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Femoral Tunnel Apertures on the Lateral Cortex in Anterior
Cruciate Ligament Reconstruction: An Analysis of Cortical

Button Fixation
Ken Okazaki, M.D., Ph.D., Hirokazu Matsubara, M.D., Ph.D., Kanji Osaki, M.D.,

Yasutaka Tashiro, M.D., Ph.D., Hideki Mizu-uchi, M.D., Ph.D., Satoshi Hamai, M.D., Ph.D.,
Toshio Doi, M.D., Ph.D., and Yukihide Iwamoto, M.D., Ph.D.
Purpose: If the aperture of the oval-shaped femoral tunnel on the lateral cortex becomes bigger than half the size of the
cortical button, the risk of fixation failure increases. This study investigated the effect of the location of the entry point and
diameter of the femoral tunnel on the length of the major axis of the tunnel aperture in anterior cruciate ligament (ACL)
reconstruction using an outside-in technique. Methods: Simulation of femoral tunnel drilling was performed on
computed tomography (CT)-based 3-dimensional (3D) bone models obtained from 40 participants. The tunnel connected
the center of the ACL footprint and various points on the lateral femoral surface. The diameter of the tunnel was set at 4.2
mm, 5.2 mm, or 6 mm, depending on the commercially available outside-in surgical systems (Arthrex, Naples, FL and
Smith & Nephew, Andover, MA). The length of the major axis of the oval-shaped aperture on the lateral femoral surface
was measured. Results: When the tunnel was introduced at 2 cm from the lateral epicondyle in a 45� anteroproximal
direction, the major axis was lengthened to 130.7% � 9.0% (P < .001) of the tunnel diameter, and it was more than 6.5
mm in 65% of participants in whom a 5.2-mm-diameter tunnel was drilled. When the entry point was 3 cm from the
lateral epicondyle, 60% of participants had an oval-shaped aperture with a major axis of more than 6.5 mm, even though
the diameter of the tunnel was only 4.2 mm. Conclusions: The risk of fixation failure of a cortical button increases if the
entry point for drilling is 2 cm or further from the lateral epicondyle and the tunnel diameter is more than 5 mm. Clinical
Relevance: This study indicates the potential risk of cortical button fixation failure caused by an oval tunnel aperture on
the lateral femoral surface in ACL reconstruction using the outside-in technique.
lacement of grafts at an optimal position within the
Pnative attachment of the anterior cruciate ligament
(ACL) is a crucial issue in anatomical ACL reconstruc-
tion. Because it is sometimes difficult to create a
femoral tunnel at the anatomical ACL attachment using
the conventional technique of femoral drilling through
the tibial tunnel (the so-called transtibial drilling
technique), alternative femoral drilling techniques
have been advocated, e.g., the “transmedial portal
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technique” and the “outside-in technique.”1-6 The
transmedial portal technique gives surgeons freedom in
aiming the femoral ACL attachment when drilling.
However, deep knee flexion and use of a low portal is
required when drilling to avoid the risk of complica-
tions such as short femoral tunnels, posterior wall
blowout, and injuries to the posterior cartilage or
femoral nerve.7-9

The outside-in technique consists of targeting the
femoral drilling site using an angle guide and a guide
pin introduced from the lateral surface of the lateral
femoral condyle. Although this technique requires
another incision on the lateral side of the knee, it is
relatively safe and easy to create femoral tunnels at the
proper position because the surgeon can check the
position of the guide pin both at the ACL attachment in
the joint and at the lateral surface of the femoral
condyle outside the joint while the knee is flexed at
around 90�, which provides a familiar view for many
surgeons.1,10-12 Recently, several manufacturers have
produced a retrograde reaming system, which allows
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Fig 1. (A) The Arthrex surgical system
for the outside-in drilling technique. A
reaming guide for retrograde reaming is
attached. (B) Magnified view of the tip
of the reaming guide in the Arthrex
system. The diameter of the tip that is
introduced into the tunnel is 4.2 mm.
(C) Magnified view of the tip of the
reaming guide in a similar system by
Smith & Nephew. The diameter of the
tip is 5.2 mm. (D) The tip of the retro-
grade reamer of the Arthrex system
(8 mm for the tip and 3.5 mm for the
shaft). (E) The tip of the retrograde
reamer of the Smith & Nephew system
(8 mm for the tip and 4.5 mm for the
shaft).
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reaming of a large diameter tunnel through a narrow
tunnel (e.g., FlipCutter [Arthrex, Naples, FL] and
Endobutton retro drill [Smith & Nephew, Andover,
MA]) (Fig 1). As a result, a cortical fixation button such
as an Endobutton (Smith & Nephew) can be used with
a minimal incision on the femoral side.
The development of these retrograde reaming sys-

