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Abstract
Purpose In Norway, 19 % of revisions of non-resurfaced total
knee arthroplasties done for knee pain between 1994 and 2011
were Secondary Patella Resurfacing (SPR). It is, however,
unclear whether SPR actually resolves the pain. The aim
was to investigate prostheses survival and clinical outcomes
following SPR.
Method A total of 308 knees (301 patients) with SPR were
used to assess implant survival, and a sub-cohort (n=114 out
of 301 patients) with Patient Reported Outcome Measures
(PROMs) data were used to assess the clinical outcomes.
The EuroQol (EQ-5D), the Knee Injury and Osteoarthritis
Outcome Score, and Visual Analogue Scales on satisfaction
and pain were used to collect PROM data. Outcomes were
analysed by Kaplan-Meier, Cox regression, and multiple linear regression.
Results The five- and ten-year Kaplan-Meier survival percentages were 91 % and 87 %, respectively. Overall, 35 knees were
re-revised at a median follow-up of eight years and pain alone

(10 knees) was the main cause of re-revision. Younger patients
(<60 years) had nearly nine times higher risk of re-revision
compared to older patients (>70 years) (RR=8.6; p<0.001).
Mean EQ-5D index score had improved from 0.41 (SD 0.21)
preoperative to 0.56 (SD 0.25) postoperative following SPR. A
total of 63 % of patients with PROM data were satisfied with
the outcomes of SPR.
Conclusion The long-term prostheses survival following SPR
was satisfactory, although not as good as for primary knee
replacement. Patients’ health related quality of life improved
significantly following SPR. Still, more than a third of patients
with PROMs data were dissatisfied with the outcomes of the
SPR procedure.
Keywords Secondary patella resurfacing . Pain . Prostheses
survival . Functional outcome . Satisfaction . Health-related
quality of life
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According to some authors the risk of anterior knee pain and
the need for secondary patella resurfacing (SPR) after primary
total knee arthroplasties (TKAs) is higher after patella nonresurfaced primary prostheses than after a patella-resurfaced
primary TKAs [1–3]. In Norway, between 1994 and 2011,
19 % of revisions of patella non-resurfaced primary TKAs
were SPR due to pain [4]. However, it is not clear whether
the pain is resolved with SPR.
Several clinical studies have been published addressing the results of SPR, but the reported series are small
and none of these studies have reported implant survival and clinical outcomes as a combined outcome measure [5–10]. Moreover, as far as we know, only two
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Fig. 1 Description of the
selection of the study population.
Only patients with a minimum of
one-year post-operative follow-up
were included in the PROMs data
analyses (NAR 1994–2005)

Primary TKAs with non-resurfaced
patella reported to the NAR between
1994 and 2011
n=37342
Not revised
Revised

n=35674

n=1668
Revised with the removal, exchange and/or addition
of a part or the whole prosthesis due to any reason
except pain alone
n=1360

Study population used for
survival analysis (Revised with
isolated SPR due to pain alone)
n=308

Revised in the time period between 6th September 2005
n=116
and 31st December 2011

Patient died/emigrated before 5 th September 2005 n= 71

No response to the questionnaire

n=7

Study population with PROM
data used for clinical outcome
analyses n=114

register studies have reported the survival rate [1] and
patient’s satisfaction [11] following SPR, but they did
not assess other clinical outcomes, namely, the functional outcome, level of pain relief, and/or changes in
health-related quality of life (HRQoL) following SPR.
The aim of our study was to assess prostheses survival and clinical outcomes as well as to assess factors
that predict outcomes of the SPR procedure done to
painful non-resurfaced TKAs.

Materials and methods
Study population and source of data
This study was based on surgical procedure data from the
Norwegian Arthroplasty Register (NAR) and additional information on Patients Reported Outcome Measures (PROMs).
Only patients who underwent SPR after non-resurfaced primary TKAs due to pain alone (i.e. anterior knee pain and/ or
global knee pain) and reported to the NAR between 1994 and
2011 were eligible for this study. In this study, pain was considered as a primary reason for failure of TKA if not combined
with other causes of failure. Overall, 308 knees (301 patients)
were included in this study, and a sub-cohort of 114 of these
patients had PROM data based on which the clinical outcomes
of SPR were assessed (Fig. 1).

