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Objective: To provide anatomical and morphometric basis of the posterior cruciate ligament’s
tibial insertions in order to assist the creation of anatomical tibial tunnels, in the ligament
surgical reconstruction. Material and methods: The topographic anatomy and morphometry
of the posterior cruciate ligament’s anterolateral and posteromedial bundles’ tibial
insertions were analyzed in 24 anatomical knee pieces. The pieces were photographed by
a digital camera and the images obtained were studied by the software ImageJ, where the
bundles’ insertion areas were measured in square millimeters, and the length of structures
and the distances between significant points were measured in millimeters. Results: In
54.2% of the knees the insertion’ shape was concave; in most pieces (41.6%) the form of
insertion was oval. The average posterior cruciate ligament’s tibial insertion total area
was 88.33 = 21.66 mm? the average anterolateral bundle’s tibial insertion area was 46.79
+ 14.10 mm? and it was 41.54 + 9.75 mm? for the posteromedial bundle. Conclusions: The
anterolateral bundle has a tibial insertion area larger than the posteromedial bundle;
the insertion areas of those bundles in our study, were smaller than the ones found in the
literature. The variations in the posterior cruciate ligament’s tibial insertion area suggest
that there should be an indication for anatomical reconstructions of this ligament using

single or double tibial tunnels according to individual characteristics.
© 2013 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. All rights reserved.
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Introduction

The posterior cruciate ligament (PCL) originates from the
lateral face of the medial femoral condyle (MFC) and crosses
the knee joint in the posterior, lateral and distal directions.
The PCL is inserted in the posterior and proximal tibia in the
intercondylar area and extends into the adjacent posterior
tibial surface for several millimiters.2

The PCL is split into two functional bundles; the anterolateral
bundle (ALB) and the posteromedial bundle (PMB). The ALB is
tight at flexion, while the PMB is tight at extension.?

In addition, the PCL is the primary stabilizer of the knees
because it provides the central rotational axis3 and responds to
95% of the posterior displacement of the tibia over the femor.
It also limits the varus and valgus as well as the external
rotation of this joint.”

PCL lesions alter the articular kinematics, which results in
medial or generalized femorotibial osteoarthosis approximately
25 years after the lesion.®

In order to obtain articular stability and prevent secondary
arthrosis, surgical treatment of these lesions for active patients
is frequently indicated. Surgical reconstruction, however,
requires thorough knowledge of anatomy to correctly place
the graft.

Our study was aimed at providing anatomical and
morphometric details of tibial insertions of the PCL to help
surgeons find the perforation points of the anatomical tibial
tunnels during surgical reconstruction.

Materials and Methods

We studied the topographic anatomy and morphometry of
tibial insertions of the PCL in 24 anatomical knee pieces, 12
on the right and 12 on the left. They were separate, and all
of the articular cartilage and anterior and posterior cruciate
ligaments were intact.

Preparation of the pieces before dissection was as follows:
fixation with 10% formaldehyde, conservation in a mixture of
2.5% phenol, 2.5% formaldehyde, and 1%sodium chloride, and
storage of the pieces in liquid glycerin for 60 days.

Initially, the synovial covering of the PCL, the fibrous
expansions and the meniscofemoral ligaments were carefully
removed (Fig. 1). Each bundle was then delicately removed with
a scalpel, with a #11 blade, and dissection tweezers, and its
limits were marked with small points of ink. In this manner,
the bone insertions of the AL and PM bundles in the proximal
tibia could be delimited.

After the details of the tibial insertions of the AL and PM
bundles of the PCL were macroscopically observed, a Canon
EOS Rebel T1i digital camera and reference marker were used
to photograph all of the pieces. (Fig. 2)

The Image] program was used to measure the insertion
area of the bundles in square millimeters, and the distances
between the significant points were measured in millimeters.

Fig. 1 - View of the anterolateral (a) and posteromedial
(b) bundles of the cruciate ligament and its insertion after
removing the meniscofemoral ligaments.

Fig. 2 - Macroscopic aspect of the tibial insertion areas

of the anterolateral (a) and posteromedial (b) bundles

of the posterior cruciate ligament in the posterior tibial
intercondylar area of a right knee and the reference marker.

Results

The insertion of the PM bundle was distal and medial to
the insertion of the AL bundle. In the macroscopic analysis,
we noted topographic and geometric variations in the tibial
insertions of the PCL.

