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The three techniques for femoral tunnel placement in
anterior cruciate ligament reconstruction: transtibial,
anteromedial portal, and outside-in techniques
Nam-Ki Kim, Jong-Min Kim
Department of Orthopedic Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

A femoral tunnel can be created using the transtibial (TT), anteromedial (AM) portal, or outside-in technique. TT
technique has a tendency to produce a femoral tunnel in non-anatomic location and a graft may be placed too
anteriorly and vertically. Postoperative complications including graft failure and rotational instability have been reported
following TT technique. Modified TT techniques were developed for more horizontal and oblique femoral tunnel.
Although, modified TT techniques create the femoral tunnel closer to the anterior cruciate ligament (ACL) footprint
than the conventional TT technique, they result in shorter tibial tunnel and widening of the intra-articular aperture of
tibial tunnel. ACL reconstruction techniques have been transformed into anatomical and tibial tunnel-independent
techniques. The AM portal technique uses an accessory AM portal to drill the femoral tunnel separately. It allows more
accurate placement of the femoral tunnel guide. However, the AM portal technique has complications such as short
femoral socket, posterior wall blowout of the femoral socket. The outside-in technique allows more freedom with
positioning of the femoral tunnel and can be performed in retrograde fashion. It is especially useful in revision ACL
reconstruction for skeletally immature patients and for those with less than 130˚ of limited range of flexion.
Keywords: Anterior cruciate ligament; Reconstruction; Transtibial technique; Anteromedial portal technique; Outside-in
technique

INTRODUCTION
Although the precise incidence of anterior cruciate liga
ment (ACL) injuries has never been documented in South
Korea, it is estimated to increase continuously with growth
of the population participating in sports activities.
The ACL is the primary restraint to anterior translation
of the tibia and tibial internal rotation [1,2]. Therefore, an
ACL-deficient knee may have anterior instability, and sub
sequent damage of the meniscus and articular cartilage
may happen [3].
Due to the frequent failure of nonsurgical approaches
to ACL injuries, surgery remains the treatment of choice
in almost all active patients. The purpose of ACL recon
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struction is to restore intact knee stability and normal
knee kinematics [3]. Correct placement of both femoral
and tibial tunnels is crucial to prevention of surgical
failure. The femoral tunnel position influences not only
knee kinematics but also graft length much more than
the tibial tunnel position [4,5]. In addition, the femoral
tunnel is easily malpositioned more frequently than the
tibial tunnel, and errors in the femoral site are more critical
because of the proximity to the center of axis of knee
motion [6,7].
The transtibial (TT) technique has been the most
popular technique for creating the femoral tunnel during
ACL reconstruction over the past two decades. The TT
technique facilitates non-anatomical but isometric
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single-bundle reconstruction, and many authors reported
satisfactory results with this technique. However, the
TT technique has a tendency to produce the femoral
tunnel in a non-anatomic location and the graft may be
placed too far anteriorly and vertically. Non-anatomical
graft placement is the cause of graft failure, rotational
instability, and limited ability to restore normal kinematics
of the knee joint [8]. Owing to better understanding of knee
anatomy and improvement in surgical techniques and
instruments, the past several years have seen a shift in ACL
reconstruction techniques for anatomical reconstruction.
Currently, tibial tunnel-independent techniques including
the anteromedial (AM) portal technique and outside-in
technique are widely used for anatomical reconstruction
of the ACL. The purpose of this study is to review the three
commonly used techniques for femoral tunnel creation in
ACL reconstruction and to report the results of previous
studies focused on comparison of the three techniques.

