Acta Orthop Scand 2000; 71 (1): 39-46

39

Validity and reliability of Swedish WOMAC

osteoarthritis index

A self-administered disease-specific questionnaire (WOMAC) versus
generic instruments (SF-36 and NHP)

Peter S6derman and Henrik Malchau

Department of Orthopedics, Sahlgrenska University Hospital/Sahlgrenska, SE-413 45 Goéteborg, Sweden

Tel +46 31-342 18 39. Fax -82 55 99.
Submitted 99-03-03. Accepted 99-10-20

ABSTRACT - We assessed whether a disease-specific,
self-administered questionnaire could replace a generic
instrument as an outcome tool after total hip replace-
ment, and tested the validity and reliability of the Swed-
ish WOMAC osteoarthritis index. 58 patients operated
on with total hip arthroplasty 2-10 years ago were ran-
domized to the study. All patients were asked to answer
one disease-specific questionnaire (WOMAC osteoarthri-
tis index) and two generic instruments (NHP and SF-36)
in the same week. The procedure was repeated after 4
weeks. We tested content validity, construct validity, cri-
terion validity, test-retest reliability and internal consis-
tency reliability according to total score, domains and
items.

We found that both the generic instruments (NHP
and SF-36) and the disease-specific test (WOMAC) had
a high validity, i.e., measuring what they were supposed
to measure (high validity). The questionnaires were also
reproducible over time (high reliability). We suggest the
Swedish WOMALC to be used after total hip arthroplasty
in future studies.

To provide generally applicable systems for vari-
ous hip disabilities and methods of treatment, Har-
ris (1969) introduced a new rating scale, which
took into consideration pain, function, deformity
and motion. The Harris Hip Score is the most fre-
quently used disease-specific, but not self-admin-
istered hip score system. In recent years, there has
been an increased demand for high quality (high
validity, reliability and responsiveness) outcomes
after medical and surgical interventions for as low

cost as possible. Several new self-administered
questionnaires have been developed. These tests
are: a) generic, such as the Medical Outcomes
Study 36-Item Short-Form Health Survey (SF-36)
with questions about patients’ health in general,
influenced by comorbidity, b) disease-specific,
such as the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC), and ¢)
patient-specific, such as the McMaster Toronto
Arthritis Patient Preference Disability Question-
naire (MACTAR). General health questionnaires
allow the effect of treatment to be compared in
various medical conditions (Bombardier et al.
1995).

Few reports exist concerning the validity and
reliability of the Harris Hip Score. We found that
the total score and the domains of pain and func-
tion had high validity (unpublished observation).
The Harris Hip Score also had high reliability in
the pain and function domains, except for the item
about sitting. Deformity and range of motion, ex-
cept hip flexion, had lower validity and reliability
than pain and function.

The modern questionnaires, such as WOMAC,
SF-36 and the general Nottingham Health Profile
(NHP), have been tested for validity, reliability
and responsiveness. These instruments have also
been translated into many languages. The Swedish
versions of NHP and SF-36 have high reliability
and validity. WOMAC has been recommended for
use as a primary efficacy measure in osteoarthritis
treatment studies (Sun et al. 1997). For hip dis-
abilities, there has been no specific test for the
Swedish WOMAC’s validity and reliability.
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We determined whether a disease-specific, self-
administered questionnaire could replace a gener-
al instrument as an outcome tool after total hip re-
placement, and tested the validity and reliability
of the Swedish WOMAC osteoarthritis index.

