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ABSTRACT

Objective: Define a security zone to avoid possibles
vascular and ligamentar complications during anterior
cruciate ligament reconstruction. Methods: Arthroscopic
reconstruction using the transtibial and transportal
technique in cadaver knees was performed followed by
dissection and measurement of the distance between the
femoral tunnel and the proximal attachment of the lateral
collateral ligament and the femoral tunnel and the lateral
superior genicular artery. Results: The measure of the
analysed distances show us an aproximation between

the major branch of the lateral superior genicular artery
and the femoral insertion of the colateral lateral ligament
and the femoral tunnel during the transportal technique.
Conclusion: We realize that the use of technical ship it to
arthroscopic ACL reconstruction has a higher probability
of injury to the lateral geniculate artery and insertion of
the lateral collateral ligament, promoting post-surgical
complications such as instability of the knee, osteonecrosis
of the femoral condyle and ligamentizagao graft.
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INTRODUCTION

The anterior cruciate ligament (ACL) is one of the
main structures of the knee and is responsible for an-
teroposterior and rotational stabilization"). It proximal
insertion is in the medial surface of the lateral femoral
condyle and its distal insertion is in the anterolateral
depression of the intercondylar fossa of the tibia"
and is composed of two band: the anteromedial band
and the posterolateral band®?). Recreational or pro-
fessional sports activity requires good knee function,
and greater participation in sports among the general
population exposes these individuals to increased risk
of injury, and ACL lesions are very common. Surgical
treatment is usually considered to be the best thera-

peutic option for knees with a deficient ACL, and this
results in approximately 100,000 reconstructions per
year in the United States®.

Clinical and biomechanical studies have provided
better understanding of this ligament in relation to
joint dynamics and have contributed towards impro-
vements in reconstruction operations seen over re-
cent years. Arthroscopic reconstruction of the ACL
is a commonly performed and successful orthopedic
surgical procedure, and there is considerable variety
in the techniques and materials used. The objective
of surgical treatment is to reestablish knee stability,
enable a return to sports activity and, over the long
term, avoid joint osteoarthrosis®®.
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RISKS AND CONSEQUENCES OF ACL RECONSTRUCTION

Among the techniques used for ACL reconstruction,
the one most commonly performed is the transtibial te-
chnique, in which the femoral tunnel is produced using
a guide introduced via the tibial tunnel, thus resulting
in a verticalized and isometric bit non-anatomical po-
sition for the neoligament”. Studies have shown that
there is great difficulty in achieving a horizontalized
position for the femoral tunnel®® by means of the
transtibial technique. Non-anatomical reconstruction of
the ligament is considered to be the cause of some poor
results from this surgery, such as persistence of rota-
tional instability, which has stimulated development
of techniques that would favor anatomical positioning
for the neoligament!!”, The option of reconstructing
both bands (anteromedial and posterolateral) has been
shown to be effective'®!?, but frequent technical di-
fficulties, longer duration of the operation and greater
cost of the fixation materials have been among the
limitations on popularization of this technique.

Performing reconstruction by means of a transpor-
tal technique has been shown to be an option when
it is possible to combine anatomical reproduction of
the ligament (by means of independent positioning
of the femoral and tibial tunnels) with the practicali-
ty of single-band reconstruction of the knee!'¥. The
neoligament results in a horizontalized position, thus
providing greater anteroposterior and rotational sta-
bility!>19 and biomechanical performance!!®!®), and
minimizing occurrences of future osteoarthrosis®-.

With a horizontalized and distal position for the
femoral tunnel, its entry point is located at the center
of the femoral footprint, at the midpoint between the
insertions of the two bands in the ACL or at the site
of the posterolateral band of the native ligament'?,
Horizontalization of the femoral tunnel resulting from
the transportal anatomical technique®®” exposes the
guidewire of the femoral tunnel to an anatomical re-
gion of the lateral femoral condyle that is usually not
approached®?. This region contains the main artery
feeding the lateral femoral condyle and one of the
main vascular branches of the popliteal artery: the
lateral superior genicular artery®>?®), Furthermore, the
lateral epicondyle of the femur is close to this region,
and this is the site of proximal insertion of the lateral
collateral ligament and the tendon of the popliteal
muscle. The risk of injury to the structures close to
the lateral cortex of the femur may lead to significant
complications®¥.
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The aims of the present study were to measure and
compare the mean distance between the center of the
tunnel in the lateral femoral condyle and the lateral
epicondyle and main branch of the lateral superior
genicular artery, while performing ACL reconstruc-
tion in cadaver knees by means of the transtibial and
transportal techniques, and to be able to define the
risk of injury to the structures studies and the possible
consequences of such risks.

METHODS

This project was analyzed and approved by the Ethics
Committee of the Federal University of Sao Paulo.

