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Abstract

Purpose The present study aimed to investigate the three-dimensional topographic anatomy of the anterior cruciate liga-
ment (ACL) bundle attachment in both ACL-rupture and ACL-intact patients who suffered a noncontact knee injury and
identify potential differences.

Methods Magnetic resonance images of 90 ACL-rupture knees and 90 matched ACL-intact knees, who suffered a noncontact
knee injury, were used to create 3D ACL insertion models.

Results In the ACL-rupture knees, the femoral origin of the anteromedial (AM) bundle was 24.5+9.0% posterior and
45.5+10.5% proximal to the flexion—extension axis (FEA), whereas the posterolateral (PL) bundle origin was 35.5+12.5%
posterior and 22.4 + 10.3% distal to the FEA. In ACL-rupture knees, the tibial insertion of the AM-bundle was 34.3 +4.6%
of the tibial plateau depth and 50.7 +3.5% of the tibial plateau width, whereas the PL-bundle insertion was 47.5 +4.1% of
the tibial plateau depth and 56.9 +3.4% of the tibial plateau width. In ACL-intact knees, the origin of the AM-bundle was
17.5+9.1% posterior (p <0.01) and 42.3 + 10.5% proximal (n.s.) to the FEA, whereas the PL-bundle origin was 32.1+11.1%
posterior (n.s.) and 16.3 +9.4% distal (p <0.01) to the FEA. In ACL-intact knees, the insertion of the AM-bundle was
34.4 4+ 6.6% of the tibial plateau depth (n.s.) and 48.1 +£4.6% of the tibial plateau width (n.s.), whereas the PL-bundle inser-
tion was 42.7 +5.4% of the tibial plateau depth (p <0.01) and 57.1 +4.8% of the tibial plateau width (7.s.).

Conclusion The current study revealed variations in the three-dimensional topographic anatomy of the native ACL between
ACL-rupture and ACL-intact knees, which might help surgeons who perform anatomical double-bundle reconstruction
surgery.

Level of evidence III.
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Over the past years, there has been increasing interest
regarding the “anatomical” anterior cruciate ligament (ACL)
reconstruction, as this approach has demonstrated higher
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biomechanical stability and better clinical outcomes than
the non-anatomical, transtibial approach [17, 19]. Recently,
anatomical double-bundle reconstruction has gained popu-
larity, as several biomechanical studies have reported that it
restores more closely the healthy knee kinematics [28, 39,
40], and clinical studies have demonstrated superior out-
comes regarding knee laxity and graft failure compared with
the single-bundle reconstruction [14, 26, 34].

Multiple anatomical differences of the tibiofemoral joint
between ACL-rupture and healthy knees, such as the femoral
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intercondylar notch size [27, 31, 38], lateral femoral con-
dyle ratio [29] and index [11], tibial plateau slope [33] and
concavity [2, 24] and tibial eminence morphology [32] have
been reported in the literature. Recently, the femoral ACL-
footprint origin, as a single bundle, was identified as a possi-
ble predisposing factor for ACL injury, as significant differ-
ences were observed between ACL-rupture and ACL-intact
knees [8]. Despite these well-documented morphological
differences between ACL-rupture and healthy knees, the
current recommendations for the anatomical double-bundle
ACL reconstruction are mostly based on cadaveric studies,
performed in ACL-intact knees [5, 6, 10, 13, 15]. An ana-
tomical double-bundle ACL reconstruction requires detailed
knowledge of the anteromedial (AM) and posterolateral (PL)
bundle anatomy in ACL-rupture patients, as potential differ-
ences might exist between ACL-rupture and healthy knees.
The hypothesis of this study was that AM and PL-bundle
attachment would be significantly different between ACL-
rupture and ACL-intact knees. Therefore, the purpose of
the present study was to investigate the three-dimensional,
topographic anatomy of the ACL bundle attachment in both
ACL-rupture and ACL-intact patients who suffered a non-
contact knee injury and identify potential differences.

