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Abstract

Objective The purpose of this study was to compare the
single-bundle (SB) and double-bundle (DB) surgical tech-
niques for anterior cruciate ligament (ACL) reconstruction
with regard to tunnel widening, isokinetic muscle strength,
and clinical outcomes over an 8-year follow-up period.
Methods This study included 31 patients with ACL injury
who underwent ACL reconstruction via the SB (n = 16)
or the DB (n = 15) technique. Isokinetic and concentric
strength measurements of the quadriceps and hamstring
muscles were conducted at postoperative 6 months and
postoperative 8 years, and 3D-CT scans of the knee joints
were performed on the 2nd, 3rd and 6th month, and the 8th
year postoperatively. Clinical evaluations were performed at
8 years postoperatively with the International Knee Docu-
mentation Committee (IKDC), Tegner, and Lysholm knee
scoring systems.

Results There was marked widening of the parts of the
femoral tunnel close to the knee joint in both the SD and the
DB groups. There was no difference between the two groups
in terms of clinical results and isometric muscle strength
at postoperative 8 years; however, there was a significant
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difference between the preoperative and 6 months postopera-
tive clinical and strength results in both group (P < 0.05).
There was no difference between the groups in IKDC score,
Lysholm score, Tegner activity scale, and anterior drawer
test at postoperative 8 years. On evaluation of the antero-
medial bundles alone, the DB group had greater widening
than the SB group.

Conclusion In this study, we have found that the tunnels
continue to enlarge after 6 months. However, that has no
impact in patients comfort and that did not made any change
in our daily routine. On the other hand, we found that the
reconstruction of the double-band ligament technique is use-
less for non-professional athletes.

Keywords Anatomical double-bundle anterior cruciate
ligament reconstruction - Anterior cruciate ligament
reconstruction - Single-bundle anterior cruciate ligament
reconstruction

Introduction

Tunnel widening in anterior cruciate ligament (ACL) recon-
struction surgery was introduced more than 25 years ago
[18]. Previous studies indicate that tunnel widening could
lead to inability of the graft to incorporate, long-term joint
laxity, and failure in terms of revision surgery requirement
and high costs [7, 8, 12]. There has been an increase in ACL
surgery of more than 30% in the last two decades, which has
led to an increase in ACL surgery-related complications [3].

The clinical effectiveness of double-bundle (DB) ACL
reconstruction surgery in which there are two tunnels is con-
troversial [4, 5, 20]. The increase in the number of tunnels
reportedly enables a more stable and more anatomic recon-
struction rotationally [19, 20]. However, this also results
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in surgery that is more complicated, longer, more difficult,
and causes a greater reduction in bone stock. Difficult revi-
sion cases may be encountered due to the greater degree
of bone loss when obtaining a more stable ligament [10,
30]. Although previous studies indicate that tunnel widen-
ing develops in the early postoperative period or even intra-
operatively, no study has yet compared the SB and the DB
techniques in the long term [7, 10, 30].

The aim of our study was to make a randomized, pro-
spective comparison of the DB and the SB techniques with
regard to tunnel widening, isokinetic muscle strength, and
clinical outcomes. These parameters have previously been
compared in the short-term [3]; however, our study has the
longest follow-up period.

Methods

This study was approved by Bagkent University Institutional
Review Board and Ethics Committee (Project No: KA15/44)
and was supported by the Bagkent University Research Fund
(Project No: 54462418).

This study included patients who underwent ACL
reconstruction surgery via the DB (n = 16) or the SB
(n = 18) technique between November 2007 and March
2008, who had participated as described previously [3].
Patients who did not have lower limb bone fractures who
had not undergone previous lower extremity surgery and
whose other knee examination was normal were included
the study. Our previous study included 40 patients with
unilateral ACL injury with no systemic disease who
agreed to participate. We excluded one patient who had a
history of previous knee surgery, two patients who were
treated for lower extremity fracture, one patient who had

Table 1 Demographic data and characteristics of patients (n = 31)

postoperative infection, and five patients who were lost to
follow-up. The reconstruction method was decided preop-
eratively in our first study. We generated an unpredictable
random sequence where the first patient was assigned to a
treatment group based on a coin toss, and the next patient
was then assigned to the other treatment group to achieve
a balanced number of patients in both groups. We imple-
mented the sequence in a way that concealed the treat-
ments until the patients were formally assigned to their
groups.