tems has attracted more attention to the outside-in
technique, especially from surgeons who use cortical
buttons for fixation. However, we have encountered
several cases in which one side of the cortical button
had fallen into the tunnel. A computed tomographic
image obtained a few weeks after the surgery showed
that the tunnel aperture on the femoral lateral cortex
was an oval larger than 7 mm on its major axis,
whereas the button we used was 12 mm in length
(Fig 2). Therefore, we considered that it poses a clinical
risk to increase the major axis of the oval tunnel
aperture by more than half the length of the fixation
button when the tunnel is drilled at a low angle of
incidence to the surface of the lateral femoral condyle,
even though a retrograde reaming system was used.
The purpose of this study was to investigate the effect

of the location of the femoral drilling entry point, using
an outside-in technique, on the shape of the tunnel
aperture on the lateral cortex of the femoral condyle.
Our hypothesis was that the major axis of the oval-
shaped aperture lengthens as the entry point of dril-
ling in the outside-in technique moves away from the
lateral epicondyle, and the length of the major axis can
be more than half the length of cortical buttons.

Methods

Three-Dimensional Bone Model from Clinical CT
Data
This study protocol was reviewed and approved by our

institutional review board for the use of clinical CT data
for reasons other than each patient’s clinical re-
quirements. CT data from 40 knees that underwent
surgery in our hospital from 2008 to 2009 were used.
The inclusion criteria were (1) age from 18 to 60 years
and (2) no obvious osteoarthritis, fracture, deformity, or
bone tumor on the femoral condyle. We included 23
men and 17 women with a mean age of 39.2 years
(standard deviation, 11.6; range, 18-60 years). The
participants were 166.2 � 8.8 cm tall and weighed 64.0
� 11.5 kg. All patients had intact femurs after epiphy-
seal arrest; their underlying diseases were vascular dis-
orders (n ¼ 3), fractures of the proximal tibia (n ¼ 13)
and patella (n ¼ 4), ligament injuries (n ¼ 6), tumorous
diseases of the tibia (n ¼ 9), degloving injury around the
knee (n ¼ 1), and healthy volunteers (n ¼ 2). The
3-dimensional (3D) knee models were reconstructed
from 0.67- to 1-mm slices of the CT data set, and
the lateral half cross sections were obtained using
3D DICOM software, Mimics (Materialise, Leuven,
Belgium).

Simulation of Femoral Tunnel Drilling Using the
“Outside-In Technique”
At first, the point of the center of the femoral ACL

attachment was determined. Because the CT model
does not show the ACL itself, this point is determined
by the bony morphologic features of the lateral inter-
condylar notch. The lateral intercondylar ridge
(so-called resident’s ridge)13 and the lateral bifurcate
ridge14 and the ratio of the quadrant method15,16 were
used to determine the center of the ACL attachment.
Next, to determine the entry points for drilling on the
lateral femoral surface, 2 lines were drawn from the
lateral epicondyle in an anteroproximal direction at 45�

and 60� from the proximal-distal axis. The software
enables us to point at the lateral epicondyle on the 3D
bone model and draw lines on the projected lateral
view. We can identify several points along this



