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Abstract. Within the context of a double blind randomized controlled parallel trial of 2 non-
steroidal antiinflammatory drugs, we validated WOMAC, a new multidimensional, self-
administered health status instrument for patients with osteoarthritis of the hip or knee. The
pain, stiffness and physical function subscales fulfil conventional criteria for face, content and
construct validity, reliability, responsiveness and relative efficiency. WOMAC is a disease-specific
purpose built high performance instrument for evaluative research in osteoarthritis clinical
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We reported on the inadequacy of outcome measurement
procedures in osteoarthritis (OA) trials of nonsteroidal anti-
inflammatory (NSAID) drugs’. In an attempt to rationalize
measurement in OA, we first probed the symptomatology
of hip and knee OA by interviewing 100 patients with OA,
and identified 41 items on S dimensions (Table 1) which
characterize the disorder??. To validate these items, we
have now conducted a double blind, randomized, controlled
parallel design trial of isoxicam versus piroxicam in elderly
patients with primary OA of the hip or knee. Our goal was
to assess the reliability, construct validity and responsive-
ness of the 41 items previously mentioned. The 2 separate
arms of the trial served as independent tests of item respon-
siveness. To circumvent the problem of simultaneously at-
tempting to assess the performance of a new health status
instrument as well as a new antirheumatic compound, we
used other reported* outcome measures to evaluate the com-
parative efficacy and tolerability of isoxicam and piroxicam.
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VALIDITY
RESPONSIVENESS

Thus, using this innovative approach, we defined the clini-
metric properties of a health status instrument termed
“WOMAC”’ (the Western Ontario and McMaster Univer-
sities Osteoarthritis Index), within the context of a traditional

clinical trial.
MATERIALS AND METHODS

Fifty-seven patients with symptomatic OA of the hip or knee requiring
NSAID therapy were entered in the study. To be eligible patients had to
be 55-85 years of age, have definite radiographic evidence of primary OA
in the hip or knee, and fulfil defined inclusion and exclusion criteria4,

Patients were assessed at enrolment (Visit 1), and again one week later
without any change in therapy (Visit 2). Thereafter, patients underwent a
one-week NSAID-free washout period and were then reassessed (Visit 3).
Finally, patients were evaluated following 2 (Visit 4), 4 (Visit 5), and 6
(Visit 6) weeks of active treatment. The initial drug dosage was piroxicam
10 mg OD or isoxicam 100 mg OD, this being increased at Visit 4 to 20
mg OD or 200 mg OD, respectively, in patients failing to respond to the
lower dosage®.

The primary outcome measures employed were the WOMAC OA Index
(Test Form, Table 1) and 2 forms of global assessment. WOMAC was self-
administered while the global assessments (on each of the 5 dimensions)
were made both by trained interviewers (interviewer global assessment) and
study patients (patient global assessment). To address issues relating to scal-
ing, patients were given (in random sequence) 2 versions of WOMAC to
complete. Both contained identical questions but one required responses
on 5-point (none, slight, moderate, severe, extreme) Likert scales® while
the other required responses on 10 cm horizontal visual analogue scales
(VAS) with terminal descriptors®, Individual item scores were determined
by reading the patient’s response to each question. Aggregate scores for
each dimension were determined by summing the component item scores
for each dimension. The WOMAC final battery was determined by sum-
ming the aggregate scores for the pain, stiffness and physical function dimen-
sions. For reasons of feasibility, only the first 3 pain and 7 physical questions
were duplicated on both scales (Table ). Similarly, only the question per-
taining to severity of morning stiffness, the 1st, 2nd and 6th social, and
the Ist, 2nd, 4th and 5th emotional questions were duplicated on the VAS
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scale (Table 1). As with WOMAC, the interviewer and patient global assess-
ment scores on single questions which separately probed the overall status
of the patient on each of the 5 dimensions were made on both Likert and
VAS scales. Patients completed WOMAC, interviewer and patient global
assessments at all 6 visits. To test the construct validity of WOMAC, the
following secondary outcome measures were concurrently applied: (1) joint
tenderness (modified Doyle Index [hip and knee only])’, (2) Lequesne
Index8, (3) Bradburn Index of Well Being?, and (4) social component of
the McMaster Health Index Questionnaire (MHIQ)'. These measures were
selected as being capable of validating the 5 different WOMAC dimensions
i.e., Pain (Doyle, Lequesne-Pain), Stiffness (Lequesne-Stiffness), Physi-
cal Function (Lequesne-Physical Function), Emotional Function (Bradburn),
and Social Function (MHIQ-Social). The Doyle and Lequesne indices were
selected since they were developed specifically for patients with OA. The
Bradburn and MHIQ indices were selected because of our familiarity with
them. Finally, 3 tertiary outcome measures were used: 50’ walking time,
total range of movement (ROM), intermalleolar straddle. These commonly
used measures of drug efficacy were selected to assess the relative effici-
ency of the final WOMAC battery against traditional measures, and not
as supplementary measures required for validation purposes. We have not,
therefore, reported statistical p values for these variables but used the data
to calculate the relative efficiency of WOMAC. Individual item and aggre-
gate item data were analyzed for each separate WOMAC dimension using
both Student’s ¢ test!! and Wilcoxon’s nonparametric test!2 to assess item
and dimension responsiveness (Visit 6 vs Visit 3) and the effect of para-
metric versus nonparametric statistical treatment of the data. Internal con-
sistency (Visit 3) was tested using Cronbach’s alpha'?, test-retest reliability
(Visit 1 vs Visit 2) using Kendall's tau c statistic'4, and construct validity
(Visit 3) determined using Pearson’s correlation coefficient!>. Relative
efficiency was calculated (Visit 6 vs Visit 3) using the method employed
by Liang, ez al: ' e.g., relative efficiency for WOMAC vs Walktime (WT)
= (twomac/twr)>. We have not reported response data for Visit 4 (as this
represented a titration step) or for Visit 5 (as this was used to assess tolera-
bility after incremental dosing at Visit 4). However, data on these visits
can be found in the paper reporting drug efficacy?.

