing positive Lachman 
test in the mid-term and long-term follow-up (Fig. 3).

KT1000/2000 Arthrometer

Twenty-three studies reported on KT1000-2000 [12, 15–17, 
19, 21–24, 27, 28, 30, 32–34, 36, 38–40, 42–49]. Overall, 
DB showed significantly better results than SB in terms of 
KT1000/2000 arthrometer (SMD = − 0.21, 95% CI − 0.34 
to − 0.08, P < 0.01; I2 = 61%). However, Subgroup analysis 
showed comparable results in the mid-term and long-term 
follow-up (Fig. 4).

Lysholm Score

Twelve studies reported on Lysholm score [10, 12, 17–20, 
27, 29, 30, 34, 38, 39, 42]. There was no significant differ-
ence between DB and SB in terms of overall Lysholm score 
(SMD = 0.12, 95% CI − 0.03 to 0.27, P = 0.12; I2 = 74%). 
Similarly, subgroup analysis did not show any statistical 
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significance in the short-term, mid-term and long-term 
follow-up (Fig. 5).

Tegner Score

Twelve studies reported on Tegner score [10, 12, 17–20, 
27, 29, 30, 34, 38, 39, 42]. Overall, no significant difference 
was found between DB and SB in terms of Tegner score 
(SMD = 0.03, 95% CI − 0.17 to 0.24, P = 0.74; I2 = 70%). 
Similarly, subgroup analysis showed similar results between 
the two groups in the short-term, mid-term, and long-term 
follow-up (Supplementary Fig. D).

IKDC Subjective Score

Twenty-two studies reported on IKDC subjective score 
[9–12, 17–22, 24–26, 28, 30–35, 37, 42, 43]. Both DB and 
SB had similar overall IKDC subjective score (SMD = 0.09, 

95% CI − 0.04 to 0.22, P = 0.18; I2 = 78%). Subgroup analy-
sis also showed similar results (Supplementary Fig. E).

IKDC Objective Scale

Eleven studies reported on IKDC objective scale [9, 11, 
20, 25, 28, 31, 34, 37, 41, 46–49]. No significant different 
was found between BD and SB in terms of overall IKDC 
objective scale. (RR = 0.82, 95% CI 0.64 to 1.04, P = 0.19; 
I2 = 5%). Likewise, subgroup analysis did not show any sta-
tistical significance (Supplementary Fig. F).

Graft Failure

Eight studies reported on graft failure [11, 12, 17, 23, 29, 
43, 46–49]. The analysis revealed no significant difference 
between DB and SB in terms of graft failure rate (RR = 0.78, 
95% CI 0.33 to 1.85, P = 0.57; I2 = 54%) (Supplementary 
Fig. G).

Fig. 1   Study flow diagram
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Return to Pre‑injury Sport Activity

Five studies reported on Return to pre-injury sports activity 
[11, 12, 17, 40, 43]. Both groups showed similar rate in terms 
of return to pre-injury sports activity (RR = 1.09, 95% CI 0.93 
to 1.26, P = 0.26; I2 = 1%) (Supplementary Fig. H).

Discussion

This comprehensive systematic review and meta-analysis 
based on the highest level of evidence obtained from RCTs 
compared the short-term, mid-term, and long-term outcomes 
of anatomical SB and anatomical DB ACL reconstruction 

