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TECHNICAL NOTE

Oblique femoral tunnel or oblique graft? A modified anteromedial
portal technique to obtain vertical femoral tunnel and oblique
graft in anatomic anterior cruciate ligament reconstruction
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Abstract In anterior cruciate ligament (ACL) recon-
struction, transtibial drilling of the femoral tunnel has been
criticized for its vertical and less anatomical tunnel, which
accompanied rotational instability of knee. Many authors
recommend anteromedial (AM) portal drilling technique,
which creates more oblique and anatomic femoral tunnel.
However, recent researches show that oblique tunnel is
related to risks of too short femoral tunnel, blowout of back
wall, and posterolateral structures injury. Is oblique fem-
oral tunnel really essential for anatomic reconstruction?
We introduce a modified AM technique, which abandons
the oblique tunnel and provides vertical femoral tunnel and
oblique graft with anatomic starting point. The funda-
mental of the new technique is that oblique graft but not
oblique tunnel is essential for rotational stability of knee.
Thus, it avoids the risks and preserves anatomic repro-
duction of ACL.

Keywords Arthroscopy - Anatomic anterior cruciate
ligament reconstruction - Single-bundle - Femoral tunnel -
Anteromedial portal drilling

Introduction

Optimal femoral tunnel placement has been intensively con-
cerned in anterior cruciate ligament (ACL) reconstruction, yet
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tunnel misplacement may compromise the restoration of knee
stability.

For the preparation of the femoral tunnel, transtibial (TT)
technique [1-4] and anteromedial (AM) portal technique
[2, 3, 5] are most widely used methods. Compared with TT
technique, obviously the advantages of AM technique
include unconstrained starting point and excellent rotational
stability as a result of the creation of more oblique (or
horizontal) and anatomic femoral tunnel [2, 3, 5]. Never-
theless, risks of AM technique, such as short or bicortical
sockets, blowout along back wall of lateral femoral condyle,
and danger to peroneal neurovascular structures, have been
noticed soon [6-9]. Unfortunately, it seems that AM tech-
nique generates more problems in order to resolve one. We
provide a viewpoint which may provide a solution com-
bined the advantages of both TT and AM techniques. The
origin of our view is the answers for two questions. Is
oblique tunnel or oblique graft essential to reproduce the
course of the native ACL and to avoid abnormal rotational
laxity? Oblique graft is essence. Is anatomic ACL recon-
struction by AM technique doomed to create an oblique
femoral tunnel? No. The two answers imply that anatomic
ACL reconstruction may be realized by another solution:
vertical femoral tunnel and oblique graft (Fig. 1).

Could this solution really happen in surgery or was it
just a theoretical possibility? Bedi [7] and we [10] have
previously discussed the probability that a femoral starting
point (FSP) at a low clock-face position might also create a
vertical tunnel. To show the practicability of the new
solution, we reported a modified AM technique, in which
both vertical femoral tunnel and oblique graft were easily
obtained in clinical cases, and we named this method as
femoral tunnel obliquity adjustment (FTOA) technique.
The FTOA technique not only preserves anatomic recon-
struction as the superiority of AM technique, but also
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Fig. 1 Postoperative anteroposterior view X-ray graph of a right
knee. Traditional femoral tunnel preparation may follow the direction
of 11 o’clock (line A) or 10 o’clock (line B) of the clock-face
description. It is obvious that tunnel of /ine A is vertical and long,
whereas line B is oblique and short. Line C provides another possible
solution which has the same femoral starting position (FSP) on the
notch wall as line B and the tunnel toward the direction of line A;
therefore, it realizes vertical femoral tunnel and oblique graft. Arrow
EndoButton, /ine D the joint line

prepares vertical tunnel to avoid the pitfalls which have
been listed in recent studies [6-9].

Technical note
Surgical technique

All procedures but the preparations of femoral tunnel were
same as the traditional AM drilling technique. The patients
were positioned supine on the operating table with an
inflated tourniquet applied to the operative extremity. With
a tendon striper, both the semitendinosus and gracilis ten-
dons were harvested. After all of four limbs of graft were
separately baseball-running stitched with non-absorbable
sturdy suture (Ethibond), the graft was sized and then
tensioned and conditioned. Using the standard anterolateral
and anteromedial portals, routine diagnostic arthroscopy
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Fig. 2 a A shallow pit (arrowhead) is created on the lateral wall (LW)
of the intercondylar notch according to the mark made by radiofre-
quency device. b The guide pin (P) is placed on the bottom of the
shallow pit (the red circle) by freehand toward a more vertical
orientation than traditional AM technique. The pin (P) can be adjusted to
follow any orientation in purple shaded area between blue arrow and
green arrow according to the surgeon’s will. R tibial remnant of ACL,
PCL posterior cruciate ligament (color figure online)

and debridement of ruptured ACL were performed.
Moreover, a notchplasty was required for the cases of
narrow notch.

