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The Posterior Cruciate Ligament: An Anthropometric Study in Asians and
Evaluation of Safe Limits for Bony Tunnel Creation During Reconstruction
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Abstract

I ntroduction: Quantitative dataregarding thedimensionsof theposterior cruciateligament (PCL) anditsinsertionshavenot been studied
in Asians, and concernshavebeen raised regarding thedanger of vascular injurywhen thebony tunnelsarecreated during arthroscopically-
assisted reconstruction. Materialsand Methods: Ten male cadaverswere used in this study, incorporating dissection and procedural arms.
Inthe procedural arm, the path of thedrill bit wastracked fluoroscopically asthetibial and femoral tunnelswere created during simulated
reconstructivesurgery, andtheeffect of varying kneeflexion angleswasstudied. Fluoroscopicimageswer eanal ysed using specialisedimage
processing software. Results: Themean length of the PCL at full extension was 37.7 £ 1.9 mm, and the mean mid-substance width was 13.7
+ 1.7 mm. The mean sagittal distance between the exit point of the tibial tunnel and the anterior surface of the popliteal artery, acrossall
knee flexion positions, was merely 6.0 mm (range, 2.8 to 10.2 mm). This distance tended to increase with increasing knee flexion, but this
was not statistically significant. The mean distance between the exit point of thefemoral tunnel and thefemoral artery was51.1 mm (range,
42.11t059.0 mm). Conclusions: The dimensions of the PCL anditsinsertionsin Asiansdo not vary greatly from those reported for Western
subjects. The distance from the exit point of thetibial tunnel to the popliteal artery isvery small and, although this distance increases with
increasing knee flexion, the improvement in the safety margin may neither be clinically nor statistically significant. The margin of safety

for drilling of the femoral tunnel is much greater.
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I ntroduction

Theposterior cruciateligament (PCL) providesthemain
restraint to posterior translation of the tibia on the femur*
and is stronger than its anterior counterpart. Indeed, it has
been regarded by some authors asthe primary stabiliser of
theknee.2® PCL injuriesare believed to berising, although
they still occur far less frequently than those involving the
anterior cruciate ligament (ACL),* with estimated injury
rates averaging between one-tenth to one-twentieth of
those reported for its anterior counterpart.® O’ Donoghue®
has reported figures as low as 3.4% while Clendenin et al”
have published ratesashigh as20% of all ligamentousknee
injuries, but the actual figure is probably in between at
about 8%.8

Management of theseinjuriesremains controversial, but
reconstructionisincreasingly being advocated for chronic,
symptomatic insufficiency, especially when associated

with other ligamentous injuries and posterolateral
instability.® Reconstructionisincreasingly being performed
using either autografts or allografts via arthroscopically-
assisted techniques.’®*® This hasled to renewed interest in
the anatomy, physiology and biomechanics of the PCL. A
thorough appreciation of these characteristics alows
accurate reproduction of PCL anatomy during
reconstructive surgery, which is essential for achieving
good functional results.

Critical parameters that have to be considered during
reconstruction of the PCL includethesizeand length of the
graft, aswell asthe position and dimensions of the femoral
and tibial footprints.’3!* The available anthropometric data
have been derived almost exclusively from Western
subjects, and we felt that astudy involving Asian subjects
was necessary to define any significant racial differences.
We aso felt that such data, although basic, would prove
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useful to those who may have an interest in the emerging
field of ligament engineering.

Injury to the popliteal artery has al so been reported asan
uncommon but potential ly catastrophic morbidevent during
surgery, and thishasbeen saidto occur primarily duringthe
creation of thetibial tunnel astheguidepinor drill bit exits
fromthe posterior tibial cortex at theinsertion of the native
PCL 10121516 |n this study, we attempted to define the
spatial relationships between the posterior vascular
structuresand the exit points of the guide ping/drillsduring
creation of the tibial as well as the femoral tunnels. This
would lead to a better appreciation of the safe anatomic
limitsduring arthroscopically-assisted PCL reconstruction.

