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Abstract

Purpose The purpose of this study is twofold: first, to
visualize both the tibial and femoral bony insertion sur-
faces and second, to describe the anterior cruciate ligament
(ACL) geometrically, using novel 3D CT imaging. In addi-
tion, new concepts of best-fit cylinder and central axis are
introduced and evaluated.

Methods Eight unpaired knees of embalmed cadavers were
used in this study. Following the dissection process, the
ACL was injected with a contrast medium for CT imag-
ing. The obtained CT images in extension, 45°, 90° and
full flexion were segmented and rendered in 3D allowing
morphological and morphometric analysis of the ACL.
Anatomical footprint centres, femoral and tibial footprint
surface area, best-fit ACL-cylinder intersection area, best-
fit ACL-cylinder/footprint coverage ratio, best-fit ACL-
cylinder central axis projections at the tibial and femoral
footprint in the four positions were used to describe the
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anatomy of the ACL, based on the Bernard, Hertel and
Amis grid.

Results Based on these parameters, with the best-fit cyl-
inder representing the bulk of the ACL, a changing fibre-
recruitment pattern was seen with a moving position of the
central axis from posterior to anterior on the femoral and
tibial footprint, going from extension to flexion. Further-
more, the numerical data show an increase in tibial foot-
print coverage by the best-fit cylinder through the ACL
when the knee is progressively flexed, whereas an inverse
relationship was seen on the femoral side.

Conclusion This study is the first to describe the detailed
anatomy of the human ACL with respect to its course and
footprints using a 3D approach. It confirms the large dif-
ference and inter-patient variability between the tibial and
femoral footprint area with the former being significantly
smaller. The best-fit cylinder concept illustrates the recruit-
ment pattern of the native ACL where in extension the
postero-lateral fibres are recruited and in flexion rather the
antero-medial bundle, which can be valuable information
in reconstructive purposes. The best-fit cylinder and central
axis concept offers additional insights into the optimal tun-
nel placement at the tibial and femoral footprint in order to
cover the largest portion of the native ACL soft tissue, aim-
ing for optimal ACL reconstruction.

Keywords Anterior cruciate ligament - 3D -

Computerized tomography - Anatomy

Introduction

Over the past fifty years, ACL reconstruction has known

a considerable evolution with recent change of inter-
est to anatomical reconstruction in order to obtain a more
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physiological function of the reconstructed ACL [3]. To
achieve this goal, there has been extensive research to the
anatomy, topography and biomechanical function of the
native ACL [11, 13, 21, 26, 30, 40].

To date, ACL’s bony insertion sites, its soft tissue anat-
omy and its orientation were extensively studied and
described by 2D imaging methods, going from macroscopic
images, up to CT and MRI-based visualization [11, 13, 14,
21, 23, 30, 32, 40]. In spite of the large number of anatomi-
cal studies however, recent discussions in the literature con-
cerning ACL reconstruction show that extrapolation of ana-
tomical data to patients’ 3D anatomy in the operating theatre
seems to remain difficult or even unfeasible [9, 17, 22].

The emergence and recent introduction of 3D imaging
techniques in orthopaedic research have led to new insights
and caused a wave of innovation within the concept of ACL
reconstruction. Recent studies have emphasized the impor-
tance of anatomical ACL reconstruction with restoration of
normal knee kinematics, antero-posterior translation and
rotational stability in order to improve clinical outcome and
to slow down progression to/of osteoarthritis [19, 28].

Although a tendency towards anatomical ACL recon-
struction suggests thorough knowledge and precise visuali-
zation of the ACL footprints and soft tissue anatomy, com-
prehensive 3D data on native anatomy, serving as a base for
the pursuit of anatomical reconstruction, remain however
scarce to nonexistent.

