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�� Knee

What is the impact of patellofemoral 
joint degeneration and malalignment on 
patient-reported outcomes after lateral 
unicompartmental knee arthroplasty?

Aims
It remains controversial whether patellofemoral joint pathology is a contraindication to 
lateral unicompartmental knee arthroplasty (UKA). This study aimed to evaluate the effect 
of preoperative radiological degenerative changes and alignment on patient-reported 
outcome scores (PROMs) after lateral UKA. Secondarily, the influence of lateral UKA on the 
alignment of the patellofemoral joint was studied.

Methods
A consecutive series of patients who underwent robotic arm-assisted fixed-bearing lateral 
UKA with at least two-year follow-up were retrospectively reviewed. Radiological eval-
uation was conducted to obtain a Kellgren Lawrence (KL) grade, an Altman score, and 
alignment measurements for each knee. Postoperative PROMs were assessed using the 
Kujala (Anterior Knee Pain Scale) score, Knee Injury and Osteoarthritis Outcome Score 
Joint Replacement (KOOS JR), and satisfaction levels.

Results
A total of 140 knees (130 patients) were identified for analysis. At mean 4.1 years (2.0 to 
8.5) follow-up, good to excellent Kujala scores were reported. The presence of mild to 
moderate preoperative patellofemoral joint osteoarthritis had no impact on these scores 
(KL grade 0 vs 1 to 3, p = 0.203; grade 0 to 1 vs 2 to 3, p = 0.674). Comparable scores were 
reported by patients with osteoarthritis (Altman score of ≥ 2) evident on either the medial 
or lateral patellofemoral joint facet (medial, p = 0.600 and lateral, p = 0.950). Patients with 
abnormal patellar congruence and tilt angles (≥ 17° and ≥ 14°, respectively) reported good 
to excellent Kujala scores. Furthermore, lateral UKA resulted in improvements to patel-
lofemoral alignment.

Conclusion
This is the first study demonstrating that mild to moderate preoperative radiological de-
generative changes and malalignment of the patellofemoral joint are not associated with 
poor patient-reported outcomes at mid-term follow-up after lateral fixed-bearing UKA. Our 
data suggest that this may be explained by realignment of the patella and thereby redistri-
bution of loads across the patellofemoral joint.

Cite this article: Bone Joint J 2020;102-B(6):727–735.

Introduction
The clinical relevance of degenerative changes in 
the patellofemoral joint as a contraindication for 
unicompartmental knee arthroplasty (UKA) has 
been subject to discussion. Several studies have 
shown that patellofemoral joint osteoarthritis 
(OA), depending on the degree and location, has 

no effect on outcome after medial UKA.1-4 Many 
authors have explained this results from realign-
ment of the patellofemoral joint after medial 
UKA, thereby redistributing the contact pressure 
across the joint.1,5,6 However, drawing conclusions 
for lateral UKA from medial UKA studies may 
be inappropriate, as the anatomical and kinematic 
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Fig. 1

Flow chart of the inclusion process. *The values are given as the number (and percentage) of knees from patients who were either very satisfied or 
satisfied with the results of the surgery or who would opt to undergo the surgery again if given the choice. KOOS JR, Knee Injury and Osteoarthritis 
Outcome Score Joint Replacement; UKA, unicompartmental knee arthroplasty.

properties are different in the medial and lateral compartments, 
which could require specific surgical considerations.7-9

A recent study showed faster progression of OA in the 
patellofemoral joint after lateral UKA compared to medial 
UKA.10 Moreover, Hernigou and Deschamps11 reported patellar 
impingement on the leading edge of the femoral component more 
frequently after lateral UKA than medial UKA. While the rela-
tionship between the patellofemoral joint and medial UKA has 
been investigated,3,5,12 we are unaware of any study evaluating the 
effect of patellofemoral joint degenerative changes or preopera-
tive patellar alignment on the effectiveness of lateral UKA.

The first aim of this study was to investigate whether the pres-
ence of preoperative radiological patellofemoral joint degenerative 
changes and alignment influence mid-term patellofemoral-specific 
and general knee outcomes following fixed-bearing lateral UKA. 
The second aim was to evaluate the influence of lateral UKA on 
postoperative radiological patellofemoral joint alignment. We 
hypothesized that preoperative radiological OA and alignment do 
not adversely affect patient-reported outcomes following lateral 
UKA and furthermore, that lateral UKA improves patellofemoral 
joint congruence.