Methods

Scales
The Western Ontario and McMaster University
Osteoarthritis Index (WOMAC) is a disease-spe-
cific, self-administered, health measure developed
to study patients with osteoarthritis in the hip or
knee. The original version contained 41 items in 5
domains. The domains were pain, stiffness, physi-
cal function, social function and emotional func-
tion. Internal consistency (Cronbach’s alpha) and
test-retest reliability (Kendall’s tau c statistic)
were moderate-to-excellent for pain (0.86 and
0.68, respectively), stiffness (0.90 and 0.48),
physical function (0.95 and 0.68), social function
(0.89 and 0.61) and emotional function (0.96 and
0.72). The Doyle Index, Lequesne Index and
Bradburn Index have been used to show signifi-
cant correlations with WOMAC items in the same
(convergent construct validity) and other dimen-
sions (divergent construct validity). Construct va-
lidity was high for the domains of pain, stiffness
and physical function. Social and emotional do-
mains had lower validity. Hence the final index
utilized the pain (5 questions), stiffness (2 ques-
tions) and physical function (17 questions) do-
mains (Bellamy et al. 1988, Sun et al. 1997).
There is one computerized version of the
WOMAC and four basic versions with different
types of scales on which the response is scored
(LK =5 point Likert scale, VA = 10 cm horizontal
visual analog scale) (Bellamy et al. 1992, Bellamy
et al. 1997). In the present study, the Likert scale
format was used. This questionnaire is reliable,
valid and sensitive for detecting clinically impor-
tant changes in health status following surgical in-
terventions (responsiveness) (Bellamy et al. 1988,
Bellamy et al. 1991, McGrory and Harris 1996,
Martin et al. 1997). The WOMAC was translated
into Swedish using Guillemin’s procedure (Roos
et al. 1998). The three domains in WOMAC can
be analyzed separately or with a single score. Ev-

ery question can be given five alternative answers,
which means a total of 0—4 points. The maximum
score in the Likert version is 20 points for pain, 8
for stiffness and 68 points for physical function. In
this study the score in each domain, was converted
into a 0—100 point scale. To compare the results
with SF-36 and NHP, the score was inverted.
Therefore, a maximum score of 100 points oc-
curred when the patient had minimum pain, stift-
ness and optimal function.

The Medical Outcomes Study 36-Item Short-
Form Health Survey (SF-36) is a general self-ad-
ministered questionnaire developed for applica-
tions in psychometric theory. It was based on the
Rand Corporation’s health insurance experiment.
The original measure was long, containing 108
items. Later on, this test was used to study the ef-
fects, which seemed to be a direct function of dis-
ease and treatment, that is health-related quality of
life (HRQL) (Brazier et al. 1992, Ware and Sher-
bourne 1992). SF-36 consists of 36 questions di-
vided into eight domains: physical function, social
function, role-emotional, role-physical, bodily
pain, general health, mental health and vitality.
The SF-36 is the most frequently used health-sta-
tus measure in North America and is of value after
total joint replacement in the hip and knee (Ware
and Sherbourne 1992, Ritter et al. 1995, Martin et
al. 1997). Sullivan et al. (1995) translated the test
into Swedish and tested its validity and reliability.
The raw score was converted into a 0—100 scale
(transformed scale score) as recommended by the
Swedish manual. A high value indicated a better
result.

The Nottingham Health Profile (NHP) is a self-
administered general instrument used to study the
quality of life after medical and/or surgical treat-
ments such as total hip replacement (Wiklund and
Romanus 1988). As with SF-36 and WOMAUC, the
NHP has high validity and reliability (Hunt et al.
1980, 1981a, b). The Swedish version was devel-
oped by Wiklund and Romanus in the same way
as SF-36. The test consists of two parts with 45
yes or no answers. There are 38 questions in part
one concerning the patient’s difficulties and it is
divided into 6 domains: emotional reaction, sleep,
energy, pain, physical mobility and social isola-
tion. The items are weighted and each dimension
yields a value between O and 100. Part two con-
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sists of 7 statements that reflect the frequency of
problems in various areas of life: occupation,
housework, social life, family life, sexual func-
tion, hobbies and holidays (McKenna et al.1981).
To avoid negative values in the comparison with
WOMAC and SF-36, the score was inverted so
that maximum health yielded 100 points.

Statistics
‘We used SPSS for Windows (version 7.5.1, Chica-
go) for the statistical analyses.

Questionnaires with good content validity are
expected to have fewer categories with ceiling or
floor effects. A floor effect occurs when the pa-
tient reports the poorest function for all or almost
all items and receives the worst possible score,
which prevents demonstration of deterioration in
function over time for such a patient with use of
the questionnaire. A ceiling effect occurs when the
patient reports excellent function and receives the
best score, making it impossible to show improve-
ment in function over time (Martin et al. 1997).
Content validity was tested by directly comparing
NHP, WOMAC and SF-36, and by studying the
floor effects, ceiling effects, mean, median and
standard deviations in each domain.

Construct validity can be evaluated by correlat-
ing the questionnaire scores with the characteris-
tics of the patients (number of comorbid condi-
tions, perceived overall health status, and changes
in activities). Patients who have more comorbid
conditions, poorer perceived overall health status,
or changes in activities are expected to receive
poorer scores, this is especially true of general
questionnaires. Pearson’s correlation between the
total score of the tested instrument, such as
WOMAUC, and the domain of interest in other
questionnaires, such as function in NHP and SF-
36, should be significant at a level of 0.01 (Martin
et al.1997).

