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Abstract

Purpose: Patellar resurfacing in total knee arthroplasty (TKA) remains controversial as recent meta-analyses have not
shown its clear superiority; however, most authors recommend it because it is associated with less frequent anterior
knee pain and need for reoperation. We aimed to clarify the changes in patellar cartilage thickness in no patellar
resurfacing TKA using a ceramic femoral component on magnetic resonance imaging (MRI).

Methods: Between 2009 and 2014, 40 consecutive patients (59 knees) were included in this study. All patients
underwent TKA using zirconia ceramic femoral implants without patellar resurfacing. Indications for no patellar
resurfacing TKA were absence of anterior knee pain, patellar compression pain, and osteoarthritic changes in the
patellofemoral joint on plain radiography. The mean postoperative follow-up duration was 81.5months (range,
25-131 months). Clinical and radiological evaluations were performed preoperatively and 5 years after TKA. Patellar
cartilage thickness was evaluated preoperatively and every year for 5years after TKA using MRI T2-weighted imaging.
The patellar cartilage was divided into three regions of interest: medial, central, and lateral. To standardise the variation
in patellar thickness among patients, the percent cartilage thickness was calculated.

Results: The implant’s position was appropriate in all cases. Compared to preoperative scores, 5years postoperatively,
the Japanese Orthopedic Association score and Oxford knee score significantly improved from 52.1 to 84.7; mean tilt-
ing angle and congruence angle did not change significantly; mean lateral shift ratio significantly increased from 7.1%
to 14.6%; cartilage thickness significantly decreased (P < 0.05); and the percentage cartilage thickness of the central,
medial, and lateral cartilage zones gradually thinned to less than half. Four patients underwent conversion to patellar
resurfacing due to anterior knee pain, without loosening the femoral and tibial implants.

Conclusion: The patellar cartilage thickness decreased to less than half its preoperative level within 5years after no
patellar resurfacing TKA; this would led to clinical problems and conversion to patellar resurfacing.

Level of evidence: Level lll.
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Introduction

While total knee arthroplasty (TKA) is commonly per-
formed for end-stage osteoarthritis (OA) of the knee,
orthopaedic surgeons are still seeking clarification
regarding the indications for patellar resurfacing during
this procedure [3]. Currently, the decision to perform
patellar resurfacing is still largely based on the sur-
geon’s preference, experience, and training [27]. Some
surgeons prefer selective non-resurfacing of the patella
for patients with OA [3, 29], while others prefer rou-
tine patellar resurfacing for more predictable results
[30, 31]. The potential risk of patellar fracture leading
to patellar resurfacing and the challenge posed while
managing the resurfaced patella at revision has led
some authors to advocate the non-resurfacing of patella
technique during TKA [26].

Recently published meta-analyses have demon-
strated no significant advantages of patellar resurfacing
over non-resurfacing during primary TKA [6, 25, 26].
However, most authors recommend patellar resurfac-
ing because it is associated with less frequent anterior
knee pain (AKP) and the need for reoperation [4, 21,
22]. Furthermore, the concern is whether the patellar
cartilage has been affected after non-resurfacing patel-
lar TKA. To address the effect on patellar cartilage, its
radiological evaluation has been considered important.
However, postoperative imaging of TKA using mag-
netic resonance imaging (MRI) is difficult due to the
susceptibility of implants, which are generally made
of cobalt-chrome, to generate artefacts despite recent
metal artefact reduction techniques [11, 16]. Therefore,
further trials using patellofemoral (PF)-specific evalu-
ations are needed to clarify the effect of non-patellar
resurfacing during primary TKA on the PF joint. A pre-
vious prospective study demonstrated and compared
the quantitative changes in the patellar cartilage 1year
after TKA without patellar resurfacing using delayed
gadolinium-enhanced MRI of cartilage (IGEMRIC) and
T2 mapping at 3.0 T [18]. The authors of the study con-
cluded that clinical scores were not significantly differ-
ent between the two groups; however, MRI showed that
osteoarthritic changes in the patellar cartilage occurred
lyear after TKA. They speculated that the osteoar-
thritic changes in the patellar cartilage after non-
resurfacing patellar TKA could influence future clinical
outcomes. We thought that the wear of patellar carti-
lage could be detected on conventional MRI at 1.5T
in longitudinal observation. In cases of non-patellar