Similar analysis of the three-dimensional anatomy of
the native PCL resulted in better understanding of the bony
anatomy and course of the ligament [36]. New concepts of
best-fit cylinder and central axis, taking into account the
ACL soft tissues and depicting the ideal tunnel position to
enclose the bulk of the ACL fibres, were introduced and
evaluated with a view to optimize ACL reconstruction.

Aim of this study is to visualize both the 3D anatomy of
the tibial and femoral insertions with accurate reconstruc-
tion of the soft tissue, as an attempt to formulate new con-
cepts not only focusing on the bony credentials, nowadays
used as the guide for ligamentous reconstruction.

Materials and methods

Eight unpaired knees of embalmed cadavers (four male
and four female) without traumatic changes to the car-
tilage, ligaments or menisci were included. The mean
age of the cadavers, at the time of death, was 81.5 (range
66-97 years).

Dissection and contrasting

Dissection of the specimens was performed through an
anterior and posterior approach to visualize the ACL. For
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the anterior approach, the knee was positioned in 90° of
flexion. After incising the patellar ligament transversely at
joint space level, the infrapatellar fat tissue, the capsular
tissue and the synovial structures embedding the ACL were
subsequently dissected and removed (Fig. 1).

Posterior dissection was performed with the knee in full
extension. In the popliteal fossa, the heads of the gastrocne-
mius muscles, the tendon of the semimembranosus muscle
and the deep popliteal neurovascular bundle were excised
to the level of the oblique and the arcuate popliteal liga-
ment and the popliteus muscle. The popliteal tendon was
transected at its most lateral visible part where it disappears
under the edge of the capsule. From this point, the poste-
rior capsule was transversely opened and with visualization
of both cruciates. The dissection procedure was performed
with preservation of the lateral and medial parts of the cap-
sule to maintain rotational stability in positioning the knee
during CT scanning.

Following dissection, the ACL was labelled and con-
trasted according to an in-house developed protocol,
already successfully used in our previous study on the pos-
terior cruciate [36]. Briefly, the ACL was injected with a
contrast medium for (CT) imaging, consisting of 80 %
barium sulphate, 10 % glycerine and 10 % water. Toluidine
blue powder (0.1 g) was added to stain the solution, which

Fig. 1 Dissection specimen of ACL in extension and full flexion,
showing the cruciate as a flat, fan-shaped structure
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Fig. 2 Three-dimensional representation of ACL, best-fit ACL-cylin-
der and central axis. a 3D reconstruction of ACL (red) in semi-trans-
parent knee; b ACL (red) with best-fit ACL-cylinder (blue); ¢ ACL

allows a visual control over dispersion and possible leak-
age of the mixture [6, 20, 37]. A needle (Terumo® needle
0.45 x 23 mm) was inserted between the collagen fibres of
the ACL, and the solution was injected with mild pressure
until leakage occurred at the injection site or at spots fur-
ther away along the ligament. Pieces of gauze swabs were
wrapped around neighbouring structures and surfaces in
order to prevent contamination of possible leaking contrast
solution [5].

Then, subsequently, the injection needle was directed
towards the femoral and tibial insertion site of the ACL as
far as the contact point with the bony surface [8, 29]. On
this spot, a small bolus of contrast was injected. Then, a
solid injection needle—with identical diameter as the injec-
tion needle—was used for repeated picking in this area to
obtain maximal absorption of contrast solution in the bony
ACL insertion area. This procedure was repeated covering
the complete footprint. Additionally, the accessible exterior
parts of the ACL were covered with an ethyl acetate-based
solution containing lead dioxide to enhance surface con-
trast [8, 10, 37].

CT scanning

After anatomical preparation, the specimens were visual-
ized by a helical CT scan (Siemens®). Each specimen was
scanned in full extension, in 45 and 90 degrees of flexion
and in full flexion. The obtained CT images were then
imported into Mimics 14.11® software (Materialise N.V.,
Heverlee, Belgium) allowing to process 2D (CT) images
into 3D reconstructions. The resulting 3D rendering of the
knee joint and ACL is directly linked to morphological and
morphometric analysis tools [37].

