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ABSTRACT

Objective: To identify objective parameters to guide
correct location of the posterior cruciate ligament
(PCL) in the femur. Methods: The PCLs of 20 human
cadavers were resected. The following portions
were measured: distance from the most distal
portion of the PCL, close to the roof, to the most
anterior edge of the cartilage (AB); distance from the
most proximal portion of the PCL, close to the
roof, to the most anterior cartilage (AC); distance
between the two parts of the ligament close to
the roof (BC); distance from the distal edge in
its posterior portion, to the more posterior joint
edge (DE); distance from the distal edge of the
ligament in its posterior portion, to the intercondylar
roof (DF); and finally, the format of the ligament

insertion and area of coverage on the femoral condyle.
Results: The PCL has the shape of a quarter ellipse, with
an average area of 153.5mm?. The mean distances found
were: AB of 2.1mm, AC of 10.7mm, BC of 8.6mm DE
of 12.4mm and DF of 16.8mm. Conclusions: The edge
close to the roof of the anterolateral bundle is closer
to the joint cartilage (2.1mm) than the posteromedial
bundle is, which is 12.4mm from the edge proximal to
the cartilage. These references should assist in better and
more accurate positioning of femoral tunnels in PCL
reconstruction.

Keywords — Posterior Cruciate Ligament/anatomy & histology;
Knee; Dissection; Knee Injuries

INTRODUCTION

Studies have shown that the posterior cruciate
ligament (PCL) is the main stabilizer for posterior
tibial translation and the secondary stabilizer for
containment of varus, valgus and external rotation!3).
These functions are performed by its two bundles: the
anterolateral bundle, which is tense between 70 and 90
degrees, and the posteromedial bundle, which is tense
at almost complete extension. Biomechanical studies
have demonstrated that surgical reconstruction with

two bundles is superior to simple reconstruction?),
although these results have not been demonstrated in
all studies on humans!%'?), Poor tunnel positioning in
PCL reconstruction has been identified as one cause
of failure in reconstructing this ligament. However,
errors in femoral positioning have a greater impact on
the final stability than does poor tibial positioning!®.
The present anatomical study had the aim of providing
objective parameters for guiding correct positioning
of the PCL on the femur.
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METHODS

Twenty knees from fresh cadavers (14 from males)
were used in this study. The age range was from 13 to
84 years, with a mean of 56.3 years. Twelve right knees
and eight left knees were dissected.

An anterior medial incision was made in the knee,
including the skin and subcutaneous tissue, followed
by sectioning of the patellar ligament and moving the
extensor mechanism anteriorly in order to view the
joint. Next, using an oscillating saw, the lateral femoral
condyle was osteotomized in an inverted “L” shape, to
achieve complete viewing of the insertion of the PCL in
the femur (medial femoral condyle). The PCL was then
partially resected, while keeping part of the ligament
inserted in the condyle so that the study variables could
be adequately assessed.

The most proximal and distal portions of the ligament
against the roof, the posterior portion of the most distal
extremity and the apex of the parabola formed by the
ligament close to the edge of the joint cartilage were
marked out. The images were digitized and analyzed
using the AutoCAD software (Autodesk, 2006 version),
which made it possible to define and determine the
image format and the distances and coverage areas to
be measured (Figure 1). Using this software, a line was
traced out on the intercondylar roof and, by means of
this link and the repair points that had been inserted
during the dissection, some points on the ligament
were defined: point “B” was the most distal edge of
the cruciate ligament close to the roof; point “C” was
the most proximal edge of the ligament close to the
roof; point “D” was the proximal edge of the ligament
in its posterior portion; and point “F” was the distance
established from a section marked out by a line from
point “D” to the perpendicular passage point on the
intercondylar roof (Figure 2).

By joining B, C and D, the ligament format could be
determined. Through defining a line segment between
points B and C, another segment between D and C and
a parabola from D to B, a shape of a quarter ellipse
was obtained. From this shape, the insertion area of the
ligament in the lateral part of the medial femoral condyle
could be calculated (Figure 3).

Point A was determined by tracing out a line from
points B and C, parallel to the diaphysis, to the most
anterior edge of the joint cartilage of the medial condyle.
Point E was determined by a line through D, parallel
to the diaphysis, extending to the edge of the cartilage.
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Points A and E were the references used for measuring
the distances from the ligament to the edge of the
cartilage.

ProximaL

Figure 1 — Partial resection of the posterior cruciate ligament and its
femoral insertion.
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Figure 2 — Measurements from the AutoCAD 2006 software.