resurfacing, details concerning the changes in patellar
cartilage quality over time are crucial to decide whether
to resurface the patella. Furthermore, it was necessary
to clarify the mid-term effects of changes in the patellar
cartilage on clinical outcomes.

We hypothesised that patellar cartilage degenera-
tion occurs after TKA using ceramic implants without
patellar resurfacing, and patellar cartilage wear after
TKA without patellar resurfacing may cause PF joint
pain. The aim of this study was to characterise quantita-
tive and longitudinal changes in patellar cartilage thick-
ness over time after non-resurfacing patellar TKA using
ceramic implants by using MRI, and to clarify the effect
of changes in the patellar cartilage on clinical outcomes.

Materials and methods

Study design

This retrospective cohort study was performed between
January 2009 and December 2014, and included 40 con-
secutive patients (59 knees) who underwent TKA using
a zirconia ceramic implant (LFA, PS-type Kyocera Com-
pany, Japan). Each patient received conservative treat-
ment for at least 3 months. The inclusion criterion was
persistent pain due to OA of Kellgren and Lawrence
grade 4, while the exclusion criteria included: (1) AKP in
daily life; (2) positive patellar compression test; (3) severe
OA in the PF joint on plain radiography and MRI; (4)
patellar maltracking during TKA surgery; and (5) a his-
tory of infection in the knee.

Patient demographics

The demographic data are presented in Table 1. There
were 5 male and 35 female patients with a mean age of
72.2 (range, 60—83years) at the time of surgery. Overall,
all 59 knees were diagnosed with OA of Kellgren and
Lawrence grade 4. This study was approved by the NTT
Higashi-Nihon Hospital Institutional Committee on

Table 1 Patients'background characteristics

Variable Frequency
Age (y) 722(7.3)
Male/female (patients) 5/35
Right/left side (knees) 31/28

BMI (kg/m?) 253 (43)

Data are reported as mean (standard deviation)
BMI body mass index
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Ethics, and all patients provided informed consent for
this study (Trial number: 19-00469).

TKA procedure

All the patients were treated by an experienced surgeon
(M.L) at our hospital. Surgery was performed using the
medial parapatellar approach with the patient in prone
position. The distal femoral cut was performed first to
use an intramedullary alignment rod. To obtain restricted
kinematic alignment, we set the alignment perpendicu-
lar to the mechanical axis. Next, the tibial cut was per-
formed to use the adjustable intramedullary alignment
rod, and the tibial component rotation was aligned to
the medial third of the tibial tubercle. We used an inde-
pendent cut (measured resection), and the condylar twist
angle (CTA), which was defined as the angle between the
epicondylar and posterior condylar lines, was measured
in all cases using computed tomography (CT) and MRI
before the operation in order to cut the bone accurately.
A bone cut, based on the surgical epicondylar line, was
performed in every case. We used the cemented low-
friction anatomic (LFA, CR-type, Kyocera Company,
Japan) type of prosthesis. This implant is made of zirco-
nia ceramics and is designed especially for the Japanese
anatomical shape [33]. The osteophytes and synovium
around the patella were removed during the operation.
Patella tracking was assessed in all cases, and lateral
release was not performed in any case.

