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Abstract
AIM
To quantitatively assess rotatory and anterior-posterior 
instability in vivo  after anterior cruciate ligament (ACL) 
reconstruction using bone-patellar tendon-bone (BTB) 
autografts, and to clarify the influence of tunnel positions 
on the knee stability.

METHODS
Single-bundle ACL reconstruction with BTB autograft was 
performed on 50 patients with a mean age of 28 years 
using the trans-tibial (TT) (n  = 20) and trans-portal (TP) (n  
= 30) techniques. Femoral and tibial tunnel positions were 
identified from the high-resolution 3D-CT bone models 
two weeks after surgery. Anterolateral rotatory translation 
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was examined using a Slocum anterolateral rotatory 
instability test in open magnetic resonance imaging (MRI) 
1.0-1.5 years after surgery, by measuring anterior tibial 
translation at the medial and lateral compartments on its 
sagittal images. Anterior-posterior stability was evaluated 
with a Kneelax3 arthrometer.

RESULTS
A total of 40 patients (80%) were finally followed up. 
Femoral tunnel positions were shallower (P  < 0.01) 
and higher (P < 0.001), and tibial tunnel positions were 
more posterior (P  < 0.05) in the TT group compared 
with the TP group. Anterolateral rotatory translations in 
reconstructed knees were significantly correlated with the 
shallow femoral tunnel positions (R = 0.42, P  < 0.01), 
and the rotatory translations were greater in the TT group 
(3.2 ± 1.6 mm) than in the TP group (2.0 ± 1.8 mm) (P 
< 0.05). Side-to-side differences of Kneelax3 arthrometer 
were 1.5 ± 1.3 mm in the TT, and 1.7 ± 1.6 mm in the 
TP group (N.S.). Lysholm scores, KOOS subscales and re-
injury rate showed no difference between the two groups.

CONCLUSION
Anterolateral rotatory instability significantly correlated 
shallow femoral tunnel positions after ACL reconstruction 
using BTB autografts. Clinical outcomes, rotatory and 
anterior-posterior stability were overall satisfactory in 
both techniques, but the TT technique located femoral 
tunnels in shallower and higher positions, and tibial 
tunnels in more posterior positions than the TP technique, 
thus increased the anterolateral rotation. Anatomic ACL 
reconstruction with BTB autografts may restore knee 
function and stability.

Key words: Anterior cruciate ligament; Patellar tendon; 
Bone-patellar tendon-bone; Rotatory instability; Magnetic 
resonance imaging; Tunnel position; Anatomic; Single-
bundle

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Anterolateral rotatory instability was quan
titatively assessed in 40 anterior cruciate ligament-
reconstructed knees with bone-patellar tendon-bone 
autografts using a Slocum anterolateral rotatory instability 
test in open magnetic resonance imaging 1-1.5 years 
after surgery, and correlated to tunnel positions evaluated 
by high resolution computed tomography scan 2 wk after 
surgery. Femoral tunnel positions were shallower (P  < 
0.01) and higher (P < 0.001), and tibial tunnel positions 
were more posterior (P  < 0.05) in the trans-tibial (TT) 
group, compared with the trans-portal (TP) group. 
Anterolateral rotatory translations were significantly 
correlated with the shallow femoral tunnel positions, and 
they were greater in the TT group (3.2 ± 1.6 mm) than in 
the TP group (2.0 ± 1.8 mm) (P < 0.05).

Tashiro Y, Okazaki K, Murakami K, Matsubara H, Osaki K, 
Iwamoto Y, Nakashima Y. Anterolateral rotatory instability in 

vivo correlates tunnel position after anterior cruciate ligament 
reconstruction using bone-patellar tendon-bone graft. World J 
Orthop 2017; 8(12): 913-921  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i12/913.htm  DOI: http://dx.doi.
org/10.5312/wjo.v8.i12.913

