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Background: Anterior knee pain (AKP) is observed in total knee arthroplasty (TKA) both with and without 

patellar resurfacing, and neither patellar denervation nor secondary resurfacing are effective for treating the 

symptoms. The exact causes for pain remain unclear, though abnormal patellofemoral forces due to patellar 

malalignment or inadequate implant design can play an important role. The purpose of this study was to 

arthroscopically evaluate patellofemoral congruence after wound closure following TKA without patellar 

resurfacing and correlate it to patellar morphology and postoperative pain and function. 

Methods: The authors prospectively studied 30 patients that received uncemented mobile-bearing TKA. 

Patellofemoral congruence was assessed arthroscopically after wound closure by estimating the contact area between 

the native patella and the prosthetic trochlea (> two-thirds, > one-third, < one-third). The findings were correlated 

to preoperative assessments of patellar geometry (Wiberg classification using X-rays) and clinical outcomes [Knee 

Society Score (KSS), AKP on Visual Analogic Scale (VAS), and patient satisfaction].

Results: Knees of 22 women and 8 men aged 69.8 years (range, 61–84 years) were analyzed at 16 months (range, 

12–23 months). Preoperative patellar geometry was Wiberg type A in 11, type B in 12 and type C in 7 knees. 

Postoperative KSS was 79.1 (range, 50.0–94) and the VAS for AKP was 1.6±1.3 (median, 1; range, 0–5). Patellar 

congruence was correlated with patellar morphology (P<0.001) but not correlated with any clinical outcomes (KSS, 

VAS or satisfaction). There were also no statistical correlations between patellar morphology or patellofemoral 

congruence and patient characteristics.

Conclusions: While patellar morphology and patellofemoral congruence are strongly related, they are not 

associated with clinical outcomes or patient demographics. Considering that numerous incongruent patellofemoral 

joints were pain-free, and conversely, many perfectly congruent patellofemoral joints had anterior pain, the authors 

suppose that pain is probably caused by mechanisms other than patellofemoral pressures.
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Introduction

Total knee arthroplasty (TKA) is a successful procedure, 
with more than 560,000 operations performed annually 
in Europe (1) and over 600,000 in the United States (2). 
Despite its success, many patients remain dissatisfied after 
TKA, where patellofemoral pain and instability remain 
among the most common reasons for reoperation or 
revision (3-7).

Anterior knee pain (AKP) is observed in TKA both with 
and without patellar resurfacing (5,6,8,9). Neither patellar 
denervation (4,10) nor secondary resurfacing (11,12) proved 
effective for treating the symptoms. Although the exact 
causes for pain remain unclear, abnormal patellofemoral 
joint loads or kinematics due to patellar malalignment 
(7,13,14), or inadequate implant design (15,16) seem to play 
an important role.

Numerous authors observed that TKA increases 
patellofemoral pressures, particularly in mid- and late 
flexion (16-19). Recent in vitro studies demonstrated 
that retro-patellar pressures are influenced by trochlear 
geometry, as well as the morphology of the native patella, 
or the shape of the patellar button (16-18,20). Furthermore, 
when the patella is not resurfaced, the extent of patellar 
cartilage erosion could affect the incidence of pain and 
revision (21). 

Various studies investigated the influence of patellar 
morphology,  us ing the Wiberg class i f icat ion,  on 
patellofemoral pressure (18,20,22), congruence (23,24) 
or instability (23,25). While patellar morphology is often 
associated with excessive tilt, Wiberg type C being most 
predisposed (23,24), it does not necessarily correlate with 
patellar subluxation or osteosclerosis (22,25), and pressure 
distribution data cannot be extrapolated to conclude on 
AKP or clinical outcomes. Moreover, most studies of 
patellar congruence are either radiographic, and therefore 
represent limited static data with inconsistent reliability (26), 
or intra-operative with the joint capsule open and therefore 
under non-physiological conditions (27).

The purpose of the present study was to arthroscopically 
evaluate patellofemoral congruence after wound closure 
following TKA without patellar resurfacing, and to correlate 
congruence to patellar morphology and postoperative 
pain and function. The hypothesis was that Wiberg type 
C patellae or poor patellofemoral congruence would be 
associated with greater incidence of AKP and inferior 
functional outcomes. 

Methods 

Study design

The authors prospectively enrolled 30 patients that received 
uncemented postero-stabilized TKA by the senior author 
(Olivier Courage) between November 2014 and March 
2015. All patients provided written consent for their 
participation in this study, which was approved by the 
institutional review board (CPP-SC #2015/009). 

All knees were preoperatively evaluated using weight-
bearing X-rays of the lower limb. The patellofemoral joint 
was assessed on ‘skyline views’ with the knees flexed at 45°, 
as described by Merchant (28), and the morphology of the 
patella was defined using the Wiberg classification (29):

(I) Type A: the medial facet is concave and has almost 
the same area of the lateral facet; 

(II) Type B: the medial facet is still concave, but is 
smaller than the lateral face;

(III) Type C: the medial facet is convex and is almost 
vertical.