Clinical and radiological evaluations

The patients were evaluated using the Japanese Orthope-
dic Association (JOA) score for osteoarthritic knees, with
a total of 100 points: pain and walking=30 points, pain
and stairs up and down = 25 points, range of motion=35
points, and swelling=10 points) [32] and the Oxford
knee score [5]. Clinical evaluations were performed
preoperatively, 1lyear, and 5years after TKA by three
orthopaedic surgeons (T.S., J.U,, and D.S.). During physi-
cal examination, the range of motion and patellar com-
pression pain were assessed. Radiographs were obtained
both before and 5years after TKA. The lateral femoroti-
bial angle was measured on an anteroposterior weight-
bearing radiograph of a single leg with the knee joint in
extension. The mechanical axis percentages were meas-
ured on an anteroposterior radiograph of the entire lower
limb taken with a long cassette in the one-leg standing
position. The Insall-Salvati index [14] and Caton—Des-
champs index were estimated using lateral radiographs.
The tilting angle, congruence angle, and lateral shift
ratio [28] were determined from plain X-ray images in
the skyline view. To evaluate the accurate placement of
the femur and tibia implants, radiographic evaluation of
the components after TKA was performed according to
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the Knee Society Grading Scale [7]. To accurately evalu-
ate the bone cut, the CTA was also measured using axial
MRI preoperatively and postoperatively.

MRI evaluation and method of measuring patellar cartilage
thickness

All patients underwent MRI evaluations preoperatively
and every year for 5years after TKA surgery. MRI was
performed using a 1.5-Tesla whole-body clinical scanner
(Ingenia 1.5T Ambition; Philips Healthcare, Best, The
Netherlands). The PF joint of each subject was centred
in a microscope coil in the supine position with the knee
slightly flexed. Three-plane (axial, coronal, and sagittal)
localiser imaging was performed for the PF joint.

The patellar cartilage thickness was measured accord-
ing to the following steps: (1) a line, [a], was drawn from
the medial edge of the patella to the central edge of the
patella; (2) a line, [b], was drawn from the lateral edge of
the patella to the central edge of the patella; (3) the mid-
point of line [a] was labelled [M], the midpoint of line [b]
was labelled [L], (4) and the central edge of the patella
was labelled [C]; (5) cartilage thicknesses in the central,
medial, and lateral regions were calculated at [C], [M],
and [L] (Fig. 1). The dotted lines [c], [m], and [1] are the
cartilage thicknesses in the central, medial, and lateral
facets, respectively. To standardise the variation in patel-
lar thickness among patients, the percent cartilage thick-
ness was calculated.

Statistical analysis

All data are presented as mean =+ standard deviation. A
commercially available software program (GraphPad
Software, Inc., San Diego, CA, USA) was used for the sta-
tistical calculations. An a priori power analysis was per-
formed. In a study by Kumahashi et al. [18], the difference
between preoperative TKA JOA scores and those after
1year was 25, and the standard deviation was estimated
to be 20. Based on this result, a sample size of 18 was cal-
culated to have a 95% power to test our hypotheses. The
paired ¢-test was used to assess radiological differences
between before TKA and 5years after TKA. Repeated-
measures analysis of variance was used to assess clini-
cal differences between before TKA and 1 and 5years
after TKA, to compare the amount of change in cartilage
thickness preoperatively and 5years postoperatively in
the central, medial, and lateral cartilages after TKA, and
to assess the percentage cartilage thickness and the car-
tilage thickness of the central, medial, and lateral facets
over a 5-year period. The association between changes in
patellar thickness in the central, medial, and lateral fac-
ets and functional knee score 5years after TKA was cal-
culated using Pearson correlation. The significance level
was set at P=0.05.
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Fig. 1 Method of measuring patellar cartilage thickness using an axial single MRl image [a] is a line from the medial edge of the patella to the
central edge of the patella; [b] is a line from the lateral edge of the patella to the central edge of the patella; [C] is the central edge of the patella;
[M] is the midpoint in line [a]; [L] is the midpoint in line [b]. Dotted lines [c], [m], and [I] represent the cartilage thickness in the central, medial, and
lateral facets, respectively. MRI, magnetic resonance imaging

Results these improved scores significantly worsened 5years

Overall clinical and radiological outcomes

The component position was appropriate for all the
cases (Table 2). The JOA score and the Oxford knee
score significantly improved 1year postoperatively, but

