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A modified transtibial technique to achieve an anatomical
position of the femoral tunnel for anterior cruciate ligament
reconstruction
Yeon Seok Jeong, In Taek Oh, Jung Yun Choi
Department of Orthopedic Surgery, Sanggye Paik Hospital, Inje University College of Medicine, Seoul, Korea

Background: To evaluate the anatomical locations of the femoral and tibial tunnels using a modified transtibial anterior
cruciate ligament (ACL) reconstruction technique and to assess clinical and functional outcomes over a 2-year follow-up
period.
Methods: Between January 2012 and October 2016, 50 patients (50 knees) treated with a novel, modified transtibial ACL
reconstruction technique were retrospectively reviewed. Tibial tunnels were serially corrected with a pusher to recreate
the anatomical position of the femoral tunnel. Both tunnel positions were evaluated using three-dimensional reconstructions of computed tomography images. Functional outcomes were preoperatively and postoperatively evaluated
using the International Knee Documentation Committee (IKDC) and Lysholm scores, with clinical outcomes evaluated
using the Lachman, pivot shift, and Telos stress tests.
Results: The center of the femoral tunnel was positioned at 31.4% ± 5.9% from the posterior to anterior direction parallel to Blumensaat’s line and 36.1% ± 9.0% from the superior to inferior direction perpendicular to Blumensaat’s line. The
center of the tibial tunnel was positioned at 39.2% ± 7.5% from the anterior to posterior direction of the tibial plateau and
46.6% ± 3.1% from medial to lateral direction. Compared with previous cadaveric studies, the femoral tunnel was located
closer to the posterolateral bundle and the tibial tunnel was located posteriorly. The IKDC and Lysholm scores increased
from 64.4 ± 11.1 and 72.2 ± 12.8 preoperatively to 93.5 ± 5.3 and 96.0 ± 3.2 at 2 years, respectively. Except for one, all cases
were postoperatively negative on the Lachman and pivot shift tests. The Telos stress test result also improved from 6.0 ± 5.0
mm to 1.4 ± 1.4 mm.
Conclusion: Our modified transtibial ACL reconstruction technique was effective for localizing the femoral tunnel closer
to the anatomical footprint of the ACL and achieved good clinical outcomes.
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INTRODUCTION
Clinical research conducted over the past two decades
has led to considerable advances in surgical techniques
for anterior cruciate ligament (ACL) reconstruction, with
the transtibial, anteromedial portal, and outside-in ones
being most common used [1]. Of these three, the transtibial technique provides several advantages, including
lesser postoperative pain, optional additional lateral
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incision, shorter surgical duration, and lower technical difficulty [1–6]. However, the transtibial technique
does not allow for anatomical positioning of the femoral
tunnel, which is important for rotational stability of the
knee joint after ACL reconstruction [3,4,6–14]. Although
the anteromedial portal and outside-in techniques do
allow for anatomical positioning, they are difficult to
perform and often cause damage to the posterior wall of
the femoral condyle as well as the cartilage of the medial
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femoral condyle [1,15]. As such, the transtibial technique
has been modified to improve anatomical positioning of
the femoral tunnel during ACL reconstruction [2,16,17].
Silva et al. [18] reported that more accurate anatomical
recreation of the femoral tunnel could be achieved via
a transtibial approach by setting the tibial tunnel angle
to 60°–65° on the coronal plane. Further, Youm et al. [5]
reported that more accurate anatomical positioning of
the femoral tunnel could be achieved by placing the knee
joint in varus and internal rotation when reaming the
femoral tunnel.
Our study was aimed to determine if the transtibial
technique could be used to anatomically recreate a femoral tunnel. Hence, the suitability of another modified
transtibial technique was evaluated, during which the
tibial tunnel was serially corrected with a pusher to recreate the anatomical position of the femoral tunnel. The
final positions of both the tibial and femoral tunnels as
well as functional outcomes were evaluated postoperatively.

METHODS
Patients and inclusion criteria
The retrospective study cohort comprised patients who
underwent ACL reconstruction at Inje University Sanggye Paik Hospital (Seoul, Korea) between January 2012
and October 2016. The exclusion criteria were as follows:
revision of a prior reconstruction, abnormal mechanical axis (normal range defined as the hip–knee–ankle
angle within 5°), and concomitant multiple ligament
injuries. Of the 68 patients who underwent ACL reconstruction during the study period, 18 were excluded, with
the remaining 50 patients (46 male and 4 female; mean
age, 27.9 ± 9.7 years; mean follow-up period, 16.4 ± 12.2
months) forming the study group. Relevant characteristics of the study group are summarized in Table 1. We

Table 1. Patient demographics (n = 50)
Variable

Value

Age (yr)