The NAR is a nationwide register initiated as a hip
arthroplasty register in 1987 and later extended to also include
arthroplasties of all other joints from January 1994. The NAR
does not record any prospective PROMs related to any knee
arthroplasty operations to date. Thus, we used unpublished
PROMs data collected in 2006 as a part of an earlier PhD
study project from the NAR [12]. The PROM data was collected using a self-administered postal-questionnaire sent to
all patients with revision knee arthroplasties reported to the
NAR between 1st January 1994 and 5th September 2005.
Only patients who had a minimum of one-year follow-up after
SPR were included in the postal-questionnaire survey.
The PROMs data used in the study were quality of life
according to the EQ-5D [13, 14], functional outcome using
Knee Injury and Osteoarthritis Outcomes Score (KOOS)
[15], Visual Analogue Scale (VAS) for satisfaction and
pain [16, 17], and questions related to musculoskeletal comorbidity (Charnley category) [18]. The EQ-5D index
scores range from 0 (indicating a health status close to
death) to 1 (indicating best possible health status). The
KOOS subscale scores and the VAS scores range from 0
to 100 with “0” indicating worst possible state and “100”
indicating the best possible state. Calculation of the KOOS
subscale scores and missing items was done in accordance
with the KOOS scoring 2012 guidelines (http://www.koos.
nu/index.html). A validated Norwegian version of KOOS
(http://koos.nu) and EQ-5D (http://www.euroqol.org) were
used.
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Statistics
The Kaplan-Meier and Cox regression analyses with
any causes for re-revision as the end point were used
to calculate implant survival probabilities and risk of rerevision, respectively. In the present study, the survival
times of implants were censored at the date of emigration or death or at the end of the study on December
31, 2011. The graphical examination (log minus log
plot) was used to assess the proportional hazard assumption of the Cox-regression model and the assumption was fulfilled.
A paired-samples t-test was conducted to evaluate
the impact of the revision operation on patients’
HRQoL. Multiple linear regression was used to assess
differences in mean scores in the PROMs. In all

analyses, p-values ≤ 0.05 were considered statistically
significant and the statistical analyses were performed
using the statistical software IBM-SPSS version 22.

Ethical clearance
The NAR has a license from the Norwegian Data Inspectorate
(reference number: 03/00058-15/JTA and last issued 19th
April 2012), and The Regional Committee for Research
Ethics in Western Norway approved the survey (date of issue:
02/23/2006, registration number: 046:06), with extended permission (latest date of issue 07/11/2012, registration number:
2012/1692/REK Vest).

(a) Overall

Table 1

Patient demographics of included cases

Variables

1994–2011a
n=308

1994–2005 b
n=114

224 (73.0)

79 (69.0)

148 (48.0)
86 (28.0)
74 (24.0)

48 (42.1)
38 (33.3)
28 (24.6)

Sex (n, %)
Female
Age at revision (n, %)
>70 years
60–70 years
<60 years
Charnley Category (n, %) c
A
B
C

18 (15.8)
17 (14.9)
75 (65.8)

EQ-5D index score (mean, SD) d
Pre-operative

0.41 (0.21)

Post-operative
Time between primary and revision operation (n, %)
≤3 years
229 (74.4)
>3 years
79 (25.6)
Time since revision operation (n, %)
≤5 years
108 (35.1)
>5 years
200 (64.9)
Primary diagnosis (n, %)
Osteoarthritis
243 (78.9)
Other
65 (21.1)
a

(b) For patients with or without PROM data

0.56 (0.25)
92 (80.7)
22 (19.3)
3 (2.6)
111 (97.4)
91 (79.8)
23 (20.2)

Refers to the whole study population (see Fig. 1)

b

Refers to the study population with PROM data in addition to the NAR
data (see Fig. 1)

c

Missing Charnley category (n=4). A=Involvement of the actual knee
only; B=Also involvement of the contra lateral (other) knee; C=Also
involvement of other joints or systematic problems limiting activity

d

Information on preoperative EQ-5D index score was not given by six
patients and on postoperative EQ-5D index score by ten patients

Fig. 2 Survival curve (Kaplan-Meier) for revision TKAs with isolated
secondary patella resurfacing (NAR 1994–2011). Re-revisions for any
cause were considered as the end point in the Kaplan-Meier survival
analysis
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Results

EQ-5D index score and change in pain severity level

Demographic characteristics

The mean EQ-5D index score significantly increased from
0.41 (SD 0.21) to 0.56 (SD 0.25) after SPR (Table 1). The
paired–samples t-test showed that each of the five EQ-5D
domains improved in mean scores after SPR but were statistically significant only for mobility (Δ mean =0.16 (SD
0.46), p<0.001), usual activities (Δ mean =0.16 (SD 0.57),
p=0.003), and pain/discomfort (Δ mean =0.51 (SD 0.73),
p<0.001). Overall, patients with the most severe pre-operative pain/discomfort in the EQ-5D domain gained most
(69 % of 71 patients) from the SPR procedure (Fig. 3).
Female sex was a risk factor for poorer outcome in the
mean ΔEQ-5D index score (p<0.05) (Table 3).

