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Relationship 
Importance 

between Severity and Clinical 
of Symptoms in Osteoarthritis 

N. B E L L A M Y ,  G. W E L L S * ,  J. C A M P B E L L  

Summary Seventeen patients with primary osteoarthritis of  the knee were eval- 
uated with respect to the severity and clinical importance of  pain, stiffness and 
physical function during the conduct of  a double-blind randomized controlled trial 
of  flurbiprofen SR versus diclofenac sodium SR using the WOMAC OsteoarthritiS 
Index. Mean importance scores were similar for items within the same dimension 
as well as between items in different dimensions.  In general, low levels of  correlation 
were noted between the severity and importance of  symptoms. Analysis of  individual 
WOMAC items within a given subscale indicated that, although highly correlated, 
they differed from one another. Factor analysis further supported the contention 
that scores from items within a subscale could be summated into subscale scores. 
These observations are of importance in the weighting and aggregation of  items 
within discrete dimensions and have the potential for reducing sample size require- 
ments  for clinical trials in osteoarthritis.  
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INTRODUCTION 

The principal objective of outcome measurement pro- 
cedures for therapeutic trials of nonsteroidal anti-in- 
flammatory drugs (NSAIDs) is to detect statistically sig- 
nificant, clinically important, differences in health status 
between competing treatment programmes. Although 
much attention has been focused on outcome measures 
for rheumatoid arthritis (RA) (1,2), much less attention 
has been paid to the study of patients with osteoarthritis 
(OA). In general, clinical investigators and international 
agencies have recommended the use of multiple out- 
come measures for OA trials (3-6). The use of multiple 
outcome measures, however, necessitates a downward 
correction in the statistical p value which results in in- 
creased sample size requirements (7). Such problems 
can be overcome by weighting and aggregating different 
measures into a single composite index (8). Such a pro- 
cedure, however, requires respect to relative clinical im- 
portance of different items, as well as differences in the 
lengths of the scales on which the different components 
are measured. Smythe et al have constructed a compos- 
ite index, termed the Pooled Index, for application in pa- 
tients with RA (9). However, their statistical techniques, 
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while correcting for variability in scale length, do not re- 
spect the relative clinical importance of the component 
items (9). In contrast, Gade (10) and Freeman et al (11) 
have suggested diametrically opposed weighting and ag- 
gregation systems for assessing range of movement. We 
have recently conducted a series of studies (12-16) val- 
idating a tridimensional self-administered questionnaire 
probing pain, stiffness and physical function in patients 
with OA of the hip or knee. The resulting index is 
termed the Western Ontario and McMaster Universities 
(WOMAC) OA Index. An earlier study (13) had indi- 
cated that the twenty-four component questions of the 
Index were regarded by symptomatic patients as being 
of similar mean clinical importance. In that study (13) 
importance was measured on 5-point Likert (17) scales. 
We were unable to determine the extent to which the 
severity of the patients' symptoms influenced their de- 
termination of importance scores. Since we are now us- 
ing a battery of 10 cm visual analogue (VA) (18) scales 
as the scaling base for the WOMAC Index, and since we 
wish to aggregate the component questions within, and, 
if possible, across the three subscales, we have admin- 
istered the WOMAC instrument during the conduct of" 
a double-blind randomized controlled multi-centre trial 
of flurbiprofen (Ansaid-SR) versus diclofenac (Voltaren 
SR) in OA knee. The study had two major objectives : 
1) To examine the relationship between importance and 
severity scores using WOMAC ; 2) To examine whether 
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Table I : Pain : Mean severity score (standard deviation) with blind and informed administration; mean importance score (standard deviation); Pearson 
correlation coefficient and p-value of severity and importance with blind administration 

Item Score-Blind Score-Informed 
Mean s.d. Mean s.d. 

p-value 
paired t-test 

p-value 
Correlation Importance Correlati0n-Blind t-test 
Blind/In- Mean s.d. r p from 
formed average 

Walking on a flat surface 41.35 27.21 44.24 30.18 
Going up or down stairs 52.18 26.67 54.59 28.19 
At night while in bed 37.18 27.86 38.94 30.00 
Sitting or lying 37.53 29.84 40.94 28.96 
Standing upright 45.06 30.21 47.12 28.14 

�9 37 .91 77.88 15.24 .23 .37 .54 
.43 .90 81.35 11.78 .05 .85 .00 
.34 .97 71.18 21.76 .3I .23 .02 
.14 .95 71.18 22.92 .17 .52 .05 
.35 .96 67.77 26.77 .60 .01 .38 

a simple addition of component item scores into three 
separate subscale scores was justified. In order to ensure 
generalizability of our observations to different modes 
of index presentation, we compared severity scores at 
termination with prior scores both unavailable (blind 
presentation) and available (informed administration). 

