
Approximately 10% of patients with osteoarthritis (OA) 
of the knee have unicompartmental disease confined to 
the patellofemoral joint (PFJ). These patients are typically 
younger and predominantly female.1) Although the patho-
physiology is multifactorial, the final common pathway is 
believed to be the result of abnormal load across the PFJ.2) 
Patients often complain of anterior knee pain particularly 
when going up or down stairs, standing from a seated po-
sition and on kneeling. In many cases there is no obvious 

cause, although in younger patients there may be specific 
risk factors such as recurrent patellar dislocation, trauma 
or trochlear dysplasia.3)

Initial treatment of patellofemoral OA (PFOA) may 
be conservative, but in more severe cases a number of oper-
ative strategies have been tried. These include arthroscopic 
procedures, such as chondroplasty, microfracture and 
lateral release; attempts at restoring the articular surface 
by autologous cartilage reimplantation; and tibial tubercle 
transfer/advancement. However, none of these has pro-
duced consistent results.4) The remaining options are total 
knee replacement (TKR) and PFJ replacement (PFJR). 
Many surgeons feel that TKR is excessive as it involves 
resurfacing a normal tibiofemoral joint. PFJR has a num-
ber of advantages over TKR, including preservation of the 
unaffected parts of the knee and maintenance of normal 
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knee biomechanics, potentially allowing faster recovery 
and better range of motion and function.5)

The majority of literature pertaining to second gen-
eration PFJR relates to the Avon PFR (Stryker, Howmedica 
Osteonics, Allendale, NJ, USA). The patellar component is 
manufactured from ultra-high-molecular-weight polyeth-
ylene with a 3 mm medially offset dome to facilitate track-
ing and optimise patella stability. The femoral component 
has a broad, symmetrical trochlear flange that narrows dis-
tally, ensuring patellar engagement during flexion whilst 
allowing it to be relatively unconstrained in extension

There have been a number of published series, both 
from the Bristol Knee Group (originating centre) and 
from other authors. Ackroyd et al.6) described 95.8% sur-
vivorship at 5 years and significant improvements in pain 
and function with low complication rates in 83 consecu-
tive PFRs. Odumenya et al.7) reported 50 knees with 100% 
survivorship at 5 years, and similarly favourable clinical 
outcomes. We present our independent experience of the 
Avon implant in 61 consecutive PFRs followed up to a 
maximum of 10 years.

METHODS

A prospective series of 61 consecutive Avon PFRs were 
performed in 57 patients between November 2001 and 
April 2011. Patients with bilateral procedures had each 
replacement treated as a separate event for statistical 
purposes. There were 6 men and 51 women with a mean 
age of 66.1 years (± standard deviation [SD], 10.1 years). 
Only patients with severe isolated PFJ OA were deemed 
suitable for this procedure. The diagnosis was based on a 
combination of clinical, radiological and, where available, 
arthroscopic findings. Arthroscopy was performed pri-
marily in younger patients to help determine whether to 
treat them with a PFR, tibial tubercle transfer or other less 
invasive procedure. Preoperatively, every patient under-
went weight-bearing anteroposterior, lateral and skyline 
radiographs at 30o of flexion. Exclusion criteria were fixed 
flexion deformity of greater than 10°, localised chondral 
lesions greater than 10 mm in areas other than the PFJ 
surface, or general attrition of the articular cartilage at ar-
throscopy. These factors have been shown to be early signs 
of progressive disease.8) Generally speaking, any areas of 
grade 4 OA in areas other than the PFJ, according to the 
Outerbridge grading system, was considered a contrain-
dication to PFR. Seventeen patients had had previous sur-
gery (Table 1). All procedures were performed by, or under 
the direct supervision of, the senior author (PABM), using 
the medial parapatellar technique previously described by 

Ackroyd and Chir.5)

