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Abstract
Purpose To evaluate the clinical outcomes of patients with a minimum 2-year follow-up following contemporary patel-
lofemoral inlay arthroplasty (PFIA) and to identify potential risk factors for failure in a multi-center study.
Methods All patients who underwent implantation of PFIA between 09/2009 and 11/2016 at 11 specialized orthopedic refer-
ral centers were enrolled in the study and were evaluated retrospectively at a minimum 2-year follow-up. Clinical outcomes 
included the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score, the Knee Injury and Osteo-
arthritis Outcome Score (KOOS), the Tegner Scale, the visual analogue scale (VAS) for pain, and subjective patient satisfac-
tion. Pre- and perioperative risk factors were compared among failures and non-failures to determine potential risk factors.
Results A total of 263 patients (85% follow-up rate) could be enrolled. The mean age at the time of index surgery was 
49 ± 12 years with a mean postoperative follow-up of 45 ± 18 months. The overall failure rate was 11% (28 patients), of 
which 18% (5 patients) were patients with patella resurfacing at index surgery and 82% (23 patients) were patients without 
initial patella resurfacing. At final follow-up, 93% of the patients who did not fail were satisfied with the procedure with a 
mean transformed WOMAC Score of 84.5 ± 14.5 points, a mean KOOS Score of 73.3 ± 17.1 points, a mean Tegner Score 
of 3.4 ± 1.4 points and a mean VAS pain of 2.4 ± 2.0 points. An increased BMI was significantly correlated with a worse 
postoperative outcome. Concomitant procedures addressing patellofemoral instability or malalignment, the lack of patel-
lofemoral resurfacing at the index surgery and a high BMI were significantly correlated with failure in our patient cohort.
Conclusion Patellofemoral inlay arthroplasty shows high patient satisfaction with good functional outcomes at short-term 
follow-up and thus can be considered a viable treatment option in young patients suffering from isolated patellofemoral 
arthritis. Patellar resurfacing at index surgery is recommended to decrease the risk of failure.
Level of evidence Retrospective case series, Level IV.
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Introduction

There is a consensus throughout the literature that the 
healing capacity of cartilage decreases progressively with 
advancing age. As a result, total or partial knee arthro-
plasty is often considered a viable treatment for patients 
suffering from isolated patellofemoral osteoarthritis when 
nonoperative treatment modalities, such as physiotherapy, 
oral analgesics, and activity modification have failed [13]. 
However, over the past decade, multiple studies have ques-
tioned the use of total knee arthroplasty as a primary treat-
ment option for patients with isolated patellofemoral oste-
oarthritis due to possible overtreatment and thus favored 
partial arthroplasty [10, 12, 13]. More specifically, isolated 
patellofemoral arthroplasty using a second-generation 
inlay trochlear component has become a valid treatment 
option in recent years [10]. However, as patient numbers 
were generally small in the published literature due to the 
rarity of isolated patellofemoral osteoarthritis and as the 
reported outcomes sometimes contradicted each other, the 
value of patellofemoral inlay arthroplasty (PFIA) remains 
unclear [10, 12, 13, 18, 19]. Thus, further well-powered 
investigations are needed to enhance decision making, 
enable evidence-based patient counselling and improve 
clinical practice.

The primary purpose of this retrospective 2-year fol-
low-up multi-center study was to evaluate the clinical 
results after PFIA. The secondary purpose was to identify 
potential risk factors which may predispose to failure. The 
hypothesis was that PFIA results in good and satisfying 
clinical outcomes, but that the existence of certain risk 
factors predisposes for failure.

Methods

Study population

This was an Institutional-Review-Board (IRB) approved 
level IV retrospective multi-center study (each center 
acquired IRB approval at its respective institution). A mul-
ticenter database was established to evaluate the postop-
erative outcome with a minimum of 2-year follow-up after 
PFIA. The data originated from 11 specialized orthopedic 
referral centers across Europe with long-term experience 
in the treatment of end-stage patellofemoral osteoarthri-
tis. The study was coordinated by the first author at the 
(blinded for review) and additional data managers were 
appointed from each center. The data managers of all clin-
ics involved were responsible for collecting and arranging 
the data in a standardized manner.

