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Objective: To establish the radiographic distances from posterior cruciate ligament (PCL) tib-
ial insertions centers to the lateral and medial tibial cortex in the anteroposterior view, and
from these centers to the PCL facet most proximal point on the lateral view, in order to guide
anatomical tunnels drilling in PCL reconstruction and for tunnel positioning postoperative
analysis.
Study design: Controlled laboratory study.
Methods: Twenty cadaver knees were evaluated. The PCL's bundles tibial insertions were
identified and marked out using metal tags, and the knees were radiographed. On these
radiographs, the bundles insertion sites center location relative to the tibial mediolateral
measure, and the distances from the most proximal PCL facet point to the bundle’s insertion
were determined. All measures were calculated using the Image] software.
Results: On the anteroposterior radiographs, the mean distance from the anterolateral
(AL) bundle insertion center to the medial tibial edge was 40.68 +4.10 mm; the mean
distance from the posteromedial (PM) bundle insertion center to the medial tibial edge
was 38.74+4.40mm. On the lateral radiographs, the mean distances from the PCL facet
most proximal point to AL and PM bundles insertion centers were 5.49+1.29mm and
10.53+2.17 mm respectively.
Conclusions: It was possible to establish a radiographic pattern for PCL tibial bundles inser-
tions, which may be useful for intraoperative tunnels locations control and for postoperative
tunnels positions analysis.
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Estudo radiografico da insercio tibial do ligamento cruzado posterior

RESUMO

Objetivo: Estabelecer as distancias radiograficas dos centros das inser¢des tibiais do liga-
mento cruzado posterior (LCP) até as corticais medial e lateral da tibia, nas radiografias em
anteroposterior, e desses centros até o ponto mais proximal da faceta do LCP, nas radio-
grafias em perfil, para que possam orientar a criagdo de tineis anatdmicos na reconstrugéo
do LCP e para anélise p6s-operatéria do posicionamento dos tuneis.

Desenho: Estudo laboratorial controlado.

Meétodos: Vinte joelhos de cadaveres foram avaliados. As inser¢des tibiais das bandas do LCP
foram identificadas e demarcadas com marcadores metdlicos e os joelhos foram radiografa-
dos. Nas radiografias determinamos a localizac¢ao do centro de insercao das bandas relativa
a medida mediolateral da tibia e as distancias do ponto mais proximal da faceta do LCP até o
centro de inser¢do das bandas. Todas as medidas foram calculadas com o software Image].
Resultados: Nas radiografias em anteroposterior a distdncia média entre o centro da insergéo
da banda anterolateral (AL) até a borda medial da tibia foi de 40,68 +4,10 mm; a distancia
entre o centro de insercdo da banda posteromedial (PM) até a borda medial da tibia foi, em
média, de 38,74+ 4,40 mm. Nas radiografias em perfil as distancias médias entre o ponto
mais proximal da faceta do LCP e os centros de insercdo das bandas AL e PM foram de
5,49+1,29mm e 10,53 + 2,17 mm, respectivamente.

Conclusdes: Foi possivel estabelecer um padrao radiografico das insercoes tibiais das bandas
do LCP que pode ser til para o controle intraoperatério da localizagdo dos tuneis e para
andlise pds-operatdria da posicdo dos tuneis.

© 2014 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Todos os direitos reservados.

Introduction

Anatomical positioning of the graft is a requisite for achiev-
ing a good result from posterior cruciate ligament (PCL)
reconstructions.’ Success in surgical treatments for PCL
injuries is related to precise restoration of PCL anatomy.*
In a recent published paper, the anatomical location and
measurements of the tibial insertions of the PCL were
described.”

Improper positioning of the tunnels in PCL reconstruction
may cause shortening or lengthening of the graft during knee
flexion and, ultimately, failure.®

For the function of the reconstructed ligament to be nor-
mal, anatomical reconstruction of its anterolateral (AL) and
posteromedial (PM) bands should be envisaged, given that
biomechanical studies have shown that PCL reconstruction
with a double band is superior to reconstruction with a single
band.”?