Two patients who underwent SB surgery were excluded
as they did not agree to participation, and one patient from
the SB group was excluded as he underwent ACL recon-
struction for another knee in another center. A total of
31 male patients were included, of whom 16 underwent
DB surgery (mean age 38.2 years; range 28—48 years) and
15 underwent SB surgery (mean age 35.1 years; range
27-43 years). All the patients were male. This is not by
purpose. It is because the demographics of our ACL torn
patients. Twenty-seven patients had experienced trauma
on a synthetic pitch, three patients had experienced sprain
when running, and one experienced trauma during a pro-
fessional sports activity. Demographics data and charac-
teristics of patients are given in Table 1.

Ethics committee approval was obtained twice (once in
2007 and once in 2015) from Basgkent University Medical
School. The patients were informed in detail in the pres-
ence of witnesses about the aim of the study, expected ben-
efits, amount and effects of radiation they would receive
during computed tomography (CT) examination, and the
measures taken to protect patients. Informed consent was
obtained from patients in 2007 and 2015. Transfer and
accommodation costs of four patients who travelled to
participate in the study were paid for by a university fund.
The patients were not paid.

Patient characteristics Single-bundle (n = 16) Double-bundle (n = 15) P value
Gender 16 male, O female 15 male, O female
Side 6 left, 10 right 7 left, 8 right
Age at surgery, years, mean + SD 31.06 +5.48 33.53+547 0.22
BMI at surgery, kg/m?, mean = SD 28.66 +3.91 29.86 + 3.56 0.38
Meniscus repair during surgery, n (%) 3 (18.75) 4 (26.66) 0.59
Partial meniscectomy during surgery, n (%) 2 (13.5) 1 (6.66) 0.52
Professional athlete 0 0
Interval from injury to surgery, months, mean + SD 5.5+3.24 5.20 +3.02 0.79
Type of injury
Sport, n (%) 14 (87.5) 13 (86.66) 0.94
Work-related, n (%) 2 (13.5) 2 (13.44) 0.99
Traffic accident 0 0
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Surgery

The patients were not informed about which surgical
procedure they would undergo. Mean duration between
trauma and surgery was 2 months and 19 days (range
3 weeks—18 months) in the SB group, and 2 months and
14 days (range 4 weeks—14 months) in the DB group.
Twenty-eight patients were given combination anaesthe-
sia (spinal epidural) and three patients were given general
anaesthesia.

In the single-bundle method, the ACL was aligned in
the middle of the tibial tunnel exit. The femoral tunnel was
opened at 1:30 to 2:00 on the left knee lateral femoral con-
dyle. The semitendinosus and gracilis tendons were doubled
and their thickness was measured. Femoral fixation was per-
formed using the EndoButton (Smith & Nephew, Inc., Ando-
ver, MA, USA) technique. Tibial fixation was performed
using a biodegradable poly(L-lactide)-hydroxyapatite screw
(BioRCI; Smith & Nephew, Inc., Andover, MA, USA) and
staple.

In the dual-bundle method, a 5 cm oblique incision was
made 2 cm below and medial to the tibial tuberosity to har-
vest gracilis and semitendinosus tendons. The thickness of
each doubled tendon was separately measured. For the anter-
omedial band (AMB), the tibial tunnel was placed at 45°
in the sagittal plane and tibia tuberosity to keep as close as
possible. For the posterolateral band (PLB), placement was
at 45° in the sagittal plane. To keep the tunnels from each
other, they were replaced closely to the medial collateral
bond. Average distance between the tunnels was between
1.5 and 2 cm. The tibial guide wire placed for the AMB was
taken out from the tibial attachment of ACL, approximately
13 mm in front of the anterior corner of the posterior cruci-
ate ligament. The PLB guide wire was taken out approxi-
mately 7 mm posterior and lateral to the AMB guide wire.
The tunnel was opened with a cannulated drill to the same
diameter as the graft. After identification of the femoral
insertion site of the ligaments, the knees were placed at 120°
and in contrast to the transtibial technique, both guide wires
were inserted through the anteromedial portal. Other than
the classical clock orientation method, insertions were made
at the anatomical attachment site of the tendons accord- ing
to soft tissue remnants and bony landmarks as described by
Ferretti et al. [9]. By sizing the length of the EndoButton
CL, which uses in the total length of the tunnel, the tunnel’s
length was found where the graft sat on the femur. Grafts
were advanced separately through the EndoButton CL ring
(Smith & Nephew, Inc., Andover, MA, USA) and doubled.
AMB was opened at the lateral femoral condyle at 1:00 to
2:00 on the left and at 3:00 for PLB. First the PLB, then
the AMB EndoButtons were stabilized through the tunnel.
Poly(r-1actide)-hydroxyapatite biodegradable screw BioRCI
and staple were used for tibial fixation.