Methods
Patient selection. A retrospective review was performed on 
patients who underwent fixed-bearing lateral UKA with at least 
two-year follow-up, performed by a single surgeon (ADP). A 
total of 198 procedures (182 patients) were identified from the 
surgeon’s database. All these patients received a fixed-bearing 
lateral onlay UKA (RESTORIS MCK System; Stryker, Fort 
Lauderdale, Florida, USA) using robotic assistance (MAKO 
System, Stryker) between January 2010 and August 2016. 
Indications for surgery were symptomatic, end-stage, lateral 
compartment OA; a passively correctable coronal plane de-
formity; and fixed flexion deformity of < 15°. Exclusion criteria 

were signs of radiological inflammatory arthritis; the presence 
of Kellgren Lawrence (KL)13 grade 3 to 4 OA in the contralat-
eral tibiofemoral compartment; or patellofemoral joint-related 
symptoms (anterior knee pain with prolonged knee flexion, or 
pain specific to stair-climbing rather than descending stairs). 
Degenerative changes of the patellofemoral joint were not con-
sidered to be a contraindication, unless there were KL grade 4 
degenerative changes at the lateral or medial facet of the patel-
lofemoral joint. Patients were only included when a complete 
follow-up and set of radiographs (preoperative and six-week 
postoperative Merchant views and standing long-leg radio-
graphs) were available.14 Patients who were deceased or under-
went revision were excluded from analyses.

A total of 140 knees (130 patients) were considered eligible 
for analysis (Figure 1). The mean follow-up of this cohort was 
4.1 years (SD 1.6). The mean age at the time of surgery was 63.4 
years (SD 10.5), and mean BMI was 26.6 kg/m2 (SD 4.7). There 
were 59 (42.1%) males and 81 (57.9%) females. No statistical 
differences were observed regarding baseline characteristics and 
preoperative radiological measures between respondents and 
those without follow-up outcomes (age: p = 0.993, independent-
samples t-test; BMI: p = 0.973, independent-samples t-test; sex: 
p = 0.834, Fisher’s exact test; patellofemoral joint (PFJ) KL 
grade: p = 0.618, chi-squared test; patellar congruence angle:  
p = 0.593, independent-samples t-test; and patellar tilt angle:  
p = 0.330, independent-samples t-test; mechanical alignment 
angle: p = 0.580, independent-samples t-test). The study was 
approved by the institutional review board.
Radiological evaluation. The patellofemoral joint was eval-
uated using a Merchant view radiograph (skyline view of the 
patellofemoral joint at 45° of knee flexion with a leg-holding 
device).14 Preoperative patellofemoral joint OA was graded ac-
cording to KL classification grades of 0 to 4 (0 = none, 1 = 
doubtful, 2 = minimal, 3 = moderate, 4 = severe).13 In addition, 
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Fig. 2

Assessment of the patellar tilt angle on a Merchant view radiograph. 
The patellar tilt angle (α) is the angle between the line joining the edges 
of the patella and the line joining the highest points of the lateral and 
medial condyle.

Fig. 3

Assessment of the patellar congruence angle on a Merchant view 
radiograph. The sulcus angle (β) is the angle between the lines 
intersecting the highest points of the lateral and medial condyle at the 
lowest point of the intercondylar sulcus. The congruence angle (α) 
is determined by the (dotted) line bisecting the sulcus angle and the 
line connecting the patellar median ridge and the lowest point of the 
intercondylar sulcus. Angles medial to the zero line are considered as 
negative, and those lateral to the zero line are considered as positive.

Table I. The interobserver reliability score of the radiological 
measurements.

Radiological measurement ICC (95% CI)

Preoperative patellar congruence angle 0.938 (0.914 to 0.955)

Postoperative patellar congruence angle 0.933 (0.907 to 0.951)

Preoperative patellar tilt angle 0.948 (0.928 to 0.962)

Postoperative patellar tilt angle 0.928 (0.901 to 0.948)

Kellgren Lawrence grade PFJ 0.837 (0.779 to 0.881)

Altman grade (lateral PFJ) 0.854 (0.802 to 0.893)

Altman grade (medial PFJ) 0.851 (0.797 to 0.891)

Preoperative mechanical alignment angle 0.993 (0.990 to 0.995)

