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Summary

Objective: The objective of this work was to compare the measurement properties of three categorical X-ray scoring methods for hip osteo-
arthritis (OA).

Methods: In data obtained from trials and cohorts, radiographs were evaluated using the Kellgren and Lawrence (KL) grading system, the
Osteoarthritis Research Society International (OARSI) joint space narrowing score, and quantitative measurement of joint space width
(JSW), analysed as a categorical variable according to Croft and Lane’s cutoffs (1.5, 2.5 and 3 mm).

Predictive validity was assessed through logistic regression to predict joint replacement in one database. Construct validity was assessed
through logistic regression between pain and function and X-ray stages. Inter-observer and intra-observer reliability were assessed in 50 sub-
jects by weighted kappa. Sensitivity to change was assessed in 50 patients over a 24-month interval, by standardized response mean (SRM).

Results: Radiographs were available from one trial and two cohorts (1404 X-rays). All three methods predicted joint replacement in the trial.
Correlation with clinical parameters was low for the three scoring methods, except for the single community-based cohort. Interrater reliability
was higher for categorical JSW (kappa, 0.71 vs 0.44 and 0.47 for KL and OARSI, respectively). Intrarater reliability was similar for the three
methods (0.79 vs 0.69 and 0.81). Sensitivity to change was higher for categorical JSW than KL and OARSI (SRM, 0.77 vs 0.28 and 0.35).

Conclusion: Categorical JSW has similar validity and higher sensitivity to change than the other categorical scoring techniques in hip OA.
These results indicate categorical JSW may be the preferred method to evaluate structural severity in hip OA clinical trials.
© 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction

In 2004, an international working group was created
under the auspices of Osteoarthritis Research Society Inter-
national (OARSI) and Outcome Measures in Rheumatology
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trials evaluating potential disease-modifying drugs in OA. It
was decided that the domains of pain, physical function and
joint structure on radiographs' would be combined as a sur-
rogate measure of outcome. As a first step, three working
subgroups were constituted, to determine which instrument
should be used to evaluate these domains. The work of the
“structure group” on knee OA has been reported else-
where?. This article presents the work of the “structure
group” on hip OA.

The objective was to examine categorical measures of OA
defining structural severity in hip OA in terms of suitability to
enter into a composite criterion representing a dichotomous
indicator for joint replacement. At the present time, there is
no consensus on how to evaluate structural severity on hip ra-
diographs. Indeed, although there is agreement on the radio-
graphic technique (i.e., antero-posterior hip X-ray with feet in
internal rotation of 10°)3*5, the unresolved issue relates to
data interpretation, i.e., how to analyze the radiographs. At
this time, evaluation of structural degradation in trials uses
a quantitative measurement of joint space width (JSW), either
at the narrowest point or by mean JSW, by precise measure-
ment using a ruler or caliper, or through computer assisted
techniques®. However, JSW measurement provides a contin-
uous variable, while the working group aimed to establish a di-
chotomized outcome (virtual indication for joint replacement
yes—no). To this end, it is necessary to categorize or dichot-
omize the continuous variable JSW, or change in JSW, and
cutoffs have been proposed in the literature’; or to evaluate
the domain structure using a widely used categorical instru-
ment, such as the Kellgren and Lawrence (KL) scoring
method®, or the OARSI joint space narrowing stages®.

As part of the process of this OARSI-OMERACT initiative,
it was necessary to determine the most appropriate cate-
gorical measure of structural severity in hip OA. To assess
a potential outcome measure, it is necessary to assess its
psychometric properties, as defined by the OMERACT filter.
The OMERACT filter'® checks that a potential outcome
measure is truthful, i.e., reflects what it is supposed to re-
flect, and is discriminant, which includes reproducibility,
and sensitivity to change, over time, and between different
severity stages. The last element in the OMERACT filter
refers to feasibility, which relates to time, cost, availability
and is not assessed through statistics.

There are some published data regarding the psychomet-
ric Pro1perties of the different scoring techniques in hip
OA"~"3 However, to our knowledge, studies in which all
the properties of the OMERACT filter are compared head-
to-head are lacking, making it difficult to choose the most
effective scoring system for our purposes.

The objective of this work was to provide such a head-to-
head comparison of the different semi-quantitative scoring
techniques in hip OA, by assessing their psychometric
properties™®.