A compressive bandage was applied following surgery.
Patients who underwent meniscal repair were allowed to
mobilize with an extension brace and weight-bearing. Pas-
sive ranges of motion (ROM) exercises were started on the
first postoperative day. On the second postoperative day, pas-
sive ROM was increased and a rehabilitation programme of
quadriceps strengthening exercises was added. Rehabilita-
tion programs were not different for patients who under-
went single- and dual-bundle reconstruction. Patients were
allowed to run in the third postoperative month when 60%
muscle strength was obtained. In the 6th month, patients
were allowed to participate in competitive sport when
quadriceps power reached 80%.

Radiologic examination

Knee CT was conducted at postoperative 2, 3, and 6 months,
and at postoperative 8 years, and three-dimensional recon-
struction was done (GE Optima 580, General Electric,
USA). The examination technique allowed analysis 12 cm
proximal and 10 cm distal to the knee joint line, reconstruc-
tion with 2-mm intervals, and produced relatively low levels
of radiation. The patients were covered with a lead apron
with only the knees exposed. Radiation dose for each exami-
nation was confirmed to be less than 1 mSv, which is much
lower than the dose given in a normal lung CT (7 mSv)
and the yearly effective dose (approximately 3 mSv) [27].
Measurements were done in the sagittal, coronal, and axial
planes by the same radiologist using code numbers instead
of patient names. CT slices were divided into six equal parts
marking the distance between the femoral and tibial tun-
nels, with the most distal part of the knee joint designated
as L1, and the entry-point on the knee joint as L6 (Fig. 1).
The tunnel length was measured in mm perpendicular to the
tibial axis in the sagittal and coronal planes (HP xw8400;
Hewlett-Packard Company, Palo Alto, CA, USA). The tun-
nel cross-sectional area was measured with the same device
on axial reconstructions.

Isokinetic muscle strength measurement

Isokinetic and concentric muscle strength measurements of
the quadriceps and hamstrings were done for both knees
at 60°, 120°, and 180°/s angular speeds using a Biodex 3
device (Biodex Biomedical Systems Inc., Shirley, NY, USA)
preoperatively, at 6 months postoperatively, and at 8 years
postoperative for each patient. Peak torque (PT) and peak
torque/bodyweight ratios (PT/BW) were recorded.

Clinical evaluation at postoperative 8 years

Lysholm scoring, Tegner activity scale, subjective Interna-
tional Knee Documentation Committee (IKDC) scoring,
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Fig.1 CT slices were divided into six equal parts making the dis-
tance between the femoral and tibial tunnels. All measurements were
made from the same point

lachman and anterior drawer tests were done. Anterior lax-
ity of both knees was examined by applying the anterior
drawer test when the femur was at 45° and the knee was at
90° flexion, with the patient lying in a flat position. Same
physician made all of the tests.

Statistical analysis

In accordance with the shape of the dataset of variables,
the multiple imputation method was used to impute miss-
ing values in this longitudinal dataset. Library “mice” in
R software was used for multiple imputation. The multi-
ple imputation method was to replace each missing item
with two or more acceptable values, representing a distri-
bution of possibilities. The shapes of the datasets taken
from the results of the Biodex, posterolateral (PL) bundles
and anteromedial (AM) bundles, were quadratic through
the timepoints of baseline, postoperative 6 months, and
postoperative 8 years, and at 60°, 120°, and 180°/s. After
imputation, three-way mixed ANOVA was used to evaluate
the variation of measures within timepoints, degrees, and
bands in Biodex result sets; ANOVA was used to evaluate
the variation of measures within timepoints in PL bundle
sets; and two-way mixed ANOVA was used to evaluate the
variation of measures within timepoints and bands in AM
bundle sets. For Biodex results, time and degree effects were
taken as within-subject effects, and band effect was taken as
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a between-subject effect; for AM bundles, time effect was
taken as a within-subject effect, and band effect was taken as
a between-subject effect. To compare the SB and DB groups
according to patient characteristics, the ¢ test or Mann—Whit-
ney U test was used to test the distribution of continuous
variables. Distribution of variables was tested for normality
by the Shapiro—Wilk test. Type-I error rate was taken as
a = 0.05 for statistical significance. R software was used for
statistical analyses.

