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A key element in clinical research and clinical practice in mus-
culoskeletal medicine is the evaluation of the therapeutic benefit
of interventions used either singularly or in combination. In both
clinical research and clinical practice environments, reliability,
validity, and responsiveness are essential attributes of health sta-
tus measurement tools, and in the latter brevity, simplicity, and
ease of scoring are regarded with high importance1,2.

Prior to 1981, measurement procedures for quantifying
pain, stiffness, and physical disability in hip and knee
osteoarthritis (OA) in rheumatology were diverse and lacked
standardization in content, format, and scaling3. Further,
health status questionnaires were available in very few lan-
guages, most often having been developed in English and
translated into a few European languages.

The challenge in 1981 was to build a standardized disease-
specific patient-relevant self-reported health status question-
naire for hip and knee OA. In 1982, I had the opportunity in
the course of completing an MSc thesis to describe the devel-
opment of a health status questionnaire termed the Western
Ontario and McMaster (WOMAC) Osteoarthritis Index4.
Twenty years later, the WOMAC Index has been extensively
validated and has been translated and linguistically validated
in over 60 alternative-language forms. In the majority of alter-
native-language forms it is available in both Likert (LK) and
visual analog (VA) scaling formats. There are several hundred
citations (full manuscripts, abstracts, reviews) to the use of
WOMAC in validation studies, comparative studies against
other health status measures, and in its application in various
clinical research and clinical practice settings5.

The idea for the WOMAC index evolved from a brief dis-
cussion with Professor Watson Buchanan, a conversation in
which I sought his advice in selecting a thesis topic that would
address an unmet need in clinical measurement. While devel-
opment of the idea took only 12 months, the validation and
implementation was to consume much of the next 15 years.
Between 1996 and 1999 the Index underwent significant
refinement, a process that has been consolidated between
1999 and the present, and has resulted in the 3.1 series of
WOMAC questionnaires. The WOMAC LK3.1 and WOMAC
VA3.1 versions of the Index are now extensively used, partic-
ularly in assessing efficacy in pharmaceutical and biotechnol-
ogy environments.

The success of the WOMAC index is in large part related
to 6 factors: (1) Extensive patient involvement in the devel-
opment of the item inventory6. This is perhaps the most
important since it is an approach that reduces the potential
influence of paternalism, and anchors the item content into
aspects of the disease experience that are relevant to patients,
and to which they can therefore relate. (2) The conduct of
numerous studies evaluating different clinimetric properties
of the Index, including analyses evaluating validity, reliabili-
ty, and responsiveness, comparative studies assessing LK ver-
sus VA scaling, blind versus informed presentation, tracking
signal items versus complete index usage, parametric versus
non-parametric analyses and time frame variations5. (3) The
development and linguistic validation of numerous alterna-
tive-language forms of WOMAC VA3.1 and WOMAC LK3.1
using a standard operating procedure based on tandem for-
ward and backward translation processes and subsequent lin-
guistic validation5. (4) Continued research and development
into content and administration issues including the applica-
tion of WOMAC in telephone interviews7 as well as mouse
driven cursor and touch screen electronic data capture for-
mats8,9. (5) The incorporation of WOMAC into Osteoarthritis
Research Society International (OARSI) clinical trials guide-
lines as an index relevant to outcome measurement in OA10;
and (6) the provision of the WOMAC Index, in the required
scaling format, alternative-language form, and administration
format for academic, commercial, and clinical applications,
and ongoing user support.

The development of WOMAC has not been without its
challenges. Trans-cultural adaptation of the WOMAC 3.1
Index has been a complex process for which Health Outcomes
Group, Palo Alto, California, USA, have taken primary
responsibility and in which they have applied their standard
operating procedures to develop linguistically valid alterna-
tive-language forms of extremely high quality. The prepon-
derance of instruments developed in either North America or
Europe might be viewed with concern given the global nature
of OA and diversity of lifestyles. It is gratifying, therefore,
that the performance of the WOMAC Index has been main-
tained in its global applications. Thus, while potentially
reflecting a restricted view of global diversity, the Index nev-
ertheless appears to tap into the commonalities that exist in the
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dimensionality of the symptomatology of OA. That notwith-
standing, it is clear that the impact of environmental chal-
lenges involved in, for example, stair climbing and trans-
portation are different in different parts of the world, and
bathing and toileting habits are quite varied. The index con-
structor therefore is faced with the dilemma of whether to
modify the item content and risk comparing apples with
oranges or making minor accommodations in order to main-
tain a standard question battery. In the case of the WOMAC
Index, the latter strategy has been followed, and allows a
small degree of flexibility in interpretation. In terms of large
multinational clinical trials I believe this is the preferred solu-
tion. However, it is possible that at a national level, for clini-
cal practice applications, modification of the item inventory
either at an individual question or group of questions (module)
level might provide additional advantage.

We have assessed the performance of items self-selected
by individual patients, a so-called signal strategy, but have
been concerned by the inconsistency with which patients
adhere to the selected signal with the passage of time. Our rec-
ommendation at the present time, therefore, is to use the entire
Index, rather than the signal form.

Scaling format selection is a challenge for any instrument
developer, trade-offs often being involved. Likert and VA
scales are both commonly used in health status questionnaires.
Likert scaling provides a simple and easing scoring system,
while the more demanding VA scale may be slightly more sen-
sitive. For this reason we have created parallel forms of the
WOMAC 3.1, making available both LK and VA formats for
most language forms. In the alternative-language forms, it has
been interesting to note that even for the standard scales, word
usage is different in different countries. For example, words
such as “moderate” and “extreme” may be deemed appropri-
ate in one context, but not in another. As a result the equiva-
lent words may be “average” or “very severe,” respectively, in
some cultures.

