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the Anterior Cruciate Ligament: The Reconstruction of
the Knee Anterolateral Ligament
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Abstract: We present a new technique for the combined intra- and extra-articular reconstruction of the anterior cruciate
ligament. Intra-articular reconstruction is performed in an outside-in manner according to the precepts of the anatomic
femoral tunnel technique. Extra-articular reconstruction is performed with the gracilis tendon while respecting the
anatomic parameters of the origin and insertion points and the path described for the knee anterolateral ligament.

Anterior cruciate ligament (ACL) injury is among
the most common orthopaedic injuries." Despite
technological advances in the surgical techniques for
ACL reconstruction, the failure rate remains approxi-
mately 7%.%”

Failures can occur because of improper tunnel posi-
tioning or problems with patient rehabilitation; how-
ever, there are some patients in whom reconstruction
fails without any predisposing factors.” In such cases,
failure is believed to be due to non-optimal incorpora-
tion of the graft used for reconstruction. A structure
located in the anterolateral portion of the knee, adja-
cent to the joint capsule, called the anterolateral liga-
ment (ALL), has recently been studied in more detail
and may be responsible for some cases that do not
progress satisfactorily after ACL reconstruction.”®

Conducting extra-articular lateral reinforcement in
association with intra-articular reconstruction of the
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ACL is not new, and various authors have proposed
various nonanatomic techniques for this purpose.” "
Recent anatomic studies have made it possible to
characterize the anatomy of the ALL in this region in
detail, thereby making its reconstruction possible. This
technique can act as an extra-articular ACL recon-
struction that respects the anatomic parameters of the
ALL. The aim of this study was to present a combined
intra- and extra-articular reconstruction technique for
ACL injuries in which the extra-articular reconstruction
aimed to anatomically reconstruct the ALL.

Technique

Graft Preparation

The combined technique for ACL and ALL recon-
struction was performed using hamstring tendons.
Autologous tendons or tendons from a tissue bank can
be used, depending on the patient’s characteristics and
the surgeon’s preference (Video 1). The semitendinosus
tendon is prepared as a triple graft and the gracilis
tendon as a single graft, yielding a quadruple ACL graft;
the remaining portion of the gracilis is used for ALL
reconstruction (Fig 1).

Lateral Access Route

A lateral access route is established from the lateral
epicondyle to an intermediate point between the Gerdy
tubercle and the fibular head (Fig 2). After dissection of
the skin and subcutaneous tissue, the iliotibial tract is
opened toward its fibers. Opening of the tract is
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performed at the height of the lateral epicondyle, with a
length of approximately 3 cm.

Radiographic Femoral Landmarks

After the iliotibial tract has been opened, the radio-
graphic landmark point of the femoral origin of the ALL
is found using fluoroscopy.'*'” The Blumensaat line
and a line perpendicular to it are used to find the origin
of the ALL on an absolute lateral knee radiograph. The
ALL femoral point is found at about the halfway point
on the Blumensaat line in the anterior to posterior
direction, around 3 to 4 mm below it. A 5-mm metal
anchor (Fastin, DePuy Mitek, Raynham, MA) is inser-
ted into this bony landmark (Fig 3). Before insertion of
the anchor, an ice pick is used to mark the correct point.

ACL Reconstruction

After insertion of the femoral anchor, arthroscopy is
performed. The knee cavity is inspected, and any
meniscal or cartilage injuries identified are treated. The
intercondylar area is prepared by shaving the inside
wall of the lateral femoral condyle.

The femoral tunnel of the ACL is made using an
outside-in technique according to the recommenda-
tions of Garofalo et al."* This tunnel begins outside
the lateral femoral condyle, exits into the medial wall
of the lateral condyle, and should respect the foot-
print of the native ACL. When the surgeon is pre-
paring the femoral tunnel for the ACL, care should be
taken not to interfere with the anchor already placed
on the femur for reconstruction of the ALL. The tibial
tunnel is made within the topography of the native
ACL tibial footprint.'>'® We first insert a guidewire
and then perform the drilling of the tunnels. The
surgeon can make both the femoral and tibial tunnels
using a standard ACL tibial guide, just adjusting the
guide angulation to reach the correct footprints; no
special equipment is required to perform this technique.
The diameter of the tunnel is equal to the diameter of the
previously prepared quadruple ACL graft.

After preparation of the tunnels, the graft is passed
from the tibia to the femur. The ACL intra-articular
graft is a quadruple graft, and the remaining portion
of the gracilis, which will be used for ALL reconstruc-
tion, exits through the lateral condyle.
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Fig 1. Triple semitendinosus and sin-
gle gracilis graft prepared for combined
anterior cruciate ligament (ACL) and
anterolateral ligament (ALL) recon-
struction. The part used to reconstruct
the ACL is a quadruple graft, and the
remaining part of the gracilis is used to
reconstruct the ALL.

Femoral ACL fixation is initially performed in an
outside-in manner using an absorbable interference
screw (Biocryl, DePuy Mitek) with a diameter equal
to the size of the tunnel; tibial ACL fixation is per-
formed with approximately 30° of knee flexion with an
absorbable interference screw one size greater than the
tunnel diameter.