INTRODUCTION
It is the goal of anterior cruciate ligament (ACL) recon­
struction to restore normal knee function and kinematics, 
finally achieving patient’s return to sports and daily 
activities. Recently, anatomic ACL reconstruction which 
reproduces dimensions, fiber orientations and insertion 
sites of the native ACL has been reported to improve knee 
stability and clinical outcomes after surgery[1-4]. Oblique 
fiber orientation based on anatomical location of bone 
tunnels is more favorable for controlling rotation, as well 
as resisting anterior tibial force, compared with a vertical 
graft orientation[5,6]. ACL reconstruction creating femoral 
tunnels independently from tibial tunnels has been shown 
to locate femoral tunnels more closely to anatomical 
footprint than the trans-tibial (TT) technique[7-9]. A double-
bundle technique has been one of the popular methods 
to perform anatomic ACL reconstruction, principally 
using soft tissue grafts such as hamstring tendon[10-13]. 
However, anatomic single-bundle technique has developed 
recently, showing comparable outcomes as double-bundle 
techniques[14-17]. Therefore, it may be possible that single-
bundle ACL reconstruction with bone-patellar tendon-
bone (BTB) grafts, which is based on the modern concept 
of ACL anatomy[18-21], could restore close to normal ACL 
function.

One of the great advantages of BTB autograft is 
its better graft-tunnel healing, as well as the stable 
initial fixation with bone block, compared with other 
soft tissue grafts[22-25]. Although several original studies 
have reported kinematics after ACL reconstruction with 
BTB grafts, they were based on cadaveric specimens 
measured by testing machine or robotic system[5,6,26-28], 
which could not reflect better graft-tunnel healing of 
BTB grafts. Recent in vivo studies using BTB grafts have 
introduced the anatomic single-bundle technique, which 
locates bone tunnels within the native insertion site, 
and have shown favorable clinical results after for ACL 
reconstruction, but the degree of rotatory instability was 
mainly assessed by manual pivot-shift test[18,29-31], not 
quantitatively. Only a few studies from limited research 
groups so far have reported quantitative results of 
rotatory instability after anatomic ACL reconstruction 
using BTB grafts[32-34]. Therefore, it would be clinically 
relevant to assess in vivo rotatory instability objectively 
after ACL reconstruction using BTB autografts.

For the surgical technique of creating femoral 
tunnels, we had used the TT technique until 2010, 
modifying the position and orientation of the graft more 
obliquely[12,35,36]. But this technique sometimes made 
it difficult for us to place femoral tunnels within the 
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anatomical footprint[9,37-40], thus since the late 2010, 
we’ve shifted to the trans-portal (TP) technique, which 
enables femoral tunnel placement independently from 
tibial tunnels[8,41,42]. In addition, we have utilized open 
MRI to assess anterolateral rotatory instability of ACL-
deficient and ACL-reconstructed knees since 2005, and 
have shown its usefulness in quantification[35,43-45].

The purpose of this study was to: (1) Compare the 
knee stability in vivo after ACL reconstruction using BTB 
autografts via TT and TP techniques; and (2) clarify the 
influence of tunnel position on the knee stability. We 
hypothesized that: (1) The TP technique would show 
less instability; and (2) tunnel positions may affect knee 
stability after single-bundle ACL reconstruction using 
BTB autografts.

MATERIALS AND METHODS
From April 2009 to March 2013, single-bundle primary 
ACL reconstruction was performed on 52 knees with a 
BTB autograft. Patients with any history of significant 
injury to other knee ligaments, articular cartilage 
and bilateral ACL cases (2 knees) were excluded. 
Consequently, 50 patients with a mean age of 28 years 
(range: 17-45) were enrolled. All patients were male. 
TT technique was used in 20 knees from April 2009 to 
2010, and TP technique was used in 30 patients from 
August 2010 to March 2013 (Table 1). A computed 
tomography (CT) scan was performed with 1-2 mm 
slices in order to determine tunnel positions 2 wk after 
surgery. Anterolateral rotatory instability in vivo was 
assessed quantitatively in 40 patients (80%) using open 
MRI an average of 1.2 years (range: 1.0-1.5 years) after 
surgery. All aspects of this study was approved by the 
institutional review board (IRB) of our university (ID: 
24-108), and all subjects gave their informed consent 
before they were included.