Patients were initially assessed preoperatively, and 
subsequently underwent postoperative follow-up at 6 
weeks, 6 months, and then annually in a research clinic 
where they were seen by either an independent research 
physiotherapist or a doctor, who was not involved with 
the procedure. Data collected included prosthesis survi-
vorship, using revision as the end point, and functional 
outcome as measured using the new Oxford knee score 
(OKS),9) the Hungerford and Kenna score (HKS),10) and 
the Crosby and Insall knee score (CIKS).11) Patient satis-
faction with the outcome of surgery was also documented. 
The new OKS is a 48 point score with each question being 
scored from 0 to 4, with 4 representing the best outcome/
least symptoms. Scores are added so the overall score is 
from 0 to 48 with 48 being the best outcome. The HKS in-
cludes assessment of pain, level of function, range of mo-
tion, and quadriceps strength. Subtractions from the score 
are due to patellar apprehension, effusions, and painful 
crepitus. Excellent results were regarded as being 90–100, 
good results 80–89, fair results 70–79, and poor results as 
less than 70. The CIKS is a scoring system exclusively for 
the PFJ and designed to assess the response of patients 
to patellar stabilisation surgery, although not specifically 
to assess PFR. It is a subjective score where knees are 
graded as excellent, good, fair or worse. Patients were also 
asked whether their symptoms were better, unchanged or 
worse following PFR, and if they felt the surgery had been 
worthwhile. The results were entered into a database and a 
Kaplan-Meier curve constructed.

The analysis was carried out using STATA ver. 12 
(StataCorp LP, College Station, TX, USA) by an indepen-
dent statistician. Kaplan Meier methods were used to esti-
mate time to revision. HKS were summarised as medians 
and were compared using nonparametric tests (Mann-
Whitney and Wilcoxan signed ranks) as the data did not 
follow a normal distribution. The new OKS data were nor-
mally distributed and therefore summarised using means 

Table 1. Previous Surgery in the 61 Avon Patellofemoral Replacements

Previous surgery No. of knees (%)

Arthroscopy 15 (25.0)

Partial medial menisectomy 1 (1.5)

Tibial tubercle transfer, MUA and arthroscopy 1 (1.5)

Nil 44 (72.0)

Total 67 (100)

MUA: manipulation under anaesthesia.
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with comparisons made using paired or unpaired t-tests. 

RESULTS

Patients were followed up for a mean of 5.09 years (range, 
12 to 124 years). Four patients (4 knees) underwent re-

vision to a TKR. Four patients (4 knees) had died from 
unrelated causes, and two patients (2 knees) were lost to 
follow-up, giving a total of 90% of cases still under ongo-
ing active follow-up.

The functional outcome scores are shown in Figs. 1 
and 2. They illustrate a substantial improvement in both 
the HKS and OKS over the follow-up period. Table 2 shows 
the mean HKS and OKS at baseline, 6 weeks, 1 year, and 
5 years. When comparing the baseline data with the post-
operative scores at 6 weeks, 1 year, and 5 years, there was 
a significant improvement in all cases (p < 0.001) using 
the Wilcoxon signed ranks test and the paired t-test. The 
results of CIKS demonstrate that the majority of patients 
subjectively had a good to excellent outcome following 
surgery, as well as a good range of motion. Eighty percent 
(49 patients) had a subjectively good/excellent outcome, 
16% (10 patients) had a fair outcome, and 4% (2 patients) 
had a poor outcome subjectively.

Of the 4 revisions that took place, 2 were in the first 
five years giving a survivorship of 96.3% (Fig. 3), with 
30 knees at risk at five years (Table 3). Three of the revi-
sions were undertaken for disease progression involving 
either the medial or lateral compartments. In the fourth, 
the indication was patellar maltracking not responsive to 
conservative measures. In addition, one patient had an 

Table 2. Functional Outcome Scores Over Time

 Variable Baseline 6 wk 1 yr 5 yr

Hungerford and Kenna, median (IQR) 40 (25–55) 60 (45–75) 95 (85–95) 80 (70–95)

