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Abstract

The failure rate after anterior cruciate ligament (ACL)
reconstruction performed by expert surgeons is esti-
mated to be in the range of 10-15%, and only 60% of
patients undergoing this surgery are able to resume
sporting activities comparable to those they engaged in
prior to the traumatic incident.
Incorrect femoral tunnel placement is one of the main
causes of failed ACL reconstruction and this must be
remembered when undertaking revision surgery.
There are various possible errors that can be commit-
ted and, to plan revision surgery correctly, it is funda-
mental to study the position of the existing femoral
tunnel(s) both on classic anteroposterior and lateral
plain radiographs and on computed tomography scans
with frontal, sagittal, and coronal sections, and also
using three-dimensional reconstruction.
In-depth anatomical knowledge and familiarity with
the various possible surgical techniques are also man-
datory for a successful surgical outcome.

Key Words: anterior cruciate ligament, revision, femo-
ral tunnel, reconstruction.

Over 200,000 anterior cruciate ligament (ACL) recon-
structions are performed each year in the world,
making this the sixth most frequently performed pro-
cedure in orthopedic surgery. Most surgeons (>85%)
who perform ACL surgery carry out fewer than 10
reconstructions per year. The failure rate after ACL

reconstruction by expert surgeons is estimated to be in
the range of 10-15%, and only 60% of patients under-
going this surgery are able to resume sporting activities
comparable to those they engaged in prior to the trau-
matic incident (1). There are many variables that need
to be taken into account both when performing pri-
mary ACL reconstructions and when planning revi-
sion surgery. This brief paper focuses solely on femoral
tunnel placement and creation in revision ACL recon-
struction surgery.  
Correct femoral tunnel positioning, together with a
correct choice of graft and graft fixing technique and
an adequate rehabilitation protocol, constitutes a cor-
nerstone of successful ACL reconstruction surgery.
Indeed, the positioning of the femoral tunnel determi-
nes the elongation and tension patterns of the new
ligament throughout the knee range of motion.
Therefore, in both single- and double-bundle recon-
structions, every effort is made, during surgery, to
identify anatomical ligament attachment sites.
However, even though we may seek to reproduce the
native anatomy, it must be appreciated that precise
landmarks often cannot be identified during the ope-
ration and that, even when there remain residual tra-
ces of the ligament on the wall of the intercondylar
notch, these are rarely of any real help in positioning
the femoral tunnel(s). 
Furthermore, the healthy ACL varies so greatly in size
and shape from individual to individual (1) that there
exist no predefined methods able to guarantee correct
and reproducible placement of femoral tunnel(s) in
every knee.
Incorrect femoral tunnel placement is one of the main
causes of failed ACL reconstruction and this must be
remembered when undertaking revision surgery (2, 3).
Indeed, there are various possible errors that can be
committed. If the tunnel is too shallow (Fig.1) there
will be excessive graft tension during knee flexion,
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which will determine joint stiffness and ultimately fai-
lure of the new ligament. Conversely, if the tunnel is
too deep (Fig. 2), there is a risk of rupturing the
posterior wall of the femur, either immediately, when
drilling the tunnel, or when fixing the graft; in the lat-
ter case, if an interference screw is used, the rupture
may be due to divergence of the screw from the direc-
tion of the tunnel, or to fragility of the bone wall. If
the femoral tunnel is placed not in the center of the
wall of the intercondylar notch, but close to its edge
or even in its roof, the new ligament will be vertically
positioned and poorly able to guarantee anterior-
posterior and rotational stability (Fig. 3). 

In the case of reconstructions performed using the
double-bundle technique, it is necessary to remember
that positioning errors can involve one or both tun-
nels, and also that the tunnels must not be allowed to
converge.
It is necessary to consider that in ACL reconstruction
there are several possible approaches with different
guide systems. Basically, there exist three drilling
techniques: the transportal approach, the transtibial
approach and the outside-in technique. In the trans-
tibial approach, the femoral tunnel is created with
the help of drill guides that are introduced through
the tibial tunnel. In this case, the precise placement
of the femoral tunnel depends on the correct positio-
ning of the tibial one. If, with this approach, the pla-
cement of the femoral tunnel on the wall of the
notch is not satisfactory, there is little the surgeon
can do to modify the insertion point of the new
ACL, apart from resorting to one of the other two
techniques. Furthermore, with this approach, the
femoral tunnel aperture assumes an oval rather than
a round shape after drilling as the guide wire strikes
the wall at a very sharp angle (1, 4-6). The transpor-
tal approach, which involves passing through the
anteromedial portal, allows the guide wire entry
point to be positioned freely on the wall of the notch.
However, the knee should be flexed to at least 120°,
which restricts the view. In order to see the wall of
the notch, an accessory anteromedial portal is also
needed. In this case, given the angle of the drill guide
in relation to the wall of the notch, the aperture
tends, once again, to be oval because of the guide tilt
in shallow and inferior directions (1). The outside-in
technique does not entail any limitations terms of
arthroscopic view and guide wire positioning. It
allows the guide wire to be inserted perpendicular to
the wall of the notch, thereby allowing round holes
at the level of intra-articular exits of the tunnels.
Most surgeons, however, prefer to avoid making a
second skin incision and are more familiar with the
transtibial approach.
All these are considerations that should be weighed up
when planning revision surgery. It is fundamental to
study the position of the existing femoral tunnel(s)
both on classic anteroposterior and lateral plain radio-
graphs and on CT scans with frontal, sagittal and