Figure 3 — Marking of points at the femoral insertion of the posterior cruci-
ate ligament from the AutoCAD 2006 software measurements.
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The distances between the following points
were measured:

Distance A-B: the most distal portion of the ligament,
close to the roof, to the edge of the anterior cartilage;
Distance A-C: the most proximal portion of the ligament,
close to the roof, to the edge of the anterior cartilage;
Distance B-C: between the two portions of the cruciate
ligament, close to the roof;

Distance D-E: from the proximal edge of the posterior
portion of the ligament to the most posterior edge of
the joint;

Distance D-F: from the distal extremity of the posterior
portion of the ligament to the intercondylar roof.

All of these distances were measured by taking a line
parallel to the diaphysis as the standard. All the values
were expressed in millimeters and were recorded in
a table. The mean values between the points and the
mean extent of the ligament at its insertion site in the
condyle were calculated. The 95% confidence interval
was calculated.

RESULTS

All the ligaments had two bands (anterolateral and
posteromedial) and were in the shape of a quarter ellipse,
varying only in their size (Table 1).

The coverage areas ranged from 89.5 to 248.5 mm?2,
with a mean of 153.5 mm?2. For the distances from the
ligament to the joint cartilage, the following values were
obtained:

Table 1 — Distance between the ligament and the joint cartilage, based
on the standard points.

Confidence
interval
. Standard | Mini- Maxi-
Distance | Mean deviati
eviation | mum mum Lower | Upper
limit limit
BC 8.6 1.9 6.3 12.2 7.6 9.5
AB 2.1 0.8 0.8 3.2 1.7 25
AC 10.7 2.0 7.8 14.6 9.7 11.6
DE 124 4.3 6.4 20.1 10.2 14.5
DF 16.8 4.7 9.5 26.9 14.5 19.2

Distance A-B: mean of 2.1 mm, ranging from 0.8 to 3.2 mm;

Distance A-C: mean of 10.7 mm, ranging from 7.8 to 14.6 mm;
Distance B-C: mean of 8.6 mm, ranging from 6.3 to 12.2 mmy;
Distance D-E: mean of 12.4 mm, ranging from 6.4 to 20.1 mm;
Distance D-F: mean of 16.8 mm, ranging from 9.5 to 26.4 mm.
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DISCUSSION

New techniques for knee ligament reconstruction,
such as inlay reconstruction or use of two bundles in
the femur, have arisen with the aim of improving the
clinical results. In relation to the PCL, anatomical and
biomechanical studies have been of great importance
for better understanding and refinement of the
results®61419),

According to the review by Van Dommelen and
Fowler", the PCL is located close to the rotation axis
and slightly medially to the center of the knee, with
insertion in the lateral portion of the medial femoral
condyle. Mejia et al'® compared the intercondylar
sulcus with the hands of a clock and concluded that
the PCL would be in a position between 12 o’clock
and four o’clock on the right knee and between 12
o’clock and eight o’clock on the left knee. Harner et
al'? investigated the transsection area of the cruciate
ligaments in five human cadavers, with evaluation
of the ligament substance and its insertion sites in
the femur and tibia, and concluded that the femoral
insertion of the PCL is relatively planar, with a
half-moon shape and a separation line between the
anterolateral and posteromedial lines, going from
proximal to distal. Girgis et al'® concluded that
the PCL had a horizontal semicircular shape at its
insertion site in the femur. However, other authors like
Inderster et al'” discovered that the femoral origin
of the PCL had different shapes (ellipse, half-ellipse
and partial ellipse) and that its largest diameter always
had a dorsoventral orientation. Mejia et al'® also
did not find any single pattern in their dissections:
although the elliptical format was most frequent, an
oval pattern was observed in some knees, as described
by Lopes et al®® in 20 knees, of which 15 had a
semicircular shape and five were oval. In our study,
we found the quarter-ellipse shape in all cases, with
variation only regarding the dimensions. We believe
that the variations in the above descriptions, despite
the precision of the methods used for gathering and
analyzing the anatomical data, were also due to the
authors’ judgments, involving interpretations and
subjective issues.

Girgis et al"® studied the knees of 24 fresh cadavers
and 20 patients. They concluded that the mean length
of the PCL was 38 mm and the mean diameter was
13 mm. In addition, they observed that the femoral
insertion was 32 mm in length at its greatest diameter.
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Inderster et al' concluded that the dorsoventral and
proximal-distal diameters at the femoral origin of the
PCL were 20.9 and 12.2 mm, respectively.