If the tibial footprint is not well visualized, the tibial exit
point may be usually located just posterior to the anterior
horn of the lateral meniscus and 7 to 8 mm anterior to the
posterior cruciate ligament. A 5 to 7 mm femoral offset
guide is inserted through the tibial tunnel and placed in
the over-the-top position by flexing the knee to 90o. The
guide pin is directed between the 10:30 and 11 o’clock
positions for the right knee and between the 1 o’clock and
1:30 positions for the left knee. If possible, the femoral
offset guide should be rotated laterally to reach the tunnel
position as close as possible to the anatomic femoral ACL
footprint. An appropriately sized cannulated reamer is
passed through the tibial tunnel and over the guide pin to
create the femoral tunnel. After creation of both tunnels, a
prepared autologous or allogenous tendon graft is passed
through the tunnels from the tibia to the femur. The graft
is fixed to the tibia with an interference screw and to the
femur with an interference screw or a cross-pin device.

CONVENTIONAL TRANSTIBIAL TECHNIQUE

Outcomes of conventional transtibial technique

The TT technique has been a standard surgical option
for femoral tunnel creation for more than ten years. It
allows for efficient femoral tunnel placement and thus is
still employed by many orthopedic surgeons. However,
the TT technique showed several problems associated
with non-anatomical reconstruction of the ACL due to its
focus on isometric rather than anatomic reconstruction.
The position of the femoral tunnel changes according to
the degree of knee flexion, and the placement of the tibial
tunnel determines the placement of the femoral tunnel.
Therefore, extremely anterior or vertical graft placement
on the femur has been commonly reported after the
use of TT technique, which has been considered as the
common cause of failure in ACL reconstruction [9,10].

Surgical technique
The TT technique is performed with conventional anter
olateral (AL) and AM portals for introducing an arthro
scope and surgical instruments. Usually, the extra-arti
cular landmark of the tibial tunnel is located 1 cm above
the insertion of the pes anserinus and 1.5 cm medial to
the tibial tuberosity, allowing for an oblique orientation
of the tibial tunnel guide of approximately 50o. The intraarticular point of the tibial tunnel guide is placed at the
center of the native tibial footprint of the ACL. After the
guide pin is inserted, the tibial tunnel is created with a
cannulated reamer with the same diameter as the graft.
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Several cadaveric studies reported that horizontal grafts
were biomechanically more successful than vertical
grafts with the TT technique by providing more anterior
and rotational stability [4,5]. Loh et al. [5] performed a
cadaveric biomechanical study that evaluated anterior
laxity and tibial rotation of the reconstructed ACL. The
ACL reconstructions with TT were performed in either the
standard 11 o’clock position or the 10 o’clock position, and
the knees were subjected to an anterior translational load
as well as to a combined valgus and internal rotation force.
The results showed that the 10 o’clock position gained
better rotational stability than the 11 o’clock position.

Advantages of conventional transtibial technique
• The TT technique has advantages of short operation
time, easy procedure, and no need for knee flexion
greater than 90o for femoral tunnel drilling [11].
• Parallel femoral and tibial tunnels created with the TT
technique allow easy passage of the graft through the
tunnels.

Disadvantages of conventional transtibial technique
• Vertical and potentially non-anatomic femoral tunnels
may be created at a site more anterior and superior to the
native ACL femoral insertion [12]. These non-anatomic
bone tunnel positions may lead to residual rotational
laxity and contribute to damage of the meniscus,
articular cartilage, and development of degenerative
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osteoarthritis.