(red) with central axis (yellow); d tibial (below) and femoral (above)
footprints of ACL (red) with intersecting best-fit cylinder (blue) and
intersecting central axis (yellow)

Measurements

After the segmentation process, 3D reconstructions were
calculated from the selected masks of the native ACL, the
distal part of the femoral shaft with the condyles and the
tibial plateau in full extension, 45°, 90° and full flexion
(Fig. 2a).

For each ACL, cylinders were constructed throughout
the entire ligament (including the tibial and femoral foot-
print). Next the 3D ACL’s were virtually sectioned at their
midlevel in the transverse plane (Fig. 3). Based on these
midsections of the ligament, best-fit ACL-cylinders were
calculated and oriented along the native orientation of the
bulk of the ligament. This was done for each ACL in each
of the reconstructed degrees of flexion (Fig. 2b).

Femoral and tibial footprint surface area, geometric cen-
tre of the footprints, best-fit ACL-cylinders, best-fit ACL-
cylinder intersection area, best-fit ACL-cylinder/footprint
coverage ratio and best-fit ACL-cylinder central axis pro-
jections at the tibial and femoral footprint were used to
describe the anatomy of the ACL. All surface areas were
calculated using 3-matic® software (Materialise N.V., Hev-
erlee Belgium) (Fig. 2c, d) [35].

The anatomical centres of the footprints and central axis
intersections were projected on the footprint and localized
on the tibial and femoral insertion sites using grids accord-
ing to the quadrant method of Amis, Bernard and Hertel [1,
2] (Fig. 4a, b). On the femoral side, grids were constructed,
using AutoCAD® 2012 (San Rafael, CA) for each knee in
full extension, 45°, 90° and full flexion, on a strict profile
view of the 3D reconstructed knee. Subsequently, a 4 x 4
grid was drawn, aligned according to the most anterior line
of the femoral notch, from the anterior to posterior edge of
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the femur. The other lines were constructed perpendicular
to the posterior line, tangent to the condyle. The tibial grid
was constructed starting from a line parallel to the poste-
rior and anterior wall of the tibial plateau, with the medial
and lateral border perpendicular to the posterior reference.
Based on these grids, coordinates were assigned to the ana-
tomical centre of the footprint and to the central axis in
cranio-caudal and posterior—anterior direction for the femur
on the one hand, and in medio-lateral and antero-posterior
direction for the tibia [34, 35].

Fig. 3 Virtual section at the midportion of the ACL in the transverse
plane

Fig. 4 Three-dimensional representation of the femoral (a) and tibial
(b) ACL footprint (red) with intersection of the best-fit ACL-cylinder
(blue), the central axis (yellow) in full extension, 45°, 90° of flexion

@ Springer

Data analysis

Mean (SD) surface areas (mm”> + 1 SD) were calculated
for the tibial and femoral native ACL insertion site. Then,
the mean intersection areas (mm? =+ 1 SD) of the best-fitted
ACL-cylinder with the tibial and femoral footprint surfaces
were calculated and expressed as a mean coverage (% =+ 1
SD) in relation to the complete footprint areas. The areas
of the femoral and tibial footprints and native ACL diam-
eter were compared to the femoral epicondylar mediolat-
eral width, using a Spearman’s rank correlation coefficient.
This statistical test was also used to evaluate correlations
between the tibial and femoral coverage ratios. To deter-
mine differences between the femoral and tibial footprint
area and between the femoral and tibial intersection areas,
a Mann—Whitney U test was used. The level of significance
was set at p < 0.05.