Fig 2. CT images of a patient who
underwent ACL reconstruction with a
10-mm boneepatellar tendonebone
graft using the outside-in drilling tech-
nique with the Smith & Nephew system.
(A) View of the lateral femur showing
the oval-shaped tunnel aperture and
that one end of the Endobutton had
fallen into the tunnel. (B) View of ACL
attachment. The tunnel is at the center
of the attachment. (C) Transverse
view showing that one end of the
button had fallen into the tunnel. As a
result, the graft had migrated into the
joint.
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projected line on the lateral femoral condyle of the 3D
bone model. Three points were determined on each line
apart from the lateral epicondyle as 1, 2, and 3 cm,
respectively (Fig 3). To simulate drilling, we then con-
nected the point within the ACL attachment and each
point on the lateral surface of the femoral condyle with
a cylinder to represent the drilled tunnel. The reason
we used 45� and 60� from the proximal-distal axis is
that our previous study showed that the area from 0� to
45� is covered with the attachment of the lateral head
of the gastrocnemius and is not a suitable area for the
cortical fixation.17 The area from 60� to 90� was difficult
to target in a clinical setting.
The diameter of drilling was determined according

to the manufacturer’s system. In these systems, tun-
nels are initially drilled with a relatively narrow
reamer, which is 4.5 mm in the Smith & Nephew
system and 3.5 mm in the Arthrex system. However,
both systems require insertion of the reaming guide
into the narrow tunnel for the subsequent retrograde
reaming. The Smith & Nephew system uses a 5.2-mm-
diameter reaming guide, and the Arthrex system uses
a 4.2-mm-diameter reaming guide (Fig 1). Therefore,
a cylinder of 5.2-mm diameter or 4.2-mm diameter
was placed into the 3D bone model to simulate the
aperture of tunnels on the lateral femoral surface
made with a Smith & Nephew system or an Arthrex
system, respectively. In addition, a 6-mm tunnel was
also tested because some surgeons perform double-
bundle ACL reconstruction using the outside-in
technique with antegrade reaming systems for tun-
nels up to 6 mm diameter.18 The aperture of the
tunnel outlet on the lateral femoral surface is exam-
ined by measuring the major axis and minor axis on
the femoral surface.

Drilling on the SawBone Model
To confirm the actual results obtained by the simu-

lation on our 3D bone model, drilling was also per-
formed in a similar setting on a SawBone (Orthofix,
Lewisville, TX) model using the manufacturer’s system.
Three entry points at 1, 2, and 3 cm from the lateral
epicondyle were determined at 45�. According to the
system provided by Arthrex or Smith & Nephew, a
reaming guide with a 4.2-mm or 5.2-mm diameter was
introduced into the tunnels drilled with the 3.5-mm or
4.5-mm reamer, respectively. Because the shape of
each SawBone is identical, one SawBone for each sys-
tem was tested. The major axis of the oval-shaped
aperture of the tunnel outlet on the lateral femoral
surface was measured using a digital caliper, which has
an accuracy of one decimal millimeter.



Fig 3. Simulated drilling on a CT-based
3-dimensional (3D) bone model. (A)
Two lines are drawn from the lateral
epicondyle in an anteroproximal direc-
tion in 45� and 60� from the proximal-
distal axis to determine the entry
points for drilling on the lateral femoral
surface. Three points were then located
on each line at a distance of 1, 2, and 3
cm from the lateral epicondyle. (B) A
virtual tunnel can be created by con-
necting the ACL attachment and the
entry point on the lateral condyle with a
cylinder. The narrow cylinder repre-
sents the initial tunnel and the wider
cylinder represents the retrograde
reaming. (C) Apertures for a tunnel 4.2
mm diameter at the entry point on the
45� line are shown. The apertures are
oval-shaped when the tunnel entry
points are at 2 cm and 3 cm from the
lateral epicondyle. (D) The software al-
lows measurement of the length of the
major axis of the oval-shaped aperture
on the 3D bone model.
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Statistical Analysis
The differences for the long axis of the oval-shaped

aperture between the entry points were analyzed us-
ing the paired t test module of JMP 9.0 software (SAS
Institute, Cary, NC).

