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Summary: The objective of the study was to compare the patellofemoral contact area characteristics
between the NexGen Complete Knee Solution prosthesis design and three other knee prosthesis designs
comprising modified-dome patellar components: the Duracon Knee, the PFC and the Natural Knee. Two
cadveric knee specimens were used for each comparison for a total of six specimens. Using Fuji Film
Prescales'M, the contact area measurements were taken in each specimen sequentially implanted with the

two prosthesis being compared.
Near extension (0° to 30°), during which patello-femoral contact loads are minor, point-contact

conditions with low contact areas (2 to 20mm2) were determined similarly in all the prosthesis designs.
In the mid and deep flexion angles (60° to 110°), in association with increased loading demands,

increased contact areas (40 to 73mm2) corresponding with partial to full line-contact conditions were deter-
mined for the NexGen. The Duracon was found to perform similarly to the NexGen although the contact
geometry differed between the two designs. In both the PFC and the Natural Knee, generally point-contact
conditions were determined with reduced contact areas relative to the NexGen. In deep-flexion these
reductions ranged between 41% and 50% in the PFC, and between 34% to 53% in the Natural Knee.

Introduction

From the point of view of the design of the
patellofemoral joint in total knee replacements, reduction

of the contact stresses is of primary concern in extending

the longevity of the components. Wear and gross deforma-

tion of the patellar polyethylene stem from high contact

stresses, and both have been shown to occur extensively,

especially in dome-type patellas.1-s Fatigue wear, amongst
the various wear mechanisms, is the one which is the most

directly dependent on the contact stresses, and results in

pitting, delamination and cracking of the polyethylene.
Gross deformation on the other hand, can lead to loosening

in the case of all-polyethylene patellar components, or, in

the case of metal-backed components, to dissociation

between the polyethylene and its backing. As demonstrated

by experimental wear and analytical stress-distribution

studies,6.7 a viable manner by which fatigue wear and gross

deformation can be minimized is through increased

component conformity to effectively increase the contact

area and reduce the contact stresses.
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a) Specimen:
Six cadaveric knee specimens were used. They were

obtained fresh-frozen at autopsy and selected according to
the AlP dimension of the femoral components. All were
inspected to be free of gross abnormalities including
moderate to severe arthritic changes. The NexGen was
compared with each of the other designs, individually,
using two specimens per comparison. This approach

Modified-dome patellas offer the potential for increased
conformity over a greater flexion range than thatachievable
using a standard dome patella. The flared peripheral
surfaces of modified-dome patellas are more suitable to
conform to the inner condylar surfaces (flanks) of 'anatomic'
femoral components. Generally the conformity is increased
in the transverse plane (as seen from a skyline view) with
unconforming conditions remaining in the sagittal plane to
avoid overly constraining the patella and compromise the
fixation. However, depending on the precise geometric
details of each modified-dome design and its correspond-
ing femoral component, the degree of conformity, and there-
fore the contact area, can be expected to vary amongst such
designs.8 The NexGen(i) Complete Knee Solution prosthesis
(Zimmer, IN), which comprises a modified-dome patella,
has recently been made available. In view of the impor-
tance of the contact area, the purpose of the present study
was to evaluate its patellofemoral contact characteristics,
in comparison to three other common designs comprising
modified-dome patellas: the Duracon'" Knee (Howmedica,
NJ), the PFC'" Knee (Johnson & Johnson, MA) and the
Natural-Knee'" (Intermedics Orthopedics, TX).

Materials and Methods



c) Implantation Details:
The femoral components were all externally rotated by

30 and placed equivalently such as to maintain the medial!
lateral location of the intercondylar notch and the joint line
distally and posteriorly between the design cases. The tibial
components were all inserted with a 70 anatomic posterior
slope except for the Duracon with a 30 posterior slope as
specified by the manufacturer. The tibial components were
also equivalently placed centrally up to the posterior
margins of the cut proximal tibias. For tQe patellar compo-
nents, in all cases the thickness of the intact patella prior to
resurfacing was maintained, and medialization performed
up to the medial margins of the cut retropatellar surfaces.

In view of the different component thicknesses, box
dimensions and slope requirements, specially fabricated
shims and wedges were utilized such as to minimize
further resection between component fittings.

allowed direct analysis of the measurements without
incurring inter-specimen uncertainties.

b) Prosthesis Description:
The manufacturers' specifications and dimensions of the

prosthetic components are given in Table 1. All components
were re-used in both of the two specimens of each com-
parison-set such that scaling of the results was not required.

The femoral components were all posterior-cruciate-
retaining and dimensionally comparable within each
comparison. The femoral components were all generally
'anatomic' in shape. However the femoral groove was
notably more extended posteriorly in the distal regions in
the NexGen than in the PFC and Natural-Knee. The tibial
articular surfaces were all of the semi-constrained type and
symmetric, except in the Natural-Knee with asymmetric
compartments. With regard to the patellar components, in
all designs the topographies of the articular surfaces were
axisymmetric with raised apexes. The apexes were generally
placed centrally with gradual flattening of the surfaces down
to the perimeters with the exception of the Duracon. The
Duracon patella presented hybrid modified-dome patella
features with a hemispherical (dome) apex clearly
demarcated on an otherwise flat surface with a medial
offset. The frontal shapes were circular in the NexGen and
Natural-Knee. In the PFC, the frontal shape was that of a
regular ellipse with the major axis directed medial/laterally.
In the Duracon, corresponding with the offset apex, the
frontal shape was that of an eccentric ellipse with the flat
peripheral surface around the apex being elongated laterally.
The dimensions of the patellar components were matched
in the proximal/distal direction since this would normally
be the limiting dimension of the resected retropatellar
surface. This resulted in increased mediaVlateral dimen-
sions in the PFC and Duracon patellar designs in view of
their elliptic shapes.