New OSK (mean ± SD) 20.8 ± 7.9 28.6 ± 7.9 36.4 ± 10.3 31.8 ± 8.7

Both scoring systems demonstrated significantly better outcomes (p < 0.001) at all time points when compared to the baseline. 
IQR: interquartile range, OKS: Oxford knee score, SD: standard deviation.
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Fig. 1. Box plot showing the distribution of the Hungerford and Kenna 
score (HKS) over time. This demonstrates an improvement in the HKSs 
over the first five years. Pre: presurgery.
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Fig. 2. Distribution of the mean (95% confidence interval) Oxford knee 
score (OKS) with time. This demonstrates an improvement in the new 
OKS over the first five years. Pre: presurgery.
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Fig. 3. Kaplan-Meier survival curve for revision arthroplasty.
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arthroscopy for a degenerate meniscal tear. One had devel-
oped a lateral patellar osteophyte, which is being managed 
conservatively. Another patient had some heterotrophic 
ossification, which was excised from the superolateral as-
pect of the patella. There have been no cases of infection. 

DISCUSSION

PFR was first performed by McKeever12) in 1955 using a 
vitallium prosthesis screwed onto the patella. However, it 
was not until the 1970s that a number of newer designs 
gave better short-term results.13,14) Although an improve-
ment, there were still complications including progression 
of arthritis in the medial or lateral compartments requir-
ing revision to TKR. In 2001, Tauro et al.15) reported such 
progression in 8% of patients at 8 years, and similar pro-
gression was found in 23% of patients at 15 years by Kooij-
man et al.16) However, Smith et al.17) have suggested this 
could be due to poor patient selection, reporting that 6 of 
8 patients with preoperative medial compartment OA had 
unsatisfactory results or required early revision following 
a Lubinus PFR. Kooijman et al.16) also reported good or 
excellent functional results in 86% of residual cases at 15 
years. These findings are similar to those of Cartier et al.8) 
who reported an excellent functional outcome in 77% of 
patients with a mean follow-up of 10 years. However, these 

results do not match those obtained following TKR.
Our results suggest that good medium-term func-

tional outcome can be achieved with the Avon PFR, with 
30 knees at risk in our series at 5 years. These results are 
comparable to previous studies, including the original de-
signer study as well as several others.6,8,18) Our series is the 
largest to date from an independent centre.

The postoperative functional outcome scores sho
wed substantial improvements at 5 years. The median 
HKS was 80 (interquartile range [IQR], 70 to 95). The new 
OKS was 33 (IQR, 26 to 37) compared with 39 (IQR, 24 to 
45) achieved in the original study8) and 30.5 (IQR, 22.25 
to 42.25) in a subsequent independent series.6) However, 
our new OKS was still satisfactory by the criteria of the 
original study, where a successful result was defined as 
an OKS > 25 points. There were only 2 cases of patellar 
maltracking and lateral subluxation in our series. The first 
patient underwent revision to a TKR after 2 years, and the 
second is still being managed conservatively 9 years post-
operatively. Previous studies have similarly reported a low 
incidence of patellar maltracking and subluxation.6,8) This 
low incidence of subluxation is most likely due to the sym-
metrical trochlear flange that narrows distally ensuring 
the patella engages during flexion but remains relatively 
unconstrained in extension.5)

Although our survivorship at 5 years was 96.3%, 

Table 3. Life-Table of Survivorship at Ten Years for Revision Arthroplasty Data

Variable No. at  
risk

No. of 
revisions

Percentage surviving free  
of revision (95% CI)

HKS, 
median (IQR)

New OKS  
(mean ± SD)