Total scores for NHP, WOMAC and SF-36 were
calculated in all patients. Male, female, 2 and 10
years postoperatively, age more or less than 70
years old were also analyzed using the total score.
The patients were classified according to the
Charnley category, that is (A) one hip affected,
(B) both hips affected, and (C) multiple-joint dis-
ease or other disabilities leading to difficulties in
ambulation. Differences between the mentioned

groups were calculated and the significance was
determined with the Mann-Whitney U-test. Diver-
gent construct validity and convergent construct
validity in the domains of pain and physical func-
tion, and total score were tested using Pearson’s
and Spearman’s correlation coefficients. The hy-
pothesis was that the same domains should have
higher correlations between each other, for exam-
ple, pain in WOMAC, SF-36 and NHP, than with
other domains such as function.

Criterion validity is present when the scores
correlate with an accepted measure (gold stan-
dard) of the condition being evaluated. For criteri-
on validity, an acceptable level for Spearman’s rho
is greater than 0.40 and p < 0.001. SF-36 has been
extensively validated and is a commonly used
score system, for example, after total hip arthro-
plasty. We used it as the gold standard in our study
(Chetter et al. 1997, Martin et al. 1997).

To study test-retest reliability, 58 patients an-
swered the 3 questionnaires twice at an interval of
four weeks. Total, domain and item scores were
calculated using Pearson’s and Spearman’s corre-
lation coefficients.

Internal consistency reliability was tested for
the questionnaires and in the different domains in
WOMAC, SF-36 and NHP. Cronbach’s alpha co-
efficient was used for this purpose.

Patients

We randomly selected 62 patients from Sahlgrens-
ka University Hospital for inclusion in the study. 4
patients were excluded because of mental defi-
ciency. 18 patients had had a total hip arthroplasty
10 years ago, using Charnley (DePuy Olmed), Lu-
binus IP (Link), Christiansen (Howmedica) or Ex-
eter polished (Stryker Howmedica) prostheses. 40
patients had been operated on 2 years earlier with
the Spectron prosthesis (Smith & Nephew). All
patients filled in the NHP, WOMAC and SF-36
during 1 week and again after 4 weeks. The mean
age of the 58 patients was 71 (52-86) years, 38
were women. The 2-year and 10-year groups had
the same distribution in gender and the mean age
was 73 and 70 years, respectively. One third of the
total group was affected in one hip (Charnley cate-
gory A) and one-third in both hips (Charnley cate-
gory B). The remaining third had general disease
or another disease that impaired gait (Charnley
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Table 1. Results of domain scores for NHP, SF-36 and WOMAC

Test Domain N Mean Median SD Range Minimum Maximum
(no. of floor) (no. of ceiling)
NHP Physical motion 58 79 88 22 82 18 100 (18)
Pain 58 79 92 27 100 0 (1) 100 (27)
Energy 58 80 100 33 100 0 (5) 100 (39)
Social isolation 58 93 100 16 71 29 100 (47)
Emotional reaction 58 90 100 19 85 15 100 (36)
SF-36 Physical function 58 65 70 25 95 5 100 (4)
Bodily pain 58 71 74 28 100 0 (1) 100 (21)
Vitality 56 67 70 26 100 0 (1) 100 (10)
Social function 58 87 100 20 88 12 100 (34)
Mental health 57 81 84 21 76 24 100 (16)
WOMAC Pain 58 86 95 20 85 15 100 (28)
Function 58 77 81 21 87 13 100 (5)
Stiffness 58 77 75 22 100 0 (1) 100 (17)

Table 2. Total scores for WOMAC, NHP and SF-36. All patients (All), Charnley cate-
gories A, B, C, difference (Diff1) between Charnley categories A and C, gender, and

difference (Diff2) between gender

All ChA ChB ChC Diff1 Male Female Diff2
n 58 n21 n15 n 22 n 20 n 38
WOMAC 89 93 88 86 79 91 88 3 NS
NHP 83 90 87 74 162 92 78 14b
SF-36 73 87 72 63 242 84 67 172

ap=0.01
bp = 0.05 (2-tailed)
NS not significant

category C). Similar distributions have been re-
ported in the literature (Garellick et al. 1998).
Power analysis predicted that, with 35 patients,
there should be at least a 70% chance of detecting
a correlation between health status instrument
score differences if one existed, assuming a Pear-
son’s r-value of 0.40 (McGrory and Harris 1996).