Results

Simulation on 3D Bone Models
The increase in the major axis of the tunnel aperture

on the lateral femoral surface was smallest at a point 1
cm away from the lateral epicondyle on either line at
45� or 60� (106.7% � 2.8% and 107.2% � 3.1%,
respectively) (Fig 4). It significantly increased as the
distance from the lateral epicondyle increased on either
line (P < .001). When the point of drilling was 2 cm
from the lateral epicondyle, the mean axis length
increased by 130.7% and 128.1% on the line at 45� and
60�, respectively; both apertures increased, and the 5.2
mm diameter tunnel became more than 6.5 mm (line a
on Fig 4; Table 1). If the major axis of the tunnel
aperture becomes more than half the size of the cortical
button, the risk of fixation failure increases. Because
the length of the cortical fixation button is 12 mm for
the Smith & Nephew device and 12.9 mm for the
Arthrex device, the risk for the length of the major axis
becoming more than 6.5 mm was evaluated. There
were many participants in whom the major axis was
longer than 6.5 mm after simulation of a 5.2-mm-
diameter tunnel (Fig 5). When the drilling point was set
at 3 cm away from the epicondyle, elongation of the
major axis was more significant, especially at the 45�

line (Fig 4A), and became more than 6.5 mm even after
simulation of a 4.2-mm diameter (line b on Fig 4). It
was more than 6.5 mm in 60% of participants with a
4.2-mm tunnel simulation at the 3-cm point on the 45�

line (Fig 5). When 6-mm-diameter tunnels were
simulated, the risk of the major axis becoming more
than 6.5 mm was high at any drilling entry point
(Fig 5). There was no difference between the minor axis
of the aperture and the diameter of the tunnel for any
of the tunnels.

Drilling on SawBone Models
Three entry points for drilling were determined on

the lateral surface of the femoral condyle at 1, 2, and 3
cm apart from the lateral epicondyle to 45� in the
anteroproximal direction (Fig 6). The angle of incidence
for the drilling guide to the lateral surface of the femoral
condyle decreased as the entry points became further
from the lateral epicondyle (Fig 6A-C). Consequently,
the major axis of the oval-shaped tunnel aperture
became longer (Fig 6D and E). The length of the major
axis to the diameter of the drilling guide increased by
127% at the entry point 2 cm from the lateral epi-
condyle and by approximately 150% at 3 cm from the
epicondyle (Table 2). These results were consistent with
those found after simulation with 3D bone models. The
Smith & Nephew system created an oval-shaped tunnel
aperture with a major axis more than 6.5 mm when an



Fig 4. Lengthening of the major axis of
the oval-shaped aperture on the lateral
femoral surface (major axis/diameter of
tunnel �100). (A) Results for the entry
points on the 45� line. (B) Results for
entry points on the 60� line. Line “a”
shows 125% lengthening of the major
axis of the oval-shaped aperture to 6.5
mm for the 5.2-mm-diameter tunnel.
Line “b” shows 155% lengthening of
the major axis of the oval-shaped
aperture to 6.5 mm for the 4.2-mm-
diameter tunnel.
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entry point of 2 cm from the lateral epicondyle was
used, whereas the Arthrex system created a tunnel
aperture major axis of more than 6.5 mm with an entry
point 3 cm from the epicondyle.

Discussion
This study found that the aperture of the ACL

reconstruction tunnel on the lateral surface of the
femoral condyle will be oval-shaped. As the tunnel
entry point in the outside-in femoral drilling technique
moves away from the lateral epicondyle, the angle of
incidence to the femoral surface becomes smaller and
the major axis of the oval-shaped aperture becomes
longer. If the major axis becomes longer than half the
size of the cortical fixation button, the risk of fixation
failure from the button falling into the tunnel increases
(Fig 2). If a surgeon uses a button 12 to 13 mm length
(Fig 6F), 6.5 mm is the critical length of the major axis
for this risk. When the entry point is 2 cm away from
the lateral epicondyle, the major axis of the aperture
becomes more than 25% longer than the diameter of
tunnel. In this situation, the major axis of the oval
aperture of a tunnel with a 5.2-mm diameter will be
more than 6.5 mm, which is longer than half the size of
cortical fixation buttons 12 to 13 mm length. The risk
for the major axis becoming longer than 6.5 mm when
using the 5.2-mm-diameter tunnel was 0% at 1 cm,
67.2% at 2 cm, and 100% at 3 cm on the 45� line.
Table 1. The Major Axis of the Oval-Shaped Aperture of Tunnel