RESULTS

Fifty-seven patients were enrolled in the study: 28 (14 males,
14 females) received isoxicam and 29 (12 males, 17 females)
received piroxicam. The mean age was 66.5 years in each
group (varying from 55 to 82). The mean disease duration
(i.e., symptomatology) was 8.7 years (varying from 1 to 30)
in the piroxicam group and 9.3 years (varying from 2 to 26)
in the isoxicam group. The knee was selected as the most
severely affected joint in 39 patients (isoxicam 21, piroxi-
cam 18) compared to the hip in 18 patients (isoxicam 7,
piroxicam 11). The above differences between the 2 groups
were not statistically significant. The means and standard
deviations (Visit 3) for primary, secondary, and tertiary out-
come measures are illustrated in Tables 2 and 3.

Pain — Responsiveness (Table 1)

Isoxicam. On Likert scaling using Wilcoxon’s test, all 5 items
significantly improved by Visit 6 (p < 0.019), while on VAS
scaling all items achieved p values of < 0.001. With the
interviewer and patient global assessments and aggregate
score strategies, p values of < 0.001 were achieved regard-
less of scale (Likert vs VAS) or type of analysis (Student’s
t test vs Wilcoxon). When the p values derived by paramet-
ric and nonparametric analysis were compared for all 13
analyses performed using individual item = 8, aggregate

Table 1. Summary of item content of original test form of
WOMAC**

Pain?
1 Walking (2.58)*
2 Stair climbing (2.62)*
3 Nocturnal (2.63)*
4 Rest (2.57)
5 Weight bearing (2.51)
Stiffness’
1 Morning stiffness (2.52)*
2 Stiffness occurring later in the day (2.30)
Physical Functiont
1 Descending stairs (2.60)*
2 Ascending stairs (2.54)%
3 Rising from sitting (2.32)*
4 Standing (2.64)*
5 Bending to floor (2.51)*
6 Walking on flat (2.40)*
7 Getting in/out car (2.26)*
8 Going shopping (2.40)
9 Putting on socks (2.38)
10 Rising from bed 2.37)
11 Taking off socks (2.37)
12 Lying in bed (2.36)
13 Getting in/out bath (2.30)
14 Sitting (2.549)
15 Getting on/off toilet (2.67)
16 Heavy domestic duties (2.43)
17 Light domestic duties (2.26)
Social Function
1 Leisure activities (2.56)*
2 Community events (2.15)*
3 Church attendance (2.52)
4 With spouse (2.65)
5 With family 2.67)
6 With friends (2.64)*
7 With others (2.55)
Emotional Function
1 Anxiety (2.64)*
2 Irritability (2.59)*
3 Frustration (2.44)
4 Depression (2.49)*
5 Relaxation (2.39)*
6 Insomnia (2.58)
7 Boredom (2.62)
8 Loneliness (2.26)
9 Stress (2.19)
10 Wellbeing (2.62)

* These items were duplicated on VAS scales

** These item numbers correspond to those in text and Table 4.

t Dimensions retained in final WOMAC instrument.