Preoperative mechanical alignment angle 0.979 (0.970 to 0.985)

CI, confidence interval; ICC, intraclass correlation coefficient; PFJ, 
patellofemoral joint.

the Altman score12 was used to grade the lateral and medial 
facet of the patellofemoral joint separately. This score consists 
of four individual parameters of OA (presence of osteophytes, 
joint space narrowing, subchondral sclerosis, and bone destruc-
tion), each scored between 0 and 3, with a highest possible 
score of 12.15 Altman scores ≥ 2 were classified as degenera-
tive changes.1 Preoperative and postoperative alignment of the 
patellofemoral joint were measured using the patellar tilt and 
congruence angle (Figures 2 and 3).14,16 Based on prior studies, 
a tilt angle of ≥ 14° and a congruence angle of ≥ 17° were con-
sidered abnormal.14,16,17 Preoperative and postoperative long-leg 

standing radiographs were used to obtain lower limb mechani-
cal axis angles.18

All radiographs were independently evaluated in the Patient 
Archiving and Communication System (PACS, Sectra IDS 7 
version 20.2, Linköping, Sweden) by two trained observers 
(JAB and MSD), who were blinded to outcomes. Interobserver 
reliability between the two observers was determined using 
intraclass correlation coefficients (ICCs). ICCs for all measure-
ments were considered good to excellent and were similar as 
reported by earlier studies (Table I).5,19

Outcomes. Patients were required to report their demograph-
ics (date of birth, height, and weight) and whether they had 
any surgery after their lateral UKA. Furthermore, patients 
were asked to complete the Anterior Knee Pain Score (Kujala 
score)20 and the Knee Injury and Osteoarthritis Outcome Score 
Joint Replacement (KOOS JR).21 The KOOS JR provides infor-
mation about the overall knee problems while the Kujala score 
provides information on patellofemoral joint-related function 
and symptoms. Both were reported on a scale from 0 to 100, 
with higher scores reflecting better outcomes. In addition, pa-
tients were asked to report their satisfaction with the outcomes 
of the surgery using a five-point Likert scale (‘very dissatisfied’, 
‘dissatisfied’, ‘neutral’, ‘satisfied’, ‘very satisfied’) and whether 
or not they would opt to undergo the surgery again. All patients 
were contacted by email or postal mail, and non-responders fol-
lowed up by telephone. A total of 157 (86%) patients completed 
the follow-up questionnaire, of which three patients reported a 
revision and five patients died, whose relatives confirmed no 
revision was performed. Revisions were performed for asep-
tic loosening, unexplained pain, and infection. Preoperative 
patient-reported outcome measures were not collected.
Statistical analysis. All statistical analyses were performed 
using SPSS version 25 (IBM, Armonk, New York, USA). 
Continuous data were presented as means and SDs. Incidence 
data were reported using frequencies and percentages. The 
differences in continuous variables were analyzed using the 
Mann-Whitney U test for non-normally distributed data and 
the independent-samples t-test for normally distributed data. 
Fisher’s exact test and chi-squared test were used for the com-
parison of categorical data. The results of the five-point Likert 
scale were dichotomized into satisfied versus neutral and dissat-
isfied for statistical analyses. Among the patient-reported out-
come measures, Kujala score was used as the primary outcome 
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Table II. Outcomes after lateral unicompartmental knee arthroplasty according to patellofemoral osteoarthritis severity.*†

Outcome Knees, n Mean Kujala (SD)* Mean KOOS JR (SD)* Satisfaction, n (%)† Repeat surgery, n (%)†

PFJ Kellgren Lawrence grade
Grade 0 39 80.9 (17.1) 83.2 (16.1) 36 (92) 35 (90)

Grade 1 to 3 101 85.2 (14.9) 86.3 (13.5) 96 (95) 95 (94)

p-value 0.203 0.378 0.685 0.465

Grade 0 to 1 66 83.0 (16.3) 84.7 (14.8) 62 (94) 61 (92)

Grade 2 to 3 74 84.8 (14.9) 86.0 (13.8) 70 (95) 69 (93)

p-value‡ 0.674 0.656 1.000 1.000

Altman score
Medial facet of PFJ
≤ 1 94 83.1 (16.1) 84.8 (14.4) 87 (93) 85 (90)

