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Abstract
Objectives We examined the intertester reliability of patellofemoral compartment (PFC) osteoarthritis (OA) severity using
magnetic resonance images (MRI) and a modified Kellgren and Lawrence (K&L) system. Second, we determined if these grades
were associated with clinical tests of PFC involvement or self-reported pain/difficulty with stair climbing. Third, we assessed the
association between PFC OA severity and knee pain or disability, after accounting for potential confounders including
tibiofemoral OA severity.
Method We examined the 9-year Osteoarthritis Initiative data from 114 subjects in the year prior to undergoing knee arthroplasty.
The weighted kappa (κw) was used to determine intertester reliability, and the Pearson chi-square was used to assess associations
among PFC OA scores and clinical tests. Multiple regressions were used to determine independent associations between self-
reported pain/function and PFC OA.
Results Reliability was substantial (κw = 0.73 (SE = 0.05)). Chi-square associations between PFC OA severity and clinical tests
were not significant (p > 0.05). Multiple regression models between PFC OA and self-reported pain or function scores were not
significant (p > 0.05).
Conclusions MRI-based measures of PFC OAwere highly reliable indicating that musculoskeletal radiologists can reliably grade
the PFCs of subjects usingMRI. The extent of PFCOA is not associated with either clinical tests of PFC involvement or activities
associated with PFC pain in persons with moderate to severe symptomatic tibiofemoral and PFC OA.
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Knee osteoarthritis is a debilitating disease affecting approxi-
mately one third of older adults [1]. The structure of the knee
joint with two tibiofemoral compartments, medial and lateral,
and the patellofemoral compartment (PFC) can result in
compartment-specific osteoarthritis. The PFC either in isola-
tion or in combination with the medial tibiofemoral compart-
ment is frequently symptomatic, particularly in middle-aged
and older women with osteoarthritis [2, 3].

Radiographic evaluation of the PFC is optimally performed
using multiple views, including the lateral and skyline, or
tangential, views [4]. Radiographic views specifically de-
signed for the PFC are not acquired in one of the larger lon-
gitudinal clinical and imaging osteoarthritis studies—the
Osteoarthritis Initiative (OAI) [4]. However, axial and sagittal
MRI sequences are available to evaluate the PFC in this and
other longitudinal studies of knee osteoarthritis. Recently,
MRI sequences and a modified Kellgren and Lawrence
(K&L) grading scale (to accommodate MRI imaging) for
PFC osteoarthritis have been used to generate reliable esti-
mates of PFC OA [5, 6].

Kobayashi and colleagues [6] recently suggested that a
simple-to-obtain measure of PFC OA severity was needed
versus more time-consuming and complex magnetic reso-
nance imaging (MRI) measures such as the MRI
Osteoarthritis Knee Score (MOAKS) [7]. The investigators
examined, in part, the reliability of PFC OA severity using
MRIs and a modified K&L grading system originally reported
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by Riddle et al. [5]. The weighted kappa, a chance-corrected
reliability coefficient of κ = 0.49, was reported for intertester
reliability and corresponds to a moderate level of agreement
[8]. Kobayashi et al. concluded that MRI-derived K&L grades
for the PFC showed promise, but that additional work was
needed to determine the extent to which these measures asso-
ciate with clinical findings in patients with knee pain.

In the current study, we were interested in building on our
prior work and that of Kobayashi and colleagues [6]. Our
study had three purposes. First, we determined the extent of
intertester reliability for PFC osteoarthritis grades using MRI
and a modified K&L system [5] applied by two experienced
musculoskeletal radiologists. Kobayashi and colleagues re-
ported moderate agreement between experienced radiologists
(κ = 0.49), and we hypothesized that among experienced mus-
culoskeletal radiologists, reliability would be higher. Second,
to better understand the clinical relevance of MRI-derived
PFC K&L grades, we determined if these grades were signif-
icantly associated with results obtained from self-reported
pain or difficulty with stair climbing or clinical tests of PFC
involvement, the patellar grind test and the patellar crepitus
test. Both clinical tests provide reliable data when conducted
by trained examiners [9, 10]. Stair climbing is an activity that
has been associated with PFC inflammation and pain [11].
Given that PFC compressive forces increase with stair
climbing, as compared to level walking and other less strenu-
ous activities [12], we hypothesized that worse PFC OA
would be associated with greater pain and greater difficulty
with stair climbing. Third, we determined if measures of PFC
OA severity were associated with knee pain or disability, as
measured with the WOMAC scale, after accounting for po-
tential confounders including tibiofemoral OA severity. Given
the importance of the PFC in daily function [2], we hypothe-
sized that greater PFC OA would be associated with worse
(higher) WOMAC pain and function scores after adjustment
for potential confounding.