I have been interested to note over the last several years
that in some cases the WOMAC Index appears to have passed
from one user to another and occasionally in that process the
instrument has been altered in a variety of ways. Sometimes
the modifications seem quite minor, such as crowding the
questions on to one or 2 pages. On other occasions, more rad-
ical alterations of the Index have been made such as rescaling
the instrument using Health Assessment Questionnaire-style
scaling or using a 5 centimeter instead of 10 centimeter visu-
al analog scale on a paper version of the instrument. From
time to time I have been sent versions of the instrument that
are incomplete, usually the result of the provider not having
photocopied the entire instrument when passing it on to a
friend or colleague. I have also encountered versions in which
additional questions have been added but for which there is no
apparent evidence of subsequent revalidation. The concern
here is that some modifications may degrade instrument per-
formance, or at the very least erode the level of standardiza-

tion previously achieved. For this reason, and because the
Index, even in English, exists in a number of different forms
having different applications, I prefer to provide the most
appropriate form of the Index directly to end users in order to
better meet their specific measurement needs.

In comparative analyses against other disease-specific and
generic health status measures, the WOMAC Index has fre-
quently been superior in performance11-14. Two Rasch analy-
ses using an item response theory approach to index construc-
tion seem to generally uphold the current structure, although
this now popular approach might suggest some modification.
However, the consequence of such modification on respon-
siveness has yet to be determined15,16. Recommendations both
for shortening the Index17 and for lengthening the Index18

have been made, the former to reduce responder burden, the
latter to encompass other, potentially younger and more ath-
letic, individuals in orthopedic environments. A role for the
WOMAC Index in predicting future health status19 and health
resource utilization20 has been suggested, but remains to be
clarified. Similarly, an application of the WOMAC Index in
the assessment of lower limb involvement in rheumatoid
arthritis has been suggested, but remains to be verified21.

It is important to consider whether the development of the
WOMAC Index is static or dynamic. The answer is most cer-
tainly that it is and remains distinctly dynamic. The develop-
mental form of the WOMAC had 5 subscales (pain, stiffness,
physical function, social function, emotional function), the
first 3 of which were retained in the original form of the
WOMAC and probed the symptom experience of OA in the
“hips/and or knees.” The WOMAC 3.0 focused on an investi-
gator selected study joint. During that phase of development
we also experimented with strategic variations such as using
separate WOMAC indices for the study knee and the con-
tralateral knee, and using separate WOMAC pain and stiffness
subscales for the left and right knees but a common WOMAC
physical function subscale. We have experimented with set-
ting the time frame at 24 h, 48 h (WOMAC 3.1), past 7 days
(WOMAC 3.1W), and past month (WOMAC 3.1M), and have
created alternative-language forms and a signal version
(WOMAC 3.1S). The development of the alternative-lan-
guage translations has resulted in enhancements to the instruc-
tions to patients, the subscale introductory comments, the
question stems, and to the WOMAC User Guide. We have
looked at short-forming the Index (WOMAC 3.1SF), initial
analyses suggesting the preferred short form may be in part
dependent on clinical setting, geographic environment, and
analytic strategy22. Opportunities for electronic data capture
by computer-assisted technology have resulted in programs
looking at alternatives to patient in-office self-completion on
paper9. We are currently engaged in an initiative to assess the
added value, from an effectiveness and cost-effectiveness
standpoint, of providing quantitative WOMAC data to practi-
tioners in a routine clinical care setting. We are also examin-
ing an expansion of the current WOMAC inventory
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(WOMAC 3.1ER) to accommodate some potential opportuni-
ties that may exist in the study of purported structure-modify-
ing OA drugs. WOMAC data have been used in developing a
definition of minimum perceptible clinical improvement23,
and together with data from other instruments in developing
the OARSI Responder Criteria24. We are further evaluating a
weighting and aggregation system for the WOMAC Index
using a device called the Patient Assessment of the Relative
Importance of Symptoms (PARIS) Sectogram5, and examin-
ing the relationship between WOMAC scores and scores from
several generic health-related quality of life measures in
patients with and without comorbidity. We are currently rede-
veloping the WOMAC website at www.womac.org to
enhance information flow with new and established WOMAC
users. An additional consequence of the WOMAC develop-
ment has been the advantage provided by that experience, in
the rapid development of a comparable index, termed the
Australian/Canadian (AUSCAN 3.0) Index25,26, for OA hand
studies, details of which can be located at www.auscan.org.
All these activities are indicative of a dynamic longterm com-
mitment to advance and refine patient-centered outcome mea-
surement in OA, for application in clinical research and clini-
cal practice environments.

The last 20 years’ development of the WOMAC has not
been simply the application of classical measurement theory
to symptom quantification. It has also involved an extensive
collaboration with colleagues in musculoskeletal medicine
and other health disciplines, and the interest and commitment
of many patients with knee and/or hip OA. I am most grateful
to all those who have given their time and resources to support
this international initiative. The principal challenges now are
to make a good measure even better, to maintain its relevancy
in a changing multicultural world, to broaden its application in
clinical practice environments, particularly considering issues
such as individual response, shared goal setting, and personal
and environmental modulators of outcome, to meet emerging
needs in structure modifying environments, and to take advan-
tage of emerging technological opportunities.
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