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arthroscopic reference for posterior/anterior
femoral tunnel positioning in anterior
cruciate ligament reconstruction
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Abstract

Background: Femoral malposition is the first cause for graft rupture during ACL reconstruction. Arthroscopic landmarks
can be difficult to identify. So, landmark has to be found for reliable tunnel placement. A proximal-distal reference was
described as “Apex reference” reported by Hart et al. but no posterior/anterior reference exists in the literature.
The purpose of this study was to do a 3D CT-scan assessment of the femoral tunnel positioning using the Capsular Line
Reference (CLR) as a landmark for posterior/anterior placement in ACL reconstruction. We hypothesized the CLR could
provide a precise and reliable antero/posterior femoral tunnel positioning less than 2 mm from the Bernard & Hertel
posterior quarter.

Methods: Seven cadaveric knee specimens with a mean age of 79.2 ± 11 years were used. Using standard approaches,
the CLR was identified corresponding to a white line (the capsule) appearing at the posterior border of the femoral
condyle after bony debridement of the medial and posterior part of the lateral femoral condyle. The center
of the tunnel was marked. An inside-out technique with anteromedial drilling technique was performed using
an 8-mm diameter reamer. The distal femurs were sawed and a CT-scan was done for each specimen to obtain
3-dimensional image reconstructions. These 3D reconstructions were analyzed to measure the position tunnel center
on the posterior/anterior axis and the distance from the posterior/anterior quadrant according to the Bernard &
Hertel method.

Results: The mean position for the posterior/anterior axis was 27.0 ± 1.8% (25–28.9) with a median of 26.9%.
The position from the first quarter of the Bernard & Hertel method was 0.9 ± 0.8 mm (0–1.8) with a median
of 0.8 mm.

Conclusion: The CLR is a reliable and reproducible arthroscopic landmark to place the femoral tunnel for ACL
reconstruction in the anterior/posterior axis. Proximal/distal position depends on the choice of the surgeon to
reproduce anteromedial or posterolateral fibers.
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Background
The most cited reason for residual instability and graft
failure in arthroscopic anterior cruciate ligament (ACL)
reconstruction remains technical errors including in-
appropriate graft fixation, graft impingement in the
notch, incorrect femoral and tibial tunnel placement
(Samitier et al., 2015; Wylie et al., 2017).
Appropriate tunnel placement is critical for the suc-

cess of such surgeries, nevertheless, incorrect femoral
tunnel placement still represents 80% of these technical
errors (Samitier et al., 2015; Wylie et al., 2017;
Whitehead, 2013; Trojani et al., 2011). Graft behavior is
supported by anatomical, biomechanical and isometric
conditions (Zavras et al., 2005). According to the most
recent understanding of ACL anatomy (Smigielski et al.,
2016; Smigielski et al., 2015; Sasaki et al., 2012), the graft
must be placed anatomically on the lateral femoral con-
dyle. Full anatomic ACL reconstruction remains actually
a challenge, and the best we can achieve is a comprom-
ise between anatomy, biomechanics and isometry. In
order to guide the surgeon in this choice, the concept of
I.D.E.A.L femoral tunnel position has been proposed
(Pearle et al., 2015). Arthroscopic ACL reconstruction is
a technically demanding surgery and surgeons need eas-
ily recognizable bony landmarks in order to secure the
tunnel placement. The tunnel center can be situated in
two directions, Proximal and Distal and Posterior and
Anterior positioning (Davis et al., 2016; Colombet et al.,
2016). Many surgeons use the “classic clock face” cen-
tered in the notch, to place the tunnel center in prox-
imal and distal position. This clock face technique is not
precise enough and has been reported as lacking accur-
acy and precision for femoral tunnel placement (Azzam
et al., 2011; Loriaut et al., 2017; Momaya et al., 2017).
Some authors have shown that proper placement is re-
lated to the angle of knee flexion (Markolf et al., 2009),
so the apex of posterior cartilage was recently reported
as a better anatomical bony landmark for the proximal/
distal position (Hart et al., 2015). Proximal/distal posi-
tioning depends on the ACL fibers the surgeon wishes
to reconstruct: Antero-medial (AM) fibers are in the
proximal part of the notch while Postero-lateral (PL) fi-
bers are distal and both are anatomical.
The purpose of this cadaveric dissection study was to