ALL Reconstruction

After fixation of the ACL graft, the remaining portion
of the gracilis is used for ALL reconstruction. Initially,
graft fixation is performed on the anchor that was
inserted into the femur before the ACL reconstruction
was performed.

Subsequently, another 5-mm anchor is inserted into
the tibial anatomic attachment of the ALL. This point
can be found with fluoroscopy or by using anatomic
landmarks. Our current preference is to identify this
point anatomically between the fibular head and Gerdy
tubercle at approximately 5 to 10 mm below the joint
line of the lateral tibial plateau (Fig 4). By use of
radiographic landmarks, this point is found around
7 mm below the tibial plateau on the frontal view and
at around 50% of the plateau length on the lateral
view.'? The remaining portion of the gracilis then
passes beneath the iliotibial tract until its tibial insertion

2 !
Fig 2. Lateral image of a left knee showing the anterolateral
ligament reconstruction landmarks, including the Gerdy
tubercle (GT), fibular head (FH), lateral epicondyle (asterisk),
and tibial insertion point (dagger) of anterolateral ligament.
The joint line is represented by the dotted line.
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Fig 3. (A) Clinical photograph of the
anchor insertion at the femoral point
of origin of the anterolateral ligament
in a left knee. (B) The radiographic
anchor insertion point is obtained
using fluoroscopy on a true lateral
view.

point and is fixed onto this landmark through the
suture anchor inserted (Figs 5 and 6).

Tibial graft fixation is performed with knee flexion
between 60° and 90° in accordance with studies that
have shown higher tensioning of this structure with
knee flexion.'”'® According to the size of the graft, it is
possible to render the ALL more calibrous by returning
it underneath the iliotibial tract and reattaching it to the
femur and to the tibia again, if possible.

After reconstruction, closure is performed. We do
not use any type of drain or immobilization after
reconstruction.

Discussion
The presented technique offers the main advantage of
reliable reproduction of the anatomy of both the ACL
and the ALL. We believe that just as the techniques for
ACL reconstruction have evolved from nonanatomic
procedures to procedures attempting to maximally

Fig 4. Lateral image of a left knee showing the tibial insertion
point of the anterolateral ligament. Arrow 1 indicates the
location for placement of the anchor that will be used for tibial
fixation at approximately 7 mm below the joint line, which is
represented by the tip of the forceps and arrow 2.
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reproduce the anatomy of the injured ACL, in the near
future, extra-articular reconstructions will also tend to
reproduce the anatomy of the ALL."”

Regardless of the fact that, so far, there is no research
to suggest that ALL reconstruction improves the results
of ACL reconstruction and the benefit of reconstructing
this “new” structure is purely theoretical at this point,
the addition of an extra-articular procedure for
arthroscopic ACL reconstruction has vyielded good
results in several studies.”’”’ Vadala et al.”’ studied
female athletes with ACL injuries and concluded that
those who underwent extra-articular reinforcement
had a lower rate of residual rotatory instability. Dejour
et al.”' investigated the addition of the Lemaire proce-
dure to ACL reconstruction with a patellar tendon and
showed less anterior translation of the lateral plateau
relative to intra-articular reconstruction alone. Monaco
et al.”* showed reduced internal rotation at 30° with
the addition of a lateral plasty to single-band
reconstruction when compared with double-band
reconstruction alone. Trojani et al.?” studied revisions
of ACL reconstructions in more than 160 patients and
concluded that the addition of a lateral extra-articular
procedure increased knee stability.

Even though several recent studies have shown the
possible benefits of the addition of extra-articular
reconstruction, its indication is still far from receiving
a unanimous vote in the literature.” One alternative
that might be useful for the characterization of patients
with lateral lesions would be an accurate viewing of the
ALL capsule through imaging; however, existing
studies continue to have difficulties in the character-
ization of this structure using magnetic resonance
imaging, even in knees without ACL injury.”**’
Therefore we suggest the association of extra-articular
reconstruction in cases with higher grades on the
pivot-shift test and in cases requiring revision ACL
reconstruction, especially those without an apparent
cause of failure (Table 1).



Fig 5. Final view of a left knee showing reconstruction of the
anterolateral ligament (ALL). The asterisk indicates the
femoral tunnel through which the gracilis portion exits for ALL
reconstruction. The ALL passes below the iliotibial tract (with
the 2 dotted lines showing its path) and is fixed onto the tibia.

Several techniques have already been used with the
aim of enhancing isolated intra-articular reconstruc-
tion. Among these, the technique of Colombet'’
perhaps has the most similar concepts to our pre-
sented technique. In his technique, Colombet prepares
the femoral tunnel from the outside in using flexor
tendons. He uses the same tendons used for ACL
reconstruction to rebuild the ALL, thus minimizing the
number of grafts. An important difference with our
technique is the nonanatomic reconstruction of the ALL
with origin and insertion points that do not correspond
to the anatomic landmarks of the ALL described in the
literature, which originates anteriorly and distally to the
lateral collateral ligament (LCL) and is inserted between
the Gerdy tubercle and fibular head.

