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Abstract
Purpose To compare the position and direction of femoral and tibial tunnels for both the anteromedial bundle (AMB) and 
posterolateral bundle (PLB) among three different femoral tunnel drilling techniques, transtibial (TT), transportal (TP), and 
outside-in (OI) techniques, in anatomic double-bundle ACL reconstruction to clarify advantages and disadvantages of each 
technique.
Methods One-hundred and thirty-nine patients underwent primary ACL reconstruction with an autologous semitendinosus 
tendon in our institution between 2014 and 2016. Thirteen patients were excluded according to the exclusion criteria. Of 
the 126 patients, 98 patients agreed to be included in this study. Patients were then randomized into three groups according 
to the femoral tunnel drilling technique; the TT, TP, and OI groups. Femoral and tibial tunnel angles and positions were 
measured using three-dimensional computed tomography.
Results Of patients who agreed to be included in this study, eight patients (seven in TT and one in OI) were excluded since 
the femoral tunnel could not be created at the intended position. Eighty-six patients (29 in TT, 29 in TP, and 28 in OI) were 
included for the analyses. Tunnel angles, as well as tunnel lengths, had significant differences among different techniques 
depending on each technique’s characteristics. In terms of tunnel position, femoral tunnel positions of both the AMB and 
PLB in the TT group were significantly higher than those in the TP group (AMB: p = 0.003, PLB: p = 0.001), and the PLB 
tunnel position in the TP group had significantly smaller vaciance than that in the TT group (p = 0.004) and OI group (0.002).
Conclusions The femoral tunnel positions created by the TT technique were significantly higher, with larger variance, than 
the TP technique in double-bundle ACL reconstruction, although the positions seemed to be within anatomical footprint. In 
addition, there were several cases in which femoral tunnels could not be created at the intended position by the TT technique.
Level of evidence I

Keywords Anterior cruciate ligament · Tunnel position · Transtibial technique · Transportal technique · Outside-in 
technique · Randomized controlled trial

Introduction

Although the recent concept of anatomic anterior cruciate 
ligament (ACL) reconstruction has been advanced and sur-
gical techniques have improved, the procedure still suffers 
from impingement, graft maturation, tunnel widening, and 
tunnel malposition. One of the biggest reasons for failure of 
ACL reconstruction is non-anatomical tunnel replacement. 
It has been known that non-anatomical tunnel placement 
causes increasing graft stress and leads to graft loosening 
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[30]. Therefore, accurate tunnel placements for both the 
femur and tibia are essential to obtain good clinical out-
comes. It has been shown that the femoral tunnel position 
affects graft tension and isometricity more significantly than 
the tibial tunnel position [16, 37, 51], and that the femoral 
tunnel positioning is correlated with clinical outcomes after 
ACL reconstruction [1, 20, 34, 47]. Besides, tibial tunnel 
position is also important in terms of knee stability, revision 
rate, meniscus preservation and risk of graft impingement 
[4, 9, 21, 43].

There are three common techniques used to create femo-
ral tunnels: the transtibial (TT) technique, transportal (TP) 
technique, and outside-in (OI) technique for double-bundle 
ACL reconstruction. Some surgeons adopted the TT tech-
nique due to the ease of the procedure, reduction in surgical 
time, rigid fixation, and low rate of graft failure [2, 46, 48]. 
However, some studies have reported on the difficulty of 
anatomical femoral tunnel placement with use of the TT 
technique if the knee flexion angle is not controlled during 
drill guide positioning, as femoral tunnel position is strictly 
regulated by tibial tunnel position and angle [3, 7, 11, 13, 
18, 19, 30, 38, 42, 49, 52]. The TP technique allows more 
flexibility for anatomic femoral tunnel placement, whereas it 
suffers from difficulty in visualization, short femoral tunnel 
length, and acute graft tunnel angle [45]. The OI technique 
allows better visualization and independent femoral tunnel 
creation from the tibial tunnel position with longer femoral 
tunnel length, whereas the graft-bending angle in a knee 
extended position at the intra articular aperture is more acute 
with the OI technique than with the TP technique [23].