MODIFIED TRANSTIBIAL TECHNIQUE
Modified TT techniques have been introduced to enable
more horizontal and oblique femoral tunnel positioning
to overcome limitations associated with the conventional
technique. There are several previous studies proposing
various modified TT techniques.
Modified TT techniques tend to introduce a more pro
ximal and medial tibial tunnel starting point to obtain a
more oblique femoral tunnel position in the intercondylar
notch [11,13,14].
Golish et al. [15] reported that the modified TT technique
consistently created more horizontal femoral tunnels with
a length of more than 2 cm at 10:30 position by medial
placement of the tibial tunnel.
Silva et al. [16] performed ACL reconstruction using
a modified TT technique with the tibial tunnel angled
60o to 65o in the coronal plane on 20 patients. Femoral
tunnel assessment was performed after surgery using
postoperative computed tomography scans. The results
showed that drilling the tibial tunnel at an angle of 60o to
65o to the medial joint line of the tibia in the coronal plane
could create the center of the femoral tunnel close to that
of the AM bundles.
Howell et al. [17] compared loss of flexion and anterior
laxity following ACL reconstruction using a modified TT
technique with various angles of tibial tunnel. The authors
divided the 119 patients according to the angle of the
tibial tunnel to tibial joint line in the coronal plane into
65o to 69o, 70o to 74o, 75o to 79o, 80o to 84o, and 85o to 89o.
The results showed that greater loss of flexion and anterior
laxity were associated with a tibial tunnel angle of 75o or
more. Therefore, the authors recommended tibial tunnel
creation at an angle of 65o to 70o in the coronal plane to
reduce loss of flexion and anterior laxity. This study noted
that the femoral tunnel can be created close to the center
of the femoral ACL footprint with a TT technique if the
tibial tunnel forms an angle between 60o and 65o to the
medial joint line of the tibia and the lateral edge of the
tunnel passes through the tip of the lateral spine in the
coronal plane. And the tibial tunnel should be posterior
and parallel to the intercondylar roof in the extended knee
in the sagittal plane [17].
Chhabra et al. [18] suggested another TT technique
using bony landmarks for reproducible tibial tunnel
creation at an appropriate angle in the coronal plane.
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The authors performed ACL reconstruction with external
starting point of the tibial tunnel located at the mid-point
between the tibial tubercle and the posteromedial (PM)
tibial border using 8 cadaveric knees. The average angle of
the tibial tunnels created with this technique was 69.75o.
Modified TT techniques showed some limitations,
such as short tibial tunnel and widening of the intraarticular aperture of the tibial tunnel [10,14]. Heming et
al. [10] used a modified TT technique in twelve cadaveric
models in 70o and 90o flexion of the knee, respectively.
They reported that creating both the femoral and tibial
tunnels close to the center of the anatomical footprints
was possible using the modified TT technique. However,
the tibial tunnels may be shorter than 30 mm after
reaming because the starting point of the tibial tunnel
should be placed on the anterior tibia close to the joint
line for anatomical reconstruction. A short tibial tunnel
may compromise graft fixation and graft healing, or it may
result in a mismatch between the graft length and the
tunnel length.
Youm et al. [19] recommended varus and internal ro
tation of the tibia during femoral tunnel drilling. The study
showed that varus and internal rotation of the tibia made
it possible to easily create the femoral tunnel centrally
between the AM and posterolateral footprints.

Outcomes of modified transtibial technique
Lee et al. [13] compared a modified TT technique with
the AM portal technique in ACL reconstruction for 104
patients. The results showed that the femoral tunnel
in the modified TT technique was placed at a slightly
more inferior and anterior position than in the AM
portal technique although the difference was not stati
stically significant. The femoral tunnel length was
significantly longer (P < 0.05) and the tibial tunnel length
was significantly shorter (P < 0.05) in the modified TT
technique compared with the AM portal technique.
Youm et al. [19] compared a modified TT technique
with the AM portal technique. The authors created the
femoral tunnel with varus and internal rotation of the
tibia. The angle between the tibia and the guide wire was
about 30o to 40o. The mean distance of the femoral tunnel
center from the posterior condylar surface and from the
Blumensaat line showed no significant difference between
the two groups. There were also no significant differences
between the groups with regard to all clinical parameters
including the International Knee Documentation
Committee (IKDC) subjective knee score, Lysholm knee
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score, Tegner activity scale, Lachman test, and pivot
shift test. However, the mean coronal obliquity of the
femoral tunnel was significantly lower in patients with
the modified TT technique than those with the AM portal
technique.