Results

All 58 patients answered the questionnaire fully. A
few patients did not answer some of the individual
items.

Validity

Content validity. The content of NHP, SF-36 and
WOMAC was related (pain, function and stiff-
ness), but SF-36 and NHP also contained addi-

tional domains (vitality, social function, mental
health, sleep and role-function). 1 floor value was
seen in WOMAUC, 2 in SF-36 and 6 in NHP. There
were fewer ceiling values for function in WOM-
AC and SF-36 than in NHP, while the pain domain
scored equally. The median in the domains of en-
ergy, social isolation and emotional reactions in
NHP, and social function in SF-36 was 100 points
(Table 1).

Construct validity. SF-36 and NHP scored a
higher difference between gender and the Charn-
ley categories than the disease-specific score sys-
tem, WOMAC (Table 2). There were no statisti-
cally significant differences between the three
questionnaires with respect to age and follow-up
time (Table 3).

The pain domain in WOMAC correlated better
with pain in SF-36 (Pearson’s r= 0.62, Spear-
man’s rho = 0.59) and NHP (r = 0.71, rho = 0.62)
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Table 3. Total scores WOMAC, NHP and SF-36. 2 and 10 years postoperatively,
difference (Diff3) between follow-up scores, patients younger or older than 70
years, and difference (Diff4) between younger and older patients

2-year  10-year Diff3 Age <70 Age>70 Diff4

n 40 n18 n 24 n 34
WOMAC 90 87 3NS 91 88 3NS
NHP 84 80 4 NS 87 80 7NS
SF-36 75 70 5NS 78 69 9NS

p < 0.01 (2-tailed), NS not significant

Table 4. Correlations between domains and total scores in SF-36, NHP and WOMAC, determined with Spearman’s

correlation
Domain Pain Function Total
Score SF-36 NHP WOMAC SF-36 NHP WOMAC SF-36  NHP WOMAC
Pain SF-36 1
NHP 0.69 1
WOMAC 0.59 0.62 1
Function SF-36 0.57 0.54 0.45 1
NHP 0.56 0.59 0.55 0.73 1
WOMAC 0.71 0.71 0.76 0.67 0.82 1
Total SF-36 0.81 0.66 0.58 0.75 0.76 0.83 1
NHP 0.7 0.79 0.66 0.59 0.74 0.78 0.8 1
WOMAC 0.66 0.67 0.83 0.59 0.7 0.93 0.73 0.71 1
Correlation is significant at the 0.01 level (2-tailed), n 52-58
than with function in SF-36 (r = 0.56, rho = 0.45)  Reliability

and NHP (r= 0.59, rho = 0.55) (Table 4). The
same results were obtained when comparing the
function domain in the WOMAC and NHP scores
with pain domains, but not between WOMAC and
SF-36.

The correlation between domains in one ques-
tionnaire and its total score was higher than with
the other questionnaires. For example, there was a
better correlation between the WOMAC score for
pain and the total WOMAC score than the WOM-
AC score for pain and the NHP total score.

Our study showed high convergent and diver-
gent validity for the disease-specific test.

Criterion validity. The Spearman’s tho was ac-
ceptable when the total score for SF-36 and
WOMAC (0.73) or NHP (0.80) were correlated
(Table 4). This was also true of the correlation be-
tween SF-36 domains and the same domains in
NHP and WOMAC (Spearman s rho range 0.59—
0.82).

Test-retest reliability. Total score, domains, and
items were each tested with Pearson’s and Spear-
man’s correlation coefficients between two exam-
inations, which were 3-4 weeks apart. The reli-
ability of the total score was excellent in every
questionnaire (WOMAC r = 0.90, SF-36 r = 0.92,
and NHP r = 0.94). The reliability of the domains
was also high, and the disease-specific test had the
highest value (Table 5).

The test-retest reliability for each item was
moderate-to-excellent (Pearson’s r range 0.47—
0.81). The correlations were significant at the 0.01
level (2-tailed).