Materials and methods

Source of data: the Osteoarthritis Initiative

The Osteoarthritis Initiative (OAI) is a National Institutes of
Health and privately funded prospective community-based 9-
year longitudinal study of subjects with radiographic knee
osteoarthritis (OA) or at high risk for knee OA [4]. Knee
OA risk was confirmed if the subjects were overweight or
obese, reported prior knee injury or surgery, had knee symp-
toms, or had a family history of knee replacement surgery.
Subjects were recruited from the communities of four study
sites. The study was approved by the Institutional Review
Boards at the following sites: (1) University of Pittsburgh in
Pittsburgh, Pennsylvania; (2) University of Maryland in

Baltimore, Maryland; (3) Ohio State University in
Columbus, Ohio; and (4) Memorial Hospital of Rhode
Island, in Pawtucket, Rhode Island. All subjects signed an
IRB-approved consent form prior to participation.

A total of 17,457 women and men between the ages of 45
and 79 years were screened, and 4796 were enrolled. The
most common exclusionary criteria were magnetic resonance
imaging height and weight restrictions (n = 2328), recruitment
thresholds for age and gender (n = 2954), and dropouts prior
to the enrollment visit (n = 4381). Enrollment began in 2004,
and publically available data are available with 9 years of
yearly follow-up.

Subjects

Over the 9-year study period, a total of 427 subjects
underwent knee arthroplasty (KA) on at least one knee. A
subset of these subjects with preoperative magnetic resonance
images (N = 114) were selected for the current study because
of the need for modified K&L grades of index PFCs of pre-
surgical knees, to be used in a future study of a KA appropri-
ateness classification system [13]. Additionally, persons who
undergo KA over the next year are likely to have more sub-
stantial tibiofemoral and PFC OA and greater pain than per-
sons with milder symptoms. Because of our focus on the PFC,
we wanted to include persons with the full spectrum of PFC
OA severity, from mild to severe, and a sample of persons
who had KA surgery over the next year were likely to have
the full spectrum of PFC involvement. Subjects had an ap-
proximately equal percentage of preoperative radiographic
tibiofemoral K&L grades of 1 or 2 (n = 22, 20%), or 4 (n =
23, 20%). A total of 60% of the sample had tibiofemoral K&L
grades of 3 (n = 69). The yearly distribution of KA surgeries
over the study period is illustrated in Fig. 1. Because our KA
sample had surgery at different time points (i.e., the surgeries
were time varying), and some subjects had multiple
arthroplasty surgeries over the study period, we selected the
knee with the earliest knee arthroplasty for each subject.

Radiographic tibiofemoral osteoarthritis severity
assessment

Standing anterior knee radiographs were used in the current
study for tibiofemoral OA grading and were obtained yearly
(except for years 5 and 7 because OAI did not include in-
person visits during these years) over the study period on all
subjects using a highly standardized, reliable, and valid ap-
proach that positioned the standing subject’s knees in 20° of
flexion. Subjects were instructed to evenly distribute body
weight during radiographic acquisition [14]. An extensive ad-
judication process was used for K&L grades for all knees over
all time periods. Two central site readers and a third adjudica-
tor, all either a rheumatologist or a musculoskeletal radiologist
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with extensive training, served as radiographic readers, and all
K&L grades have been obtained on the OAI website.
Radiographic images of lateral or sunrise views of the PFC
were not obtained in the OAI study. For subjects who had
surgery in years 6 and 8 (n = 22), we used the MRI and radio-
graphic data from years 4 and 6, respectively.