In 13 knees (54.2%), the shape of the insertions was concave;
eight pieces (33.3%) were planar, and three pieces (12.5%)
presented a convex insertion area.

Regarding the geometric shape of the insertions of the PCL, we
noted an oval shape in 10 knees, a square shape in eight knees
(33.3%), and a trapezoidal (25%) shape in six dissected pieces.
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Table 1 shows the measurement of the insertion areas of the
AL and PM bundles, the length and width of these bundles,
the distances between their insertion centers and the shortest
distance between the articular cartilage edge and the insertion
centers of the AL and PM bundles. The corresponding standard
deviations and the variations between the lowest and highest
values are also provided.

Discussion

The inappropriate placement of tunnels when reconstructing
the PCL may result in graft shortening or stretching with
flexion and subsequent failure.®

This study was aimed at describing the shape, location
and measurement of the tibial insertions of the PCL to assist
the surgeon in creating anatomic femoral tunnels during the
surgical reconstruction of this ligament.

Regarding the descriptive anatomy, we verified that the PCLis
inserted in the posterior intercondylar fossa, the AL bundle
is inserted in its superolateral aspect, and the PM bundle is
inserted in the inferomedial part of this fossa. Moorman et al.’
described the site of the tibial insertion as a ‘PCL facet’.

In our study, the geometric shape of the tibial insertions of
the PCL was varied, although it was oval in most cases (41.6%).
Sheps et al.’0 described it as a trapezoidal shape; according
to Harner et al.” and Dargel et al.,!! the tibial insertion is
rectangular.

Edwards et al.’? studied 39 cadaver knees. The images
from digital photographs of the tibial insertions of the PCL
were analyzed with software. We obtained the following
measurements for the mean length and width of the AL bundle
insertion: 8 + 2 mm and 9 + 2 mm, respectively; the mean
length and width of the PM bundle insertion were 6 + 1 mm
and 10 + 2 mm, respectively.

According to Tajima et al.,’3 the mean length and width of
the AL bundle insertion were 7.8 + 1.5 mm and 9.2 + 1.6 mm,
respectively, and the mean length and width of the PM bundle
insertion were 9.4 + 1.4 mm and 15.0 + 2.7 mm, respectively.

Of the measurements in our study, only the length of the
AL bundle insertion was greater than the values reported by
Edwards et al.;12; the other values were lower than the those
reported by both Edwards et al. and Tajima et al.13

Also, in our study, we noted that the mean area of the AL
bundle insertion, 46.79 + 14.10 mm?, was greater than the mean
area of the PM bundle insertion, 41.54 + 9.75 mm?Z.

Harner et al.” also reported that the mean area of AL bundle
insertion was greater than that of the PM bundle (AL =70 + 26
mm? and PM = 62 + 17 mm?).

On the other hand, according to Tajima et al.!3 and Takahashi
et al.,'* the mean area of the PM bundle insertion was greater
than the mean area of the AL bundle insertion.

We also determined the shortest distance, in millimeters,
between the edges of the articular cartilages of the lateral
and medial tibial condyles and the AL and PM bundle centers,
which were 7.30 + 1.73 mm and 8.59 + 1.63 mm, respectively.

Table 1 - Quantitative measures of the tibial insertion of the posterior cruciate ligament.

Mean and Standard Deviation Variation
Area (mm?)
Posterior Cruciate Ligament 88.33 + 21.66 (52.00 - 136.00)
Anterolateral Bundle 46.79 + 14.10 (25.32 - 83.68)
Posteromedial Bundle 41.54 £ 9.75 (22.65 - 59.00)
Length (mm)
Anterolateral Bundle 5.66 + 1.18 (4.22 - 9.15)
Posteromedial Bundle 5.47 £1.23 (4.03 - 9.62)
Width (mm)
Anterolateral Bundle 7.20+1.18 (5.25 - 10.34)
Posteromedial Bundle 8.08 + 1.34 (5.74 - 11.02)
Distance between the Insertion Centers
of the Anterolateral Bundle and the 6.67 + 1.00 (4.23 - 7.98)
Posteromedial Bundle (mm)
Shortest Distance (mm) between the
Articular Cartilage Edge of the Medial
Plateau and the
Anterolateral Bundle Center 9.79 + 2.08 (5.78 - 15.49)
Posteromedial Bundle 11.04 + 2.25 (8.22 - 17.32)
Shortest Distance (in mm) between the
Articular Cartilage Edge of the Medial
Plateau and the
Anterolateral Bundle 7.30 +1.73 (4.76 - 10.71)
Posteromedial Bundle 8.59 + 1.63 (5.28 - 11.27)
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In our study, the center of the PCL bundle insertions was
more proximal than traditionally recommended for surgical
reconstruction of this ligament. According to Christel,’> the
guide pin used to create the tibial tunnel should be centered
in the PCL tibial insertion, 15 mm below the articular line,
i.e, in a more distal position than the one we found in our
anatomic study.

