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Polyethylene Failure of the Patellar Component
in New Jersey Low-Contact Stress
Total Knee Arthroplasties
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Abstract: In a postoperative 5- to 12-year follow-up study of 598 New Jersey lowcontact stress total knee arthroplasties, 32 required revision. All retrieved patellar
components were examined for polyethylene damage. These 32 cases had 3 types of
failure: split rupture (7 cases), peripheral wear (21), and cantilevering breakage (4),
respectively 75%, 64.3%, and 100% of which showed subluxation and/or tilting of
the patellar component on the prerevision roentgenograms. Misalignment at the
joint contact surfaces and rotational blockage of the mobile patellar component were
considered the major causes of the failure. A design of a flatter metallic button
(giving larger focal thickness of the polyethylene) and a dome-shaped polyethylene
(reducing stress concentration at the pinnacle) may alleviate the failure driving
mechanism should subluxation or tilting of the patellar component take place. Key
words: patellar component failure, low-contact stress, total knee arthroplasty.
n 2005 Elsevier Inc. All rights reserved.

polyethylene failure in LCS arthroplasties with
meniscal bearing [2]. In this study, we focused on
the polyethylene failures of patellar components in
the LCS knee system.
The patellar component of the LCS design has
been renowned for its congruent anatomic shape
and rotational mobility. The features of this
design include a rotating bearing attached to a
thin metallic anchoring plate fixed to the bone by
cruciform fixation fin. Buechel et al reported an
11-year clinical study of such metal-backed,
rotating-bearing patellar prostheses [3]. They
reported 3 cases (out of 515, a rate of 0.6%) of
complications that required revision surgery,
including 1 intraoperative vertical midpatellar
fracture and 2 displaced postoperative transverse
midpatellar fractures, but no polyethylene wearthrough, no separation from the metal anchoring
plate, nor implant breakage. On the other hand,
in Sorrells’s study of the LCS rotating-platform
total knee prosthesis [4], no patellar polyethylene
wear was reported. However, several different
types of polyethylene damage were found in the
retrieved patellar components of the 32 failed

The New Jersey low-contact stress (LCS; DePuy,
Warsaw, Indiana) knee system was introduced in
the late 1970s by Buechel and Pappas [1]. It was
designed to minimize stress on the bearing surface
and at the implant/bone interface. After the advent
of solutions for implant loosening, polyethylene
wear has become the major long-term complication
of total knee arthroplasties. In our previous study,
we reported 8 cases of severe symptomatic tibial
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Fig. 1. Gomes/Bindelglass modified roentgenographic
measurements of patellar tilt angle (a) and displacement
from the center of the trochlear groove ().

cases in this study. The focus of this study was on
the classification of these types of patellar polyethylene failure as well as the investigation of the
failure mechanisms.
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proposed by Gomes et al [5], with modifications suggested by Bindelglass et al [6], in
which the reference line was drawn tangentially
to the floor of the trochlear groove rather than
between the high points of the asymmetric
flanges (Fig. 1). This method was used to quantify
the condition of the patellar tracking in the center
of the trochlear groove. A bgoodQ tracking condition was defined when the lateral-medial tilt was
less than 58, and the subluxation displacement
was less than 5 mm at the same time. The
surfaces or cross sections of the failed polyethylene were examined by scanning electron microscopy (S-3500N, Hitachi, Japan) to investigate the
failure mechanism.

Results
Material and Methods
From 1985 to 1990, 598 New Jersey LCS total
knee arthroplasties were performed at our hospital by or under the direct supervision of the same
senior surgeon. Among them, the rotating platform was used in 322 knees and the meniscal
bearing in 276 knees. All the patellar components
were metal-backed rotating bearing. In this 5- to
12-year study, 32 knees required revision surgery, 21 of which were directly attributed to the
patellar component.
Roentgenograms were taken before the revision with a 458 Merchant view. In the retrieval
analysis, the wear pattern as well as location
was examined to investigate the relationship
between the wear pattern and the patellar alignment. The patellar tilt and subluxation in the
Merchant view were measured by the method

The revisions of the 32 knees include 1 case of
femoral component fracture and 31 cases of severe
polyethylene wear in the tibial and/or patellar
components. Among the latter 31 cases, 10 cases
were revised primarily for tibial component failure, 11 cases were primarily for patellar component failure, and 10 cases were for both tibial and
patellar component failures. The overall failure
rate of the LCS design in our retrieval analysis was
5.35% (32/598), whereas the incidence of revision
due to patellar failure was 3.5% (21/598).
The 32 retrieved patellar components were
classified into 3 groups according to the type of
polyethylene damage.
Group A—Split Rupture
Among the 32 retrieved components, 7 (21.87%)
had a straight splitting crack found along the