Correct demarcation of the insertion sites of the AL and
PM bands of the PCL and the correlated radiographic images
might assist in providing greater precision for surgical recon-
struction of this ligament.'0-1?

Computed tomography is a potentially useful tool for eval-
uating the locations of bone tunnels, which even has the
possibility of generating three-dimensional reconstructions, 3
although their use in the operating theater is not possible.

Magnetic resonance is less effective for evaluating the posi-
tioning of the tunnels in cruciate ligament reconstructions,
because interference screws or other metal artifacts used in
graft fixation may interfere with image quality.*!

The aim of our study was to define the radiographic dis-
tances from the centers of the tibial insertions of the bands
of the posterior cruciate ligament to the medial and lateral
cortical bone of the tibia, on radiographs in anteroposterior
view, and from these centers to the most proximal point of the
facet of the PCL, on radiographs in lateral view, so that these
might guide the creation of anatomical tunnels during opera-
tions and so that these might serve as analytical parameters
for positioning bone tunnels after these operations.

Methods

The insertions of the AL and PM bands of the PCL were eval-
uated in 20 anatomical specimens from the knees of adult
cadavers (11 right and 9 left knees). The specimens were not
paired and their sex and age data were unknown. All the knees
presented intact anterior and posterior cruciate ligaments and
none of them showed any macroscopic signs of arthrosis.

Before the dissection, the specimens were fixed in 10% for-
mol and were conserved in a mixture of 2.5% phenol, 2.5%
formol and 1% sodium chloride. Following this, they were kept
in liquid glycerin for 60 days.

Weidentified and isolated the tibial insertions of the AL and
PM bands of the PCL and then resected them. The centers of
the bands were determined from the intersection of the diam-
eters of the height and width and were indicated by means of
metal markers that were glued directly onto the bone, using
special glue. Markers of different format were used for each
band (Fig. 1).
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Fig. 1 - Photograph of the dissected specimen showing the
insertions of the anterolateral (AL) and posteromedial (PM)
bands.

Digital radiographs were produced in anteroposterior (AP)
view, with the knee extended, and in absolute lateral view,
with the knee flexed at 30°. The radiographs were produced
using the following technical standardization: distance from
the tube to the specimens of 120 cm; voltage of 48kV and
dosage of 5mAs.

On the AP radiographs, the locations of the insertion sites
of the AL and PM bands were established, in percentages, from

the ratio of the distance from the insertion point of each band
to the medial border of the tibia, divided by the largest medio-
lateral measurement of the superior tibial joint face (Fig. 2).

On the lateral radiographic images, we traced a line above
the inclined region of the most proximal portion of the tibia,
i.e. the insertion site of the PCL, defined by Moorman et al.
as the “facet of the PCL”.** We measured the size of the facet
of the PCL and the distances from the most proximal point
of this line to the insertions of the AL and PM bands (Fig. 3).
The Image]J software was used to measure all of the distances
described above.

Results

On all the radiographic images analyzed, the center of the
insertion of the PM band was distal and medial to the center
of the insertion of the AL band.

The mean distance from the center of the insertion of the
AL band to the medial border of the tibia was 40.68 +4.10 mm,
which corresponded to 52.32 4+ 4.55% of the mediolateral mea-
surement of the superior tibial joint face.

In relation to the PM band, the mean distance between the
center of its insertion and the medial border of the tibia was
38.74 +4.40 mm, equivalent to 49.85+4.92% of the measure-
ment of the distance between the medial and lateral borders
of the superior tibial joint face. The data relating to the tib-
ial insertions of the PCL on AP radiographs are presented in
Table 1.

Table 1 - Distance in mm from the centers of the insertions of the AL and PM bands to the medial border of the tibia and

this distance as a percentage of the greatest mediolateral distance from the superior tibial joint face, on radiographs in
AP view.