() Numbers in parentheses represent previously published? mean
importance scores for each item. (Scale: O=none, 1=slight,
2 =moderate, 3=very, 4=extreme importance.)
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Table 2. Primary outcome measures: Visit 3 means (m) and standard deviations (s)

Pain Stiffness Physical Social Emotional
Variable Function Function Function
Likert* VASt Likert* VAST Likert* VASt Likert* VAST Likert* VASt
WOMACTt C m 10.3 158.9 4.4 51.7 32.2 342.4 5.9 100.5 10.1 104.8
s 4.4 69.0 1.8 28.5 13.8 154.1 5.5 75.8 8.5 90.1
[ m 9.6 153.1 4.3 52.9 31.0 334.4 6.0 102.7 10.8 112.5
s 4.0 66.3 1.6 29.7 13.5 152.6 5.2 79.5 9.6 107.3
P m 10.9 165.4 4.6 50.5 334 350.4 5.9 98.3 9.5 97.0
s 4.7 72.6 1.9 27.7 14.3 157.9 6.0 73.3 7.5 69.3
Patient C m 2.5 55.3 2.4 53.3 1.9 42.1 1.1 27.2 0.7 21.0
global s 1.0 28.2 1.0 29.0 1.0 26.4 1.0 27.1 0.9 22.6
CEESENTH 1 m 2.3 51.7 2.3 50.1 1.8 40.1 1.1 28.5 0.8 22.8
s 1.1 29.8 1.1 30.9 1.0 25.9 1.0 29.0 1.0 26.4
P m 2.6 58.6 2.4 56.1 2.0 43.8 1.1 25.9 0.6 19.4
s 1.0 26.7 1.0 27.4 0.9 27.2 1.0 25.7 0.7 18.9
Interviewer C m 2.6 — k& 2.1 = 2.3 1.1 1.2 -
global s 0.9 — 1.0 — 0.8 - 1.1 — 1.0
assessment I om 2.5 — 2.2 - 2.1 - 1.1 - 1.2 —
s 0.9 — 1.0 0.8 1.1 1.1 —
P m 2.7 — 2.0 2.4 — 1.0 - 1.1 —
s 0.8 — 0.9 - 0.9 — 1.0 0.8 —

* Scored on values 0-4, where O=none, 1=slight, 2=moderate, 3=very, 4=extreme.

T 0-100 mm horizontal VAS scale with terminal descriptors None and Extreme

Tt Sum of WOMAC test questionnaire items: Aggregate score (pain), Al (stiffness), Al (physical), Al (social), AI (emotional).
** JgA only scored on Likert scale, not on VAS scale. Interviewer global assessment

C - Combined group (isoxicam + piroxicam), I - isoxicam, P - piroxicam.

Table 3. Secondary and tertiary outcome measures: Visit 3 means (m) and standard devi-

ations (s)

Combined Isoxicam Piroxicam
Secondary m s m s m 5
Bradburn total score -3.6 33 -3.0 3.3 —-4.2 3.2
Modified Doyle total score 2.8 1.6 2.5 %S 3.0 1.6
Lequesne pain score 4.4 1.1 4.5 1.1 4.3 1.1
Lequesne stiffness score 1.5 0.5 1.5 0.6 1.4 0.5
Lequesne physical score Shi/ 2.3 5.6 2.5 5.9 2.0
MHIQ social score 15.8 1.7 15.6 1.9 16.0 1.5

Combined Isoxicam Piroxicam
Tertiary m S m § m s
Walk time (s) 17.2 7.2 17.1 8.3 17.3 6.0
Intermalleolar straddle 79.2 18.2 80.6 17.8 71.7 18.8
ROM (°) 225.1 263 224.8 269 2255  26.1

score = 2, interviewer global assessment = 1, and patient
global assessment = 2 strategies, there was exact agreement
(to 3 decimal places) in 46 % of the cases, while in 54 % the
parametric value was smaller. The correlation coefficient be-
tween scores on Likert and VAS scales was 0.82 for patient
global assessment.

Piroxicam. Regardless of the type of statistical analysis used,
80% of the items significantly improved on Likert scaling
by Visit 6 (p < 0.005), but #2 failed to significantly improve,

On VAS scaling using Wilcoxon’s test, all 3 items achieved
p values of < 0.019. With respect to the interviewer and
patient global assessments and aggregate score strategies, p
values of < 0.003 were achieved regardless of scale. When
all 13 comparative analyses (individual item = 8, aggregate
score = 2, interviewer global assessment = 1, patient global
assessment = 2) were considered, the parametric p values
were smaller in 77% of the cases and larger in 15 %, while
in 8% there was exact agreement. The correlation coeffi-
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cient between scores on Likert and VAS scales was 0.86 for
patient global assessment.