Results
Tunnel widening

All results are given in Table 2. Although significant wid-
ening was not detected at postoperative months 2, 3, and 6
in patients who underwent SB surgery, significant widen-
ing was detected in the femoral and tibial sides when these
data were compared with the results at postoperative 8 years.
Widening occurred after the 6th postoperative month in DB
surgery, similarly to SB surgery. Widening was significantly
greater at the beginning and termination points (L1 and L6)
(P < 0.05). For the femoral side, significant differences were
found in the following regions: sagittal 1, 2, and 6, coronal
1, 5, and 6, and all six axial views in the SB group; sagittal
1 and 2, coronal 1, 2, and 6, and axial 1, 2, 5, and 6 in the
AM bundle in the DB group; sagittal 3, coronal 1, and axial
1 and 4 in the PL bundle in the DB group. For the tibial side,
significant differences were found in the following regions:
sagittal 1, and axial 1, 2, 5, and 6 in the SB group; sagittal
1,5, and 6, coronal 1 and 5, and axial 2, 3, 4, 5, and 6 in the
AM bundle in the DB group; sagittal 3, and axial 4, 5, and
6 in the PL bundle in the DB group.

Isokinetic muscle strength

While there was no significant difference detected between
the isokinetic muscle strength of the hamstrings and the
quadriceps measured at 60°, 120°, and 180°/s angular veloc-
ities in patients who underwent SB and DB reconstruction
(P < 0.05), all of the studied muscles strength were sig-
nificantly better at postoperative 8§ years than preoperatively
(P < 0.05). The same comparison was made at postoperative
8 years between the SB and DB, and there was no significant
difference between the two groups (P = 0.561 for PT quadri-
ceps; P = 0.725 for PT hamstrings; P = 0.354 for PT/BW
quadriceps, and P = 0.613 for PT/BW hamstrings; Table 3).

Clinical outcomes

There was no significant difference between groups
at postoperative 8 years with regard to Lysholm score
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Table 2 Tunnel enlargement after anterior cruciate ligament reconstruction

Section  Tibial side Femoral side
2 months 3 months 6 months 8 years 2 months 3 months 6 months 8 years
Single-bundle

Sagittal
1 10.65 + 1.54* 10.62 + 0.65* 10.96 + 0.78* 9.73 + 1.61* 5.03 +0.25% 5.49 +0.3* 6.04 + 0.36* 6.75 + 1.47*
2 11.77 £ 1.6 11.68 + 1.32 11.6 +1.23 10.71 + 1.67 5.73 + 0.65* 5.97 + 0.45* 6.4 + 0.33% 7.36 + 1.27*
3 11.84 +1.53 11.87 +1.43 11.48 +1.30 10.69 + 1.69 7.84 +2.58 8.26 +2.62 6.82 +0.75 7.19 +1.21
4 1235+ 1.09 12.73 + 0.85 13.38 +1.02 12.26 + 1.94 1207 + 1.4 12.31 + 1.55 11.41 +0.78 11.32 + 1.49
5 13.28 + 1.09 13.4 +0.63 13.45 + 0.61 12.41 + 1.75 143 +1.79 1453 +1.78 15.52 +2.15 14.15+2.93
6 1235+ 1.22 12.32 £ 0.53 12.34 +£ 0.53 1145+ 1.42 12.91 + 1.72* 13.78 + 1.66* 14.76 + 2.32% 14.39 + 3*

Coronal
1 8.89 +0.79 8.89 + 0.45 9.02 +£0.47 8.6 +0.99 4.23 +0.40% 4.54 +0.48* 5.12 £ 0.57* 5.30 + 1.64*
2 99+ 1.11 9.98 + 0.55 10.35+ 091 10.29 + 1.49 4.49 + 0.56 473+0.5 5.25+0.85 5.68 + 1.94
3 1071+ 1.4 10.56 + 0.58 11+12 11.15 +1.39 5.53+1.08 6.16 + 0.84 5.96 +0.75 722+225
4 11.63 +1.21 11.62 + 0.6 11.77 + 0.83 24.26 +28.71 8.66 +1 9.17 +1.02 9.88 + 0.4 943 +1.23
5 11.73 £ 1.27 11.97 £ 0.49 11.79 + 69 11.29 +0.75 11.29 + 1.1* 12.27 + 1.76* 12.31 + 1.69* 11.98 + 1.8*
6 11.53 +1.53 1175 + 1.45 1112+ 1.18 11.82 + 1.68 10.92 + 1.31* 1111+ 1.1% 12.47 + 1.52% 12.79 + 1.98*

