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all validation criteria, presenting fair to strong (−0.33 to 
−0.86) correlation coefficients. WOMAC-function was 
strongly associated with SF36-function (−0.86) and TUG 
(0.71), WOMAC-pain to VAS/FPS-R (0.71) and SF36-pain 
(−0.67). Of all WOMAC outcomes, stiffness subscale had 
the lowest, though still significant, correlations with all 
validation criteria. Multiple linear regression analyses indi-
cated that WOMAC-function was a significant factor for 
TUG, WOMAC-pain for VAS/FPS-R and both for SF36-
function and SF36-pain. The WOMAC LK3.1 Greek for 
Greece Index is a reliable and valid assessment tool for the 
evaluation of individuals with knee osteoarthritis, showing 
excellent reliability and significant validity properties.

Keywords Knee osteoarthritis · SF-36 · TUG test · VAS 
scale · WOMAC® index

Introduction

Osteoarthritis (OA) is the most common type of degenera-
tive joint disease and is a leading cause of chronic disability 
[1]. The disease most commonly affects the middle-aged 

Abstract This observational study aimed to examine the 
clinimetric properties of the Greek for Greece translation 
of the Western Ontario and McMaster Osteoarthritis Index 
(WOMAC®). One hundred and twenty-three patients with 
knee osteoarthritis (mean age 69.5 years) participated in 
the study. An extensive reliability study was carried out to 
assess WOMAC’s internal consistency and repeatability 
(8-day interval). In addition, we examined the construct 
(convergent, nomological and known-groups) and crite-
rion-related (concurrent and predictive) validity of the 
index against both self-report [SF-36 and combined visual 
analog/faces pain scale-revised (VAS/FPS-R)] and physi-
cal performance measures [timed up and go test (TUG)]. 
The internal consistency of the WOMAC subscales ranged 
from high (0.804) to excellent (0.956). Intra-class correla-
tion coefficients for test–retest reliability were excellent, 
ranging from 0.91 to 0.95. Partial correlation analysis, 
adjusted for age and use of an assistive device, showed 
that WOMAC scores were significantly associated with 
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and elderly, although younger people may also be affected 
as a result of injury or fatigue. Knee and hip osteoarthritis 
are leading causes of lower extremity pain and disability in 
the general population [2], with knee OA being the fourth 
most important cause of disability in women and the eighth 
in men.

The growing demand for evidence-based practice 
requires the utilization of reliable and validated instruments 
as evaluation tools, so as to provide clinicians with objec-
tive and quantified health status data. In large-scale studies, 
specially designed self-reported questionnaires and rating 
scales are frequently used for the functional assessment of 
OA patients; such instruments have the advantages of being 
noninvasive, quick to complete, and easy to administer. One 
such disease-specific evaluation tool is the Western Ontario 
and McMaster Index (WOMAC®), developed in the early 
1980s for measuring the level of pain, joint stiffness, and 
functional ability in patients with hip or knee OA [3, 4]. 
Multinational studies have shown that the WOMAC index 
has strong clinimetric properties, being the most widely 
used measure for assessing self-reported pain, stiffness, and 
function in patients with hip or knee OA.

In recent years, the importance of functional enhance-
ment and pain management in the treatment of OA has 
acquired greater prominence. For this reason, a thorough 
assessment of a patients’ pain and functional level is an 
essential prerequisite for the choice of the most effective 
treatment plan and contributes to the decision-making pro-
cess for surgical or non-surgical intervention. Self-report 
instruments, rather than physical performance tests, rep-
resent the preferred method of assessing the health con-
cepts of pain and physical function in OA patients [5, 6]. 
In addition, self-report instruments have been favored over 
physical performance measures as external criteria in most 
WOMAC studies that examined the validity of physical 
function and pain domains in different population groups 
[7–9]. However, it has been shown that these evaluation 
tools offer complementary information [9]; thus, both are 
needed to perceive the multidimensional impact of pain [6] 
and capture the construct of physical function in its entirety 
[8].