Pain — reliability. From Likert scaled responses to the 5
component items the internal consistency of the pain dimen-
sion was 0.86 for isoxicam and 0.89 for piroxicam. The cor-
responding values for the 3 VAS scaled responses were 0.81
and 0.73, respectively. The test-retest reliability for the com-
bined group (i.e., isoxicam + piroxicam) was 0.68 on the
Likert scale and 0.64 on the VAS scale.

Pain — validity. Higher levels of correlation (as expressed
by the correlation coefficients and the proportion of items
displaying a statistically significant correlation) were noted
on both Likert and VAS responses between the test items
and the Lequesne pain and physical function components and
the Doyle Index, than between these same items and the
Lequesne stiffness component, the Bradburn Index and the
MHIQ social component (Table 4).

Stiffness — Responsiveness (Table 1)

Isoxicam. On Likert scaling using Wilcoxon’s test, both items
(morning stiffness, stiffness occurring later in the day) sig-
nificantly improved by Visit 6 (p < 0.004), while on VAS
scaling morning stiffness achieved a p value of < 0.001
regardless of type of analysis used. With the interviewer
global assessment, patient global assessment, and aggregate
score strategies, p values of < 0.001 were achieved regard-
less of scale or type of analysis. When all 7 comparative
analyses (individual item = 3, aggregate score = 1, inter-
viewer global assessment = 1, patient global assessment =
2) were considered, the p values showed exact agreement
in 43% of the cases, while in 57% of the cases the para-
metric value was smaller. The correlation coefficient between
scores on Likert and VAS scales was 0.91 for patient global
assessment.

Piroxicam. On Likert scaling using Wilcoxon’s test, both
items significantly improved by Visit 6 (p < 0.030), while
on VAS scaling, morning stiffness achieved a p value of
0.002. With respect to the interviewer and patient global
assessments and aggregate score strategies, significant
improvement was detected on each (p <0.013). However,
p values were smaller for patient global assessment on VAS
scaling than on Likert scaling. When all 7 comparative analy-
ses (individual item = 3, aggregate score = 1, interviewer
global assessment = 1, patient global assessment = 2) were
considered the parametric p value was smaller in 100% of
cases. The correlation coefficient between scores on Likert
and VAS scales was 0.87 for patient global assessment.

Stiffness — reliability. From Likert scaled responses to the
2 component items, the internal consistency of the stiffness
dimension was 0.90 for isoxicam and 0.91 for piroxicam.
Only morning stiffness was probed on the VAS scale, and,
consequently, interitem reliability was not determined. Test-
retest reliability for the combined group was 0.48 on the
Likert scale and 0.61 on the VAS.

Stiffness — validiry. The highest levels of correlation noted
on both Likert and VAS scaled responses were between the
2 test items and the Doyle Index (morning stiffness r = 0.45,
late day stiffness r = 0.46) and the Lequesne pain, physical
function and stiffness components (morning stiffness r =
0.22, late day stiffness r = 0.23). No significant correla-
tion was noted between the test items and the other scales
(Table 4).

Physical function — Responsiveness (Table 1)

Isoxicam. On Likert scaling using Wilcoxon’s test, 15 of the
17 physical function items significantly improved by Visit
6 (p < 0.001 for 4 items, 0.002 < p < 0.005 for 8 items,
and 0.008 < p < 0.009 for 3 items). Items 10 and 14
achieved p values of 0.057 and 0.059, respectively, at Visit
6. On VAS scaling significant improvement occurred on all
items, the p value being < 0.001 regardless of type of analy-
sis used. The interviewer and patient global assessments and
aggregate score strategies detected significant improvements
(p < 0.003). When p values derived by parametric and non-
parametric tests were compared for all 29 analyses (individ-
ual item = 24, aggregate score = 2, interviewer global
assessment = 1, patient global assessment = 2) performed,
the parametric value was smaller in 62 % of the cases, while
in 38% of the cases there was exact agreement. The corre-
lation coefficient between scores on Likert and VAS scales
was 0.83 for patient global assessment.