Patients and methods
DATA SOURCES

A call for data (available databases of hip OA with pelvic X-rays either from
trials or cohorts) was sent out to the OARSI-OMERACT group and to leading
experts, in order to evaluate predictive and construct validity of hip radio-
graphs®. The databases could be trials or cohorts. Ideally, the radiographs
had been analysed with all three scoring methods (this was actually the case
in the Johnston County database); in all other cases the radiographs had to
be available for interpretation. It was also necessary to obtain some clinical
data (see below). All available radiographs were analysed; for reproducibility
(n=50) and sensitivity to change (n = 50) a random sample was analysed.

Ethics approval was obtained where necessary for reinterpretation of the
radiographs.

SCORING OF RADIOGRAPHS

For the purposes of this study, at least one radiographic view was
analysed for each patient. All available radiographs were analyzed, the ra-
diographs were required to be of sufficient quality to allow interpretation of
the joint region. If the magnification was reported JSW could be measured,
otherwise only OARSI and KL scores were assessed. In trials, only one
hip per individual was analysed, the “index hip” (symptomatic or most symp-
tomatic hip). In cohorts, both hips were analysed and the most severe radio-
graphically was used for analysis.

X-rays were scored three times each?®: (1) radiologic grade according to
the KL classification® based on Kellgren’s original written description, (2)
OARSI grade for joint space narrowing®, and (3) JSW as a continuous vari-
able (quantitative measurement, in millimeters). Joint space was measured
manually at the narrowest point, with a magnifying lens fitted with a graticule.
JSW was changed into a categorical variable using previously published
values (Croft's cutoffs modified by Lane et al)”: cutoffs were 1.5, 2.5, and
3 mm.

The reading of the films was performed by rheumatologists who had all
undergone training to standardize the X-ray scoring®. The readers were
blinded to all clinical and questionnaire data.

CLINICAL DATA COLLECTION

Demographic data comprising age, sex, race/ethnicity, and body mass in-
dex were recorded. Clinical severity (i.e., pain and functional status) was
evaluated in the two cohorts through the subscales of the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC)'*, and in the clin-
ical trial by pain visual analog scale (VAS) and Lequesne’s algo-functional
index'®. Results were presented after a linear transformation as range
0—100 score for all measures, with higher scores indicating worse pain or
function?.

DATA ANALYSIS

Validity results are presented in the order of the original OMERACT
filter'®. Predictive validity, i.e., which radiographic score best predicts later
total joint replacement was assessed in the ECHODIAH database on 484
radiographs, through logistic regression to explain the event “joint
arthroplasty” over 3 years (yes/no), by radiographic severity at baseline
(X-rays grades, adjusted for age, sex, and BMI). Validity was assessed
through the cross-sectional relationship between X-ray stages and pain
and function (WOMAC or VAS and Lequesne’s index), by logistic regres-
sion. In the database obtained from a trial, the baseline data were used
for analysis. This assessment of validity will be termed here “construct
validity”=. Logistic regression analyses were carried out to model
symptomatic severity (pain and function), categorised into quartiles, by
X-rays grades, adjusted on age, race, sex, and BMI (proportional odds
model). Associations between symptomatic severity on each item and
radiographic severity for KL, OARSI joint space narrowing and JSW
(categorised) were expressed as adjusted odds ratios with 95% confi-
dence intervals (Cls). The lowest radiographic category was used as the
reference category.

Intra-observer and inter-observer reliability were assessed in 50 randomly
selected subjects issued from the ECHODIAH trial'® by one (JFM) and two
readers (JFM and LG), respectively. Weighted kappas were calculated, as
well as intra-class correlation coefficients (ICCs)'” although ICCs are best
adapted to continuous data. Sensitivity to change was assessed on 50 pairs
of radiographs issued from the ECHODIAH trial'® (in different patients from
reliability) over a 24-month interval. The films were read with knowledge of
the order. Sensitivity to change was assessed by standardized response
mean (SRM): mean (month 24—month 0) X-ray scoring change/standard
deviation of change. Although SRM was not developed as a measure for
semi-quantitative data, it was used here since the assumption of calculations
of mean and standard deviation regarding equal intervals was violated to the
same extent by each of the outcomes. Statistical significance was set at
0.05.

Statistical analysis was performed using SAS statistical software (SAS
Institute Inc., Cary, NC).