Table 2 Patients’'Knee Society grading scores

Knee Society grading scale

a 980 (3.2)
P 89.8 (2.6)
y 39(27)

S 85.5 (3.0)

Data are reported as mean (standard deviation)

postoperatively (Table 3). The rate of AKP was 18.7%,
5years postoperatively. The mean lateral femorotibial
angle changed significantly from 183.1. to 173.3°. The
mean MA shifted to a point 47.9% lateral to the medial
edge of the tibial plateau. The Insall-Salvati index and
Caton-Deschamps index did not significantly change
preoperatively and 5years postoperatively. The mean
tilting angle and congruence angle did not significantly
change preoperatively and 5years postoperatively. The
mean lateral shift ratio significantly increased from
7.1% to 14.6%. The CTA twist angle did not show signif-
icant change between before surgery and 5years post-
operatively (Table 4).

Table 3 Comparison of preoperative, 1-year postoperative, and 5-year postoperative clinical and radiological outcomes

Preoperative 1-year postoperative 5-year postoperative P-value

ROM (degree)

Extension —6.2 (10.6) —16(54) —1.78 (5.4) 0.002 ? (Pre vs 1-year post: 0.005 b, pre vs 5-years post:
0.008°)

Flexion 1259 (14.7) 115.8 (10.2) 113.5(8.2) <0.0001 ? (Pre vs 1-year post: <0.0001 b pre vs 5-years
post: <0.0001 b 1-year post vs 5-years post: 0.007 by

JOA score (points) 52.3(10.0) 84.8 (5.0) 775(74) <0.0001 ? (Pre vs 1-year post: <0.0001 b pre vs 5-years
post: <0.0001 b 1-year post vs 5-years post: <0.0001 by

Oxford knee score (points) 17.7 (4.4) 35.0(2.3) 32.3(3.6) <0.0001 ? (Pre vs 1-year post: <0.0001 b pre vs 5-years

post: <0.0001 b 1-year post vs 5-years post: <0.0001 by

Data are reported as mean (standard deviation), unless otherwise indicated. Bolded P-values indicate statistical significance (P <.05)

JOA score Japanese Orthopedic Association score for osteoarthritic knee, ROM range of motion

? One-way analysis of variance

b Significant difference between preoperative, 1-year postoperative, and 5-year postoperative groups (post hoc Tukey-Kramer test)
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Table 4 Comparisons of preoperative and 5-year postoperative
clinical and radiological outcomes

Preoperative 5-year P-value
postoperative

FTA (°) 184.0 (4.4) 173.6 (34) <0.0001
MA (%) 1.8(184) 483 (12.5) <0.0001
Insall-Salvati ratio 1.1(0.13) 1.0(0.15) 0.1521
Caton-Deschamps 1.0(0.11) 098 (0.11) 0.4606
index
Tilting angle (°) 55(3.4) 46 (4.4) 0.1583
Congruence angle (°)  9.3(9.0) 9.3(10.0) 0.6018
Lateral shift ratio (%) 7.8 (54) 14.8 (6.0) <0.0001
Condylar twistangle 2.7 (1.8) 28(1.7) 0.9525

©)

Data are reported as the mean (standard deviation), unless otherwise indicated.
Bolded P-values indicate statistical significance (P<.05)

Significance levels with Student'’s t-test

FTA lateral femorotibial angle, MA mechanical axis
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Longitudinal analyses

Longitudinal data showed that the percentage carti-
lage thickness and cartilage thickness of the central,
medial, and lateral facets thinned gradually over the
5-year period (Fig. 2A and B). The percent cartilage
thickness and cartilage thickness of the central, medial,
and lateral facets 5years postoperatively were signifi-
cantly decreased compared to the preoperative values
(Table 5). The degree of change in cartilage thickness
in the lateral facet was significantly decreased com-
pared to that in other facets (central vs. lateral <0.0001,
medial vs. lateral 0.0005) (Table 6). Four patients
underwent conversion to patellar resurfacing due to
AKP after non-patellar resurfacing TKA (Fig. 3).