≥ 2 46 85.6 (14.5) 86.7 (14.1) 45 (98) 45 (98)

p-value‡ 0.600 0.414 0.272 0.166

Lateral facet of PFJ
≤ 1 69 83.6 (16.1) 85.1 (14.8) 65 (94) 64 (93)

≥ 2 71 84.3 (15.2) 85.7 (13.8) 67 (94) 66 (93)

p-value‡ 0.950 0.852 1.000 1.000

Both facet of PFJ
≤ 1 on at least one facet 98 83.8 (16.0) 85.3 (14.3) 91 (93) 89 (91)

≥ 2 on both facet 42 84.4 (14.6) 85.6 (14.3) 41 (98) 41 (98)

p-value 0.739 0.924 0.435 0.282
*The ranges from 0 to 100, with higher scores indicating better outcomes. Mann-Whitney U test was used for statistical comparison.
†The values are given as the number (and percentage) of knees from patients who were either very satisfied or satisfied with the results of the 
surgery or who would opt to undergo the surgery again if given the choice. Fisher’s exact test was used for statistical comparison.
‡A p-value of < 0.05 represents a significant difference between subgroups.
KL, Kellgren Lawrence; KOOS JR, Knee Injury and Osteoarthritis Outcome Score Joint Replacement; PFJ, patellofemoral joint

measure. Multivariate regression analyses were performed to 
analyze associations between radiological parameters and the 
primary outcome score, while correcting for potential con-
founders (body mass index (BMI), age, sex, and time since sur-
gery). Wilcoxon signed rank test was used for the comparison 
of preoperative and postoperative alignment measurements. A 
sensitivity analysis was conducted comparing preoperative ra-
diological measurements and baseline characteristics between 
respondents and those without follow-up outcomes. A p-value 
of < 0.05 was considered significant for all tests.

Results
Presence of OA. Radiological evaluation of the preoperative 
Merchant view showed that 39 knees (27.9%) had no patel-
lofemoral joint degenerative changes (KL grade 0), 27 knees 
(19.3%) had doubtful changes (KL grade 1), 62 knees (44.3%) 
had mild changes (KL grade 2), and 13 knees (8.6%) had mod-
erate changes (KL grade 3). There were no knees that showed 
severe degenerative changes (KL grade 4). Evaluation of the 
medial and lateral facet of the patellofemoral joint individually 
revealed that degenerative changes, defined as an Altman score 
≥ 2, were observed on the medial facet in 46 knees (32.9%) and 
on the lateral facet in 71 knees (50.7%). An Altman score of ≥ 
2 on both facets of the patellofemoral joint was observed in 42 
knees (30.0%) (Table II).

The bivariate analysis, which grouped patients based on the 
severity of degeneration anywhere in the patellofemoral joint by 
the KL grade, reported good to excellent outcomes in all groups 
at mid-term follow-up. Patients with more severe degenerative 
changes in the patellofemoral joint consistently reported higher 
patient-reported outcomes, however, these differences were not 

significant (Table  II, Figure 4). Similar results were observed 
when considering the location of the degenerative changes in 
the patellofemoral joint by the Altman score, resulting in no 
significant differences between subgroups (Table II). The multi-
variate regression analysis combining demographic and radio-
logical parameters showed that mild to moderate patellofemoral 
radiological degenerative changes had no significant effect on 
the Kujala score (Table III).
Patellar and lower limb alignment. The lower limb alignment 
was corrected from mean 5.9° (SD 3.9) of valgus preoperative-
ly to mean 2.8° (SD 1.9) of valgus postoperatively (p < 0.001, 
Wilcoxon signed rank test). The absolute congruence angle de-
creased from mean 11.8° (SD 10.4) to mean 10.5° (SD 10.3;  
p = 0.038, Wilcoxon signed rank test), while the absolute pa-
tellar tilt angle increased from mean 6.4° ((SD 5.0) to mean 
7.6° (4.7; p < 0.001, Wilcoxon signed rank test). Further eval-
uation revealed that the patellar congruence angle significant-
ly increased after lateral UKA in the 110 knees categorized as 
normal (mean -0.2° (SD 9.7) to mean 5.2° (SD 8.5; p < 0.001, 
Wilcoxon signed rank test), while the patellar congruence angle 
decreased in the 30 knees categorized as abnormal (mean 27.1° 
(SD 8.4) to mean 22.7° (SD 11.7; p = 0.006, Wilcoxon signed 
rank test). The patellar tilt angle significantly increased after lat-
eral UKA in 126 knees classified as normal (mean 5.0° (SD 3.8) 
to mean 7.0° (SD 4.1; p < 0.001, Wilcoxon signed rank test), 
while the patellar tilt angle decreased in 14 knees categorized 
as abnormal (mean 16.2° (SD 2.0) to mean 13.0° (SD 3.3); p < 
0.001, Wilcoxon signed rank test) (Table IV and Figure 5).