To the best of our knowledge, there has been no study 
comparing three femoral tunnel drilling techniques in a pro-
spective randomized controlled trial with the same concept 
in tunnel positions. The purpose of this study was to com-
pare the position and direction of femoral and tibial tunnels 
for both the anteromedial bundle (AMB) and posterolateral 
bundle (PLB) among three different femoral tunnel drilling 
techniques in anatomic double-bundle ACL reconstruction 
using a three-dimensional computed tomography (3D-CT), 
to clarify advantages and disadvantages of each technique. 
The hypotheses underlying this study were that tunnel angles 
would differ among different techniques, and it would be 
comparatively more difficult to create femoral tunnels at the 
anatomic position using the TT technique than others.

Materials and methods

Collection of the baseline data was made at Tokyo Medical 
and Dental University between 2014 and 2016. The inclu-
sion criterium was primary isolated ACL reconstruction 
with an autologous semitendinosus tendon. Exclusion cri-
teria included concomitant ligament tears, history of injuries 

in the ipsilateral knee, history of ligamentous injuries in the 
contralateral knee, and knees with osteoarthritis that showed 
obvious joint space narrowing in the preoperative radio-
graphs (Kellgren–Lawrence grade 3 and 4) [24]. Patients 
were then randomized by a fellow surgeon, by means of 
a computer-generated list of random numbers, into three 
groups based on the femoral tunnel drilling technique, the 
TT technique (TT group), TP technique (TP group) and OI 
technique (OI group). Patients were blinded to the surgical 
procedure. This study was part of a randomized controlled 
trial comparing clinical outcomes after ACL reconstruction 
among three different femoral tunnel drilling techniques.

Surgical technique

The ACL reconstruction procedure was performed by two 
attending surgeons or under their supervision. There were no 
significant differences regarding distribution of the surgeons 
among the groups (n.s.).

A standard arthroscopic examination was performed via 
anteromedial and anterolateral portals. A ruptured ACL was 
confirmed arthroscopically, and meniscal injury was man-
aged according to the injury status. Only the semitendinosus 
tendon was harvested, and the harvested tendon was cut into 
halves and folded, creating two double-stranded bundles of 
5.5 cm or more in length looped with EndoButton CL-BTB 
(Smith & Nephew Endoscopy, Andover, MA). There were 
no significant differences among the three groups in graft 
diameter of both femoral and tibial sides for the AMB and 
PLB. In each technique, the remnant tissue of the ruptured 
ACL at the tibial side was not removed at all for tibial tunnel 
creation. For femoral tunnel creation, we used the behind-
remnant approach, in which the femoral tunnel creation was 
performed without any removal of the remnant tissue with 
arthroscopic observation behind the remnant tissue from the 
anteromedial portal [29, 35, 36]. The guide wire for the PLB 
was aimed at the distal end and posterior border of the direct 
insertion of the remnant tissue with approximately a 5-mm 
margin from the articular surface distally and posteriorly. 
The guide wire for the AMB was aimed at the posterior bor-
der of the direct insertion of the remnant tissue with approxi-
mately a 5-mm margin from the articular surface proximally 
and posteriorly.

Transtibial technique

Two tibial guide wires were inserted from the anteromedial 
surface of the tibia at approximately 10 mm above the tibia 
tubercle level with anatomical landmarks of the ruptured 
ACL remnant and medial intercondylar eminence using 
ACUFEX Director Tip Aimer (Smith & Nephew Endos-
copy). For the AMB tunnel, the tibial aimer was set at an 
angle of 50°, and the guide wire was aimed 3 mm posterior 
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to the anterior margin of the ACL remnant and just lateral to 
the medial intercondylar eminence at an angle of 60° from 
the joint line in the anterior–posterior radiographic view. For 
the PLB tunnel, the tibial aimer was set at an angle of 45°, 
and the guide wire for the PLB was aimed just anterior and 
lateral to the spine of the medial intercondylar eminence at 
an angle of 50° from the joint line in the anterior–posterior 
radiographic view. The angles and directions of the tibial 
tunnels were extremely critical for achieving the anatomic 
femoral position using the TT technique.