Results
DATABASES

In total, three databases were available for analysis. Two
databases were issued from cohorts and one from a trial,
i.e., a total of 1404 radiographs. In the trial and the Toronto
cohort, the diagnosis of OA was based on the American
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Table I
Predictive validity of radiographic scoring methods at baseline for THR in the following 3 years in the ECHODIAH trial

X-ray grade KL

OARSI Categorical JSW

Adjusted odds ratio

2vs 1:1.56 (0.94—2.57) P=0.08
3vs 1: 4.47 (1.98—10.05) P = 0.0003

3vs 2:2.62 (1.67—4.13) P < 0.0001
% THR (N/N patients exposed)

0 (0/12)
20.1 (69/343)
37.8 (48/128)

0 (01)

ArWN=O

1vs 0:0.95 (0.41—2.20) P=0.91
2vs 0:1.78 (0.86—3.69) P=0.12
3vs 0: 4.02 (1.88—8.56) P = 0.0003

15.0 (12/80)
17.9 (27/150) 14.1 (15/106)
24.3 (73/300) 24.0 (46/192)
50.0 (17/34) 41.1 (44/107)

Prediction of THR during the 3-year follow-up, according to baseline X-ray scoring. Grade 0: >3 mm, grade 1: 2.5—3 mm, grade 2:
2.5—-1.5mm, grade 3: <1.5mm. Analyses are adjusted for age, sex and body mass index. Statistically significant results are shown
in bold characters. Analyses were not performed for KL grade 0 and 1 and OARSI grade 0 because of an insufficient number of

observations.

Discussion

This large study of X-ray grading in hip OA allows us to
conclude that although KL, OARSI stages and categorisation
of JSW all have similar predictive and construct validity, it
appears that categorical JSW is more reproducible and
more sensitive to change.

To our knowledge, this is the first study to compare in
a large number of X-rays from different patient samples,
the psychometric properties for all available categorical
scoring techniques. Acknowledged methodology, as recom-
mended by the OMERACT group of experts'®, was applied
to compare the radiographic scoring techniques. Three da-
tabases were used in order to evaluate construct validity
since construct validity is a critical point with conflicting
results published in the literature. Thus it was important
(1) to increase the power of the evaluation and (2) to obtain
data from studies with different designs, different popula-
tions, and performed in different countries to allow for better
representativity.

However, there are some limits to this work including
selection bias (the trial is not population-based) and
the somewhat low intereader reproducibility for KL and
OARSI stages; however, these data are comparable to
published results'. Another limitation is related to the
noted differences in results across the three databases.
In fact, one of the cohorts was not a population-based
sample and the trial was of course not population-based.
However, this diversity of data sources is both a limitation
(heterogeneity) and a strength. Another limitation is that
radiographs for sensitivity to change were read without
blinding for chronological order; however, the effect of
blinding for order is a subject of debate. Finally, the ob-
jective of this study was to compare the psychometric
properties of the three scoring systems; therefore we
did not analyse the data to evaluate the usefulness of
hip X-ray in hip OA (e.g., comparison between OA and
non-OA patients).

In this study, there was no significant difference between
the three radiographic scoring techniques with regards
to construct validity, which was low in the trial and the
symptomatic Canadian cohort. The observed discordance
between clinical and radiographic data is a subject of
debate'®192122 geveral hypotheses can be proposed for
explanation, as discussed elsewhere?. It should be noted
in particular that these results may be explained by

recruitment bias?, as the association does exist in the pop-
ulation-based Johnston County cohort.

Predictive validity (prediction of future joint replacement)
was evidenced for all radiographic scoring techniques in
the present study (for data based on the clinical trial ECHO-
DIAH only as this was the only database with THR data).
Therefore the conclusion regarding prediction of joint re-
placement is only applicable to patients with OA included
in a trial. As reported by Lievense et al. in a systematic lit-
erature review=>, and confirmed by other studies, several
studies on predictive factors of THR in hip OA indicate
that baseline radiographic grade is an important predictive
factor®*~27. Rapid radiographic change is also probably im-
portant but was not studied here. To our knowledge no
comparative study has been performed in the same patients
to assess the radiographic scoring techniques compara-
tively as regards predictive validity.

Interrater reproducibility tended to be higher for categori-
cal JSW. Thus categorical JSW appears more reproducible,
including for less experienced readers, which further
supports interest in this scoring technique. However, the
outcome based on categorical JSW measurement was
the only one derived from a continuous measure of JSW,
which axiomatically can be expected to be more reproduc-
ible than semi-quantitative ratings. Importantly, a distinct
finding of the present study is that sensitivity to change
was higher for categorical JSW than for the other scoring
techniques. This cannot in this case be explained by the re-
producibility results. This is an essential aspect of a criterion
to be entered into a composite score for use in clinical trials
evaluating potential disease-modifying drugs.

The construct and predictive validity results might be con-
sidered as validating the inclusion of a structural domain in
a set of criteria defining theoretical requirement of total joint
replacement in hip OA. The weak correlation between pain
and function on the one hand, and structure on the other
hand, suggests that the domain structure captures another
phenomenon than symptomatic assessment. The satisfying
predictive validity of structural assessment suggests that
this domain effectively captures a clinically relevant hip
OA pathologic feature.