The inclusion criteria were stage III or IV tibiofemoral 
osteoarthritis, varus deformity with HKA <5°, and Caton-
Deschamps index of patellar height between 0.8 and 
1.2. The exclusion criteria were concomitant or isolated 
patellofemoral arthritis, previous surgery on the ipsilateral 
knee, valgus deformity, and history of patellar pain or 
instability. 

Surgical technique

All operations were performed under general anaesthesia 
using a tourniquet though a standard midvastus approach. 
The implant used was the uncemented postero-stabilised 
HLS KneeTec® (Tornier SA, Montbonnot, France) with 
a mobile tibial insert. The implant design and operative 
techniques were consistent throughout the inclusion period. 
The patella was everted for the procedure and was left 
unresurfaced in all cases (Figure 1). The measured bone 
resection technique was followed to obtain equal flexion 
and extension gaps and to facilitate soft-tissue balancing. 
The medial third of the tibial tubercle was used as the 
anterior reference for alignment of the tibial base plate. The 
distal femoral resections were perpendicular to the femoral 
mechanical axis and the femoral component rotations were 
all aligned to Whiteside’s line. 

Patellofemoral congruence was assessed arthroscopically 
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after wound closure by estimating the contact area between 
the native patellar cartilage and the prosthetic trochlea. The 

arthroscope was introduced, taking care not to damage the 
implanted components (Figure 2), and the tourniquet was 
removed. A lateral infrapatellar portal was used to secure the 
visual field in the joint which was visualized without fluid 
flow. The lower limb hang free and the knee was flexed up to 
60° to visualize the entire patellofemoral contact surface. The 
congruence was classified either as (I) more than two-thirds 
of the surface; (II) more than one-third of the surface; or (III) 
less than one-third of the surface (Figure 3).

Postoperative evaluation

All patients were evaluated clinically 12 to 18 months 
following their index operation using the Knee Society 
Score (KSS), the Visual Analogic Scale (VAS) for AKP, in 
addition to subjective satisfaction on a four-point scale. The 
case notes for all patients were reviewed and intraoperative 
or postoperative complications were recorded.

Statistical analysis

Statistical analyses were performed using R version 
3.1.3 (R Foundation for Statistical Computing, Vienna, 
Austria). Descriptive statistics were used to summarize 
the data. As data were not normally distributed, the 
statistical analyses were non-parametric. The postoperative 
outcomes were correlated with preoperative assessments of 
patellar morphology and to intraoperative patellofemoral 
congruence.  Between group dif ferences (patel lar 
morphology, patellofemoral congruence) were tested 
using Wilcoxon rank sum tests (Mann Whitney U test), 
and within group differences (patellar morphology and 
congruence vs. clinical outcomes) using Wilcoxon signed 
rank tests. Categorical data were analyzed using Pearson 
chi-square tests or Fisher’s exact tests. P values <0.05 were 
considered statistically significant.

Results

All 30 patients completed clinical assessment at mean 
follow-up of 14.0±1.8 months (median, 14; range, 12–18). 
They included 8 men and 22 women with mean age of 
68.8±7.4 years (median, 67.5; range, 57–84). Their mean 
body mass index (BMI) was 31.2±6.1 (median, 31.3; range, 
23.0–43.0). The preoperative patellar morphology was 
classified as Wiberg type A in 11 knees, B in 12 knees and 
C in 7 knees. The patellofemoral congruence assessed 

Figure 1 The final components implanted with the patella still 
everted before wound closure. 

Figure 2 The insertion of the arthroscope through a lateral 
infrapatellar portal after closure of the joint capsule to visualize the 
patellofemoral contact surface. 
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intraoperatively was > two-thirds of the surface in 10 knees, 

> one-third of the surface in 11 knees, and < one-third of 

the surface in 9 knees. 
The mean KSS was 79.1±7.4 (median, 85; range, 50.0–94) 

and the VAS for AKP was 1.6±1.3 (median, 1; range, 
0–5). Patient satisfaction was excellent in 13, good in 12, 
fair in 4 and poor in 1. The only complication recorded 
was knee stiffness at 2 postoperative months, in a woman 
aged 61 years, treated successfully by mobilization under 
anaesthesia. There were no subluxations, dislocations, nor 
instabilities of the patella throughout the follow-up period. 

Multivariable analysis revealed a strong association 
between patellar morphology and patellofemoral congruence 
(P<0.001). Patellofemoral congruence was > two-thirds for 
most patellae of Wiberg type A, and it was < one-third only 
in patellae of Wiberg types B and C (Table 1). 

There were no statistical correlations between clinical 
outcomes (KSS, VAS or satisfaction) and either patellar 
morphology, patellofemoral congruence, or any patient 
characteristics (age, gender or BMI). There were also 
no statistical correlations between patellar morphology 
or patellofemoral congruence and patient characteristics 
(Table 2).