Results
ACL footprints

The mean footprint surface area of the tibial and femo-
ral footprint was 159.2 mm? (SD + 31.3) and 194.5 mm?
(SD =+ 38.3), respectively, with a tibia/femur ratio of
0.84. The mean femoral epicondylar width was 83.9 mm
(SD =+ 3.8). A high inter-patient variability was observed,
with Spearman’s Rho correlation coefficient 0.26
(p = n.s.), showing no significant correlations between
the femoral and the tibial footprint areas. Comparing the
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and in full flexion. The anatomical centre is represented in green. The
overlying grids were used to determine coordinates of each intersec-
tion
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Table 1 Surfaces of intersections between the best-fit ACL-cylinders and the tibial/femoral footprint, with coverage ratios, in 0°, 45°, 90° and in

full flexion

0° 45°

90° Full flexion

Best-fit cylinder —tibial foot-  55.1 mm? (SD =+ 13.1)

print intersection

Coverage ratio 35.4 % (SD £ 9.3)

Best-fit cylinder —femoral 110.3 mm? (SD + 17.8)

footprint intersection

Coverage ratio 58.4 % (SD £ 12.6)

79.7 mm? (SD + 19.8)

50.7 % (SD + 12.3)
104.8 mm? (SD + 31.3)

53.5% (SD £ 11.8)

93.0 mm? (SD + 29.1) 108.3 mm? (SD =+ 48.0)

57.8 % (SD + 12.5)
77.6 mm? (SD + 22.7)

63.3 % (SD + 17.5)
75.5 mm? (SD + 28.7)

40.8 % (SD + 12.5) 38.9% (SD £ 11.4)

tibial (Spearman 0.3, p = n.s.) and femoral (Spearman
0.07, p = n.s.) footprint areas to the femoral epicondylar
width, no significant correlations were found.

ACL best-fit cylinders

Mean diameters of the best-fit cylinder through the midsec-
tion of each ACL in 0°, 45°, 90° of flexion and in full flex-
ion were 7.7 mm (SD % 0.8), 7.9 mm (SD + 0.9), 7.9 mm
(SD +£ 0.8) and 8.5 mm (SD = 0.9), respectively. These
data show an increase of diameter of the best-fit cylinder
during range of motion.

Then, again for each knee in the various degrees of
flexion, the surface area was calculated of the intersection
between the best-fit cylinder (cylinder fitting the entire
cruciate ligament with diameter adjustment to the midsec-
tion cylinder), and the tibial and femoral footprint of the
ACL. On the tibial side, the mean intersection surface was
55.1 mm? (SD = 13.2) at 0°, 79.7 mm? (SD =+ 19.8) at 45°,
93.0 mm? (SD = 29.1) at 90° and 108.3 mm? (SD =+ 48.0)
in full flexion.

Mean femoral intersection surfaces were 110.3 mm
(SD =+ 17.9) in extension, 104.8 mm? (SD =+ 31.3) at 45°,
77.6 mm?* (SD = 22.7) at 90° and 75.5 mm?* (SD =+ 28.7) in
full flexion (Table 1).

These data point out that, during transition from full
extension to full flexion, the tibial intersection of the best-
fit cylinder becomes larger, with a decreasing femoral
intersection.

Same results were seen for the percentage of tibial
footprint coverage at 0° of flexion a coverage of 35.4 %
(SD =+ 9.3), at an angle of 45° 50.7 % (SD =+ 27.1) at 90°
57.9 % (SD =+ 12.5) and at full flexion 63.3 % (SD =+ 17.5).
Average femoral coverage was 58.4 % (SD =% 12.6), 53.7 %
(SD £ 11.8), 40.8 (SD =+ 12.5) and 38.9 % (SD + 11.4),
respectively. From these data, it was again inferred that the
tibial coverage increases, while femoral coverage decreases
with increasing flexion.

At full extension, no significant correlation could be
withheld between the best-fit cylinder coverage of the tibial
and femoral footprint (Spearman’s rank correlation coeffi-
cient of —0.14, p = n.s.) nor at full flexion (Spearman 0.64,

2

p = n.s.). On the other hand however, a significant positive
correlation was seen with respect to the tibial and femoral
coverage at 45° (Spearman 0.88, p = 0.004) and 90° of
flexion (0.71 Spearman, p = 0.047) (Table 1).