assess femoral tunnel positioning using the Capsular
Line Reference (CLR) as a bony landmark for the poster-
ior/anterior placement in arthroscopic ACL reconstruc-
tion. The CLR can be identified as a “white line”
(corresponding to the capsule) appearing at the posterior
border of the medial side of the lateral femoral condyle
after bony debridement using a shaver. So it’s a posterior
reference which can be always found and prevent to
place the tunnel too anteriorly. In effect, the Posterior/
Anterior position is much more crucial because a position

which is too anterior constitutes a main reason for graft
rupture (Samitier et al., 2015; Wylie et al., 2017). A fem-
oral offset guide in different sizes (from 4 mm to 7 mm)
has been proposed to control the Posterior/Anterior posi-
tioning (Tuca et al., 2016; Sekiya et al., 2016). It is hooked
above the lateral femoral condyle but there is no visual
arthroscopic landmark to ensure that the chosen target
has been reached: the technique with offset guide has the
disadvantage the position of the tunnel cannot be seen
when the guide is in place whereas with the CLR
technique, the position can be identified during all
the procedure, regardless of the degree of flexion.
Moreover, a simple synovial resection at the posterior
part of the condyle is not enough to make appear the
CLR and the posterior edge of the lateral notch wall
is sometimes difficult to identify.
A 3D CT-scan of the specimen was used to precisely

measure tunnel placement using the Bernard and Hertel
(B&H) quadrant method (Bernard et al., 1997). Our hy-
pothesis was that the CLR provides a precise and reliable
antero/posterior femoral tunnel positioning less than
2 mm from the Bernard & Hertel posterior quarter (cen-
ter of the ACL antero-medial fibers as described in the
literature (Sullivan et al., 2015)).

Method
Cadaveric arthroscopy
Seven deep frozen cadaveric knees were used (mean age
78.5 ± 9 years) and thawed at room temperature 24 h be-
fore the experiment. Consent was given during the life-
time for the use of specimen for research. They were all
right knees. The specimen inclusion criteria were no scars
from previous surgery, no significant osteoarthritis with
only grade I or II chondral lesions (ICRS Classification).
The femur was fixed on the table with a metallic holder.
We used an anterolateral arthroscopic portal and an ante-
romedial instrumental portal. The anterolateral portal was
placed at the corner of the patellar tendon lateral edge
and the patella. The anteromedial portal was situated in
the notch’s medial wall alignment, one centimeter above
the medial joint line (Fig. 1). A classic 30° angle scope was
used and we took a notch picture before removing the
ACL with a shaver (Formula Shaver Striker cutter blade
aggressive plus 5 mm) introduced by the anteromedial
portal. Next, the shaver blade was used as a burr
(6000 rpm) in order to clean out the soft tissue and a little
of bone from the posterior part of the lateral notch wall.
After that trick, a “white line” (corresponding to the cap-
sule) appeared at the posterior border of the medial side
of the lateral femoral condyle. This is the arthroscopic
landmark identified as the Capsular Line Reference (CLR)
(Fig. 2). The CLR is so placed at the posterior edge of the
condyle, below the roof of the notch but appeared only
after bony debridement of the medial part of the condyle.
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Landmark
The CLR was used for the anterior-posterior position of
the tunnel. The center of our femoral tunnel was placed
in front of the CLR and at the level of Antero Medial
(AM) native ACL direct fiber attachment: using the CLR
as the posterior reference, the aim was to be as posterior
as possible. As we used after a 7 mm diameter drill, we
placed the center of the tunnel at 5 mm anteriorly rela-
tive to the CLR. The proximal and distal positions in the
notch were controlled using the Apex of the Posterior
Cartilage (Hart et al., 2015) at the posterior part of the
lateral condyle. We placed the drill tip 10 mm from this

apex (Fig. 3). The drill was oriented as much as possible
in an anterior and proximal direction after positioning
the knee at 120° of flexion, the limitation was given by
contact of the drill with the medial condyle. We used a
4.5 mm drill equipped with a sharp tip. This tip is used
to control the position of the drill and keep the drill in
the chosen position while the knee is flexed from 90° to
120°. A 4.5 mm epiphysis tunnel was drilled through and
the lateral femoral cortex was perforated using an ante-
romedial drilling technique and flexion of the knee at
120°. At this point, arthroscopic control was done and
tunnel placement was considered as acceptable when
there remained 1 mm between the posterior part of the
tunnel and the CLR (Fig. 4). Then, a k-wire was intro-
duced in the tunnel while the knee was still bent to 120°
of flexion. We used a 7 mm diameter drill to create a
25 mm length socket.