Diameter of Tunnel

Distanc

0 cm

Line at 45�

1 cm 2 cm

4.2 mm 4.7 � 0.2 4.5 � 0.1 5.5 � 0.4
5.2 mm 5.8 � 0.2 5.5 � 0.1 6.8 � 0.4
6.0 mm 6.7 � 0.3 6.4 � 0.2 7.8 � 0.5

SD, standard deviation.
One of the advantages of the outside-in drilling
technique compared with the transmedial portal dril-
ling technique is that it allows surgeons more freedom
in setting the location of the tunnel outlet, not only at
the ACL attachment inside the joint but also at the
lateral surface of the femoral condyle outside the joint,
whereas it is difficult to control the location of tunnel
outlet on the lateral femoral surface using the trans-
medial portal drilling technique. The posterior area of
the lateral surface of the femoral condyle is covered
with the attachment of the lateral head of the gastroc-
nemius or lateral collateral ligament.19 A soft tissue
interposition between the button and femoral cortex is
another complication related to the use of cortical
buttons.17 Additionally, the tunnel length would be
short when the tunnel outlet is located at the posterior
area of the femoral condyle.9,20 Therefore, surgeons
may attempt to place the entry point for drilling for the
outside-in technique in a more anterior region to avoid
a short tunnel or placing the fixation button at the thick
muscle of the lateral head of the gastrocnemius.
Furthermore, Lubowitz et al.21 recently reported that
drilling with an entrance angle of 60� to a line
perpendicular to the femoral anatomical axis, combined
with an angle of 20� to the transepicondylar axis,
resulted in optimal reconstruction of the normal hu-
man anatomical ACL femoral footprint length, width,
area, and angular orientation. With this information,
s on the Lateral Femoral Surface (mm, mean � SD)

e from the Lateral Epicondyle

Line at 60�

3 cm 1 cm 2 cm 3 cm

6.7 � 0.8 4.5 � 0.1 5.4 � 0.3 5.7 � 0.4
8.3 � 1.0 5.6 � 0.2 6.7 � 0.4 7.1 � 0.5
9.6 � 1.2 6.4 � 0.2 7.7 � 0.5 8.2 � 0.6



Fig 5. Incidence of participants in
whom the major axis of the oval aper-
ture is more than 6.5 mm (%, n ¼ 40).
Results for drilling with 4.2-mm, 5.2-
mm, and 6-mm-diameter holes on the
4 entry points on the (A) 45� line or on
the (B) 60� line.
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surgeons might try to place the drilling entry point
anteriorly and proximally. However, surgeons should
also be aware that excessive angulation of drilling to-
ward the surface of the femur will result in excessive
length of the major axis of the oval-shaped tunnel
aperture on the surface of the femur, increasing the risk
of button fixation failure.
Both the diameter of the tunnel and the size of the

fixation button affect the risk of fixation failure because
of an increase in tunnel aperture size. Some surgeons
use antegrade drilling up to 6 mm in diameter for
Fig 6. Drilling on the SawBone models. A drilling guide is introdu
angle of incidence is decreased when the entry point is moved furt
the entry points 1, 2, and 3 cm away from the epicondyle in an ant
shows the 5.2-mm diameter (F) Fixation buttons from Smith & N
double-bundle ACL reconstruction with the outside-in
technique.11,18 Although a 6-mm diameter is half the
size of an Endobutton, surgeons should recognize
that the tunnel aperture will be oval-shaped and
its major axis will easily be longer than half the size of
an Endobutton when using a 6-mm-diameter tunnel.
The development of a retrograde reaming system
has enabled the use of cortical button fixation for
any diameter tunnel in either single-bundle or double-
bundle reconstruction when using the outside-in
technique. The Smith & Nephew system uses a
ced at the (A) 1-cm, (B) 2-cm, and (C) 3-cm entry points. The
her away from the epicondyle. (D and E) The tunnel created at
eroproximal direction at 45�. D shows the 4.2-mm diameter. E
ephew (left) and Arthrex (right).



