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Abstract
Background: This study retrospectively evaluated the medium - and long-term results of patients
submitted to double-bundle (DB) anterior cruciate ligament (ACL) reconstruction.
Methods: A retrospective study of case series at a single center. Cases submitted to isolated ACL reconstruction
with at least five years of follow-up were included. The following data were collected: demographic data; practice of
competitive sport before the injury; previous surgery; injury/surgery in the contralateral knee; return to the practices
of sports and level; re-injury (postoperative time; mechanism; need for surgery); and symptoms at the last clinical
follow-up visit. Descriptive and sub-group analyses were performed.
Results: Sixty-nine patients were included; 52 men (75%), 49 athletes (71%), 47 (68%) with primary injury, mean
age of 30 years (SD 10). The patients were followed up for an average of 8.7 years (minimum 5, maximum 11.8)
after surgery. After the reconstruction, 67 (97%) returned to the sport; 75% at the same level as before the injury.
Ten patients (14%) suffered re-injury after an average of 32 months (between 9 and 50 months). Regarding the
outcome of re-injury, no statistically significant differences were found between subgroups of athletes vs nonathletes or primary injury vs revision surgery, despite a significant tendency towards increased re-injury levels in
athletes. However, this tendency was not statistically significant.
Conclusion: In our series of patients operated on with the double-bundle technique and with a long follow-up time,
14% presented re-injury, with no differences between primary and revision cases, and with a trend towards higher
re-injury levels among the athletes in relation to the non-athletes. The rate of return to sport was satisfactory, with
97%, of which 75% were playing at the same level as before the injury.
Level of evidence: IV
Keywords: Knee, Sport, Anterior Cruciate Ligament, Arthroscopy

Introduction
nterior cruciate ligament injury affects knee
stability and may be the cause of secondary
injuries such as meniscal tears and
osteoarthrosis (1). This injury mainly affects
young people and athletes; 70% of these
injuries occur during physical activity, and it is estimated
that anterior cruciate ligament (ACL) injury accounts for
50% of all ligament injuries of the knee. This problem
leads to the athlete having to stop playing sports,
functional limitation for daily activities, and later
development of osteoarthrosis (2).