Cadaveric dissection and CT scan
All the soft tissue was removed from the femoral extrem-
ity and pictures were taken, then, the femur was inserted
in a plastic bag. The specimens were placed one by one in
a CT scan (General Electric Optima CT580W 16fps) and
computerized tomography was done for each femur. A
DICOM file was created for each specimen and we used
RadiAnt DICOM viewer® (Medixant 1.9.16 Poznan
Poland) Software for picture analysis. The 3D volume ren-
dering function was used. The 3D femur was rotated
along a vertical axis in order to superimpose both con-
dyles. Next, the selection was rotated by 90 degrees and a
scalpel tool was used to cut the distal femoral epiphysis in
the middle of the notch before the medial condyle was re-
moved. We rotated back by 90° to return to a medial view
of the lateral condyle. We used the length tool to measure
the Bernard & Hertel quadrant sides (Bernard et al., 1997)
(length and width) (Fig. 5a). This picture was exported as
a JPEG file in Adobe illustrator CS6.

Fig. 1 Picture showing the position of anteromedial and anterolateral
portals. The anterolateral approach is proximal and close to the patellar
tendon. The anteromedial approach is flush with the femoral medial
condyle one centimeter above the tibial plateau

Fig. 2 Arthroscopic views of the right knees (through anterolateral portal) medial part of the lateral femoral condyle for the seven specimens after
debridement. For each one, Capsular Line Reference (red arrow), apex of the posterior cartilage (yellow arrow) and remnant fibers of the ACL are shown
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Imaging measurements
A scaled illustration of the femoral footprint was pro-
duced using Adobe Illustrator® C26 graphics software.
The tunnel aperture was drawn and its center located
(Fig. 5b). The Bernard & Hertel quadrant was drawn and
its dimensions measured (length. width) in Adobe il-
lustrator were related to the real distance reported in
Radian DICOM viewer picture. We measured the dis-
tance in millimeters (mm) from the posterior part of
the quadrant to the tunnel center and was recorded
as a percentage with the quadrant’s Blumensaat line.
Then, we measured the distance from the tunnel center to
the first posterior quarter of the Bernard & Hertel quad-
rant which is the center of the AM direct fibers of the
native ACL (Bernard et al., 1997; Johnson et al., 2015;

Jenny et al., 2011; Kawakami et al., 2012; Lee et al.,
2007; Li et al., 2012; Youm et al., 2013). The first
posterior quarter was considered as the position to
target and the aim was to bas as close as possible
from the first quarter. Statistical Analysis: Descriptive
statistics (mean, median and standard Deviation) were
used to describe the anatomical relationships mea-
sured in this study.

Results
Analysis was possible for the seven specimens. Regard-
ing the Bernard & Hertel quadrant edges, all the speci-
mens were homogenous. The Blumensaat line mean
length was 45.0 mm ± 1.9 (42.5 to 47.3 mm) and the
posterior/anterior mean length was 22.1 mm ± 2.3 (18.9
to 25 mm). The distance of the tunnel center from the
Bernard & Hertel posterior quarter line was 0.9 ±
0.8 mm (0–1.8) with a median of 0.8 mm. All the cen-
ters were located on the anterior side of this line (Fig. 6).
When we considered the femoral tunnel center distance
from the posterior edge of B&H quadrant as a percent-
age, the average mean position for the posterior/anterior
axis was 27.0 ± 1.8% (25–28.9). The median was 26.9%.
Results are summarized in Table 1.

