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Objective: The double-bundle (DB) techniques are considered to yield better stability of the knee
compared with single-bundle (SB) for anterior cruciate ligament (ACL) reconstruction. However, most
studies followed up patients in short to middle-term within 5 years, and the longer-term efficacy of SB
and DB ACL reconstruction is still beyond consensus. The purpose of this meta-analysis is to compare the
longer-term efficacy between double-bundle (DB) and single-bundle (SB) techniques.
Methods: PubMed, EMBASE, and Cochrane Library databases were searched for relevant articles published
up to November, 2017 with an English language restriction. The searches were limited to human subjects
and randomized controlled trials (RCTs). In addition, the reference lists of identified articles were checked
manually to avoidmissing other potentially eligible studies. This process was performed iteratively until no
additional articles could be included. The quality of the included studies was assessed using The Cochrane
Collaboration's risk of bias tool. All statistical analyses were performed with Review Manager soft-ware.
Results: A total of five RCTs involving 294 patients were included finally. No studies were excluded due to
insufficient data or low quality. The pooled results showed no statistically significant difference between
SB and double bundle DB reconstructions for Lysholm, IKDC, pivot shift, KT scores, and the development
of osteoarthritis at a minimum of 5 years. No significant heterogeneity was found across all outcomes.
Conclusion: The best available evidence demonstrated that SB and DB techniques could yield similar
efficacy for ACL reconstruction. And no superiority was founded in DB ACL reconstruction with a minimal
5-year follow-up. Given that, the relatively simple and proven techniques of SB ACL reconstruction may
be preferable for orthopedic surgeons.
Level of evidence: Level I, Therapeutic Study.

© 2019 Publishing services by Elsevier B.V. on behalf of Turkish Association of Orthopaedics and
Traumatology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
Introduction

The anterior cruciate ligament (ACL), which mainly contributes
to restricting anterior tibial translation and secondly to restricting
rotational movement of the knee, plays an important role in both
static and dynamic stability of the knee.1 The ACL injures are usu-
ally caused by deceleration, non-contact injuries, jumping, or
sideways cutting movements,2 and about 250,000 ACL injuries are
reported to happen annually in the United States.3
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Patients with ACL injuries are unlikely to keep normal function
and stability of the knee, and are susceptible to several secondary
injuries including meniscal injuries and knee osteoarthritis (OA).4

The techniques of single-bundle (SB) ACL reconstruction using
patellar or hamstring tendons has been greatly evolved and been
regarded as the golden standard for the surgical treatment of ACL
rupture over the decades. However, the intact ACL consists of the
anteromedial bundle and the posterolateral bundle.1 In 1983, Mott
et al firstly carried out to reconstruct both anteromedial bundle and
the posterolateral bundle of the ACL.5 Till now, the SB and double-
bundle (DB) techniques have been greatly improved by updating
the methods of grafts, fixation, tunnels position, as well as post-
operative rehabilitation. Several authors demonstrated that DB
techniques yielded better stability and kinematics of the knee than
SB techniques.6 However, techniques are able to reconstruct sig-
nificant portions of the anteromedial and posterolateral bundles if
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the tunnels are placed correctly. Essentially, DB techniques demand
excellent surgical skills, double fixation materials, and more in-
vasions compared with SB techniques. There is no consensus
whether DB techniques are more suitable than SB techniques for
standard ACL reconstruction. In a review of overlapping meta-
analyses, the available evidence indicated that DB techniques
could generate better stability and similar clinical outcomes in
short-term follow-up.7 In a recent meta-analysis, Chen et al. re-
ported better rotational stability and osteoarthritis prevention for
DB ACL reconstruction in mid-term follow-up.8 However, a mid-
term follow-up may be too short to detect the changes of osteo-
arthritis development, and evidence for longer-term efficacy
comparing SB and DB techniques is still lacking.

The purpose of this meta-analysis is to compare the long-term
efficacy between DB and SB techniques. Our hypothesis is that DB
techniques have a better performance of knee stability than SB
techniques for ACL reconstruction.

Methods

Themeta-analysis was designed and conducted according to the
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines.9

Research strategy

Two authors (ZD and YS) independently searched the PubMed,
EMBASE, and the Cochrane Library databases for relevant articles
published up to November, 2017. The search algorithm was struc-
tured by different combination of keywords: (“Randomized.