Materials and methods
Study design and patient selection

The present single-center, retrospective study was approved
by the authors’ institutional Internal Review Board and the
ethical committee (Ethical Committee Northeast and Cen-
tral Switzerland 2018-01410). All patients who presented in
the outpatient clinic with an ACL injury following an acute
noncontact knee injury were considered potential candidates
for the study. Following receipt of written informed con-
sent, the medical records and magnetic resonance images
(MRIs) of all patients (647 patients) from January 2015 to
December 2017 were retrospectively reviewed. The exclu-
sion criteria were age > 45 years, history of patellofemoral
instability, previous surgery or symptoms in the affected
knee, and ACL-rupture following a contact knee injury, as
under an adequate amount of energy, the ACL could also
rupture in individuals without a predisposition. Ninety ACL-
rupture patients (male: 55, female: 35) with a median age of
31 (range 16-45) years were identified. The ACL-rupture
patients were then randomly matched for sex, age, and body
mass index (BMI) with patients who presented in outpatient
clinic following an acute, noncontact knee injury, without
an ACL-rupture, that resulted in a bone bruise of the femur
or tibia visible on MRI (control group), suggesting an ade-
quate trauma. Ninety patients were identified for inclusion
in the control group. The MRIs were reviewed by a senior

orthopedic surgeon and a musculoskeletal radiologist to
determine concomitant injuries. The exclusion criteria were
a history of patellofemoral instability and previous surgery
or symptoms in the affected knee.

MRI characteristics and image processing

All the patients were scanned using a 3.0-T MR Scanner
(Achieva; Philips Healthcare, The Netherlands). Proton den-
sity-weighted turbo spin-echo SPectral Attenuated Inversion
Recovery (PDW TSE SPAIR) sagittal-plane images (slice
thickness: 1 mm, voxel size: 3.29 by 0.22 by 0.22 mm) and
T1 high-resolution turbo spin-echo (T1 HR TSE) coronal-
plane images (slice thickness 1 mm, voxel size 0.12 by 2.74
by 0.12 mm) were obtained. The two MR image stacks were
combined to yield volumetric data with a voxel size of 0.22
by 0.25 by 0.24 mm (Fig. 1a) using commercial software
(AMIRA 6.5, FEI SVG, Thermo Fisher Scientific, Hillsboro,
Oregon, USA). Using the same software, the three-dimen-
sional (3D) surface of the distal femur and proximal tibia
with its articular cartilage was reconstructed according to a
previously validated and published method [7]. The AM and
PL-bundles were identified on MRI, according to the Cohen
et al. [4] methodology. Briefly, the AM-bundle was defined
as the oblique fibers inserting at the anterior border of the
ACL on the tibia and the proximal aspect of the femoral
insertion on the lateral femoral condyle. Similarly, the PL-
bundle was defined as the oblique fibers inserting posteriorly
on the tibial insertion and the distal aspect of the femoral
insertion on the lateral femoral condyle. Subsequently, the
femoral origin and tibial insertion areas of the AM and PL-
bundles were digitized, and their centers were calculated
(Figs. 1, 2). Finally, the surface models were imported to a
self-developed MATLAB (MathWorks, Natick, Massachu-
setts, USA) script for subsequent analyses.

Anatomical coordinate system of the distal femur
and proximal tibia

The anatomical coordinate system of the distal femur
(fACS) was reconstructed following the recommendations
of Miranda et al. [25]. Briefly, two spheres were best fit-
ted to the posterior articular surface of the medial and lat-
eral condyles using a Gauss—Newton nonlinear least square
algorithm (Fig. 1b). The radius of the best-fitted sphere
on the lateral femoral condyle was defined as the lateral
femoral condyle width. The line connecting the centers of
the best-fitted spheres formed the mediolateral (M/L) axis
of the fACS and the flexion—extension axis (FEA) of the
knee, as several studies concluded that the cylindrical axis
is coincident with the FEA of the knee [9, 12]. The lateral
femoral condyle width was used to normalize the femoral
ACL-footprint location relative to FEA on the lateral view.
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Fig.1 Left knee with an intact ACL demonstrating the origin of the
ACL-bundle origin. a High-resolution volumetric MR data were cre-
ated after merging sagittal and coronal MR stacks. The femoral ori-
gin of the AM and PL-bundles is marked with a yellow and orange
ellipses, respectively. b Three-dimensional surface models of the
distal femur with an anatomical coordinate system were constructed.

