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Abstract

Purpose The purpose of this study was to reveal the
correlation between the size of the native anterior cruciate
ligament (ACL) footprint and the size of the lateral wall of
femoral intercondylar notch.

Methods Eighteen non-paired human cadaver knees were
used. All soft tissues around the knee were resected except
the ACL. The ACL was cut in the middle, and the femoral
bone was cut at the most proximal point of the femoral
notch. The ACL was carefully dissected, and the periphery
of the ACL insertion site was outlined on both the femoral
and tibial sides. An accurate lateral view of the femoral
condyle and the tibial plateau was photographed with a
digital camera, and the images were downloaded to a
personal computer. The size of the femoral and tibial ACL
footprints, length of Blumensaat’s line, and the height and
area of the lateral wall of femoral intercondylar notch were
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measured with Image J software (National Institution of
Health).

Results The sizes of the native femoral and tibial ACL
footprints were 84 + 25.3 and 144.7 + 35.9 mm?, respec-
tively. The length of Blumensaat’s line and the height and
area of the lateral wall of femoral intercondylar notch were
294 £ 28 mm, 17.1 & 2.7 mm, and 392.4 £ 86 mmz,
respectively. Both the height and the area of the lateral wall
of femoral intercondylar notch were significantly correlated
with the size of the ACL footprint on both the femoral and
tibial sides.

Conclusion For clinical relevance, the height and area of
the lateral wall of femoral intercondylar notch can be a
predictor of native ACL size prior to surgery. However, the
length of Blumensaat’s line showed no significant corre-
lation with native ACL size.

Keywords Anterior cruciate ligament - Anatomy -
Double bundle - Femoral condyle

Abbreviations

ACL Anterior cruciate ligament
AM  Antero-medial bundle

PL Postero-lateral bundle

Introduction

Anatomical anterior cruciate ligament (ACL) reconstruc-
tion is becoming more popular due to numerous studies
reporting its superior ability to restore normal knee func-
tion when compared to non-anatomical reconstruction [8,
13, 14, 17, 19, 20, 36-38]. With the rising frequency of
anatomical ACL reconstruction [31], the anatomy of the
ACL has been studied in greater detail [5, 8, 9, 15].
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However, reports vary as to the exact anatomy of the ACL
[7, 16, 21, 26, 27], and the optimal placement of anatom-
ical tunnels in anatomical ACL reconstruction remains
unclear.

One of the final goals of anatomical ACL reconstruction
is the restoration of native anatomy [5, 6]. However, in
most cases of ACL reconstruction using autograft, the
reconstructed ACL size is determined by the harvested
graft size, not by the size of the native ACL insertion site
[14, 20, 22, 25, 37]. If the harvested graft size is small, the
resulting reconstructed ACL is also small, even when the
native insertion site is comparatively large. Determining
the reconstructed ACL size by the harvested graft size
alone is insufficient. It is essential to obtain more accurate
predictors of ACL size before surgery. If surgeons can
predict the ACL size using radiographic measurements,
they can easily select the optimal type of autografts and
allograft before surgery. Several studies have reported that
intercondylar notch width is significantly correlated with
the size of the ACL [4, 20, 29, 32, 34]. However, no study
has reported the correlation between native ACL footprint
size and the size of the lateral wall of femoral intercondylar
notch.

The purpose of this study was to reveal the correlation
between native ACL footprint size and the size of the lat-
eral wall of femoral intercondylar notch using cadaveric
knees.

The hypothesis of this study was that native ACL
footprint size would be correlated with the size of the lat-
eral wall of femoral intercondylar notch.

Materials and methods

Eighteen non-paired formalin-fixed Japanese cadaveric
knees were used (7 men, 11 women; median age, 83; range,
68-97). Knees with severe osteoarthritic changes were
excluded from this study.

Evaluation of ACL insertion site

All surrounding muscles, ligaments, and other soft tissues
in the knee were resected before ACL dissection. Partic-
ular care was taken to ensure that the posterior structures
were accurately resected. The posterior joint capsule,
menisco-femoral ligaments, posterior cruciate ligament
(PCL), and synovial tissues were resected carefully to
simulate accurate ACL dissection. After soft tissue
resection, the ACL was cut into half. On the femoral side,
the femur was split along the sagittal plane through the
most superior point of the anterior outlet of the interc-
ondylar notch with an oscillating saw to expose the
femoral attachment of the ACL. The outline of the
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femoral ACL footprint was marked with coloured ink. On
the tibial side, posterior synovial tissue and blood vessels
were carefully resected, and the outline of the footprint
was also marked (Fig. 1). Antero-medial (AM) and pos-
tero-lateral (PL) bundles were not separated in this study
because the purpose was to evaluate the total ACL area
correctly. After marking the ACL footprint, an accurate
lateral view of the femoral condyle and an accurate axial
view of the tibia plateau were photographed with a Casio
EXILIM S12 digital camera (Casio, Co. Ltd., Tokyo,
Japan). Adjusting to the real knee size and computer
image calculation, measure was also photographed within
the same image. The images were downloaded to a per-
sonal computer, and the footprint area was analysed using
Image J software (National Institute of Health) [23, 24].
The accuracy of the area measurement was less than
0.1 mm? (Fig. 1).