MATERIALS AND METHODS 

Seventeen patients attending the rheumatology out- 
patient clinic at Victoria Hospital, London, with definite 
radiographic and clinical evidence of primary OA knee 
were entered as part of a multi-centre double-blind ran- 
domized controlled trial comparing Ansaid-SR with 
Voltaren SR. To be eligible patients had to fulfil the fol- 
lowing criteria: Inclusion criteria: symptoms requiring 
NSAID medication, age ~-18 years, symptoms ~2 
months, informed consent obtained ; Exclusion criteria : 
Gastrointestinal ulceration or bleeding, NSAID hyper- 
sensitivity, significant uncontrolled impairment of major 
organ function, pregnancy or lactation, concomitant use 
of lithium or anticoagulants, clinically significant abnor- 
malities in haematology or biochemistry. Following en- 
rollment, patients underwent a 3-7 day washout period 
during which only acetaminophen was allowed. Subse- 
quently, patients were randomly allocated to receive 
either Ansaid-SR (200 mg po once daily) or Voltaren SR 
(100 mg po once daily) for six weeks. The medications 
were identical in appearance thus maintaining physician 
and patient blinding. Patients were assessed at the end 
of Week 3 and Week 6. In addition to the WOMAC in- 
strument, data were collected on several other variables. 
It should be noted, however, the WOMAC Index was 
only applied in our centre and that this report  is con- 
fined to severity versus importance issues of the WOM- 
AC instrument in our 17 patients. Data collected from 
other locations in this multi-centre study, as well as com- 
parison of the two drugs for efficacy and tolerability, will 
be reported in a separate publication by the other inves- 
tigators. At the end of the study patients completed all 
three subscales of the WOMAC Index rating the severity 

of their symptoms on 10 cm horizontal VA scales (ter- 
minal descriptors: None, Extreme) first without their 
prior WOMAC scores being available (i.e. blind), and 
again, some  five minutes later with their prior scores 
available (i.e. informed) (13). The reliability, face, con- 
tent validity, construct validity, and responsiveness of 
each of the 24 questions posed have been previously de- 
fined, verified and reported (14,15). After another five 
minutes, patients were shown an a l ternate  form of 
WOMAC, in which they were asked to separately rate 
on 10 cm horizontal VA scales (terminal descriptors: 
None, Extreme) the importance, which they attached to 
being completely symptom free of each of those 24 symp- 
toms. From these data, the mean and standard deviation 
for severity and importance scores of eac h item at study 
termination were calculated. For severity scores, these 
parameters were calculated for both blind and informed 
assessments. To examine the relationship between se- 
verity and importance, Pearson correlation matrices 
were constructed for each individual item and the level 
of correlation and statistical significance determined. 
The effect of administering the WOMAC Index under 
blind and informed conditions (i.e., prior score availabil- 
ity) was examined by comparing the mean severity scores 
under both types of administration using Student's 
t-test. The issue of whether a simple addition of com- 
ponent  items to form subscale totals was examined using 
Student's t-test, correlation coefficients and factor anal- 
ysis techniques. Since the 24 component items of WOM- 
AC were considered in each of the three different sta- 
tistical analyses, the p value, defining statistical signif- 
icance, was corrected downward by a factor of 24 result- 
ing in a value of <.002 (7). 