MRI measures of patellofemoral compartment
osteoarthritis

MRIs were used in the current study to grade the extent of
PFC OA. The images were acquired using identical 3.0-Tesla
Siemens Trio systems at each site. Sequences evaluated were
sagittal 3D DESS (TR/TE 16.32/4.70, flip angle 25°, slice
thickness 0.7 mm); sagittal proton density–weighted turbo
spine echo T2-weighted (TR/TE 3000/32.0, slice thickness
3.0 mm); and axial multiplanar reformats based on sagittal
3D DESS. Two experienced sub-specialty trained musculo-
skeletal radiologists, one with 5 years (JAV) and 11 years
(KBH) of clinical experience, underwent pre-study calibration
and training by applying an operationally defined modified
K&L osteoarthritis grading system we developed in a prior
study [5] to a set of 10 knee MRIs. These knees were random-
ly selected from subjects who had bilateral knee MRIs avail-
able. Only the contralateral (i.e., non-surgical) knees were
included in the calibration sample, and these knee images
were not used in the full study. During the pre-study phase,
the two radiologists independently graded the PFC of 10
MRIs using the grading system and then together discussed
discrepancies. All subjects in the OAI underwent MRI imag-
ing yearly during the first 4 years of study and also at year 6
and year 8. The preoperative MR images used in this study
were taken within 1 year of the patients’ knee replacement
surgeries.

Kellgren and Lawrence originally described radiographic
grading on a 0 to 4 scale based only on radiographic data. The
original description did not include application to the
patellofemoral joint but it has since been extensively applied
[15–17]. Because we usedMRIs, both in this and a prior study
[5], we slightly modified the K&L system to apply to PFC
MRI data. For the MRIs, PFCs judged as normal were scored
a 0 and a joint with no definite osteophyte or joint space
narrowing but with limited cartilage or periarticular changes
was graded as 1. When a definite osteophyte was present
without joint space narrowing, a grade of 2 was given. A grade
of 3 indicated significant cartilage loss on at least one facet or
trochlear surface with joint space narrowing. A grade of 4
indicated complete cartilage loss (i.e., complete loss of joint
space) of either the medial or lateral PFC of > 50%. These
grades are, in our view, consistent with the original OA grades
proposed by Kellgren and Lawrence [18] but are based on
MRI rather than radiographic data. The two musculoskeletal
radiologists each viewed the 114 series of MRIs and rated
PFC OA severity using the modified K&L scale. Both were
blinded to each other’s ratings.

Clinical tests of the patellofemoral joint

Each year from baseline to year 4, all subjects in the OAI
underwent a clinical examination including the patellar grind
test and the patellar crepitus test. For the patellar grind test, the
examiner applied a gentle downward force on the patella
while the patient was positioned supine with the knee extend-
ed. The patient was instructed to gradually tighten the quadri-
ceps muscle by pushing the back of the knee into the exami-
nation table. A positive test was recorded when an increase in
retropatellar pain was reported. For the patellar crepitus test,
the patient was positioned supine on the examination table and
the examiner passively flexed and extended the knee through

N = 114 persons with knee arthroplasty 

over the 9-year study period with  

patellofemoral MRI assessment

Year 1

(N = 9)

Year 2

(N = 15)

Year 6

(N = 15)

Year 7

(N = 10)

Year 9

(N = 6)

Year 8

(N = 7)

Year 5

(N = 23)

Year 3

(N = 18)

Year 4

(N = 11)

Fig. 1 Summary of the year of knee arthroplasty for the subjects in the sample
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a 90° arc of motion. A positive test was recorded when Ba
nearly continuous grinding, crackling or crunching sensation
was perceived by the examiner during knee extension or
flexion.^A negative test was recorded either when no crepitus
was felt or if only one or two clicks or pops were felt during
the test. Both the patellar crepitus test [9, 19] and the patellar
grind test [19] have been reported to be highly reliable when
conducted by trained personnel. In the OAI, an extensive
training was done for all testers. In addition, a quality assur-
ance assessment was conducted after training and monthly
quality assessments were conducted at each site.

