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Abstract: Both single-bundle (SB) and double-bundle (DB) procedures have been widely used in the treatment of 
anterior cruciate ligament (ACL) rupture; however, the optimal repair strategy remains considerably controversial. In 
this meta-analysis of published studies, we compared the results of these two techniques. After systematic review 
of electronic databases and websites, a total of 8 RCTs reporting data on 941 subjects were included. The objec-
tive and subjective functional recovery outcomes were meta-analyzed. The methodological quality was evaluated 
using the CBRG scale. The overall pooled data showed superiority in rotational stability, the degree of osteoarthritis 
(OA) changes, and subjective function score postoperatively in patients managed with DB compared with the SB 
procedure (pivot shift test, P = 0.02; degree of OA, P = 0.02; Lysholm score, P = 0.04; and Tegner scale, P = 0.002, 
respectively). However, subgroup analysis suggested no difference between the treatment procedures at long-term 
follow-up. This meta-analysis demonstrated that the DB technique could result in better rotational stability and 
higher subjective function score and was effective in preventing OA compared to SB in the mid-term treatment of the 
injured ACL. Further studies with better design involving larger sample sizes and longer-term follow-up are required.
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Introduction

Anterior cruciate ligament (ACL) injury is the 
most common type of sports injury to the knee 
and may result in recurrent knee instability, 
meniscal tears, and articular cartilage degen-
eration [1-3]. Currently, the most common treat-
ment strategy for the injured ACL is either sin-
gle-bundle (SB) or double-bundle (DB) ACL 
reconstruction [4, 5]. Both surgical manage-
ment approaches are relatively effective in 
restoring the native anatomy and kinematics of 
the joint [2]. 

The arthroscopic SB technique has been widely 
performed by creating one single femoral tun-
nel and one single tibial tunnel for decades 
[6-8]. Whereas this technique may provide 
good clinical outcomes and restore anterior 
stability following an ACL injury [9], it may be 

suboptimal with regard to rotational function 
and may even cause osteoarthritis (OA) postop-
eratively [10, 11]. Previous studies have 
revealed that the ACL is a double-bundled liga-
ment containing the anteromedial (AM) bundle 
and the posterolateral (PL) bundle, which pos-
sess different functions [12, 13]. The 
arthroscopic DB strategy, first described by 
Mott in 1983 [14], technically reconstructs the 
2 functional bundles of the ACL, thereby more 
closely approximating the native anatomy. 
Moreover, it improves pivot shift resistance and 
increases rotational knee control [15-18] in 
comparison to SB ACL reconstruction. 

An increasing number of studies have been per-
formed comparing the two surgical techniques, 
that is, SB versus DB procedures. Many biome-
chanical studies comparing the two procedures 
on human cadavers have demonstrated better 
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results for DB ACL reconstruction [10, 12]. 
Several clinical studies have reported that ana-
tomic DB ACL reconstruction might improve 
pivot-shift resistance, increase rotational knee 
control, decrease the rate of meniscal tears, 
and postpone progression toward arthritis [1, 
19-21]. However, other studies found no signifi-
cant differences between clinical outcomes in 
the patient groups [22-24]. Moreover, different 
results were reported among several previously 
published meta-analyses [2, 6, 7]. The optimal 
treatment for ACL rupture therefore remains 
controversial. 

Although there have been several meta-analy-
sis reviews comparing the two procedures, it 
remains unclear which one is superior and 
moreover, few randomized controlled trials 
(RCTs) with a minimum of 3-year follow-up were 
included in those studies. Hence, the purpose 
of this meta-analysis is to evaluate the mid- to 
long-term results of SB versus DB ACL recon-
struction by pooling the results of RCTs.

Materials and methods

Eligibility criteria

Only the RCTs comparing SB versus DB 
arthroscopic ACL reconstruction were included 
in this review. Quasi-randomized studies (non-
random treatment allocation) were excluded. 
Studies were considered to be eligible if they 
met the following criteria: 1) all-arthroscopic 

assessed by comparing the demographic data. 
When the necessary data provided in the 
included study were incomplete, the data were 
obtained by contacting the author. All studies 
considered eligible were finally included based 
on the full article.

Search strategies

We searched for the results of relevant trials 
published from January 1991 to October 2014 
in the Cochrane Library, EMBASE, and PubMed. 
The following search terms were used: “anterior 
cruciate ligament”, “ACL”, “single-bundle”, “dou-
ble-bundle”, “SB”, and “DB”, with various com-
binations of the operators “AND” and “OR”. The 
study language was restricted to English. 
Reduplication was eliminated during the search 
process. The study was analyzed in full text if 
the potential data provided in the titles and 
abstracts did not establish whether the studies 
contained relevant information. References 
cited in the articles and relevant review articles 
were assessed to search for additional studies. 
Two authors independently reviewed the arti-
cles to identify articles that potentially met the 
eligibility criteria. Any disagreement between 
the reviewers was resolved by discussion with 
another reviewer.