Correlations between the cartilage thickness in the patella
(central, medial, and lateral facets) and functional knee
score (JOA score and Oxford knee score)

A significant association was observed between the carti-
lage thickness and functional knee scores 5years after TKA.
Cartilage thickness in the central, medial, and lateral facets
was significantly associated with JOA scores 5years after
TKA (Fig. 4A). Cartilage thickness in the central, medial,
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Fig. 2 Longitudinal analyses of the percent cartilage thickness and cartilage thickness over a 5-year period. Longitudinal evaluation of changes in
patellar cartilage thickness in patients undergoing non-patellar resurfacing total knee arthroplasty. *P < 0.05, versus preoperative value
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Table 5 Comparisons of the preoperative and 5-year postoperative patellar cartilage thickness and percentage cartilage thickness

Preoperative 5-year postoperative P-value

Thickness % thickness Thickness % thickness Thickness % thickness
Central facet 2.87(0.74) 100 1.30 (0.41) 463 (12.3) <0.0001 <0.0001
Medial facet 3.03 (0.86) 100 1.38(0.39) 49.1(17.8) <0.0001 <0.0001
Lateral facet 3.44(0.92) 100 1.29 (0.39) 39.3(129) <0.0001 <0.0001

Data are reported as the mean (standard deviation), unless otherwise indicated. Bolded P-values indicate statistical significance (P<.05)

Significance levels with Student’s t-test

Table 6 Comparisons of the degree of cartilage thickness change in the central, medial, and lateral facets

Central facet Medial facet

Lateral facet

P-value

Amount of change in cartilage thickness  1.57(0.63) 1.64 (0.82)

2.14(0.83)

<0.0001 ? (Central vs Lateral <0.0001 °, Medial vs Lateral
0.0005 )

Data are reported as mean (standard deviation) unless otherwise indicated. Bolded P-values indicate statistical significance (P <.05)

2 One-way analysis of variance

b Significant difference between groups central and lateral facet, medial and lateral facet (post hoc Tukey-Kramer test)

MRI, magnetic resonance imaging

Fig. 3 The patient underwent conversion to patellar resurfacing after non-patellar resurfacing TKA. A MRI before surgery (B) MRI after non-patella
resurfacing TKA; the patella thickness is decreased compared to the thickness before TKA (C) Intraoperative view of the patellar cartilage reveals
excessive articular cartilage wear of the patella in patients undergoing non-patella resurfacing total knee arthroplasty. TKA, total knee arthroplasty;

and lateral facets was significantly associated with Oxford
knee score 5years after TKA (Fig. 4B). A positive correlation
suggested a PF joint problem in decreasing patellar cartilage.
In addition, both the knee scores and cartilage thickness at
Syears after surgery were lower than those at 1year after sur-

gery (Fig. 5).

Discussion

The most important finding of the present study was
that the cartilage thickness in the patella was reduced
to less than half its preoperative level within 5years
after non-patellar resurfacing TKA despite the use of
a zirconia ceramic implant with high biocompatibility.
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Fig. 4 Correlations between cartilage thickness and functional knee score. Correlation analyses between cartilage thickness in the patella (central,
medial, and lateral facets) and (A) JOA score and (B) Oxford knee score 5years after total knee arthroplasty. JOA score, Japanese Orthopedic
Association score

Furthermore, the functional knee score significantly
worsened with a reduction in cartilage thickness in the
patella. These results suggest that non-patellar resurfac-
ing TKA, despite the use of a zirconia ceramic implant,
might cause PF joint problems.