ANTEROMEDIAL PORTAL TECHNIQUE
The current trend is drilling the femoral tunnel closer
to the ACL femoral footprint and slightly lower on the
medial wall of the lateral femoral condyle for anatomic
ACL reconstruction. The tibial tunnel-independent
techniques in which the femoral tunnel is drilled
through an accessory arthroscopic portal was originally
described by Bottoni et al. [20]. Drilling the femoral tunnel
separately with a standard AM portal may be complicated
by an inappropriate arthroscopic visualization of the ACL.
In addition, the possibility of creating a shorter femoral
tunnel may increase. Therefore, an accessory AM portal
has been developed to drill the femoral tunnel separately
in a more horizontal orientation. An accessory AM portal
allows creation of longer femoral tunnel for fixation and
incorporation of the graft, more accurate placement of
the femoral tunnel guide, and improved visualization of
the ACL footprint with maintaining the arthroscope in the
standard AM portal [21].
According to Hensler et al. [22], the orientation and size
of the femoral tunnel aperture can be affected by three
factors including the drill-bit diameter, the transverse
drill angle, and flexion angle of the knee in an AM portal
technique. In particular, the femoral tunnel aperture can
be created similar to the native ACL footprint at the knee
flexion angle of 102o. However, changing the knee flexion
angle in either direction from the baseline value (102o)
created a mismatch between the created aperture and
the native ACL footprint in the study. Technically, the TT
technique requires an accurate notchplasty to visualize
the femoral footprint, whereas the AM portal technique
allows visualization of the native footprint without the
need for extensive notchplasty [20].

Surgical technique
An arthroscope is introduced through the standard AM
portal to visualize the femoral footprint, and a spinal
needle is inserted into the knee joint to identify the most
appropriate site for the accessory AM portal. The accessory
AM portal may provide a direct approach to the center
of the anatomic ACL footprint. This accessory AM portal
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is usually 1 to 2 cm medial and 5 mm inferior to the
standard AM portal. With the knee in maximum flexion,
an arthroscopic awl is used to make a hole at the center
of the ACL footprint and the Beath pin is drilled into the
hole through the lateral femoral condyle. A 4.5-mm drill
bit is then introduced over the Beath pin to allow passage
of a depth gauge for measuring the depth of the femoral
tunnel. Then, reaming is performed by over-drilling
the Beath pin using an 8-mm reamer and is advanced
to within 5 mm of the lateral femoral cortex. The tibial
tunnel is then drilled in the same manner as in the TT
technique. After creation of both tunnels, the prepared
autologous or allogenous tendon graft is passed through
the tunnels from the tibia to the femur. The graft is fixed to
the tibia with an interference screw and to the femur with
an interference screw or a cross-pin device.

Outcomes of anteromedial portal technique
Previous studies compared the AM portal technique
with the TT technique. According to Bedi et al. [14], the
AM portal technique exhibited significantly superior
stability than the TT technique in the anterior drawer,
Lachman, and pivot-shift tests (P < 0.05). The AM portal
technique restored the anterior stability close to the intact
condition and better constrained translation than did the
native ACL in the manual and instrumented pivot-shift
tests (P < 0.05). Franceschi et al. [21] compared the AM
portal technique and the TT technique with respect to
the clinical, functional, and radiographic outcomes at a
minimum follow-up of 5 years. At the last follow-up, both
groups did not have statistically different results for the
Lysholm (P = 0.09) and IKDC scores (P = 0.08). However,
the patients who underwent the AM portal technique
obtained superior results in the pivot shift (P = 0.001) and
Lachman (P < 0.05) tests. Chalmers et al. [23] performed a
systematic review based on 9 studies to compare the AM
portal technique and the TT technique with respect to
rotational stability. In this study, three cadaveric and two
clinical studies showed superior rotational stability with
the AM portal technique compared to the TT technique,
whereas the other four studies showed no differences. Two
studies showed superior clinical outcomes with the AM
portal technique, whereas the other studies showed no
differences between the two techniques. However, there
was no study showing significantly better results with
the TT technique. Azboy et al. [24] compared clinical and
radiological outcomes of the AM portal technique and
the TT technique in 64 ACL reconstructions. The study
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showed that the AM portal technique was superior to
the TT technique in creating an anatomical bone tunnel
and requiring shorter time to return to sports. However,
there was no significant difference between two groups in
clinical and functional outcomes including Lachman test,
pivot shift test, Lysholm score, Tegner scale, visual analog
scale, and IKDC score at final follow up.