Femoral tunnel preparation using the FTOA technique:

At 90° of flexion, the anatomic FSP was marked by
radiofrequency device (Video 1) on the center of the lateral
bifurcate ridge, which located between the native AM and
PL bundle insertion sites [11], and it might also follow the
clock-face reference (at the 10 o’clock position for the right
knee or the 2 o’clock the left knee). Since some researchers
[11] and we [10] reported that clock-face reference might
provide a disservice to anatomic reconstruction methods, in
this step, both bony landmarks and clock-face reference
were considered. Then, at 100° of knee flexion, with the
assistance of the femoral aimer, a guide pin and a thin
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Fig. 3 a The 3D-CT of distal
femur in prone view. The
magnification of the yellow box
is shown as b and ¢. b While the
guide pin is drilled freehand
without assistance of the
shallow pit toward the direction
of red line, the pin may slip
toward the direction of yellow
arrow. ¢ After the guide pin is
rest on the bottom of the
shallow pit (the green half
circle) and stably drilled, it is
over-drilled with a reamer and
therefore the pit vanishes in the
coming femoral tunnel (the
yellow lines). L lateral side of
femur, M medial side of femur,
P posterior side of femur (color
figure online)

cannulated reamer (5.0 mm in diameter), a shallow pit
(3 mm depth) was made at the center of the mark (Fig. 2a,
Video 2), and then, the reamer and guide pin were removed
out of the joint. In this step, the orientation of guide pin
was not important, but 3-mm-depth pit at insertion of
native ACL must be created as FSP of graft.

Finally, the femoral tunnel was drilled through the AM
portal with the knee placed in flexion between 100° and
120°. Through AM portal, the guide pin was placed on the
bottom of the shallow pit and drilled in relatively vertical
direction by freehand (usually equal to the direction of 11
o’clock for the right knee or the 1 o’clock the left knee,
Figs. 2b, 3a—c). It seemed that the pin toward 11 o’clock
was contradiction with FSP at the 10 o’clock position,
actually it was not. In previous publication [10], we have
discussed this issue that coronal obliquity of tunnel and
clock-face description of FSP should be separated into two
individual conceptions, which can not be translated to each
other in most situations. Then, the guide pin was over-
drilled with a reamer of the size of the graft diameter
(usually between 7 and 10 mm) to a depth of 25 mm. The
far cortex was breached by a 4.5 mm reamer and the tunnel
length was assessed with the depth gauge and recorded
(Video 3). Femoral graft fixation was performed by En-
doButton continuous loop (Smith and Nephew Endoscopy),
which was usually between 15 and 25 mm, whereas the

tendinous portion on tibial side was fixed at 30° of knee
flexion by bioabsorbable interference screw. The knee was
arthroscopically observed again to exclude graft impinge-
ment (Video 4).

Radiographic assessment

The postoperative anteroposterior view X-ray graph was
evaluated for the coronal angle of the femoral tunnel,
which was defined by the angle subtended between the
tunnel and the joint line (Fig. 1). In 4 cases, the postop-
erative 3D-CT was performed to assess the position of
femoral tunnel aperture.

Results

To date, ten patients underwent ACL reconstruction by the
FTOA technique. The duration of creation of the shallow pit
was about 2 min. The FTOA technique did not take obviously
longer time than traditional AM method. The mean femoral
tunnel length was 41.7 mm (range 38-48 mm), while pos-
terior wall blowout of lateral femoral condyle and postero-
lateral structure injury has not been observed.

Postoperative X-ray graph of a right knee (Fig. 1)
showed that the femoral tunnel created by the FTOA
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Fig. 4 a According the quadrant method, the postoperative 3D-CT
shows that the center of femoral tunnel aperture (the red point) is
close to the midpoint between the native AM (the blue point) and PL
(the green point) bundles of ACL. Three yellow circles around the red

technique (line C) was much more vertical than that by the
traditional AM technique (line B), while FSP of both tun-
nels is at 10 o’clock on the notch wall. The coronal angle of
the femoral tunnel by the FTOA technique, which was
defined by the angle subtended between the tunnel and the
joint line (line D), was 66.2° (equal to 11:12 of the clock-
face description), whereas the coronal angle by the tradi-
tional AM technique was 33.8° (equal to 10:08 of the
clock-face description). The mean coronal angle of all ten
FTOA cases was 55.1° (range 39.0°-67.6°), which was
equal to 10:50 of the clock-face description.