The purpose of the present study was to examine the 
clinimetric properties of the WOMAC index in Greek indi-
viduals with knee OA, given that the prevalence of knee 
ΟΑ in Greece is many times greater than that of OA in 
other major joints [10]. Examination of the reliability and 
validity properties of the cross-culturally adapted Greek 
version of the WOMAC index would allow its broader 
clinical use in hip or knee OA patients and may add to the 
overall clinimetric properties of the instrument. In addi-
tion, we sought to extend the study of the validity proper-
ties of the WOMAC index by testing it against both self-
report and physical performance measures. A broader 

awareness of these findings in the Greek setting would 
facilitate objective comparisons between studies of differ-
ent national origin and could contribute to the validity of 
future meta-analyses.

Methods

Study population

One hundred and fifty community-dwelling men and 
women, aged 65 years and over, were randomly selected 
from five municipal “Open Care Centers for the Elderly” 
and invited to participate in this observational cross-sec-
tional study. The main inclusion criterion was the exist-
ence of knee OA, according to the American Rheumatism 
Association’s (ARA) functional class I, II, or III criteria 
[11]. In order to be eligible, patients had to report pain on 
motion, have a clinical and radiographic diagnosis of knee 
OA, and have been using anti-inflammatory medication 
and/or receiving physical therapy for at least the previ-
ous 6 months [12]. Participants were excluded if they had 
undergone any kind of surgical intervention to the affected 
knee; had medical conditions such as rheumatoid arthritis, 
psoriatic arthritis, systemic lupus erythematosus, lower 
limb muscle weakness due to a central or peripheral neu-
rological etiology, unstable angina, or uncontrolled hyper-
tension or hypotension; or were taking medication that 
adversely affected their postural or dynamic balance [13]. 
Written informed consent was obtained from all partici-
pants. The study protocol was approved by the Technologi-
cal Educational Institution of Athens research committee 
and followed the principles of the Helsinki Declaration and 
its later amendments.

Instruments

Western Ontario and McMaster LK 3.1 (WOMAC) index

In the present study, the Likert 3.1 Greek for Greece for-
mat of the WOMAC index was used [14]. The original 
Greek translation of the WOMAC LK3.1 Index was devel-
oped from the WOMAC LK3.1 English for Canada source 
Index using Standard Operating Procedures, under Pro-
fessor Bellamy’s copyright. The index is a 24-item ques-
tionnaire divided into three subscales, which measure 
pain (WOMAC-pain; 5 items, score range 0–20), stiffness 
(WOMAC-stiffness; 2 items, score range 0–8), and physi-
cal function (WOMAC-function; 17 items, score range 
0–68). For the purposes of this study, each subscale item 
score was normalized on a 0–10 scale to correct for differ-
ences in scale length, so that a score of 0 represented the 
best health status and a score of 10 the worst. The three 
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normalized subscale values were summed to provide the 
normalized WOMAC-total score [14].

Medical outcomes study 36‑item short‑form health survey

The SF-36 is a general self-report instrument designed 
to be used in general and specific population groups for 
clinical practice and research. It is a 36-item questionnaire 
divided into eight subscales that measure eight different 
dimensions of health status, which represent the most fre-
quently measured concepts in widely used health surveys 
and those most affected by disease and treatment [15]. The 
subscale item scores are coded, summed, and normalized to 
a scale ranging from 0 to 100. A score of 0 represents the 
worst health status and a score of 100 the best. In the pre-
sent study, the physical functioning (SF36-function), role 
physical (SF36-role physical), and bodily pain (SF36-pain) 
subscales of the Greek SF-36®Health Survey (IQOLA SF-
36 Greek Standard Version 1.0) were used [16, 17].

Visual analog scale/faces pain scale‑revised (VAS/FPS‑R)

The visual analog scale (VAS) is an instrument frequently 
used to measure pain intensity based on a 0–100 mm VAS 
[18]. In the present study, a combination of the Greek ver-
sions of VAS [19] and the faces pain scale-revised (FPS-
R) [20, 21] scales was used. The FPS-R includes six facial 
expressions, which cover the entire range of pain levels in 
a hierarchical order and has a high degree of concurrent 
validity and a high correlation with VAS (0.829) [22]. The 
FPS-R was used in combination with the VAS, in prefer-
ence to the VAS alone, because the instrument asks patients 
to describe their pain according to a facial expression that 
corresponds to their pain and enables them to translate their 
subjective experience of pain into a quantitative, numeric 
measure such as VAS.