Discussion
The main result of this study is that the Capsular Line
Reference seems to be a reliable and reproducible refer-
ence for the positioning of the femoral tunnel in arthro-
scopic ACL reconstruction. Our hypothesis was validated
with a mean distance from the posterior edge of B&H
quadrant at 0.9 ± 0.8 mm (0–1.8).
Initially described as a radiological measuring method

in 1996 in a German journal (Bernard & Hertel, 1996)
and popularized since 1997, the Bernard & Hertel quad-
rant method is the most widely used in the literature for
analyzing the position of the femoral tunnel on a lateral

Fig. 3 Arthroscopic view of the lateral notch through the anterolateral
approach of a right knee showing the position of the center of the
tunnel: close to the CLR and one centimeter higher (anteriorly) relative
to the apex of the posterior cartilage. The CLR is marked

Fig. 4 Arthroscopic views (through an anterolateral approach of the right knees) of the medial part of the lateral femoral condyle with tunnel center
location on the seven specimens
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view (Bernard et al., 1997), (Hwang et al., 2012). This
method was validated by Kim et al. for CT-scan analysis
(Kim et al., 2016) and its reliability was confirmed by
Lertwanich et al. (Lertwanich et al., 2011). We chose
CT-scan analysis because it is more precise as it al-
lows for accurate orientation of the medial part of
the lateral condyle and offers the possibility of having

measurements in millimeters without parallax or
length approximation.
In our study, average mean position of the femoral

tunnel center was at 27.0 ± 1.8% and the median was
26.9% for posterior/anterior position according to the
Bernard & Hertel method. This result corresponds to
the literature. Parkar et al. (Parkar et al., 2016) recently

Fig. 5 a 3D CT-scan reconstruction of the lateral femoral condyle. Length and width of the two axes of the construction of Bernard & Hertel quadrant
method are measured. b Example of tunnel center position measures using Bernard & Hertel quadrant method on the 3D CT-scan reconstruction

Fig. 6 Right femur: mapping each tunnel center measures (1 to 7). The Bernard & Hertel quadrant is drawn in the black grid. The center of the
AM direct fibers of the ACL is placed at the Red Cross situated one quarter from the top and one quarter from the posterior part of the B&H grid.
The upper part of the grid is the Blumensaat line
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did a systematic review of imaging and cadaveric analysis
of the position of tunnels in ACL reconstruction and re-
ported a mean of 28.6% and a median of 26.3% for the
posterior/anterior position for single bundle reconstruc-
tion. Results were comprised between 23.5 and 37.3%.
For double-bundle reconstructions, the anteromedial
bundle was comprised between 15 and 33.9%. We also
found a small standard deviation (27.0 ± 1.8%) showing
the good reproducibility of the CLR technique.
Numerous techniques describe landmarks and refer-

ences to correctly place the femoral tunnel center,
including: clock face method, bony landmarks, ACL
remnant, Computer-Assisted Surgery (CAS) and radio-
graphic method (Davis et al., 2016). The clock face
method is not precise because it depends on the position
of the knee and cannot be proposed as a reliable method
(Davis et al., 2016). In 2012, Piefer et al. (Piefer et al.,
2012) summarized the different bony landmarks (lateral
intercondylar ridge, “back” of femur, notch roof, “over-
the-top” position, posterior cortical border of femoral di-
aphysis). They specified that ACL insertion is located in
an area below the notch roof and posteriorly to the lat-
eral intercondylar ridge but this corresponds to a large
area. Pansard et al. also proposed to only use bony land-
marks to place the tunnel because they found no differ-
ence between two types of drilling techniques (Pansard
et al., 2015). But as written by Steckel et al., visualization
of the footprint varies with degrees of flexion, and so, a
slight variation could modify the position of the tunnel
even though bone is seen (Steckel et al., 2010). In
addition, bony landmarks such as the lateral intercondy-
lar ridge can be difficult to identify. Another landmark
described is the stump of the ACL. It can be used in
addition to bony landmarks but the size of the footprint
is an oval with a length ranging from 12.9 to 18.4 mm
and a width between 4.7 and 9.3 mm (Piefer et al., 2012)

so it cannot be fully covered and a choice has to be done
to place the tunnel inside the stump. Radiographic and
CAS are time consuming or expensive and difficult to
use in a daily practice everywhere. Davis et al. (Davis et
al., 2016) published a technique to place the femoral
tunnel by measuring the height and the depth of the lat-
eral notch but this implies parallax approximation and
does not take into account variations in patient anatomy.
Hart et al. (Hart et al., 2015) proposed the Apex of
Posterior Cartilage (ADC) as a reference. This method
aims to place the tunnel at the center of the footprint by
measuring a fixed length from the ADC. Once again,
this technique ignores variations in anatomy and using
only fixed measured distance does not seem to be opti-
mal. Furthermore, the center of the footprint is not the
position we target with the CLR technique, we aim to
place the center of the tunnel in the middle of the ante-
romedial fibers of the native ACL. The position of these
anteromedial fibers corresponds to the first posterior/an-
terior quarter line of the Bernard & Hertel quadrant
(Bernard et al., 1997; Johnson et al., 2015; Jenny et al.,
2011; Kawakami et al., 2012; Lee et al., 2007; Li et al.,
2012; Youm et al., 2013). We found a distance of 0.9 ±
0.8 mm from this line showing the CLR as a precise pos-
terior/anterior landmark to place the tunnel at insertion
sites of anteromedial fibers. Ahn et al. measured the dis-
tance from a reference point using the quadrant method,
but the results were given as a percentage and not in
millimeters (Ahn et al., 2013).
We chose the insertion site of anteromedial fibers be-