Presurgery 61 0 NA 40 (25–55) 20.8 ± 7.9

6 wk 61 0 100 60 (45–75) 28.6 ± 7.9

6 mo 61 0 100 90 (75–95) 35.4 ± 8.6

1 yr 61 1 100 95 (85–95) 36.4 ± 10.3

2 yr 53 1 98.2 (87.6–99.7) 90 (75–95) 35.9 ± 10.2

3 yr 48 0 96.2 (85.7–99.0) 90 (77.5–95) 34.0 ± 8.6

4 yr 39 0 96.2 (85.7–99.0) 87.5 (65–95) 34.0 ± 10.3

5 yr 30 1 96.2 (85.7–99.0) 80 (70–95) 31.8 ± 8.7

6 yr 26 1 92.8 (78.2–97.8) 75 (62.5–90) 28.4 ± 9.1

7 yr 19 0 88.9 (71.8–96.0) 80 (70–90) 29.6 ± 9.3

8 yr 13 0 88.9 (71.8–96.0) 85 (75–87.5) 27.4 ± 9.5

9 yr   7 0 88.9 (71.8–96.0) 80 (60–100) 29.0 ± 14.2

10 yr   5 0 88.9 (71.8–96.0) 70 (60–100) 34.0 ± 14.6

CI: confidence interval, HKS: Hungerford and Kenna score, IQR: interquartile range, OKS: Oxford knee score, SD: standard deviation, NA: not available. 
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compared with 95.8% in the initial series8) and 100% in 
the series by Odumenya et al.,7) there have been a total of 
4 revisions to date. The revisions occurred at 1.7, 2.2, 5.3, 
and 6.2 years after the initial replacement. The first revi-
sion was for progression to medial compartment OA and 
the second was for patellar maltracking. The subsequent 
revisions were for progression to lateral compartment and 
medial compartment OA, respectively. Looking at the 
National Joint Registry of England and Wales,19) PFR still 
accounts for only 1% of all knee replacements. The Avon 
remains the market leader, accounting for 40% of all PFRs, 
with a 5-year revision rate of 7.76% compared with 9.51% 
when looking at the overall revision rate in all PFRs. These 
revision data are also comparable with the 7.24% rates 
seen at 5 years following unicondylar tibiofemoral replace-
ment.

In the past, TKR was the gold standard for isolated 
PFJ OA, as demonstrated by numerous studies. In 2007, 
Meding et al.20) reported on a series of 33 TKRs performed 
for isolated PFJ OA in patients with a mean age of 52. 
There were no revisions or reoperations at a mean follow 
up of 6.2 years, with a mean Knee Society Score (KSS) of 
88. In 2002, Mont et al.21) reported on a series of 30 TKRs 
in 27 patients with a mean age of 73. There were no re-
ported revisions or reoperations and all but one case had 
good or excellent results with a KSS over 80. However, 
these studies did not look at the consequences of TKR in 
the younger patient nor the problems associated with sub-
sequent revisions. PFR does have a number of advantages 
over TKR, making it an attractive procedure for patients 
with isolated PFOA in whom other treatments have failed. 
The kinematic profile more closely resembles the normal 
knee with the preservation of both cruciate ligaments as 

opposed to TKR where at least one cruciate ligament is 
sacrificed.22) Furthermore, the normal tibio-femoral joint 
and bone stock are preserved. It is also a somewhat less 
invasive procedure than TKR with potentially less dissec-
tion and expected blood loss, which may contribute to a 
shorter length of stay and faster rehabilitation. If later re-
quired, conversion to a TKR is relatively straightforward23) 
and some authors have suggested that the overall outcome 
does not appear to be compromised as a consequence of 
the initial PFJR.24) This is particularly important in young-
er patients who present with isolated PFOA, where it is 
known that revision rates for TKR are higher.2) 

It is acknowledged that there are some limitations to 
this study. The fact that more than one surgeon undertook 
the procedures, albeit under supervision from the senior 
author, reduces the homogeneity of the series, and we are 
also aware that some in our group have had relatively short 
follow-up. Additionally, we recognise that, as with all sur-
vivorship data, the decision to undertake revision surgery 
is a highly subjective one. Nevertheless, we believe that our 
results support the use of the Avon prosthesis in selected 
patients, with potentially favourable medium-term func-
tional outcomes and survivorship data. Although there are 
10 years of functional outcome survivorship data available, 
there are currently not enough patients in this cohort to 
draw meaningful conclusions. We continue to review this 
series prospectively and intend to report longer term re-
sults in the future.
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