We used three knees from cadavers for studying
the lateral femoral condyle, and these knees were
presented with the distal 20 cm of the femur and the
proximal 20 cm of the tibia. Firstly, all the arteries
present at the extremities were identified and ligated
using cotton thread, so that only the proximal and
distal regions of the popliteal artery (the only one
without an obstructed channel) would function as
an entry and exit point for the contrast applied to
the knees.

We introduced injections of non-transparent liquid
silicone contrast in association with red stain through
the popliteal artery in order to identify and measu-
re the structures under examination. We performed
arthroscopy on the knees in an appropriate labora-
tory using appropriate instruments. The entire ACL
was damaged and resected, and then we introduced
guidewires into the femur using the transportal and
transtibial technique, thus simulating the exit point of
the tunnels that are generally used (Figures 1 and 2).

The third phase of the study consisted of
dissection of the joints. With the transtibial and
transportal guidewires still in place, a lateral route
was constructed and dissected down to the deeper
layers of the posterolateral compartment, in order to
view the entire length of the lateral superior genicular
artery, from its start in the popliteal artery and the
definition of the lateral epicondyle and structures
inserted there (Figure 3).

The distance from the femoral tunnel to the proxi-
mal insertion of the lateral collateral ligament and the
distance from the femoral tunnel to the main branch
of the lateral superior genicular artery were measured
and compared between the different techniques for
ACL reconstruction that were examined.
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Figure 1 — Arthroscopic views of the femoral tunnel through using the
transportal technique and the transtibial technique.

Figure 2 — Image of the cadaver knee showing injection of contrast after ar-
throscopy and placement of guidewires using the transtibial and transportal
techniques before posterolateral dissection of the knee.

Figure 3 — Lateral view of the dissected knee after application of contrast
through the femoral artery to measure the distance between the femoral
tunnel and the structures of the lateral femoral condyle: the lateral superior
genicular artery and the proximal insertion of the lateral collateral ligament.
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RESULTS

The measurements of the distances analyzed showed
that the main branch of the lateral superior genicular
artery was brought closer to the proximal insertion of
the lateral collateral ligament when the femoral tunnel
was produced using the transportal technique.

The transtibial tunnel was on average 0.6 cm fur-
ther away from the artery than the transportal tunnel
and 2.2 cm further away from the proximal ligament
insertion than the transtibial tunnel. All these values
can be evaluated in Table 1.

Table 1 — Data obtained from measuring from the femoral tunnel to the
lateral collateral ligament and to the main branch of the lateral superior

genicular artery using the transtibial (TT) and transportal (TP) ligament
reconstruction techniques on three different knees.

TT tunnel- | TT tunnel- | TP tunnel- | TP tunnel-
Vv | ligament Vv | ligament
Knee 1 1,7 6,4 1,3 3,3
Knee 2 1,8 4 1,8 2,7
Knee 3 2,1 53 0,7 3,1
Mean value 1,86 5,23 1,26 3,03
DISCUSSION

ACL reconstruction is one of the commonest sur-
gical procedures in orthopedic practice. The data su-
ggest that more than 100,000 reconstructions are per-
formed annually in the United States*?). However,
there is little documentation of vascular complications
in the literature. Now that there is greater interest in
horizontalization of the femoral tunnel, in an attempt
to reproduce the anatomical footprint of the ACL in
the femur, it is believed that there is a greater risk
of injury to the lateral prime structures of the knee
during the surgical procedure.

Vertical positioning by means of a transtibial tunnel
has been widely used around the world, with high rates
of good and excellent clinical results described in the
literature'>>-2®. However, older studies did not evaluate
the rotational stability of these patients, and a portion of
these patients continued to present symptoms of insta-
bility and positive results in pivot-shift maneuvers!’-*.
On the other hand, positioning the neoligament more
horizontally in the lateral wall of the lateral femoral
condyle, i.e. closer to the anatomical footprint, provides
greater rotational stability that adds to the anteroposte-
rior stability, thereby improving postoperative results
that continue to present some degree of instability-!>19),

Since this technique has gained greater prominence
over recent years, further studies comparing the two
techniques over the long term are necessary in order
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to define the benefits and possible complications that
are not observed with the first technique. Because of
the proximity of prime structures at the exit point of
the guidewire, and depending on the graft fixation
technique for the femoral tunnel, surgeons have taken
greater interest in possible lesions involving lateral
structures of the femoral condyle, such as the lateral
collateral ligament and the lateral superior genicular
artery, and their possible complications like osteo-
necrosis of the lateral femoral condyle and delayed
healing of the graft. Concern regarding these issues
has led surgeons to choose the new technique in an
attempt to improve their postoperative results.