cause Pearle et al. advocated that the aim of ACL
reconstruction could not be just to try to fill the foot-
print and centralize the center of the tunnel and so that
a compromise should be an option (Pearle et al., 2015).
Although the anatomy of the footprint varies from pa-
tient to patient, there is some consistent data in the

Table 1 Results for the seven specimens with two analyses: The distance of the tunnel center from the Bernard & Hertel (B&H) deep
quarter line according to the quadrant method

B&H dimensions Deep/Shallow measurement from the deep Distance from
the AM targetHigh/Low length Deep/Shallow length Native AM center Tunnel center

mm mm mm mm % mm

Specimen 1 22,7 45,2 11,3 13,1 28,9% 1,8

Specimen 2 23,7 43,4 10,85 11,7 26,9% 0,8

Specimen 3 19,5 45,8 11,45 11,5 25,0% 0,0

Specimen 4 24,20 47,30 11,825 11,8 25,0% 0,0

Specimen 5 25 47,5 11,875 12,1 25,5% 0,2

Specimen 6 18,9 42,5 10,625 12,3 28,9% 1,7

Specimen 7 21 43,6 10,9 12,5 28,6% 1,6

Mean 22,1 45,0 11,3 12,1 27,0% 0,9

S Deviation 2,38 1,96 0,49 0,55 1,8% 0,80

Median 22,7 45,2 11,3 12,1 26,9% 0,8
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anatomy of the ACL which structure was recently de-
scribed as ribbon like (Smigielski et al., 2016). The anter-
ior margin of the direct fibers is the intercondylar bony
ridge and there is a fan-like extension posteriorly close
to the cartilage, and in continuity with the capsule at-
tachment on the lateral condyle (Mochizuki et al., 2014).
Iwahashi reported an average width of the insertion of
8 mm. Given its direction, the graft does not fill up the
whole tunnel aperture but occupies the anterior part of
it (Segawa et al., 2003). When the tunnel is placed be-
hind the intercondylar bony ridge and anteriorly to the
capsule, the graft is situated in the native anterior direct
fiber location. With the CLR technique, this criterion is
fulfilled because the reference is the capsule; the tunnel
is placed behind the interconyldar ridge. Moreover, the
proximal and anterior part of the native ACL insertion
(called anteromedial fibers) is the most isometric loca-
tion (Simmons et al., 2003), these fibers are subjected to
small elongations during flexion extension of the knee
and thus correspond to a placement with low tension
applied on the graft. So, with the CLR technique, the
tunnel is placed at the proximal and anterior part of the
femoral footprint, which corresponds to the I.D.E.A.L.
position for the center of the tunnel, as recommended
by Pearle et al. (Pearle et al., 2015). So the CLR is a pos-
terior reference that can be found in all patients and al-
lows to be as posterior as possible. It’s necessary to do
the bony debridement to make it appear at the posterior
edge of the condyle.
There are, however, some limitations. We studied

seven specimens but this number corresponds to the lit-
erature (Hart et al., 2015), (Johnson et al., 2015),
(Musahl et al., 2003) and we found a small standard de-
viation showing the reliability of the technique. One sur-
geon performed the technique for all the specimens but
analysis was done by an independent observer. Our
study is a cadaveric analysis but we applied the exact
same operative conditions with the same instruments
so we could expect similar results in human surgery.
A prospective clinical study with the CLR technique
is on the way.

Conclusion
This study shows that the CLR reference appears to be a
reliable and precise technique for femoral tunnel place-
ment during an ACL reconstruction. This arthroscopic
reference could substantially help in posterior/anterior
femoral tunnel positioning.
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