Surgical technique
The subjects underwent arthroscopic ACL reconstruction 
at a median of 6 wk after the injury. An arthroscopic 
leg holder was utilized to hold the affected knee in 90º 
of flexion. A 10-mm BTB autograft was harvested. 
The anterolateral portal was positioned as high as the 
inferior pole of the patella so that it gave an excellent 
arthroscopic view over the tibial footprint of the ACL. 

The tibial tunnel was targeted in the center of the native 
ACL insertion site, avoiding impingement during knee 
extension. 

In the TT group, a femoral guide wire was inserted 
via the tibial tunnel, and then it was centered at the 
1:30-2:00 o’clock position for the left knees (10:00-10:30 
for right) (Figure 1A). The femoral tunnel was drilled 
trans-tibially with the knee in 90° of flexion. In the TP 
group, the anteromedial portal was used to allow optimal 
visualization of the lateral wall of the intercondylar notch, 
including the ACL femoral insertion site[13,41]. In addition, 
the accessory medial portal was established far medially, 
just above the anterior horn of the medial meniscus, in 
a position allowing direct access to the center of the ACL 
femoral insertion site and avoiding damage to articular 
cartilage during femoral drilling (Figure 1B). A guide wire 
was introduced through the accessory medial portal and 
placed at the center of femoral insertion site. The femoral 
tunnel was drilled using a 2.4-mm straight guide pin and 
rigid drills, with the knee kept in maximal flexion.

In all cases, the BTB graft was fixed to the femur 
using extracortical fixation (EndoButton CL BTB, Smith 
and Nephew Endoscopy). Tibial side was fixed with 
interference screws (Softsilk 1.5 Fixation Screws, 
Smith and Nephew Endoscopy). A notch plasty was 
not performed in any of our patients. All of the patients 
underwent a standard rehabilitation program with early 

Table 1  Baseline data of the two groups

TT group TP group Significance

n 20 30
Period of surgery Apr 2009-  

Dec 2010
Aug 2010-Mar 

2013
Age   29 ± 9   27 ± 9 NS
Height (cm) 171.3 ± 7.1 171.7 ± 6.0 NS
Weight (kg)   73.8 ± 6.9     75.5 ± 12.2 NS
Lysholm score     65 ± 11     63 ± 14 NS

Mean ± SD is shown. TT: Trans-tibial; TP: Trans-portal; NS: Not significantly.

Figure 1  Arthroscopic techniques for creating the femoral tunnel. A: 
Arthroscopic view of trans-tibial technique in left knee is shown. The femoral 
guide wire was centered at the 1:30-2:00 o’clock position; B: Left knee. In trans-
portal technique, the anteromedial portal was used to visualize the lateral wall 
of the intercondylar notch. The far medial accessory portal was used to directly 
access to the center of the anterior cruciate ligament femoral insertion site.

A

B

Tashiro Y et al . Anterolateral rotatory instability after ACL reconstruction
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weight bearing and range of motion exercise. Sports 
activities were permitted 9 mo after the reconstruction, 
if the patients had regained functional strength and 
stability.

The locations of the femoral and tibial tunnel ap­
erture centers were identified from 3D bone models 
generated from the high-resolution CT scan two weeks 
after surgery. Femoral tunnel positions were measured 
according to the quadrant method (Figure 2A)[46]. For 
the tibial side, the technique of Staubli and Rauschning 
was used for the measurement (Figure 2B)[47]. A com­
mercially available medical imaging software (Real 
INTAGE, Cybernet Systems Co, Ltd, Tokyo, Japan) was 
used in these analysis.

Evaluation of anterolateral rotatory instability
The assessment of in vivo anterolateral rotatory in­
stability (ALRI) was performed by applying the Slocum 
ALRI test[48] to stress the tibia rotating anteriorly and 
internally in a horizontal open MRI Scanner, as previously 

described[35,43-45]. The MRI system used in this study 
was an open MRI at 0.4 T (APERTO, Hitachi Medical 
Co, Tokyo, Japan). Briefly, the patient was kept in a 
semilateral recumbent position on the table. The hip and 
knee of the contra lateral side were flexed. The affected 
knee was placed in 10° of flexion and the medial side 
of the foot was rested on a pad so that the weight of 
the leg was borne on the heel and the knee sagged into 
valgus. The examiner placed his one hand on the distal 
femur and the other hand on the proximal tibia from the 
posterior side. He pushed the fibular head anteriorly with 
his thumb to increase the stress that makes the tibia 
rotate anteriorly and internally.

