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ABSTRACT:

Introduction: Patellofemoral (PF) degeneration plays an important role in knee function in
the context of osteoarthritis. A specific evaluation of PF symptoms is needed to better
understand the initial functional status of the knee before surgery. The aim of this study was
to assess the validity of patient-related outcome measures (PROMs) for knee scores and PF
scores in knee osteoarthritis.

Hypothesis: PF scores are more reliable for evaluating anterior knee pain than global knee
scores in the context of PF degeneration in osteoarthritis.

Material and methods: We performed a prospective single-center study of continuous
patients included between January 2017 and January 2018 in our surgical department for
total knee arthroplasty (TKA) for primary knee osteoarthritis. The analysis used global knee
PROMs (KOOS and new IKS) and PF-specific PROMs (HSS Patella score, Kujala score and Lille
score). Floor and ceiling effects were determined for each score based on tibiofemoral and
PF degeneration on radiographic views; it was considered significant when greater than 15%.
Results:

We included 114 TKA procedures in 113 consecutive patients. According to the Iwano
classification, no significant floor or ceiling effect was found for the PF scores (0—12%). The
KOOS ADL and QOL scores were particularly affected by the ceiling and floor effects
whatever the patellofemoral degeneration (23—-88%). In cases of severe PF degeneration
(lwano grade 3 and 4), no significant differences in the distribution of the functional scores
was found.

Discussion: Modern knee outcome scores used to evaluate knee function do not monitor PF
degeneration and related symptoms in the context of knee osteoarthritis according to the

Iwano classification. PF scores do not have a floor and ceiling effects even if the severity of



the PF degeneration is difficult to identify preoperatively. Physicians should be aware of this

effect on the preoperative functional evaluation before TKA.

Level of evidence: III, comparative prospective study

Keywords PROMs, Knee osteoarthritis, TKA, patellofemoral, quality of life



INTRODUCTION

The benefits related to total knee arthroplasty (TKA) are evaluated using patient-reported
outcome measures (PROMs) [1]. Patients want to get to the point where they “forget” about
their knee during activities of daily living [2,3]. The more modern definition of a forgotten
knee is derived from hip arthroplasty and requires new scores [1,2].

Currently, the most used global knee scores are the KSS (Knee Society clinical scoring
System) [3] and its updated version published in 2011 [4], the WOMAC (Western Ontario
and McMaster Universities Osteoarthritis Index) [5] and the Oxford Knee Score [6-8]. To
evaluate knee function in the context of osteoarthritis, the KOOS (Knee injury and
Osteoarthritis Outcome Score) has been validated in multiple countries and languages
[4,9,10]. Nevertheless, there may be some discrepancy between patients’ complaints
relative to their anterior knee pain and the results of these overall knee PROMs , since they
do not specifically evaluate the patellofemoral (PF) joint [11,12].

Scores more specific to PF degeneration may be useful: HSSP (Hospital for Special Surgery
Patellar) score [13], Lille score [14] and the Kujala score [15]. Many of these scores are
PROMs, but some are also composite scores requiring input from both the patient and
clinician [16]. To study the impact of PF degeneration, it is advisable to use a score that is
valid, reliable and specific to anterior knee pain symptoms, especially when performing the
initial patient evaluation before surgery.

The presence of floor and ceiling effects limits an outcome score’s discriminating ability,
which would make it difficult to detect the functional benefit of a treatment during the
follow-up period [17,18]. However, the PROMs used in current practice are known to have
floor or ceiling effects during the postoperative period [19,20]. The aim of this study was to

compare the validity of PROMs specific to the PF joint to scores typically used in the context



of knee osteoarthritis based on radiological osteoarthritis and to look for floor and ceiling
effects present before TKA surgery. We hypothesized that the general knee scores used in
current practice to evaluate knee function are not sufficiently discriminatory before the

procedure because of floor or ceiling effects, in contrast to PF joint specific scores.

Material and methods

Patients

This was a prospective single-center study of continuous patients operated between January
2017 and January 2018 in our surgical department for a TKA indication of primary knee
osteoarthritis. Excluded were patients with inflammatory arthropathy, post-traumatic
osteoarthritis, and surgical history (except isolated meniscal surgery). After the study was
approved by our institutional review board (2018 IRB-MTP_06-01), each patient was
enrolled once they signed an informed consent form.