Guide wires for the femoral drill holes were inserted via 
the transtibial tunnel approach in the figure-of-four posi-
tion. For both the AMB and PLB guide wire insertion, the 
insertion point was identified and the tip of the guide wire 
was inserted with the knee at 90° flexion, and the guide wire 
was advanced through the lateral cortex at 110° flexion to 
avoid the posterior blowout of the lateral femoral condyle. 
4.5-mm-diameter tunnels with 25-mm-long femoral sockets 
were then created. Both grafts were inserted and were fixed 
with the EndoButton CL-BTB. Each graft was fixed to an 
anchor staple with sutures at the tibial site at 20° of flexion. 
Applied tension to each graft was adjusted to be on a basis 
of 25 N per 6 mm diameter, so that both bundles had equal-
stress tension [10, 28].

Transportal technique

A medial accessory portal was made as inferior (close to 
the meniscofemoral border of the medial meniscus) and as 
medial (without the risk of cartilage damage on the medial 
femoral condyle) as possible. Guide wires for the femoral 
drill holes were inserted via the medial accessory portal in 
the figure-of-four position. For both guide wire insertions, 
the insertion point was identified and the tip of the guide 
wire was inserted with the knee at 90° flexion, and the guide 
wire was advanced through the lateral cortex at 130° flexion 
[38]. Femoral tunnel creation was then made in the same 
manner as in the TT technique. Tibial tunnels were created 
after femoral tunnel creation, in the same manner as in the 
TT technique, except for the angles of the tibial aimer. The 
tibial aimer was set at an angle of 60° for the AMB and 55° 
for the PLB to avoid the risk of cartilage damage on the 
medial tibial plateau. Graft introduction and fixation were 
made in the same manner as in the TT technique.

Outside‑in technique

For femoral guide wire insertion, an Antero-Lateral Entry 
Femoral Aimer (Smith and Nephew Endoscopy) was used 
and was set at an insertion angle of 10° for the AMB and 
0° for the PLB. The angle of the femoral tunnel in relation 
to the joint line was aimed at 40° for the AMB and 30° 
for the PLB in the axial plane. For both AMB and PLB 

tunnels, with the knee at 90° flexion, a guide wire was intro-
duced from the lateral femoral cortex, overdrilled using an 
EndoDrill, and replaced by a FlipCutter (Arthrex, Naples, 
FL), creating a femoral socket with a diameter matched with 
the graft diameter. Tibial tunnel creation along with graft 
introduction and fixation were made in the same manner as 
in the TP technique.

Femoral tunnel length

During surgery, femoral tunnel length for each technique 
was measured using a depth gauge in 1 mm increments after 
femoral tunnel creation. The femoral tunnel length was then 
compared among the groups. As there was no significant 
difference in height of the patients (Table 1), absolute val-
ues of the femoral tunnel length were compared, instead of 
normalized values by height of the patients.

Radiological assessments

Three weeks after the surgery, axial computed tomography 
(CT) scans with coronal, sagittal, and three-dimensional 
(3D) reconstructions of the operated knee in an extended 
position were obtained to assess the bone tunnel location. 
All radiological measurements were performed by two 
orthopaedic surgeons who were blinded to the surgical 
procedures.

Femoral and tibial tunnel angles

Bone tunnel angles of each tunnel in the coronal, sagittal, 
and axial planes were measured on the CT images in 0.1° 
increments. In each plane, an image that showed the tunnel 
aperture and subsequent tunnel was selected for both femur 
and tibia. In the coronal planes of the femur and the tibia, 
the angles between the AMB and PLB tunnels and each joint 
surface were measured (Fig. 1a). In the sagittal plane of the 
femur, the angles between the femoral shaft axis and the 
AMB and PLB tunnels were measured. In the sagittal plane 
of the tibia, the angles between the tibial joint surface and 

Table 1  Patient demographic data and surgical time

TT TP OI p value

No. of patients, n 29 29 28
Gender, male/female, 

n
10/19 11/18 10/18 n.s.

Mean age, years 
(range)

23 (15–54) 27 (15–50) 25 (16–50) n.s.

Mean height, SD 
(cm)

163 ± 6 165 ± 9 163 ± 8 n.s.