At mid-term follow-up, no difference in any patient-reported 
outcome measure was found between patients with normal 
and abnormal patellar congruence or tilt angles, both for 
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Fig. 4

a) Preoperative Merchant view of a right knee with the lowest Kujala score. b) Preoperative Merchant view of a left knee with the highest Kujala 
score.

Table III. Multivariate analysis using a linear regression model with 
Kujala Score as dependent variable including preoperative alignment 
angles in model one and postoperative alignment angles in model two.

Variable Coefficient (95% CI)* p-value

Model one
Sex (male vs female) 4.0 (-1.3 to 9.4) 0.139

Age -0.5 (-0.7 to -0.3) < 0.001

BMI -1.2 (-1.8 to -0.7) < 0.001

Time since surgery -0.4 (-2.0 to 1.2) 0.598

Preoperative patellar congruence 
angle

0.2 (-0.0 to 0.4) 0.129

Preoperative patellar tilt angle 0.0 (-0.5 to 0.5) 0.967

Preoperative mechanical alignment 
angle

0.0 (-0.6 to 0.7) 0.890

Altman score medial facet of PFJ 0.3 (-2.5 to 3.1) 0.839

Altman score lateral facet of PFJ -0.8 (-3.8 to 2.3) 0.627

PFJ Kellgren Lawrence grade (0 to 1 
vs 2 to 3)

1.6 (-6.8,10.0) 0.709

Model two
Sex (male vs female) 4.9 (-0.6 to 10.4) < 0.001

Age -0.6 (-0.8 to -0.3) < 0.001

BMI -1.3 (-1.8 to -0.7) < 0.001

Time since surgery -0.6 (-2.2 to 1.0) 0.459

Postoperative patellar congruence 
angle

0.3 (0.0 to 0.6) 0.031

Postoperative patellar tilt angle -0.3 (0.0 to 0.6) 0.403

Postoperative mechanical alignment 
angle

-0.5 (-1.9 to 0.8) 0.433

Altman score medial facet of PFJ 0.0 (-2.7 to 2.8) 0.982

Altman score lateral facet of PFJ -1.7 (-4.9 to 1.6) 0.313

PFJ Kellgren Lawrence grade (0 to 1 
vs 2 to 3)

2.9 (-5.6 to 11.5) 0.495

*For categorical variables, the coefficient indicates the change in 
the Kujala score of one group relative to the reference group. For 
continuous variables, the coefficient indicates the change resulting 
from a 1-unit increase of the input variable.
BMI, body mass index; CI, confidence interval; PFJ, patellofemoral 
joint.

Table IV. Preoperative and postoperative patellar and lower limb 
alignment measures.*

Alignment measure Mean 
preoperative 
angle, ° (SD)

Mean 
postoperative 
angle, ° (SD)

p-value*

Patellar congruence angle 
(all knees)

11.8 (10.4) 10.5 (10.3) 0.038

Normal (≤ 16°) -0.2 (9.7) 5.2 (8.5) < 0.001

Abnormal (≥ 17°) 27.1 (8.4) 22.7 (11.7) 0.006

Patellar tilt angle (all knees) 6.4 (5.0) 7.6 (4.7) < 0.001

Normal (≤ 13°) 5.0 (3.8) 7.0 (4.1) < 0.001

Abnormal (≥ 14°) 16.2 (2.0) 13.0 (3.3) < 0.001

Mechanical alignment 
angle†

5.9 (3.9) 2.8 (1.9) < 0.001

*Wilcoxon signed rank test was used for statistical comparison. A 
p-value < 0.05 represents a significant difference between pre- and 
postoperative measurements
†Mechanical alignment angles greater than zero denote valgus 
alignment, and those less than zero denote varus alignment

preoperative and postoperative measurements (Table V). Multi-
variate regression analyses showed no significant association 
between the Kujala score and preoperative patellofemoral joint 

alignment measures. However, higher postoperative patellar 
congruence angles were associated with higher Kujala scores 
(β = 0.3 (95% confidence interval (CI) 0.0 to 0.6); p = 0.031) 
(Table III).