Axial
1 89.44 + 16.11* 88.03 £ 5.71* 98.78 + 11.96* 101.72 + 15.65% 2348 +52 25.07 + 3.96 26.26 +3.04 24.32 + 4.66
2 100.72 + 18.62* 97 £9.19% 110.76 + 19.56* 107.91 £+ 16.52* 23.53 £2.72 23.45+2.68 25.94 +2.33 27.47 + 4.36
3 100.18 + 16.88 105.26 +£9.71 106.46 + 16.18 114.37 + 20.62 27.08 +£5.76 32.44 +£9.22 29.9 +4.58 34.77 £9.31
4 120.16 + 12.72 120.08 + 10.97 123.03 + 13.44 128.21 + 13.01 77.38 £22.45 78.19 +19.82 75.88 + 13.06 79.88 +26.15
5 125.82 + 13.04* 128.8 + 10.82* 146.21 + 20.24* 128.43 + 22.36* 122.57 + 19.86 123.38 +£20.91 128.48 +22.48 118.73 +£26.3

6 115.19 + 13.39*

Anteromedial bundle

Sagittal
1 8.83 +3.39%
2 7.13 +£2.08
3 6.58 + 1.88
4 7.81 +1.62
5 9.35 + 1.77*
6 8.73 £ 1.13*
Coronal
1 5.99 + 0.8%*
2 6.68 + 1.34
3 6.54 +1.89
4 8.18 £ 1.59
5 8.99 + 1.27*
6 9.04 +1.53
Axial
1 73.63 +32.6
2 5225 + 16.37*
3 55.98 +21.41*
4 63.05 + 18.26*
5 74.31 + 17.75%
6 62.24 + 11.22%
Posterolateral bundle
Sagittal
1 10.05 + 1.71
2 11.51 +£2.59
3 11.05 +2.36*
4 12.00 + 2.34
5 1277 £ 1.76
6 11.70 + 1.27

117.47 + 15.6*

9.39 + 3.47*
8.25+1.35
7.66 + 1.27
8.78 + 1.37
10.36 + 1.74*
9.19 + 1.04*

6.5 + 1.3%
7.57+0.85
7.28 +1.47

9+1.38
9.99 +£0.81*
9.27 +1.03

82.33 +£32.98

64.83 + 15.38%
70.31 + 12.24*
77.21 + 15.14%
84.96 + 13.91*
69.15 + 13.62*

10.31 + 1.60
11.98 +2.55
12.00 + 1.03*
12.68 + 0.99
13.30 + 0.86
11.79 + 0.99

124.72 + 13.92%*

10.2 + 3.62%
7.75 + 1.56
7.59 +1.52
8.57 + 1.51
10.8 + 1.38%*
9.92 + 1.03*

6.75 + 1.17*
7.44 +1.29
7.39 +1.38
8.9+ 1.01
9.9 + 1.18*
9.62 + 1.11

86.41 + 34.47
63 + 15.86*
65.76 + 17.34*

82.63 + 14.2%
96.2 + 15.62*
80.5 + 16.87*

10.88 + 1.15
9.99 + 4.81
10.56 + 1.96*
11.81 £ 2.10
11.80 +3.39
11.19 +2.93

105.82 + 16.13*

11.2 +3.59%
89+0.7
8.66 + 0.95
9.8 +1.14
11.74 + 0.8%*
11.4 + 1.96*

7.64 + 1.08*
8.64 + 1.06
8.33+1.22
1524 +6.2
10.99 + 1.18*
11.02 +0.82

94.9 + 36.39
76.07 + 13.76*
81.2 + 15.53*
96.25 + 12.78*

110.42 + 7.45%
85.77 £ 12.35%

12.81 + 1.99
12.07 £ 3.75
13.64 + 0.43*
13.28 + 1.01
13.46 + 2.63
13.11 £2.13

100.02 + 17.04*

5.23 £ 1.56*
6.18 +2.49%
7.81 +£2.27
8.26 + 1.69
8.17+1.32
9.61 +1.36

5.55 + 1.65*
6.55 + 2.76*
7.49 +3.02
8.31+£2.6
9.26 +2.43
9.46 + 2.33*

28.93 + 16.05*
33.46 + 28.59%
45.21 + 30.06
49.21 +23.62
60.56 + 24.2*
65.9 +20.81*