The anterior translation of the tibia with respect to 
the femoral condyle was measured on sagittal images 
scanned at each center of the medial and lateral 
compartments, respectively, in order to evaluate rotatory 
instability (Figure 3). The image plane scanned under 
stress was adjusted to the same sagittal plane scanned 
before stress, using the Interactive Scan Control (ISC) 
software program. The ISC program determines the 
image plane interactively on the basis of fluoroscopic 
images displayed on a user interface with an update 
time of 2 s, including the scan time. The MRI operator 
can change the image plane, oblique angle and phase 
encoding direction during the scan. It usually takes less 
than 3 min from applying stress to completing the scan, 
including the fine-tuning of the plane, when the ISC is 
used. The anterolateral rotatory translation, determined 
from anterolateral minus anteromedial tibial translation, 
was calculated to assess ALRI. Side-to-side differences 
of anterolateral tibial translation and anteromedial tibial 
translation were also analyzed, respectively. High intra- 
and inter-observer reproducibility (correlation coefficient 
= 0.98, 0.91, respectively) have been demonstrated 
between 2 successive examinations in our previous 
study, using this assessment technique[43].

The subjective knee function was assessed with 
the Lysholm scores and Knee injury and Osteoarthritis 
Outcome Score (KOOS) scales[49,50]. Anterior-posterior 

High

Low

Shallow

Deep

a

b

Figure 2  Evaluation of tunnel positions in femur and tibia. A: 3D CT-based model of a femoral bone tunnel after an ACL reconstruction. Tunnel position was 
assessed according to the quadrant method[46]. Depth = (distance from the posterior edge to tunnel center along Blumensaat’s line/total length of the lateral condyle) 
× 100%. Height = (distance from Blumensaat’s line to tunnel center/total height of the intercondylar roof) × 100%; B: For tibial side, Staubli’s technique was used[47]. 
Anterior-posterior position = (a/b) × 100%. a: Distance from anterior edge to tunnel center; b: Anteroposterior length of the tibia plateau. ACL: Anterior cruciate 
ligament.

A B

Lateral                                  Medial

A B

Figure 3  The anterior translation of the tibia with respect to the femoral 
condyle was measured on sagittal MR images of the (A) lateral compartment 
and (B) medial compartment, respectively. As a landmark for the center of the 
lateral compartment, slices that included the medial edge of the fibula were selected. 
For the center of the medial compartment, slices with the attachment of the medial 
head of the gastrocnemius were selected.

Tashiro Y et al . Anterolateral rotatory instability after ACL reconstruction
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stability was evaluated with a Kneelax3 arthrometer (MR 
Systems, Haarlem, The Netherlands) at 134 N anterior 
force.
 
Statistical analysis
Femoral and tibial tunnel positions were compared 
between TT and TP groups using Student’s t-test. The 
side-to-side differences of tibial translations, anterolateral 
rotatory translation and clinical outcomes were also 
compared between the 2 groups using Student’s t-test. 
The relationships between tunnel positions and knee 
stability parameters were analyzed using Pearson’s 
correlations. For those statistical analyses, the StatView 
5.0 software (SAS Institute Inc., Cary, NC, United 
States) was used with a significance level of P < 0.05. 
All statistical analyses of this study were reviewed by a 
biomedical statistician.

RESULTS
Femoral tunnels were located significantly shallower 
(P < 0.01) and higher (P < 0.001) in the TT group, 
compared with the TP group. Tibial tunnel positions in 
the TT group were significantly posterior than those of 
the TP group (P < 0.05) (Table 2).