Anatomical Side Facet of the Distance from the most proximal point of the facet
specimen PCL (mm) of the PCL to the insertion of the band

AL (mm) PM (mm)
1 R 15.87 5.34 9.58
2 IL, 15.77 6.62 11.99
3 R 12.29 4.16 7.9
4 IL, 13.47 4.33 9.61
5 L 13.46 3.99 9.75
6 R 13.2 4.27 8.7
7 R 13.13 5.18 9.29
8 R 14.32 4.15 9.51
9 L 12.66 5.47 7.75
10 R 18.42 6.07 12.24
11 L 22.03 8.74 15.29
12 1L 15.04 5.79 11.82
13 R 15.77 6.1 11.33
14 R 17.8 5.81 9.43
15 L 15.72 6.26 8.92
16 R 19.2 7.85 15.03
17 R 14.67 4.15 8.12
18 R 17.08 6.32 12.68
19 L 13.71 4.66 9.76
20 IL 15.1 4.59 11.91
Mean 15.436 5.493 10.531
SD 2.472 1.291 2.176
Maximum 22.030 8.740 15.290
Minimum 12.290 3.990 7.750
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Fig. 2 - Radiograph in AP view showing the insertions of
the anterolateral (AL) and posteromedial (PM) bands;
x=distance from the insertion point of the band to the
medial border of the tibia; y = greatest mediolateral distance
from the superior tibial joint face.

In evaluating the lateral-view radiographs, the mean length
of the facet of the PCL was 15.43+2.47 mm. The mean dis-
tances between the most proximal point of the facet of the
PCL and the centers of insertion of the AL and PM bands were
5.49 +£1.29mm and 10.53 £+ 2.17 mm, respectively (Table 2).

Discussion

The general orthopedic precept that surgery should repro-
duce anatomy suggests that grafts placed far from their
true anatomical insertion may present impaired function.™
Thus, radiographic guidelines for placing tunnels in surgical
treatments for PCL injuries are essential for accomplishing
anatomical reconstructions.™

The radiographic locations of the bands of the PCL are ref-
erence points that are independent of the size of the knee.
Intraoperative fluoroscopy may therefore be a helpful tool for
correct placement of the tunnels.’?

Biomechanical studies have shown that reconstruction of
the PCL using a double band is superior to reconstruction with
a single band.”~® However, the most important factor for good
results is perfect anatomical placement of the bands.? Some
studies on the PCL have not described the locations of the AL
and PM bands separately.'%1%16

We observed that the center of insertion of the PM band was
always medial and distal to the center of insertion of the AL
band. On AP radiographs, the mean distances from the centers
of insertion of the AL and PM bands to the medial border of the
tibia were 40.68 +4.10 mm and 38.74 £ 4.40 mm, respectively.
The center of insertion of the AL band was at a location that
corresponded to 52.32+4.55% of the mediolateral measure-

Fig. 3 — Radiograph in lateral view showing the line above
the “facet of the PCL” and the insertions of the anterolateral
(AL) and posteromedial (PM) bands.

ment of the superior tibial joint face. For the center of insertion
of the PM band, this location represented 49.85 +4.92% of the
measurement of the superior tibial joint face.

Lorenz et al.'? studied the insertion of the PCL in 16 knees
from cadavers. They found that the common point of the inser-
tion of the PCL was located at 49+2% of the mediolateral
diameter of the tibia, in relation to the medial border. In a
study on 10 knees from cadavers using computed tomogra-
phy, Greiner et al.® found that the mean distance between
the tibial insertion of the PCL and the medial border of the tib-
ial plateau was 36.6 mm, equivalent to 49% of the total width
of the tibial plateau.

In a study on 39 knees from cadavers, Edwards etal."” found
that there was a strong correlation between the positions of
the centers of the AL and PM bands and the width of the tib-
ial plateau, which was 48 +4% for the AL band (p <0.001) and
48 + 5% for the PM band (p <0.002).

According to Osti et al.,'® who evaluated 15 knees from
human cadavers, the centers of insertion of the AL and PM
bands were found at 47.88% and 50.93% of the total medio-
lateral tibial diameter, respectively. Takahashi et al.'® studied
33 tibias from cadavers and found that the distances from the
medial border of the joint cartilage of the tibial plateau to the
centers of the tibial insertions of the AL and PM bands, in rela-
tion to the width of the tibial plateau, were 51.0% and 50.0%,
respectively.