Timed up and go test

The “timed up and go” (TUG) test was introduced in 1991 
by Podsiadlo and Richardson [23] as a modification of the 
“get Up and go test” of Mathias et al. [24]. It is an easy 
to administer physical performance measure that requires 
minimal equipment and interpretation and has been widely 
used to describe and monitor functional mobility [25]. It 
assesses common problems found in people with lower 
extremity OA, incorporating four different subcompo-
nents that represent different functioning constructs (walk-
ing, turning, rising from a chair, sitting down into a chair). 
The time it takes for a person to complete the test is cor-
related strongly with the level of his/her functional mobil-
ity [23]. TUG has been used in a number of studies for the 
functional evaluation of OA patients and appears to be a 

responsive and useful outcome measure to guide clinical 
care for knee OA patients [7–9, 26]. During the test, all 
participants were asked to stand up from a chair without 
armrests and with a seat height of 44 cm, walk at a com-
fortable pace to a line 3 m away, cross the line and turn 
through 180°, walk back, and sit in their starting position. 
The use of an assistive device was allowed for those using 
one, but no verbal encouragement or personal assistance 
was given. After one pilot test, the average time of the two 
successive trials was recorded using a timer with an accu-
racy of 1/100 s.

Procedures

At initial assessment (day 1), all candidates completed a 
standardized questionnaire recording socio-demographic 
and personal data, together with information about their 
osteoarthritis-related history. Subsequently, the Greek ver-
sion of WOMAC, and the SF36-function, SF36-role, and 
SF36-pain subscales of the Greek SF-36 Health Survey 
were given to all participants. Patients were then asked to 
draw a vertical line on the combined 100 mm visual analog 
scale/faces pain scale-revised (VAS/FPS-R) at a point that 
corresponded to their current level of pain at rest. Partici-
pants’ functional mobility was evaluated by their TUG test 
performance. Seven days after the initial assessment (day 
8), WOMAC was re-administered to all participants so that 
the reliability properties of the instrument could be evalu-
ated. Subject guidance and questionnaire completion were 
carried out under the supervision of the same member of 
the research team.

Data analysis

Statistical analyses were performed using the IBM® SPSS® 
version 19 software package (2010 SPSS Inc., an IBM 
Company, Chicago, IL, USA). The distribution and nor-
mality of the collected data were tested using the Kolmog-
orov–Smirnov test and probability–probability plots. Age, 
somatometrics, WOMAC and SF-36 outcomes, TUG, and 
VAS/FPS-R scores were all normally distributed and are 
presented as mean values ± standard deviation. There were 
no missing data for any of the variables analyzed. In all 
analyses, significance was set at p < 0.05.

Reliability study

Internal consistency was assessed by Cronbach’s Alpha 
statistic. Test–retest reliability was assessed by computing 
intra-class correlation coefficients (ICC; two-way mixed–
single measures, 2-1-1 model) with 95 % confidence inter-
vals, between the day 1 and day 8 WOMAC outcomes. The 
WOMAC scores of the two assessments were also tested 
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for systematic differences (repeatability) using the paired 
samples t test and ANOVA. In all reliability testing, a 
threshold value of 0.70 was chosen.

Validity study

This study aimed to examine the construct (convergent, 
nomological and known-groups) and criterion-related 
(concurrent) validity of the WOMAC index in knee OA 
patients. In all validity analyses, the coefficient values were 
characterized as follows: 0.00–0.19 = poor, if any; 0.20–
0.39 = fair; 0.40–0.59 = moderate; 0.60–0.79 = good; 
0.80–1.00 = high/strong [27].

Construct validity The item-total correlations within each 
WOMAC subscale were compared in order to test whether 
all items of each subscale were related to the same construct. 
Convergent validity was evaluated by examining the corre-
lations with other measures with similar constructs. Nomo-
logical validity was evaluated by calculating the inter-scale 
correlations to examine whether WOMAC subscales were 
distinct but related constructs. The known-groups validity 
was tested by independent samples t test to examine the 
ability of WOMAC-function to discriminate OA patients 
into two sub-groups based on their functional level at initial 
assessment. The TUG test was used as an external criterion, 
and the participants’ functional status was determined by the 
completion time of this physical performance measure.