RESULTS 

The results are summarized in Tables I-III. The mean 
age of the study population was 60.24 years (range = 
52 - 65) and the mean disease duration 8.57 years (range 
= 8 months - 20 years). There  were 7 male and 10 fe- 
male subjects. Their  radiographic ratings according to 
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T a b l e  II  : Stiffness : Mean severity score (standard deviation) with blind and informed administration ; mean importance score (standard deviation); 
Pearson correlation coefficient and p-value of severity and importance with blind administration. 

p-value 

Item Score-Blind Score-Informed p-value Correlation Importance Correlation-Blind t-test 

Mean s.d. Mean s.d. paired t-test Blind/In- Mean s.d. r p from 
formed average 

Morning 42.47 30.01 42.65 33.05 .94 .96 66.71 25.01 .41 .11 .74 

Gelling 43.88 28.62 43.94 30.70 .98 .93 66.88 22.20 .43 .09 .74 

the Atlas  of  S tandard  Rad iographs  (19) were  as follows : 
G r a d e  I = 3, G r a d e  I I  = 4, G r a d e  I I I  = 6, G r a d e  I V  
= 4. The  funct ional  s tatus ratings according to the 
S te inbrocker  classification (20) were  as follows : G r a d e  
I I  = 13, G r a d e  I I I  = 4. O f  the seven teen  pat ients ,  8 
received Ansa id -SR and 9 received Vol ta ren  SR. T h e  
range  of possible values  for  severity and impor tance  on 
the V A  scales was 0-100 mm.  

B l i n d  versus  i n f o r m e d  a d m i n i s t r a t i o n  

For  blind adminis t ra t ion  the range  of severity scores 
calcula ted f rom the c o m p o n e n t  quest ions of  each di- 
mens ion  was as follows : Pa in  = 37.18 - 52.18 (Table  I); 
Stiffness = 42.47 - 43.88 (Table  II) ;  Physical Funct ion  
= 34.24 - 60.82 (Table  I I I ) .  For  informed adminis t ra t ion,  
the range  of severity scores was as follows : pain  = 38.94 
- 54.59 (Table  I);  Stiffness = 42.65 - 43.94 (Table  II) ;  
Physical Funct ion  = 35.77 - 63.65 (Table  I I I ) .  No  sta- 
tistically significant d i f ferences  were  no ted  be tween  the 
severi ty scores at t e rmina t ion  unde r  blind versus in-  

f o rmed  adminis t ra t ion  (Tables  I - I l l ) .  The  i tem scores 
for  the  two forms of  adminis t ra t ion  were  highly corre-  
la ted  (Tables  I - I I I ) .  Since there  was no di f ference  be-  
tween  severity scores ob ta ined  by blind and in fo rmed  ad- 
minis t rat ion,  we have r epor t ed  the impor t ance  issue 
only with respec t  to blind adminis t ra t ion.  

I m p o r t a n c e  scores  

M e a n  impor tance  scores for  c o m p o n e n t  i tems were  as 
fol lows: Pain  = 67.77-81.35 (Table  I),  Stiffness = 
66.71,67.88 (Table  II) ,  Physical Funct ion  = 56.29-76.24 
(Table  I I I ) .  In  all but  one  instance (bending to floor),  
the  s tandard  deviat ion for  impor tance  scores was less 
than  for  the  cor responding  severity scores. 

Sever i ty  v e r s u s  i m p o r t a n c e  scores  

W e  examined  the  re la t ionship be tween  severity scores 
and impor tance  scores using corre la t ion  coefficients.  

T a b l e  I I I :  Physical Function : Mean severity score (standard deviation) with blind and informed administration ; mean importance score (standard 
deviation); Pearson correlation coefficient and p-value of severity and importance with blind administration 

Item Score-Blind Score-Inf0rmed 

Mean s.d. Mean s.d. 

