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Abstract The inset biconvex patella component is an
alternative form of patella resurfacing in knee arthroplasty.
We retrospectively reviewed 433 patients in whom 521
patella prostheses were implanted before April 1997 to
determine survivorship, factors associated with failure of
the implant, incidence of anterior knee pain, and factors
that may be associated with the latter. We had clinical
results for 204 surviving patients (242 knees) without
failure of their implants with a minimum 10-year followup
(mean, 11.4 years; range, 10-17 years). For the remaining
229 patients we used chart or radiographic review to
determine if failure of their implant or other complications
had occurred. At latest followup, 14 patella components
had been revised for aseptic reasons or were radiographi-
cally loose. The 10-year Kaplan-Meier survivorship for the
entire cohort for aseptic failure was 97.0%. Aseptic failure
of the patella component was associated with the presence
of osteonecrosis and the absence of a superior rim of bone
radiographically. The incidence of anterior knee pain in
surviving patients without failure of their implants was
7.8%. No factor examined was associated with anterior
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knee pain. Survivorship and clinical and radiographic
results are equivalent, but not clearly superior, to those
reported for other forms of patella resurfacing.

Level of Evidence: Level IV, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Routine resurfacing of the patella at TKA is controversial.
Although some trials have concluded there is no advantage
to routine patella resurfacing [2, 8, 9, 32], other studies [43,
44] and three recent meta-analyses [31, 33, 34] suggest a
lower rate of anterior knee pain with routine patella
resurfacing and either equivalent or lower rates of reoper-
ation with routine resurfacing.

All-polyethylene patella components have proven more
reliable than metal-backed patella components with time
[15, 36]. There are various designs of all-polyethylene
patellas, for example, domed versus anatomic, one or three
pegs for fixation, and onlay versus inlay patellas.

Inlay patella implants have the potential advantages of
more precise instrumentation for insertion, a larger area for
cementation into the residual patella bone by virtue of cre-
ation of a cavity in the patella, and preservation of peripheral
patella bone [22, 39]. Despite widespread use, there are
relatively few reports of the results of these types of implants.

Based on our experience with the inset biconvex patella,
we hypothesized the survivorship and clinical and radio-
graphic findings of this implant would be at least
equivalent to those of other types of patella components
used for resurfacing. We specifically sought to determine
(1) survivorship of the implant at 10 years, (2) factors
associated with failure of the implant, (3) whether the
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patella tilt and tilt of the patella component in relation to
the patella bone represented an improvement over histori-
cal controls of onlay patella components, (4) prevalence of
anterior knee pain in surviving patients and what factors
may be associated with anterior knee pain, and (5) whether
an uncovered lateral facet of the patella articulating with
the femoral component correlated with anterior knee pain.

Materials and Methods

We retrospectively identified 433 patients (521 knees) who
underwent primary TKA before April 1997 with the Gen-
esis® inset biconvex patella (Smith and Nephew, Inc,
Memphis, TN) performed in association with either the
Genesis™ T or II knee system. This provided a potential
minimum followup of 10 years for living patients. The
design of the patella component remained unchanged
throughout the study period. The inset patella component
was the only type of patella resurfacing used with these
knee systems, and the patella was resurfaced routinely at
the time of knee arthroplasty. During the study period,
other knee systems were used according to surgeon pref-
erence at our institution. These systems included inset
patella components and other forms of patella resurfacing
but were excluded to eliminate another variable. Of the 433
patients (521 knees), 182 (222 knees) had died at the time
of review, and 31 (34 knees) were lost to followup. Of the
surviving patients, two (three knees) had recent radio-
graphs and were known to not have had revision surgery,
but no clinical followup was available. An additional 14
patients (20 knees) had recent clinical reviews but had or
were awaiting revision of femoral, tibial, or patella com-
ponents or had radiographically loose femoral, tibial, or
patella components. For those who had died or were lost to
followup, chart records and radiographs, if available, were
reviewed to ascertain if complications had occurred, and
failures of patella components in those who had died are
included in the results and analysis of failed patella
implants. Clinical results and analysis of factors that may
be associated with anterior knee pain are presented for the
remaining 204 patients (242 knees). Of these, 144 patients
(175 knees, 72%) had recent clinical and radiographic
reviews (Group 1), and 60 (67 knees) had been sent a
questionnaire or contacted by telephone, but complete
Knee Society scores and radiographs could not be obtained
for these patients (Group 2). All 433 patients (521 knees)
are included in the survivorship analysis. As most of the
complications that occur are detected radiographically, the
description of complications pertains to all patients (sur-
viving or not) with adequate radiographic followup,
described below. The average age of the patients was
70.3 years (range, 29-96 years), and the average body
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mass index (BMI) was 30 kg/m” (range, 15-63 kg/m?).
There were 155 men and 278 women. Eighty-eight patients
had bilateral procedures performed either under the same
anesthetic or sequentially. The minimum followup for
patients in Groups 1 and 2 was 10 years (mean, 11.4 years;
range, 10—17 years). The study was approved by the ethics
committee of our institution.