Table 2   Risk of bias assessment of the included studies 

 ⊕ : High Risk, ⊖ : Low Risk, ⍰: Some Concerns

Study Rand-
omiza-
tion

Deviations from the 
intended intervention

Missing 
outcomes 
data

Measurement 
of the outcome

Selection of the 
reported results

Overall 
risk of 
bias

Adachi 2003 [15] ⍰ ⍰  ⊖   ⊖   ⊖  ⍰
Adravanti 2016 [16] ⍰ ⍰  ⊖   ⊖   ⊖  ⍰
Aga 2018 [17]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Aglietti 2010 [43]  ⊖   ⊖   ⊖   ⊖   ⊖   ⊖ 
Ahlde ́n 2013 Karikis 2016 [38, 39]  ⊖   ⊕   ⊖   ⊖   ⊖   ⊕ 
Araki 2010 [36]  ⊖   ⊖   ⊖   ⊖   ⊖   ⊖ 
Beyaz 2017 [18]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Claes 2011 [19] ⍰  ⊕   ⊖   ⊖   ⊖   ⊕ 
Devgan 2016 [37]  ⊕   ⊖   ⊖   ⊖   ⊖   ⊕ 
Gobbi 2011 [20]  ⊖   ⊖   ⊖   ⊖   ⊖   ⊖ 
Hussein 2012 [21]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Ibrahim 2009 [41]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Järvelä 2007 (1st)/Suomalainen 2011 [46, 47]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Järvelä 2008 (2nd)/Suomalainen 2012 [48, 49]  ⊖   ⊕   ⊖   ⊖   ⊖   ⊕ 
Kang 2015 [22]  ⊖   ⊖   ⊖  ⍰  ⊖  ⍰
Koga 2015 [23]  ⊕   ⊕  ⍰  ⊖   ⊖   ⊕ 
Komzák 2018 [24]  ⊖   ⊖   ⊖   ⊖   ⊖   ⊖ 
Liu 2016 [12]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Mayr 2016/2018 [9, 25]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Mohtadi 2019 [11]  ⊖   ⊖   ⊖   ⊖   ⊖   ⊖ 
Morey 2015 [35]  ⊖   ⊕   ⊖   ⊖   ⊖   ⊕ 
Muneta 2007 [40]  ⊕   ⊕   ⊖   ⊖   ⊖   ⊕ 
Nunez 2012 [26]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Sagar 2019 [10]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Sasaki 2016 [27]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Siebold 2008 [28]  ⊖   ⊖   ⊖   ⊖   ⊖   ⊖ 
Song 2013 [29]  ⊕  ⍰  ⊖   ⊖   ⊖   ⊕ 
Streich 2008 [30] ⍰ ⍰  ⊖   ⊖   ⊖  ⍰
Sun 2014 [31]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
Ventura 2013 [32]  ⊖   ⊖   ⊖   ⊖   ⊖   ⊖ 
Wang 2009 [42] ⍰  ⊖   ⊖   ⊖   ⊖  ⍰
Xu 2013 [33]  ⊖   ⊕   ⊖   ⊖   ⊖   ⊕ 
Yagi 2007 /Fujita 2011 [44, 45]  ⊕  ⍰  ⊖   ⊖   ⊖   ⊕ 
Zhang 2019 [34]  ⊖  ⍰  ⊖   ⊖   ⊖  ⍰
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Fig. 2   Pivot shift test at differ-
ent time points (SB vs DB)

 
Study DB 

(n/N) 
SB 
(n/N) 

Weight 
(%) 

Risk Ratio, Random, 
95% CI 

 

1 year follow up 
 

 

Järvelä 2007 
(1st)/ 
Suomalainen 
2011 

1/30 9/25 4.07 0.09 [0.01, 0.68]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Järvelä 2008 
(2nd)/ 
Suomalainen 
2012 

0/22 9/23 2.25 0.05 [0.00, 0.89] 

Ventura 2013 4/40 16/40 11.29 0.25 [0.09, 0.68] 

Araki 2010 1/10 3/10 3.78 0.33 [0.04, 2.68] 

Sun 2015 21/154 34/142 20.69 0.57 [0.34, 0.93] 

Yagi 2007/ 
Fujita 2011 

3/20 5/20 8.12 0.60 [0.16, 2.18] 

Mohtadi 2019 49/102 60/106 25.58 0.84 [0.65, 1.10] 

Xu 2013 2/34 2/32 4.43 0.94 [0.14, 6.29] 

Aga 2018 18/50 18/60 19.79 1.20 [0.70, 2.04] 