Fig.2 Left knee with an intact ACL demonstrating the ACL bundle
insertion. a High-resolution volumetric MR data were created after
merging sagittal and coronal MR stacks. The tibial insertion of the
AM and PL-bundles is marked with a yellow and orange ellipses,
respectively. The origin of the AM and PL-bundles is marked with an
orange and yellow ellipses, respectively. b The three-dimensional sur-
face model of the proximal tibia with an anatomical coordinate sys-
tem was reconstructed. The origin of the coordinate system is shown

The anterior-posterior (A/P) axis of the fACS was estab-
lished by creating the best-fitted cylinder of the femoral shaft
and then taking the cross product of the central cylinder
axis with the M/L axis. The distal-proximal (D/P) axis of
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The origin of the coordinate system is shown with a black circle; the
proximal/distal axis is demonstrated with a red arrow, whereas the
anterior/posterior axis has a green arrow. The lateral femoral condyle
width defined as the radius of the best-fitted sphere in the lateral con-
dyle is shown with a black arrow

Tibia Plateau Width

yideq nesjeld eiqil

with a black circle, and the medial/lateral axis, connecting the center
of the best-fitted ellipses on the articular surface of the medial and
lateral tibial plateau, is shown with a green line. The anterior/poste-
rior axis is labeled with a red arrow. Within the best-fitted plane, a
bounding box was defined by the depth and width of the tibial pla-
teau. The origin of the tACS was then moved to the most anterior and
medial point of the bounding box

the fACS was defined by the cross product of the M/L axis
with the A/P axis. The origins of the fACS was defined as
the midpoint of the intersections of the M/L axis with the
most medial and the most lateral points of the distal femur,
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respectively [37]. The commonly used quadrat method [1]
was applied to compare the results of the present study
with the existing literature. In this method, a 4 x4 grid was
applied to the medial aspect of the lateral femoral condyle.
The anterior border of the grid was the Blumensaat line,
whereas the posterior border was defined by a line drawn to
the posterior edge of the lateral condyle parallel to the Blu-
mensaat line. The proximal and distal borders were formed
by two lines perpendicular to the Blumensaat line originat-
ing from the proximal and distal bony borders of the lateral
femoral condyle (Fig. 3).

The anatomical coordinate system of the proximal tibia
(tACS) was reconstructed following a previously established
method [7]. In summary, two ellipses were best fitted to the
articular surface of the medial and lateral tibial plateau using
a Gauss—Newton nonlinear least square algorithm (Fig. 2b).
The line connecting the centers of the best-fitted ellipses
formed the mediolateral (M/L) axis of the tACS and the
midpoint of the tibia center. The cross product of the M/L
axis and the proximal tibial long axis formed the anteropos-
terior (A/P) axis of the tibia. The cross product of the M/L
and A/P axes formed the proximal/distal (P/D) axis. A plane
was then best fitted to the surface of the tibial plateau. The
tibial plateau depth was defined as the A/P distance between
the anterior border of the tibial plateau (where the plateau
edge drops down to the shaft) and the posterior border of the
tibial plateau. Similarly, the tibial plateau width was defined
as the M/L distance between the medial and lateral border
of the tibial plateau. Within the plane, a bounding box was

Fig.3 Left distal femur demonstrating the average normalized femo-
ral origin of the AM-bundle in ACL-intact (green triangle) and ACL-
rupture knees (red triangle) and the PL-bundle in ACL-intact (green
square) and ACL-rupture knees (red square) is demonstrated. The
average location of the AM-bundle (blue triangle) and PL-bundle
(blue square), as reported in the literature using the quadrat method
[1], is also demonstrated

defined by the depth and width of the tibial plateau. The
origin of the tACS was then moved to the most anterior and
medial point of the bounding box (Fig. 2b).

Repeatability analysis

Manual digitization was involved for the determination of
the origin and insertions of the ACL bundles. Therefore,
intraobserver and interobserver reliabilities of the measure-
ments were evaluated with two independent blinded observ-
ers using single-measure intraclass correlation coefficients
(ICC) with a two-way random-effects model for absolute
agreement in all patients. The intraobserver ICC and inter-
observer ICC ranged from 0.85 to 0.99 (95% confidence
interval 75-100%) for all the measurements.

Statistical analysis

A post hoc power analysis was performed to estimate the sta-
tistical power (1 — ), with medium effect size and a =0.05
using free statistical power analysis software (G*Power
version 3.1; Franz Faul, Universitit Kiel, Germany). The
statistical power for detecting a difference between the ACL-
footprint location in ACL-rupture and ACL-intact patients
with 90 subjects in each group was 92%. Descriptive statis-
tics used the average value, standard deviation, and range to
describe all the continuous variables, whereas frequencies
and percentages were applied to present the discrete data.
All parameters were tested with the Kolmogorov—Smirnov
test for normality. When the criteria for normality were
met, a two-tailed ¢ test was used. Otherwise, the Wilcoxon
signed-rank test was applied. All statistical analyses were
performed using SPSS version 23 software (SPSS Inc., Chi-
cago, Illinois).