Surgical time, SD 
(min)

43 ± 14 42 ± 15 37 ± 9 n.s.
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the AMB and PLB tunnels were measured (Fig. 1b). In the 
axial planes of the femura and the tibia, the angles between 
the AMB and PLB tunnels and the line that linked each 
posterior condyle were measured (Fig. 1c) [22]. Analysis of 
inter-observer reliability yielded an intra-class correlation 
coefficient of 0.974 (95% confidence interval 0.946–0.988) 
for the femoral tunnel angle and 0.931 (95% confidence 
interval; 0.855–0.967) for the tibial tunnel angle.

Femoral tunnel positions

The sagittal view of the 3D-CT with neutral rotation of the 
lateral femoral condyle was used, and the centers of the fem-
oral tunnels of the AMB and PLB were assessed according 
to the quadrant method described by Bernad et al. [6]. The 
total sagittal diameter of the lateral condyle along Blumen-
saat’s line and maximum intercondylar notch height were 
measured. The distance from the center of the AMB and 
PLB to the most dorsal subchondral contour of the lateral 
femoral condyle (depth) and the distance from the center 
of the AMB and PLB to Blumensaat’s line (height) were 
expressed in percentages in 0.1% increments (Fig.  2a). 
Analysis of inter-observer reliability yielded an intra-class 
correlation coefficient of 0.922 (95% confidence interval 
0.769–0.974) for the femoral tunnel position.

Tibial tunnel positions

With use of a true proximal-to-distal view on the tibial pla-
teau of 3D-CT, the anterior-to-posterior and medial-to-lat-
eral tunnel positions were determined as shown in Fig. 2b in 
0.1% increments. Anterior-to-posterior positions were calcu-
lated as percentages of the distance from the anterior border 
to the posterior border of the tibial plateau per the distance 
from the anterior border of the tibial plateau to the center 

Fig. 1  Tunnel angles. Tunnel angles of both the AMB and PLB for 
the femur and tibia in the coronal (a), sagittal (b), and axial (c) planes 
were measured on the CT images. AMB anteromedial bundle, PLB 
posterolateral bundle

Fig. 2  Tunnel positions. A Femoral tunnel position. Height and 
depth of the tunnel position were assessed by 3D-CT according to 
the quadrant method. a, the distance from the center of the tunnel to 
the most dorsal subchondral contour of the lateral femoral condyle; 
b, the distance from the center of the tunnel to Blumensaat’s line; c 
the total sagittal diameter of the lateral condyle along Blumensaat’s 
line; d, maximum intercondylar notch height. B Tibial tunnel posi-

tion. The anterior-to-posterior and medial-to-lateral tunnel positions 
were determined by 3D-CT. e, the distance from the anterior border 
of the tibial plateau to the center of the tunnel; f, the distance from 
the anterior border to the posterior border of the tibial plateau; g, the 
distance from the medial border of the tibial plateau to the center of 
the tunnel; h, the distance from the medial border to the lateral border 
of the tibial plateau
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of each tunnel. Medial-to-lateral positions were calculated 
as percentages of the distance from the medial border to 
the lateral border of the tibial plateau per the distance from 
the medial border of the tibial plateau to the center of each 
tunnel [13]. Analysis of inter-observer reliability yielded an 
intra-class correlation coefficient of 0.986 (95% confidence 
interval 0.965–0.994) for the tibial tunnel position.

This study was approved by the institutional review board 
of Tokyo Medical and Dental University (Research protocol 
identification number: 1842) and was registered at UMIN-
CTR (Study identification number: UMIN000015515). 
Informed consent was obtained from all individual partici-
pants included in the study.

Statistical analysis

Statistical analysis was performed using the SPSS 21.0 soft-
ware package (SPSS Inc., Chicago, IL) and Graphpad prism 
(GraphPad Software, San Diego, CA). Between-group dif-
ferences of the means were calculated by the Kruskal–Wallis 
test and Dunn’s multiple comparisons test, and frequency 
distributions by the χ2 test. The Bartlett’s test was used to 
compare the variances of the femoral tunnel position among 
the three groups, and the F test was used for between-group 
comparison. Case 2 intra-class correlation coefficients were 
used to evaluate the inter-observer reliability. As already 
mentioned, this study was part of a randomized controlled 
trial comparing clinical outcomes after ACL reconstruction 
among three different femoral tunnel drilling techniques; 
therefore, statistical power was first calculated base on the 
clinical outcome. Power analysis, with a power of 80% 
and an alpha of 0.05, demonstrated that a sample size of 
24 patients in each group was needed for a 1.0-mm differ-
ence with 1.2-mm standard deviation in KT measurements. 
Considering 20% of lost follow-up, the number of patients 
in each group was set to 30. Particularly for this study, post 
hoc power analysis revealed that, with an alpha of 0.05, a 
power of 0.95 was achieved for the differences in the height 
of the AMB, and a power of 0.97 was achieved for the dif-
ferences in the height of the PLB. For all analyses, statistical 
significance was set at p < 0.05. All data were reported as 
mean ± standard deviation (SD), unless indicated otherwise.