Other OAI tests used in the current study

Age, during the visit of interest, race (African American or
other), sex, and body mass index, measured in kilograms per
square meter, were collected to characterize the sample. A
validated modified Charlson comorbidity scale with higher
scores indicating higher comorbidity [20] was used to charac-
terize the extent of comorbidity. The Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) was
used to quantify the extent of pain during activity (WOMAC
pain scale) and difficulty during activity (WOMAC function
scale) [21]. TheWOMACwas collected yearly in OAI for the
entire study period. Both scales are highly reliable self-
reported measures commonly used on persons with knee ar-
thritis [22].

To specifically focus on PFC pain and function, we also
used a single item from both the WOMAC pain and function
scales. The WOMAC pain item addressed pain with stair
climbing, and the WOMAC function item asked about diffi-
culty descending stairs; both rated as none/mild, moderate, or
severe/extreme. These items were used to determine associa-
tions between PFC OA severity and pain or activity difficulty
potentially attributable to the patellofemoral joint. The psy-
chometric quality of single items from the WOMAC scale is
unknown.

Data analysis

Descriptive data for the sample are reported in Table 1. To
determine the intertester reliability of modified K&L grades,
we used the linear weighted kappa [23] which accounts for
chance agreement and provides linear weights to account for
more serious disagreements. For example, if one rater indicat-
ed the PF joint grade was a 1 and the other rated it a 4, this
would be a more serious disagreement as compared to a rating
of 3 by one rater and a rating of 4 by the second rater.
Weighted kappa values range from 0 to 1 with 0 being equiv-
alent to chance agreement and 1 being equivalent to perfect
agreement. A weighted kappa of 0.41 to 0.60 is considered
moderate agreement while a weighted kappa of 0.81 or higher
is considered almost perfect agreement [8].

Table 1 Sample characteristics (n = 114)

Preoperative characteristics Mean or N SD or %

Age (years), mean (SD) 65.2 (8.1)

Sex (female), N (%) 73 (64.0)

Body mass index (kg/m2),
mean (SD)

30.0 (4.7)

Race or ethnic group, N, (%)

White 99 (86.8)

African American 15 (13.2)

Modified Charlson comorbidity, mean (SD)a 0.5 (0.8)

WOMAC pain scale, mean (SD)b 7.2 (4.3)

WOMAC physical function, mean (SD)c 23.2 (13.2)

Tibiofemoral osteoarthritis
graded

Grade 1 3 (2.6)

Grade 2 19 (16.7)

Grade 3 69 (60.5)

Grade 4 23 (20.2)

Examiner no. 1 patellofemoral gradee

Grade 1 4 (3.5)

Grade 2 38 (33.3)

Grade 3 44 (38.6)

Grade 4 28 (24.6)

Examiner no. 2 patellofemoral gradee

Grade 1 12 (10.5)

Grade 2 35 (30.7)

Grade 3 33 (28.9)

Grade 4 34 (29.8)

Positive patellar grind test (yes) N (%) 32 (47.1)

Positive patellar crepitus test (yes) (%) 54 (75.0)

WOMAC pain item: pain with stairs (yes) (%)

None/mild 32 (28.1)

Moderate 34 (29.8)

Severe/extreme 45 (40.5)

WOMAC function item: difficulty
with stairs (yes) (%)

None/mild 36 (32.4)

Moderate 46 (41.4)

Severe/extreme 29 (26.1)

