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surgeons decide on the basis of their own training
and experience. Advocates of PCL-retaining TKA
claim that it offers a series of advantages: less bone
sacrifice, better knee joint kinematics and proprio-
ception, better femoral rollback in flexion, and, fi-
nally, better implant stabilization, which practically
eliminates the risk of anterior translation of the
femur on the tibia. They also argue that posterior-
stabilized implants are prone to polyethylene wear
due to overloading.
Proponents of cruciate-substituting TKA instead main-
tain that because the PCL is rarely intact in os-
teoarthritis, it is vulnerable to early tearing or
progressive insufficiency. Often, the PCL needs to be
released and the resulting reduced tension on the lig-
ament leaves it exposed to the risk of increasing laxity.
The post-cam mechanism in posterior-stabilized im-
plants is claimed to be the optimal substitute for the
PCL, as it reduces the risk of posterior instability
while providing adequate rollback. Another point in
favor of cruciate-substituting TKA is that the proce-
dure is simpler and affords greater joint stability and
a greater degree of flexion (2,3).
The two techniques present not only conceptual, but
also technical differences, with which the surgeon
should be well acquainted (4). The choice of one tech-
nique over the other must be based on sound knowl-
edge rather than on dogmatic preconceptions or rigid
preferences.

Summary
The debate over the relative merits of substituting or
retaining the posterior cruciate ligament in total knee
arthroplasty is still ongoing. This article discusses the
differences between the two procedures, considering
the biomechanics and the surgical techniques in-
volved.
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Introduction
Since the 1970s there has been an ongoing debate
over the relative merits of substituting or retaining
the posterior cruciate ligament (PCL) in total knee
arthroplasty (TKA) and no general consensus has
yet been reached. Numerous studies have evaluated
long-term outcomes after both procedures (1) but,
as with patella replacement or the use of cement,
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joint space in flexion, more than a cruciate-substitut-
ing TKA will. Cadaver studies have shown that cruci-
ate-substituting TKA increases the gap in flexion from
1.8 to 4.8 mm (5) (Fig. 1), while it has an only minimal
effect on the gap in extension. Since the ultimate ob-
jective is to have the same joint space in flexion and
extension, the surgeon should consider resecting less
distal femur in cruciate-retaining than in cruciate-sub-
stituting TKA (Fig. 2). Furthermore, in cruciate-substi-
tuting TKA, a medial or lateral release will further
open the gap in flexion. 
Failure to take these considerations into account
when performing cruciate-retaining surgery invites
the risk, if the distal femoral cut is excessive, of resid-
ual instability in extension, which cannot be corrected
with a thicker polyethylene insert as this would pro-
duce a deficit in flexion. In such circumstances, the
only options would be to switch to a posterior-stabi-
lized procedure or to distalize the femur with aug-
ments. The increased joint space in flexion that is
produced by a cruciate-substituting procedure must
be balanced with an additional femoral distal cut. In
such cases, it is useful to make sure that the first distal
femoral cut is about 2 mm less than the standard cut.
After the PCL has been sacrificed and the tibia pre-
pared, balancing is evaluated and, if there is a deficit in
extension, this may be corrected with a further distal
femoral cut. In this case, simply increasing the poly-
ethylene insert thickness to compensate for the space

Indications and contraindications
In the approach to a patient scheduled for TKA, the
first step is to perform a careful clinical evaluation of
the stability of the knee joint. The finding of PCL in-
sufficiency constitutes a contraindication to cruciate-
retaining TKA, as does the presence of peripheral
instability, especially instability of the posterolateral
compartment, because of the stress placed on the
PCL. In general, significant instability should prompt
the surgeon to opt for cruciate-substituting TKA.
Another important clinical element is the degree of
axial deviation: significant valgus or varus malalign-
ment, predictive of difficulty balancing, often necessi-
tates release of the PCL, which, however, impairs its
function. An extension deficit may also create prob-
lems after cruciate-retaining TKA. 
Radiographic studies can provide additional pointers:
loss of bone substance or the need for augments are
factors that do not favor cruciate-retaining TKA. We
believe that cruciate-retaining TKA should not be per-
formed as a revision procedure or in patients who
have previously undergone a patellectomy. 