Outcome measures

A variety of outcome scores were acknowl-
edged in this review. The objective results used 

Figure 1. Flow diagram of study selection.

ACL reconstruction using either 
the SB or the DB repair, or both, 
2) only therapeutic studies, 3) a 
minimum of 3-year follow-up, 4) 
one or more outcomes of inter-
est postoperatively, and 5) only 
prospective RCT study design. 
The exclusion criteria were the 
following: 1) non-English-lan-
guage articles, 2) technique 
papers, 3) studies that com-
pared the two techniques on 
patients using an open tech-
nique and on cadavers, 4) arti-
cles that did not describe the 
surgical techniques used, and 
5) all studies that were not 
RCTs. When more than one 
study by the same author was 
included in this review, the 
reported data were carefully 
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as the primary outcomes were the pivot shift 
test, anteroposterior laxity, the objective 
International Knee

Documentation Committee (IKDC) score, and 
arthritic changes. According to the IKDC criteria 
[25], the pivot-shift test, objective IKDC score, 
and the degree of arthritic changes were classi-
fied as normal, nearly normal, abnormal and 
severely abnormal. We only recorded the num-
ber of subjects with a normal pivot-shift test for 
the meta-analysis. The anteroposterior laxity 
was assessed with an arthrometer. The sec-
ondary outcomes included subjective data, 
such as the subjective IKDC scale, the Lysholm 
score, and the Tegner scale. 

Data extraction and management

The data were extracted by two independent 
reviewers and further discussed with another 
independent senior author. The extracted infor-
mation included the following: 1) the character-
istics of the included studies, including the 
authors, study design, year of publication, sam-
ple size, age, gender, duration of follow-up, and 
time from injury to surgery; 2) the surgical 
details, such as the type of graft, drilling tech-
nique, and patterns of fixation; and 3) the out-
comes details. In cases of discrepancies, the 
two reviewers reached a consensus by discus-
sion and the senior author eventually deter-
mined the conclusion. This formed the basis of 
the results for the data analysis. 

Risk of bias assessment

The methodological quality of each included 
study was assessed by the two reviewers using 
the Cochrane Back Review Group (CBRG) scale 

[26]. For each criterion, “yes” or “no” was 
recorded. Studies with a quality score of > 6 
points were considered to have a low risk of 
bias and studies scoring > 9 on the CBRG scale 
were designated as high-quality randomized 
controlled trials. To minimize the selection bias, 
two investigators evaluated the studies inde-
pendently and subsequently determined a 
score based on the scale.

Statistical analysis

All statistical analyses were performed using 
Review Manager 5.2. Statistical heterogeneity 
was assessed using the chi-squared and I2 
tests. For each study, we calculated risk ratios 
(RRs) with 95% confidence intervals (CIs) for 
dichotomous data and standard mean differ-
ences (SMDs) with 95% CIs for continuous 
data. A fixed-effects model was initially 
employed in the analysis and alternatively, a 
random-effects model was used if significant 
heterogeneity was observed across the studies 
(I2 > 50%). A P value lower than 0.05 was con-
sidered statistically significant. The lack of pub-
lication bias in this review was due to the small 
number of studies (< 10) included in each 
analysis.

Results

Search results

The primary search generated 12 031 poten-
tially relevant articles of which 8 studies [1, 3, 
27-32] with a total of 941 subjects met the 
selection criteria. The flow diagram of the study 
search process is presented in Figure 1. The 
characteristics of the included studies are list-
ed in Table 1. Surgery-related information in 

Table 1. Demographic characteristics of included studies

Author Year Country Design Sample 
size

Age 
(mean, y) Gender (M/F) FITST 

(mean, mo)
Side involved 

(L/R)
Follow-up 

(mean, mo)
SB DB SB DB SB DB SB DB SB DB 

Zaffagnini; [27] 2007 Italy L-1 RCT 35 37 26 27 20/15 20/17 8.2 6.9 N/A N/A 36

Zaffagnini; [28] 2010 Italy L-2 RCT 39 40 26 27 20/19 22/18 8.6 8.9 N/A N/A 103

Gobbi; [29] 2011 Italy L-1 RCT 30 30 31.9 28.9 15/15 18/12 N/A N/A 18/12 12/18 46.2