Subtotal 99/462 156/458 100 0.59 [0.38, 0.91] 

Heterogeneity Tau2 = 0.17; Chi2 = 17.96, df = 8 (P = 0.02); I2 = 55.46% 

Test for overall effect Z = -2.37 (P = 0.01) 

2 years follow up 

Ibrahim 2009 2/50 28/48 4.28 0.06 [0.38, 0.91] 

Streich 2008 1/24 6/25 2.32 0.17 [0.02, 1.33] 

Zhang 2019 6/78 27/78 7.84 0.22 [0.09, 0.50] 

Ventura 2013 4/40 16/40 6.42 0.25 [0.09, 0.68] 

Muneta 2007 5/34 14/34 7.19 0.35 [0.14, 0.88] 

Aglietti 2010 6/35 12/35 7.55 0.50 [0.21, 1.18] 

Kang 2015 6/41 10/43 7.08 0.62 [0.25, 1.57] 

Ahlde n 2013/ 
Karikis 2016 10/50 15/48 9.09 0.64 [0.31, 1.28] 

Järvelä 2007 
(1st)/ 
Suomalainen 
2011 

4/22 5/21 5.33 0.76 [0.23, 2.46] 

Aga 2018 18/52 25/61 11.38 0.84 [0.52, 1.36] 

Mohtadi 2019 69/107 76/104 14.14 0.00 [0.73, 1.05] 

Järvelä 2007 
(1st)/ 
Suomalainen 
2011 

20/61 22/60 11.27 0.89 [0.54, 1.45] 

Sasaki 2016 6/67 4/69 5.06 1.54 [0.45, 5.23] 

Siebold 2008 1/35 0/35 1.06 3.00 [0.12, 71.21] 

Subtotal 158/696 260/701 100 0.55 [0.39, 0.77] 

Heterogeneity Tau2 = 0.20; Chi2 = 36.08, df = 13(P<0.001); I2 = 63.96% 

Test for overall effect Z = -3.42 (P<0.001) 

3-5 years follow up  

Morey 2015 1/20 7/20 2.94 0.14 [0.01, 1.05] 

Hussein 2012 9/131 26/78 11.66 0.20 [0.10, 0.41] 

Sagar 2019 1/30 3/30 2.48 0.33 [0.03, 3.02] 

Sun 2015 29/154 42/142 16.06 0.63 [0.42, 0.96] 

Yagi 2007/ 
Fujita 2011 2/18 3/18 3.98 0.66 [0.12, 3.52] 

Song 2013 12/65 16/65 12.22 0.75 [0.38, 1.45] 

Gobbi 2012 4/30 5/30 6.39 0.80 [0.23, 2.69] 

Mohtadi 2019 73/103 70/99 19.20 1.00 [0.84, 1.19] 

Järvelä 2008 
(2nd)/ 
Suomalainen 
2012 

13/20 11/21 14.42 1.24 [0.73, 2.08] 

Mayr 2016/ 
2018 3/28 2/25 3.83 1.33 [0.24, 7.37] 

Ahlde n 2013/ 
Karikis 2016 7/46 4/41 6.83 1.56 [0.49, 4.94] 

Subtotal 154/645 189/569 100 0.71 [0.49, 1.03] 

Heterogeneity Tau2 = 0.17; Chi2 = 27.85, df = 10 (P = 0.002); I2 = 64.10% 

Test for overall effect Z = -1.76 (P = 0.07) 

>5 years follow up 

Koga 2015 3/28 16/25 47.49 0.16 [0.05, 0.50] 

Liu 2016 11/32 10/34 52.51 1.16 [0.57, 2.37] 

Subtotal 14/60 26/59 100 0.46 [0.06, 3.11] 

Heterogeneity Tau2 = 1.66; Chi2 = 8.38, df = 1 (P < 0.001); I2 = 88.07% 
 
Test for overall effect Z = -0.79 (P = 0.42) 