The demographic characteristics for the included cases are
summarized in Table 1. Of them, 73 % were women, 76 %
were 60 years or older at revision, 80 % had osteoarthritis as
primary diagnosis and 66 % were Charnley category ‘C’ patients. For the PROM data, 114 out of the 121 patients to
whom the postal-questionnaire were sent had responded to
the questionnaire yielding a response rate of 94.2 % (Fig. 1).

Survival of implants
The crude re-revision percentage was 11 % (35 of 308 knees)
at a median follow-up of eight years (range 0–17 years). Pain
alone (ten knees), loose femoral component (five knees), deep
infection (four knees), loose tibia component (four knees), and
instability (four knees) were the main causes of re-revision
following SPR. The Kaplan-Meier survival percentage was
91 % (95 %CI 87–94 %) at five years and 87 % (95 %CI
82–91 %) at ten years (Fig. 2a). The relative risk (RR) of rerevisions was higher in patients aged<60 years (RR=8.6;
95%CI 3.2–23.1; p < 0.001) compared to patients aged
>70 years (Table 2). We observed no statistically significant
differences in risk of re-revision following SPR between patients with and without PROM data (Fig. 2b).

Table 2

KOOS subscales
The mean scores in KOOS subscales were KOOS-pain, 55
(SD 25); KOOS-symptoms, 64 (SD 20); KOOS-ADL, 52
(SD 24); KOOS-sport/rec., 17 (SD 22); and KOOS-QoL, 38
(SD 26). Older age (>70 years) had a positive effect on all the
KOOS subscales compared to younger age (<60 years), but
the observed difference was statistically significant only for
the subscale KOOS-symptoms (p<0.05). Patients in the
Charnley category ‘A’ had better outcome in the KOOS
subscales scores compared to Charnley categories ‘B’ and
‘C’ (Table 3).

Cox-regression analyses. Relative re-revision risks were estimated with re-revision as the end point (NAR 1994–2011)

Variable

Re-revision/Revision

RR (95%CI)a

n=35/308

Unadjusted

Adjusted

Ref.
1.3 (0.6–2.6)

Ref.
0.8 (0.4–1.6)

0.5

Ref.
2.8 (1.1–6.8)
4.8 (2.0–11.5)

Ref.
2.4 (0.9–5.9)
8.6 (3.2–23.1)

0.07
<0.001

Ref.
1.2 (0.5–2.5)

Ref.
0.7 (0.3–1.6)

0.4

Ref.
1.1 (0.5–2.5)

Ref.
0.5 (0.2–1.3)

0.2

Sex
Female
24/224
Male
11/84
Age at revision (years)
>70
8/148
60-70
12/86
<60
15/74
Time between primary and revision operation (years)
≤3
26/229
>3
9/79
Primary diagnosis
Osteoarthritis
Other

27/243
8/65

p-value b

RR relative re-revision risks. RR estimated with re-revision for any cause as the end point
a

Adjusted for sex, age at revision, time between primary and revision operation, prostheses brands at primary operation, time since revision operation,
and primary diagnosis in the Cox-regression

b

P-values refer to the adjusted RR
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Preoperative pain
level

a

Postoperative pain
level b
a

Indicates pre-operative level of pain/discomfort
n = Number of patient

No pain c

b

Changes in level of pain (post-operative):

No pain (n=6)
Improvement (no pain)

Some pain

Improvement ( but with some pain)

Some pain (n=26)

No change

n=36
Major pain (n=4)

Worsening (with major pain)
c

No pain (n=8)

Some pain (n=41)
Major pain
n=71

Major pain (n=22)

2 patients had reported no pain pre-operatively
which may contradict with the reason for revision
operation reported by the surgeon. Thus, we
excluded them from the presentation of change in
severity level of pain. Five of the 114 patients with
PROMs had not reported either pre- or postoperative level of pain/discomfort in EQ-5D
domain

Fig. 3 Changes in severity level of pain in the EQ-5D-pain/discomfort domain

Pain-VAS and satisfaction-VAS
The mean pain-VAS and satisfaction-VAS scores were 55 (SD
25) and 51 (SD 27), respectively. Of the 114 patients with
PROM, 63 % reported medium to complete satisfaction (satisfaction-VAS ≥40 points) with the results of the SPR procedure, but 26 % reported severe to extreme/intolerable pain
(pain-VAS <40 points) after SPR.