A study protocol was designed in consensus with all 
involved centers and defined the following inclusion and 
exclusion criteria: all patients suffering from isolated disa-
bling patellofemoral OA (Kellgren-Lawrence grade III–IV 
[16]) or chondral defects (Outerbridge grade III–IV [24]) 
which were refractory to conservative treatment and/
or failed prior surgical treatment and who consequently 
underwent PFIA between 09/2009 and 11/2016 using the 
 HemiCAP® Wave Patellofemoral Resurfacing Prosthesis 
(Arthrosurface, Franklin, MA, USA) with a minimum 
of 2 years postoperative follow-up were enrolled. Con-
comitant procedures addressing patellofemoral instabil-
ity (reconstruction of the medial patellofemoral ligament) 
or malalignment (high tibial osteotomy or distal femoral 
osteotomy) were noted for later comparison. Patients were 
excluded, if they had additional knee surgery unrelated to 
the patellofemoral joint on the ipsilateral knee, or if they 
had deceased during follow-up.

Surgical technique and rehabilitation

All implants were implanted according to the manufacturer`s 
recommended technique [10]. Circumpatellar denervation 
and debridement of patellar osteophytes were additionally 
performed in all cases. Although there were no objective 
criteria in the decision to resurface the patella across all 
participating clinics, the majority of the surgeons involved 
routinely resurfaced the patella. Reasons included severe 
patellar osteoarthritis and consecutive patellofemoral incon-
gruence caused by focal osteonecrosis or osteolysis with 
subchondral bone defects and severe patellar dysplasia.

As a part of a structured rehabilitation program, patients 
were limited to partial weight-bearing of 20 kg for two 
weeks. Rehabilitation also included manual lymphatic 
drainage and mobilization was ensured by employing con-
tinuous passive motion for the first two weeks. Full range 
of motion was allowed immediately after surgery. Subse-
quently, weight-bearing was increased gradually until full 
weight-bearing was achieved approximately 6 weeks after 
surgery [10].

Outcome measurements

Clinical outcomes were evaluated at a minimum of 2-year 
postoperative follow-up using the Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC)
[2], the Knee Injury and Osteoarthritis Outcome Score 
(KOOS) [26], the visual analogue scale for pain (VAS) on 
a scale of 0–10, as well as the Tegner Activity Scale. The 
WOMAC score was subsequently transformed calculating 
a normalized percentage score (100 indicating no problems 
and 0 indicating extreme problems) for each subscale. Post-
operative patient satisfaction was assessed by a follow-up 
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questionnaire with the options (1) very satisfied, (2) satis-
fied, (3) partially satisfied, and (4) dissatisfied. Failure of the 
PFIA was defined as subsequent conversion to total or partial 
knee arthroplasty during the follow-up period or a trans-
formed WOMAC score less than 43 at final follow up [35].

The association between preoperative characteristics 
and outcomes including failure was assessed performing a 
subgroup analysis. The size of our study population statisti-
cally limited the number of risk factors to be evaluated, since 
repeatedly testing an excessive number of factors on a sin-
gle dataset predisposes for the occurrence of Type 1 (false-
positive) errors. Therefore, only the following preoperative 
factors were selected a priori for assessment of our second-
ary hypothesis: Constitutional factors (BMI, age, gender), 
the influence of concomitant procedures, and the influence 
of primary or secondary patellar resurfacing.

Statistical analysis

Data analysis was performed using SPSS software version 
26.0 (IBM-SPSS, New York, USA). Normally distributed 
data are reported as mean ± standard deviation, whereas 
non-normally distributed data are reported as median and 
range (interquartile range, IQR, from the 25th to the 75th 

percentile). Spearman’s rank correlation coefficient was used 
to assess possible correlations between continuous variables 
and outcome scores. The association between categorical 
risk factors and failure was assessed using a Chi-squared 
test while the association between continuous variables and 
failures was assessed using the Mann–Whitney-U-test. The 
level of significance was set at p < 0.05.

Results

Study population

Between 09/2009 and 11/2016, a total of 309 patients were 
treated with PFIA at 11 specialized orthopedic referral cent-
ers across Europe. This included 5 centers with more than 
20 procedures, one center with 11–20 procedures, two cent-
ers with 6–10 procedures, and three centers with 1–5 pro-
cedures. A total of 46 patients refused to participate, died 
during the study period, or could not be reached for follow-
up evaluation, leaving 263 patients (85% follow-up rate) 
enrolled in this retrospective case series. Of those, a total of 
28 patients were classified as failures of whom 11 patients 
had been converted to total knee arthroplasty (TKA), 2 had 

Fig. 1  Flow chart of included 
and excluded patients. 
PFA patellofemoral arthroplasty. 
TKA total knee arthroplasty

Lost to follow-up (n=46):
no response: n=37

refused participation: n=8

died: n=1

45 months follow-up (n=263)
Follow-up rate: 85%

Assessed for eligibility
309 consecutive PFA 

(09/2009 - 11/2016)

Overall Statistical Analysis 
(n=235)

Failures (n=28):
Conversion to TKA: n=11

Conversion to UKA: n=2

Womac Score < 43: n=15
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been converted to unicondylar knee arthroplasty (UKA) and 
15 had a transformed overall WOMAC score of less than 43 
points (Fig. 1). Revision surgery with secondary resurfac-
ing of the patella was performed in 23 patients (9%) due to 
persisting anterior knee pain.