Piroxicam. On Likert scaling using Wilcoxon’s test, 12 of
the 17 physical function items significantly improved by Visit
6 (0.002 < p < 0.009 for 6 items, 0.013 < p < 0.019
for 4 items, and 0.024 < p < 0.027 for 2 items). On VAS
scaling significant improvement occurred on all items, the
p value being < 0.001 for 3 items, 0.006 for one item, 0.010
< p < 0.011 for 2 items, and 0.044 for one item. With
the interviewer and patient global assessments and aggregate
score strategies, significant improvement was detected by
Visit 6 (p < 0.002 for aggregate score and interviewer global
assessment; 0.004 < p < 0.010 for patient global assess-
ment). When p values derived by parametric and nonpara-
metric tests were compared for all 29 analyses performed
using individual item = 24, aggregate score = 2, interviewer
global assessment = 1, and patient global assessment = 2
strategies, the parametric p value was smaller in 79% of the
cases, larger in 7%, while in 14% there was exact agree-
ment. The correlation coefficient between scores on Likert
and VAS scales was 0.90 for patient global assessment.
Physical function — reliability. From Likert scaled responses
to the 17 component items, the internal consistency of the
physical function dimension was 0.95 for isoxicam and 0.95
for piroxicam. The corresponding values for the 7 VAS
scaled responses were 0.91 and 0.89, respectively. Test-retest
reliability for the combined group was 0.68 on the Likert
scale and 0.72 on the VAS scale.

Physical function — validity. Higher levels of correlation
were noted on both Likert and VAS scaled responses between
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Table 4. Construct validity analysis: Correlation of WOMAC test items with Lequesne,
Modified Doyle, Bradburn, and MHIQ indices

Domain Lequesne Lequesne Lequesne Doyle Bradburn MHIQ
Pain Stiffness Physical Tenderness Emotional Social

Pain
Likert 1 (0.46/0.57 (0.14/0.35)  (0.30/0.55) (0.25/0.46)  (—0.06/0.15)  (—0.16/-0.00)
(n=5) 2 1-5 1,4,5 1-5 1,3-5 — =

3 100 60 100 80 0 0
VAS 1 (0.39/0.62) (0.04/0.24)  (0.36/0.50) (0.36/0.57)  (—0.08/0.04) (—0.07/0.05)
(n=3) 2 1-3 — 1-3 1-3 — e

3 100 0 100 100 0 0
Stiffness
Likert 1 (0.32/0.45)  (0.22/0.23) (0.29/0.32) (0.45/0.46)  (—0.22/-009) (—0.13/-0.08)
(n=2) 2 AMS*, GEL’ - AMS,GEL AMS,GEL — =

3 100 0 100 100 0 0
VAS 1 (0.32) 0.27) (0.35) (0.47) (—0.21) (=0.11)
(n=1) 2 AMS AMS AMS AMS —_ =

3 100 100 100 100 0 0

_Ph)_'sical Function
Likert 1 (0.15/0.51) (—0.04/0.33) (0.20/0.54) (0.14/0.52)  (—0.14/0.24) (—0.21/0.15)

m=17) 2 1-4,6,8, 7,15,16 3-17 3,4,6-17 = =
10,12-17
3 77 18 88 82 0 0
VAS 1 (0.32/0.50) (0.01/0.31)  (0.36/0.59)  (0.28/0.54)  (—0.14/0.22) (—0.31/—0.00)
n=7) 2 1-7 6 1-7 1-7 = 5
3 100 14 100 100 0 14

Social Function

Likert 1 (0.21/0.35) (0.17/0.34)  (0.24/0.37) (0.09/0.35)  (—0.03/0.29) (—0.12/0.11)
(n=7) 2 1,2,5-7 2 1,2,4-7 1-3 = —

3 71 14 86 43 0 0
VAS 1 (0.28/0.35) (0.22/0.37)  (0.42/0.49) (0.36/0.46)  (—0.14/0.09) (—0.06/0.05)
(n=3) 2 1-3 1,2 1-3 1-3 e —

3 100 67 100 100 0 0

E_motional Function
Likert 1 (0.15/0.35) (0.03/0.37) (0.18/0.46) (—0.04/0.20)  (0.14/0.45) (—0.30/-0.04)

(n=10) 2 4-6,10 2,5 1-6,9,10 — 1,7-9 =
3 40 20 80 0 40 0
VAS 1 (0.30/0.34) (0.20/0.36)  (0.44/0.54)  (0.14/0.23)  (0.34/0.38)  (—0.25/—0.18)
(n=4) 2 1-4 4 1-4 — 1-4 -
3 100 25 100 0 100 0

1 Min/max of Pearson correlation coefficients between individual test items and comparison indices.
2 Test item number showing statistically significant correlation with comparison indices (p<0.05).
3 Percentage of test items showing statistically significant correlation with comparison indices.