3D anatomical centre of the footprint

The 3D anatomical centre of the tibial and femoral foot-
print was calculated and visualized on each insertion site;
based on the aforementioned quadrant methods, coordi-
nates were assigned to these centres with an average posi-
tion at 49.3 % (SD =£ 2.1) compared to the medio-lateral
distance of the tibial plateau and 39.7 % (SD =+ 2.9), plot-
ted against the anterior—posterior axis.

On the femoral side, the mean position of the femoral
footprint centre was situated at 32.6 % (SD =+ 3.8) along
the posterior—anterior axis and at 19.9 % (SD £ 5.9) in
cranio-caudal direction.

Central axis of the ACL

For each knee, the central axis of the best-fit cylinder was
determined for every studied degree of flexion and located
using the quadrant method. At the tibial footprint, in full
extension, the average ACL-centre was located at 48.8 %
(SD +£ 1.7) along the medio-lateral axis and at 43.1 %
(SD =+ 5.2) in antero-posterior direction. In 45° flexion, we
obtained a medio-lateral position of 48.3 % (SD =+ 2.5) and
anterior—posterior 40.1 % (SD =+ 3.8). At 90° flexion, coor-
dinates were 48.1 % (SD =+ 1.9) and 39.7 % (SD + 4.5)
in medio-lateral and antero-posterior direction, respec-
tively. At full flexion, an average mid-lateral localization
of 48.4 % (SD % 2.6) and anterior—posterior at 38.0 %
(SD = 6.7) was seen. In full flexion, no intersection could
be constructed in two out of eight knees, between the cen-
tral axis and the tibial footprint because of lack of intersec-
tion between both surfaces.

At the femoral footprint, in full extension, average posi-
tion was projected at 22.9 % (SD =+ 3.6) postero-anteriorly
and in cranio-caudal direction at 21.5 % (SD =+ 2.5). In 45°
flexion at 28.3 % (SD =+ 5.3) and at 10.3 % (SD + 6.6),
respectively. At 90° of flexion, coordinates of the central
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axis were 33.3 % (SD =# 3.5) and 14.7 % (SD &+ 9.3) in
postero-anterior and cranio-caudal direction. When giv-
ing full flexion, the central axis was located at 34.9 %
(SD £ 4.4) and cranio-caudally at 13.4 % (SD + 5.3).
There was no intersection between the central axis and the
femoral footprint in four out of eight knees in full extension
and in two of them, at 45° of flexion. These data, with the
best-fit cylinder representing the bulk of the ACL, show a
changing fibre-recruitment pattern with a moving position
of the central axis from posterior to anterior on the femoral
and tibial footprint, going from extension to flexion (Fig. 5)
(Table 2).

Discussion

This study describes, as one of the first, the detailed 3D
anatomy of the human ACL with respect to its course
and footprints using a direct contrast-enhanced visualiza-
tion methodology based on CT imaging. As yet proven in
previous work on the posterior cruciate [36], this unique
approach offers valuable information on the bony insertion
sites, but also formulates new insights into optimal tunnel
placement based on the new conduct of best-fit cylinder
and central axis; a reasoning on soft tissue visualization
that allows maximum ligamentous soft tissue coverage to
the mid-footprint anatomical approach which only allows
maximum bony footprint coverage. The best-fit cylinder
concept was chosen because it more or less equals today
frequently used cylindrical grafts (hamstring autografts) in
ACL reconstruction, and it allows better understanding of
graft behaviour and offers an automated tool for native soft
tissue modelling.