Discussion

The most important finding of this study was that 
despite a strong association between preoperative patellar 
morphology and intraoperative patellofemoral congruence, 
neither of those two variables were correlated with any 
clinical outcomes nor with patient demographics. The 
original hypothesis, that Wiberg type C patellae or poor 
patellofemoral congruence would influence pain or 
functional outcomes, is therefore refuted. Considering that 
numerous incongruent patellofemoral joints were pain-free, 

Table 1 Patellofemoral congruence in relation to patellar morphology

Patellofemoral 
congruence

Patellar morphology (Wiberg type)

A (n=11) B (n=12) C (n=7)

> two-thirds (n=10) 9 1 0

> one-third (n=11) 2 6 3

< one-third (n=9) 0 5 4

Table 2 Patellar morphology and patellofemoral congruence in 
relation to clinical outcomes

Criterion BMI KSS
Anterior Knee Pain 

(VAS) 

Patellar morphology (Wiberg type) 

A (n=11) 30.3 80.5 1.7

B (n=12) 30.3 78.9 1.3

C (n=7) 33.9 77.4 2.0

P value 0.238 0.985 0.459

Patellofemoral congruence

> two-thirds (n=10) 29.3 73.5 2.3

> one-third (n=11) 31.5 71.9 1.1

< one-third (n=9) 32.8 69.7 2.6

P value 0.248 0.812 0.071

BMI, body mass index; KSS, Knee Society Score; VAS, Visual 
Analogic Scale.

Figure 3 The assessment of patellofemoral congruence: > two-thirds of the surface, > one-third of the surface, or > one-third of the surface.

> two-thirds > one-third < one-third
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and conversely, many perfectly congruent patellofemoral 
joints had anterior pain, the authors suppose that pain is 
probably caused by mechanisms other than patellofemoral 
pressures. 

The present study is the first to investigate the 
relationship between patellofemoral morphology and AKP 
or functional outcomes following TKA. It is important to 
note that the implant used was postero-stabilised with a 
mobile-bearing tibial insert, which may not render identical 
results as cruciate-retaining models with fixed-bearing 
tibial inserts, although overall outcomes using both models 
are comparable (30,31). While several authors quantified 
changes in retropatellar pressures in vitro (16-19), to the 
authors’ knowledge, there are no published studies that 
demonstrated whether such forces and pressures have any 
relation to pain or function. Patellar morphology is known 
to influence patellofemoral pressure (18,20,22), congruence 
(23,24) or instability (23,25), and while it is often associated 
with tilt (23,24), it does not necessarily correlate with poor 
outcomes (22,25).

The authors are aware of only one study (21), that 
correlated pain and revision rates following TKA with 
preoperative characteristics of the patella, which proved that 
patellar cartilage erosion influences outcomes. The study 
did not take patellar morphology, congruence or pressures 
into consideration, but clearly concludes that what matters 
is the state of patellar cartilage that can influence outcomes. 
Our present study conversely did not account for the extent 
of cartilage erosion, which could be the principal factor 
influencing pain and function, rather than morphology 
or congruence. It could be that a dysplastic patella or an 
incongruent patellofemoral joint can function adequately 
and pain-free if the articular cartilage is sufficiently thick 
and healthy.

Whereas our findings cannot be directly translated 
into recommendations for clinical practice, as neither 
patellar morphology nor congruence were related to the 
measured outcomes, analysis of the literature suggests that 
the decision whether or not to resurface the patella should 
primarily depend on the condition of the patellar cartilage. 
Moreover, even if patellar morphology and congruence 
have no direct impact on postoperative pain and function, 
they are known predisposing factors to patellar tilt and 
instability, which leads us to recommend resurfacing for 
severely dysplastic patellae (Wiberg type C) regardless of 
the state of articular cartilage.

The principal limitations of the present are its small 
sample size, its relatively short follow-up, and non-

consideration of preoperative AKP and KSS, which could 
correlate with postoperative AKP or KSS. Furthermore, 
the arthroscopic approach did not enable assessment of 
patellofemoral congruence beyond 60° of knee flexion 
where pressures could be greatest, and does not represent 
patellofemoral conditions under weight-bearing and 
physiological muscle loading, especially because assessments 
were made with patients still under general anesthesia. 
The main strengths are the arthroscopic visualization after 
wound closure, which enabled direct dynamic assessment 
of patellofemoral congruence with the joint capsule closed, 
and through various angles of early flexion. The exclusion 
of patients with history of patellar pain or instability also 
rendered a homogenous cohort which included all three 
patellar morphotypes. 

Conclusions

While patellar morphology and patellofemoral congruence 
are strongly related, they are not associated with clinical 
outcomes or patient demographics. Considering that 
numerous incongruent patellofemoral joints were pain-free, 
and conversely, many perfectly congruent patellofemoral 
joints had anterior pain, the authors suppose that pain is 
probably caused by mechanisms other than patellofemoral 
pressures. 
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