4.66 + 0.72
493 +1.22
5.60 + 1.31%*
8.97 £ 0.90
9.93 +1.84
10.60 + 2.03

101.67 + 24.55*

5.9 + 1.64*

72+ 3%
8.29 +2.97
8.83 + 1.49
9.11+1.29
9.92 +0.92

6.20 + 2.06*
7.06 + 2.86*
8+342
8.74 + 2.69
9.33+2.32
9.56 £ 1.31*

34.9 +19.51*

35.2 +19.48*
49.79 + 27.59
54.27 +21.61
65.46 + 21.6*
63.17 + 15.09*

5.06 +0.92
6.29 + 1.17
6.06 + 1.73*
9.28 +2.21
10.86 + 2.05
11.82 +2.29

115.43 + 31.89*

6.04 + 0.36*
7.19 £2.28*
8.28 + 1.86
9.12 + 1.48
9.03 +2.09
10.19+ 1.9

5.79 + 1.42*
7.06 + 2.86*
7.73 +3.39
8.7+2.97
10.32 +2.49
11.14 + 2.15%

35.29 + 15.2*

35.37 + 15.18*

46.63 + 27.54
59.59 +24.53
85.52 + 28.6*

83.04 + 18.15*

436+ 1.12
457+ 1.52
488 + 1.17*
7.70 +2.63
8.47+2.85
9.83 +3.36

120.65 + 34.73*

6.75 + 1.47*

8.2 +241%
8.83 +1.88
8.84 + 1.18
9.66 + 1.29
10.59 + 1.34

6.44 + 1.37*
8.6 +2.63*
9.72 + 3.46
9.88 £2.59
10.55 +2.12
11.08 + 1.84*

43.26 + 20.24*
48.8 +19.81*
52.8 +£24.78
73.91 +24.53
96.04 + 18.92*
95.16 + 12.66*

4.52 +1.42
6.28 +0.35
7.28 +0.74*
8.15 +2.47
7.86 + 4.02
11.25 +2.76
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Table 2 (continued)

Section Tibial side Femoral side
2 months 3 months 6 months 8 years 2 months 3 months 6 months 8 years
Coronal
1 793 +1.04 8.50 + 0.96 7.75 £ 141 829+ 1.12 4.21 +£0.88* 4.10 £ 0.51* 4.58 +£0.36* 5.24 £0.67*
2 9.20 + 1.91 997 +1.13 8.12 +2.11 10.28 + 0.66 473 +£1.55 441 +0.36 4.61+0.53 4.97 +0.30
3 10.20 + 1.81 11.20 + 1.21 9.5+ 1.58 12.18 +£ 0.90 6.07 +2.18 5.62+1.48 5.75 £ 0.65 6.35 + 1.04
4 10.48 + 2.32%* 12.00 + 1.24* 10.14 + 1.65* 13.62 + 1.12% 8.00 + 1.49 733 +1.33 7.14 +1.49 6.32 +2.59
5 10.13 + 1.75% 11.80 + 1.69% 9.26 + 3.34* 13.46 + 1.37* 9.46 + 1.53 8.75 +1.38 7.80 +2.61 7.40 +3.94
6 9.23 +0.93* 10.39 + 1.37% 9.99 + 1.77* 12.83 + 1.93* 9.92 +2.17 9.71 + 1.40 8.05 +2.76 6.31 +4.98
Axial
1 80.06 + 32.11 102.39 + 14.09 78.48 + 38.76 107.83 + 18.44 20.90 + 4.23* 21.22 +£3.11% 22.24 + 3.39% 26.52 + 4.15%
2 80.52 +27.24 100.41 + 13.45 60.36 + 30.74 108.87 + 8.11 26.58 + 10.03 27.10 +4.44 2571 +523 28.82 +4.15
3 83.47 +26.89 110.44 + 12.41 71.55 +35.46 111.49 +5.00 33.28 +12.19 33.31+7.08 39.00 + 8.51 33.87 +£4.58
4 98.33 +£25.45 126.52 + 10.22 82.88 +36.99 130.57 + 8.49 50.37 & 7.42% 66.57 + 20.25% 51.13 + 8.37* 69.84 + 7.86*
5 108.15 + 16.86 124.31 +9.07 89.27 +36.93 120.76 + 18.57 77.05 +22.10 88.83 +20.63 66.46 +29.45 64.29 +42.19
6 96.51 + 30.72 107.23 + 34.66 103.98 + 26.48 153.21 + 43.86 74.66 + 21.02 85.54 +10.14 77.51 +28.40 46.90 + 58.11
Sagittal and coronal values are given in mm, axial values are given in mm?>
* Statistical significance (P < 0.05)
Table 3 Pre- and post-operative measurements of isokinetic muscle strength
Measurement value Muscle group SB preoperative DB preoperative SB 6 months DB 6 months SB 8 years DB 8 years
60°/s PT Hamstrings 49.79 + 20.88 52.37 +£22.43 503 +£2527 54.61 £19.61 78.14+15.55 83.86 +2542
60°/s PT Quadriceps 76.28 + 28.53 101.68 + 21.8 89.77 +£41.13  81.72 £36.19 135.02 +32.85 153.58 +46.34
120°/s PT Hamstrings 32.04 £ 15.77 36.94 +24.8 31.57 £25.62 329 +£21.46 53.8+11.49 55.41+10.53
120°/s PT Quadriceps 59.9 +£23.92 67.6 +22.49 67.27 +28.87 5892 +21.16 124.61 +25.66 115.52 +19.79
180°/s PT Hamstrings 252 +13.7 23.82 +12.38 25.63 +£19.48  30.14 £22.25 48.41 1233 4794 +28.76
180°/s PT Quadriceps 45.46 +20.92 532 + 14.61 4741 +£22.36  59.28 + 20.83 102 + 35.46 99.9 + 34.27
60°/s PT/BW Hamstrings 61.58 +19.89 62.88 + 26.61 66.7 +29.19 57.38+9.52 83.24 +33.21 103.64 +30.77
60°/s PT/BW Quadriceps 90.03 + 31.18 124 +30.18  119.06 £ 51.03 107.71 £45.98 169.63 +51.57 185.55 +70.82
120°/s PT/BW Hamstrings 39.21 + 15.63 44.2 + 28.38 37.71 £26.18  31.35 £ 10.54 50.7 + 21.63 62.5 +23
120°/s PT/BW Quadriceps 65.39 + 25.09 82.58 £29.14 82.66 +35.39  84.05+29.13 109.56 +36.79 121.54 +34.36
180°/s PT/BW Hamstrings 29.17 £ 13.5 28.62 + 14.22 3489 +21.02 29.02+ 144 5193 +16.64 6334 +324
180°/s PT/BW Quadriceps 50.8 +21.8 64.37 +£17.16 61.3 +£23.54 80.57 £25.07 9241 +33.34 105.95 +42.63