This study shows a significantly smaller tibial ACL
insertion when compared to the femoral insertion. The
large discrepancy between the two surfaces, as found in our
study, with important inter-patient variability of the foot-
print sizes, is confirmed by similar findings in the reports
of Siebold et al. [24, 25]. Comparing both surfaces, a tibia/
femur ratio of 84 % was seen. This finding is in contrast
with data from the literature, describing an inverse relation-
ship going from 120 to 154 % [4, 7, 12, 16, 18, 24, 25].
Possible explanations for this discrepancy are the relatively
small number of subjects studied and the relatively high
age of cadavers with suspicion of osteophyte overgrowth.
Secondly, all measurements were taken on 3D reconstruc-
tions, whereas 2D analysis was used in previous papers on
the subject. Extrapolation of our data to 2D reconstruction,
however, showed a ratio of 87 %.

Concentrating on the bulk of the ACL, a fanning out
was seen towards the tibial and femoral footprint. During
range of motion to full flexion, whether or not taking into
account the footprints, a significant increase of the best-fit
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Fig. 5 Three-dimensional representation of the mean position of the
femoral and tibial anatomical centre (green) and the mean position of
the central axis in extension, 45°, 90° and in full flexion. The over-
lying grids were used to determine coordinates of each intersection.
The black arrow indicates movement of the central axis during range
of motion

cylinder diameter was seen, causing a stretched oval shape
of the ACL-transection in deep flexion. This finding may
be of importance in determining the diameter of the graft
of ACL reconstruction. Furthermore, with an increase in
the degree of flexion, an increase of tibial footprint cover-
age was seen, with a maximum covering in full flexion of
63 %. With regard to the femoral footprint, a decrease in
coverage was seen during increasing degree of flexion with
a maximum coverage of the soft tissue cylinder of 58 % in
full extension. This observation may be of importance in
the context of reconstructive purposes, and occurrence of
‘killer angles’, as drilling angles can influence the percent-
age of soft tissue coverage of the native footprints [34, 35].

Data on exact position of the AM and PL bundles of
the ACL are scarce. A comparison with data from the
literature about these coordinates is not easy since data
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Table 2 Coordinates of

. Anatomical centre (%) 0° (%) 45° (%) 90° (%) Full flexion (%)

the anatomical centre of the

femoral and tibial footprint Tibial footprint

in combination with the Medio-lateral 493 488 48.1 48.1 48.4

coordinates of the central axis

intersections with the ACL Antero-posterior 39.7 43.1 40.2 39.7 38.0

footprint during range of motion Femoral footprint
Postero-anterior 32.6 22.9 28.3 333 34.9
Cranio-caudal 19.9 21.5 10.3 14.7 13.4

were obtained using different visualization and meas-
urement methods, because of which, to date, there is
no consensus about the exact location of the anatomi-
cal centre of the footprint. On the femoral side, Tsukada
et al. [33] described a femoral AM position of 17.8 %
(£2.9) cranio-caudally and 25.9 % (£2.0) in postero-
anterior direction. The PL bundle was located at 42.1 %
(£3.9) and 34.8 % (£5.0), respectively. Yamamoto et al.
[38] found the AM bundle in cranio-caudal direction at
16 % (£5.0) and 25 % (£5.0) postero-anteriorly. 42 %
(£3.0) and 29 % (£6.0) were the coordinates of the PL
bundle. Takahashi et al. [30, 31] found in their dissec-
tions the AM bundle in cranio-caudal direction at 26.9
and 31.9 %. The PL bundle was seen at 53.2 and 39.8 %,
respectively. Bernard et al. [2] and Musahl et al. [13] did
not separate the AM and PL bundle but calculated posi-
tion of the ACL at 28.5 and 26 % in cranio-caudal direc-
tion and in postero-anterior direction at 24.8 and 27 %.
These data are close to our findings concerning the posi-
tion of the anatomical centre of the footprint, showing a
3D position of the ACL-centre close to the position of
the AM bundle in cranio-caudal direction. Antero-poste-
riorly, the 3D anatomical centre seems to appear close to
the PL bundle.