Controlled Trials” OR trial OR placebo OR controlled OR
Random*) AND (“anterior cruciate ligament” OR “intra-articular
knee ligament” OR ACL) AND (injury OR rupture OR torn OR
trauma) AND (“single bundle” OR “double bundle” OR “two bun-
dles” OR “anatomic bundle” OR SB OR DB) AND (“Reconstructive
Surgical Procedures” OR Arthroscopy OR “Joint instability” OR Re-
constructions OR Laxity.

OR rotation OR “rotary motion” OR function). An English lan-
guage restriction was imposed. The searches were limited to hu-
man subjects and randomized controlled trials (RCTs). In addition,
the reference lists of identified articles were checked manually to
avoid missing other potentially eligible studies. This process was
performed iteratively until no additional articles could be included.

Inclusion and exclusion criteria

The following selection criteria for inclusive articles were
applied: a) design: prospective randomized controlled trails, level 1
or 2; b) population: adults and/or adolescents; c) intervention:
anterior cruciate ligament reconstruction; d) comparison: single
bundle versus double bundle; e) outcome: at least one of following
clinical outcomes: International Knee Documentation Committee
(IKDC) scores or grading, Lysholm scores, pivot-shift test, side-to-
side differences, and osteoarthritis changes; f) a minimal follow-
up of 5 years. Studies were excluded according to following
criteria: a) cohort studies, retrospective studies, observational
studies, caseecontrol studies, case series or reports, or review; b)
animal studies, cadaver studies, or laboratory studies; c) study
without comparing SB and DB ACL reconstruction; d) concomitant
with posterior cruciate ligament injury or collateral ligaments
injury；e) follow-up less than 5 years. Any disagreements between
the reviewers was resolved by consensus or by discussion with the
corresponding author when consensus was not reached. (Where
there was disagreement or doubt, the full article was retrieved. The
same two authors independently assessed the full study report to
see if it met the review inclusion criteria. The corresponding author
was consulted in cases of unresolved disagreement.)

Data extraction

After eligible studies were identified according to predefined
selected criteria, the same two authors independently extracted the
following data: the first authors, study design, year of publication,
the number of patients, patients characteristics, length of follow-
up, and the outcomes data. The IKDC grading, classified as A, B, C,
and D, were divided into normal group (A and B) and abnormal
group (C and D), as well as the outcomes of pivot test which were
divided into negative group (A and B) and positive group (C and D).
Osteoarthritis changes were grouped into normal and abnormal
outcomes according to KellgreneLawrence classification. Extracted
data were then entered into a standardized Excel (Microsoft Corp)
file, and were checked by the corresponding author. Any dis-
agreements between the reviewers was resolved by consensus or
by discussion with the corresponding author when consensus was
not reached.

Risk of bias assessment

Two authors (YN and JQ) independently assessed the risk of bias
for each identified study. The Cochrane Collaboration's risk of bias
tool was applied according to six items as follows10: random
sequence generation (selection bias), allocation concealment (se-
lection bias), blinding of participants and personnel (performance
bias), incomplete outcome data (attrition bias), selective reporting
(reporting bias), and other bias. Each outcome of these items was
expressed as low, unclear, or high bias. Publication bias was not
assessed due to the limited number of studies included in this
meta-analysis. Any disagreements between the reviewers was
resolved by consensus or by discussion with the corresponding
author when consensus was not reached.

Statistical analysis

Differences were expressed as risk ratio (RR) or risk difference
(RD) with 95% confidence interval (CI) for dichotomous outcomes,
and weighted mean differences (WMDs) with 95% CIs for contin-
uous outcomes. Heterogeneity across studies was tested by using I2

statistic. Studies with an I2 statistic of 25%e50% were considered as
low heterogeneity, those with an I2 statistic of 50%e75% were
considered asmoderate heterogeneity, and thosewith an I2 statistic
of >75% were considered as high heterogeneity. Significant het-
erogeneity was considered when I2 > 50%, or P < 0.1. A fixed-effects
model was used for the outcomes data when there was no statis-
tically significant heterogeneity, otherwise a random-effects model
was used. A P value <0.05 was judged as statistically significant,
except where otherwise specified. All statistical analyses were
performed with Review Manager soft-ware (version 5.3; Nordic
Cochrane Centre, The Cochrane Collaboration).