Discussion
The present study demonstrated that mild to moderate degener-
ative changes of the patellofemoral joint and malalignment seen 
on the preoperative skyline patellar view does not adversely 
affect patellofemoral joint-specific and general knee patient-
reported outcomes after lateral UKA at mid-term follow-up. 
Secondarily, realignment of the patella was observed on skyline 
views following lateral UKA.

Some concerns related to the patellofemoral joint after lateral 
UKA have been raised. A recent study by Kinsey et al10 found 
that progression of patellofemoral joint arthritis over five years 
was greater for the lateral UKA group than for the medial UKA 
group (0.8 vs 0.4 point on the KL grade, respectively).10 There-
fore, the results of recent medial UKA studies that reported that 
patellofemoral joint degeneration is not associated with adverse 
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Fig. 5

Preoperative and six-week postoperative Merchant view of a left knee from a 64-year-old female. a) The preoperative sulcus angle is 140.2°, patellar 
congruence angle is 18.4°, and b) the preoperative patellar tilt angle is 19.6°. c) Although the postoperative sulcus angle is the same (140.2°), the 
postoperative patellar congruence angle (8.7°), and d) the postoperative lateral patellar tilt angle (13.1°) are decreased to lie within normal ranges 
compared to the preoperative angles.

Table V. Outcomes after lateral unicompartmental knee arthroplasty categorized by normal and abnormal alignment angles.†

Angle Patients, n Mean Kujala (SD)* Mean KOOS, JR (SD)* Satisfaction, n (%)† Repeat surgery, n (%)†

Preoperative patellar congruence angle
Normal (≤ 16°) 110 83.7 (16.2) 84.7 (14.8) 102 (93) 100 (91)

Abnormal (≥ 17°) 30 84.9 (13.2) 87.8 (12.0) 30 (100) 30 (100)

p-value 0.903 0.431 0.202 0.119

Postoperative patellar congruence 
angle
Normal (≤ 16°) 112 83.2 (16.1) 84.4 (14.7) 104 (93) 103 (92)

Abnormal (≥ 17°) 28 87.5 (13.1) 88.8 (12.4) 28 (100) 27 (97)

p-value 0.379 0.458 0.357 0.687

Preoperative patellar tilt angle
Normal (≤ 13°) 126 83.6 (15.9) 85.0 (14.7) 118 (94) 117 (93)

Abnormal (≥ 14°) 14 87.2 (11.6) 88.8 (10.1) 14 (100) 13 (93)

p-value 0.570 0.440 1.000 1.000

Postoperative patellar tilt angle
Normal (≤ 13°) 127 83.7 (15.9) 85.1 (14.5) 119 (94) 118 (93)

Abnormal (≥ 14°) 13 86.9 (12.0) 88.3 (11.7) 13 (95) 12 (90)

p-value 0.627 0.548 1.000 1.000

*The ranges from 0 to 100, with higher scores indicating better outcomes. Mann-Whitney U test was used for statistical comparison.
†The values are given as the number (and percentage) of knees from patients who were either very satisfied or satisfied with the results of the 
surgery or who would opt to undergo the surgery again if given the choice. Fisher’s exact test was used for statistical comparison.
‡A p-value of < 0.05 represents a significant difference between subgroups.

outcomes, may not be applicable for lateral UKA.1–6 Our study 
showed that preoperative radiological degenerative changes of the 
patellofemoral joint were more common on the lateral facet than 

medial facet in patients with preoperative valgus alignment. This 
is consistent with the findings of the current literature, reporting 
that valgus alignment increases the risk of degenerative changes 
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Table VI. Series of fixed-bearing lateral unicompartmental knee arthroplasty with long-term follow-up.