Materials and Methods

Thereweretwo main armsinthisstudy: adissectionarm
toprovidequantitativedatafor thedimensionsandinsertion
sites of the PCL in Asians, and a procedural arm which
aimed to definetherel ationshi ps between the posterior exit
point of the drill/guide pin and the posterior vascular
structures during PCL reconstruction using an
arthroscopically-assisted trans-tibial technique.
Specimens

Ten cadaveric lower limbs were harvested by
disarticulation at the hip. It was felt that disarticulation
would be least likely to lead to any disruption of the
anatomicrel ationshipsof thepopliteal neurovascular bundle
intheregion of theknee. Thecadaverswereall Asianmales
aged above 50 years. In preparation for vascular imaging,
each limb was thawed before identifying and cannulating
the femoral artery proximally. 10% phosphate-buffered
formalin wasinjected until backflow was noted around the
cannula. This was followed by approximately 100 mL of
| atex sol ution containing 30 g of micronised barium sul phate
asacontrast agent. The limbs were then kept frozen in the
refrigerator for another 48 hours to allow the latex to

coagulate within the arterial system.

Procedural Study and Specimen Imaging

Insertion of the tibial tunnel guide pin was achieved
under direct vision through a mini-arthrotomy using a
custom guide (Smith & Nephew, Andover, MA). The
insertion point of the guide pin was 10 mm distal and 10
mm medial to the tibial tubercle, and the direction of
insertion was fixed by the guide at an angle of 55° to the
horizontal (Fig. 1). The tibial tunnel was drilled in an
antero-posterior directionwiththeexit point ontheposterior
tibia located about 10 mm below the tibial plateau just
lateral to the midline, which approximates the insertion
point of the native PCL.1*%3171° The femoral tunnel guide
pin was then inserted under direct vision via the same
arthrotomy incision. Theinsertion point was on the medial
femoral condyle, approximately 10 mm posterior to the
anterior edge of theintercondylar notch and just behind the
mid-point of the femoral footprint of the native PCL. The
pin was directed towards the medial epicondyle.

The passage of the guide pinsand drill bits, asthey were
driven through the tibia and the femur during the creation
of the respectivetunnels, were monitored fluoroscopically
(Philips, Holland) with both antero-posterior and lateral
views (Fig. 2). In al the limb specimens, the pre-treated
popliteal artery couldbeclearly delineated radiographically.
Every effort was made to ensure that the distance between
the specimens and the X-ray tube remained constant
throughout.

The tibial guide pins were inserted with the knee in 3
differing amounts of flexion (60°, 90° and 120°) as we
hoped to investigate the effect of knee flexion on the
relationship of the artery to the posterior knee. However,
the femoral guide pin could only be inserted with the knee
in30° of flexionasitwastechnically difficultandimpractical
to do so in any other position.

Fig. 1. Drilling of tibial tunnel using custom guide with knee flexed to 90°.
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Fig. 2. Passage of the guide pin is tracked with an image intensifier.

Fig. 3. Lateral fluoroscopic image of the knee demonstrating the opacified popliteal
artery and the tip of the guide pin as it exits from the anatomic location of the tibial
insertion of the PCL.

Image Analysis and Measurements

All fluoroscopic images were recorded on VHS video-
tape and transferred to a computer workstation running a
speciaised program (Carl Zeiss, Germany) that had been
designed for radi ographicimage analysisand mensuration.
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This program was used to calculate the distance in the
sagittal plane between thetip of the guide pins at thetibial
and femoral exit points, and the popliteal and femoral
arteries, respectively (Fig. 3). Theposition of theguidepin
wasalso referenced fromthemedial joint line. Distancesin
the axial plane were not recorded.

Dissection and Anthropometric Measurements

Following the procedural study described above, the
specimens were dissected via a posterior midline
longitudinal incision. The posterior knee capsule was split
and the PCL and menisco-femoral ligaments identified.
The length and widths of the PCL were measured in
different degrees of knee flexion after first flexing and
extending the knee repetitively to reduce the effect of
crimp. The dimensions of thetibial and femoral footprints
were also recorded. All measurements were performed
using a micrometer, and each measurement was repeated
until two identical readingswereobtained. An attempt was
also made to isolate the antero-lateral from the postero-
medial bundles of the PCL.