In this type of reconstruction, the graft may present an
acute bend, known as a killer turn, around the proximal tibia,
which may lax it. This would explain failures in restoring
posterior laxity during the procedure.16 The creation of more
proximal tunnels, according to the anatomic insertions of the
PCL bundles verified in our study, may prevent these failures.

In our study, the total area of the PCL, 88.33 mm?, was
smaller than that reported by other authors. Approximately
85% was the area of the knees was evaluated by Dargel et al.?,
and the area of the knees evaluated by Tajima et al. was only
36%.13

Tajima et al.’® evaluated 21 unpaired cadaver knees. The
tibial insertions were studied by three-dimensional laser
photography and analyzed by specific software. The means
of the insertion areas of the AL and PM bundles were 93.1 +
16.6 mm? and 150.8 + 31.0 mm?, respectively. Takahashi et
al.14 evaluated 33 tibias using photographs with measurement
scales and analyzed them using a computer. The means of the
insertion areas of the AL and PM bundles obtained in this study
were 46.7 + 15.6 mm? and 115.8 + 54.6 mm?, respectively.

Dargel et al.11 examined 30 pairs of formalin-fixed knees
whose tibial insertions of the PCL were marked with an
emulsion of radiopaque barium sulfate, radiographed and
evaluated using image processing software. The authors
reported that the mean of the tibial insertion area of the PCL
was 110.4 + 36.7 mm? for left knees and 103.9 + 28.46 mm?2 for
right knees.

Tajima et al.13 addressed the difference between their
findings and those present in the literature and state that the
difference resulted from the inclusion of the peripheral fibers
of the PCL, especially those of the PM bundle, which are more
extensively inserted in the periosteum of the distal tibia.

Contrary to the aforementioned research, our study utilized
careful dissection to limit the analysis to the ligament body
itself at the site of the PCL tibial insertion.

In the present study and also in other publications, we
have noted a high standard deviation for the mean of the PCL
insertion areas in the tibia, with variations between 17% and
44% of the mean area. This is possibly a result of substantial
differences between the individual measurements of the
evaluated samples.

Because the mean of the total insertion area of the PCL
in our study was 88.33 mm?, this area was 66.67 mm? when
subtracting the standard deviation and 109.99 mm? after the
addition of the standard deviation. Using these values, we
calculated the diameter necessary for the tibial bone tunnel,
which is to be filled in with a graft, to cover the total insertion
area of the PCL.

Because the diameter is equal to two times the square
root of the area divided by pi, a tibial tunnel of 10.60 mm in
diameter would be necessary to occupy the mean area of PCL
tibial insertion. For the smallest area, a tunnel 9.21 mm in

diameter would be necessary, and for the largest area, a tunnel
11.83 mm in diameter would be required, which is greater than
the size of the single tunnels normally used. Contrary to our
study, Sheps et al.,10 considers the PCL tibial insertion area
sufficiently large to allow the placement of two independent
tunnels. The variations found in our study suggest that the
creation of single or double tibial tunnels in the anatomic
tunnels is indicated based on the individual.

Our study has some limitations. Due to the great anatomic
variation found, our sample size of 24 knees may be small. In
addition, the photographs of the PCL tibial insertions taken
with a digital camera do not provide a three-dimensional view
of the ligament insertion.

Conclusions

We confirm that the PCL has two bundles of tibial insertion, the
AL and the PM bundles, and the AL bundle has an insertion area
greater than that of the PM bundle. In our study, the insertion
areas of these bands were smaller than those reported in the
literature.

The insertion center of the PCL bundles was more proximal
than what is commonly recommended for surgical reconstruction
of this ligament. The creation of more proximal tunnels, with
respect to the anatomic insertions of the PCL bundles, may avoid
the phenomenon known as killer turn and loosening of the graft
used for reconstruction of the transtibial tunnels.

The size variations in the insertion area of the PCL of the
studied knees suggest that there the use single or double tibial
tunnels for anatomical reconstruction of this ligament may be
indicated according to individual characteristics.
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