Fig. 1 Measurement of ACL footprint size. After marking an outline
of the ACL footprint, each footprint was photographed with a digital
camera. The pictures were downloaded to a personal computer, and
the area of the footprint was analysed using Image J software
(National Institute of Health)
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Measurement of the size of the lateral wall of femoral
intercondylar notch

With the same images used in the ACL footprint evalua-
tion, the height, area, and length of Blumensaat’s line of
the lateral wall of femoral intercondylar notch were mea-
sured with Image J software (Fig. 2).

Statistical analysis
Data are presented as mean =+ standard deviations. The

Pearson’s product movement correlation was calculated to
reveal the correlation between the following:

Fig. 2 Measurement of lateral wall of femoral intercondylar notch
size. With the same pictures used in the ACL footprint evaluation, the
area of the lateral wall of femoral intercondylar notch (a), the length
of Blumensaat’s line, and the height of the lateral wall of femoral
intercondylar notch (b) were measured with Image J software

Femoral footprint size and tibial footprint size

e The length of Blumensaat’s line and femoral or tibial
footprint size

e The height of the lateral wall of femoral intercondylar
notch and femoral or tibial footprint size

e The area of the lateral wall of femoral intercondylar

notch and femoral or tibial footprint size

It was assumed that there was statistical significance
when P < 0.05. All statistical data were calculated with
SPSS 19.0 (SPSS Inc., Chicago, IL, USA).

Results
ACL footprint size and area

The measured areas of the femoral and tibial ACL foot-
print were 84.0 & 253 mm® and 144.7 + 35.9 mm?,
respectively.

Lateral wall of femoral intercondylar notch height,
area, and length of Blumensaat’s line

The height of the Ilateral femoral condyle was
17.1 £ 2.7 mm. The area of the lateral femoral condyle
was 392.5 £+ 86.0 mm. The length of Blumensaat’s line
was 29.4 £ 2.8 mm>.

Size comparison of ACL footprint and lateral femoral
condyle

The size of the femoral and tibial ACL footprints was sig-
nificantly correlated (Pearson’s correlation coefficient =
0.681, P = 0.002). The height of the lateral wall of femoral
intercondylar notch was significantly correlated with the size
of the femoral ACL footprint (Pearson’s correlation coeffi-
cient = 0.868, P = 0.000) and tibial ACL footprint (Pear-
son’s correlation coefficient = 0.768, P = 0.000; Fig. 3).
The area of the lateral wall of femoral intercondylar notch
showed significant correlation with the size of the femoral
ACL footprint (Pearson’s correlation coefficient = 0.782,
P = 0.000) and the tibial ACL footprint (Pearson’s corre-
lation coefficient = 0.608, P = 0.008; Fig. 4). The length
of Blumensaat’s line showed no significant correlation with
the size of the ACL footprint at either the femoral or tibial
side.

Discussion

The most important finding of this study was that both the
height and the area of the lateral wall of femoral
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Fig. 3 Correlation analysis of
lateral wall of femoral condylar
notch height and ACL footprint
size. The size of the femoral
(a) and tibial (b) ACL footprints
showed significant correlation
with the height of the lateral
wall of femoral intercondylar
notch

Height of lateral wall of femoral intercondylar notch (mm)

Pearson’s correlation coefficient=0.868
241 p=0.000
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intercondylar notch showed significant correlation with the
size of the ACL footprint. However, the length of Blu-
mensaat’s line showed no significant correlation with the
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size of the ACL footprint. Although this study did not
include a radiographic evaluation, the results suggest that
the size of the ACL footprint can be predicted before
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surgery by measuring the size of the lateral wall of femoral
intercondylar notch using a lateral knee radiograph, com-
puted tomography, or magnetic resonance imaging.

In recent ACL studies, anatomical evaluation of correct
tunnel placement, biomechanical testing, and graft healing
have been reported [1, 2, 5, 8, 9, 13, 28, 37, 39]. However,

) ) )
120 150 180 210
Tibial area of ACL (mm?)

the size of the reconstructed graft has not been well doc-
umented. As ACL reconstruction is a kind of graft trans-
plantation, the size of the graft should be evaluated in
greater detail.