A

The ACL plays an important role in stabilizing anterior
and rotational translation of the tibia in relation to the
femur. Anatomical and biomechanical studies have
demonstrated that the ligament consists of two bundles;
the anteromedial (AM) and the posterolateral (PL). The
AM controls anterior translation, while the PL controls
rotation (3).
Single-bundle
reconstruction
(SB)
prioritizes
reconstruction of the isolated anteromedial bundle or a
single bundle fixed to the femur between the anatomical
positions of the two bundles. Double-bundle (DB)
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reconstruction is an anatomical reconstruction aimed
at increasing rotational stability, as demonstrated by
biomechanical studies (4,5).
The literature presents many comparative and review
studies comparing the techniques, often with
controversial results. The majority of biomechanical
studies, in vivo and some clinical controlled studies
have already pointed out that patients treated with the
DB technique have better knee stability, but most
obtained equivalent functional results to patients
treated with SB (6,7). One exception was the study of
Zaffagnini et al. in 2011 and Jarvela et al. (2017), which
demonstrated lower rates of re-intervention and better
clinical results in the DB group (8,9). A meta-analysis of
2017 evaluated 26 randomized prospective studies and
demonstrated better results in patients submitted to
DB reconstruction, in terms of both stability and
functional outcomes (10).
Although some studies have not yet demonstrated
clinical superiority, most have conducted evaluations
with short or medium follow-up times (less than five
years) and few studies have evaluated parameters such
as graft failure, osteoarthrosis and return to sports
activities (11,12). In 2019, a meta-analysis of only
randomized clinical studies with more than five years of
follow-up was not able to demonstrate any difference
between single- and double-bundle ACL reconstruction
in terms of clinical scores, clinical stability and
osteoarthrosis (13). However, evaluating randomized
comparative studies with more than five years of
follow-up in relation to re-injury rate, the studies of
Jarvela and Suomalainen showed better results in the
double-bundle group, as did a Swedish study by
Svanesson et al., with 22,640 patients (14,15). However,
a recent study by Mayr et al. did not demonstrate any
clinical differences or any case of re-injury in at least
five years of follow-up, and a randomized clinical trial
conducted in 2019 did not demonstrate any clinical
differences and/or re-injuries (16,17). These studies
with longer follow-up times generally do not compare
rates of return to sport, and most of them do not include
a significant sample of athletes.
We have performed the double-bundle technique
since 2006, though not exclusively. This is a research
line of our group, and a larger cohort study is currently
underway to compare techniques retrospectively in
athletes. D’Elia et al. performed a comparative study of
rotation in our movement analysis laboratory, and
despite a tendency towards better rotational control in
patients submitted to double-bundle reconstruction,
the results were not statistically significant (18,19).
The objective of this retrospective study is to evaluate
the rate of return to sport and re-injury in patients
submitted to anterior cruciate ligament reconstruction
using DB with at least five years of follow-up.
Materials and Methods
This study was approved by the Research Ethics
Committee. Data from patient records submitted to ACL
reconstruction at Instituto Vita between December
2006 and November 2014 using the double-bundle
technique were investigated. During this period, we
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performed 140 reconstructions with the double-bundle
technique, including both primary and revision cases.
The inclusion criteria were: patients submitted to
isolated ACL reconstruction with the double-bundle
technique and at least five years of follow-up, whether
primary or revision; whether or not they practiced
recreational or competitive sports; and both sexes. The
exclusion criteria were: reconstructions associated with
osteotomies (tibial or femoral), meniscus repair, total or
subtotal meniscectomy, cartilage transplants, femoral
patellar ligament reconstructions, medial collateral,
posterior cruciate, posterolateral corner or anterolateral
ligament of the affected knees; and patients with
incomplete medical records.
The following data were gathered from the medical
records: practice of competitive sport before the injury;
previous surgery; injury/surgery to the contralateral
knee, and symptoms during follow-up. The patients were
contacted and asked about the following parameters: reinjury (postoperative time; mechanism; need for
surgery), return to sport and if so, at what level. The data
were then submitted to descriptive analysis. Continuous
data comparisons were made by the Student's t test or
Mann-Whitney test for independent samples, according
to whether or not the data followed normal distribution.
Qualitative data comparisons were made by the chisquare test (or the Monte Carlo method if the
percentages were lower than 5%). To study survival,
Kaplan-Meier survival curves were obtained, and
differences were searched using log-rank test. The level
of significance adopted was 95%, and the tests were
performed using the software program SPSS.
The technique used was always the same, and was
conducted by four surgeons of the group. [Figure 1]
represents the surgical procedure. ACL reconstruction
with double bundle was performed using autologous
grafts from the semitendinosus and gracilis tendon
(STG), but fixed in two tibial tunnels and two femoral
tunnels. After obtaining the graft, the arthroscopyassisted ACL reconstruction was performed using
anterolateral, anteromedial and accessory anteromedial
portals. The first tunnel made was the AM femoral; the
arthroscope was positioned in the anterolateral portal
and the tunnel was drilled in its anatomical position from
the anteromedial portal, with the knee at 120 degrees of
flexion. The second tunnel made was the PL femoral; the
arthroscope was positioned in the anteromedial portal
and the tunnel was drilled in its anatomical position from
the accessory anteromedial portal, with the knee at 120
degrees of flexion. The next tunnels to be made were the
tibial PL and AM. The entry point of the PL tunnel was
anterior to the fibers of the superficial medial collateral
ligament, with the tibial guide adjusted to 55 degrees.
The entry point of the AM tunnel was more lateral,
leaving a bone bridge of at least 1 cm between the
tunnels, with the tibial guide adjusted to 45 degrees. The
graft for the PL bundle was passed through the tunnel
first, followed by the AM. Both bundles were fixed with a
biodegradable interference screw in the femur and a
biodegradable interference screw in the tibia. The AM
bundle was fixed with the knee at 45 degrees of flexion,
and the PL with the knee at 15 degrees of flexion.
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Table 1. Demographic data
Enrolled cases
69
Female/ Male
17 (25%)/ 52 (75%)
Age (years)
30 ± 10.2 (15-54)
Follow-up (years)
8.7 ± 1.6 (5-11.8)
Primary surgery
47 (68%)
Athletes
49 (71%)
Contralateral ACL rupture
26 (38%)
Data are shown as mean ± standard deviation (minimum maximum) or in absolute values (percentage of total cases)