Thirty-three knees had Genesis® II femoral and tibial
components at the primary surgery, and the remainder (488
knees) had the Genesis®™ I knee system. The primary
diagnosis was osteoarthritis in 88%, inflammatory arthritis
in 10%, posttraumatic arthritis in 2%, and osteonecrosis in
less than 1%. Seventy-one percent of knees had a preop-
erative varus deformity, 25% had a valgus deformity, and
4% had neutral alignment. Ten knees had implantation
through a lateral approach and the remainder through a
medial approach. The posterior cruciate ligament was
retained in 83% and sacrificed in 17%. Lateral release was
performed in 22% of cases.

The patella component was implanted using the instru-
mentation provided. After exposure of the patella and
removal of osteophytes, the appropriate diameter patella
implant was chosen. The corresponding patella reamer
collet was selected and placed on the reamer guide, which
then was placed centrally or slightly medially on the patella
articular surface. A patella depth gauge was used to set the
reamer depth, and the reamer then was used to mill a cavity
for the implant, maintaining an intact rim of bone. The
patella component was cemented in after the femoral and
tibial components using two mixes of Simplex™ cement
(Howmedica, Rutherford, NJ) for all three components. A
patella clamp was applied to the component after it was
implanted with the cement. The biconvex patella implant
(Fig. 1) is available in different diameters, but all are the
same thickness (13 mm).

Patients were seen at 6 weeks, 3 months, 6 months, and
1 year postoperatively and then annually or biannually
thereafter. Knee Society scores [17] were collected pro-
spectively, and radiographs were taken at 6 weeks and
1 year and then at each subsequent visit. Radiographs
consisted of standing anteroposterior, lateral, and skyline
views (generally in 30° flexion). In addition, the presence
of anterior knee pain was recorded, and, if present, the
patient was asked by the doctor to record the severity on a
visual analog scale from 1 to 10, with 10 representing the
worst pain the patient had ever experienced. Patients who
had not been seen recently and did not want to return to the
clinic were sent a questionnaire asking whether they had
pain in their knee, walking distance, ability to use stairs,
and use of a walking aid as per the Knee Society score.
They also were asked if they had any additional operations
to their knee, if they were experiencing anterior knee pain,
and, if so, the severity as outlined previously. Patients who
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Fig. 1A-B (A) A side view and (B) a view of the underside of the
biconvex inset patella implant are shown.

did not respond to questionnaires were contacted by tele-
phone and asked the same questions.

The patients’ most recent radiographs were reviewed.
Radiographs were not available for 101 knees, and 11
knees had less than 6 months’ radiographic followup,
leaving 409 for analysis. The minimum radiographic fol-
lowup was 6 months (average, 7.6 years; range, 6 months
to 15.5 years). All available radiographs were reviewed by
one author not involved in the initial surgery (SE). Detailed
radiographic analysis as outlined subsequently was done
for knees in Group 1 (ie, with recent clinical and radio-
graphic followups with a minimum of 10 years followup).
For the remaining knees, the last available radiograph was
examined for evidence of loosening of the patella, femoral,
and tibial components; complications such as osteonecrosis
or fracture; and whether the patella had an intact rim.