Study PFJ indication criteria Sample 
size, n

Cohort characteristics Mean FU, yrs 
(range)

Survival rates Reasons for revision (n)

Argenson  
et al27 2008*

No clinical or radiological 
signs of PFJ OA

40 BMI: mean 26 kg/m2 
(SD 5)

12.6 (3 to 23) 10-yr: 92% Medial compartment OA (3)

Age: mean 61.7 yrs 
(SD 7)

16-yr: 84% PFJ OA (1)

Sex female:male (%) 
62: 38

Tibial loosening (1)

Heyse et al29 
2011†

Asymptomatic PFJ and no 
bone-on-bone OA on skyline 
view

50 BMI: N/A 10.8 (5 to 16) 10-yr: 91.8% Medial compartment OA (1)

Age: < 60 yrs 15-yr: 91.8% Wear and loosening (1)

Sex: N/A Tibial subsidence, wear, 
loosening (1)

Deroche et al28 
2019

No clinical or 
radiological signs of PFJ 
OA;asymptomatic PFJ OA in 
selected patients > 70 years 
old

54 BMI: mean 25.1 kg/m2 
(SD 3.0)

17.9 (15 to 23) 15-yr: 84.2% Tibial loosening (1)

Age: mean 72.2 yrs (SD 
15.2)

20-yr: 71.2% Medial compartment OA (3)

Sex: female:male (%) 
78:22%

Medial and symptomatic PFJ 
OA (4)

*Most comparable patient characteristics as reported in the present study.
†Most comparable indications as reported in the present study.
BMI, body mass index; FU, follow-up; N/A, not available; OA, osteoarthritis; PFJ, patellofemoral joint

in the lateral facet of the patellofemoral joint.22,23 However, no 
evidence was found in our study that these changes within the 
lateral facet of the patellofemoral joint compromised patellofem-
oral joint-specific or general knee patient-reported outcomes after 
lateral UKA at mid-term follow-up. Similarly, there was no impact 
of mild to moderate degenerative changes in the medial facet of 
the patellofemoral joint.

There are several possible explanations for the lack of rela-
tionship between preoperative patellofemoral joint degenera-
tive changes and outcomes in our study. Degenerative changes 
seen in the patellofemoral joint may not be symptomatic and 
ultimately not compromise outcomes, especially in our cohort, 
as patellofemoral joint-related symptoms were considered to be 
a contraindication to lateral UKA in the practice of the senior 
author.1,24 Furthermore, a new contact surface provided by a 
UKA would relieve the pain experienced from a diseased lateral 
femoral condyle articulating in high flexion against degraded 
surfaces of the patellofemoral joint.

Additionally, most patients in the current study had a normal 
patellar congruence and tilt angle postoperatively, and patients 
with abnormal angles preoperatively tend towards normal 
values postoperatively. These findings suggest that lateral UKA 
leads to realignment of the patella, resulting in a load redistribu-
tion across the patellofemoral joint, and potentially influences 
patellofemoral symptoms. However, it is important to note 
that the number of patients with abnormal angles were similar 
between preoperative and postoperative intervals. Therefore, the 
clinical relevance of these changes can be questioned. However, 
more importantly, the abnormal patellar congruence and tilt 
angles were not associated with poor patient-reported outcomes 
at mid-term follow-up. In fact, patients with abnormal preop-
erative patellar alignment angles reported higher outcomes. It 

may be that these patients benefitted more from the realignment 
of the patella than those with already normal patellar align-
ment angles. Nevertheless, these findings need to be interpreted 
with caution as only a small number of patients with abnormal 
congruence and tilt angles were included and no preoperative 
patient-reported outcomes were available.

Furthermore, an important factor that needs to be considered 
regarding the patellofemoral joint is the surgical technique used 
for lateral UKA. There is a greater risk of impingement between 
the leading edge of the femoral component in lateral UKA 
than medial UKA, as the patella tracks more laterally during 
knee flexion.11,25 For this reason, several authors have stated 
that accurate resection of the femoral condyle, as well as posi-
tioning and sizing of the femoral component, is more important 
in lateral UKA.11,25 It is conceivable that the enhanced planning 
and accurate bone resection while using a robotic arm-assisted 
technique may have contributed to the good to excellent mid-
term results in our study.