27.9 ± 9.7

Follow-up (mo)

16.4 ± 12.2

Sex, male:female

46:4
2

Body mass index (kg/m )
Operative time (min)
Time from injury to operation (days)

Surgical technique
Debridement of the ACL remnant was performed via the
anteromedial portal, and the femoral tunnel footprint
was determined as the center of the anteromedial (AM)
and posterolateral (PL) bundles. An incision was made to
the proximal tibial skin to harvest the autologous tendon
and as a point of entry into the tibial tunnel. A guidewire
was placed above the pes anserinus and passed through
to the center of the ACL remnant under arthroscopic
guidance, with care taken to not cause tissue damage. A
tibial tunnel was then created—first, a small-diameter
reamer (6 mm) was used, and second, the size was increased to match the diameter of the graft tendon (mean
diameter, 9 mm). Once the reamer reached the cortical
bone of the tibial articular surface, the procedure was
continued with caution using reduced rotational speed
and by stopping immediately after penetrating the cortical bone to prevent damage to the residual tissue.
After the tibial tunnel was created, the guidewire was
inserted through it in the direction of the previously
marked femoral tunnel footprint; as required, a pusher
was inserted through the anterolateral portal to push the
guidewire to a position as close as possible to the previously marked femoral tunnel footprint. With the knee
joint flexed at 90°, the near cortex of the tibial tunnel was
re-extended using a 6-mm reamer, and it was confirmed
whether the guidewire was located at the previously
marked femoral tunnel footprint. This procedure was
repeated until the guidewire was correctly placed without
a pusher to the previously marked femoral tunnel footprint. Next, a femoral tunnel was created using a straight
guidewire and extended to the diameter of the graft tendon (Fig. 1, 2).
With the knee flexion maintained at 90°, an Endobutton, which was already connected to the graft tendon,
was used for femoral fixation. Next, absorbable interference screws (Linvatec, Largo, FL, USA) were installed
within the tibial tunnel and the tibia was fixed using additional cortical bone screws and washers.

24.7 ± 4.0
115.1 ± 43.0
25.6 ± 7.5

Values are presented as mean ± standard deviation or number only.
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conducted this study in compliance with the principles
of the Declaration of Helsinki. The study protocol was approved by the institutional review board of Inje University
Sanggye Paik Hospital (IRB No. 2018-05-007).

Clinical and functional assessment
Knee joint stability was assessed both preoperatively
and at the final follow-up using the Lachman, pivot shift,
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Fig. 1. (A) Initially, when the guidewire was inserted through the tibial tunnel, it was located anteriorly and distally to the previously marked femoral
tunnel footprint. (B) Then, a pusher was inserted through the anterolateral portal to push the guidewire to a position as close as possible to the previously marked femoral tunnel footprint. (C) The near cortex of the tibial tunnel was extended again with a 6-mm reamer. (D) The guidewire was placed
straight in a previously marked femoral tunnel footprint without a pusher.

Fig. 2. Arthroscopic view of the contents described in Fig. 1. (A) The dotted circle is the previously marked femoral tunnel footprint. (B) Initially, the
guidewire was located anterior to the anatomical femoral tunnel footprint. (C) A pusher was used to position the guidewire into the marked femoral
tunnel footprint. (D) The tibial tunnel was then extended to direct the guidewire to the marked femoral tunnel footprint without the use of a pusher.

and Telos stress tests. Self-reported functional outcomes
were assessed both preoperatively and postoperatively
using the International Knee Documentation Committee
(IKDC) and Lysholm scores.

Femoral tunnel analysis
The length of the femoral tunnel was intraoperatively
measured using a depth gauge. Approximately a week after the procedure, computed tomography was performed
with the knee extended to determine the location of the
femoral tunnel on three-dimensional reconstructed images; the quadrant method of Bernard was used, and the
measurements were compared with those from previously reported cadaveric studies. Image reconstruction
of the medial margins of the lateral femoral condyle was
performed using the picture archiving and communication system (Marosis M-view 5.4; Marotech, Quebec, QC,
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Canada).

Tibial tunnel analysis
The length of the tibial tunnel was intraoperatively measured using a depth gauge. Using the quadrant method of
Forsythe, the location of the tibial tunnel was assessed on
three-dimensional reconstructed images; again, the measurements were compared with those from previously
reported cadaveric studies.

Statistical analysis
All statistical analyses were performed using IBM SPSS
Statistics for Windows (ver. 25.0; IBM, Armonk, NY, USA).
Preoperative and postoperative clinical and functional
outcomes were analyzed using the paired t-test and
McNemar test. Statistical significance was set at P < 0.05.
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RESULTS

33.2 ± 2.1 mm, respectively (Table 2).