Criterion‑related validity Pearson’s correlations were 
used to test WOMAC for concurrent validity against TUG, 
SF-36, and VAS/FPS-R scores. In addition, partial correla-
tions of the index outcomes against all validation criteria, 
adjusted for confounders, were derived. Multiple linear 
regression analyses were implemented to further investigate 
the index’s predictive validity, by examining the associations 
between WOMAC outcomes (independent variables) and 
TUG, VAS/FPS-R, and SF-36 scores (dependent variables), 
taking account of possible confounders. Preliminary testing 
was done to check for violations of assumptions (normality, 
linearity, and homoscedasticity) and outliers. Initially, the 
assumption of normality for the dependent (validation crite-
ria) and for the independent variables (WOMAC outcomes) 
was verified.

Results

Descriptives

Twenty-three individuals of the 150 randomly selected 
were excluded on the basis of the exclusion criteria and four 
did not turn up on the first evaluation day (day 1). Thus, 

123 OA patients (67 women) with a mean age of 69.5 years 
participated and completed all the assessment protocols 
(Table 1). The distributions of the non-participants’ demo-
graphic and personal characteristics were similar to those 
participating in the study. Descriptive data for WOMAC 
and SF-36 outcomes as well as for TUG and VAS/FPS-R 
scores are presented in Table 2. No statistically significant 
differences were found between the WOMAC scores at 
initial assessment and on re-assessment days. Finally, no 
alteration in the participants’ clinical status was noted and 
no treatment interventions were delivered between assess-
ments. All WOMAC scores were better in women on both 
assessment days, while all SF-36 outcomes were better in 
men; however, these differences were not statistically sig-
nificant. In addition, no significant sex-related differences 
were found in the TUG and VAS/FPS-R scores (Table 2).

Reliability study

Internal consistency The Cronbach’s Alpha of the Greek 
version of the WOMAC index was high (for pain and stiff-
ness subscales) to excellent (for function subscale). The 
respective data are presented in online resource (Supple-
mentary Table 1). All “if item deleted” values were lower 
than the respective subscale’s overall Cronbach’s Alpha, 
indicating that all items had to be included in the respec-
tive subscale and suggesting that all the index’s items were 
interdependent and homogeneous in terms of the construct 
they measure. Test–retest reliability: Intra-class correlation 
coefficients (ICC) for test–retest reliability between day 1 
and day 8 outcomes were excellent and ranged from 0.91 to 
0.95 (entire group), and from 0.89 to 0.96 when the results 
were stratified by sex (Table 3). Repeatability: When paired 
samples t tests and ANOVA were applied, no system-
atic differences were found between the day 1 and day 8 
WOMAC outcomes (Table 2).

Validity study

Construct validity

Acceptable validity was indicated by high to excellent 
(0.70–1.00) for 3 out of 5 item pairings of WOMAC-pain, 
15 of the 17 of WOMAC-function, and both item pair-
ings of WOMAC-stiffness (Table 4). Convergent validity: 
WOMAC-function showed a higher correlation with SF36-
function than with SF36-pain; WOMAC-function showed a 
higher correlation with TUG than did WOMAC-pain; and 
WOMAC-pain showed a higher correlation with VAS/FPS-
R than did WOMAC-function (Table 5). Nomological valid‑
ity: The inter-scale correlations indicated that WOMAC sub-
scales were moderately related (data are not shown). Since 
these relations did not exceed 0.80, there was no cause 
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for concern about multicollinearity. Known-groups valid‑
ity: There is no agreement in the literature on a predefined 
numerical TUG value for the functional dichotomization of 
knee OA patients. For this reason, widely accepted statistical 
methods aiming to determine a meaningful cutoff value for 
TUG were implemented in the present study. Subsequently, 
the mean completion time (11.49 s) of our study population 

(meaningful cutoff value) was used to dichotomize the par-
ticipants into two functional groups (good functional status, 
TUG < 11.49 s vs. poor functional status, TUG ≥ 11.49 s). 
Analysis of the data showed that there were significant dif-
ferences between the mean WOMAC-function scores in the 
two functional groups (t = −7.734, p < 0.001), indicating 
that the subscale was able to dichotomize knee OA patients 
according to their functional status.