4 AMS - stiffness after first wakening in the morning.

5 GEL - stiffness after sitting, lying, or resting later in the day.

NB - Test item numbers correspond to those identified in Table 1.

the test items and the physical component of the Lequesne items achieved statistically significant improvement at Visit
Index than with these same items and the Doyle Index, the 6 (p = 0.011, 0.018, 0.033, and 0.043). On VAS scaling
Lequesne pain and stiffness components, the Bradburn Index, p values of 0.001 were achieved by the first 2 items, while
and the MHIQ social component (Table 4). a p value of 0.023 was attained by the 3rd item. Although
Social function — Responsiveness (Table 1) the patient global assessment strategy resulted in a p value
Isoxicam. On Likert scaling using Wilcoxon’s test, 4 of the of 0.020 on VAS scaling, it did not statistically improve on
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Likert scaling (p = 0.110). The aggregate score and inter-
viewer global assessment strategies resulted in p values of
< 0.001 and 0.015, respectively. When all 15 comparative
analyses (individual item = 10, aggregate score = 2, inter-
viewer global assessment = 1, patient global assessment =
2) were considered, there was absolute agreement of the p
value in 13% of the cases, while in 67% the parametric p
values were smaller and in 20% the nonparametric p values
were smaller. The correlation coefficient between scores on
Likert and VAS scales was 0.87 for patient global
assessment.

Piroxicam. On Likert scaling none of the items improved
significantly by Visit 6 regardless of type of analysis.
However, on VAS scaling item one achieved a p value of
0.002, while item 2 achieved p values of 0.010 (t test) and
0.006 (Wilcoxon). Neither the interviewer global assessment
nor patient global assessment strategies detected significant
improvement regardless of scale or type of analysis.
However, the aggregate score strategy resulted in improve-
ment on the VAS (p < 0.008). When all 15 comparative
scale analyses (individual item = 10, aggregate score = 2,
interviewer global assessment = 1, patient global assessment
= 2) were considered there was exact agreement of the p
value in 7% of the cases, while in 73% the parametric p
values were smaller and in 20% the nonparametric p values
were smaller. The correlation coefficient between scores on
Likert and VAS scales was 0.62 for patient global as-
sessment.

Social function — reliability. From Likert scaled responses
to the 7 component items, the internal consistency of the
social function dimension was 0.89 for isoxicam and 0.93
for piroxicam. Corresponding values for the 3 VAS scaled
items were 0.89 and 0.93, respectively. Test-retest reliabil-
ity for the combined groups was 0.61 on the Likert scale,
and 0.59 on the VAS scale.

Social function — validity. Higher levels of correlation were
noted between the test items and the Lequesne physical func-
tion and pain components (on Likert scaled responses) than
with the Doyle Index or Lequesne stiffness component (Table
4). With VAS scaled responses, higher levels of correlation
were noted between test items and the Lequesne physical
function component, the Doyle Index, and the Lequesne pain
component than with these same items and the Lequesne stiff-
ness component. Regardless of scale, no significant corre-
lation was noted between the test items and the Bradburn
Index or with the MHIQ social component.

Emotional function — Responsiveness (Table 1)

Isoxicam. On Likert scaling using Wilcoxon’s test, half of
the items improved significantly by Visit 6 (p < 0.043). In
contrast, all VAS scaled responses achieved p values of <
0.014. Both the aggregate score and interviewer global
assessment strategies showed significant improvement on
Likert scaling (p < 0.004). However, the patient global

assessment strategy did not detect improvement on either
scale (p > 0.090). When all 19 comparative analyses
(individual item = 14, aggregate score = 2, interviewer
global assessment = 1, patient global assessment = 2) were
considered, there was exact agreement of the p value in 10%
of the cases, while in 74% the parametric p values were
smaller, and in 16% the nonparametric p values were
smaller. The correlation coefficient between scores on Likert
and VAS scales was 0.91 for patient global assessment.

Piroxicam. On Likert scaling using Wilcoxon’s test, 4 of the
10 items improved significantly by Visit 6 (p < 0.050). In
contrast, the 4 VAS scaled responses all achieved p values
< 0.032. Although both the interviewer global assessment
and aggregate score strategies demonstrated significant
improvement on Likert scaling (p = 0.004 and p = 0.022,
respectively), the patient global assessment strategy did not
detect improvement (Likert p = 0.779, VAS p = 0.187).
When all 19 comparative analyses (individual item = 14,
aggregate score = 2, interviewer global assessment = 1,
patient global assessment = 2) were considered, there was
exact agreement of the p value in 8% of the cases while in
92% the parametric p values were smaller on Likert scal-
ing. On VAS scaling, however, the nonparametric p values
were smaller in 100% of cases. The correlation coefficient
between scores on Likert and VAS scales was 0.66 for patient
global assessment.