In conclusion, this large study indicates that categorical
JSW measurement should be the preferred instrument to
evaluate structure in a set of criteria defining theoretical
requirement for total joint replacement in hip OA, for
use in clinical trials evaluating potential disease-modifying




Table IlI
Construct validity of the three hip X-ray grading systems: adjusted odds ratios to explain pain and functional status (in quartiles) by X-ray grade
Database X-ray grade Pain Functional status
KL OARSI Categorical JSW KL OARSI Categorical JSW

Paris trial, N=507 2vs 1 0.87 (0.33—2.28)  1.09 (0.77—1.54) 1vs 0:0.92 (0.55—1.53) 1.31 (0.50—3.43) 1.14 (0.81-1.62) 1vs 0:0.77 (0.46—1.29)

3vs1 0.88 (0.33—2.39) 0.85 (0.45—1.61) 2vs 0:1.14 (0.72—1.82) 1.73 (0.64—4.68) 0.96 (0.51—1.82) 2vs 0:1.47 (0.92—2.36)

4 vs 1 0.25 (0.01—4.66) 3vs 0:1.00 (0.60—1.68) 1.45 (0.10—21.07) 3vs 0:1.21 (0.72—2.03)
Johnston County, N=735 >1vs O 1.62 (0.88—2.98) 1.37 (1.01-1.87)* 1.05 (0.73—1.52) 1.52 (0.83—2.78) 1.37 (1.01—1.86)* 1.07 (0.74—1.54)

>2vs 0 2.22 (1.17—4.20)* 1.57 (0.95—2.60)°  2.13 (1.13—4.01)* 1.67 (1.00—2.78)*
Toronto, N=162 1vs 0 1.10 (0.55—2.21)  1.03 (0.29-3.61) NA 0.72 (0.36—1.43) 1.40 (0.40—4.91) NA

2vs 0 0.35 (0.13—0.93)*  0.99 (0.26—3.69) 0.66 (0.26—1.71) 1.29 (0.35—4.81)

3vs0 1.08 (0.31—3.70) 0.55 (0.09—3.36) 1.02 (0.29—3.48) 1.45 (0.24—8.83)

4vs 0 0.54 (0.14—2.11) 1.22 (0.32—4.73)

X-ray grade is applicable for KL and OARSI, and cat JSW. NA: not available. *, Pvalue 0.01—0.05. ©, Pvalue 0.06—0.08. Pain was assessed by WOMAC pain in both cohorts and by VAS
in the trial. Function was assessed by WOMAC function in both cohorts and by Lequesne’s algo-functional index in the trial. Associations between symptomatic severity on each item and
radiographic severity were evaluated using logistic regression analyses (proportional odds model), with adjustment for age, sex and body mass index. Symptomatic severity (pain and function)
was categorised into quartiles. Three radiographic scoring systems were evaluated, i.e., KL, OARSI joint space narrowing and categorized measured JSW (grade 0: >3 mm, grade 1:
2.5—-3mm, grade 2: 2.5—1.5mm, grade 3: <1.5 mm). Associations between symptomatic severity on each item and radiographic severity were expressed as adjusted odds ratios with
95% confidence intervals (Cls). The lowest radiographic category was used as the reference category. The analysis of the Johnston County database did not include the more severe radio-
graphic stages, which were observed in too few patients. The analysis of the Paris database did not include the KL and OARSI grades of 0, due to an insufficient number of patients. Statisti-
cally significant results are shown in bold characters.

Table IV
Reproducibility of the three hip X-ray grading systems
KL OARSI Categorical JSW
Weighted kappa (95% CI) ICC (95% CI) Weighted kappa (95% CI) ICC (95% CI) Weighted kappa (95% CI) ICC (95% CI)
Inter-reader 0.44 (0.26—0.61) 0.64 (0.44—0.78) 0.47 (0.29—0.66) 0.61 (0.41—0.76) 0.71 (0.54—0.87) 0.75 (0.61—0.85)
Intra-reader 0.69 (0.48—0.89) 0.81 (0.69—0.89) 0.81 (0.69—0.94) 0.89 (0.82—0.94) 0.79 (0.67—0.91) 0.90 (0.83—0.94)

Scoring was performed once by two readers (inter-reader reproducibility) and twice by one reader (intra-reader reproducibility) on 50 randomly chosen radiographs.
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drugs in OA. Further studies are needed to assess whether
a categorical or a dichotomized JSW measurement
should be used in such set of criteria, and to establish the
threshold(s).
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