Criterion‑related validity

Concurrent validity Pearson’s correlations between the par-
ametric WOMAC outcomes against validation criteria are 
presented in online resource (Supplementary Table 2). The 
possible involvement of personal characteristics as covari-
ates in the association between WOMAC outcomes and 
validation criteria was investigated. Multiple linear regres-
sion analyses indicated that “age” and “use of an assistive 
device” were the most significant confounders in the asso-
ciation between WOMAC outcomes and validation criteria. 
Accordingly, partial correlation coefficients, adjusted for 
confounders, were calculated (Table 5). In the overall pop-
ulation, WOMAC-total was significantly associated with 
all validation criteria. The inverse direction of the correla-
tions between WOMAC and SF-36 outcomes can be attrib-
uted to the fact that higher values in WOMAC indicate a 
worse health status, whereas higher values in SF-36 indi-
cate better health. Good to high correlations were found 
between WOMAC and SF36-function and SF36-pain, 
while fair to moderate correlations were found between 
WOMAC and SF36-role physical. WOMAC-function was 
more strongly correlated with SF36-function (r = −0.86, 
p < 0.001), TUG (r = 0.71, p < 0.001), and SF36-pain 
(r = −0.71, p < 0.001). WOMAC-pain was more strongly 
correlated with SF36-function (r = −0.72, p < 0.001), 

Table 1  Characteristics of the 
study population

BMI body mass index

* The results are presented as 
mean ± standard deviation

** Differences in personal data 
between sexes

All
(n = 123)

Males
(n = 56)

Females
(n = 67)

p**

Personal data

 Age (year)* 69.5 ± 6.2 70.9 ± 5.6 68.2 ± 6.5 0.02

 Height (cm)* 166.9 ± 9.4 172.3 ± 8.5 160.3 ± 5.9 <0.001

 Weight (kg)* 79.2 ± 13.2 85.4 ± 13.9 73.8 ± 10.3 <0.001

 BMI (kg/m2)* 28.7 ± 3.9 28.7 ± 3.6 28.8 ± 4.2 NS

Dominant leg (%)

 Right 86.7 80.4 92.2 0.05

 Left 13.3 19.6 7.8 0.05

Affected leg (%)

 Right 55.0 53.6 56.3 NS

 Left 45.0 46.4 43.7 NS

Use of a cane (%) 17.5 23.2 12.5 NS

Frequency of use (%) rare/sometimes/often 0.8/2.5/14.2 1.8/3.6/17.9 1.6/10.9/12.5 NS

Table 2  WOMAC normalized outcomes on day 1and day 8 assess-
ments

SF-36, TUG, and VAS/FPS-R scores on day 1 assessment

WOMAC WOMAC LK 3.1 Greek for Greece Index, SF-36 Short-
Form 36 Health Survey, TUG timed up and go test, VAS/FPS-R com-
bined visual analog/faces pain scale-revised

* Non-significant differences in WOMAC outcomes between sexes

** Non-significant differences in WOMAC outcomes between day 1 
and day 8 assessments

All
(n = 123)

Males
(n = 56)

Females
(n = 67)