PT peak torque, PT/BW peak torque/bodyweight, SB single-bundle anterior cruciate ligament reconstruction, DB double-bundle anterior cruciate
ligament reconstruction

Table 4 Clinical results of 8 years of follow-up evaluations

SB (n=16) DB (n=15) P value
Tegner activity scale 347 +1.12 343 +1.34 0.925
IKDC 7129 +9.14 70.71 £ 9.44 0.864
Lysholm score 81.94 +7.15 81.43 +6.45 0.841

Values are given as the mean + standard deviation

SB single-bundle anterior cruciate ligament reconstruction, DB dou-
ble-bundle anterior cruciate ligament reconstruction, /KDC Interna-

tional Knee Disability Committee
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(P = 0.841), Tegner activity scale (P = 0.925), and IKDC
score (P = 0.864; Table 4). There was no significant dif-
ference in the pre- and post-operative Tegner scores in
either group (P > 0.05). Pain that increased with activity,
but did not affect daily life was detected in the medial
joint space in five patients in the SB group and seven
patients in the DB group; all of these patients had osteo-
phytes detected in the medial tibial plateau.
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Discussion

The primary purpose of our study was to compare tunnel
widening in the long term between SB and DB ACL recon-
struction techniques, and to investigate the influence of wid-
ening on isokinetic muscle strength and clinical outcomes.
In our study, a significant difference was not detected in
isokinetic muscle strength at all angles evaluated preopera-
tively compared with 6 months postoperatively. However,
the patients had much better muscle strength when these
preoperative measurements were compared with the meas-
urements at postoperative 8 years. There was no significant
difference between the two groups with regard to IKDC
score, Tegner activity scale, and Lysholm score obtained
at postoperative 8 years, which indicates that there was no
difference between the two techniques with regard to clinical
findings and isokinetic muscle strength.