Results
Femoral AM-bundle origin

A statistically significant difference (p <0.01) in the average
A/P location of the AM-bundle origin was found between the
ACL-rupture (—4.8 + 1.8 mm) and control (— 3.5+ 1.9 mm)
groups. The normalized A/P femoral ACL-footprint location
was located at an average of 24.5+9.0% and 17.5+9.1%
posterior to the FEA of the knee in the ACL-rupture and
control groups, respectively (p <0.01) (Fig. 3). No signifi-
cant difference (7.s.) in the average or normalized P/D loca-
tion of the AM-bundle origin was found between the ACL-
rupture and control groups (Fig. 3; Table 1).
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Table 1 Attachment location of AM-bundle and PL-bundle origin in femoral and tibial part between ACL-rupture and ACL-intact knees

ACL-rupture ACL-intact p value

A/P P/D A/P P/D A/P P/D
Femoral AM-bundle origin
Average location (mm) —4.8+1.8 89+1.8 -35+19 8.3+2.0 <0.01 ns
Normalized location (%) 24.5+9.0% posterior ~ 45.5+10.5% proximal 17.5+9.1% posterior ~ 42.3+10.5% proximal <0.01 n.s
Femoral PL-bundle origin
Average location (mm) -69+24 —-4.5+2.1 —6.4+24 —3.1+1.8 n.s <0.01
Normalized location (%) 35.5+12.5% posterior 22.4+10.3% distal 32.1+11.1% posterior  16.3+9.4% distal n.s <0.01

A/P M/L A/P M/L A/P M/L
Tibial AM-bundle insertion
Average location (mm) 15.6+£2.6 37.1+£3.8 15.7+£3.2 35.6+4.3 n.s n.s
Normalized location (%) 34.3+4.6 50.7+3.5 344+6.6 48.1+4.6 n.s n.s
Tibial PL-bundle insertion
Average location (mm) 21.5+2.5 41.8+4.0 19.3+2.7 42.1+4.8 <0.01 ns
Normalized location (%) 47.5+4.1 56.9+3.4 42.7+54 57.1+4.8 <0.01 ns

Normalized location of bundle origin in femoral side was presented relative to the FEA position of the knee. Depth and width of the tibial pla-

teau were used to normalize the location of bundle insertion in tibial side

A/P anterior (+)/posterior (—), P/D proximal (+)/distal (=), M/L medial (—)/lateral (+), n.s. no significant difference

Femoral PL-bundle origin

No significant difference (n.s.) in the average or normal-
ized A/P location of the PL-bundle origin was found
between the ACL-rupture and control groups. (Fig. 3;
Table 1). A statistically significant difference (p <0.01)
in the average P/D location of the femoral ACL footprint
was observed between the ACL-rupture (—4.5+2.1 mm)
and control (— 3.1+ 1.8 mm) groups. The normalized P/D
femoral ACL-footprint locations were located at an average
of 22.4+10.3% and 16.3 £9.4% distal to the FEA of the
knee in the ACL-rupture and control groups, respectively
(p<0.01) (Fig. 3; Table 1).

Tibial AM-bundle insertion

No significant difference (n.s.) in the average or normalized
A/P location of the AM-bundle insertion was found between
the ACL-rupture and control groups (Fig. 4; Table 1). No
significant difference (n.s.) in the average or normalized M/L
location of the AM-bundle insertion was found between the
ACL-rupture and control groups (Fig. 4; Table 1).