Fig. 2. Two types of polyethylene failure in group A. (A) Zip-through crack. (B) Developing crack.
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Fig. 3. (A) Peripheral wear seen in group B. (B) A worn-through polyethylene in the medial portion.

transverse central line of the polyethylene. Among
these 7 cases, 4 had the polyethylene portion split
into 2 symmetrical parts (Fig. 2A), whereas the
remaining 3 samples showed a partial split with a
developing crack (Fig. 2B). The crack lines always
occurred in the region where the polyethylene was
thin, either beneath the metallic button or its
lateral portion. The thicker region of the medial
portion seemed to be able to arrest the crack

propagation starting from the thin region in the
cases of a partial split.
Group B—Peripheral Wear
There were 21 cases (65.63%) showing wear
around peripheral regions (Fig. 3A). Wear patterns ranged from slight scratch to severe wear,
which may be accompanied with color change,
and were identified by visual inspection. Regardless of the degree of wear, most polyethylene
components showed a similar wear location,
visible at the periphery but occasionally extending to the patellar ridge. Among these 21 cases, 1

Table 1. Results of the Roentgenogram Measurement
in Each Group
Group A
Item

Fig. 4. (A) Bony ingrowth over the corner of the metal
plate was found during surgery. (B) Breakage of the
cantilevering edge.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
Mean

Group B

Group C

Tilt Subluxation Tilt Subluxation Tilt Subluxation
(8)
(mm)
(8)
(mm)
(8)
(mm)
4
15
13
10

10.5

5
8
10
11

8.5

15
5
5
18
12
8
12
5
5
5
5
15
15
5
9.3

9
6
8
6
14
9
8
5
4
4
4
4
11
4
6.9

10
13
10

8
13
9

11.0

10.0
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21 roentgenograms available: 4 belonged to group
A, 14 to group B, and 3 to group C. Using these
roentgenograms, we found that 75% (3/4) of group
A, 64.3% (9/14) of group B, and 100% (3/3) of
group C showed patellar subluxation displacement
and/or tilting. Group A had a larger subluxation
displacement (average: 8.5 mm) and tilt angle
(average: 10.58) than group B (displacement:
6.9 mm; tilt: 9.38). Group C had the largest subluxation displacement (10.0 mm) and tilt angle
(11.08), which limited the patellar rotating mobility
leading to the cantilevering breakage seen.
Fig. 5. Variation of the thickness on the cross section of
the polyethylene component.

showed polyethylene worn-through on the medial side (Fig. 3B).
Group C—Cantilevering Breakage
This type of failure involved 4 cases (12.5%) of
fragmentary breakages mostly in the lateral portion. During the revision, bony ingrowths over the
corner of the metal plate were noted (Fig. 4A). We
believe the bone ingrowth impinged on the polyethylene rotation. The cause of such breakage was
the stress riser in the polyethylene sustaining the
load as a cantilever beam when rotated out of the
metal-back buttress (Fig. 4B).
Of the 11 knees that were revised primarily for
patellar component failure, 6 cases were in group
A, 2 cases in group B, and 3 cases in group C.
The alignment measurements of the patellar
components in each group using the roentgenogram are summarized in Table 1. There were only

Discussion
The patellar component of the LCS design
provides good congruency that reduces contact
stress and polyethylene wear. Even so, patellar
polyethylene failure was still evident during intermediate follow-up. Two specific factors were considered as the primary causes of the polyethylene
failure: misaligned contact surfaces and blockage of
rotating mobility.
Misaligned Contact Surfaces
One of the principal characteristics of the patellar
component in the LCS design is congruent anatomic shape, which distributes contact stress evenly
while articulating. But, for this to happen, the
patellar component also needs to be properly seated
in the femoral groove. Because the polyethylene
component was of an irregular polyhedron, its tilt
or subluxation led to partial contact with the
femoral convex surface by its pinnacle or bilateral
flanges, resulting in the loss of the geometrical