Radiographic evaluation

The preoperative radiographic work-up consisted of AP and lateral views of the knee, skyline
view in 30° flexion and long-leg standing view. Osteoarthritis severity was evaluated using
the lwano classification for PF osteoarthritis and the Ahlback classification for tibiofemoral
osteoarthritis. The lwano score was determined on the skyline view and the Ahlback score
on the AP view [21,22]. The radiographs were evaluated by two blinded observers (LD, JB);
any discrepancies were resolved by consensus.

Functional outcomes

The preoperative functional evaluation consisted of five PROMs determined the day before

the TKA procedure, followed by a clinical examination to complete the composite scores.



For the overall knee scores, we used the self-administered questionnaire specific to the
KOOS (Knee injury and Osteoarthritis Outcome Score) [23] and the new version of the
composite IKS score (International Knee Society) developed and validated for TKA follow-up
[24]. The latter consisted of an objective evaluation (70 points) and a self-administered
guestionnaire (180 points; 250 points total).

For the PF specific scores, we used the composite HSSP score (out of 100) consisting of a self-
administered questionnaire and search for clinical signs suggestive of PF osteoarthritis. The
HSSP is the only PF-related score validated for TKA follow-up [13]. The Kujala score is a self-
administered questionnaire with 13 questions (100 points) specifically about anterior knee
pain and has been used in the context of TKA [25]. The Lille self-administered questionnaire
has 12 questions (100 points) and is typically used to evaluate PF instability.

A clinical examination with measurement of range of motion was performed to detect
significant ligament laxity, flexion deformity or incomplete active extension.

Statistical analysis

The gquantitative variables were compared between groups using Student’s t-test or with
non-parametric tests. Qualitative variables were compared between groups using a Chi-
square test or Fisher’s exact test. A P-value below 0.05 was considered significant. The floor
and ceiling effect was determined for each score and defined as the proportion of patients
included in the bottom 15% and top 15% in the range of the score, respectively. For each
score, the percentage of patients in the floor or ceiling brackets was calculated and

considered significant when greater than 15% [18,19].

RESULTS



The study enrolled 113 patients (114 TKA cases) with no significant differences in the
demographics based on the Iwano or Ahlback grade (Table 1). The response rate was 80%.
The PROMSs data are shown in Tables 2 and 3. Histograms of the “ADL” and “QOL”
components of the KOOS show the distribution is skewed towards the lower scores. The
distribution of the other PROMs appeared to be Gaussian (Figure 1).

Impact on overall knee scores

Based on the Iwano classification, a ceiling effect was found for the “ADL” and “QOL”
components of the KOOS (23% to 100%). Classifying the patients based on knee
osteoarthritis did not affect the floor or ceiling effects of the overall knee scores.

Impact on PF-specific scores

Based on the Iwano classification, no significant floor or ceiling effect was found for the PF-
specific scores (0% to 12%) (Table 4). Based on the Ahlback classification, a floor effect was
found for the Lille score in stage 4 knee osteoarthritis (50%) and for the HSSP score in stage
0 knee osteoarthritis (15%). In cases of severe PF degeneration (lwano grade 3 and 4), no

significant differences in the distribution of the functional scores were found.

DISCUSSION

Our main finding was the absence of a floor or ceiling effect in PF-specific PROMs unlike the
KOOS score, depending on the severity of the PF osteoarthritis, which partly confirms our
hypothesis. The ADL and QOL components of the KOOS were most affected by a floor effect,
no matter the severity of PF osteoarthritis, which was previously reported by Roos et al.

[26].

PF pain is often encountered in the context of knee osteoarthritis, but also before and after



TKA is performed [27,28]. Anterior knee pain is often used to reinforce the indication for TKA
instead of unicompartmental knee arthroplasty. The severity of PF degeneration is at the

root of the controversy surrounding systematic patellar resurfacing during TKA [29].

The methodology used here has been validated for ankle osteoarthritis [30] and the
postoperative knee [31]. Despite the multiplicity of scores, there was no missing data;
however the questionnaires were time-consuming and somewhat redundant. The challenges
related to the use of multiple scores could not be evaluated using our methodology. The
Kujala and Lille scores were developed for PF instability; removing items making specific

reference to instability did not impact the results.