Tibial PL-bundle insertion

A statistically significant difference (p <0.01) in the average
A/P location of the PL-bundle insertion was found between
ACL-rupture (21.5+2.5 mm) and control (19.3 +2.7 mm)
groups. The normalized A/P location of the tibial footprint
was found at an average of 47.5+4.1% and 42.7+5.4% of
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Fig.4 Left proximal tibia demonstrating the average tibial insertion
of the AM-bundle in ACL-intact (green triangle) and ACL-rupture
patients (red triangle), and the average tibial insertion of the PL-
bundle in ACL-intact (green square) and ACL-rupture patients (red
square). The average location of the AM-bundle (blue triangle) and
PL-bundle (blue square), as reported in the literature, is also demon-
strated

the tibial plateau depth in ACL-rupture and control groups,
respectively (p <0.01) (Fig. 4). No significant difference (n.s.)
in the average or normalized M/L location of the PL-bundle
insertion was observed between ACL-rupture and control
groups (Fig. 4; Table 1).
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Discussion

The most important finding of the present study was that
the femoral origin of the AM-bundle is located more pos-
teriorly in the same P/D direction, whereas the PL-bundle
origin was found more distally in approximately the same
A/P direction in ACL-rupture compared to ACL-intact
knees. No significant difference was observed in the AM-
bundle tibial insertion between groups, whereas the PL-
bundle insertion was located more posteriorly in approxi-
mately the same M/L direction in ACL-rupture knees.
Several studies reported the femoral origin of the ACL
bundles in ACL-intact knees with inconsistent results.
Specifically, ten anatomical studies on a total of 191
human cadaveric knees reported the femoral origin of the
ACL bundles (Table 2). The weighted average origin of
the AM-bundle was 24.6% (range 15.0-33.9%) in the deep/
shallow (D/S) direction and 20.5% (range 14.2-33.2%) in
the high/low (H/L) direction, whereas the weighted aver-
age origin of the PL-bundle was 33.1% (range 27.0-40.6%)
in the D/S direction and 48.7% (range 41.1-56.4%) in the
H/L direction. In the present study, the femoral origin
of the AM-bundle was located more proximally than the
values reported in the literature, at an average of 24% in
the P/D and 11% in the H/L direction, whereas the PL-
bundle origin was found at the same location as reported
in the literature in ACL-intact knees (Fig. 3). In ACL-
rupture knees, the femoral origin of the AM-bundle was
also located more proximally than the weighted average
reported in the literature and more posteriorly than the
AM-bundle location of the ACL-intact knees, at an aver-
age of 21% in the P/D direction and 14% in the H/L direc-
tion (Fig. 3). The average origin of the PL-bundle was

slightly more posterior and more distal than in ACL-intact
knees at 36% in the P/D and 55% in the H/L direction.
The abovementioned difference might be attributed to the
variable morphology of the distal femur between ACL-
rupture and ACL-intact knees [27, 29, 31, 38]. Although
the differences in the femoral attachment location of the
ACL bundles might appear relatively small, several stud-
ies showed that even minor changes (3—5 mm) in femoral
tunnel position could significantly affect the ACL graft
length change patterns in knee motion [23, 42]. Accord-
ing to the in vivo ACL isometry distribution map on the
femur reported by Kernkamp et al. [16], the more poste-
rior femoral AM-bundle insertion and the more distal and
posterior PL-bundle insertion that we found in the ACL-
rupture knees were both farther away from the location of
the most isometric ACL attachment than in the ACL-intact
knees. Although the injury mechanism of the ACL-rupture
knees in our study might be different from the functional
movement studied by Kernkamp et al. it still implies that
the variation in the femoral insertions of the ACL-rupture
knees could result in a more anisometric elongation pat-
tern prone to an ACL injury. Therefore, the results of the
present study might constitute new insight into ACL bun-
dle anatomy. Furthermore, since the femoral ACL tunnel
guides during ACL reconstruction are based mostly on
cadaveric studies in ACL-intact knees [3], they might not
reproduce the native anatomy of the ACL-rupture knee.
Further studies are required to investigate whether the con-
temporary femoral ACL guides could restore the anatomi-
cal ACL-footprint location in ACL-rupture knees.

To date, only six studies have described the tibial insertions
of ACL bundles in studies performed on ACL-intact knees,
with variable results (Table 3). The weighted average tibial
insertion of the AM-bundle was 34.6% (range 25.0-41.0%) in

Table 2 Summary of the anatomic ACL femoral origin as reported in the literature (=191 knees) using the quadrat method [1]