Total 425/1863 
 

631/1787  0.61 [0.49, 0.75] 

Heterogeneity Tau2 = 0.14; Chi2 = 93.32, df = 35 (P < 0.001); I2 = 62.49% 

Test for overall effect Z = -4.46 (P < 0.001) 

0.01 0.1 1 10 100 
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Study DB
(n/N)

SB
(n/N)

Weight
(%)

Risk Ratio, Random, 
95% CI

1 year follow up

Ventura 2013 1/40 2/40 1.91 0.50 [0.04, 5.29]

Yagi 2007/ 
Fujita 2011

3/20 5/20 6.39 0.60 [0.16, 2.18]

Araki 2010 - - 0.73 1.00 [0.02, 46.07]

Aga 2018 32/60 31/61 90.97 1.04 [0.74, 1.47]

Subtotal 36/120 38/121 100 0.99 [0.72, 1.47]

Heterogeneity Tau2 = 0.00; Chi2 = 1.01, df = 3 (P = 0.79); I2 = 51.63%

Test for overall effect Z = -0.01 (P = 0.99)

2 years follow up

Muneta 2007 1/34 7/34 2.34 0.14 [0.01, 1.09]

Ibrahim 2009 5/50 17/48 9.65 0.28 [0.11, 1.09]

Aglietti 2010 1/35 3/35 2.01 0.33 [0.03, 3.05]

Ventura 2013 1/40 2/40 1.77 0.50 [0.04, 5.29]

Zhang 2019 17/78 34/78 21.94 0.50 [0.30, 0.81]

Aga 2018 23/52 36/61 28.15 0.74 [0.51, 1.08]

Kang 2015 6/41 7/43 8.33 0.89 [0.33, 2.45]

Ahlde n 2013/ 
Karikis 2016 23/50 24/48 25.80 0.92 [0.60, 1.39]

Subtotal 77/380 130/387 100 0.62 [0.45, 0.86]

Heterogeneity Tau2 = 0.06; Chi2 = 10.38, df = 7 (P = 0.16); I2 = 32.59%

Test for overall effect Z = -2.84 (P <0.001)

3-5 years follow up

Morey 2015 2/20 10/20 18.49 0.20 [0.05, 0.80]

Song 2013 10/65 13/65 33.04 0.76 [0.36, 1.62]

Ahlde n 2013/ 
Karikis 2016 25/45 18/36 42.56 1.11 [0.73, 1.68]

Mayr 2016/ 
2018 3/28 0/25 5.91 6.27 [0.34, 115.84]

Subtotal 40/158 41/146 100 0.79 [0.37, 1.69]

Heterogeneity Tau2 = 0.30; Chi2 = 7.30, df = 1 (P = 0.06); I2 = 58.94%

Test for overall effect Z = -0.59 (P = 0.54)

>5 years follow up

Koga 2015 2/28 7/25 87.42 0.25 [0.05, 1.11]

Liu 2016 - - 12.58 1.06 [0.02, 51.88]

Subtotal 2/28 7/25 0.30 [0.07, 1.21]

Heterogeneity Tau2 = 0.00; Chi2 = 0.45, df = 1 (P = 0.50); I2 = 0%

Test for overall effect Z = -1.61 (P = 0.09)

Total 155/686 216/679 0.77 [0.62, 0.95]

Heterogeneity Tau2 = 0.07; Chi2 = 25.82, df = 17 (P = 0.07); I2 = 34.16%

Test for overall effect Z = -2.36 (P = 0.01)

0.01 0.1 1 10 100

Favours Favours 

Fig. 3   Lachman test at different time points (SB vs DB)
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Fig. 4   KT-1000/2000 arthrom-
eter at different time points (SB 
vs DB)

Study DB Total SB Total Weight
(%)

Std. Mean 
Difference
IV, Random, 95% 
CI

1 year follow up

Ventura 2013 40 40 12.91 -0.66 [-1.11, -0.21]