Hussein; [1] 2011 Slovenia L-1 RCT 78 131 34.2 32.3 46/32 80/51 N/A N/A 46/32 68/63 51.15

Suomalainen; [30] 2012 Finland L-1 RCT 30 30 30 34 21/9 21/9 12 13 N/A N/A 60

Song; [31] 2013 Korea L-2 RCT 60 52 35.5 30.3 38/22 44/8 7.6 8.3 N/A N/A 48

Sun; [3] 2014 China L-1 RCT 142 154 28.2 27.5 101/41 106/48 N/A N/A N/A N/A 36

Koga; [32] 2014 Japan L-2 RCT 25 28 24 25 7/18 16/12 16 18 N/A N/A 69
Abbreviations: L, Level; RCT, Randomized controlled trial; SB, Single bundle; DB, Double bundle; FITST, from injury to surgery time; N/A, not applicable.
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Table 2. Surgery-Related Information and Evaluation Data from the Studies Involved
Author Graft Drilling Fixation Evaluation Index

SB DB
Zaffagnini; [27] STG TMP Staple/with a TSK/looped around BB IKDC scores, Tegner scale, KT-2000 measurements, Activity Rating Scale, Thigh girth, Psychovitality Questionnaire, 

Ahlback radiographic score

Zaffagnini; [28] BPTB STG TAMP/TMP IS/TSK/ looped around BB IKDC scores, Tegner scale, KT-2000 measurements, pivot shift test

Gobbi; [29] ST TAMP+OIT EndoButton+bioabsorbable IS Rolimeter, pivot shift test, IKDC scores, Noyes score, Lysholm scores, Marx scores, Tegner scale, ROM, Psychologi-
cal profile

Hussein; [1] STG TMP/TT SF+bioabsorbable IS Pivot shift test, KT-1000 measurements, IKDC scores, Lysholm scores

Suomalainen; [30] STG ST TAMP+OIT bioabsorbable IS Pivot-shift test, KT-1000, IKDC, Lysholm, Degree of OA

Song; [31] TA TAMP bioabsorbable IS Degree of OA, Lysholm, Tegner score, IKDC, Lachman test, Pivot-shift test

Sun; [3] TA STG/TA TAMP/TT bioabsorbable IS+Retro Button KT-1000, Pivot shift test, IKDC, Lysholm scores, Degree of OA

Koga; [32] ST TAMP EndoButton+nonabsorbable anchor KT-1000, Pivot-shift test, Lachman test, Anterior drawer test, Lysholm score, patient satisfaction, Tegner score, 
Sports performance level

Abbreviations: SB, single bundle; DB, double bundle; STG, semitendinosus and gracilis graft; ST, semitendinosus tendon graft; BPTB, bone patellar tendon bone graft; TA, tibialis anterior; TMP, through medial portal; TAMP, through anteromedi-
al portal; OIT, outside-in technique; TT, transtibial tunnel; TSK, transtibial tunnel; BB, bony bridge; IS, interference screws; SF, suspensory fixation; IKDC, International Knee Documentation Committee; ROM, range of motion; OA, osteoarthritis.
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the 8 publications included in this review is pro-
vided in Table 2. The detailed results regarding 
the methodological quality of each included 
study are summarized in Table 3. Ultimately, all 
of the included RCTs scored at least 8 points on 
the CBRG scale. 

Primary outcomes

With a minimum of 3-year follow-up, all 8 stud-
ies used the pivot shift test to assess knee lax-
ity. More patients with normal test results were 
observed in the DB group (RR = 0.84, 95% CI = 
0.73 to 0.97; P = 0.02), compared to the SB 
group with moderate heterogeneity (I2 = 73%; 
Figure 2A). All of the included studies reported 
anteroposterior laxity, representing another 
assessment of knee laxity. However, because 
one study [3] did not provide the standard devi-
ation, the meta-analysis could only be per-
formed with seven studies. There was no sig-
nificant difference in anteroposterior laxity 
between the SB and the DB groups (SMD = 
0.16, 95% CI = 0.00 to 0.32; P = 0.05) with 
moderate heterogeneity (I2 = 72%; Figure 2B). 
Data on the objective IKDC score were avail-
able in five RCTs and after meta-analysis, no 
significant difference was observed (P = 0.12; 
Figure 2C), without significant heterogeneity. 
With respect to the incidence of OA, the ana-
lyzed results suggested a significant difference 
between the two procedures (RR = 0.85, 95% 
CI = 0.75 to 0.97; P = 0.02) without significant 
heterogeneity across the studies (I2 = 0; Figure 
2D).