p-value 

paired t-test 

p-value 

Correlation Importance Correlation-Blind t-test 

Blind/In- Mean s.d. r p from 
formed average 

Descending stairs 49.53 28.56 49.29 28.70 

Ascending stairs 51.29 25.39 54.41 25.64 

Rising from sitting 46.77 26.94 50.06 31.16 

Standing 43.18 28.31 46.29 28.34 

Bending to floor 48.24 30.22 48.41 32.22 

Walking on flat surface 44.94 28.18 46.35 28.14 

Getting in/out of car 49.12 26.76 48.94 27.15 

Going shopping 48.77 30.33 53.35 29.24 

Putting on socks 42.77 31.44 42.88 32.68 

Rising from bed 36.53 31.18 40.65 32.31 

Taking off socks 41.41 31.97 41.47 31.35 

Lying in bed 34.24 28.31 38.53 29.69 

Getting in/out of bath 53.12 30.90 53.82 31.60 

Sitting 35.59 29.32 35.77 29.08 

Getting on/0ff toilet 37.65 29.89 41.35 30.37 

Heavy domestic duties 60.82 27.91 63.65 28.72 

Light domestic duties 38.88 29.61 43.35 31.72 

.96 .83 71.77 18.36 .30 .24 .19 

�9 29 .89 71.24 17.53 .20 .43 .18 

�9 55 .71 66.29 24.93 .22 .39 .21 

.24 .93 68.82 27.35 .53 .03 .47 

�9 94 .95 59.65 30.75 .64 .01 .25 

.49 .93 76.24 21.93 .34 .20 .63 

�9 94 .93 72,06 18.38 .36 .15 .16 

.04 .96 68.77 25.84 .15 .56 .12 

.94 .98 61.41 30.06 .54 .03 .69 

�9 03 .98 56.29 29.10 .62 .01 .01 

.98 .96 58.53 27.69 .49 .05 .49 

�9 07 .95 60.35 20.89 .59 .01 .01 

�9 71 .97 71.65 21.57 .47 .06 .09 

�9 94 .94 59.24 23.51 .69 .00 .00 

�9 08 .97 63.65 28.01 .39 .13 .03 

�9 30 .93 75.47 21.66 .48 .05 .00 

�9 11 .94 71.59 27.56 .23 .38 .02 
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The following guidelines were used to interpret corre- 
lation coefficients: poor correlation = 0 < 0.3; mod- 
erate correlation 0.3 < 0.6 ; good correlation 0.6 < 0.8 ; 
excellent correlation ~0.8. Seven coefficients were poor, 
13 moderate, 4 good but none were excellent. No sta- 
tistically significant correlation was noted between the 
importance and severity scores for any of the 24 WOM- 
AC items. 

Item aggregation 

Using Student's t-test no significant difference was de- 
tected between the scores of individual items and the av- 
erage score for the subscale to which that item belonged, 
except in two instances of physical function (sitting, 
heavy domestic duties) (Tables I - III). The level of in- 
teritem correlation for components of each of the three 
subscales was high: pain = 0.79-0.96, stiffness = .83, 
physical function = 0.52-0.98. Most correlation coeffi- 
cients were ~ 0.80. Principal component analysis was not 
performed for stiffness because the subscale contains 
only two items. However, analysis of the pain and phys- 
ical function subscales showed that Factor I accounted 
for 88% of the variance in pain and 83% of the variance 
in physical function. The factor loading was high on each 
individual pain item (0.92-0.95) and each individual 
physical function item (0.70-0.97). There was relatively 
little additional variance accounted for by Factor II 
(pain = 7%, physical function = 6%). 

DISCUSSION 

In this study we have defined the severity and impor- 
tance of 24 different symptoms of knee OA using the 
WOMAC Osteoarthritis Index. There is controversy in 
the literature as to whether serial questionnaires should 
be administered with or without access to prior scores 
(21,22). The conservative view prefers blind administra- 
tion. Since we detected no difference between severity 
scores obtained by blind versus informed administration 
of the index in this study, we have based our report on 
blind administration. However, we have performed par- 
allel analyses using informed scores, obtaining similar 
results and no interpretative differences. 

In a previous study using a Likert-scaled version of 
WOMAC, we noted that the importance ascribed to 
symptoms was similar for different items in the same di- 
mensions, as well as for symptoms in different dimen- 
sions. If direct comparison can be drawn between Likert 
and VA scaled responses, then it is of note that the mean 
importance scores on VA scales, in this study, 56.29 - 
81.35 (i.e., 56%-81% along the length of the scale), were 

similar to mean importance scores reported 2.26 - 2.69 
(i.e. 57%-66% along the length of the scale) on the 
5-point Likert scales (0 = none, 1 = slight, 2 = moderate, 
3 = very important, 4 = extremely important) for the 24 
items in our previous study (13). Thus, given that 2 is 
the mid-point of the Likert scale, and 50 the mid point 
of the VA scale, we interpret our data as indicating that 
the majority of patients rate their symptoms somewhere 
between moderate and very important, and that there 
is a relatively narrow range for such values. These data 
support the contention that symptomatic patients regard 
their own particular symptoms of similar importance to 
those of other patients. 