Emotional function — reliability. From Likert scaled
responses to the 10 component questions, the internal con-
sistency of the emotional function dimension was 0.96 for
isoxicam and 0.91 for piroxicam. The corresponding values
for the 4 VAS scaled items were 0.98 and 0.88, respectively.
The test-retest reliability for the combined group was 0.72
on the Likert scale and 0.66 on the VAS scale.

Emotional function — validity. Higher levels of correlation
were noted on both Likert and VAS scaled responses between
the test items and the Lequesne physical function component,
the Bradburn Index, and the Lequesne pain component than
with the Lequesne stiffness component (Table 4). No sig-
nificant correlation was noted between test items and the
MHIQ social component or the Doyle Index.

Relative efficiency. When considering both treatment groups
combined, 5 pain, 2 stiffness and 17 physical function items
achieved statistical significance (p < 0.005) by Visit 6. Since
only 3 emotional items and none of the social items achieved
this level of significance, emotional and social dimensions
were not subjected to relative efficiency testing (Table 5).
In 83% of analyses the relative efficiency of WOMAC was
> 1, i.e., more efficient than the tertiary measures. Rela-
tive efficiency values < 1 were largely accounted for by
walking time scores for the piroxicam group. In 78% of com-
parisons the relative efficiency for VAS scaled responses was
numerically greater than the corresponding Likert scaled

responses.
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Table 5. Relative efficiency* of WOMAC versus tertiary outcome variables

Tertiary Pain Stiffness Physical WOMAC Final
Outcome Study Function ~ Battery (FB)**
Variable Group  yikerr VAS  Liket VAS  Likert VAS  Liket VAS
Walk time C 1.4 1.5 0.7 1.4 1.2 1.3 1.4 1.5
I 2.3 2.9 20 2.2 2.9 2.4 3.1 2.8
P 0.8 0.7 0.3 0.9 0.5 0.7 0.6 0.8
Intermalleolar C 5.2 5.8 2.8 5.5 4.8 5.1 5.4 6.0
straddle 1 2.7 34 24 26 34 29 36 3.3
P 11.8 11.0 4.5 13.4 7.7 10.2 9.4 12.5
ROM C 1.4 1.6 0.8 1.5 1.3 1.4 1.4 1.7
I 1.3 1.6 1.1 1.2 1.6 1.4 1.7 1.6
P 1.6 1.6 0.7 1.9 1.0 1.6 1.3 1.9

* Relative efficiency = (t,/t,)> e.g., for isoxicam (tuin (vasy twalk ime?=2.9.

** WOMAC (FB) = AL, + Al + Al

physical function_

C—Combined group (isoxicam + piroxicam), I-isoxicam, P-piroxicam

DISCUSSION

In developing a new health status measure we were guided
by 4 principles: adequate responsiveness, reliability and
validity, and superior relative efficiency over selected tradi-
tional measures. We elected to employ a double blind, ran-
domized, controlled parallel design since both groups of
patients at Visit 3 would have a high probability of being
similar with respect to their pretreatment status and response
potential. Furthermore, if the 2 agents are similar in effi-
cacy then the 2 arms of the study may be used for conduct-
ing separate tests of index responsiveness in 2 clinically
equivalent groups of patients. Indeed, since no significant
between-group differences were detected (Tables 2 and 3)
and no significant between-drug differences were identified
using the reported independent outcome measures*, and
accepting the possibility of a Type II error, nevertheless we
regard the design as a legitimate and novel approach to index
validation.

Responsiveness. Although isoxicam was voluntarily sus-
pended worldwide by Warner-Lambert International in
October 1985, this was not for lack of efficacy but rather
for reasons of toxicity apparently related to a manufactur-
ing problem in France!’. Since drug efficacy was not at
issue, we regard this voluntary suspension as irrelevant to
the validation of WOMAC. Twenty-seven (5 pain, 2 stiff-
ness, 17 physical, 0 social, 3 emotional) of the original 41
WOMALC items achieved statistical significance with p values
< 0.005 by Visit 6 for the combined group. The use of mul-
tiple analytic comparisons may result in an increase in Type
I errors'8. Even correcting for this statistical nuance,
however, and accepting a high degree of covariance among
Index items, the p values attained were extremely good and
indicative of a high level of responsiveness for these 27
WOMAC items. Comparative analyses of nonparametric vs
parametric treatment of the data suggest that while in many
instances there is agreement between the 2 (and therefore

that either analysis may be used), nonparametric methods
may provide a more conservative estimate of the response,
and for conceptual reasons relating to normality of the data,
may be regarded as the preferred analytic technique. Since
these observations are of limited generalizability, we are con-
tinuing to perform both parametric and nonparametric com-
parisons on instrument data.