Based on the previously reported data of anatomic sites
of AM and PL bundles of ACL [12], the postoperative 3D-
CT of our study showed that the center of FSP was very
close to the midpoint between the native insertion sites of
AM and PL bundles (Fig. 4a). The 3D-CT also showed that
the exit of tunnel on the lateral aspect of femur located at
54.2 % of anterior-to-posterior anatomical axes, which was
near the midpoint (Fig. 4b).

Discussion
Researchers recognized that TT technique usually results in
vertical graft orientation which can be rotational instability

in despite of its excellent anteroposterior stability [1-4, 13,
14]. The AM technique outperforms TT technique because
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point are tunnel aperture centers of other 3 cases. b The center of the
exit of tunnel (the red point on EndoButton) on the lateral facet of
femur is near the midpoint of anterior-to-posterior axes (the blue line)
(color figure online)

of its easy creation of more oblique femoral tunnel for
anatomic reproduction of ACL [3]. However, pitfalls of
unsafe surgical procedures compromised AM technique to
be ideal method [5-9].

In our study, the FTOA technique abandons the popular
oblique tunnel but provides a vertical femoral tunnel with
an anatomic starting point. The postoperative 3D-CT
showed that the center of FSP was very close to the mid-
point between the native insertion sites of AM and PL
bundles (Fig. 4a). Under arthroscopic view (Video 3), it
was found that the aperture of completed femoral tunnel
was quite low (distal) on the lateral wall of the interc-
ondylar notch, and the guide rope connected femoral tunnel
and tibial tunnel indicated the orientation of the coming
ACL graft was quite oblique. The 3D-CT (Fig. 4a),
arthroscopic view, and postoperative X-ray (Fig. 1) proved
that even with a vertical femoral tunnel, the ACL graft
could be oblique and with an anatomic FSP. Moreover, the
exit of femoral tunnel on the lateral facet of femur
approximately located on the midpoint of anterior-to-pos-
terior axes (Fig. 4b), and the mean femoral tunnel length
was 41.7 mm (range 38—48 mm). It implies that the FTOA
technique can avoid risks as a result of oblique tunnel
drilling through AM portal. The fundamental of the FTOA
technique is that oblique graft but not oblique tunnel is
essential for restoration of normal rotational laxity. Our
study proves that oblique tunnel is unnecessary for
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anatomic ACL reconstruction. Have we ever been fooled
by the misunderstanding of oblique tunnel in anatomic
ACL reconstruction? It may be.

Golish SR [6] showed that the differences in tunnel length
between starting positions were statistically significant, and
femoral tunnel at 10:17 o’clock was around 37 mm. Using
the FTOA technique, the guide pin can follow any orienta-
tion in a sector area (Fig. 2b), which means that from the
same FSP, the femoral tunnel obliquity or tunnel length can
be adjusted. In our study, the mean femoral tunnel length
was 41.7 mm, which implied that 10 o’clock starting posi-
tion was not doomed to short tunnel length.

Certainly, in theory, surgeons can drill femoral guide pin
freehand without assistance of shallow pit (Fig. 3b), but
any experienced arthroscopist knows it is tough mission on
the smooth wall of notch. The angle between the lateral
wall and the guide pin is too acute to stable the guide pin. It
inevitably leads guide pin slip around, so that the FSP may
shift away from anatomic insertion (Fig. 3b). The shallow
pit provides a rough operating area for accurate drilling
according to the surgeon’s will (Fig. 3c). Some doctors
may doubt that the FTOA technique leads to enlargement
of the aperture of femoral tunnel. Actually, the shallow pit
created by thin reamer has been over-drilled with thick
reamer; therefore, the pit totally vanished in the coming
femoral tunnel (Fig. 3c). Recently, we have already per-
formed double-bundle ACL reconstruction using the FTOA
technique, and it would be reported in future.

There are some limitations in this technical note. Firstly,
we only investigated the possibility of the FTOA technique as
surgical procedures and did not arrange control group and
observed the clinical outcomes. Secondly, though our study
provided postoperative X-ray and 3D-CT to indicate the
validation of the FTOA technique, the small number of cases
might compromise the concrete conclusion. No doubt, a
randomize controlled trial compared the FTOA technique
and traditional AM portal drilling with large number of cases
and long period follow-up should be performed in the future.

Conclusion

The FTOA technique abandons the oblique femoral tunnel
by traditional AM portal drilling technique and provides an
anatomic and safe mode with vertical tunnel and oblique
graft, which avoids the risks of AM technique, such as
short tunnel, blowout along back wall of lateral femoral
condyle, and danger to peroneal neurovascular structures.
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