Fig. 6. The SEM photograph of a specimen from group A showing a zip-through split. The section with the thinnest area
shows an obvious river pattern which is considered as the crack initiating point.
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congruency and, thus, uneven stress distribution.
Both group A and B demonstrated such a problem.
Because the patellar component fitted to a shaft of
the metallic button settling in the metal baseplate,
the thickness of the polyethylene was uneven
(Fig.5). The area beneath the button had the minimum thickness, meaning the minimum strength.
When a large subluxation of the patellar component occurred, the pinnacle of the polyethylene,
especially at the thinnest part beneath the metallic
button, became the only point that had contact
with the femoral condyle. The polyethylene would
then experience a highly concentrated load on its
thinnest part and begin to crack and/or tear. The
crack could then propagate toward either the
medial or lateral side or both.
The split rupture of group A came with 2
conditions. First, the crack split the polyethylene
into 2 symmetrical parts (Fig. 2A). Second, the
crack went through the longer, thinner flange but
was arrested in the shorter, thicker one (Fig. 2B).
The scanning electron microscope photograph in
Fig. 6 shows the thinnest point of crack initiation
with patterns of striations (to the right of the
center) indicating fatigue crack advancement.
If the patellar component is tilted, it will make
contact with the femoral condyle on one of its
flange. The flange will then take up the majority of
the load, leading to the peripheral wear as illustrated by group B. Fig. 7 shows the severe
delamination seen around the flange.
Both patellar tilting and subluxation resulted in
the misalignment of the patellofemoral joint; it is
difficult to single out a one-to-one relationship
between either of them and the failure type. The
mean tilt angle and subluxation displacement were
greater in group A than those in group B (Table 1).

If the cases of normal alignment (tilting Q58,
displacement Q5 mm) in groups A and B were
excluded, group A had larger subluxation displacement (9.7 mm) than group B (8.9 mm), but had
smaller tilting (12.78) than group B (13.68). The
data seem to suggest that larger subluxation
displacement of patellar component results in a
split rupture, whereas larger tilting results in
peripheral wear.
Blockage of Rotating Mobility
Another advantage of the LCS design is its rotating
mobility, which adjusts the patellar tracking and
reduces the shear stress at the bone/implant interface. When the patellar components experienced a
large tilt and displacement (group C), the range of
the rotating mechanism might become limited. This
may cause bony ingrowths at the corner of the
metallic baseplate. When rotation was blocked by
the bony ingrowths, the polyethylene extended
beyond the metal buttress and behaved as a
cantilever beam, leading to cantilevering breakage.
Several reports have discussed the dome-shaped
polyethylene failure caused by patella tilt and
subluxation [7-15]. The metal-backed polyethylene
usually failed at locations where there was a higher
chance to come in contact with the femoral
condyle. Even the symmetrically dome-shaped
patellar component could still run into the situation of having a highly concentrated load on the
polyethylene. For patellar components with metal
backing, the thickness of polyethylene is further
reduced and so is its strength [16,17].
Buechel et al reported that the isolated failure
rate of rotating-bearing patellar components requiring revision surgery was 0.6%, and there was

Fig. 7. A large area of delamination on the articulating surface of a patellar component in group B.
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no polyethylene wear-through in their 11-year
follow-up [3]. By comparison, the incidence of
revision caused by isolated patellar failure in our
study was 1.8% (11/598), whereas our overall
failure rate of the LCS design was 5.35% (32/598).
Regarding other types of metal-backed patellar
designs, Crites and Berend reported a revision rate
of 9.5% after 10 years [18]. Hsu et al reported a
21% complication rate, including patellar polyethylene wear in 17% of patients and patellar
subluxation or dislocation in 4% of patients 3.2 to
6.6 years postoperatively [19]. These clinical findings showed that the LCS rotating patellar design
was better than its metal-backed peers. However,
the misalignment of the contact surfaces and
blockage of the rotating mobility could exacerbate
the patellar component failure.
The patellofemoral joint reaction force is influential in polyethylene wear. In our previous study,
the total thickness of the patella after the total knee
arthroplasty was greater than the preoperative
thickness in Chinese patients [20]. The increase of
the patellar thickness will cause a higher patellofemoral joint reaction force and thus higher contact
pressure [21]. Therefore, increasing the total patellar thickness after total knee arthroplasty could
increase the polyethylene wear. This, to some
extent, explained for the conundrum of the higher
polyethylene failure rate seen in our series than
those of other studies [3,4].
We found that severe polyethylene wear sometimes came with yellowish color change in this
study. The color change was indicative of progressive oxidation. The shelf life of those components
before implantation was less than 2 years and this
could have some contribution to the oxidation
seen. On the other hand, before the early 1990s
the industrial standard sterilization was using g
radiation in an air environment [22], which was
known to induce a certain level of oxidation of
polyethylene as well as reduction of the mechanical toughness.
Low-contact stress patellar components are well
designed with a lower rate of failure as compared
with other competitive designs. For here, the
authors would like to offer the following recommendation based on our clinical findings: the
patellar component can be modified to have a
flatter metallic button to increase the focal thickness of polyethylene and a dome-shaped polyethylene to reduce the concentration of stress on the
pinnacle should subluxation or tilting of the
patellar occurs. The authors would also like to
point out that surgical technique, although not felt
to be a factor in this study, plays an important role
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in achieving joint alignment, which is contributory
to component integrity.
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