In our sample, the distance from the most proximal point
of the line traced above the facet of the PCL to the insertion
of the AL band was 5.49+1.29 mm and it was 10.53+2.17 mm
for the PM band. According to Osti et al.,'® the measurements
from the insertions of the AL and PM bands of the PCL to the
joint surface were 5.3 mm and 12.8 mm, respectively. On the
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Table 2 - Length of the facet of the PCL and distance from the most proximal point of the facet to the centers of the

insertions of the AL and PM bands of the PCL, on radiographs in lateral view.

Anatomical Side Center of AL band to Center of PM band to Percentage of distance Percentage of distance
specimen medial border of tibia medial border of tibia from insertion of AL from insertion of PM
(mm) (mm) band band
1 R 42.50 39.30 48.82 46.07
2 R 38.60 37.80 46.73 45.76
3 R 41.10 37.70 52.29 47.96
4 IL 44.70 42.50 54.37 51.70
5 L 42.00 39.10 53.77 50.06
6 R 38.20 37.60 47.33 46.59
7 IL, 42.40 40.20 57.06 54.10
8 R 38.00 35.10 54.20 50.07
9 R 29.30 26.40 42.83 38.57
10 R 37.90 35.60 47.79 44.89
11 R 43.70 42.60 55.17 53.78
12 L 44.20 41.50 53.70 50.42
13 L 42.50 40.50 55.26 52.66
14 L 42.70 41.80 57.31 56.10
15 L 38.00 36.40 49.41 47.33
16 R 42.60 41.30 51.26 49.69
17 R 37.50 35.70 50.74 48.30
18 L 49.40 48.80 63.09 62.32
19 R 36.90 35.00 50.34 47.74
20 L 41.30 39.80 54.84 52.85
Mean 40.68 38.74 52.32 49.85
SD 4.10 4.40 4.55 4.92
Maximum 49.40 48.80 63.09 62.32
Minimum 29.30 26.40 42.83 38.57

other hand, according to Racanelli and Drez,'? in a study on 12 REFERENCES
knees from human cadavers, the distance from the common
insertion of the PCL to the tibial joint face was 8 mm.
We fully agree with the statement by Johannsen et al.™® that 1. Petersen W, Lenschow S, Weimann A, Strobel MJ, Raschke MJ,
the most important findings relate to the lateral radiographic Zantop T. Importance of femoral tunnel placement in
view, which is more frequently used during operations. double-bundle posterior cruciate ligament reconstruction:
; . - biomechanical analysis using a robotic/universal
The different evaluation measurements that we used here .
b lied ical . fth both force-moment sensor testing system. Am J Sports Med.
can : e applie t.o surgica r'econstructlons of the PCL, bot .as 2006;34(3):456-63.
an aid for creating anatomical tunnels and for postoperative 2. Yasuda K, Kitamura N, Kondo E, Hayashi R, Inoue M.
verification.

One-stage anatomic double-bundle anterior and posterior
cruciate ligament reconstruction using the autogenous
hamstring tendons. Knee Surg Sports Traumatol Arthrosc.
2009;17(7):800-5.

Conclusions 3. McGuire DA, Hendricks SD. Comparison of anatomic versus
non-anatomic placement of femoral tunnels in Achilles
double-bundle posterior cruciate ligament reconstruction.
Arthroscopy. 2010;26(5):658-66.

4. Harner CD, Xerogeanes JW, Livesay GA, Carlin GJ, Smith BA,
Kusayama T, et al. The human posterior cruciate ligament

Our study established a radiographic model for identifying the
sites of the tibial insertions of the bands of the PCL based
on the distances from the centers of their insertions to the

medial and lateral cortical bones of the tibia and from these
centers to the most proximal point of the facet of the PCL. The
results from our investigation may contribute toward anatom-
ical reconstruction of the PCL, since correct positioning of
the tunnels can be checked using fluoroscopy, before they
are drilled. The data obtained may also aid in analyzing the
locations of the tunnels, after the operation.
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