Araki 2010 10 10 7.13 -0.62 [-1.52, 0.27]

Aglietti 2010 35 35 12.45 -0.62 [-1.10, -0.14]

Yagi 2007/ 
Fujita 2011

20 20 10.28 -0.42 [-1.05, 0.20]

Cleas 2011 8 8 6.35 -0.31 [-1.29, 0.67]

Järvelä 2008 
(2nd)/ 
Suomalainen 
2012

30 30 12.05 -0.04 [-0.55, 0.46]

Wang 2009 32 32 12.28 0.18 [-0.30, 0.67]

Xu 2013 34 32 12.35 0.35 [-0.13, 0.83]

Aga 2018 54 62 14.20 0.36 [-0.008, 0.72]

Subtotal 263 269 100 -0.16 [-0.47, 0.15]

Heterogeneity Tau2 = 0.14; Chi2 = 23.76, df = 8 (P = 0.003); I2 = 66.33%

Test for overall effect Z = -1.01 (P = 0.31)

2 years follow up

Aglietti 2010 35 35 7.06 -0.74 [-1.22, -0.25]

Ventura 2013 40 40 7.48 -0.72 [-1.17, -0.27]

Muneta 2007 34 34 6.98 -0.71 [-1.20, -0.22]

Siebold 2008 35 35 7.16 -0.51 [-0.99, -0.04]

Zhang 2019 78 78 9.43 -0.42 [-0.74, -0.11]

Järvelä 2008 
(2nd)/ 
Suomalainen 
2012

30 30 6.74 -0.35 [-0.86, 0.15]

Aga 2018 54 62 8.71 -0.21 [-0.57, 0.15]

Komzak 2018 20 20 5.51 -0.07 [-0.69, 0.54]

Järvelä 2007 
(1st)/ 
Suomalainen 
2011

75 78 9.44 0.00 [-0.31, 0.31]

Kang 2015 41 43 7.82 0.06 [-0.36, 0.49]

Streich 2008 24 25 6.14 0.09 [-0.46, 0.65]

Sasaki 2016 67 69 9.14 0.20 [-0.13, 0.53]

Ahlde n 2013/ 
Karikis 2016 53 50 8.39 0.22 [-0.16, 0.61]

Subtotal 586 599 100 -0.23 [-0.42, -0.03]

Heterogeneity Tau2 = 0.07; Chi2 = 32.46, df = 12 (P <0.001); I2 = 63.03%

Test for overall effect Z = -2.35 (P = 0.01)

3-5 years follow up

Yagi 2007/ 
Fujita 2011

20 20 11.20 -0.53 [-1.16, 0.10]

Hussein 2012 131 78 29.36 -0.46 [-0.74, -0.17]

Järvelä 2008 
(2nd)/ 
Suomalainen 
2012

30 30 15.41 -0.20 [-0.71, 0.30]

Ahlde n 2013/ 
Karikis 2016 53 50 21.72 0.00 [-0.38, 0.38]

Adachi 2004 53 55 22.31 0.04 [-0.33, 0.41]

Subtotal 287 233 100 -0.21 [-0.45, 0.02]

Heterogeneity Tau2 = 0.03; Chi2 = 6.78, df = 4 (P = 0.14); I2 = 41.07%

Test for overall effect Z = -1.78 (P = 0.07)

>5 years follow up

Koga 2015 28 25 31.98 -0.96 [-1.53, -0.39]

Liu 2016 32 34 34.33 0.03 [-0.45, 0.51]

Adravanti 2016 30 30 33.69 0.14 [-0.36, 0.64]

Subtotal 90 89 100 -0.25 [-0.90, 0.40]

Heterogeneity Tau2 = 0.26; Chi2 = 9.52, df = 2 (P <0.001); I2 = 78.99%

Test for overall effect Z = -0.74 (P = 0.45)

Total 1226 1190 -0.21 [-0.34, -0.08]