Reliability. Reliability coefficients (i.e., Cronbach’s alpha)
of > 0.80 are generally regarded as acceptable. Index items
exceeded 0.85 on both VAS and Likert scales in all but one
instance (pain — VAS piroxicam group = 0.73). The values
achieved for test-retest reliability were somewhat Jower than
those for internal consistency. Nevertheless, we regard them
as entirely adequate considering that (a) the test-retest inter-
val was one week, and (b) the Kendall’s tau c statistic tends
to generate slightly lower coefficients of correlation!®. We
believe that the principal explanation for our lower test-retest
values lies in the excessive interval (1 week) between the
2 administrations. Indeed, given the high internal consistency
and sensitivity of WOMAC, and considering the constantly
fluctuating symptomatology of OA, one can predict that test-
retest reliability values will only be moderate. These daia
indicate, therefore, that all 5 WOMAC dimensions on both
VAS and Likert scales are of adequate reliability.
Validity. Opinions differ as to which items should be incor-
porated in outcome measurement, and which numerical
weights assigned to the clinical importance of different
items20. We believe, however, that the item content of
WOMAC should be generally acceptable since it is based
not only on a review of both the clinimetric and OA
literatures', but on the opinions of 100 patients with symp-
tomatic OA who provided data on the dimensionality of their
symptoms and assigned importance scores for each item sub-
sequently used in constructing WOMAC?. For criterion
validity testing, coefficients > 0.80 are generally regarded
as acceptable. However, no irrefutable gold standard cur-
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rently exists against which to test criterion validity. We have,
therefore, tested construct validity against other indices which
probe the 5 Index dimensions of interest. Since these com-
parators are not gold standards, lower levels of correlation
are expected. In general, however, the Index items should
show a statistically significant correlation with other indices
probing the same dimension (convergent construct validity).
Furthermore, Index items should also show higher levels of
correlation with other indices probing the same dimension
than with indices probing other (particularly unrelated)
dimensions (divergent construct validity). These criteria were
fulfilled by the pain, stiffness and physical function compo-
nents of the Index. It should be noted that since physical dis-
ability is often secondary to pain, it is not surprising that
these 2 dimensions are often associated. We observed that
both stiffness items showed a better correlation with the
modified Doyle score than with the Lequesne stiffness com-
ponent. However, we believe this to be due to the fact that
the Lequesne Index probes duration of stiffness while
WOMAC probes its severity. Given the interrelationship
between discomfort and disability, an association between
stiffness, pain, tenderness and physical function is predic-
table. Of note, the VAS scaled stiffness item showed a statisti-
cally significant correlation with the Lequesne stiffness
component. The social component of WOMAC failed to
correlate with the MHIQ social component, and although
some items were reliable and responsive, this dimension was
excluded from the Index. Moreover, in spite of the emotional
component fulfilling construct validity criteria, and most
items being reliable and responsive, we elected to withdraw
the component pending a reevaluation of the social dimen-
sion. The final Index, therefore, utilizes the pain (5 items),
stiffness (2 items), and physical (17 items) function subscales
only (Table 1).

Relative efficiency. To be useful, a new health status meas-
ure should offer advantages over existing indices. In this
respect, WOMAC offers 2 advantages. First, WOMAC and
its subscales offer superior efficiency (as measured by rela-
tive efficiency scores) over selected traditional measures in
assessing the efficacy of antirheumatic drugs. Such a meas-
ure, therefore, has potential for reducing sample size require-
ments for clinical trials using WOMAC as the primary
outcome measure. Secondly, traditional measures often lack
patient relevance. In contrast, WOMAC probes patient rele-
vant outcomes, the clinical importance (Table 1) of which
have been documented?.

We believe WOMAC to be a reliable, valid, and respon-
sive multidimensional, self-administered outcome measure
designed specifically to evaluate patients with OA of the hip
or knee. We are currently conducting further studies on
aggregating scores across different dimensions, on the rela-
tive responsiveness of Likert and VAS scales, and the rela-
tive efficiency of WOMAC against several other health status

instruments.
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