Secondary outcomes

The secondary outcomes were evaluated using 
3 indices: the subjective IKDC score, the 
Lysholm score, and the Tegner scale. Figure 3 
shows the detailed results of the pooled analy-
sis. With respect to the subjective IKDC score, 
the analysis using a random effects model did 
not reveal a significant difference between the 
two strategies (P = 0.09; Figure 3A). Six studies 
reported final follow-up Lysholm scores and 
one report was excluded for lacking standard 
deviation. With a fixed effects model, there was 
a significant difference between the two groups 
(SMD = -0.17, 95% CI = -0.32 to -0.01; P = 
0.04). Heterogeneity across the studies was 
not considered significant (I2 = 16%; Figure 3B). 
After combining the data from three RCTs, a sig-
nificantly higher Tegner score was observed in 
the DB group compared to patients who 
received SB ACL reconstruction (SMD = -0.76, 
95% CI = -1.25 to -0.27; P = 0.002; Figure 3C). 

Subgroup and sensitivity analysis

Subgroup analysis according to the period of 
follow-up was available for knee stability (pivot 
shift test). The period of follow-up was divided 
into two groups (less than 5 years and more 
than 5 years). More stable knees were observed 
in patients who underwent double-bundle pro-
cedures at less than 5 years of follow-up (Figure 
4A) but no significant difference was found 
between the two groups at longer-term follow-
up (≥ 5 years) (Figure 4B). A series of sensitivity 

Table 3. Risk of bias assessment of the RCTs
Zaffagnini 

[27]
Zaffagnini 

[28]
Gobbi 
[29]

Hussein 
[1]

Suomalainen 
[30]

Song 
[31]

Sun 
[3]

Koga 
[32]

Adequate randomization Y Y Y Y Y Y Y Y
Allocation concealment Y Y Y Y Y Y Y Y
Blinding of patients N N Y N N N N Y
Blinding of care providers N N N N N N N N
Blinding of outcome assessors Y Y Y Y Y Y Y Y
Baseline comparability Y Y Y Y Y Y Y Y
Drop-out rate is described Y Y Y Y N N Y Y
Free of selective outcome reporting Y Y Y Y Y Y Y Y
Co-interventions were similar Y Y Y Y Y Y Y Y
Acceptable compliance between groups Y Y Y Y Y Y Y Y
Intention-to treatment analysis N N N N N N N N
Similar timing of outcome assessment Y Y Y Y Y Y Y Y
Overall quality (max 12) 9 9 10 9 8 8 9 10
Abbreviations: Y, yes; N, no.
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analyses (Table 4) was conducted by omitting 
one of the eligible studies at a time. The results 
revealed that there was not a particularly influ-
ential study among all of the selected studies, 
except for the impact of the trial of Suomalainen 
et al. [30] on the Lysholm scores. No significant 
difference was observed in the Lysholm scores 

between the two treatment groups after the 
exclusion of the Suomalainen et al. trial.

Discussion

Currently, ACL reconstruction is frequently used 
to recreate native anatomy, to better replicate 

Figure 2. Primary outcomes after meta-analysis. A. Forest plot to assess pivot shift test between two treatment 
strategies; B. Forest plot to assess anteroposterior laxity between two treatment strategies; C. Forest plot to assess 
obective IKDC scores between two treatment strategies; D. Forest plot to assess arthritic changes between two 
treatment strategies.
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natural ACL function, and to prevent future 
degenerative changes [2, 7] because the ACL 
plays an important role in the motion of the 

knee and in restricting anterior tibial disloca-
tion [7]. The SB procedure is widely accepted 
as the standard surgical option to treat ACL-

Figure 3. Secondary outcomes after meta-analysis. A. Forest plot to assess subjective IKDC scores between two 
treatment strategies; B. Forest plot to assess Lysholm Score between two treatment strategies; C. Forest plot to as-
sess Tegner Scale between two treatment strategies.

Figure 4. Subgroup analysis according to the period of follow-up. A. Difference in the pivot shift test at mid-term 
follow-up (< 5 years). B. Difference in the pivot shift test at long-term follow-up (≥ 5 years).
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deficient knees [33]. The SB ACL reconstruc-
tion is successful in restoring anterior stability 
and provides good clinical outcomes postoper-
atively [31]. However, many studies have report-
ed frequent complications of rotational instabil-
ity and an increased incidence of OA with the 
SB technique [34-37]. With surgical technolog-
ic development, advances in ACL reconstruc-
tive techniques have concentrated on reducing 
these complications [38-40]. Therefore, many 
surgeons have considered DB ACL reconstruc-
tion an attractive option.