Discussion
We assessed prostheses survival rate and clinical outcomes
after SPR of painful non-resurfaced TKAs. The survival rate
was 87 % at ten years and 35 knees were re-revised at a
median follow-up of eight years. Pain alone was the main
cause of re-revision and younger age (<60 years) was a risk
factor for re-revision. For the clinical outcomes, the mean EQ5D index score improved by 0.15 points and 63 % of the
patients with PROM were satisfied with the results of SPR.
Male patients had a better post-revision improvement in mean
EQ-5D index score, and patients in Charnley category ‘A’ had
significantly better mean score in KOOS subscales than the
other categories.
The incidences of anterior knee pain following patella nonresurfaced TKA vary between 4 % and 21.4 %; and up to 30 %
of these knees were revised with SPR in some studies [1, 7, 8].
Existing studies on revision TKA with SPR, except two register studies [1, 11], are based on a relatively small number of
cases (7 to 58 cases) and mainly reflect rather poor outcomes
of the SPR procedure in resolving anterior knee pain [5–9,
19]. Some of these studies reported that 45–66 % of patients

improved following SPR and 14–30 % deteriorated or experienced some complications from the revision [5, 7, 8].
In the present study, 11 % of patients were re-revised at a
median follow-up of eight years. Most re-revisions were done
for pain alone or for loosening. The high number of pain alone,
reported as a reason for re-revision, indicates that the procedure
does not resolve the pain in a large proportion of patients.
Possible explanations might be the presence of occult low
grade infection and unrecognised aseptic loosening that were
not detected pre-operatively by the available detection modalities. Other authors found worse results, namely, 11–18 % of
re-revisions at an average follow-up of three to five years after
SPR [1, 8, 10, 19]. The present study was based on a large
number of cases from a national register involving a large
number of surgeons and hospitals with different case volumes
as well as several prostheses, which could explain this difference in re-revision rate.
The significant improvements in mean EQ-5D index score
in the present study showed that SPR can be effective for
relieving persisting severe anterior knee pain following primary TKAs. Such improvement in the mean EQ-5D index score
following patella resurfacing was also reported by earlier studies on primary TKAs [20]. We found that only a few patients
(5 %) had worse pain after the SPR procedure and this finding
is in accordance with the worse pain symptoms (2.2–7 %)
reported by some earlier studies [19, 21]. However, 22 of
the 71 patients with severe pain problems pre-operatively
had not improved in their pain post-operatively (Fig. 3). The
possible explanation for this could be that knee pain following
TKA is not entirely related to the patellofemoral joint; rather it
is multifactorially related either to the implants design, the
surgical technique, malpositioning of implants and flexion/
extension gap imbalance that the surgeon did not detect, pain

2.7 (–7.7 to 13.1)

–8.2 (–22.5 to 6.2)

Indicates mean score differences from the reference group. Negative values are in favour of the reference group

Charnley category; A=Involvement of the actual knee only; B=Also involvement of the contra lateral (other) knee; and C=Also involvement of other joints or systematic problems limiting activity

**p<0.05

ΔEQ-5D Post-operative minus pre-operative EQ-5D index scores

c

b

Differences in the mean score were adjusted for sex, age at revision, time between primary and revision operation, time since revision operation, prosthesis brands used at primary operation, primary
diagnosis, and Charnley category in the multiple linear regression model. The covariates including time between primary and revision operation, time since revision operation, prosthesis brands used at
primary operation, and primary diagnosis had no statistically significant effect on the mean outcome scores of revision with isolated addition of patella component (p>0.5, data not shown)

a

–14.1 (–27.9 to –0.3)** –5.9 (–18.7 to 7.0)

–0.08 (–0.24 to 0.07)

–19.6 (–32.2 to –7.0)** –6.8 (–19.3 to 5.6)

0.01 (–0.19 to 0.21)

Ref.

–14.5 (–27.7 to –1.2)** –9.9 (–20.2 to 0.4)

Ref.

0.02 (–0.12 to 0.17)

0.03 (–0.13 to 0.18)
5.6 (–8.9 to 20.0)

Ref.

Ref.
–3.8 (–19.0 to 11.5)

C (n=75)

Ref.

10.7 (–2.0 to 23.5)

4.2 (–9.2 to 17.7)

Ref.

–0.7 (–12.6 to –11.1) 0.12 (0.002 to 0.24)**

Ref.

Ref.

Ref.
–3.0 (–13.3 to 7.3)

–21.8 (–38.7 to –4.8)** –13.7 (–26.8 to –0.5)** –19.5 (–35.4 to –3.6)** –13.4 (–29.1 to 2.3) –19.1 (–36.6 to –1.6)** –10.4 (–27.4 to 6.7) –16.3 (–34.9 to 2.2)

Ref.

