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Fig. 3

RADII OF THE MEDIAL AND LATERAL FEMORAL CONDYLES IN
VARUS AND VALGUS KNEES WITH OSTEOARTHRITIS

Scatterplots of the linear regression analysis comparing the radius of the medial femoral condyle with that of the lateral femoral

condyle. On the left is the scatterplot for the varus knees. On the right is the scatterplot for the valgus knees.

mm for the measurements of the radii of the medial condyles
and —0.04 mm with a 95% confidence interval from 0.02 to
—0.1 mm for measurements of the radii of the lateral condyles.

The clinical varus/valgus angulation of the knees (and
standard deviation) averaged 1.4° £ 9° of valgus and ranged
widely from 30° of valgus to 20° of varus.

Discussion
B ecause an understanding of the relationship between the
radii of the medial and lateral femoral condyles in varus
and valgus knees is important for aligning the femoral com-
ponent and for restoring kinematics in total knee arthroplasty,
we used a new method of projecting the femoral condyles
perpendicular to the primary femoral axis of the knee to assess
the difference between the radii of the medial and lateral
femoral condyles in varus and valgus knees with end-stage
osteoarthritis. The two principal findings in this study are that
the asymmetry between the radii of the medial and lateral
femoral condyles is small (0.2 mm), and the association be-
tween the radii of the medial and lateral femoral condyles is
strong, in both varus and valgus knees.

Several limitations of this study might affect the gener-
alization of our finding that the asymmetry between the radii
of the medial and lateral femoral condyles is small in varus and
valgus knees. First, the evaluation of a relatively small number
of valgus knees (forty-four) with a maximum deformity of 30°
instead of a larger number of valgus knees with greater de-
formity might have affected the magnitude of the asymmetry.
Second, the asymmetry measured in the Western population
of patients in the present study might differ from that in an
Asian population, which has a higher prevalence of varus
knees".

Accurate positioning of the femoral component of a total
knee prosthesis is difficult for even the most experienced ar-

throplasty surgeon because arthritis distorts the surface of
the knee, soft tissues conceal the articular surfaces, and con-
ventional and navigation instruments lack precision'*"”. The
<0.2 mm of asymmetry between the radii of the lateral and
medial femoral condyles can be considered clinically unim-
portant in total knee arthroplasty because it is relatively small
compared with the cumulative error of positioning of the
femoral component in six degrees of freedom.

There are diametrically opposed opinions regarding
whether a knee has a constant or a shifting axis of rotation and
whether the curvature of the condyles is constant (that is, has a
single radius) or varies (that is, has multiple radii)"”""'>'>".
The description of a shifting axis of rotation and a femoral
condyle composed of curves of multiple radii has been based
on the use of orthogonal, sagittal lateral radiographs and
magnetic resonance images made with no attempt to orient or
standardize the projection of the femoral condyles in a plane
perpendicular to the primary femoral axis about which the
tibia flexes and extends'"'*'**’. The radii that govern knee
kinematics can be ascertained only by measuring radii in a
plane perpendicular to the primary femoral axis™”’. The bi-
planar localizer images used in the present study selected a
nonorthogonal, sagittal imaging plane that was (1) perpen-
dicular to a line connecting the corticocancellous interfaces of
the distal parts of the femoral condyles, (2) perpendicular to a
line connecting the corticocancellous interfaces of the poste-
rior parts of the femoral condyles, and (3) perpendicular to the
primary femoral axis, which, according to previous studies,
projects the femoral condyles so that the calculation of the
radii reflects the kinematics of the knee®”’. Therefore, it is the
projection from which the femoral condyles are viewed that
allows the coexistence of a constant and shifting axis of rota-
tion and a single radius and multiple radii of curvature in the
same knee.
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The small asymmetry between the radii of the medial
and lateral femoral condyles has led us to question the method
for setting the rotation of the femoral component in a valgus
knee. External rotation of the femoral component has been
recommended for valgus knees, to compensate for “hypopla-
sia” of the lateral femoral condyle and thereby avoid internal
rotation and reduce the risk of patellofemoral complica-
tions'***, The present study showed, from a kinematic per-
spective, that the lateral femoral condyle is not hypoplastic
with respect to the medial femoral condyle in a valgus knee.
Coaligning the primary axis of the femoral component with
the primary femoral axis is the sine qua non for restoring
normal kinematics®”*?. The routine step of externally rotat-
ing the femoral condyle in a valgus knee alters the kinematics
from normal® (Fig. 1). Further study is required to determine
the effect of the abnormal kinematics on the clinical outcome
of total knee arthroplasty.

It is unlikely that varus or valgus wear is caused by a
difference between the radii of the femoral condyles. This
study showed a small asymmetry between the femoral condyles
and a strong association between the radii of the condyles in a
given knee. Other causes of varus or valgus wear include rel-
ative proximal or distal translation of one femoral condyle with
respect to the other (for example, proximal translation of the
lateral femoral condyle results in a valgus femur), variability in
the longitudinal shape or bowing of the femur and tibia in the
coronal plane®, and variability of the angle formed by the joint
line with respect to the mechanical and anatomic axes of the
femur and tibia.

Of the demographic data, only patient height was
moderately associated with the radii. Height accounted for
approximately 49% (r? = 0.49) of the subject-to-subject vari-
ation in radii, which means that another factor or other factors
have an equal role in accounting for the variation in the radii.
The high prevalence of overweight patients (37% with a body-
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mass index of 25 to 30 kg/m?) and obese patients (48% with a
body-mass index of >30 kg/m?) in the present study meant
that some subjects weighed the same but had different radii.
Therefore, the associations between weight and body-mass
index and the radii of the medial and lateral femoral condyles
were poor and negligible, respectively.

This relatively large series of biplanar, rotationally con-
trolled magnetic resonance imaging scans of subjects with end-
stage osteoarthritis did not show any clinically important
asymmetry between the radii of the medial and lateral femoral
condyles in either the varus or valgus knees. The clinically
unimportant asymmetry and the importance of the radii in
defining the primary femoral axis about which the tibia flexes
and extends have design and alignment implications for total
knee arthroplasty.

Appendix

@ Figures showing the coronal and axial localizer scout
images are available with the electronic version of this

article on our web site at jbjs.org (go to the article citation and

click on “Supporting Data”). ®
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