Satistical Analysis

All statistical analyses were performed with SPSS
software. The Wilcoxon signed ranks test was used for
non-parametric analysis of the effect of kneeflexion angle
on the separation between the popliteal artery and the
posterior exit point of the tibial tunnel. A p value of less
than 0.05 was considered statistically significant.

Results

Anthropometric measurements were performed in situ
following specimen dissection. The mean lengths of the
PCL at 0°, 30°, 60° and 90° of flexionwere37.7 = 1.9 mm,
36.0 £ 0.7 mm, 355 + 1.2 mm and 344 £ 1.3 mm,
respectively. The mean mid-substance width (medial-
lateral) was 13.7 £ 1.7 mm (range, 12.0to 18.0 mm) . The
mean mid-substancethi ckness (antero-posterior) was5.8 +
0.8mm (range, 5.0to 7.0mm). Themean dimensionsof the
femoral footprint were 20.8 + 1.8 mminthelong axisand
19.3 £ 1.3 mm in the short axis, and tended to be virtually
circular in cross-section. Conversely, the tibial footprint
tended to berectangular in shape, and the mean dimensions
were20.2+1.8mmand12.4+ 1.3mminthelongand short
axes, respectively. The mean ratio of the area of thetibial
footprint to the mid-substance cross-sectional area of the
PCL was 3.2. We a so estimate that the area of the femoral
footprint is generally about 5 times that of the tibial
footprint.

Thedistance between theexit point of thetibial guidepin
and theanterior surface of thepopliteal artery inthesagittal
plane, as measured on the lateral fluoroscopicimages, was
recorded at varying angles of knee flexion. The mean
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distance when al flexion positions were considered was
merely 6.0 mm, with measurements ranging fairly widely
from 2.8t0 10.2 mm. Thisdistance tended to increase with
increasing amounts of kneeflexion, although thisincrease
was not statistically significant (Tablel).

The distance between the femoral exit point of the guide
pin and the postero-medial curvature of the femoral artery
asit lies behind the distal femur was also measured. This
distanceranged from 42.1 mm to 59.0 mm, with amean of
51.1 mm.

Discussion

The optimal management of PCL injuries has yet to be
adequately defined due to the lack of properly-designed
prospectivestudies, but theweight of theavail ableevidence
tendsto suggest that symptomatic PCL tearswhen combined
withother ligamentousinjury or other evidenceof instability
should best be addressed by reconstructive surgery.
Accuratereproduction of PCL anatomy and biomechanics,
as well as safe placement of the bony tunnels, are two
critical considerations for PCL reconstruction.'**®

A primary objective of thisstudy wasto definethe basic
anthropometric parameters of the PCL in Asian knees, and
compare this data with those published elsewhere in the
Western literature.® The PCL inclines forward at an
angleof between 30° to 56° inthe sagittal plane, depending
on the degree of kneeflexion. The PCL ismorevertical in
extension and more horizontal in flexion.'” We measured
the length of the PCL at various degrees of knee flexion,
and expectedly the length was maximum in full extension
(37.7 £ 1.9 mm) and minimum at 90° flexion (34.4 + 1.3
mm). Thisis comparable to the quoted figure by Girgis et
a*" of amean length of 38.1 mm when measured with the
kneein full extension. In the same study, Girgiset al also
found the mean mid-substance width of the PCL to be 13.4
mm, which is comparable to our figure of 13.7 mm.

Our dataon the shapesand dimensionsof thefemoral and

TABLE|: MEAN DISTANCE IN THE SAGITTAL PLANE BETWEEN
THE EXIT POINT OF THE TIBIAL TUNNEL AT THE
TIBIAL INSERTION OF THE PCL AND THE POPLITEAL
ARTERY, ACCORDING TO KNEE FLEXION ANGLE'

Knee flexion angle Distance from popliteal

artery (sagittal plane)

Comparison of means
(reference flexion

Mean £ SD (range) (mm) angle = 60°)
60° 59+20(28-9.9) NA
90° 53+1.9(3.0-9.8) P =0.31 (ns)
120° 6.9+ 20 (5.0-10.2) P =0.29 (ng)

NA: not applicable; ns: not significant; PCL: posterior cruciate ligament

T The mean distance at the reference knee flexion angle of 60° is
compared with the means obtained at angles of 90° and 120°,
respectively.

tibial insertion sites also correlate closely with recently
reported measurements by Harner and co-workers.%
Assuming that both the mid-substance PCL and its tibial
insertion are fairly rectangular in cross-section, a premise
which stems from observations by our group and also by
others, 2223 our study estimatesthat themid-substancecross-
sectional area of the PCL isapproximately threetimesthat
of itstibial insertion.