This study showed that higher BMI, higher age, and female 
sex was associated with lower postoperative Kujala scores; we 
did not record preoperative scores, so their health-gain from 
lateral UKA is unknown. The decreased physical activity in 
older compared to younger patients may have influenced the 
scoring of the functional-related questions of the Kujala survey 
and thereby lowered the score in older patients. This may also 
be an explanation for the lower scores in those patients with a 
higher BMI. A possible reason for the lower scores in women 
may be that they had poorer preoperative functional levels and 
did not reach the same final functional level as men.26

Regarding failures in our series, three patients reported a 
revision. Although none of these revisions were performed due 
to patellofemoral-related problems at mid-term follow-up, the 
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main concern is failure at long-term follow-up. Currently, there 
are some studies reporting on long-term outcomes of fixed-
bearing lateral UKA, although different indications regarding the 
patellofemoral joint have been described (Table VI). One study 
by Argenson et al27 reported on a cohort of 40 lateral UKAs with 
a mean follow-up of 12.6 years (3.0 to 23.0). Five revisions were 
reported; one for patellofemoral OA at 2.3 years. Another study 
by Deroche et al28 studied a cohort of 54 knees with a mean 
follow-up of 17.9 (15 to 23 years). Eight revisions were reported 
of which four for medial OA with symptomatic patellofemoral 
OA at 6, 9, and 14 years. Finally, a study by Heyse et al29 eval-
uated a cohort of 50 lateral UKA with a mean follow-up of 10.8 
years (range five to 16). Three were revised, however, not any for 
patellofemoral-related problems. This latter study had comparable 
acceptable patellofemoral criteria for performing lateral UKA as 
the present study, in which radiological degenerative changes 
of the patellofemoral joint were accepted as long as these were 
clinically silent and not bone-on-bone (KL grade 4). The present 
study’s patient demographics is most comparable to Argenson et 
al27 (Table VI). Although the authors did not report the specific 
goals for the surgical outcome of the two surgeons performing the 
procedure, they stated that 73% patients (27/37) returned to their 
preoperative activity level. In the present study, patients were not 
encouraged to return to high-impact sports as their main activity; 
however, all activities were allowed after lateral UKA in consul-
tation with the surgeon and physical therapist. Although patients’ 
preoperative and postoperative activity levels were not reported 
for our cohort, a recent study, including medial and lateral UKA 
patients of the senior author (ADP), reported that 85.4% (117/137) 
returned to similar or higher activity levels compared to their 
preoperative level.30

Our study has certain limitations that should be considered. 
The first limitation is represented by the retrospective study 
design. Secondly, a proportion of the patients had no follow-up 
outcomes (26 patients, 14%). Although this may have resulted 
in selection bias, a sensitivity analysis showed no difference in 
terms of demographic characteristics and preoperative radio-
logical measurements between responders and those without 
follow-up outcomes. Thirdly, severe patellofemoral OA was 
a contraindication to lateral UKA, and therefore the effect of 
preoperative severe OA (KL grade 4) on mid-term outcomes 
remains unknown. Fourthly, the multivariate regression model 
reported that higher postoperative congruence angles were 
associated with higher Kujala scores, while the direct compar-
ison between patients with abnormal and normal postoperative 
congruence angles and Kujala scores showed no difference. 
These controversial results may be secondary to unequal group 
sizes between knees with abnormal and normal angles. Fifthly, 
Merchant radiographs are widely used to assess patellofemoral 
joint measurements, but there are drawbacks to this method. 
Rotational variation is not controlled as measurements are 
assessed on a 2D skyline view. Moreover, common clinical 
radiographs are static and do not address the dynamic nature 
of patellar tracking. Finally, no intraoperative assessment of the 
degree of patellofemoral cartilage wear was recorded; therefore, 
we were unable to compare our radiological data with intra-
operative findings. Of note, none of the planned lateral UKA 
cases during the study period were converted to another type of 

arthroplasty after intraoperative assessment of the patellofem-
oral cartilage wear.

In conclusion, our data suggest that preoperative radiolog-
ical mild to moderate patellofemoral degenerative changes, and 
associated malalignment of the patella, do not adversely affect 
patella-specific and general knee outcomes of lateral UKA at 
mid-term follow-up. This may be related to the realignment of 
the patella after lateral UKA, and thereby the redistribution of 
contact forces around the patellofemoral joint. However, more 
biomechanical studies focusing on the multifactorial nature 
of patellar alignment after lateral UKA are needed; as well as 
larger clinical studies with longer follow-up which examine the 
relationship between radiological patellofemoral joint degener-
ation and lateral UKA patient-reported outcomes.

Take home message
- - Neither mild to moderate degenerative changes nor 

malalignment of the patellofemoral joint, seen on a 
preoperative skyline view, influence mid-term outcomes of 

fixed-bearing lateral unicompartmental knee arthroplasty (UKA).
- - The lack of influence may be due to realignment of the patella after 

fixed-bearing lateral UKA.
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