For the detailed radiographic analysis, one of us (SE)
measured the diameter of the implant, articular surface, and
thickness of the residual patella bone on the lateral and
skyline views (Figs. 2, 3). The magnification of the
radiograph was calculated using the measured diameter of
the implant against the known diameter of the implant, and
this magnification factor was used to correct the measured
residual thickness of the patella bone. The percentage of
the patella articular surface covered by the implant also
was recorded. The diagnosis of osteonecrosis was indicated

Fig. 2 Radiographic measures on a lateral radiograph are shown.
A = measured thickness of patella (later corrected for magnification).
B = articular surface patella. C = measured diameter of patella
implant. Percent covered by implant = C/B x 100. Magnification of
radiograph = C/actual diameter patella implant. Thickness of resid-
ual patella = A/(magnification) x 100.

Fig. 3 Radiographic measures on a skyline radiograph are shown.
A = measured diameter of implant. B = articular surface patella.
C = measured thickness patella. Percent covered by implant = A/
B x 100. Magnification of radiograph = A/actual diameter patella
implant. Thickness of residual patella = C/(magnification) x 100.

radiographically by fragmentation, collapse of the patella

bone, and substantial change in the radiodensity of the
patella [3, 41]. The presence of radiolucencies around the
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B \/
Fig. 4A-B The diagrams show radiographic measurements of (A) tilt
of the patella to the femur and (B) tilt of the implant to the patella.

implant was noted on lateral and skyline views, and a note
was made particularly of the size of the radiolucency (less
or greater than 1 mm), if the radiolucencies were contin-
uous around the implant, and if they were progressive.
Radiographic loosening was defined as implant migration
3 mm or greater measured from the edge of the implant to
the superficial and/or superior cortex of the patella or a
continuous radiolucent line that had progressed in width or
extent. The patella height was measured using the Insall-
Salvati [16] and Blackburne-Peel [5] ratios. The tilt of the
patella in relation to the femoral component and the tilt of
the patella component in relation to the patella bone were
measured on the skyline views (Fig. 4). A neutral range
was defined as within —5° (medial tilt) and +5° (lateral
tilt) [14]. Whether the patella implant had an intact superior
rim also was recorded (Fig. 5). Note was made whether
there was an uncovered portion of the patella articulating
with the femoral component (Fig. 6).

Kaplan-Meier survival curves [20] were generated for
all patients enrolled in the study using aseptic revision of
the patella component and aseptic revision or radiographic
loosening as the end points. To determine whether there
were differences between patients with and without aseptic
failure of the implant, we used Fisher’s exact test (gender,

type of knee replacement [Genesis™ I or II], preoperative
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Fig. SA-B The radiographs show the patella components (A) with
no superior rim and (B) with an intact superior rim.

deformity [varus or valgus], approach [medial or lateral],
use of a lateral release or not, posterior cruciate ligament
retention or not, preoperative diagnosis [osteoarthritis or
other], presence of avascular necrosis or not, preservation
of a superior rim of bone or not) or nonpaired Student’s t
test (age, BMI, height, weight, diameter of the implant).
Factors that were significant either with Fisher’s exact test
or Student’s t test were entered in a binary logistic
regression model. To determine if there were differences
between patients with and without anterior knee pain, we
used Fisher’s exact test (gender, type of knee replacement
[Genesis® T or 11], preoperative deformity [varus or val-
gus], approach [lateral or medial], use of a lateral release or
not, posterior cruciate ligament retention or not, preoper-
ative diagnosis [osteoarthritis or other]) or nonpaired
Student’s t test (age, height, weight, BMI). For patients in
Group 1 (with recent clinical and radiographic followups),
to determine if there were differences between patients
with and without the presence of anterior knee pain, we
used Fisher’s exact test (whether an uncovered lateral facet



Volume 467, Number 7, July 2009

Results of an Inset Biconvex Patella Prosthesis 1785

Fig. 6A-B The radiographs show the patella components with (A)
central tracking and (B) the lateral facet of the patella articulating
with the femur.

was articulating with the femoral component) or nonpaired
Student’s t test (Insall-Salvati and Blackburne-Peel ratios,
percentage cover of the implant of the patella on a lateral
radiograph, tilt of the patella component, thickness of the
residual patella bone). The Knee Society score and pain
component of the Knee Society score also were compared
between cases in which an uncovered lateral facet of the
patella was articulating with the femoral component and
those in which it was not using Student’s t test. Analyses
were performed using SPPS® V10 for Windows®™ (SPSS
Inc, Chicago, IL).