Results

A total of 139 consecutive patients met the inclusion criteria, 
and 13 patients were excluded according to the exclusion cri-
teria. Of the 126 patients, 98 patients agreed to be included 
in this randomized controlled trial; they were randomized 
into 3 groups based on the femoral tunnel drilling technique 
as shown in Fig. 3. However, eight patients were excluded 
because of the technical failure; femoral tunnels could not be 

created at the intended position by the TT technique in seven 
patients (changed to the TP technique in four patients and to 
the OI technique in three patients), and by the OI technique 
in one patient (changed to the TP technique). Technical fail-
ure rate in the TT group was significantly higher than other 
groups (p = 0.009). Among them, four were lost to obtain 
CT (1, 1, and 2 in the TT, TP, and OI groups, respectively) 
and were excluded for the analysis (Fig. 3). There were no 
significant differences in the demographic data and surgical 
time (from tunnel creation to femoral side graft fixation) 
among the three groups, as shown in Table 1.

Femoral tunnel length

Femoral tunnel lengths for both the AMB and PLB in the TP 
group were significantly shorter than those in other groups 
(Table 2).

Tunnel angles

Mean angles of the AMB and PLB tunnels in the femur and 
tibia are shown in Tables 3, 4 and 5. In the coronal plane 
(Table 3), femoral tunnel angle of the AMB in the TT group 
was significantly larger than that in other groups. On the 
other hand, tibial tunnel angles of both the AMB and PLB in 
the TT group were significantly smaller than those in the OI 
group. In the sagittal plane (Table 4), femoral tunnel angles 
of both the AMB and PLB in the TP group were significantly 
smaller than those in other groups. On the other hand, tibial 
tunnel angles of both the AMB and PLB in the TT group 
were significantly smaller than those in other groups. In 
the axial plane (Table 5), femoral tunnel angles of both the 
AMB and PLB in the TP group were significantly smaller 
than those in other groups.

Femoral tunnel positions

Femoral tunnel positions of the AMB and PLB are shown in 
Table 6 and Fig. 4. Tunnel positions of both the AMB and 
PLB in the TT group were significantly higher than those in 
the TP group. Comparison of the variances showed that the 
PLB tunnel position in the TT group had significantly larger 
variance than that in the TP group.

Tibial tunnel positions

Tibial tunnel positions of the AMB and PLB are shown in 
Table 7 and Fig. 4. Tunnel positions of both the AMB and 
PLB in the TT group were significantly more anterior than 
those in other groups.
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Discussion

The most important findings of the current study were that 
the femoral tunnel positions created by the TT technique 
tended to be higher than other techniques, although the 
positions seemed to be within anatomical footprint on the 
CT images. In addition, there were several cases in which 

Fig. 3  CONSORT flow dia-
gram. ACL anterior cruciate 
ligament, TT transtibial group, 
TP transportal group, OI out-
side-in group, RCT  randomized 
controlled trial, CT computed 
tomography

Table 2  Femoral tunnel length

Values are reported as mean ± SD
a TT vs TP, p < 0.001; TT vs OI, n.s.; TP vs OI, p < 0.001
b TT vs TP, p < 0.001; TT vs OI, n.s.; TP vs OI, p < 0.001

TT TP OI p value

AMB (mm) 43 ± 8 30 ± 4 39 ± 7 < 0.001a

PLB (mm) 37 ± 3 32 ± 4 38 ± 4 < 0.001b

Table 3  Tunnel angles in the coronal plane

Values are reported as mean ± SD
a TT vs TP, p < 0.001; TT vs OI, p < 0.001; TP vs OI, n.s.
b TT vs TP, p = n.s.; TT vs OI, p = 0.003; TP vs OI, n.s.
c TT vs TP, p = n.s.; TT vs OI, p = 0.006; TP vs OI, n.s.