Tunnel analysis

Clinical assessment

The center of the femoral tunnel was positioned at a
distance of 31.4% ± 5.9% from the posterior to anterior
direction parallel to the Blumensaat’s line and of 36.1% ±
9.0% from the superior to inferior direction perpendicular to the Blumensaat’s line (Fig. 3, Table 2). The center
of the tibial tunnel was positioned at a distance of 39.2%
± 7.5% from the anterior to posterior direction of the
tibial plateau and of 46.6% ± 3.1% from medial to lateral
direction (Fig. 4, Table 2). The distance values represent
the means of independent distance measurements performed by two orthopedic surgeons. The mean lengths
of the femoral and tibial tunnels were 37.8 ± 2.8 mm and

The IKDC and Lysholm scores increased from 64.4 ± 11.1
and 72.2 ± 12.8 preoperatively to 93.5 ± 5.3 and 96.0 ± 3.2
at 2 years postoperatively, respectively (Table 3). On the
Telos stress test, the mean difference significantly decreased from 6.0 ± 5.0 mm preoperatively to 1.4 ± 1.4 mm
postoperatively (paired t-test; P < 0.001). The preoperative and postoperative distributions of the Lachman and
pivot test scores are presented in Table 4. Grade 1 instability was observed in only one case postoperatively.

DISCUSSION
We were able to confirm that our novel, modified transtibial ACL reconstruction technique along with gradual
correction of the tibial tunnel with a pusher, as needed,
was effective for localizing the femoral tunnel closer to
the anatomical footprint of the ACL and that it achieved
good clinical outcomes.
Rather than a completely new technique, the technique
used herein is a modification of that described by Lee
and Kim [19]. Nonetheless, further studies are needed to
investigate the tunnel positions as well as the clinical and
functional outcomes.
Table 5 presents a comparison of the locations of the
femoral tunnels in our study and those reported in previous cadaveric studies [20–24]. The femoral tunnel in our
study was located slightly closer to the PL bundle, and
this apparently provides a biomechanical advantage.

Fig. 3. The center of the femoral tunnel in our study was positioned at
a distance of 31.4% from the posterior to anterior direction parallel to
Blumensaat’s line, and 36.1% from the superior to inferior direction perpendicular to Blumensaat’s line.

Table 2. Measurements of the femoral and tibial tunnels (n = 50)
Tunnel measurements

Value

Femoral tunnel position
Parallel to Blumensaat’s line (%)

31.4 ± 5.9

Perpendicular to Blumensaat’s line (%)

36.1 ± 9.0

Femoral tunnel length (mm)

37.8 ± 2.8

Tibial tunnel position
Anterior to posterior (%)

39.2 ± 7.5

Medial to lateral (%)

46.6 ± 3.1

Tibial tunnel length (mm)

33.2 ± 2.1

Values are presented as mean ± standard deviation.
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Fig. 4. The center of the tibial tunnel in our study was positioned at
39.2% from the anterior to posterior direction of the tibial plateau and
46.6% from the medial to lateral direction.

21

Yeon Seok Jeong, et al. Modified transtibial ACL reconstruction technique

Table 3. Assessment of self-reported functional outcomes
IKDC score
Preoperative

64.4 ± 11.1

Postoperative 6 mo

83.0 ± 8.9

P-value

Lysholm score

P-value

72.2 ± 12.8
< 0.001

86.9 ± 6.8

< 0.001

Postoperative 1 yr

89.7 ± 6.7

< 0.001

92.5 ± 4.3

< 0.001

Postoperative 2 yr

93.5 ± 5.3

< 0.001

96.0 ± 3.2

< 0.001

Values are presented as mean ± standard deviation.
P-values were calculated by comparisons with the immediately preceding value and based on the paired t-test. Statistical significance was considered
when P-values were below 0.05.
IKDC, International Knee Documentation Committee.

Table 4. Assessment of knee joint stability
Preoperative

Postoperative

Lachman testa)
Negative
+1
+2

Iriuchishima et al. [21] (15 knees)

49.0

31.0

0

Tsukada et al. [28] (36 knees)

46.5

37.6

0

Pietrini et al. [24] (12 knees)

36.3

44.2

Mean (63 knees)

45.2

37.3

Our study

46.6

39.2

34 (68.0)

1 (2.0)

Pivot shift testb)

< 0.001
49 (98.0)

+1

19 (38.0)

1 (2.0)

+2

22 (44.0)

0

+3

3 (6.0)

0

a)

Table 5. Comparison of femoral tunnel positions of previous cadaveric
studies
Center of femoral tunnel (%)a)
Wb)

Hc)

Colombet et al. [20] (7 knees)

29.4

36.5

Iriuchishima et al. [21] (15 knees)

23.5

39.0

Forsythe et al. [22] (8 knees)

28.4

44.3

Zantop et al. [23] (20 knees)

23.9

38.0

Pietrini et al. [24] (12 knees)

25.3

28.3

Mean (62 knees)

25.3

37.0

Our study

31.4

36.1

a)

The mean of anteromedial bundle and posterolateral bundle values.
b)
The mean distance of the femoral tunnel center location from the posterior to anterior in a line parallel to Blumensaat’s line.
c)
The mean distance of the femoral tunnel center location from the superior to inferior in a line perpendicular to Blumensaat’s line.