WOMAC Western Ontario and McMaster Universities Osteoarthritis
Index, SD standard deviation
aModified Charlson comorbidity score range is 0 to 45. Higher scores
equate to greater comorbidity burden
bWOMACpain scale score range is 0 to 20. Higher scores equate tomore
function-limiting pain
cWOMAC function scale range is 0 to 68. Higher scores equate to more
difficulty with functional activities
d Tibiofemoral K&L OA grades were based on radiographic data provid-
ed by the OAI study
e Patellofemoral compartment OA grades were based on modified K&L
MRI-based readings by JAVand KBH
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We used the Pearson chi-square test to determine the asso-
ciation between the average K&L grade by the two raters and
the patellar grind test, the patellar crepitus test, the WOMAC
pain stair climbing item, and the WOMAC function stair
climbing item. The WOMAC stair climbing items are each
scored on a 5-point scale from none to extreme, but because
of relatively few scores on the extremes of the scale (i.e., 0 or
5), scores were collapsed into tertiles (i.e., none/mild, moder-
ate, severe/extreme). Because patellar crepitus and grind tests
were only obtained during the first 4 years of the OAI (i.e.,
allowing for inclusion of KA surgeries conducted only during
the first 5 years), sample sizes were somewhat smaller for
these analyses (N = 76). For the remainder of the analyses,
relevant subject data over the entire study period were includ-
ed (N = 114). Because the MRI-based PFC OA grades were
skewed toward more severe OA, for the chi-square analyses,
we collapsed grades 1 and 2 into one category, grade 3 as one
category, and grade 4 as one category.

To determine the extent of contribution of PFCOA severity
to the overall self-reported pain during activity (WOMAC
pain score) and difficulty during activity (WOMAC function
score) experience, we used multiple linear regression. The
WOMAC score (pain or function, depending on the model)
served as the dependent variable and the predictors were
added hierarchically with demographic variables of age, sex,
race (African American or other), and BMI (kilograms per m2)
forced into the model first, followed by the tibiofemoral K&L
grade, and lastly, the average PFC OA grade. Demographic
variables of age, sex, race, and BMI as well as tibiofemoral
OA severity were included to adjust for potential confounding
given that these variables are associated with knee OA symp-
tom severity, incidence, and progression [24–26].
Preoperative comorbidity scores were not included because
70% of the sample scored a 0.

Analyses allowed us to determine if the average PFC OA
grade by the two raters contributed to the pain during activity
or difficulty during activity experience after accounting for
demographic variables and tibiofemoral OA severity. All
two-way interactions were tested, and only significant inter-
actions at p < 0.05 were retained. For both models, the F sta-
tistic from the model analysis of variance was used to deter-
mine if the model was statistically significant at p < 0.05 and
the r2 was used to judge the extent of explained variance. No a

priori sample size determination was made. A p value of ≤
0.05 was used to judge statistical significance for all tests.

Data availability All data in the current study are publically
available at https://ndar.nih.gov/.

Results

The linear weighted kappa for the two examiners was κw =
0.73 (SE = 0.05) 95% CI = 0.64, 0.82. The percentage agree-
ment was 73.7% and there was no clear systematic bias in the
data (see Table 2). Raters disagreed with each other in more
severe and less severe PFC OA directions. The Pearson chi-
square describing the association between averaged modified
K&L grades for the two examiners and the PFC clinical tests
was Χ2 = 2.09 (p = 0.35) for the patellar grind test and Χ2 = 0
(p = 1.0) for the patellar crepitus test. The Pearson chi-square
describing the association betweenMRI-based modified K&L
grades averaged for the two examiners and theWOMAC pain
stair climbing item and the WOMAC function stair descent
item was Χ2 = 4.4 (p = 0.36) and Χ2 = 8.9 (p = 0.06)
respectively.

The multiple linear regression model for the association
between WOMAC pain and PFC OA severity, after account-
ing for demographic and tibiofemoral OAvariables, indicated
that only BMI was associated with preoperative WOMAC
pain scores (see Table 3). For every 1 point increase in BMI,
WOMAC pain scores increase by 0.2 points. Neither PFC nor
tibiofemoral OA severity was associated with WOMAC pain
after adjustment for the other variables in the model. The
WOMAC pain model F test was not significant, indicating
that the model was not better than chance at predicting
WOMAC pain scores from the variables in the model. The
model r2 was 0.07 indicating that the independent variables
explained 7% of the variance in WOMAC pain scores.

Findings forWOMAC functionwere similar in that onlyBMI
associated with WOMAC function in the multivariable model
(p= 0.01). The model F test was significant at p = 0.04, and the
model r2 was 0.12 indicating that the predictor variables ex-
plained 12% of the variance in WOMAC functions (see
Table 4). No two-way interactions were found for either model.