Results

Search results

A total of 210 studies were generated by the initial database
search. One hundred and thirty-two records were removed due to
duplicate studies and, 49 records were excluded based on
screening the titles and abstracts. The remaining 29 full-text ar-
ticles were reviewed for more detail evaluation, and 23 full-text
articles were excluded due to a minimal follow-up less than 5
years. Six studies were included in qualitative synthesis, and one
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of them was excluded due to duplicate patient populations.
Eventually, five RCTs that conformed to the inclusion criteria were
included in this meta-analysis. The flow diagram of selection
process for the meta-analysis is shown in Fig. 1.

Characteristics of included studies

This meta-analysis finally enrolled a total of 294 patients with a
minimal follow-up of 5 years (range, 5e10 years). The baseline
characteristics of included studies were present in Table 1. All five
studies had a clear description of surgeries. Each of included studies
has at least two applicable measurement outcomes. The outcomes
data of included studies were listed in Table 2.
Fig. 1. The flow diagram of
Risk of bias in included studies

The authors’ judgements about each risk of bias item for each
included study were present in Fig. 2, and judgements about each
risk of bias item present as percentages across all included studies
were shown in Fig. 3. The percentages of performance bias were
highest since none of five studies report the blinding of participants
and personnel. Only one study did not clearly report the procedures
of randomization and allocation concealment,11 hence an unclear
risk bias was considered across this study. All studies clearly re-
ported the blinding of outcome assessment. Only two studies
clearly reported the reasons for lost follow-up. The study by Jarvela
et al. had a more than 20% lost follow-up,12 which was rated as
the selection process.



Table 1
Demographic characteristics of included studies.

Study Year Country Level of Evidence Sample
Size SB
DB

Mean Age
(years) SB
DB

Zaffagnini 2011 Italy Ⅰ 39 40 26 27
Adravanti 2016 Italy Ⅰ 30 30 28.3 26.4
Karikis 2016 Sweden Ⅰ 50 53 28 30
Beyaz 2017 Turkey Ⅰ 16 15 31.1 33.5
Jarvela 2017 Finland Ⅱ 30 30 30 34

Gender (male/
female) SB DB<

Minimal Follow-up (year) Last Seen SB
DB

20/19 22/18 8 39 40
17/13 17/13 6 25 25
35/15 35/18 5 41 46
16/0 15/0 8 16 15
21/9 21/9 10 23 24

Drilling technique Fixation
Tibia Femur

Graft Type SB
DB<

FITS
(months) SB
DB

AM IS IS BPTB HT 8.6 8.9
TP IS End HT HT 4 4
AM IS IS HT HT 23 24
AM BS End HT HT 5.5 5.2
IO BS BS HT HT 12 13

Abbreviation: AM: Anteromedial; TP: Transportal; IO: In-outside; IS: Interference
Screw; End: EndoButton; BS: Bioabsorbable Screw; BPTB: Bone-patellar tendon-
bone; HT: Hamstring Tendon; TIFS: from injury to surgery.
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having a high risk of attribution bias. Beyaz et al. enrolled onlymale
patients,13 which may result a high risk of potential other bias.
Fig. 2. Risk of bias summary.
Measurement outcomes

1. Lysholm scores

Four of selected studies provided eligible data for the pooled
analysis of Lysholm scores. The results demonstrated than there
was no significance of the Lysholm scores between SB group and DB
group (P ¼ 0.75; MD, �0.44; 95%CI �3.12, 2.25). Evidence showed
low heterogeneity (P ¼ 0.38, I2 ¼ 1%), and no significant hetero-
geneity was found (Fig. 4).

2. IKDC scores

Four studies reported eligible data for the pooled analysis of
IKDC scores. Two studies provided subjective IKDC scores, and the
others provided IKDC grading. Subjective IKDC scores was not
significantly different between SB group and DB group (P ¼ 0.29;
MD, �2.55; 95%CI �7.29, 2.19), as well as IKDC grading (P ¼ 1.0;
Table 2
Data for pooled analysis.

Study SB/DB Lysholm scores Side-to- side IK

Zaffagnini SB N.A 0.4 ± 0.6 8
DB N.A 1.1 ± 1.9 8

Adravanti SB 94.2 ± 15.3 1.3 ± 0.8 N
DB 96.4 ± 17.3 1.4 ± 0.6 N

Karikis SB 84.3 ± 21.2 2.3 ± 2.7 N
DB 90.1 ± 9.1 2.2 ± 2.7 N

Beyaz SB 81.94 ± 7.15 0.6 ± 1.9 7
DB 81.43 ± 6.45 �0.1 ± 2 7

Jarvela SB 95 ± 7 N.A N
DB 94 ± 7 N.A N

N.A: not applicable.
RD, 0; 95%CI �0.06, 0.06). Evidence of subjective IKDC scores
showed low heterogeneity (P ¼ 0.17, I2 ¼ 46%，Fig. 5), and evi-
dence of IKDC grading showed no heterogeneity (P ¼ 1.0, I2 ¼ 0%,
Fig. 4).