Several biomechanical studies have concluded 
that DB ACL reconstruction is superior to the 
SB technique in anterior and rotational stability 
of the knee and that it more closely restores 
the knee anatomy [38, 41, 42]. Furthermore, 
previous studies comparing the clinical results 
of SB versus DB techniques have reported on 
the superiority of the latter [28, 39, 43]. 
Conversely, some studies have reported no dif-
ference between the two procedures [44, 45]. 
Additionally, the follow-ups in most of the pub-
lished trials were less than 3 years, a period 
that is too brief to observe the natural history of 
the injured ACL repair and the propensity for 
developing OA changes in the knees postopera-
tively [30]. This may be a reason for the debate 
above. Consequently, we conducted the pres-
ent meta-analysis to investigate the mid- to 
long-term clinical outcomes of the two 
techniques.

The most important findings of this study was 
that a significant difference was observed 
between the two techniques with regard to the 
pivot shift test, although no significant differ-

review, that is, we found no significant differ-
ence between the two groups with regard to the 
objective IKDC score and anteroposterior 
laxity.

Injury of the ACL often results in the subse-
quent progression of knee OA changes [46-48]. 
Nevertheless, whether an increasing incidence 
of OA occurred after arthroscopic SB surgery 
was not analyzed in many previous meta-analy-
ses. After a meta-analysis of the degree of OA, 
we found that the arthroscopic DB procedure 
could postpone the development of OA chang-
es in the ACL-deficient knees. This suggested a 
relatively higher risk of OA in long-term follow-
up after SB ACL reconstruction surgery. 
However, these findings should be interpreted 
with caution because only three included stud-
ies with a total of 449 patients reported this 
index.

With respect to the subjective IKDC score, no 
significant difference was shown between the 
two groups, although this meta-analysis dem-
onstrated significant differences regarding the 
Lysholm score and the Tegner scale, (P = 0.04 
and P = 0.002, respectively). The results of 
Muneta et al. [9] also suggested that a higher 
Lysholm knee scale was obtained in the DB 
group, whereas Sastre et al. [49] reported no 
significant difference in the Lysholm score 
between the two techniques. Although we did 
detect superior knee stability after DB ACL 
reconstruction compared to the SB procedure, 
the enduring controversy regarding the subjec-
tive scores suggested that patient satisfaction 
is not exclusively dependent on postoperative 
knee stability [50].

Table 4. Sensitivity analysis was conducted by only 
pooling data from the studies that score > 9 points 
on the CBRG scale
Outcomes RRE/SMD (95% CI) I2 P value
Pivot shift test 0.80 [0.68, 0.96] 82% 0.01*
Anteroposterior laxity 0.20 [-0.23, 0.63] 79% 0.35
Objective IKDC scores 0.95 [0.88, 1.02] 28% 0.16
Arthritic changes 0.82 [0.69, 0.97] N/A 0.02*
Subjective IKDC scores -0.12 [-0.44, 0.21] 75% 0.48
Lysholm Scores -0.15 [-0.31, 0.01] 32% 0.06*
Tegner Scale -0.76 [-1.25, -0.27] 67% 0.002*
Abbreviations: RRE, risk ratio effect; SMD, standard mean differ-
ence; N/A, not applicable. *, sigificant difference.

ence was observed among patients treated 
with single- or double-bundle ACL recon-
struction at longer-term follow-up. However, 
according to the final results, a tendency 
persisted for patients who underwent the 
DB procedure to acquire better rotational 
stability of the knee postoperatively com-
pared to those patients who underwent SB 
ACL reconstruction. Similar results was pre-
sented in a recent meta-analysis by Desai et 
al. [2]. However, their study reported DB as 
superior to SB in terms of anteroposterior 
laxity. In another meta-analysis by Xu et al. 
[6], better anterior stability and higher objec-
tive IKDC scores were shown in the DB 
group. Inconsistent results appeared in our 
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There were several limitations in this review. 
First, the English-language restriction of the 
included studies may have contributed to a 
publication bias factor. Second, all of the RCTs 
were performed at a single center. Multicenter 
studies with more patients will be required in 
the future. Finally, a significant need remains 
for a gold standard outcome to evaluate the 
postoperative clinical effects following arthro- 
scopic SB and DB ACL surgery. 

Conclusions

Based on this first meta-analysis of mid- to 
long-term results, the following conclusions 
may be drawn: the DB ACL reconstruction effec-
tively enhances rotational stability of the knee 
joint and achieves higher subjective functional 
scores at the mid-term follow-up compared 
with the SB procedure. However, at long-term 
follow-up, the results regarding knee joint sta-
bility must be interpreted with caution. In the 
future, better-designed RCTs with improved 
evaluation methods involving multiple centers, 
longer-term follow-up and larger sample sizes 
are desirable.
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