Heterogeneity Tau2 = 0.08; Chi2 = 73.84, df = 29 (P <0.001); I2 = 60.72%

Test for overall effect Z = -3.18 (P <0.001)

-2.00 -1.00 0.00 1.00 2.00
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Fig. 5   Lysholm score at differ-
ent time points (SB vs DB)

Study DB Total SB Total Weight
(%)

Std. Mean 
Difference
IV, Random, 95% 
CI

1 year follow up

Järvelä 2008 
(2nd)/ 
Suomalainen 
2012

30 30 15.70 -0.37 [-0.89, 0.13]

Araki 2010 10 10 10.17 -0.25 [-1.13, 0.62]

Wang 2009 32 32 16.04 -0.13 [-0.63, 0.35]

Sun 2015 154 142 20.15 -0.02 [-0.24, 0.20]

Cleas 2011 8 8 9.00 0.19 [-0.79, 1.17]

Xu 2013 34 32 15.91 0.71 [0.22, 1.21]

Komzak 2018 20 20 13.03 1.21 [0.53, 1.88]

Subtotal 288 274 100 0.17 [-0.20, 0.56]

Heterogeneity Tau2 = 0.17; Chi2 = 22.33, df = 6 (P <0.001); I2 = 73.13%

Test for overall effect Z = 0.90 (P = 0.36)

2 years follow up

Siebold 2008 35 35 14.18 -0.39 [-0.86, 0.08]

Järvelä 2008 
(2nd)/ 
Suomalainen 
2012

30 30 13.36 -0.30 [-0.81, 0.20]

Ahlde n 2013/ 
Karikis 2016 53 50 16.25 -0.20 [-0.58, 0.18]

Streich 2008 24 25 12.27 0.04 [-0.51, 0.60]

Kang 2015 41 43 15.23 0.16 [-0.26, 0.59]

Zhang 2019 78 78 18.02 0.40 [0.08, 0.71]

Komzak 2018 20 20 10.69 0.76 [0.12, 1.40]

Subtotal 281 281 100 0.05 [-0.23, 0.34]

Heterogeneity Tau2 = 0.09; Chi2 = 16.55, df = 6 (P = 0.01); I2 = 63.76%

Test for overall effect Z = 0.38 (P = 0.70)

3-5 years follow up

Devgan 2016 30 30 9.88 -0.33 [-0.84, 0.17]

Gobbi 2012 30 30 9.89 -0.27 [-0.78, 0.23]

Yagi 2007/ 
Fujita 2011 20 20 8.93 -0.19 [-0.81, 0.42]

Song 2013 65 65 11.22 -0.08 [-0.42, 0.26]

Sagar 2019 30 30 9.91 0.02 [-0.48, 0.53]

Sun 2015 154 142 11.98 0.11 [-0.11, 0.33]

Hussein 2012 131 78 11.65 0.29 [0.01, 0.57]

Järvelä 2008 
(2nd)/ 
Suomalainen 
2012

30 30 9.87 0.35 [-0.15, 0.86]

Ahlde n 2013/ 
Karikis 2016 53 50 10.87 0.35 [-0.03, 0.74]

Morey 2015 20 20 5.81 3.83 [2.78, 4.87]

Subtotal 563 495 100 0.26 [-0.08, 0.60]

Heterogeneity Tau2 = 0.24; Chi2 = 59.86, df = 9 (P <0.001); I2 = 84.96%

Test for overall effect Z = 1.49 (P = 0.13)

>5 years follow up

Liu 2016 32 34 31.51 -0.19 [-0.67, 0.28]

Beyaz 2017 15 16 14.86 -0.07 [-0.77, 0.63]

Adravanti 2016 30 30 28.75 0.13 [-0.37, 0.64]

Koga 2015 28 25 24.88 0.39 [-0.14, 0.94]

Subtotal 105 105 100 0.06 [-0.20, 0.33]

Heterogeneity Tau2 = 0.00; Chi2 = 2.77, df = 3 (P = 0.42); I2 = 0%

Test for overall effect Z = 0.46 (P = 0.64)