p*

Day 1

 WOMAC-total 7.9 ± 5.9 6.9 ± 5.3 8.8 ± 6.4 NS

 WOMAC-pain 3.1 ± 2.0 2.8 ± 1.8 3.3 ± 2.1 NS

 WOMAC-stiffness 1.9 ± 2.4 1.5 ± 2.0 2.2 ± 2.7 NS

 WOMAC-function 3.0 ± 2.2 2.7 ± 2.1 3.3 ± 2.3 NS

 TUG score 11.5 ± 2.2 11.4 ± 2.4 11.5 ± 2.1 NS

 VAS/FPS-R score 3.4 ± 2.3 3.1 ± 2.1 3.6 ± 2.4 NS

 SF36-function 57.9 ± 26.2 59.7 ± 27.3 56.3 ± 25.2 NS

 SF36-role 53.1 ± 45.6 56.7 ± 46.1 50.0 ± 45.2 NS

 SF36-pain 57.1 ± 25.1 60.0 ± 23.1 54.7 ± 26.7 NS

Day 8

 WOMAC-total 8.2 ± 5.4** 7.3 ± 4.8 8.9 ± 5.9 NS

 WOMAC-pain 3.1 ± 1.9** 2.8 ± 1.8 3.3 ± 1.9 NS

 WOMAC-stiffness 1.8 ± 2.3** 1.5 ± 2.1 2.2 ± 2.4 NS

 WOMAC-function 3.2 ± 1.9** 2.9 ± 1.8 3.4 ± 2.0 NS
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VAS/FPS-R (r = 0.71, p < 0.001), and SF36-pain 
(r = −0.67, p < 0.001). Of all WOMAC outcomes, stiffness 
subscale had the lowest, though still significant, correlation 
with all validation criteria in all study subgroups examined. 
When data were stratified by sex, WOMAC outcomes were 
also significantly associated with all validation criteria, 
with the correlations ranging from moderate to excellent 

(data not shown). In multiple linear regression analyses, all 
personal characteristics, together with the WOMAC sub-
scales, were entered into the model. WOMAC-total was 
excluded because of multicollinearity problems. WOMAC-
function was a significant factor for TUG, WOMAC-pain 
for VAS/FPS-R, and both for SF36-function and SF36-
pain (Table 6). All metric variables included in the analy-
sis satisfied the assumption of normality. Stepwise analyses 
(bidirectional elimination) were applied to provide the best 
regression models for all validation criteria. In the resulting 
models, age and the use of an assistive devise were entered 
as covariates for TUG, VAS/FPS-R, and SF-36 scores.

Discussion

This is among the very few studies [7, 9], and the first in 
Greece, where both self-reported and physical performance 
measures were used to examine the clinimetric properties 
of the WOMAC index in OA patients. The index was found 

Table 3  WOMAC test–retest reliability correlations between day 1 and day 8 assessments

All correlations were significant at p < 0.001

WOMAC WOMAC LK 3.1 Greek for Greece Index, ICC intra-class correlation coefficients, CI confidence intervals

* Cronbach’s α coefficients for all subjects

All
(n = 123)

Males
(n = 56)

Females
(n = 67)

ICC (95 % CI) Cronbach’s α* ICC (95 % CI) ICC (95 % CI)

WOMAC-total 0.95 (0.93–0.97) 0.98 0.94 (0.90–0.96) 0.96 (0.93–0.98)

WOMAC-pain 0.92 (0.89–0.95) 0.96 0.91 (0.85–0.95) 0.93 (0.89–0.96)

WOMAC-stiffness 0.91 (0.87–0.93) 0.95 0.89 (0.82–0.93) 0.91 (0.86–0.95)

WOMAC-function 0.93 (0.89–0.96) 0.97 0.91 (0.82–0.95) 0.95 (0.91–0.97)

Table 4  Item-total correlations within each subscale of the Greek 
version of the WOMAC index

All correlations were significant at the 0.01 level (2 tailed)

WOMAC WOMAC LK 3.1 Greek for Greece Index

Items Pearson correlation

WOMAC-pain 1 0.841

2 0.796

3 0.641

4 0.639

5 0.821

WOMAC-stiffness 1 0.942

2 0.897

WOMAC-function 1 0.723

2 0.729

3 0.750

4 0.745

5 0.680

6 0.802

7 0.762

8 0.833

9 0.840

10 0.765

11 0.833

12 0.624

13 0.837

14 0.713

15 0.817

16 0.777

17 0.822

Table 5  Partial correlations between WOMAC outcomes and SF-36, 
TUG, and VAS/FPS-R scores on day 1, adjusted for age, sex, and use 
of an assistive device

WOMAC WOMACLK 3.1 Greek for Greece Index, SF-36 Short-
Form 36 Health Survey, TUG timed up and go test, VAS/FPS-R com-
bined visual analog/faces pain scale-revised

* p ≤ 0.001; ** p < 0.01; *** p < 0.05

TUG VAS/ 
FPS-R

SF36-
function

SF36-role SF36-
pain

Day 1

 WOMAC-total 0.632* 0.631* −0.805* −0.389* −0.685*

 WOMAC-pain 0.566* 0.705* −0.715* −0.346** −0.668*

 WOMAC-
stiffness

0.431* 0.413* −0.596* −0.327** −0.477*

 WOMAC-
function

0.712* 0.609* −0.860* −0.367* −0.713*

 TUG – 0.619* −0.661* −0.251*** −0.435*

 VAS/FPS-R 0.619* – −0.588* −0.425* −0.541*
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to have excellent reliability properties and presented sig-
nificant validity against the TUG test, VAS/FPS-R, and the 
SF-36 subscales used.