Table 2. Surgical outcomes
Return to sport

67 (97%)

Return to sport at the same level

50 (75%)

Incidence of retear
Postoperative time until retear
(months)

10 (14%)
32 ± 15 (9-50)

Pain level (last follow-up; 0-100)
Incidence of instability (last followup)

18 (26%)
8 (12%)

Incidence of stiffness (last follow-up)
1 (1%)
Data are shown as mean ± standard deviation (minimum maximum) or in absolute values (percentage of total cases)
Figure 1. Intraoperative ACL reconstruction images using the double
bundle technique. (A) arthroscopic view of the femoral tunnels. (B)
arthroscopic view of the double-bundle ligament reconstruction

Results
Sixty-nine patients who met the inclusion criteria were
included. The baseline data (pre-reconstruction) of the
studied group are shown [Table 1].
Double-bundle post-reconstruction data were collected
for a mean follow-up period of 8.7 years. The surgical
outcomes are shown in [Table 2].
The overall ACL survival curve following the
reconstruction using double bundle is shown in [Figure
2A]. Of the 10 cases that suffered re-injury, eight presented
mature grafts at least six months after reconstruction, as
shown in MRI. Of the total, nine underwent revision
surgery, but no case required osteotomy or extra-articular
surgery. Two cases (20%) suffered retear before one year
of follow-up while practicing sport and with grafts that had
been shown to be mature, according to the same criteria.
Not all patients performed all the tests recommended by
our group as discharge criteria (Y test, hop test, Isokinetic
hip and knee test).
In the group studied, although there was a greater
tendency towards retear in the athletes, this correlation
was not significant neither in the cumulative number of
cases (p=0.145) [Table 3] nor in the survival comparison
(p=0,168) [Figure 2B].
Similarly, no correlation was found between the higher
re-injury rate in cases of revision reconstruction compared
to primary reconstructions neither in the cumulative
number of cases (p=0.601) [Table 4] nor in the survival
comparison (p=0,940) [Figure 2C].

Table 3. Incidence of retear in athlete and non-athletes
Athlete
Non-Athlete
Total
Retear

9

1

10

No Retear

40

19

59

Total

49

20

69

Table 4. Incidence of re-injury in primary and revision surgeries
Primary
Revision
Total
Retear

7

3

10

No retear

40

19

59

Total

47

22

69

Discussion
Since 2006, we have performed the DB technique in our
group, mainly in amateur or federated athletes with
competitive demands, but without abandoning the singlebundle technique. Since that time, we have performed the
single-bundle technique through the anteromedial portal,
seeking to achieve more anatomical reconstruction. The
surgeries of this study were performed using the same
technique, by four more senior surgeons of our group, three
of whom are authors of this study. This is a line of research
of our group. In addition to this study, we are currently
conducting a comparative cohort of athletes submitted to
primary ACL reconstruction surgeries with the single and
double bundle techniques, and a comparative study of knee
rotation comparing double bundle with single-bundle
reconstruction associated with the anterolateral ligament.
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Figure 2. Kaplan-Meier survival curves to indicate time of reinjury after double-bundle anterior cruciate ligament
reconstruction up to the minimum follow-up period. (A) All
cases studied in this work. (B) Individuals divided into athlete
and non-athlete subgroups (p=0.168; Log Rank test, MantelCox). (C) Individuals divided into primary and revision surgery
subgroups (p=0.940; Log Rank test, Mantel-Cox).