Clinical results

Mean age at the time of surgery was 49 ± 12 years with a 
mean postoperative follow-up of 45 ± 19 months. The over-
all failure rate of included patients was 11% (28 patients) 
of which 18% (5 out of 28 patients) of patients had patella 
resurfacing at index surgery and 82% (23 out of 28 patients) 
of patients had not undergone patella resurfacing primarily. 
Taking into account that 37 patients could not be reached for 
follow-up and were therefore excluded, the failure rate could 
potentially be as high as 21.6% (65 out of 300 patients). 
Patients who failed were included in the risk factor analysis 
only, as many of them had been converted to TKA before 
final follow-up. At final follow-up, the vast majority of the 
patients who did not fail were satisfied with the procedure 
and reached good functional outcomes at short-term follow-
up. The detailed postoperative results at final follow-up of 
the WOMAC Score, KOOS Score, Tegner Scale, and VAS 
pain scale as well as detailed characteristics of the patient 
collective can be found in Table 1.

No significant difference between centers perform-
ing more or less than 10 procedures during the inclusion 
period could be identified (p > 0.05). No significant asso-
ciation between gender or concomitant procedures and 
postoperative outcome scores could be detected. However, 
an increased BMI was significantly correlated with worse 
postoperative outcome scores in the overall KOOS score 
und Tegner scale. Furthermore, a lower age at surgery was 
correlated with higher postoperative Tegner activity scores. 
(Table 2). Furthermore, compared to patients who did not 
undergo patellar resurfacing at index surgery, patients who 
underwent patellar resurfacing in the primary procedure and 
did not fail reported statistically significantly higher trans-
formed overall WOMAC scores (81.9 ± 15.8 vs 86.7 ± 12.8; 
p = 0.011*) and overall KOOS scores (69.5 ± 17.9 vs. 
76.7 ± 15.7; p = 0.001**).

Risk factor analysis for failure

Patient demographics and the presence of risk factors 
in failures versus non-failures are presented in Table 3. 
Notably, a significantly higher percentage of patients 
with concomitant procedures addressing patellofemoral 
instability or malalignment as well as a higher BMI was 
identified among the patients who failed compared with 
those who did not fail. Furthermore, a higher percentage 

of the patients in the failure group did not undergo patel-
lar resurfacing at index surgery (primary patellar resur-
facing). No statistically significant relationship between 
failures and age or gender could be detected (Table 3).

Table 1  Descriptive analysis

a Entire patient cohort (n = 263)
b Patient cohort that did not undergo conversion to TKA or UKA 
(n = 250)

Variable Patient collective

Gender  distributiona

 Male (n, %) 85 (32%)
 Female (n, %) 178 (68%)

Age (years)a 49 ± 12
Body mass index (kg/m2)a 26.3 ± 4.6
Follow Up (months)a 45 ± 19
WOMAC  overallb 81.3 ± 19.0
 WOMAC pain 82.9 ± 20.5
 WOMAC stiffness 79.8 ± 23.7
 WOMAC function 80.9 ± 19.1

VASb 2.6 ± 2.3
KOOS  overallb 70.3 ± 20.5
 KOOS pain 79.8 ± 20.3
 KOOS symptoms 79.4 ± 18.6
 KOOS ADL 80.9 ± 19.0
 KOOS SPORT 49.0 ± 27.9
 KOOS QDL 62.6 ± 27.2

Tegnerb 3.3 ± 1.5
Subjective  satisfactionb

 Very satisfied (n, %) 117 (47%)
 Satisfied (n, %) 66 (26%)
 Partially satisfied (n, %) 45 (18%)
 Dissatisfied (n, %) 22 (9%)

Table 2  Correlation coefficient (Spearman-Rho) between demo-
graphic parameters and clinical outcome

n number of patients, kg/m2 kilograms per square meter, n.s. not sig-
nificant
** p < 0.01;  *p < 0.05

Age 
(years) 
(n = 235)

Significance Body mass 
index (kg/m2, 
n = 235)

p-value

WOMAC 
overall

− 0.050 n.s − 0.127 n.s

VAS 0.008 n.s 0.019 n.s
KOOS 

overall
0.020 n.s − 0.164 p = 0.018*

TEGNER  0.143 p = 0.030* − 0.199 p = 0.004**
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Discussion