Internal consistency reliability. Cronbach’s al-
pha coefficient showed a high correlation between
each domain (0.60-0.96). The WOMAC items re-
ceived higher values (0.88—0.96) than the items in
the NHP (0.65-0.83) and the SF-36 (0.75-0.94).
WOMAC scored higher reliability for pain and
function than SF-36 and NHP.
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Table 5. Test-retest reliability for WOMAC, SF-36 and NHP. Pearson’s
() and Spearman’s (rho) correlations between domains and total

efficients to make it easier for others
to compare their results (Krabbe et

score ) -
al. 1996). We also tested the lineari-
. TEG e - ty between the correlations and
es -
found that one could use both Pear-
r rho r rho r rho son’s and Spearman’s correlation
coefficients because there is a high
Total 0.9 0.87 0.92 0.91 0.94 0.88 . . .
WOMAG linearity with no skewed correla-
pain 088 0.78 tions.
stiffness 076  0.69 According to Bombardier et al.
function 0.91 0.91 . e
SF-36 (1995), disease-specific measures
physical function 0.78 0.78 focus on the disorder under consid-
role-function 0.74 072 eration and the patient’s problems
bodily pain 0.85 0.83 .
general health 0.84 081 related to it and therefore may be
vitality 0.92 0.92 more relevant to the patient and the
social function 0.7 0.65 physician than general instruments,
role-emotional 039 04 .
mental health 0.8 069 as well as better at detecting the ef-
NHP fect of the treatment. General mea-
emotional reaction 0.9 081 sures detect complications or side-
sleep 0.82 0.86 . .
energy 0.78 0.87 effects in areas of function or organ
pain 0.89 0.83 systems not specifically related to
physical motion 0.88 0.83 the disease under consideration.
social isolation 0.82 0.8

General instruments also allow the

Discussion

We found that both the general instruments (NHP
and SF-36) and the disease-specific test have high
validity and reliability. Earlier studies have report-
ed moderate-to-good correlation between pain,
physical function and overall score in WOMAC
and SF-36 (0.50-0.73) (Bombardier et al. 1995,
Wright and Young 1997a). In our study there was
a good correlation between pain, function and to-
tal score (0.59, 0.67 and 0.73, respectively).

Criterion validity with SF-36 as the gold stan-
dard seems to be acceptable, that is over 0.40, but
some authors have proposed a 0.80 level of corre-
lation when an instrument is to be considered as
the gold standard (Bellamy et al. 1988).

There is no single ideal measure of reliability
and each reliability measure has potential short-
comings and must be interpreted carefully. Spear-
man’s correlation coefficient is familiar to most
readers and is easily interpreted. It can be used to
calculate validity and reliability (Katz et al. 1996).
Pearson’s and Spearman’s rank-correlation coeffi-
cients are the parameters most frequently used in
analyzing parallel data. We used both of these co-

impact of treatment to be compared
in various medical conditions
(Bombardier et al. 1995). The
American Academy of Orthopaedic Surgeons and
the Société Internationale de Chirurgie Ortho-
pédie et de Traumatologie recommend that out-
come studies include a disease-specific measure,
such as WOMAUQ, in all studies of the outcome of
hip arthroplasty (Laupacis et al. 1993). Disease-
specific scales are more sensitive than general
health status measures for evaluation of the out-
comes of orthopedic procedures. However, a com-
plete evaluation of an operation such as hip ar-
throplasty requires the use of both a specific and a
general questionnaire (Rorabeck et al. 1994,
Wright and Young 1997b, Bellamy et al. 1988).
Both the Likert score and Visual analog scale are
available for WOMAC (Bellamy et al. 1992). Vi-
sual analog scales are reliable but difficult to score
and cannot be administered by telephone. They
are not understood by 7% of the population (Katz
et al. 1996). With telephone follow-up evaluation,
one can complete a missing answer in a single
Likert question and therefore increase the res-
ponse rate (McGrory et al. 1997).
In conclusion, the Swedish WOMAC osteoar-
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thritis index measured what it was supposed to
measure very well (high validity) and was also re-
producible (high reliability). As regards the
present study and others, we recommend the
Swedish WOMAC Likert score for studies after
total hip arthroplasty, but it would be better with a
shorter questionnaire. To study results after hip ar-
throplasty, and to make the results comparable
with other diseases, the short questionnaire should
contain both a disease-specific part (with items
such as walking, hip flexion and pain) and a gen-
eral part, including the Charnley classification
(Callaghan et al. 1990, Bryant et al. 1993, Garel-
lick et al. 1994).
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