22

The mean of anteromedial and posterolateral bundle values.
The mean distance of the tibial tunnel center location from the medial
to lateral locations of the tibial plateau.
c)
The mean distance of the tibial tunnel center location from the anterior to posterior locations of the tibial plateau.
b)

Values are presented as number (%).
P-values were calculated by comparisons with the preoperative and
postoperative values, as based on the McNemar test. Statistical significance was considered when P-values were below 0.05.
a)
Classified according to the degree of displacement, +1 (< 5 mm), +2
(5–10 mm), +3 (> 10 mm).
b)
Classified into +1 (glide), +2 (jerk), +3 (clunk).

Study

Center of tibial tunnel (%)a)
Hc)

49 (98.0)

6 (12.0)

Study

Wb)

6 (12.0)

3 (6.0)

Negative

Table 6. Comparison of tibial tunnel positions of previous cadaveric
studies

< 0.001

7 (14.0)

+3

P-value

Lorbach et al. [25] reported that compared with the AM
bundle, the PL bundle provides greater restraint to rotational laxity. Zantop et al. [26] demonstrated that PL
bundle dissection results in a significant increase in anterior translation and rotational instability (mean, 6 mm)
whereas AM bundle dissection does not. In the present
study, the femoral tunnel was located close to the attachment point of the PL bundle to provide greater rotational
stability, with the pivot shift test being negative in 49 of
the 50 patients postoperatively. Further, regarding the anterior translation, the Lachman test result was similar to
that of the pivot shift test, whereas the Telos stress test results significantly decreased postoperatively. In addition,
an adequate length of the femoral tunnel with no cases of
posterior femoral cortex violation was obtained.
Regarding the position of the tibial tunnel, Bedi et al.
[27] reported an increase in the anterior translation and
rotational instability with a posterior position of the
tibial tunnel. Compared with previous cadaveric studies, in the present study, the tibial tunnel was located
slightly posterior to the tibial attachment site of the ACL
(Table 6) [21,24,28]. However, as noted above, the clinical
outcomes in our study were good, and only one patient
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exhibited mild rotational instability after reconstruction.
The functional outcomes, as measured using the Lysholm
and IKDC scores, were also good.
Regarding the length of the tibial tunnel, Heming et
al. [4] reported that forming the tibial tunnel closer to
the joint line, which helps produce an anatomic femoral
tunnel, creates a shallow tibial tunnel, thereby increasing the possibility of frontal cortical bone breakage. In
addition, tibial tunnels > 30 mm long could disrupt graft
fixation and healing after transtibial ACL reconstruction.
To address these problems, a starting point that does not
lead to the formation of a shallow or short tibial tunnel
was chosen. In the present study, the mean length of the
tibial tunnel was 33.2 mm (range, 28–36 mm). Although
tibial tunnels < 30 mm long were identified in three cases,
none of these patients developed complications related
to rotational instability or graft fixation during the followup period. Our modified transtibial ACL reconstruction
technique inevitably widened the near cortex of the tibial
tunnel; however, no complications regarding appropriate
tibial fixation were noted.
Giron et al. [29] stated that anatomical recreation of
a femoral tunnel using the transtibial ACL reconstruction technique was technically impossible. However, our
study demonstrates the feasibility of achieving an anatomical position of the femoral tunnels using a modified

transtibial approach, which resulted in good clinical recovery and patient satisfaction. Therefore, our technique
may be clinically useful for maintaining the advantages
of the traditional transtibial technique while addressing
its limitations. Further, our findings support the feasibility of using the modified technique in clinical practice.
The following limitations of our study should be noted.
First, the outcomes of our modified transtibial ACL reconstruction technique were not compared with those
of other techniques. Second, our findings were not
compared with those of prior cadaveric studies. Finally,
the sample size was small and the follow-up period was
short.
In conclusion, our modified transtibial ACL reconstruction technique along with gradual correction of the tibial
tunnel with a pusher, as needed, was effective for localizing the femoral tunnel closer to the anatomical footprint
of the ACL and produced good clinical outcomes. Our
findings further demonstrate the potential for the continued advancement of the transtibial ACL reconstruction
technique.
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