In countries that allow the use of allografts for ACL
reconstruction, surgeons can use allografts large enough to

@ Springer



794

Knee Surg Sports Traumatol Arthrosc (2013) 21:789-796

reproduce the native ACL [6]. However, in countries that
do not permit the use of allografts, surgeons must use
autografts [14, 20, 22, 25, 37]. In isometric, non-anatomi-
cal, single-bundle ACL reconstruction, large 4-strand ST-G
grafts or larger BTB grafts were commonly used as auto-
grafts [22, 28]. However, it is now known that the native
ACL footprint cannot be reproduced with such a large,
circular tunnel [10, 38]. Recently, the efficacy of the
double-bundle technique [6, 12, 13, 14, 37-39] and the
rectangular BPTB technique [25] in accurately reproducing
the anatomical footprint in ACL reconstruction has been
investigated. Although the double-bundle and the rectan-
gular BPTB techniques are suitable in terms of fitting the
graft within the ACL footprint, the reconstructed ACL graft
size should be as large as and as close in size to that of the
native ACL. However, in most cases of ACL reconstruc-
tion using autografts, the reconstructed ACL size is mainly
determined by the harvested graft size, not by the size of
the ACL footprint. If the surgeons can easily predict the
size of the ACL footprint before surgery, they can select
and harvest the most suitably sized autograft.

A significant correlation between notch width and ACL
size has been reported by several authors [4, 20, 29, 32,
34]. Stijak et al. [29] conducted a cadaveric study and
found that ACL width was in positive correlation with the
intercondylar notch width in male subjects. However, the
same correlation did not exist in female subjects. In the
cadaveric study of Muneta et al. [20], the notch width was
correlated with the cross-sectional area of the ACL. Davis
et al. [4] also reported that the width of mid-substance ACL
had a significant correlation with the notch width. How-
ever, they did not measure the correlation between the
ACL footprint size and the length of Blumensaat’s line or
notch height, both of which can be easily measured in a
lateral knee radiograph. In the recent work of Wu et al.
[35], no significant correlation was observed between the
ACL footprint size and body height or gender. Therefore,
morphological knee measurement is more accurate than
body size or gender as a predictor of ACL size before
surgery. As van Eck reported [33], not only the size of the
intercondylar notch but also the shape of the notch might
be correlated with the size of ACL.

Normally used autografts for ACL reconstruction are
semitendinosus tendon, the combined use of semitendino-
sus and gracilis tendon, bone-patella tendon-bone graft,
and quadriceps tendon. As the results of this study show,
the size of the ACL footprint has a significant correlation
with the height and the area of the lateral wall of femoral
intercondylar notch. The strongest correlation was
observed between the height of the lateral wall of femoral
intercondylar notch and the size of the femoral ACL
footprint. In the planning stages of ACL reconstruction
using autograft, these parameters should be measured prior
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to graft selection. When the suspected ACL footprint is
large, the combined use of semitendinosus and gracilis
tendon for the graft is recommended to fill the ACL
footprint.

Several studies have reported on the size of the ACL
footprint [3, 5, 7, 18, 21, 26, 27, 30]. For the femoral
footprint, the range in reported size was 83-196.8 mm?. On
the tibia side, the range in footprint size was
114-229 mm?. The results of our study regarding the size
of the ACL footprint were similar to those of previous
reports. As previously reported [7, 26, 27] and confirmed in
this study, the size of the ACL varies greatly. To ensure the
true efficacy of anatomical ACL reconstruction using
autograft, as Fu et al. [6] recommended, the size of the
native ACL footprint should be evaluated first, followed by
careful graft selection.

The main limitations of this study were the following:
(1) the ACL dissection was performed only by macro-
scopic evaluation. Although this dissection was made by
experienced surgeons, this might allow for human error
and bias. (2) The average age of the cadavers used was
significantly older than the average age of patients that
undergo ACL reconstruction. Even though no specimens
had severe osteoarthritic changes, the ages of the speci-
mens should be considered in such an anatomical study.
(3) Our sample size was not large (n = 18) but was similar
to a previous study [11]. However, due to anatomical
variation and in order to accurately define the ACL anat-
omy, a study with a larger sample size is needed. (4) The
ACL footprint was only evaluated with a 2-dimensional
technique. The ACL is attached 3-dimensionally to the
bone [5] and might be better evaluated with a 3D camera
or computer graphics.

Conclusion

In conclusion, the height and area of the lateral wall of
femoral intercondylar notch showed significant correlation
with the size of the ACL footprint. However, the length of
Blumensaat’s line showed no significant correlation with
the size of the ACL footprint. For clinical relevance, the
preoperative measurement of these parameters might be an
effective means of predicting the native ACL size, allow-
ing surgeons to select the most suitable graft for ACL
reconstruction.
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