During dissection, we attempted to physically separate
theanterolateral and posteromedial bundlesof the PCL but
were generally unsuccessful, although differential
tensioning of thefibresof thetwo bandswasdiscernible by
palpation during flexion-extension of the knee. Thus, we
are of the opinion that the division of the bundles appears
to bemore of afunctional rather than an anatomical nature,
and that a single graft of appropriate dimensions placed
isometrically and positioned accurately would be able to
simulate the function of the native PCL fairly closely.

There have been reports of inadvertent injury to the
popliteal artery duringdrilling of thetibial tunnel. Although
uncommon, thisisapotentially catastrophic occurrence.™
Several measures have been proposed to circumvent this
hazard, from simple measures such as fluoroscopic
visualisation of drill passage,*® and direct palpation of the
drill via a posterior arthrotomy,*>*¢ to more specialised
techniquesusing cupped drill stops'**¢ or acurved curette'?
to control drill advancement. A recent cadaveric study by
Matavaet al,* utilising magneticresonanceimaging (MRI),
had focused on defining the optimal kneeflexion anglethat
would minimisetherisk of thisinjury during drilling of the
tibial tunnel. We had similarly been interested in defining
safe limits for the creation of both the tibial and femoral
tunnels, by following the passage of the guide pin/drill
fluoroscopically, and characterising their paths in
relationship to the posterior vascular structures.

We found, as Matava and his co-workers did, that the
tibial insertion of the PCL, where the guide pin/drill bit
exitsduring creation of thetibial tunnel, isperilously close
to the popliteal artery. Indeed, our dissection has shown
that the only structures separating the tip of the drill bit
fromthevessel isthe posterior capsule and alayer of loose
areolar tissue. The average distance in the sagittal axis
between the exit point and the poplitea artery, when all
knee flexion angles are considered, is merely 6 mm, and
although it is observed that this distance tends to increase
withincreasing kneeflexion, themagnitudeof thisincrease
seems to be neither statistically nor clinically significant.
There seems to be considerable variation in the measured
distances, both withinthesamekneeflexion group and also
between different knee flexion groups—2.9 to 8.9 mm at
60° and 5.0 to 10.2 mm at 120° of knee flexion. The
separation in the axia plane has also been previously
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reported to be similarly slight. On the other hand, the exit
point for the guide pin/drill bit during creation of the
femoral tunnel is relatively distant from the artery in the
sagittal plane, and its path is also directed medially away
from the vessel. Hence, the potential for vascular injury is
much less when compared to tibial tunnel creation.

It should be noted that this study was performed in non-
inflated knees, and this margin of safety would be further
reduced in the inflated knee during surgery. Another
limitation of our study isthat the specimenswereal fairly
elderly male cadavers, and the pre-mortem heights and
weights could not be determined. It has previously been
noted that the PCL is narrower in women compared to
men.®

Conclusion

The dimensions of the PCL and itsinsertionsin Asians
do not appear to vary greatly from those reported for
Westernsubjects. Thedistanceinthesagittal planebetween
thetibial insertionsiteandthepopliteal artery isvery small,
and although the margin of safety for the drill or guide pin
asit advancesthrough thetibial insertion may beimproved
by increasing the knee flexion angle, this improvement
may neither be clinically nor statistically significant. In
addition to those techniques mentioned earlier, other
possi ble approachesto enhancing the margin of safety may
involve measures to create a more vertical and medially-
based tibial tunnel. This could be achieved by moving the
starting point and/or increasing the angle of entry when
drilling.
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