Femoral tunnels in aCl revision

Fig. 1. Shallow femoral tunnel.

Fig. 2. Excessively deep femoral tunnel.
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coronal sections, and also using
three-dimensional reconstruction
(2, 3, 7). These investigations make
it possible not only to precisely
locate the position of the femoral
tunnel aperture on the wall of the
intercondylar notch, but also to
identify any bone loss within the
tunnel itself due to the windshield-
wiper effect (8), and to consider
whether or not it is necessary to
remove fixation devices that could
interfere with the planned femoral
tunnel.
During the revision surgery it is
crucial to have the various arthroscopic drill guide
systems to hand on the instrument table, so as to be
able to adapt the technique to any unforeseen circum-
stance. It is also very important to position the patient
in a way that favors complete mobility of the knee,
both in flexion-extension and in internal and external
rotation. During arthroscopy, all residue from the pre-
vious operation must be carefully removed so as to
have a clear view of the entire bone wall; to this end,
it is sometimes useful to remove the synovial layer
covering the lateral aspect of the posterior cruciate
ligament. It is, in fact, crucial to view the lateral wall
of the intercondylar notch through both the anterola-
teral and the anteromedial portal so as to precisely
determine both the spatial dimensions and any chan-
ges resulting from the previous surgery.
The greatest difficulties, when deciding where to posi-
tion the femoral tunnel, are encountered in the pre-
sence of existing tunnels that were correctly positioned
but have become enlarged as a result of bone loss or
the presence of fixation devices. Paradoxically, when a
previous tunnel was incorrectly positioned, the lateral
wall of the intercondylar notch at the point where the
new tunnel is to be created will be intact, and the crea-
tion of the tunnel, using an anteromedial or outside-
in technique, will be quite straightforward, as in a pri-
mary reconstruction (Fig. 4).
When there is bone loss at the level of the tunnel, the
surgery can be performed in a single session (9),
although it is preferable to plan a two-stage procedure.
During the first stage it is necessary to remove any
fixation devices present (e.g. interference screws or

transverse fixation systems), clean the bone, removing
any fibrous tissue present, and fill the defect left by the
fixation devices and the previous tunnel with (prefe-
rably autologous) bone graft plugs harvested from the
iliac crest or tibial plateau (10-12). Around 4-6
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Fig. 4. New femoral tunnel positioned correctly (red arrow) compared
with the previous vertical one (white arrow).

Fig. 3. MRI sagittal (A) and coronal (B) views showing a too vertical femoral tunnel.
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months later, with the bone graft integrated, the revi-
sion reconstruction can be performed, creating the
tunnel in the desired position in intact bone.
To date there are no well-defined landmarks allowing
exact localization of the guide wire entry point for
creating a femoral tunnel. It has, however, been shown
that femoral tunnel placement (as opposed to tibial
tunnel placement) is what influences the tension of the
reconstructed ligament and thus the outcome of the
procedure itself. For years, it has been recognized as
advantageous to seek to achieve isometric tunnel pla-
cement, aiming to reconstruct the anteromedial bund-
le. In laboratory studies, this bundle has been found to
show less tension and length variation than the poste-
rolateral bundle throughout the range of motion of
the knee and is defined as the most isometric. Recent
studies have shown that a more anatomical placement
guarantees greater stability of the knee against rotatio-
nal and anteroposterior stresses (1). To this end, on the
basis of cadaver studies, several suggestions have been
advanced to help the surgeon identify the center of the
ACL femoral insertion. As already mentioned, it is
important to view the entire lateral wall of the inter-
condylar notch through both the anterolateral and the
anteromedial portal. The knee is kept flexed to at least
90° and the most posterior portion of the cartilage of
the lateral femoral condyle (in the over-the-top posi-
tion) is viewed. The center of the anteromedial inser-

tion point can be identified by drawing an imaginary
line tangent to the border between cartilage and bone
and extending as far as the wall of the notch (Fig. 5).
If we remain, on the wall of the notch, below that line
and above the joint cartilage, then we can be reaso-
nably sure of being in the center of the native ACL
insertion.
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Fig. 5. The dotted line indicates the area under which the femoral
insertion point of the new ligament (asterisk) is located.
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