Advantages of anteromedial portal technique
As the AM portal technique creates femoral tunnels more
close to the anatomical ACL footprint without relying on
the tibial tunnel, the technique has several advantages
over the TT technique as follows [24,25].
• The AM portal technique enables more horizontal and
anatomical femoral socket creation by tibial tunnelindependent femoral socket placement than the TT
technique.
• The AM portal technique enables all-inside ACL retro
construction using tibial sockets without full tunnels.
• For femoral cannulated interference screw fixation,
the AM portal technique ensures parallel socket and
screw angle avoiding divergence because reaming and
screwing are performed via the same AM portal.
• The AM portal technique has advantages in revision ACL
reconstructions where prior high, anterior, misplaced
femoral sockets may be avoided because preexisting TT
femoral sockets are approached at a different reaming
angle.

• Poor visualization of the instruments inserted in the
knee joint during femoral socket creation because of
debris and poor flow of arthroscopic fluid.

OUTSIDE-IN TECHNIQUE
Currently, growing interest in anatomic ACL recon
struction technique has led to the development of tibial
tunnel-independent techniques for proper femoral tunnel
positioning. Anatomic single-bundle reconstruction
techniques, such as the AM portal technique and outsidein technique, allow more freedom and flexibility at the
starting point of both femoral and tibial tunnel place
ment. The tibial starting point can be closer to the tibial
tuberosity and the drill can be inserted at a steeper
angle compared with the TT technique. This prevents
iatrogenic injury to the medial collateral ligament and
creates a longer tibial tunnel for stronger graft-to-bone
fixation [10,28]. Also, the femoral and tibial tunnels can
be placed through the anatomic footprint with less risk
of impingement as the graft will be placed lower in the
intercondylar notch.
The outside-in creation of the femoral tunnel can be
performed in retrograde fashion using a retractable
retrograde cutting bit and a suspensory fixation device,
such as Endobutton (Smith & Nephew, Andover, MA,
USA) or TightRope (Arthrex, Naples, FL, USA) (Fig. 1). The
retrograde outside-in technique requires only a portalsized opening rather than a lateral incision and dissection.

Disadvantages of anteromedial portal technique
Although the AM portal technique has advantages as
described earlier, it has a steep learning curve and several
disadvantages. The limitations of AM portal technique are
as follows [25–27].
• The femoral tunnel may be shorter compared with that
in the TT technique, especially if the knee is not flexed
maximally during reaming. If the femoral tunnel is too
short, tendon graft-to-bone healing may be potentially
impaired.
• Risk of the posterior wall blowout.
• Risk of injury of the peroneal nerve by distal and inferior
exit of the beath pin during femoral tunnel placement.
• Difficulty in maintaining the desired position of the
femoral tunnel guide and loading a reamer over the
beath pin and through the AM portal when the knee is
hyperflexed.
• Risk of articular cartilage injury of the medial femoral
condyle during reaming in the hyperflexed knee.
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Surgical technique
The outside-in technique is performed with AL and AM
portals for introducing an arthroscope and surgical in