TT TP OI p value

Femur
 AMB (°) 52.3 ± 6.9 37.9 ± 8.1 40.9 ± 8.2 < 0.001a

 PLB (°) 33.3 ± 4.9 28.5 ± 5.3 29.9 ± 9.0 n.s.
Tibia
 AMB (°) 60.9 ± 8.3 63.7 ± 8.5 68.0 ± 8.9 0.004b

 PLB (°) 42.0 ± 6.8 46.9 ± 7.2 48.3 ± 7.5 0.005c

Table 4  Tunnel angles in the sagittal plane

Values are reported as mean ± SD
a TT vs TP, p = 0.100; TT vs OI, p = 0.006; TP vs OI, p < 0.001
b TT vs TP, p < 0.001; TT vs OI, n.s.; TP vs OI, p < 0.001
c TT vs TP, p < 0.001; TT vs OI, p < 0.001; TP vs OI, n.s.
d TT vs TP, p = 0.011; TT vs OI, p < 0.001; TP vs OI, n.s.

TT TP OI p value

Femur
AMB (°) 41.7 ± 8.7 35.5 ± 10.4 50.8 ± 8.8 < 0.001a

PLB (°) 50.5 ± 10.7 32.8 ± 14.1 51.3 ± 12.0 < 0.001b

Tibia
AMB (°) 40.2 ± 8.9 50.7 ± 8.9 51.9 ± 8.1 < 0.001c

PLB (°) 41.1 ± 11.4 49.6 ± 8.9 53.4 ± 8.2 < 0.001d
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femoral tunnels could not be created at the intended posi-
tion by the TT technique.

This is the first study investigating tunnel positions and 
angles among the three different femoral tunnel drilling tech-
niques in a prospective randomized controlled trial with the 

same concept in tunnel positions. Therefore, the intended 
positions for both the femur and tibia were supposed to be 
consistent in this study. In particular, we created the tibial 
tunnels by the TT technique with smaller angles in sagittal 
and coronal planes to create femoral tunnels within anatomic 
position, since femoral tunnel position was strictly regulated 
by tibial tunnel position and angle. Nevertheless, femoral 
tunnel positions of both the AMB and PLB in the TT group 
were significantly higher than those in the TP group, and 
the PLB tunnel position in the TT group had significantly 
larger variance than that in the TP group. In addition, in 7 
out of 37 cases, femoral tunnels could not be created at the 
intended position by the TT technique, and we had to change 
to other techniques to achieve anatomic femoral tunnel posi-
tion. Although femoral tunnel positions by the TT technique 
in the current study were not shallower than other techniques 
and seemingly were still within anatomical footprint of the 
native ACL [14, 26, 31, 39, 50], these results are in good 
agreement with previous studies, showing that femoral tun-
nel position by the TT technique tended to be higher and 

Table 5  Tunnel angles in the axial plane

Values are reported as mean ± SD
a TT vs TP, p < 0.001; TT vs OI, n.s.; TP vs OI, p < 0.001
b TT vs TP, p < 0.001; TT vs OI, n.s.; TP vs OI, p < 0.001
c TT vs TP, p > 0.999; TT vs OI, n.s.; TP vs OI, p = 0.013

TT TP OI p

Femur
 AMB (°) 35.7 ± 13.6 15.2 ± 14.5 36.4 ± 10.7 < 0.001a

 PLB (°) 28.7 ± 6.9 11.1 ± 10.5 29.8 ± 14.1 < 0.001b

Tibia
 AMB (°) 65.2 ± 7.9 61.3 ± 14.0 70.3 ± 6.6 0.012c

 PLB (°) 45.9 ± 8.7 43.0 ± 11.1 49.0 ± 6.9 n.s.