In 2010, a national study describing the methodology
for evaluating knee rotation presented initial results
comparing the knee reconstructed with double bundle
and the contralateral knee (18). In 2014, D’Elia et al.
conducted a similar study, and found no significant
differences in knee rotation in the laboratory using the
same methodology as that used in the patients submitted
to ACL reconstruction with double bundle, when
compared to single-bundle reconstruction (19).
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However, this study did not compare clinical outcomes,
recurrence rates and/or return to medium/long-term
sports. It only investigated the short-term biomechanical
results of patients considered clinically successful, in
order to evaluate tibial rotation.
In our current study of 69 patients, the most significant
results were a 14% re-injury rate after an average of 8.7
years of surgery. These rates were similar in primary and
revision cases, and with a tendency towards greater reinjury among athletes compared to non-athletes. We also
found a high rate of return to sport of 97%, with 75% of
these performing at the same level as before the injury.
In relation to the rate of re-injury, the rates shown in the
literature range from 6% to 31% (20). Higher rates are
found in athletes and according to a meta-analysis by
Wiggins et al. in 2016, this rate increases to 25% among
young athletes under the age of 25 (21).
When we compare our rate of 14% with the rates
reported by studies with at least five years of follow-up,
we believe our results are comparable and positive, as
ours is a sample with many athletes (71%) and with
revision cases, in which the retear rate increases, as
demonstrated by George, Dunn and Spinder (24%
revision surgeries vs 7% primary surgeries) (22).
Suomalainen et al., in 2012, demonstrated re-injury rates
of 25% in patients submitted to SB reconstruction
compared to 10% for those submitted to DB (23). Finally,
Grassi et al., in a more recent review with a minimum fiveyear follow-up, reported a cumulative failure rate (graft +
objective scores and instability) of more than 5% in all but
one of the 16 series studied (24); more than 10% in 12 of
16 of the series studied, and more than 20% in five series.
Finally, a study by Yoon et al. demonstrates 15-year
survival following ACL reconstruction of 82.1% for SB and
83.7% for DB, in a comparative study with the longest
follow-up time of any found in the literature (25). We
believe that the high and variable rates demonstrate that
this is a multifactorial cause involving both technical
surgical issues, biology and graft integration, and
postoperative neuromuscular control. In some cases of
failure of our study, the patients did not follow our
discharge criteria by taking all the laboratory tests,
corroborating data presented by Kyritsis et al. and other
groups that demonstrate the importance of
neuromuscular control in preventing retear (26).
Regarding return to sport, we believe that we have good
rates of return to sport in the athletes of our sample: 97%,
of which 75% returned to sport at the same pre-injury
level. Sepúlveda et al. in a literature review conducted in
2017, show that 81% of patients return to sport, 65% at
pre-injury levels (27). Lai et al. in 2018 reported that this
rate of return to pre-injury levels is higher among elite
athletes (83%) (28). Finally, Volpi et al., in a case series of
DB patients with 4 to 11 years of follow-up, report that
100% returned to sport; 90.5% to the same levels as
before the injury (29).
Our study has some limitations, which are mostly related
to the retrospective, non-comparative study design. In
addition, the low number of patients included may have
led to an underestimation of differences between the
subgroups compared. Also, we did not present clinical
scores, and we did not evaluate the progression of
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arthrosis, an important long-term outcome. Finally, we
had a high loss to follow-up (51%), considering all the
patients operated with the technique of interest during
the period in question. The percentage of loss to followup that is tolerated in case series is much debated, with
authors citing that 50% would be adequate, but that loss
of below 20% is the ultimate goal (30). It should also be
considered that this loss of will be greater in series with
longer follow-up times.
However, we believe that our current study is relevant
because it was performed at the same center, using the
same technique, with a long follow-up time, and because
it evaluates two outcomes that have not been
investigated previously in the literature: the rate of
return to sport and the rate of long-term re-injury.
In our series of patients operated on with the doublebundle technique and with long follow-up times, 14%
presented re-injury, with no differences between
primary and revision cases, and with a tendency towards
higher re-injury among athletes compared to nonathletes. We had satisfactory rates of return to the sport
of 97%, with 75% of these returning to pre-injury levels.
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