Reliability study

Our results indicated that the Greek version of WOMAC 
was remarkably consistent between the two measurements. 
The instrument was assessed in terms of internal consist-
ency and test–retest reliability. Both overall Cronbach’s α 
coefficient and the ICC values were found to be excellent, 
similar to those reported for other versions of WOMAC 
[28–32], indicating that the index has high reliability prop-
erties in patients with knee OA. The item-total and item-
subscale correlations were high to excellent, showing that 
the instrument can be reliably used to measure all three 
parameters it was designed for: pain, stiffness, and physi-
cal function. A higher correlation value was derived, during 
WOMAC-pain item analysis, when item 3 (nocturnal pain) 
was omitted, possibly due to the variability of the pain 
intensity in knee OA [33].

Validity study

Construct validity

The construct validity of WOMAC was established by the 
findings of convergent, nomological, and known-groups 

validity analyses. The high to excellent item-total correla-
tions within each subscale confirmed the construct valid-
ity of the index, providing evidence that the items of each 
subscale were strongly related to the same construct. In 
addition, the subscales showed the expected pattern of cor-
relations with the set of the external measures of the same 
construct used, upholding the instrument’s convergent 
validity. WOMAC subscales were found to assess related 
constructs, but they were sufficiently unique not to be con-
sidered redundant, confirming the nomological validity of 
the instrument. Known-group analysis of the data showed 
that WOMAC-function can be used to distinguish OA 
patients according to their functional status, based on the 
TUG test performance time.

Criterion‑related validity

Concurrent validity WOMAC outcomes were significantly 
associated with all validation criteria, presenting moder-
ate to high correlation coefficients, confirming the instru-
ment’s concurrent validity. The weaker association between 
WOMAC-stiffness and comparator measures (WOMAC-
stiffness shows generally lower levels of correlation) [14] 
is attributable to the nature of stiffness, which is easily 
discernible by patients with knee OA and is distinct from 
both pain and disability. Since none of the comparator 
measures in this study contained elements specific to the 
evaluation of perceived joint stiffness, there was necessar-
ily a weaker association between WOMAC-stiffness and 
these other measures. The lower validity coefficients found 
between WOMAC outcomes and SF36-role physical are 
in line with those of other validity studies [28, 32, 34] and 
may be explained by the fact that WOMAC was designed 
as a measure of functional disability and pain, rather than 
a generic measure of health status that assesses physical 
role, among other factors. The combined VAS/FPS-R scale 
was used as an additional self-report validation criterion. 
Apart from VAS/FPS-R versus WOMAC-stiffness, our 
results showed good correlations, in line with the findings 
of Faucker et al. [35]. However, compared to the studies of 
Barasan et al. [32] and Guermazzi et al. [36], our findings 
exhibit higher values, possibly due to the use of the com-
bined VAS/FPS-R, which enables participants to self-char-
acterize the sense of pain in a more convenient way.

In our study, the pain domain of the WOMAC index 
was more strongly correlated with the SF36-function than 
with SF36-pain. These differences could possibly be due to 
the differences in the site specificity and recall period con-
structs between the pain subscales of the two instruments: 
(a) SF36-pain lacks any site specificity, while WOMAC-
pain is joint specific; and (b) the very different recall peri-
ods for SF-36 (4 weeks) and the WOMAC index (48 h). 
These two factors together may, in some studies [29, 37] 

Table 6  Multiple linear regression analysis of WOMAC outcomes 
with validation criteria

WOMAC WOMAC LK 3.1 Greek for Greece Index, SF-36 Short-
Form 36 Health Survey, TUG timed up and go test, VAS/FPS-R com-
bined visual analog/faces pain scale-revised

Beta coefficient 
(standard error)