Study Subjects () Study design AM-bundle (%) PL-bundle (%)
D/S H/L D/S H/L
Colombet et al. [5] 7 Anatomical and lateral radiographs 26.4 25.3 323 47.6
Takahashi et al. [35] 31 Anatomical and lateral radiographs 31.9 26.9 39.8 53.2
Luites et al. [22] 35 Anatomical and 3D system 23.0 10.0 28.0 47.0
Zantop et al. [41] 20 Anatomical and lateral radiographs 18.5 22.3 29.3 53.6
Tsukada et al. [36] 36 Anatomical 259 17.8 34.8 41.1
Lorenz et al. [21] 12 Anatomical and 3D CT-scan 21.0 22.0 27.0 45.0
Iriuchishima et al. [13] 15 Anatomical and lateral radiographs 15.0 26.0 32.0 52.0
Forsythe et al. [10] 8 Anatomical and 3D CT-scan 21.7 33.2 35.1 55.3
Pietrini et al. [30] 12 Anatomical and lateral radiographs 21.6 14.2 28.9 42.3
Lee et al. [20] 15 Anatomical, lateral radiographs and CT-scan 33.9 25.6 40.6 56.4
Weighted average 24.6 20.5 33.1 48.7

3D three-dimensional, ACL anterior cruciate ligament, AM anteromedial, CT computed tomography, D/S deep-shallow, H/L high—low, PL poste-

rolateral
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Table 3 Summary of the anatomic ACL tibial insertion, as reported in the literature (n= 106 knees)

Study Subjects (n) Study design AM-bundle (%) PL-bundle (%)
A/P M/L A/P M/L
Zantop et al. [41] 20 Anatomical and lateral radiographs 30 - 44.0 -
Tsukada et al. [36] 36 Anatomical 37.6 46.5 50.1 51.2
Lorenz et al. [21] 12 Anatomical and 3D CT-scan 41.0 52 52.0 50
Forsythe et al. [10] 8 Anatomical and 3D CT-scan 25.0 50.5 46.4 52.4
Iriuchishima et al. [13] 15 Anatomical and lateral radiographs 31.0 49 50 47.0
Lee et al. [20] 15 Anatomical, lateral radiographs and CT-scan 36.9 47.1 43.1 53.5
Weighted average 34.6 48.2 47.9 50.8

3D three-dimensional, ACL anterior cruciate ligament, AM anteromedial, A/P anteroposterior, CT computed tomography, M/L mediolateral, PL

posterolateral

the A/P direction and 48.2% (range 47.1-50.5%) in the M/L.
direction, whereas the weighted average origin of the PL-bun-
dle was 47.9% (range 43.1-52.0%) in the A/P direction and
50.8% (range 47.0-53.5%) in the M/L direction. In the present
study, the tibial insertion of the AM-bundle was located at
approximately the same weighted average location as reported
in the literature, whereas the PL-bundle insertion was located
approximately 5% more anterolaterally in ACL-intact knees
(Fig. 4). In ACL-rupture knees, the tibial insertion of the AM-
bundle was located at approximately the same location as in
the ACL-intact knees, and the weighted average reported in
the literature (Fig. 4). However, the average insertion of the
PL-bundle in ACL-rupture knees was located approximately
5% more posteriorly than in ACL-intact knees and approxi-
mately 5% more laterally than the weighted average reported
in the literature.

The present study should be interpreted with caution in
the light of its potential limitations, which are mostly inher-
ent to the MRI identification of ACL attachments. Although
the gold standard technique is cadaveric dissection with his-
tologic analysis, it is nearly impossible to preselect cadaveric
knees with an ACL rupture, owing to the absence of the
cadaver’s medical history. However, due to the high-qual-
ity MRI images obtained after combining the sagittal- and
coronal-plane images, the ACL bundle attachments were
visible and distinct in all the patients. Furthermore, all the
subjects in the present study were Caucasians. Therefore,
the results of the present study might not reflect the ACL
bundles’ anatomy of the African-American or Asian popu-
lation, as ethnic-specific anatomical variations of the knee
have been reported [18].

Conclusion
The current study investigated the three-dimensional topo-

graphic anatomy of the ACL bundle in ACL-rupture and
ACL-intact knees. The femoral origin of the AM-bundle
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was located more posteriorly in approximately the same
P/D direction, whereas the PL-bundle origin was found
more distally in approximately the same A/P direction in
ACL-rupture knees relative to ACL-intact knees. No sig-
nificant difference was observed in the AM-bundle tibial
insertion between groups, whereas the PL-bundle tibial
insertion was located more posteriorly in ACL-rupture
knees. The results of the present study might help sur-
geons who perform anatomical double-bundle reconstruc-
tion surgery.
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