We found no significant difference between the functional outcomes based on the lwano
stage for the overall knee scores or the PF-specific scores. The severity of knee osteoarthritis
impacted all the functional scores used. We believe this effect is partially due to an inclusion
bias: the patients enrolled had two-compartment osteoarthritis at a minimum of which the
symptoms can be difficult to divide into two non-overlapping categories. Another bias could
be related to the sub-group classification of patients based on the PF skyline view. In the
literature, the agreement of the radiographic diagnosis with the severity of PF osteoarthritis
is controversial [32] although skyline views are more reliable than lateral views [32]. While
SPECT/CT or MRI could provide additional information about the PF degeneration, we chose
to use our routine clinical protocol. In fact, subgroup analysis reduces the sample size and

induces a risk of overestimating the floor and ceiling effects.

CONCLUSION

PROMs specific to the PF joint do not differentiate themselves from scores typically used to



evaluate knee function, which brings into question their ability to isolate PF symptoms in the
context of knee osteoarthritis. However, they do not have significant floor or ceiling effects,
which meets the primary objective of an ideal functional score, even if the severity of PF

degeneration remains difficult to identify preoperatively.
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Figure 1 : Histograms of the distribution of global knee function scores and patellofemoral
joint-specific scores. The distribution is closer to Gaussian for the patellofemoral scores (HSS,

Kujala, Lille scores) and the KOOS symptoms, pain and function components.



TABLES
Table 1:
Patient characteristics. n = number of patients. M = male, F = female. BMI = body mass

index. The distribution of painful crepitation from physical examination is also reported.

lwano n Age (SD) Sex ratio | BMI (SD) Painful
classification (M/F) crepitation
1 22 67.8 (10.1) | 0.36 30.4 (6.3) 81.8%
2 57 70.8(7.8) | 0.37 28.1(4.7) 80.7%
3 25 70.5(9.3) | 0.24 28.4 (4.2) | 88.0%
4 10 77 (6.6) 0.3 27.9(3.7) |90.0%
p 0.11 0.63 0.56 0.89
Ahlback Age (SD) Sex ratio | BMI (SD)
classification (H/F)

0 4 67.2(5.4) | 0.5 28.1(2.6) 50.0%

1 19 72.2(10.1) | 0.37 28.4 (5.4) 89.5%

2 33 70.5 (9) 0.43 29.8 (5.4) | 81.8%
E 3 47 70.4 (8.9) |0.47 28.2 (4.8) | 83.0%
< |4 11 69.8(9.6) | 0.5 27.7(2.9) | 90.9%
p 0.87 0.68 0.79 0.45

0 21 70.(9.6) 0.38 28.8 (4.5) 71.4%

1 67 70.9 (8.5) | 0.46 29.1(5.1) | 89.6%

2 10 73 (8.9) 0.2 27.6 (4.1) | 90.0%
_ 13 14 67.4 0.46 26.9 (5) 85.7%
S (10.21
T |4 2 71.5(17.7) | 0.5 29.5(2.5) | 100.0%
p 0.64 0.28 0.65 0.31




Tableau 2 : Mean and standard deviation of the outcome measures stratified by the lwano
classification.

lwano Kujala | Lille | HSS | New | KOOS KOOS | KOOS KOOS | KOOS
classification IKS Symptoms | Pain | Function | ADL | QOL
1 44.6 42.3 | 46.7 111.5 | 54.8+17.5 | 439+ | 413 134 22.6
+13 +13.9 | £19.5 | £23.6 13 1134 +11.8 | £22.5
2 49.1 46.1 | 48.8 1231 | 57.8+18.1 | 473+ | 49.6 154 26.8
+11 +11.5 | £15.3 | +21.7 11.9 +14.3 119 | +16.7
3 42.3 41.9 39.9 113.1 | 5017.6 41.4 44.7 10.9 26.7
9.2 +16.5 | £19.2 | +24.5 +14.6 | +14.1 126.7 | £14.8
4 41.4 53.7 46 101 57.1+12.1 494 499 10 25
+11.5 120 1225 | £25.8 124 124.6 112.7 | £22.9
p 0.156 | 0.358 | 0.378 | 0.102 | 0.632 0.541 | 0.299 0.064 | 0.528