Although there have been many reports that have
compared the clinical outcomes and complication rates
between patellar resurfacing and non-patellar resurfac-
ing in TKA [6, 9, 19, 24, 25], to our knowledge, there are
no reports on the longitudinal observation of changes
in patellar cartilage thickness after non-patellar resur-
facing TKA. Assessment of patellar cartilage thickness
using MRI has high technical validity and is appropriate
[8]. Previously, Kumahashi et al. reported that dGEM-
RIC allowed the quantitative evaluation of the patellar
cartilage after TKA [18]. In that study, the postoperative
dGEMRIC values of the outer medial half of the superfi-
cial zone of the patellar cartilage in the non-resurfacing
group were significantly decreased compared to the pre-
operative values, and the postoperative cartilage thick-
ness of the outer zone of the patella was significantly
thinner than the preoperative thickness. However, the

study by Kumahashi et al. showed changes in the thick-
ness of the patellar cartilage only 1year postoperatively
and did not evaluate longitudinal changes. In contrast,
our data included longitudinal measurements of the
thickness of the patellar cartilage over a 5-year period,
and clearly suggest that non-patellar resurfacing TKA
may result in a decrease in the thickness of the patellar
cartilage despite using a zirconia ceramic implant. The
strength of our study was the longitudinal observation
of changes in patellar cartilage thickness over a 5-year
period after non-patellar resurfacing TKA.

In our study, we used a zirconia ceramic implant
(LFA®) with high biocompatibility. Nevertheless, car-
tilage thickness in the patella was reduced to less than
half of the preoperative value within 5years after non-
patellar resurfacing TKA. Decreasing patellar cartilage
thickness mainly depends on the increasing pressure
on the PF joint. The cause of increasing pressure on the
PF joint is dependent on body mass index [15], implant
design, implant position, radiological factors includ-
ing patella height [20], and patella tracking course.
Regarding implant design, LFA®, which was designed
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to accommodate the non-resurfaced patella, was used
in our study. The patella groove design has an anatomi-
cal femoral groove angle of approximately 130° [33].
Therefore, it does not seem to be associated with an
increase in pressure on the PF joint and implant design.
Next, the implant position was appropriate in all cases,
and radiological factors, such as patellar height, did
not change before and after TKA. Finally, in the patella
tracking course, the patella is inclined to shift later-
ally due to the change in knee alignment from varus to
normal, so that the pressure of the PF joint might be
changed. This was consistent with the fact that the car-
tilage thickness of the lateral facet decreased compared
to that of the central and medial facets postoperatively.
A previous study reported that the cartilage thickness
of the lateral zone was significantly thinner postopera-
tively, and the patella was inclined laterally (lateral shift
ratio was 10.8) [23]. The PF joint pressure may be local-
ised and concentrated on the lateral facet of the patella.
This finding suggested that the pressure on the PF joint,

especially the lateral zone, may have been increased in
our study.

A previous systematic review showed that most meta-
analyses unanimously reported equivalent results after
patellar resurfacing compared to non-resurfacing in
terms of functional scores and complication rates; how-
ever, an increased risk of reoperation after patellar non-
resurfacing was reported [9]. Persistent AKP remains
an important clinical issue after non-resurfacing patella
TKA [10]. Its exact aetiology remains subtle, and the
effects of prosthesis design, surgical technique, the
degree of patellar chondromalacia, preoperative AKP,
and patellar tracking alteration on the prevalence of post-
operative AKP remain undefined [1]. A previous study
reported an average AKP incidence of 10% in non-resur-
faced cases compared to 3.3% in resurfaced cases [24].
After 5years of follow-up, 5% of patients in that study
had persistent AKP in the resurfaced side compared
to 23% of patients who complained of such pain in the
non-resurfaced side. The overall incidence of AKP was
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higher in patients who underwent TKA and had a non-
resurfaced patella than in those who had a resurfaced
patella. In our study, the incidence of AKP 5years post-
operatively was 18.7%, which was similar to previously
reported data. However, it can be clinically difficult to
determine the cause of AKP in a patient without patellar
resurfacing, as many other pathologies can have similar
presentations (subclinical infection, patellar maltracking,
mid-flexion instability, and component malrotation). We
should also interpret these results with caution because
the use of different scoring systems has resulted in vari-
ations in objective AKP assessment and has contributed
to the observed heterogeneity. Moreover, the rate of
reoperation for patellar non-resurfacing was the main
concern for the investigation. In most previous studies,
a lower risk for reoperation was reported after patellar
resurfacing compared to that after non-resurfacing [13,
19, 25]. In contrast, Parvizi et al. [23] reported no sig-
nificant difference in the re-intervention rate between
the resurfaced and non-resurfaced patella. The cumula-
tive percentage revision rate for patellar resurfacing after
non-resurfacing patella TKA was reported to be 10-15%
after primary TKA within a 5-10-year follow-up period
[2, 19]. The revision rate in our study (6.7%) was lower
than that in previous studies. Furthermore, patients’
activity levels must be considered. The mean age of our
patients (72.2years) was higher than that of patients in
other studies (the mean age ranged from 60 to 70years)
[2, 19]. Therefore, the activity level of patients in our
study may have been lower; hence, close attention had to
be paid to our patients to avoid overloading the implants.