Total 1237 1155 0.12 [-0.03, 0.27]

Heterogeneity Tau2 = 0.13; Chi2 = 102.25, df = 27 (P <0.001); I2 = 73.59%

Test for overall effect Z = 1.52 (P = 0.12)

-2.00 -1.00 0.00 1.00 2.00

Favours DB Favours SB
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techniques. The analysis suggests no significant difference 
between DB and SB techniques in mid-term and long-term 
follow-up with regard to knee stability and functional out-
comes. The analysis also suggests that graft failure and 
return to pre-injury sports activity rates to be similar in both 
groups.

Mascarenhas et al. in a systematic review showed that DB 
was better in terms of knee stability outcomes and functional 
outcomes compared to SB technique [50]. Similarly, few 
more recent reviews found better knee stability and func-
tional outcomes associated with DB in the mid-term follow-
up. However, participants who received DB or SB reported 
similar outcomes in the long-term follow-up [7, 8, 51].

Pivot shift test, Lachman test, and KT-1000/2000 knee 
arthrometer assess the efficacy of ACL reconstruction in 
restoring the biomechanical function of the knee. Our review 
showed a substantial improvement in rotational stability 
measured by pivot shift test, anterior stability measured by 
Lachman test and KT-1000/2000 knee arthrometer in favor 
of DB at short term, yet no difference was noted at mid-term 
and long-term follow-up. Similarly, a recent biomechani-
cal systematic review found that DB was associated with 
better restoration of anterior knee stability compared to SB 
ACL reconstruction technique. However, the review found 
no difference between the two groups in terms of rotational 
stability [52].

Many reviews reported about graft failure rate which was 
consistently similar between DB and SB at short-term, mid-
term, and long-term follow-up [7, 8, 51]. However, a recent 
RCT with 10 years follow-up revealed that DB has signifi-
cantly less graft failure rate compared to SB [53]. Only one 
systematic review reported about return to pre-injury sports 
activity which was significantly better in favor of DB tech-
nique [54].

Knee Osteoarthritis (OA) progression is one of the most 
unfavorable complications following ACL injury and per-
haps ACL reconstruction. DB was associated with a sig-
nificant delay with respect to OA progression compared to 
SB at the mid-term follow-up [51]. However, both surgical 
techniques found to carry similar risk of developing knee 
OA at the long-term follow-up [8, 53]. This suggests that 
SB ACL reconstruction is associated with earlier clinical 
or radiological manifestations of OA compared to the DB 
technique, yet the rate of OA progression becomes similar 
at the long-term follow-up.

Our review provided a relatively large sample size 
obtained from well-conducted RCTs comparing the clinical 
outcomes of anatomical DB and SB ACL reconstruction. 
Furthermore, our review provided short-term, mid-term, and 
long-term follow-up data for the most commonly assessed 
knee stability and functional outcomes.

We acknowledge that our review has some limitations. 
First, we did not assess the risk of developing OA following 

ACL reconstruction through DB or SB due to the paucity of 
RCTs reporting this outcome. Second, few of the included 
RCTs were able to provide long-term follow-up data. So, 
caution should be taken when interpreting these results. 
Third, diversity in the graft type, fixation device, and method 
of femoral drilling across the enrolled papers was an inher-
ent limitation of this systematic review.

Conclusion

Anatomical DB ACL reconstruction technique was superior 
and showed significantly better results than anatomical SB 
in terms of overall pivot shift test, Lachman test, and KT 
1000/2000 arthrometer. No difference was found between 
the two surgical techniques in overall Lysholm score, Tegner 
score, IKDC subjective score, IKDC objective scale, graft 
failure rate, and return to pre-injury sports activity. DB and 
SB reconstruction techniques showed similar outcomes in 
the mid-term and long-term follow-up. Further RCTs are 
warranted comparing the risk of OA progression between 
the two surgical techniques in the long-term follow-up.
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