We had originally considered the possibility of using 
differences in importance scores as a method of weight- 
ing subscale items in the WOMAC Index. From the cor- 
relation analysis of severity versus importance, it can be 
seen that these two elements are distinct and require 
separate consideration. From a conceptual standpoint, 
the similarity in importance scores would suggest that 
items could be simply added together. We wish, howev- 
er, to explore the statistical justification for such a sys- 
tem of weighting and aggregation. The fact that several 
items differed significantly from the subscale average, 
suggests that the items measure different aspects of the 
dimension and that all were relevant in aggregation. 
Likewise, although the factor analysis was only conduct- 
ed on 17 subjects, the high percent of variability account- 
ed for by Factor I and the very high Factor loading on 
each individual component item, further supports the 
contention that there are no redundant items in the 
WOMAC inventory. The high interitem correlation not- 
ed within each subscale and the fact that every single 
item had a high factor loading support the assumption 
that WOMAC subscale scores for pain, stiffness and 
physical function can be derived by the simple process 
of addition. The practical applications of our observa- 
tions are as follows : 1) The fact that individual patients 
ascribe moderate levels of importance to each of the 24 
WOMAC symptoms provides adequate justification for 
routinely measuring these symptoms as outcomes in clin- 
ical trials provided they fall within the dimensionality of 
the potential response to the intervention (i.e. NSAID 
therapy). Other investigators have suggested that the 
measurement process should focus on clinically relevant 
outcomes (23), and, indeed in this, as well as our pre- 
vious study (13), we have demonstrated the clinical rel- 
evance of the WOMAC question inventory ; 2) The dif- 
ferent methods of analysis employed suggest that each 
item carries the same weight and that the three subscale 
scores can be derived by the process of simple addition ; 
3) If some dimensions carry consistently greater impor- 
tance, then they should also carry more weight in the 
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construction of any composite index; 4) Aggregation has 
important implications for sample size requirements for 
clinical trials. For example, without aggregation 24 sta- 
tistical tests of independent variables would necessitate 
a reduction in the Type I error from .05 by 24 fold (i.e. 
p <.002). However, aggregation of the WOMAC inven- 
tory within each of its three dimensions would necessi- 
tate as maximum Type I error correction from .05 by 
only a factor of 3 (i.e. p 4.017). Furthermore, the con- 
struction of a composite index, which combined the pain, 
stiffness and physical function subscales into a single val- 
ue, would result in only a single statistical comparison 
and obviate the need for any Type I error correction be- 
low .05. The standard formula for calculating sample 
size for clinical trials is as follows: n per group = 
2 [(Zct+/ZI3)IJ]2 where cr = standard deviation, and A = 
the change the investigator is interested in detecting 
(24). As the value for the Type I error is reduced, the 
value of Z~ increases and the sample size requirements 
for a proposed trial increase correspondingly. 

In this study we have demonstrated that there is no 
difference in termination scores between blind and in- 
formed methods of administration of the WOMAC Os- 
teoarthritis Index. Although symptomatic patients re- 
gard their symptoms of similar importance regardless of 

severity, our observations suggest that importance and 
severity are little associated. We have also shown that 
there are no redundant items in the WOMAC Index and 
demonstrated a justification for deriving subscale scores 
by the simple addition of component items. We did not 
address the issue of whether the three separate dimen- 
sions can be aggregated into a single total score in this 
study. This issue is the subject of a current study. At 
present we recommend that WOMAC subscale scores 
be constructed by the simple aggregation of items within 
each of the three different dimensions and that any com- 
parative analysis treats each dimension as a separate en- 
tity. For the definitive studies we recommend setting the 
Type I error at 4.017 to make adequate correction for 
multiple comparisons. When the instrument is being 
used for pilot studies, however, we do not recommend 
any correction and prefer to set the Type I error at 
40.05. We make this differentiation to respect the sci- 
entific rigour of a definitive study and to reflect the view 
of Dr. A. Feinstein that the purpose of a fishing expe- 
dition is to catch fish. 
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