Harner et al® evaluated the femoral insertion of
the PCL in eight human cadavers and concluded that it
was 500% bigger than the intrasubstance transsection
insertion area. These authors evaluated five knees from
fresh cadavers and observed that the femoral insertion
area of the PCL was, on average, three times bigger
than the area at the level of the ligament substance,
with variation of 128 = 22 mm?. They also determined
the length of each bundle at the level of the femur, and
discovered that each component occupied approximately
50% of the PCL insertion, but that the transverse area
of the anterolateral bundle was twice the size of that
of the posteromedial bundle. This information was not
investigated in our study, but the total area observed
in our cases was 153.5 mm2. In turn, Lopes et al/®”
described an even bigger area, of 209 mm?2, with 118
mm?2 for the anterolateral bundle and 90 mm?2 for the
posteromedial bundle. They believed that the difference
found in their study, in comparison with the literature,
was due to the three-dimensional evaluation method
that was used, and also to inclusion of all the peripheral
fibers of the PCL in the measurement. The data show
that the PCL has a large insertion area, and that perhaps
there is a need for thicker grafts or for more than one
graft in the ligament reconstruction. The PCL does not
have isometric behavior, i.e. simple reconstruction at
the so-called isometric point does not restore stability
to the posterior region of the knee, and anatomical
reconstruction of the ligament is necessary. Thus,
the anatomical positioning of the bundles in tunnel
reconstruction has been described as one of the main
factors determining the degree of success of ligament
reconstruction32),

Mejia et al'® evaluated 12 non-paired knees from
human cadavers and described four ways of measuring
the distance between the PCL and the edge of the
cartilage, by means of lines perpendicular to the cartilage,
lines parallel to the femoral diaphysis, lines parallel to the
intercondylar roof and lines radial to the joint cartilage.
They concluded that the greatest precision was achieved
through evaluation using lines parallel to the diaphysis
and lines perpendicular to the cartilage. In the first
measurement, they found a distance of 2.38 mm from the
distal extremity of the PCL and 13.75 mm from the part
proximal to the joint cartilage in the same one o’clock
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position. The thickness in this region was 11.38 mm. At
the four o’clock position, the distances were 3.78 mm to
the distal part, 11.06 mm to the proximal part between the
PCL and the joint cartilage, and 7.39 mm for the ligament
thickness. In our study, we evaluated the relationship
between the PCL and the joint cartilage by means of
lines parallel to the femoral diaphysis, because of the
precision of this method and because we believe that
during ligament reconstruction, the femoral diaphysis is
a practical reference point that is easy to see. Our results
are also consistent with those of Mejia et al'®. In our
study, the mean distance from the most distal portion
of the ligament, close to the roof (anterolateral bundle),
to the most anterior edge of the joint cartilage (distance
AB), was 2.1 mm, with a range from 0.8 mm to 3.2 mm.
For the posteromedial bundle, the mean distance from
the proximal edge of the posterior portion of the ligament
to the most posterior portion of the joint cartilage was
12.4 mm, with a range from 6.4 mm to 20.1 mm, which
was similar to the 11.06 mm for the proximal part of the
PCL at four o’clock, described by Mejia et al'®. Lopes et
al® described a prominence in the bone proximal to the
insertion of the PCL, which they called the intercondylar
medial ridge. This bone prominence was present in 18 of
the 20 knees dissected and corresponded to the proximal
limit of the PCL. Its distance from the joint cartilage was
11.63 mm, which was similar to the 12.4 mm found in
our study. Lopes et al®® also measured the distance from
the center of the anterolateral and posteromedial bundles
to the joint cartilage, and found that these distances were
7 £+ 11.02 mm and 8 + 0.99 mm. Because of the shape
of the insertion (a quarter ellipse in our study), and even
with the possibility of isolating the two bundles of the
PCL, correct assessment of the center of each bundle
was questionable and hence locating it was somewhat
subjective. Thus, we based our assessment on the
peripheral limits of the ligament, as described above.

CONCLUSION

The insertion of the PCL in the femur took the shape
of a quarter ellipse covering an area of 153.5 mm2. The
proximal edge of the roof of the anterolateral bundle
was closer to the joint cartilage (2.1 mm) than was the
proximal edge of the posteromedial bundle (12.4 mm).
Because of the nature of anatomical reconstruction of
the PCL, we believe that these reference points may
contribute towards better and more precise positioning
of femoral tunnels.
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