12.9 (–0.2 to 26.0)

4.0 (–10.0 to 18.0)

Ref.

3.3 (–7.4 to 13.9)

Ref.

QOL

ΔEQ-5D a

Ref.

Ref.

6.2 (–5.5 to 18.0)

4.2 (–8.4 to 16.0)

Ref.

3.6 (–6.1 to 13.3)

Ref.

Sport/Rec.

Satisfaction VAS a

B (n=17)

Ref.

7.9 (–4.0 to 19.9)

4.9 (–8.0 to 17.9)

Ref.

2.5 (–7.3 to 12.4)

Ref.

ADL

Pain-VAS a

A (n=18)

Ref.

11.7 (1.8 to 21.6)**

9.8 (–3.0 to 22.6)

Charnley category c

3.2 (–7.3 to 13.7)

Ref.

3.4 (–10.2 to 16.9)

<60 years (n=28)

Ref.

1.4 (–6.7 to 9.4)

Ref.

Symptoms

60–70 years
(n=38)
>70 years (n=48)

Age at revision

Ref.

Male (n=35)

Pain
Difference in
mean scores b
(95 % CI)

KOOS subscale a

Effect of sex, age, and Charnley category on the mean clinical outcomes scores (NAR 1994–2005)

Female (n=79)

Sex

Variable

Table 3
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from hip and spine and central pain. Compared to our findings, a recent clinical study by Scheurer et al. reported a relatively higher mean score in KOOS-pain (66), KOOSsymptoms (68), KOOS-ADL (62), and KOOS-QoL (42) [9].
Possible explanations for this difference could be that the
Scheurer et al. study findings were based on relatively few
cases (58 knees), used one single prosthetic design and it
was a single-centre clinical study [9].
Overall, 63 % of our patients with PROM were satisfied
with the results of SPR, which is exactly the same as reported
by Munoz-Mahamud et al. [6]. However, this percentage was
somewhat higher than that reported by some earlier studies
(50–53.3 %) [11, 19] but lower than what was reported by
Scheurer et al. (75 %) [9] and Parvizi et al. (80 %) [8]. The
most probable cause for these differences is the fact that most
earlier studies are based on relatively small sample size and
are single-centre series. Other possible explanations could be
the differences in patients’ profile, length of follow-up, instrument and methods used to assess patients’ satisfaction, and
implants used.
We observed that male patients had significantly higher
mean ΔEQ-5D index score compared to female patients.
The variation seen with sex may be due to the fact that musculoskeletal pain in the general population is less common in
men than women [22] and that perception of pain is higher in
women than men [23]. Patients with Charnley category ‘A’
had better scores on KOOS subscales, as did older-aged patients. Such effect of age and Charnley category on KOOS
subscale outcomes were also reported by earlier studies on
primary TKAs [20]. The possible explanation could be greater
expectations in younger patients [20].
Our study has strengths and limitations. The strength of this
study is that we included a relatively large sample size and
used data from a national register with high registration completeness [24]. This gave us the opportunity to include several
prostheses designs (n=13) and to involve large numbers of
surgeons and hospitals (n=51) with differing case volumes.
Thus, the results may have a better external validity than results from randomized controlled trials or single-surgeon series. However, our study also has some limitations. First, the
pre-operative EQ-5D was assessed retrospectively at a minimum of one-year post-operatively. The patients may have had
difficulty in recalling the exact level of pre-operative symptoms. Thus, the answer of EQ-5D may be biased. Howell
et al., however, found moderate to good correlation between
prospective data and recall data concerning pre-operative status [25]. Second, we had no information on pre-operative
KOOS and VAS scores meaning that we could not evaluate
the effect of the SPR procedure using these instruments. Finally, we did not have access to X-rays or CT-scans before and
after the revision procedure and could thus not evaluate the
degree of osteoarthritis or malposition of the patella or the
component.

The present study was based on retrospectively collected PROM data. Further clinical outcome studies with
prospective pre-operative and post-operative PROM data
are warranted. In the present study, over one-third of
patients with PROMs were dissatisfied and the outcomes
of SPR were inferior compared to that of primary patellar resurfacing. It seems that the problem of knee pain
following non-resurfaced TKAs can be due to multifactorial aetiology. Studies on the clinical outcomes of SPR
in relation to surgical technique and implants component
designs are also needed.
In conclusion, the long-term survival percentage of
non-resurfaced TKAs revised with SPR due to pain
alone was satisfactory. Revision of painful nonresurfaced TKAs with isolated SPR can provide a solution to patients with severe pre-operative pain. Still,
more than one-third of all patients with PROM were
dissatisfied with the outcomes of the SPR procedure.
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