In open MRI analysis, the anterolateral rotatory 

translation (= anterolateral minus anteromedial tibial 
translation) of the affected knees were 3.2 ± 1.6 mm 
in the TT group and 2.0 ± 1.8 mm in the TP group, and 
significantly larger in the TT group (P < 0.05). The side-
to-side differences of anterolateral tibial translation were 
1.4 ± 1.6 mm in the TT group and 0.9 ± 1.9 mm in 
the TP group (N.S.). There was no significant difference 
in the side-to-side difference of Kneelax3 arthrometer, 
Lysholm scores, KOOS and re-injury rate between the 
two groups (Table 3).

The anterolateral rotatory translation were signi­
ficantly correlated with the shallow (distal and anterior in 
anatomy) femoral tunnel position (R = 0.42, P < 0.01), 
while the correlation between the side-to-side differences 
of Kneelax3 arthrometer and shallow femoral tunnel 
positions was weak and not statistically significant (R 
= 0.27, P = 0.14) (Table 4). Femoral and tibial tunnel 
positions are plotted in both groups, according to the 
quadrant method and Staubli’s technique, together with 
the relationship with stability results of MRI and Kneelax3 
arthrometer (Figure 4).

DISCUSSION
We aimed to clarify in vivo rotatory knee stability as well 
as the anterior-posterior stability after ACL reconstruction 
using BTB autografts, and correlate knee stability to 
tunnel positions. The most important findings of this 
study were that the anterolateral rotatory translations 
(= anterolateral minus anteromedial tibial translation) 
were significantly correlated with the shallow (distal and 
anterior in anatomy) femoral tunnel positions. A previous 
in vivo study has also reported that ACL reconstruction 
using BTB autografts with non-anatomic tunnel position 
resulted in significantly increased positive pivot-shift 
test cases, compared with those with anatomic tunnel 
positions at 1-year follow-up[30]. Another robotic study 
using cadaveric knees has reported that anatomic ACL 
reconstruction with rectangular BTB grafts restored knee 
kinematics better than the one with oval femoral tunnels 
located in shallower and higher positions[6], and these 
were consistent with our study.

Comparison between TT and TP groups showed sha­
llower and higher femoral tunnel positions, more posterior 
tibial tunnel positions and increased anterolateral 
rotatory translation in the TT group. Previous studies 
have reported that it is more difficult for TT technique to 
locate femoral tunnels anatomically and restore normal 
kinematics, compared with TP technique[7-9,37,41,42], 

Table 2  Tunnel positions of the femur and the tibia by postoperative computed tomography

TT technique (%) TP technique (%) Significance

Femur Depth 34.0 ± 4.9 29.7 ± 4.9 P < 0.01
Height 30.3 ± 5.6 39.3 ± 7.3 P < 0.001

Tibia Anterior-posterior 47.1 ± 7.5 42.0 ± 4.9 P < 0.05

Mean ± SD. TT: Trans-tibial; TP: Trans-portal.

Table 3  Clinical outcomes and knee stability parameters

TT 
technique

TP 
technique

Significance

Lysholm score 94 ± 7  95 ± 7 NS
KOOS subscale
Symptoms 89 ± 9    90 ± 12 NS
Pain 87 ± 7  89 ± 8 NS
ADL   92 ± 12    96 ± 10 NS
Sport/Rec   82 ± 14  84 ± 9 NS
QoL   78 ± 13    80 ± 11 NS
Re-injury (ipsilateral) 0 0 NS
Kneelax3 NS
  Side-to-side diff. (mm)   1.5 ± 1.3    1.7 ± 1.6
MRI analysis
  Anterolateral rotatory translation
Affected side (mm)   3.2 ± 1.6    2.0 ± 1.8 P < 0.05
Contra-lateral side  (mm)   2.4 ± 1.6    2.5 ± 2.7 NS
Side-to-side diff. (mm) of
  Anteromedial tibial translation   0.6 ± 0.8    1.4 ± 2.3 NS
  Anterolateral tibial translation   1.4 ± 1.6    0.9 ± 1.9 NS