Table 2 Distribution of modified
Kellgren and Lawrence
osteoarthritis grades by the two
examiners (n = 114)

Examiner no. 1 modified K&L grade

Examiner no. 2 modified K&L grade Grade 1 Grade 2 Grade 3 Grade 4

Grade 1 4 0 0 0

Grade 2 7 27 3 1

Grade 3 1 8 28 7

Grade 4 0 0 2 26
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Discussion

We found that musculoskeletal radiologists are able to use
MRIs to reliably determine the extent of OA present in the
PFCs of patients with symptomatic knee OA. Intertester reli-
ability was judged to be substantial, based on the recommen-
dations of Landis and Koch [8], and the weighted kappa reli-
ability estimate was 0.73 (95% CI = 0.64, 0.82). The 95% CI
was higher than the point estimate of weighted kappa = 0.49
reported by Kobayashi and colleagues [6]. In our view, mus-
culoskeletal radiologists should consider using this OA grad-
ing system to efficiently estimate the extent of PFC OA using
MRIs. Importantly, training and consensus discussions were
used in our study and should be a standard part of musculo-
skeletal radiologists’ adoption of the modified K&L system of
rating MRI-based PFC OA.

Unfortunately, MRI-based PFC OAmeasures did not asso-
ciate with the two clinical examination results or the stair
climbing self-report scores. Our finding of no association be-
tween the crepitus test and PFC OA severity contrasts with
that of a large sample study of women with no radiographic
knee OA but with MRI-based changes indicating pre-OA de-
generation [3]. Associations were found between the PFC
crepitus test and MRI-based changes to the PFC, with odds
ratios ranging from 2.6 to 5.5. These data suggest that early
OA-related changes in the absence of radiographic knee OA
may be more strongly associated with symptoms on PFC clin-
ical examination than more severe overall knee OA. A possi-
ble reason may be that in patients with no radiographic knee
OA but with early MRI-based changes, clinical symptoms
associate with early PFC changes. In contrast, in the patients
with moderate to severe tibiofemoral knee OA evaluated in

our study, the contribution of PFC OA severity to clinical
symptoms may be difficult or impossible to discern.

Our findings may have been influenced by the fact that our
PFC OA grades were skewed toward more severe OA (K&L
grades of 3 and 4). Whether our findings would hold for sub-
jects with mild or moderate PFC OA and a milder spectrum of
symptoms cannot be determined from our study. Our findings
raise concerns about the clinical importance of MRI measures
of PFC OA for inferring the potential clinical relevance of
PFC OA particularly among persons with more severe OA.
These no-association findings were consistent for stair
climbing items and PFC clinical examination findings as well
as models that assessed associations between WOMAC pain
and WOMAC function scores and PFC OA severity after
accounting for relevant demographic variables and
tibiofemoral OA severity.

It is possible that, because our sample had moderate to
severe tibiofemoral OA, the symptomatic tibiofemoral joints
made it difficult to discern whether the PFC contributed to the
stair climbing or WOMAC pain or difficulty. A study of per-
sons with only PFC OAwould need to be conducted to deter-
mine the true extent of pain arising from the PFC during stair
climbing. To our knowledge, this study has not been done.
Our findings also raise doubts about the clinical relevance of
MRI-based PFC OA severity measures in persons with more
advanced disease and their potential relevance to either pain
with daily activity or difficulty with daily activity including
stair climbing, a problem frequently associated with PFC pain
[11]. The one caveat is that our multiple regression models for
WOMAC function and our stair climbing difficulty analysis
found a p value of 0.06 for PFC measures. It is possible that,
with a larger sample of subjects and a similar degree of

Table 3 Multiple linear
regression model for association
between WOMAC pain and knee
osteoarthritis severity after
accounting for demographic
variables

Variable Unstandardized β t test Significance

Sex (male) − 0.81 − 0.96 0.34

Race (African American) 1.18 0.97 0.34

Body mass index (kg/m2) 0.19 2.08 0.04

Age (years) 0.02 0.36 0.72

Tibiofemoral OA (grades 1 or 2, 3, 4) 0.72 1.02 0.31

Patellofemoral OA (grades 1 or 2, 3, 4) 0.05 0.09 0.91

Table 4 Multiple linear
regression models for association
between WOMAC function and
knee osteoarthritis severity after
accounting for demographic
variables