Fig. 1. Endobutton (Smith & Nephew, Andover, MA, USA) loaded with
autologus hamstring tendon graft. Cortical suspensory fixation devices
can be used for outside-in anterior cruciate ligament reconstruction in
retrograde fashion.
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struments [29]. A 2 to 3 cm longitudinal skin incision is
made just posterior to the lateral epicondyle of the femur.
Then, the iliotibial band is split longitudinally, and the
distal femoral cortex posterior to the lateral epicondyle
is exposed. The arthroscope is inserted through the AM
portal and the femoral tunnel guide is inserted through
the AL portal. A PM portal can be created and the
arthroscope can be inserted through the PM portal for
better visualization of the femoral ACL footprint by the
surgeon’s preference. The tip of the femoral tunnel guide is
positioned at the center of the native ACL footprint (Fig. 2).
The angle of the ACL femoral guide is set between 100o
and 110o based on the patient’s anatomy [30,31]. The tip
of guide sleeve is placed on a flat femoral surface 5 to 10
mm proximal and posterior to the lateral epicondyle. The
femoral guide pin is introduced, and then the femoral
tunnel is reamed with a cannulated reamer corresponding
to the measured diameter of the graft. The tibial tunnel is
then drilled in the same manner as in the TT technique.
After creation of the both tunnels, the prepared tendon
graft is passed through the tunnels from the tibia to
the femur. The graft is fixed to the tibia and femur with
interference screws.
The outside-in technique can be performed in retro
grade fashion using a retractable retrograde cutting bit,
such FlipCutter (Arthrex). This technique requires only a
small opening instead of a lateral skin incision at the distal
thigh. A stab skin incision is made over the lateral femoral
condyle. Then, the iliotibial band is split longitudinally,
and the distal lateral femoral cortex is exposed. The tip

A
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of the femoral tunnel guide is positioned at the center of
the native ACL footprint. The angle of the ACL femoral
guide is set between 100o and 110o. The guide pin sleeve is
slightly impacted into the lateral femoral cortex for main
taining the position. A retractable retrograde cutting bit
of appropriate size is chosen according to the measured
diameter of the graft. The retractable retrograde cutting
bit is inserted through the drill sleeve from the lateral
cortex of distal femur into the knee joint while aiming
to the center of the native ACL footprint. By flipping a
switch on the pin handle, the blade at the tip of retrac
table retrograde cutting bit is loosen and rotated by 90o
for retrograde reaming. Then, retrograde reaming is
performed by drilling backward under retrograde pressure
until a 7 mm lateral femoral cortical bridge remains
[30]. Once the femoral socket is created, the retractable
retrograde cutting bit is advanced into the joint again and
removed after loosening and straightening the blade. After
the cutting bit is removed, the sleeve is left in place to
facilitate passage of graft-passing sutures for graft passage.
The tibial tunnel is then created in the same manner as in
the TT technique. A cortical suspensory fixation device is
connected to the graft and passed from the tibial tunnel
to the femoral socket by graft-passing sutures. The graft
is fixed to the femur with a cortical suspensory fixation
device and tibia with an interference screw, respectively.

Outcomes of outside-in technique
Chang et al. [32] compared the outside-in technique
with the AM portal technique with regard to the coronal

B

Fig. 2. (A) Outside view of anterior cruciate
ligament (ACL) reconstruction using the
outside-in techique. A femoral tunnel
guide is inserted through the standard
anterolateral portal. (B) Arthroscopic
view of the outside-in technique. The
femoral tunnel guide is placed into the
intercondylar notch. The tip of the guide
is aimed at the center of the native ACL
footprint.
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femoral tunnel position, the femoral tunnel length, and
the incidence of femoral tunnel-related complications.
In this study, there were no significant differences in the
coronal femoral tunnel position and the length of the
femoral tunnel between the both groups. However, the
AM portal technique (14%) resulted in a significantly
greater proportion of knees with a femoral tunnel length
of less than 30 mm than did the outside-in technique
(0%; P = 0.004). The incidence of femoral tunnel-related
complications showed no significant difference between
the outside-in technique and the AM portal technique.
There were 2 tunnel-related complications (3%) in the
AM portal group and none in the outside-in group. Sim
et al. [3] performed a biomechanical comparison of
the TT technique, AM portal technique, and outside-in
technique using 80 cadaveric knees. Under anterior tibial
load, the increased anterior tibial translation significantly
decreased regardless of the type of techniques. However,
none of these techniques restored the normal anterior
tibial translation. There was no significant difference
between the 3 groups in terms of restoring anterior tibial
translation. Under combined tibial torques, both AM
portal and outside-in groups closely restored the normal
knee anterior tibial translation (P > 0.05) at 0o of flexion
but failed at 30o of flexion. The ACL reconstruction by the
TT technique was unable to restore the normal anterior
tibial translation at both 0o and 30o of flexion under the
same condition (P < 0.05). When comparing the three
techniques, no significant difference in anterior tibial
translation was found at 0o of flexion, and significant
difference between the TT technique reconstruction and
the AM and outside-in technique reconstructions was
found at 30o of flexion.