In an anatomical study on cadavers, Neven et a/®?
evaluated the risk of injury to lateral and posterolateral
structures during drilling of the femoral tunnel in the
anatomical position, through a low anteromedial portal
with the knee flexed at 120 degrees. They evaluated
the distance of the guidewire exit point from the lateral
collateral ligament, lateral tendon of the gastrocnemius
and popliteal tendon, and concluded that none of these
structures was at risk during the procedure. However,
the distance from the lateral superior genicular artery
was not evaluated, even though this artery is the main
source of blood supply to the lateral femoral condyle.

Farrow and Parker®? evaluated the risk of injury
to these structures, except for the genicular artery, in
cadavers, and drilled the femoral tunnel by means of
knee arthrotomy, using bone structures as the referen-
ce points for standardized placement of guidewires
with the knee flexed at 90 degrees, in a position that
was slightly lateral to the medial femoral condyle
and slightly above the anterior cornu of the medial
meniscus. They concluded that the femoral tunnel
should be drilled with the knee flexed at a minimum
of 110 degrees, in order to diminish the risk of injury
to lateral structures. In the present study, despite the
observed difference between the femoral tunnel and
the lateral collateral ligament (depending on the te-
chnique used), the risk of ligament injury seemed to
be minimized through distances that were considered
safe, thus agreeing with data in the literature.

Injury to the lateral superior genicular artery during
arthroscopic reconstruction of the ACL is a little-men-
tioned event, without reports in the literature. On the
other hand, osteonecrosis of the lateral femoral con-
dyle has been mentioned by some authors as a com-
plication of this surgical procedure®*3). We believe
that 1atrogenic lesions of the lateral superior genicular
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artery would, despite its rich anastomosing network,
be a risk factor for this feared complication. However,
little is known regarding the possible consequence of
a total vascular lesion in this arterial branch.

The first description of osteonecrosis of the lateral
condyle following ACL reconstruction was made by
Athanasian et al®® in 1995, in a patient with a chronic
lesion in the ligament that was reconstructed arthros-
copically. Twenty-five months after the surgery, the
patient started to present acute pain after suffering an
injury in hyperflexion, but without any injury to liga-
ment structures. Magnetic resonance imaging (MRI)
demonstrated a defect in the subchondral bone close
to the femoral tunnel, in the lateral femoral condyle,
along with a chondral lesion in the posterior region of
the condyle. In 2010, another description was made by
Shenoy et al®Y, in which a patient who had undergone
reconstruction using flexor tendons four weeks after
knee trauma presented major bone edema on the initial
MRI. Fifteen months after the reconstruction, he deve-
loped a condition of progressively incapacitating pain
that lasted for eight months, with lytic lesions on radio-
graphs and an area of low signal in the lateral condyle.

The rare incidence of necrosis laterally is due to
the greater vascularization and the extraosseous anas-
tomotic network present there. The main blood supply
for the lateral femoral condyle is provided by the la-
teral superior genicular artery, but it also consistently
receives an anastomotic branch of the lateral inferior
genicular artery. This connection is usually present
under the lateral collateral ligament and is possibly
one of the causes of lower incidence of osteonecrotic
events in the lateral condyle®*??,

Through measurement of the distance between the
main branch of this artery and the femoral tunnel, it can
be seen that the tunnel and the vessel are close to each
other and that there is a high chance of injury to this
artery. This suggests that this proximity is the main cause
of the rare but existent cases of osteonecrosis of the
lateral femoral condyle following ACL reconstruction.
Greater proximity while performing the transportal
technique makes this a risk resulting from its use.

Another potential risk from using the transportal
technique, based on the results from the present study,
and resulting from possible lesions of the lateral supe-
rior genicular artery, relates to changes to the healing
capacity of the neoligament in the femoral tunnel.

The phases of the ligament formation process con-
sist of necrosis, edema, revascularization, fibroblast
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invasion and collagen synthesis, with involvement of
the vascularized synovial tissue at the end of this pro-
cess®?. Ligament formation is taken to be the concept
introduced by Amiel e al®? in 1986, which consisted
of biochemical and histological remodeling of the
tendon graft into a ligament.

Several factors may influence ligament formation
from grafts, such as isometricity, anatomical positio-
ning, collaboration from the patient, response to healing,
biomechanical strength, postoperative rehabilitation
and, especially, vascularization®®. Some studies have
suggested that the ligament formation process occurs
within approximately one year following the surgery.

We believe that injuries to this artery may alter the
process of ligament formation from the graft, such that
it is delayed and consequently the capacity to reesta-
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CONCLUSION
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reconstruction of the ACL presents greater likelihood
of injury to the lateral genicular artery and the inser-
tion of the lateral collateral ligament, thus favoring
postsurgical complications such as knee instability,
osteonecrosis of the lateral femoral condyle and li-
gament formation from the graft.
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