It was suggested that tunnel widening in ACL recon-
struction arose from chemical and biomechanical factors.
Biological factors include cytokines and chemical media-
tors in joint fluid, graft selection, bone quality, and cellular
necrosis during tunnel opening [1, 6, 8, 32, 34]. The main
mechanical factors include micromovement of the graft in
the coronal and sagittal planes [36]. Synovial fluid enter-
ing the dead space between the graft and bone is suggested
to contribute to abrasion through the wiper interface effect
[10]. Other mechanical environmental factors include graft
position, graft tension, fixation method, and aggressive
rehabilitation [2, 13, 17, 33]. The PL bundle, which is not
involved in SB surgery, is suggested to cause insufficiency
in control of the combined rotator load and valgus torque
that simulates the pivot-shift test [21, 37]. Human cadaver
studies showed that PL bundle is required more in anterior
tibial and rotator loadings when the knee is in full extension
[11, 24]. Although some studies report more anatomic and
more successful outcomes with DB ACL reconstruction [23,
28], other studies report no significant difference between
SB and DB techniques with regard to biomechanical [15]
and clinical outcome [3, 26]. Hence, the clinical success
of DB surgery that is theoretically more anatomic is still
controversial [25].

Kiekara et al. [22] reported that the tunnels joined 10%
in the femur and 27% in the tibia; however, this conjuga-
tion did not have an effect on laxity in 2 years of follow-up
in 59 patients who underwent DB surgery. Weber et al.
[35] used MRI to follow-up patients who underwent SB
surgery for 2 years, and found that widening was most
common on the tibial side; potential risks for tunnel wid-
ening were young age, male sex, and prolonged duration
between trauma and surgery. Widening at the L6 point
in the present study is in conjunction with these previ-
ous results [35]. Our study also showed a widening at the
suspensory fixation device location and at the entry-point

of the tibial tunnel. When AM bundles were compared in
both groups without considering the PL bundle, greater
widening was detected at more points and in more sections
in the DB group. The reason for this may be thinner graft
diameter or greater oscillation.

Measurement results and CT imaging showed that the
tunnels did not have a completely cylindric structure. The
tunnel became balloon-shaped along with the biodegradable
screw, particularly at the tibial side, and narrowed again at
the L4 and LS5 sections where the screw ended. The similar
shape of the tunnel in all patients and detection of these
images also on CT at postoperative 2 months suggests that
this effect developed intraoperatively. These findings support
the hypothesis of Siebold et al. [31] that widening occurs
during the operation. We consider that widening occurred
at the beginning and termination points of the tunnels in the
axial plane and not at the tibial side in the sagittal and coro-
nal planes in patients who underwent SB surgery because
the sections are perpendicular to the movement axis. The
widening at the joint entry-point may be related to the oscil-
lation movement of the graft, and the widening at the tunnel
entry-point may be related to the chemical mediators that
are formed during dissolution of the biodegradable screw.

Hamstring grafts are placed to the each tunnel by folding
two in DB surgery. A thicker, more durable, more stable
ACL reconstruction is obtained in SB surgery as both ten-
dons are passed through a single tunnel. In contrast, tendons
are passed through separate tunnels in DB surgery, and a
weaker AM bundle is obtained. Considering that the main
load is carried by the AM bundle, although the ACL has two
bundles, greater widening in the AM bundle in our study
may have occurred because it is a more stable and more
mobile bundle [29].

Widening points in the PL bundle are lesser compared
with those in the AM bundle. Cadaver studies indicate that
the PL bundle plays a role in the activities performed by
professional sportsmen including downhill running and
sudden change of direction [29]. None of our patients were
professional sportsmen. The patients whose activity level
decreased after trauma did not increase their activity level
at postoperative 6 months, or postoperative 8 years. One
patient in each group performed sports for 2-3 h/week as
hobby. This could have decreased the need for the PL bun-
dle, and led to less oscillation and less widening.

Joining was detected in L6 tunnels on the tibial side in
10 patients who underwent DB reconstruction. Although
two of these cases occurred during the first 6 months, eight
newly detected cases of joining occurred between 6 months
and 8 years postoperatively. In the literature, widening after
DB surgery reportedly causes problems in revision surgery
[14, 16]. However, none of the patients in the present study
required revision surgery. The reason for this may be that our
patients did not participate in physically demanding sports or
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that the duration between trauma and surgery may have been
longer compared with the group that did not show joining.

A limitation of our study was the small number of
patients. Further studies that include larger numbers of
patients and professional sportsmen are warranted. It would
also be beneficial to perform CT on postoperative day 1
and to objectively evaluate anterior displacement using a
KT-1000 device.

Conclusion

In this study, we have found that the tunnels continue to
enlarge after 6 months. However, that has no impact in
patients comfort and that did not made any change in our
daily routine. On the other hand, we found that the recon-
struction of the double-band ligament technique is useless
for non-professional athletes.
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