Table 3 : Mean and standard deviation of the outcome measures stratified by the Ahlback

grade.
Ahlback | Kujala | Lille | HSS New KOOS KOOS | KOOS | KOOS | KOOS
classific IKS Sympto | Pain Functi | ADL QoL
ation ms on
0 51.5#10 | 47.5% | 65.0+7. | 130+14. | 59.84#12.8 | 48.6%5. | 62.4+11. | 13.849. | 42.2+34
3 9.0 1 6 3 1 5 8
1 46.75+1 | 44.3+ | 46.24#18 | 122.1#2 | 51.5+12.5 | 49.8+16 | 47.9+#19. | 1513 | 27.7#17
2.4 15.5 .0 3.6 8 4 5
2 44.65+1 | 43.7+ | 41.3¥18 | 107.4+2 | 54.3#21.2 | 41.4+11 | 43.5#12. | 9.329.4 | 23.1+14
1.6 16.5 1 5.4 7 8 6
3 47.3+12 | 42.9+ | 47.8#17 | 115.0#2 | 56.4+17.9 | 44.7+15 | 45.0£15. | 15.9+19 | 23.3+17
2 .0 14.2 5 43 4 1 4 7
a4 34.56+1 | 40.1% | 38.9+15 | 94.1#41. | 47.2 #16.6 | 40.9#8. | 34.9+10. | 7.1#¥9.1 | 12.5%
§ 5.2 212 | .2 1 7 4 10.8
p 0.068 0.948 | 0.04 0.071 0.684 0.435 0.061 0.527 0.217
0 45.0£15 | 42.1+ | 48.8#21 | 111.3+2 | 56.0£19.3 | 43.6214 | 43.1#15. | 14.8+14 | 23.1+19
7 14.6 3 7.6 6 8 6 9
1 45.7+11 | 43.9+ | 44.8+15 | 112.4+2 | 56.2#17.7 | 44.3+13 | 45.8+14. | 11.5+16 | 22.6+15
3 15.0 5 4.7 5 6 5 3
2 46.7+8. | 45.9+ | 45.0#18 | 120.3#3 | 53.6#10.1 | 41.7+11 | 37.0#12. | 6.727.5 | 17.7+11
4 6.0 .0 7.1 9 0 5
3 43.8+15 | 43.8+ | 44.2421 | 114.7+3 | 45.0£16.0 | 49.8+16 | 51.5#19. | 17.0£10 | 33.8+25
= 5 20.6 7 0.4 7 9 6 .0
E 4 45.0+12 | 31.5+ | 45.0£21 | 98.0+46. | 42.9 41.7 44.4 30 37.5
< 7 27.6 2 7
p 0.998 0.822 | 0.719 0.938 0.375 0.919 0.732 0.145 0.454




Table 4 : Results of all groups showing the percentage of patients per group with a floor or ceiling effect based on the Ahlback and Iwano
classifications. n = number of patients, F = percentage of patients with a floor effect, C = percentage of patients with a ceiling effect. A 15% rate
is considered significant.

lwano Kujala | Lille HSS New KOOS KOOS | KOOS KOOS ADL | KOOS
classification IKS Symptoms | Pain Function QoL
F C|F C|F C F C|F |C F|C F|C F C F C
1 - - |- - 5% | 5% |- - - | 6% - - - |- 63% | - 38% | 6%
2 - -12% |- [2% |- - -1 - | 9% - |- - |- 66% | - 34% | -
3 6% |- |12% |- |10% | 5% 6% |- |- |- - |- - |- 88% | 6% |23% |-
4 - - |- - - - - -- |- -16% |- |6% |86% |- 43%
Ahlback Kujala | Lille HSS New KOOS KOOS | KOOS KOOS ADL | KOOS
classification IKS Symptoms | Pain Function QoL
F C|F C|F C F C|F |C F|C F|C F C F C

01 |- - |- - 5% | 5% |- - 1. - -1 6% |- | 6% 56% | - 22% | 6%

2 - -15% |- |4% | 4% |- -1- |10% |- |- - |- 80% | - 35% | -

3 - -13% |- (3% |- - - 1- | 6% - |- - |- 66% | 3% |34% | -
-
<
é 4 11% |- | 13% | - | 11% | - 11% |- |- |- - - - - 86% | - 57% | -
=
g 2 0 - - |- - [15% | 5% | - - 1- | 5% - - - |- 55% | - 35% | -
<
- 0




- 2% - - - 8% - - 78% | 3% |35% | -
- - - - - - - - 100% | - | 50% | -
8% 8% 8% |8% | 8% - 10% 10% |50% |- |20% | 10%

50%
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