Results

Ten patella components had been revised for aseptic rea-
sons. Four implants were radiographically loose but had

not been revised. Six had been revised or removed because
of infection. Excluding patients with infection and those
lost to followup, the rate of aseptic failure was 2.9%.
Survivorship at 10 years using aseptic revision as the end
point was 97.4% and using aseptic revision or radiographic
loosening was 97.0% (Fig. 7). Eleven patella components
had complete radiolucency on the most recent lateral,
skyline, or both radiographs. In all cases, the radiolucencies
measured 1 mm or less and were not progressive. These 11
cases were not judged as radiographically loose.

Osteonecrosis was a contributing factor involved in
failure of the patella components in four patients (Table 1).
The lack of a superior rim was observed in five cases and
was potentially the major cause of failure in at least three
cases. The presence of osteonecrosis and absence of a
superior rim were independently associated with failure of
the implant (p < 0.01 and p = 0.03, respectively).

Average patella tilt in relation to the femoral component
was 4.9° lateral, and the average tilt of the implant in
relation to the patella was 1° medial (Table 2). Patella tilt
in relation to the femur was within the neutral range in 63%
of cases, and tilt of the component in relation to the patella
was within the neutral range in 94% of cases.

The prevalence of anterior knee pain was 7.8% for the
242 knees in Groups 1 and 2. The severity of anterior knee
pain was recorded in 16 of the 19 knees with anterior knee
pain; the mean severity was 4.2 on a scale of 1 to 10. We
found no difference in any surgical, demographic, or
radiographic factor examined between patients with ante-
rior knee pain and those without anterior knee pain.

The average Knee Society knee score for patients in
Group 1 was 92.2 (range, 37-100) at a mean of 11.2 years
(range, 10-16 years), and the average function score was
61.9 (range, —10-100). Of this group, 48% had radio-
graphic evidence of articulation of an uncovered portion of
the lateral facet of the patella with the femoral component.
The frequency of anterior knee pain, the mean pain com-
ponent of the Knee Society score, and the mean Knee
Society knee score were similar in patients who had an
uncovered lateral facet articulating with the femoral com-
ponent and in patients who did not (Table 3).

Dislocation of the patella component occurred in three
cases (0.7%). Five patellas (1.2%) had evidence of osteo-
necrosis. In four of these five cases, there was associated
loosening of the patella component either radiographically
or at revision. A fracture that had the potential to disrupt
the extensor mechanism or cause failure of the implant or
fragmentation of the patella was noted in six cases (1.5%).
In four of these cases, there was evidence radiographically
of osteonecrosis. Two fractures were not clearly associated
with osteonecrosis; there was subsequent failure of the
patella components, which were treated with removal of
the components.
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Fig. 7A-B Kaplan-Meier survivorship curves with (A) aseptic
revision of the patella as the end point and (B) radiographic loosening
or aseptic revision of the patella as the end point are shown. The data
are based on the last available information available in the charts or

Discussion

All-polyethylene patella implants have more favorable long-
term results compared with most metal-backed patella
implants [15, 36]. Most series have described the results of
all-polyethylene patella components using an onlay design
[1-4, 6, 12, 13, 24, 28, 30, 35, 37, 42, 44]. An alternative
design is an inlay patella component. Potential advantages of
the inlay patella component include increased area for
cement-bone contact, preservation of peripheral patella bone
stock, and more precise instrumentation and easier insertion
[22, 39]. Previous reports have described satisfactory results
in terms of anterior knee pain and failure rates at interme-
diate-term followup [10, 22, 25, 26]. Additionally, there is
some biomechanical evidence supporting superior fixation
strength of an inlay design over an onlay design [39]. Despite
relatively widespread use, there are few long-term data on
the survivorship or clinical results of inset biconvex patella
components in knee arthroplasty. We have sought to present
our experience with this implant at 10 years followup and to
compare our results with those that have been historically
reported for other types of patella implants, particularly
regarding survivorship and anterior knee pain.