Standardized 
beta

p

TUG score

 WOMAC-pain 0.077 (0.133) 0.069 0.564

 WOMAC-stiffness −0.079 (0.086) −0.088 0.358

 WOMAC-function 0.580 (0.134) 0.586 <0.001

VAS/FPS-R

 WOMAC-pain 0.683 (0.154) 0.600 <0.001

 WOMAC-stiffness −0.057 (0.093) −0.066 0.544

 WOMAC-function 0.124 (0.146) 0.132 0.398

SF36-function

 WOMAC-pain −1.979 (1.032) −0.149 <0.05

 WOMAC-stiffness −0.212 (0.667) −0.020 0.751

 WOMAC-function −8.166 (1.043) −0.692 <0.001

SF36-pain

 WOMAC-pain −3.296 (1.400) −0.259 <0.05

 WOMAC-stiffness −0.044 (0.905) −0.004 0.961

 WOMAC-function −5.878 (1.415) −0.519 <0.001
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but not in others [30, 32, 38], result in disordered patterns 
of correlation that are likely related to experiential factors 
(involving levels of pain and function over the longer term 
affecting the SF-36), and the varying extent of multijoint 
involvement among different patients. Therefore, the pro-
vided pattern of correlations upholds both the construct and 
the concurrent validity of the WOMAC Index, while the 
paradoxical observations regarding the WOMAC-pain ver-
sus SF36-function and SF36-pain correlations are explain-
able and do not detract from the instrument’s validity.

Finally, multiple linear regression analyses indicated 
that WOMAC-function was a significant factor for TUG, 
WOMAC-pain for VAS/FPS-R, and both for SF36-function 
and SF36-pain, upholding the index’s predictive validity. 
This finding is reinforced by the good to high inter-correla-
tions presented in Table 5.

TUG test as external criterion

Our primary focus was to use the TUG test as a comple-
mentary objective criterion in order to test the validity of 
the physical function domain of the WOMAC index. In 
addition, since the dimensions of pain and stiffness sub-
scales of the WOMAC index are closely related with the 
patients’ functional mobility, we sought to explore the 
validity correlations between the total WOMAC index and 
the TUG test. As Wright et al. pointed out (2010), physi-
cal performance tests, including TUG, assess differing 
dimensions of physical function than does the self-reported 
WOMAC index (patient’s ability vs. patient’s perception). 
In addition, physical performance measures are good pre-
dictors of physical functioning [7] and compensate for the 
problems inherent in self-report measures, such as the abil-
ity and willingness to answer questions correctly [39]. The 
two assessment methods provide complementary informa-
tion [9], and they are both needed to perceive the multidi-
mensional impact of pain [6] and to capture the construct 
of physical function in its entirety [8], which are essential 
to clinical research and practice. The WOMAC–TUG cor-
relations were found to be moderate to good. Moreover, 
both TUG versus WOMAC-function (0.71) and versus 
WOMAC-total (0.63) correlations are among the high-
est reported coefficients between WOMAC outcomes and 
other physical performance measures [7–9]. Thus, our find-
ings indicated that the TUG test was a good choice to use 
as an additional validation criterion, implying its valuable 
contribution in capturing the construct of physical function 
of the knee OA patients in its entirety.

Strengths and limitations

The random selection of the participants from a well-
defined cohort, with demographic characteristics similar to 

those of the general population, was an important strength 
of this study. In addition, conducting an extensive reliability 
study and examining the validity properties of the instru-
ment against both self-report and physical performance 
measures added statistical power to our results. However, 
the use of a battery of physical performance measures 
instead of one would have been added more strength in the 
present study. On the other hand, some potential limitations 
should be noted. The WOMAC index was validated only 
in specific joint and age groups and that may influence the 
extent to which our results can be generalized. A second 
limitation is that the sample for the present WOMAC valid-
ity testing was marginal, being close to the lowest accept-
able population size, based on the “rule of five” [40] and 
on sampling estimates reported in other WOMAC valida-
tion studies [28–30, 33, 34]. Finally, an examination of the 
index’s responsiveness was not included.

Conclusions

The WOMAC 3.1 index was found to be a reliable and 
valid assessment tool that can be used to evaluate patients 
with knee OA, showing excellent reliability and significant 
fair to strong validity properties. A broader awareness of 
these findings in the Greek setting would facilitate objec-
tive comparisons between studies of different national 
origin and would contribute to the validity of future 
meta-analyses.
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