Table 2. Length of the Major Axis and Its Percentage Increase
in the SawBone Model Drilling

Diameter of Tunnel

Distance from the Lateral Epicondyle

1 cm 2 cm 3 cm

4.2 mm
Length of major axis 4.5 mm 5.3 mm 6.5 mm
Percentage increase (%) 107 127 155

5.2 mm
Length of major axis 5.7 mm 6.6 mm 7.6 mm
Percentage increase (%) 110 127 146
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5.2-mm-diameter reaming guide after 4.5-mm-
diameter drilling, whereas the Arthrex system uses a
4.2-mm-diameter reaming guide after 3.5-mm-diam-
eter drilling. Surgeons should be aware that although a
tunnel is drilled with a relatively narrow reamer, such
as 4.5 mm or 3.5 mm, the diameter of the reaming
guide that is introduced at the entry point on the lateral
surface is wider at 5.2 mm and 4.2 mm, respectively.
The current study indicates that a 4.2-mm-diameter
tunnel had a low risk of having an oval-shaped aper-
ture with a major axis in excess of 6.5 mm when the
entry point was set within 2 cm from the epicondyle.
Moreover, the length of button of Smith & Nephew is
12 mm, whereas that of the Arthrex system is 12.9 mm
(Fig 6F). Therefore, the Arthrex system should theo-
retically have less risk of button fixation failure caused
by increased tunnel aperture diameter at low angles of
incidence. There are many other cortical fixation sys-
tems available. Surgeons should be aware of the size of
the cortical button and the diameter of tunnels on the
lateral cortex for whatever surgical system they use.
The major axis of the oval-shaped tunnel aperture on

the lateral surface of the femoral condyle lengthens as
femoral drilling using the outside-in technique is
introduced at points further from the lateral epicondyle
as the angle of incidence to the femoral surface
becomes shallower. If the surgical system requires a
tunnel diameter to be more than 5 mm, there is
considerable risk of the long axis being longer than half
the size of the fixation button when drilling is started at
2 cm or further from the lateral epicondyle. It is rec-
ommended that the entry point of drilling be retained
within 2 cm from the lateral epicondyle, especially
when creating a tunnel of more than 5-mm diameter. It
may also be recommended that the direction of the long
axis of buttons be perpendicular to the major axis of the
oval-shaped aperture because the minor axis of the
tunnel aperture did not lengthen in our study.

Limitations
First, the results from simulated drilling on a 3D-bone

model may not be the same as those of actual drilling.
However, by comparing the model with other methods,
such as the use of a cadaver, the simulation allows
comparison of multiple settings and diameters under
the same conditions for many samples. The utility of the
results was confirmed by the actual drilling on a Saw-
Bone model. Second, different entry points may yield
different results. We did not assess the area less than
45� from the proximal-distal axis because this area is
covered by attachment of the lateral head of the
gastrocnemius and is not suitable for cortical fixation.
An area of more than 60� is not practical in a clinical
setting. However, the fact that drilling at an oblique
angle to the femoral surface increases the major axis of
the oval-shaped tunnel aperture would not change.
Third, the center of the ACL attachment was deter-
mined based on the bony morphologic features of the
intercondylar notch and may not be correct. Never-
theless, surgeons are likely to determine the point in a
similar manner in cases of ACL reconstruction in a
clinical setting. Finally, we defined the entry point by
the distance from the epicondyle. Some surgeons may
prefer to determine the entry point by the angle of the
guide in reference to the femoral axis.21 When we
measured the angle of the tunnel in this study, the
point 2 cm apart from the lateral epicondyle on the 45�

line was 44.8� � 7.2� (range, 26.0� to 60.1�) to a line
perpendicular to the femoral axis and 54.9� � 3.1�

(range, 47.5� to 62.1�) to the epicondylar axis. The
angles varied depending on the morphologic features of
the condyle. It could be difficult to measure accurately a
distance on the femoral condyle in a small incision
during the operation. However, our clinical message is
to maintain the distance within 2 cm, which is feasible
during the operation.

Conclusions
The risk of fixation failure of a cortical button in-

creases if the entry point for drilling is 2 cm or further
from the lateral epicondyle and the tunnel diameter is
more than 5 mm.
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