This study has numerous limitations. Selection bias
exists as a result of incomplete followup for numerous
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most recent radiograph for the 213 patients either deceased or lost to
followup, for whom only chart or radiographic followup was
available. Dotted lines indicate 95% confidence intervals.

surviving patients, those lost to followup, and the large
number of patients who had died, although this is inevi-
table given the age of the patient cohort being studied and
long duration of followup. We have presented the clinical
results for 204 surviving patients with apparently well-
fixed implants primarily to quantify the prevalence of
anterior knee pain and review factors that may be associ-
ated with anterior knee pain. The description of the clinical
results excludes 182 patients (42%) deceased at review, 31
patients (7.2%) lost to followup, two patients (0.5%) with
recent radiographic review only (but no clinical followup),
and 14 surviving patients (2.7%) with radiographically
loose implants. However, chart records and the last avail-
able radiographs were reviewed for the entire cohort, and
all known failures and complications are presented. All
patients subsequently are included in the survivorship
analysis. Followup was incomplete for numerous surviving
patients who were unable to attend for radiographs or
clinical examination; for patients in Group 2 (those with
clinical followup by questionnaire but without a recent
radiograph), this may underestimate the prevalence of
complications that may be apparent radiographically only.
Two differing designs of knee replacement were used
(Genesis@‘ I and II), which adds another confounding factor
to the analysis. The study is retrospective, therefore data
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Table 2. Radiographic outcomes for cases in Group 1*

Radiographic measurement Value

Thickness patella bone 12 (5-21)
on lateral radiograph (mm)

Thickness patella bone 13 (6-20)
on skyline radiograph (mm)

Percent of patella covered by implant 89 (68-101)
on lateral radiograph

Percent of patella covered by implant 77 (58-96)

on skyline radiograph
Mean Insall-Salvati ratio 1.00 (0.37-1.45)

Mean Blackburne-Peel ratio 0.61 (0.26-1.19)

Average tilt patella to femur 4.9 (—11-18)
(degrees) (positive values = lateral tilt,
negative values = medial tilt)

Average tilt implant to patella (degrees) —1 (—10-8)

* Excluding revisions and radiographic loosening of patella implant;
values are expressed as means, with ranges in parentheses.

Table 3. Comparison of radiographic and clinical outcomes between
patellas in Group 1

Outcome Lateral facet Central p Value
patella articulates tracking
with component  of patella
(48%)* implant (35%)*
Percent with anterior 5.1 6.7 0.73
knee pain
Pain component 47 45 0.10
of Knee Society
score
Knee Society score 93 91 0.37

* Of the remaining cases: 4% articulation of medial facet of patella
with femoral component; 13% indeterminate.

collection was incomplete in some areas, and imperfect
radiographs in some cases were not included in the anal-
ysis. At the time of data collection, there was no
universally accepted instrument for assessment of
patellofemoral pain after TKA. The method we chose to
assess anterior knee pain reflects information we collected
prospectively in our database, being whether anterior knee
pain was present and the severity on a visual analog scale,
although the method has not been validated. We used prior
publications on patella component outcomes as our control
group. Comparison of survivorship, prevalence of anterior
knee pain, and radiographic data involve referencing these
historical controls, in which differing definitions of end
points make direct comparison difficult. The strength of
this study is that one reviewer collected all radiographic
data and conducted the phone interviews, eliminating
interobserver variability but potentially introducing sys-
temic bias.

@ Springer

Our results suggest similar survivorship of this implant
compared with those of other current and previous designs
of cemented all-polyethylene patella components, although
there is no clear advantage (Table 4). As in one other study
[3], we found avascular necrosis is a major factor con-
tributing to aseptic failure of cemented all-polyethylene
patella components, although we could not correlate the
use of lateral release to the occurrence of avascular
necrosis. Failure to preserve an intact rim of bone around
the implant, as indicated by the lack of a superior rim on
lateral radiographs, also appears to be a factor in failure of
this implant in some cases. With knee flexion we suppose a
superiorly directed shear force is applied to the component,
which can lead to failure of the implant, although there are
no biomechanical studies to confirm or refute this.
Although we could not correlate other factors to failure of
this implant, a recent study of an onlay all-polyethylene
patella component involving large numbers (8531)
reported lateral release, BMI greater than 30 kg/m?, flexion
greater than 100°, preoperative valgus alignment of 10° or
greater, medial patella component position, and a tibial
component greater than 12 mm were associated with
aseptic loosening of the patella component [30]. The rate of
fracture in our study was low, and most fractures occurred
in relation to osteonecrosis.