Comparing antero-posterior positions of the central axis
of the best-fit cylinder during range of motion to data from
the literature, a trend was seen with in full extension a posi-
tion of the central axis close to the PL bundle and with
progressive flexion moving to a position close to the AM
bundle insertion. In cranio-caudal direction however, the
central axis of the best-fit cylinder stays close to the AM
position.

Concerning the tibial insertion, data are even more lim-
ited. Yamamoto et al. [38] described a tibial AM bundle at
37.6 % AP and 46.5 % in medio-lateral direction. The PL
bundle was located at 50.1 and 51.2 %, respectively. Ber-
nard et al. [2] described only an antero-posterior direction
of the ACL at 44 %. Staubli et al. [27] described an antero-
posterior location of the AM and PL bundle at 28.6 and
32.1 %, respectively. Compared to our 3D data, our ana-
tomical tibial ACL-centre and the central axis of the best-fit
cylinder can be located between the AM and PL bundle, but
however moving from posterior to anterior during range of

motion from extension to full flexion, proving a changing
recruitment pattern of ACL fibres (Figs. 1, 5).

Based on these data, early and prudent assumptions of
the existence of an ACL functional axis/functional centre
can be made, with a changing femoral and tibial position of
the central axis during range of motion.

Comparing the best-fit cylinder central axis to the
determined geometric centre of the footprint an overlap
in only 25 % was seen with a changing position of the
femoral intersection of the best-fit cylinder central axis
during increase in degree of flexion. This was seen in one
case in 45° of flexion, in two cases during full flexion and
in one subject in 90° of flexion. A tibial overlap was also
seen in only 25 %, between the anatomical centre and
the central axis of the best-fit cylinder; three central axes
covered the anatomical centre in extended position and in
one case in 45° of flexion. Based on these findings, early
assumptions of the existence of a functional ACL-centre,
‘wandering’ around the anatomical centre during range of
motion, can be made. One should therefore, during tun-
nel positioning in ACL reconstruction, keep in mind that
there might exist a functional ACL-centre, differing from
the anatomical centre. In terms of reconstruction, there is
not yet consensus regarding the superiority of single-bun-
dle versus double-bundle ACL reconstruction. Further-
more, discussions about optimal tunnel placement during
single-bundle reconstruction are still going on whether
one should use an AM—-AM, AM-PL or a PL-PL con-
figuration to obtain translational and rotational stability
[15]. In this regard, a best-fit cylinder approach may offer
a more balanced ACL reconstruction, because it does not
rely on the mid-position of the footprints, but rather on
the bulk of soft tissues of the ACL, taking into account
the relative size of the AM bundle as well as of the PL
bundle.

However, several limitations of the present study should
be addressed. First, a relatively limited number of subjects
were studied. Second, the age of the human cadavers did
not represent the average, typical age for population that
sustains ACL injury. Third, the antero-medial (AM) and
postero-lateral (PL) bundle of the ACL, as described in 2D
anatomical studies [16, 30, 39] could not be isolated on the
3D reconstructions.
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Conclusion

With three-dimensional visualization of the ACL foot-
prints and its soft tissue anatomy, this study is one of the
first to describe the detailed anatomy of the human ACL
with respect to its course and footprints using a unique 3D
approach. A significant inter-patient variability in footprint
size was seen with remarkable discrepancy between femo-
ral and tibial footprint surfaces. Using the best-fit cylinder
and central axis concept, an accurate evaluation could be
made of the anatomical centre and the central axis position
of the ACL footprint during the whole range of motion,
suggesting a functional centre of the anterior cruciate. The
best-fit cylinder concept illustrates the recruitment pattern
of the native ACL fibres where in extension the postero-
lateral fibres are recruited and in flexion rather the antero-
medial bundle, which can be valuable information in recon-
structive purposes. This concept offers additional insights
and may lead to improvement of ACL reconstruction.
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