Table 6  Femoral tunnel position

Values are reported as mean ± SD
a TT vs TP, p = 0.003; TT vs OI, n.s.; TP vs OI, n.s.
b TT vs TP, p = 0.001; TT vs OI, n.s.; TP vs OI, n.s.
c TT vs TP, p = 0.004; TT vs OI, n.s.; TP vs OI, p = 0.002

TT TP OI Differences, p 
value

Variances, p value

AMB
 Depth (%) 21.7 ± 6.8 23.3 ± 5.6 22.2 ± 4.4 n.s. n.s.
 Height (%) 21.3 ± 9.8 31.1 ± 10.7 24.7 ± 8.0 0.003a n.s.

PLB
 Depth (%) 33.7 ± 6.0 31.7 ± 6.1 31.5 ± 5.7 n.s. n.s.
 Height (%) 46.5 ± 9.6 54.8 ± 5.8 50.7 ± 8.4 0.002b 0.030c

Fig. 4  Average tunnel positions 
of the AMB and PLB in the 
transtibial (TT), transportal (TP) 
and outside-in (OI) groups. a 
Femoral tunnel positions. Tun-
nel positions of both the AMB 
and PLB in the TT group were 
significantly higher than those 
in the TP group, and the PLB 
tunnel position in the TT group 
had significantly larger variance 
than that in the TP group. b 
Tibial tunnel positions. Tunnel 
positions of both the AMB 
and PLB in the TT group were 
significantly more anterior than 
those in other groups
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shallower compared to other techniques [14, 39, 41]. These 
findings suggest that the TT technique is the most technically 
demanding, and sometimes it is difficult to create femoral 
tunnel at the anatomic position by the TT technique.

The TP technique is the most flexible technique to cre-
ate femoral tunnels, since femoral and tibal tunnels are 
independent. However, in the current study, use of the TP 
technique resulted in shorter femoral tunnel length with 
smaller angles in all three planes compared to other tech-
niques. The TP technique is apt to have a shorter femoral 
tunnel length compared to the TT [5, 15, 17, 32] and the OI 
[26, 40] techniques without deep knee flexion during tunnel 
creation, especially in small patients [12, 38, 44], leading 
to insufficient length of graft insertion in the femoral tun-
nel with unstable fixation using buttons [27]. In addition, 
smaller femoral tunnel angles by the TP technique can lead 
to posterior-wall blowout and potential damage to the pos-
terior articular cartilage [8, 14, 25, 40].

The OI technique is the most adjustable technique with 
wider selection for tunnel positioning. Advantages of this 
technique enable femoral tunnel positions to be created 
within anatomic ACL footprint [33, 41]. On the other hand, 
since this technique requires more complicated steps than 
other techniques, surgeons should be familiar with detailed 
tips and pitfalls of this technique. Sometimes the outside-in 
guide shape does not fit to the intercondylar notch, leading 
to difficulty in stabilizing the guide. Also, the guide wire 
could be placed at an unintended position. In the current 
study, femoral tunnels could not be created at the intended 
position by the the OI technique in one patient and had to be 
changed to the TP technique.

There are several limitations in this study. First, in some 
radiographic images, there was difficulty in plotting the cen-
tral position of femoral aperture. Most of the tunnels in the 
CT slice were in the shape of an ellipse and the center of 
the tunnel on the image was plotted, but it might not have 
been exactly in the middle depending on the shape of the 
bone. However, analysis of inter-observer reliability yielded 

an intra-class correlation coefficient of 0.922 for the femo-
ral tunnel position and 0.986 for the tibial tunnel position, 
although intra-observer reliability was not evaluated. Sec-
ond, this study only determined tunnel positions just after 
the surgery. This model does not consider any tunnel expan-
sion or translation that might occur after the surgery. Third, 
this model does not consider any clinical findings. Further 
follow-up study investigating the effects of femoral tunnel 
drilling technique on clinical findings are necessary, and this 
study is actually a part of a randomized controlled trial.

For clinical relevance, it is important to recognize advan-
tages and disadvantages of each technique for femoral tun-
nel drilling. Optimally, surgeons should be familiar with 
all the techniques so that the most appropriate technique 
can be applied to each patient to take full advantage of the 
technique.

Conclusions

The femoral tunnel positions created by the TT technique 
tended to be higher, with larger variance, than the TP and OI 
techniques in double-bundle ACL reconstruction, although 
the positions seemed to be within anatomical footprint. In 
addition, there were several patients in which femoral tun-
nels could not be created at the intended position by the TT 
technique.
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