Although one study showed improvement in patella
tracking with an inset patella component over an onlay
patella component [14], our data do not show any clear
advantage of the inset patella with respect to patella tilt
over that of other designs (Table 5). This finding is not
unexpected given that, although accurate implantation of a
patella component is important in satisfactory patella
tracking, other factors such as femoral and tibial compo-
nent rotation, femoral component size and morphology,
and soft tissue tension also influence patella tracking. Our
results, and those of previous studies of inset patella
components [14, 22], do suggest, in the majority of cases,
the component is implanted within a neutral range
(between —5° and +5°) with respect to the patella bone.
Newer techniques of patella resection and preparation of
onlay patella components, however, also seem to provide
satisfactory alignment of the patella [29].

Comparison of anterior knee pain prevalence between
different studies is difficult given there is no universally
accepted outcome instrument for assessing patellofemoral
pain. Previous studies have reported anterior knee pain
rates between less than 1% [6] and 47% [9] for knee
arthroplasties performed with an all-polyethylene patella
component. Given this limitation, our results are broadly
equivalent to those that have been described for this type of
patella component and for those of other designs (Table 6).
We could not find any demographic factor that correlated
with the presence of anterior knee pain or pain scores.
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Table 5. Comparison of patella tilt in TKA

Study Number Type of Average tilt % within neutral Average tilt % within neutral
of cases component patella-femur (patella-femur) implant-patella (implant- patella)

(degrees) (degrees)

Lewonowski et al. [28] 62 Onlay 8.3 (for central 65
placement)
11 (for medial
placement)

Bindelgass et al. [4] 234 Onlay 54.7
Ledger et al. [27] 80 Dome 2.3 92.5 2 88
Kawano et al. [21] 62 Onlay —1 81 3.2 76
Gomes et al. [14] 40 Onlay and inset 8.3 (onlay) Not specified (onlay) 5.9 (onlay) 50 (onlay)

1.8 (inset) 90 (inset) 1.4 (inset) 90 (inset)
Larson et al. [24] 228 Onlay 4.5 70, 76

(2 different
designs)

Lombardi et al. [29] 55 Onlay 1 89
Baldini et al. [1] 100 Onlay Not specified 83
Kitsugi et al. [22] 53 Inset 3 Not specified 0 100
Current study 166 Inset 5 63.3 1.6 94
Table 6. Comparison of anterior knee pain in TKA with patella resurfacing
Study Number of cases Mean followup (years)  Type of implant % with anterior knee pain
Baldini et al. [1] 100 8.5 Onlay 19
Barrack et al. [2] 93 (47 resurfaced) 5.8 Onlay 19
Wood et al. [44] 220 (92 resurfaced) 4 Onlay 16
Waters and Bentley [43] 474 (243 resurfaced) 53 All polyethylene, type not stated 53
Larson et al. [24] 228 54 Onlay 8.3
Kaper et al. [19] 300 1.6 Inset 5.3
Kitsugi et al. [22] 53 6.3 Inset 7.5
Smith et al. [40] 181 (87 resurfaced) 4.4 Inset 30
Current study 242 11.4 Inset 7.8

Other studies generally have had similar findings, although
one study did find a correlation between weight and ante-
rior knee pain [44]. Similar to others [4, 19, 23], we could
not correlate any radiographic factor to anterior knee pain,
particularly patella tilt. However, a recent study using a
new patellofemoral scoring system and radiographic tech-
nique did report a correlation of anterior knee pain and
patella tilt [1].

One of the potential criticisms of this inset biconvex
implant is, given the wider mediolateral dimensions of the
native patella compared with the superoinferior dimen-
sions, a portion of the lateral facet of the patella can remain
uncovered by the implant, which could be a potential
source of pain if it subsequently articulates with the fem-
oral component. Our study, however, showed articulation
of an uncovered portion of the patella with the femoral

@ Springer

component did not correlate with the presence of anterior
knee pain or a lower Knee Society score.

We did not attempt to address the question of whether
routine patella resurfacing is warranted. If the decision has
been made to resurface the patella, an inset biconvex
patella component represents an alternative to onlay patella
components. The technique and instrumentation give sat-
isfactory alignment in terms of tilt of the component in
relation to the patella bone in the majority of cases. The
survivorship, complications, and clinical results are
equivalent to those historically reported for other designs
of patella replacement.
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