3. Pivot-shift test

Three studies reported the results of pivot test for pooling data
at the final follow-up evaluation. The results of pooled analysis
indicated no significant difference between SB group and DB group
(P ¼ 0.66; RD, �0.01; 95%CI �0.05, 0.03). There was no significant
heterogeneity across these studies (P ¼ 0.76, I2 ¼ 0%, Fig. 4).
DC scores IKDC
Grading

Positive pivot test OA

2 ± 20 N.A 1/39 N.A
8 ± 9 N.A 1/40 N.A
.A 25/25 N.A 2/25
.A 25/25 N.A 3/25
.A N.A 4/46 N.A
.A N.A 7/45 N.A
1.29 ± 9.14 N.A N.A N.A
0.71 ± 9.44 N.A N.A N.A
.A 23/23 0/23 14/23
.A 24/24 1/24 18/24



Fig. 3. Risk of bias graph.
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4. Side-to-side differences

Four studies provided the data of side-to-side differences
measured by arthrometric instruments (KT-1000/2000). No sig-
nificant difference was found between SB group and DB group
(P ¼ 0.27; MD, �0.17; 95%CI �0.48, 0.13). A low heterogeneity
existed across the pooled analysis (P ¼ 0.14, I2 ¼ 45%, Fig. 5).

5. Osteoarthritis changes

Only two studies assessed the osteoarthritis changes according
to KellgreneLawrence Classification at the final follow-up. The re-
sults demonstrated no significant difference between SB group and
DB group (P¼ 0.27; RD, 0.79; 95%CI 0.52,1.20). Evidence showed no
heterogeneity (P ¼ 0.81, I2 ¼ 0%, Fig. 6).
Fig. 4. ALysholm scores. B Subjectiv
Discussion

The most interesting findings of our meta-analysis were that
there was no statistically or clinically significant difference in post-
operative knee stability between SB and DBACL reconstructions. No
statistically significant difference between two techniques in
Lysholm, IKDC, pivot shift, KT scores, or the development of oste-
oarthritis was demonstrated at a minimum of 5 years. Comparable
efficiency was not beyond expectation since only one study showed
the superior performance in the DB group compared to SB group.11

Low levels of evidence were prevalent in the most studies focusing
on ACL reconstruction,14 and high-quality studies were relatively
rare but indispensable to draw a conclusionwith strong confidence
level from controversies. Prospective RCTs are regarded as the op-
timum choice to perform a meta-analysis.13
e IKDC scores. C IKDC grading.



Fig. 5. Pivot-shift test.
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Lysholm and subjective IKDC scores are commonly used patient-
reported outcomes for evaluating patients with ACL rupture and
ACL reconstruction. Lysholm et al. initiatively established the knee
scoring scale in 1982 and subsequently published a revised version,
which was prevalent as an important knee-specific psychometric
parameter for athletic injury.16,17 It is established that the Lysholm
scores are valid as patient-administered scores and, are responsive
to change at early time points of ACL reconstruction.18 However, the
sensitivity of the Lysholm scoring scalewas found to be low.19 There
are at least eight similar meta-analyses involved with the Lysholm
scores.8,20e27 Only one meta-analysis detected a significant differ-
ence between SB and DB ACL reconstruction.8 The IKDC Subjective
Knee Form was originally created as a knee-specific, patient-
administrated outcome measure to assess changes in symptoms,
function, and sports activity in patients treated for a variety of knee
injuries and conditions. The validity, reliability, and responsiveness
of the IKDC Knee Form have been confirmed in the adults and
adolescents.28,29 Only one analogous study found the superiority of
subjective IKDC scores in DB group compared than SB group,21

while other studies did not detect a significant difference.8,19,20,23

Statistic significances of IKDC grading were found in six previous
meta-analyses in favor of DB ACL reconstruction,21,22,24e27 and
Chen et al and Li et al did not detect a significant difference.8,23

With regard to our outcomes of knee function scores, the IKDC
grading deserved the primary disagreement with previous studies.
It is noteworthy that these meta-analyses with controversy only
include studies with short-term follow-up.