Advantages of outside-in technique
Breland et al. [33] described advantages of the outside-in
technique as follows.
• The outside-in technique enables more horizontal and
anatomical femoral socket creation by tibial tunnelindependent femoral socket placement compared with
the TT technique.
• The outside-in technique is especially useful in revision
ACL reconstruction. In revision ACL reconstruction,
the outside-in technique allows the guide pin to be
inserted at a more anatomic angle, permitting anatomic
placement of the new femoral tunnel. Therefore, a
virgin anatomic tunnel surrounded by intact cortical
bone obviates the need for a staged reconstruction,
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allowing stable and firm graft fixation. This decreases
the need for a second surgery.
• The outside-in technique is relatively safe in skeletally
immature patients. Compared with the TT technique,
the outside-in technique allows surgeons to place the
femoral tunnel guide while avoiding iatrogenic injury to
the physeal plate. Furthermore, TT and other physealsparing extra-articular techniques risk non-anatomic
graft placement [34].
• The outside-in technique is useful in cases in which the
leg cannot be flexed more than 130o for an accessory
AM portal drilling. The ability to hyperflex the leg is
necessary for anatomic placement of the femoral
tunnel in the AM portal technique [35]. If the knee is
impossible to hyperflex, the outside-in technique pro
vides an anatomic femoral tunnel aperture that can be
reliably reproduced without hyperflexion of the knee
[33].
• The outside-in technique can create a tunnel with a
longer femoral intraosseous distance than the AM portal
technique.

Disadvantages of outside-in technique
There are several complications of the retrograde outsidein technique such as femoral tunnel widening, graft
migration, fixation device migration, jamming in the
tunnel, and soft tissue inter-position between a fixation
device and the femoral cortex [31].

CONCLUSION
The TT technique has advantages including short ope
ration time, easy performance, no need for knee flexion
greater than 90o for femoral tunnel drilling, and creation
of parallel femoral and tibial tunnels that allow for easy
passage of the graft. However, the technique creates the
femoral tunnel at an isometric point rather than at the
anatomic ACL footprint. Non-anatomic bone tunnel
positions may lead to residual rotational laxity and
damage of the meniscus and articular cartilage.
Modified TT techniques were developed for more hori
zontal and oblique femoral position of the graft. Although
modified TT techniques create the femoral tunnel closer
to the ACL footprint than the conventional TT technique,
shorter tibial tunnel length and widening of the intraarticular aperture of the tibial tunnel may be unavoidable.
Tibial tunnel-independent techniques, such as the
AM portal technique and outside-in technique, were
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developed for anatomic reconstruction of the ACL. These
techniques allow more freedom and flexibility at the
starting point of the femoral and tibial tunnel placement.
The AM portal technique allows more accurate placement
of the femoral tunnel guide and improved visualization of
the ACL footprint. However, the AM portal technique has
several limitations including steep learning curve, risk of
creating short femoral socket, and socket blowout along
the back wall of the lateral femoral intercondylar notch.
The outside-in technique allows free positioning of
the femoral tunnel and creation of the femoral tunnel
at the center of the ACL footprint. The outside-in
technique can be performed in retrograde fashion using a
retractable retrograde cutting bit. The retrograde outside-

in technique requires only a portal-sized opening rather
than a lateral incision and dissection.
This study introduced three techniques for femoral
tunnel creation in ACL reconstruction. Each technique
has its own advantages and limitations. Therefore, we
recommend the orthopedic surgeons choose the most
appropriate technique based on the consideration of their
own preference and surgical experiences for successful
ACL reconstruction.
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