We must consider the effect of decreasing cartilage
thickness in the patella on clinical outcomes. This study
demonstrated a correlation between decreasing carti-
lage thickness in the patella and functional knee scores.
Decreasing cartilage thickness in the patella can cause
PF joint problems. Decreasing cartilage thickness is
caused by vigorous physical activities, such as jogging,
squatting, and climbing stairs, that subjects the knee to
repeated stress. It can also be caused by abnormal track-
ing of the patella in the trochlear groove. Hence, we must
consider that the scoring system is not specific for PF dis-
orders. The total JOA score for osteoarthritic knees was
a total of 100 points: pain and walking, 30 points; pain
and stairs up and down, 25 points; range of motion, 35
points; and swelling, 10 points [32]. The PF joint problem
accounts for 25% of the total points. There is a possibil-
ity that another factor is related to worsening functional
knee score; hence, it may be difficult to determine
whether decreasing cartilage thickness in the patella
leads to degraded clinical outcomes. To our knowledge,
the Kujala score is a specific scoring system for PF dis-
orders to evaluate subjective symptoms and functional
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limitations in PF disorders [17]. However, it includes
high-load activities, such as squatting, running, and
jumping. Therefore, it is not suitable to evaluate the PF
joint outcome after TKA in elderly patients. Although it
was necessary to assess the correlation between decreas-
ing cartilage thickness in the patella and the functional
knee score precisely, it might be inadequate to use only
the current scoring system.

This study has several limitations. First, the number of
patients was small due to the limited criteria for indica-
tion in this study. Therefore, further studies with larger
sample sizes are required to verify the findings of this
study. Second, this study lacked a control, which could
have been a non-resurfaced patella CoCr implant in
TKA. We did not evaluate the difference between the
effect of ceramic implants and that of metal implants
on cartilage thickness in non-resurfaced patella in TKA.
However, in case of metal implants, it is difficult to assess
the cartilage thickness accurately using MRI due to metal
artefacts and make comparisons between the ceramic
and metal implants. Third, we evaluated only one slice
of the patella using MRI. We selected an axial MR image
slice, which was the centre of the patella, to evaluate
patellar thickness. Therefore, errors in image slice selec-
tion may occur and influence the measurement of patel-
lar cartilage thickness. Fourth, we evaluated the implant
positioning using conventional X-rays and 2D-CT. The
most accurate method to evaluate implant positioning
is 3D-CT [12]; however, we did not perform a full limb
CT in this series. We could not rule out the effect of rota-
tional or sagittal malalignment of the femoral component
precisely on clinical outcomes. Finally, we did not com-
pare and evaluate the natural course of degeneration of
the patellar cartilage in intact knees of elderly patients
with annual MRI.

Conclusion

The cartilage thickness in the patella was reduced to less
than half of the preoperative level within 5years after
non-patellar resurfacing TKA. This would lead to clinical
symptoms of AKP and conversion to patellar resurfacing.
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