Another difference that we consider important with
respect to the Colombet technique is the fact that our
technique has a quadruple reconstructed ACL, whereas
in some situations, Colombet'’ reconstructs the ACL
with a double graft, although this is not his preference.
This situation could render the ACL less biomechani-
cally resistant. The decision to use a triple semite-
ndinosus graft in association with a single gracilis graft
aims to obtain a graft with a diameter equal to or
greater than 8 mm, which is difficult to achieve with
the isolated use of a double hamstring tendon graft. The
MOON (Multicenter Orthopaedic Outcomes Network)
cohort found that patients with graft diameters less
than or equal to 7 mm had a higher rate of neoligament
rupture.”® Despite this theoretical situation, Marcacci
etal.'' studied 54 patients treated with combined intra-
and extra-articular reconstruction of the ACL using a
double hamstring graft for intra-articular reconstruction
for a mean follow-up period of 11 years and observed
good or excellent results in more than 90% of cases, as
well as a low failure rate. Perhaps the association with
extra-articular reconstruction reduces the risk of failure
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in grafts with a lower intra-articular diameter, but
because we have no such evidence, we choose to
perform intra-articular reconstruction with a triple
semitendinosus graft in association with a single gracilis
graft while always seeking to reconstruct the ACL with
the largest possible diameter.

The limitations of the presented technique include the
size of the flexor grafts used and fixation of the graft
onto the tibia with the use of anchors. A minimum
gracilis size of 18 cm is needed to make at least a double
ALL. If the prepared gracilis tendon is shorter than this
length, reconstruction should be performed with a
single-bundle gracilis or a different technique or, if
available, tissue bank grafts should be considered.
Given the macroscopic anatomic characteristics of the
ALL,® a single gracilis graft may meet the biomechanical
needs of this ligament, but biomechanical studies are
needed to analyze these characteristics. Regarding fix-
ation with anchors, the femoral anchor functions only
to perform the graft tenodesis at its anatomic point so
that the femoral fixation is doubled consequent to the
interference screw used for ACL reconstruction. Tibial
fixation is performed with only 1 anchor, but we
believe that this type of fixation is adequate, given the
biomechanical demands presented by the ALL. We also
suggest that fixation be performed with a metal anchor
associated with a high resistance and slow absorption or
a nonabsorbable thread. The advantage of using an
anchor in this situation is that it eliminates the need to

Fig 6. Three-dimensional computed tomographic recon-
struction image showing final placement of femoral tunnel
and tibial and femoral anchors for combined reconstruction of
anterior cruciate ligament and anterolateral ligament.
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Table 1. Advantages, Indications, Contraindications, Tips and Pearls, and Pitfalls and Risks of Combined Anterior Cruciate

Ligament and Anterolateral Ligament Reconstruction

Advantage
Provides anatomic reconstruction of ACL and ALL
Indication

Cases with higher grades on the preoperative pivot-shift test and reconstruction revision cases, especially those without an apparent

cause of failure
Contraindications

Autologous grafts of insufficient size (unless one can use tissue bank grafts)
Performance of our technique without treatment of known causes of ACL failure in revision cases

Tips and pearls
Measure the lengths of grafts right after harvesting them.

Open the iliotibial tract toward its fibers on the lateral access route.
Find the correct radiographic landmark to insert the femoral anchor.

Note that anatomically locating the tibial landmark for ALL reconstruction is easier between the Gerdy tubercle and fibular head.
Avoid leaving the anchor protruding both on the femur and on the tibia.

Pass the ALL graft under the iliotibial band to fix it on the tibia.
Pitfalls and risks
Protruded anchors can irritate the iliotibial band.

An absolute lateral view must be obtained to find the correct femoral radiographic landmarks; small inaccuracies can lead to totally

incorrect points.

When preparing the femoral tunnel for the ACL, care should be taken not to interfere with the anchor already placed on the femur for the

ALL reconstruction.

Patients can have lateral discomfort because of the iliotibial tract incision for up to 6 weeks.

ACL, anterior cruciate ligament; ALL, anterolateral ligament.

make a second tibial tunnel. Marcacci et al."' used only
staples in their reconstructions and achieved excellent
results.

Because of the proximity of the ALL to the LCL on the
femur, the use of an anchor in this region protects the
LCL against iatrogenic damage that could be caused by
a femoral tunnel. Femoral tunnels, even if small, have a
high probability of damaging the LCL origin in this
region. We have ascertained in our anatomic studies
that 8-mm tunnels can cause lesions involving half the
insertion of the LCL in approximately 50% of patients
(unpublished data, C.P.H, June 2014).

The limitations of this study include the non-
performance of biomechanical tests to prove the
effectiveness of the described technique relative to
techniques already existing in the literature and the fact
that ALL reconstruction has not yet been shown to yield
short- or long-term clinical improvements; however, we
believe that we could combine similar techniques in an
attempt to apply the already used concepts to perform
an extra-articular anatomic reconstruction. Moreover,
the aim of this article is to describe our technique
without presenting clinical or radiologic results. Clinical
and radiologic studies are being conducted to show the
effectiveness of this technique, and an initial series
should be presented as soon as we have sufficient cases
with an adequate minimum follow-up period.
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