The main finding of this study confirmed our primary 
hypothesis that PFIA provides satisfying subjective out-
comes at short-term follow-up in a selected group of 
patients. The overall failure rate of 11% within the first 
2 years following implantation suggests reliability of the 
procedure and thus also confirms our primary hypothesis. 
Patella resurfacing at index surgery further lowered this 
failure rate to 4%. In general, certain pre- or perioperative 
characteristics, such as concomitant procedures address-
ing patellofemoral instability or malalignment, the lack of 
patellofemoral resurfacing at the index surgery or a high 
BMI, were predisposing factors for failure in our study, 
confirming our secondary hypothesis. Moreover, patients 
presenting with an increased BMI preoperatively and 
patients not undergoing patellar resurfacing at index sur-
gery were significantly more likely to suffer from a worse 
postoperative outcome.

The results of this multicenter investigation, observ-
ing a favorable postoperative outcome, underscore the 
previously reported positive effect of the procedure per 
se in a large patient cohort for the first time [10, 12, 13]. 
While most of the results following implantation of the 
 HemiCAP® Wave prosthesis range within the outcomes 
reported across multiple types of patellofemoral arthro-
plasties in a review of the literature, they surpass the 
collectively reported data in the transformed WOMAC-
scoring [30].

The 2-year failure rate detected in this collective corre-
sponds to the rates reported following implantation of com-
parable patellofemoral arthroplasty models [6, 30]. This 
demonstrates the validity of second-generation PFIA as a 
treatment option for isolated patellofemoral OA with pros-
pects of favorable long-term survival rates. Studies inves-
tigating designs of first-generation patellofemoral arthro-
plasty, for which mid- and long-term follow-up is already 
available, show survival rates of 84% at a 10-year follow-up 
[32], 75–80% at 15-year follow-up [17, 30], and 69% at a 
20-year follow-up [32]. While the above-mentioned studies 
provide a possible range for long-term expectations for the 
HemiCap Wave model, the higher revision rates and lower 
survival rates of the first generation PFA-designs investi-
gated in these long-term follow-up studies have to be taken 
into account [8, 25].

Regarding the results of the risk factor assessment, the 
presence of concomitant procedures addressing patellofemo-
ral instability or malalignment as risk factors for failure are 
in line with previously published failure analyses. Moreover, 
previous investigations on patellofemoral malalignment in 
PFIA found patella alta and patellar subluxation [1] as well 
as patellofemoral maltracking [36] to be predictive for fail-
ure. In the large collective of this study, these findings could 
be extended to the general necessity for concomitant proce-
dures addressing patellofemoral instability or maltracking. 
In these cases, concomitant surgery was performed accord-
ing to an algorithm published by Imhoff et al. [12], to correct 
anatomical risk factors such as varus/valgus malalignment 

Table 3  Comparison between 
survivors and failures. Failures 
were defined as knees who 
underwent conversion to total 
knee arthroplasty (TKA) or a 
Womac Score < 43

The patellar resurfacing group was further subdivided between patients who underwent patellar resurfacing 
at index surgery (primary) and those who underwent implantation of patellar resurfacing as a revision sur-
gery during further follow up (secondary)
Mean values are given with ± standard deviation
n number of patients, kg/m2 kilograms per square meter; n.s. not significant; % percent
**p < 0.01;  *p < 0.05

Variable Non-failures (n = 235) Failures (n = 28) p-value

Age (years) 49 ± 12 47 ± 10 n.s
Body mass index (kg/m2) 26.2 ± 4.6 27.5 ± 3.8 p = 0.045*
Gender distribution
 Male (n,%) 78 (33%) 7 (25%) n.s
 Female (n,%) 157 (67%) 21 (75%)

Concomitant procedures p = 0.025*
 No (n,%) 205 (87%) 20 (71%)
 Yes (n,%) 30 (13%) 8 (29%)

Patellar resurfacing at index surgery p = 0.000**
 No patellar resurfacing (n, %) 111 (47%) 23 (82%)
 Patellar resurfacing (primary) (n, %) 124 (53%) 5 (18%)

Patellar resurfacing n.s
 No patellar resurfacing (n, %) 97 (41%) 14 (50%)
 Patellar resurfacing (primary and sec-

ondary) (n, %)
138 (59%) 14 (50%)
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and insufficiency of the MPFL. The higher failure rate in 
these cases may root in the biomechanical principle of the 
patellofemoral inlay prosthesis a priori, as the possibility to 
intraoperatively correct patellofemoral maltracking is lim-
ited. As the medial and lateral trochlear edge are preserved, 
correction of rotation or alignment in a coronal plane are 
only possible to a limited extent [1]. Thus, concomitant cor-
rective procedures may fail to fully restore the physiological 
patellofemoral tracking desirable for optimal biomechanics 
of the PFIA—especially in cases of complex patellofemo-
ral malalignment [21, 28, 34]. To address this malfunction, 
an implant design with a larger lateral dimension aimed at 
enhancing the tracking in complex maltracking pathologies 
is already available on the market [1].