Intraoperative assessment
The first consideration during the intraoperative eval-
uation is the tension and appearance of the PCL: if
there are doubts over its quality, posterior-stabilized
TKA must be preferred. Another important factor is
that cruciate-retaining TKA will reduce the effective

Figure 1. A: Example of joint space in flexion when the posterior cruciate ligament is retained (8 mm). B: Example of joint
space in flexion when the posterior cruciate ligament is substituted (12 mm).
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PCL, which would require release of the ligament and
thus increase the risk of relative instability in flexion.
Conversely, in posterior-stabilized implants, where
there is greater space in flexion, a larger component
size is preferable to compensate for the space created
by having substituted the PCL.
In recent years, there has been increasing interest
in the concept of posterior femoral offset. It has

in flexion will produce a deficit in extension. Con-
versely, a thinner polyethylene insert will provide for
better stability in extension, but result in instability in
flexion which a post-cam mechanism cannot compen-
sate for. In these cases, it should be remembered that
a further tibial cut is not helpful as it influences both
flexion and extension.
A final consideration is that because the post-cam
mechanism is stressed in extension, hyperextension
should be avoided, as it would lead to progressive
polyethylene wear or even a rupture of the tibial post
(5). In this context, one would also want to avoid an
excessive femoral slope, since a curved femoral com-
ponent predisposes to impingement of the post-cam
mechanism. 
Correct intramedullary alignment of the femoral com-
ponent is essential to avoid bending: in this regard,
correct preoperative radiological planning is useful to
optimize entry of the intramedullary rod.
The tibial cut will differ depending on whether a cru-
ciate-retaining or a cruciate-substituting implant is
used. An important element is the degree of the tibial
slope which tends to open joint space in flexion. In
cruciate-retaining implants, a slight increase in the
slope will reduce tension on the PCL and facilitate
flexion. However, a large slope in such implants can
hinder insertion of the PCL at the tibia, leading to in-
stability in flexion.
In the majority of cruciate-substituting implants, a very
small slope is recommended. As already mentioned,
with posterior-stabilized implants, we have, by defini-
tion, an increase of joint space in flexion; in the pres-
ence of an excessive tibial slope this space would be
further increased, leading to the risk of significant in-
stability in flexion. Furthermore, a large slope in cru-
ciate-substituting implants would also lead to
impingement of the post-cam mechanism. 
Ligament balancing can also be influenced by the pres-
ence or absence of the PCL. When the PCL is cut, its
release significantly increases joint space in extension
and flexion, particularly in varus deformities. 
Another important factor, given the problems with re-
establishing effective joint space in flexion and exten-
sion, is the choice of femoral component size. In view
of the reduced space in flexion that characterizes cru-
ciate-retaining implants, one should, in the presence
of an intermediate femoral size, choose the smallest
component to avoid creating too much tension on the

Figure 2. A: Evaluation of the level of the femoral cut. B:
Positioning of the resecting guide for the distal femoral
cut in cruciate-retaining implants with a cut 2 mm less
than the standard.
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essary, due to residual deficit in extension, this will be
more difficult when the PCL is present as it restricts
vision and access to the central distal femoral portion
(Fig. 6).
Situations can arise in which it is necessary to convert
from a cruciate-retaining to a cruciate-substituting im-
plant during the operation. In such circumstances, an
additional distal femoral cut will balance the increased
joint space in flexion. 
Finally, in posterior-stabilized TKAs, it is essential to
ensure accurate hemostasis of the ligament vessels,
especially when a tourniquet is used, owing to the dif-
ficulties with visualizing these vessels after the defini-
tive implant has been positioned.
In conclusion, one should have a clear idea of the
technical differences between cruciate-retaining and
cruciate-substituting implants. The distal femoral cut
and the tibial slope are particularly crucial. Unless
they are meticulously executed, residual instability
or reduced range of motion will ensue, which can be
notoriously difficult to resolve afterwards. One
should also remember that excessive stress on the
post-cam mechanism will increase the risk of poly-
ethylene wear.

been demonstrated that creating correct femoral
offset provides for good flexion. Published data
show that posterior condyle offset (which should
always be restored) has a greater effect on flexion
after cruciate-retaining TKA (for each 2 mm less off-
set there is approximately a 12° reduction in flex-
ion) (2,7,8).
If flexion is difficult due to PCL retraction or excessive
tension, the ligament should be released at either its
proximal or distal insertion. Personal experience has
shown that a useful initial step is to detach the poste-
rior tibial island at the level of the most proximal
fibers of the tibial insertion of the PCL (Fig. 3). Often,
this step will suffice. Sometimes, however, it is neces-
sary to gradually detach the ligament fibers from the
tibia (Fig. 4) or to resect fibers of the ligament at its
insertion on the femur (Fig. 5). Extreme care should
be taken when releasing the ligament to avoid intra-
operative insufficiency or postoperative insufficiency
due to progressive weakening. Before deciding
whether or not to release the ligament, the bone cuts
and correct implant positioning should be carefully
evaluated. Often, tension on the PCL is the result of
a technical error. If posterior capsule release is nec-

Figure 3. Detachment of the posterior tibial island. Figure 4. Distal release of the posterior cruciate ligament. 
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Figure 5. Proximal release of the posterior cruciate
ligament.

Figure 6. Posterior cruciate ligament hindering visualization
and access to the central distal portion of the femur.
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