Knee stability was commonly examined by KT-1000/2000
(anteroposterior stability) and pivot test (rotary stability). The
Fig. 6. OA ch
Lachman test is primarily applicable to assess the anteroposterior
stability of the knee. In theory, there should not be any difference
between the two techniques at least in the short term, as the
strength of the double-bundle techniques is primarily the control
of not anteroposterior but rotary stability.30 It is feasible to
question where the superiority of DB techniques in ante-
roposterior stability derives. The statistical significance is unlikely
to yield any clinical impact since the detected difference between
SB and DB group is very small as ranged from 0.56 to
0.74 mm.24,27 There was a trend towards a superior outcome of
pivot-shift test for DB ACL reconstruction in the most of previous
meta-analyses8,21e27，while only two of them suggested that DB
group and SB group could generate similar outcome regarding
pivot-shift test.20,31 This trend seems to be plausible since the
posterior-lateral bundle, which is reestablished in DB technique,
is considered to provide better rotational stability.32 However,
only one of the four involved studies saw a better outcome of
pivot-shift test for DB group.11 And further in a recent meta-
analysis, Chen et al demonstrated that DB group yielded a bet-
ter performance of pivot-shift than SB group in mid-term follow-
up, whereas a significant difference was not detected in a sub-
group analysis of relatively longer-term follow-up.8 It is note-
worthy that the controversial result of residual rotational
instability after ACL reconstruction is still lack of an objective
evaluation.

The evidence is well established that ACL injuries deserve a
contributor to the progression of osteoarthritis.33,34 Whether
ACL reconstruction could sufficiently prevent the development
of osteoarthritis after ACL rupture still remains to be
anges.
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elucidated.35,36 Data were pooled from three involved studies to
analyze osteoarthritis after ACL reconstruction according to
KellgreneLawrence classification,12,37,38 which is ranked as the
most widely used instrument for the radiographic diagnosis of
osteoarthritis.39 A statistically significant difference was not
detected between DB and SB ACL reconstruction in this meta-
analysis, as well the three involved studies.12,37,38 Researchers
seldom investigate the changes of osteoarthritis when they are
comparing the results of DB and SB techniques. Previous studies
with long-term follow-up have demonstrated that the tech-
niques of ACL reconstruction have little or no impact on the
progression of osteoarthritis.40e42 Interestingly, Zhang et al. and
Song et al. suggested a more effective prevention of progressive
osteoarthritis for DB techniques compared with SB.43,44 How-
ever, the short- and mid-term follow-up may be too short to
detect potentially significant differences in the prevalence of
osteoarthritis between the SB and DB group. Furthermore, the
development of osteoarthritis is primarily influenced by the
condition of concomitant chondral and meniscal damage,
delayed length to surgery, and body mass index (BMI).45

To the best of our knowledge, there are at least ten meta-
analyses focusing on comparing DB with SB ACL
reconstruction.8,20e27,31 Most of them reported better outcomes of
knee stability for DB group compared with SB group. All studies
enrolled in the present meta-analysis have a minimal longer-term
follow-up than any previous meta-analyses. It should be
acknowledged that DB ACL reconstruction requires longer opera-
tion time, expenditure of double fixation materials, and technical
difficulty in revision. Furthermore, the DB techniques require
excellent surgical skills and a longer learning curve.46 Given that
the SB techniques yield similar efficacy with DB techniques in long-
term follow-up and is more cost-effective,47,48 the SB techniques
may be more suitable as the standard techniques of ACL
reconstruction.

There are several limitations in the meta-analysis. Mere five
studies were collected, which could render outcomes to beberror
due to the small sample size. Moreover, several variables, such as
grafts type, fixation methods, and anatomic or non-anatomic
reconstruction, may add accidental impacts to postoperative out-
comes of ACL reconstruction. Unfortunately, a subgroup analysis
could not be performed due to insufficient data. The research
strategy was limited to English and was only involved with three
databases.
Conclusion

A review of 5 studies demonstrated that SB and DB ACL re-
constructions showed no statistical differences in Lysholm and
IKDC scores, pivot shift and side-to-side KT tests, and
KellgreneLawrence osteoarthritis classification at a minimum 5
year follow up. DB techniques could not yield any better perfor-
mance than SB techniques for ACL reconstruction. Given that, the
relatively simple and proven techniques of SB ACL reconstruction
may be preferable for orthopedic surgeons.
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