Similar to our results, an increased BMI was identified as 
an independent factor predictive for an unfavorable outcome 
in another PFA model by Liow et al.[20]. As an accepted 
risk factor for progression in knee OA [9], obesity may pre-
dispose for an early conversion to TKA—which remains 
the main cause for failure in PFA according to the current 
literature [3, 30, 32].

Not performing concomitant patellar resurfacing at the 
index surgery was identified as a further significant risk 
factor for failure. This may follow the rationale that addi-
tional patellar resurfacing mitigates the risk of progression 
of patellar OA and consequently pain—two main reasons 
for failed PFA treatment [3, 30]. This is supported by the 
finding, that secondary patellar resurfacing during follow-
up of our cohort resulted in an elimination of the risk factor 
for failure “no patella resurfacing performed” at final evalu-
ation. Indeed, biomechanical studies showed that implan-
tation of a PFA significantly increases contact pressure of 
the patellofemoral compartment, creating a rationale for 
additional patella resurfacing [4, 33]. Biomechanical data 
from Vandenneucker et al. further demonstrated that supe-
rior restoration of the physiological kinematics of the patel-
lofemoral joint can be achieved, when patella resurfacing is 
performed concomitantly [33]. While studies addressing this 
question in PFA are scarce, extensive review of the literature 
in TKA demonstrated a lower revision rate when concomi-
tant implantation of a patellar component was performed 
[11].

With the trend in surgery shifting to treatments of mini-
mal invasiveness, results of modern PFIA treatment never-
theless have been benchmarked against TKA, the established 
treatment for OA of the knee joint[22]. Biomechanically, 
PFA can sustain the physiological kinematics of the patel-
lofemoral joint—in contrast to non-physiological conditions 
in the patellofemoral joint after TKA [27, 33]. Furthermore, 
it was shown that the ROM [23] and knee extension strength 
[14] are higher following PFA than TKA. Patient-reported 
outcomes following PFA were observed to be non-inferior 
to those reported after TKA while superior results were 

reported early after surgery [23] and in a young patient col-
lective [15].

With comparable complication rates reported for both 
procedures in isolated patellofemoral OA [8], PFIA provides 
advantages over TKA including shorter rehabilitation, less 
morbidity, shorter intraoperative tourniquet time, preserva-
tion of the tibial/femoral bone stock [7, 31] and higher cost-
effectiveness in younger patients [5].

While evidence investigating the outcome following 
patellofemoral arthroplasty has been mounting in recent 
years, patient satisfaction reporting is still scare [29]. This 
multi-center study addresses this gap in knowledge the first 
time in a large patient collective, reporting a high patient 
satisfaction following PFIA.

While this study does demonstrate interesting findings, it 
is not without limitations. Firstly, while the data were col-
lected prospectively, the study inherits the associated biases 
of a retrospective design. No statement about the pre- to 
postoperative changes could be made as no preoperative 
clinical scores were available and no control group could be 
established. Secondly, no radiographic evaluation at the final 
follow-up was conducted. Thirdly, as surgery was performed 
by specialists in the treatment of patellofemoral diseases in 
the respective centers, generalization to treatment with patel-
lofemoral arthroplasty may be limited. Fourthly, there may 
be a performance bias in surgical technique across 11 dif-
ferent centers. However, benefitting from the comparative 
aspect of sampling in a multi-center approach may help bet-
ter reflect general practice and reduce the selection bias of 
single-center design. Finally, to evaluate the outcome after 
successful PFIA treatment, failures were excluded from the 
outcome analysis. This potentially introduces a selection 
bias but avoids a confounding effect of TKA results. While 
this study reports outcomes and performs a failure analysis 
for a short- to mid-term follow-up period, further long-term 
follow-up is needed to conduct a meaningful comparison to 
different models of PFA and treatment with TKA.

Conclusion

Patellofemoral inlay arthroplasty shows high patient satis-
faction with good functional outcomes at short-term follow-
up and thus can be considered a viable treatment option in 
young patients suffering from isolated patellofemoral arthri-
tis. Patellofemoral resurfacing at index surgery is recom-
mended for all patients to minimize the risk of failure.
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