Variable Unstandardized β t test Significance

Sex (male) 1.44 0.55 0.58

Race (African American) 2.68 0.71 0.48

Body mass index (kg/m2) 0.69 2.51 0.01

Age (years) 0.05 0.28 0.78

Tibiofemoral OA (grades 1 or 2, 3, 4) 2.08 0.96 0.34

Patellofemoral OA (grades 1 or 2, 3, 4) 3.07 1.9 0.06
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association, PFC OA severity measures may be significantly
associated with WOMAC function and stair climbing scores,
but this would need to be confirmed in a different and larger
sample of patients.

In our view, the current study findings do not substantively
differ from prior reports of associations between radiographic
PFC OA severity and pain severity. Increased severity of radio-
graphically assessed OA of the PFC was associated with in-
creased WOMAC pain scores such that persons with isolated
moderate or severe PFC OA had WOMAC pain scores that
were, on average, 1.3 points higher as compared to subjects with
no or mild PFC OA [27]. Similarly, Szebenyi and colleagues
found that the presence of radiographic kneeOA,with or without
joint space narrowing, was associated with a 10-point higher
(worse) pain score measured on a 0 to 100 scale, when both
tibiofemoral and PFC OAwere present (i.e., a mean visual ana-
log pain scale (VAS) of 42) relative to only PFCOA (i.e., a mean
VAS of 32) [28]. While both Szebenyi and colleagues and
Duncan et al. found statistically significant differences in pain
scores for personswithmild versusmoderate PFCOAor persons
with isolated PFC OAversus persons with both tibiofemoral and
PFCOA, these differences are not likely to be clinically relevant.
This is because differences inWOMAC pain scores on the order
of 1 point or differences in pain intensity on the order of 10 points
on a 0 to 100 scale are generally considered to be too small to be
clinically important [29–31].

Our study had some important limitations. First, our study
was cross sectional, and therefore we cannot determine the
extent to which MRI-derived measures of PFC OA severity
associate with future knee pain or function, an important prog-
nostic consideration in clinical practice. Second, the subjects
included in our study eventually underwent knee replacement
surgery over the coming year, and the results may not apply to
subjects with knee pain and either no OA or a milder OA
disease spectrum or subjects who are not considering knee
replacement surgery as a viable intervention. While the re-
cruitment of persons with a more severe disease spectrum,
particularly for tibiofemoral OA, allowed for variation in
PFC severity, overall, this sample generally had moderate to
severe knee OA. Third, the tibiofemoral and PFC OA grades
were treated as continuous measures in the multiple regression
models, and this approach may have influenced the findings
given that these measures are not on a continuous scale. With
this said, our model diagnostics indicated acceptable homo-
scedasticity, a normal distribution of residuals, and no
multicollinearity. Fourth, our sample size was relatively small
and may have been underpowered to detect statistically sig-
nificant differences for the measures of interest. Finally, MRI
utilization for knee imaging is likely to vary among countries
and may be more commonly used in the USA as compared to
other countries.

In conclusion, MRI-based K&L measures of PFC OA pro-
vide reliable measures among musculoskeletal radiologists.

These measures, therefore, have potential for informing clini-
cians about the severity of PFCOA in a simple and commonly
used way via a modified K&L score, much like that in com-
mon use for radiographic assessment of the tibiofemoral joint.
PFC measures do not appear to be meaningfully associated
with clinical tests commonly used to assess the PFC or self-
reported knee pain and functional status in persons with most-
ly moderate to severe PFC and tibiofemoral OA. However, the
extent of PFC OA may be related to clinical tests of PFC
involvement and activities associated with PFC pain in pa-
tients with either no tibiofemoral OA or mild tibiofemoral
OA. Clinicians should recognize that measurements of PFC
OA have substantial limitations in persons with more ad-
vanced knee OA disease in that they do not appear to associate
in a clinically meaningful way with either concurrently obtain-
ed PFC clinical examination procedures or self-reported stair
climbing, knee pain with activity or knee function.
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