Mean ± SD is shown. TT: Trans-tibial; TP: Trans-portal; Anterolateral 
rotatory translation: Anterolateral minus anteromedial tibial translation; 
NS: Not significantly.
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whereas no significant difference was found in side-to-
side differences of Kneelax3 measurement, anterolateral 
and anteromedial tibial translation in MRI, or other clinical 
outcomes. The reasons why these stability parameters 
and clinical outcomes showed no difference between 
the two techniques may be that the TT-techniques 
we used did not locate femoral tunnels in “high-noon” 
isometric position, but located them in oblique positions 
which are mostly within the femoral footprint, as shown 
in Figure 4, thus the two groups resulted in less than 
2 mm of mean side-to-side difference of anterolateral 
tibial translation and Kneelax3 measurement with small 
differences. A recent study using modified TT technique 
has reported similar anatomic femoral tunnel positions 
and good clinical results which are comparable to TP 
technique[51], although TT technique still runs a risk of 
creating posterior tibial tunnels and resulting vertical graft 
orientation[52,53]. A vertical graft orientation, created by 
shallow femoral tunnels and posterior tibial tunnels, may 
result in residual rotatory knee instability[40,54].

It is well known that merits of using a BTB autograft 
are its stable initial fixation and good bone-graft hea
ling[23-25]. BTB cases in our cohort also showed sufficient 
stability within 2 mm of mean side-to-side difference 
of anterior tibial translation in rotatory and anterior-
posterior evaluation and excellent clinical outcomes. 
To our knowledge, only a few studies so far have 
reported quantitative assessment of rotatory instability 

in vivo after anatomic ACL reconstruction using BTB 
autografts[32-34]. Most of the previous studies about BTB 
grafts were in vitro kinematic study using cadaveric 
specimens[5,6,26-28], or in vivo study evaluated by manual 
testing of pivot-shift[18,29-31]. We added the quantitatively 
assessed evidence of rotatory instability after anatomic 
ACL reconstruction using BTB autografts to the current 
knowledge. Our results suggest that anatomical 
placement of BTB autografts would restore knee 
stability and function after ACL reconstruction.

One of the limitations of this study was that all the 
subjects included were male patients, thus it might have 
affected the results[55]. However, recent large cohort 
studies have reported gender is not a risk factor for 
knee instability or revision after ACL reconstruction[56-58]. 
Secondly, our sample size was relatively small. It was 
because we usually used hamstring grafts for female 
patients and for those who had habits of frequent 
kneeling. The size might not be enough to detect small 
differences of anterolateral tibial translation between the 
two techniques.

Anterolateral rotatory instability in vivo significantly 
correlated shallow (distal and anterior in anatomy) 
femoral tunnel positions after ACL reconstruction using 
BTB autografts. TT technique located femoral tunnels 
in shallower and higher positions, and tibial tunnels in 
more posterior positions than the TP technique, thus 
increased the anterolateral rotation in reconstructed 

Table 4  Correlations between tunnel positions and knee stability

Femur Tibia

Shallow (+)-Deep (-) Low (+)-High (-) Posterior (+)-Anterior (-)

Kneelax3 Corr (R) 0.27 -0.02 0.15
side-to-side differences Significance NS (P = 0.14) NS NS
MRI analysis
  Anterolateral Corr (R) 0.42 -0.13 0.12
rotatory translation Significance P < 0.01 NS NS

Anterolateral rotatory translation: Difference of anterior tibial translation between lateral minus medial compartment; NS: Not significantly.

Figure 4  Tunnel positions in trans-tibial and trans-portal group are plotted for the femur and the tibia. A: Blue and red markers mean the side-to-side 
differences of Kneelax3 arthrometer of the case were under 3 mm (blue) and over 3 mm (red), respectively; B: Blue and red markers mean the side-to-side differences 
of anterolateral tibial translation were under 3 mm (blue) and over 3 mm (red), respectively. TT: Trans-tibial; TP: Trans-portal.
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knees. Clinical outcomes and knee stability in both 
techniques were overall satisfactory with less than 2 
mm of side-to-side differences in rotatory and anterior-
posterior instability. As for clinical relevance, anatomic 
reconstruction of the ACL using BTB autografts may 
restore knee function and stability.
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