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Abstract

Objectives: Although knee osteoarthritis (KOA) is a leading cause of impaired functioning among 
older adults globally, little is still known about the complex mechanisms of disability accumulation 
in these patients. The aim of the study was to analyze the clinical parameters of patients with KOA 
in a Bulgarian population and to determine which of these clinical characteristics define disability 
to the greatest extent.
Material and methods: Patients aged 40–80 years with symptomatic KOA were included. The as-
sessment tools for pain, clinical disease severity, and disability were the pain visual analogue scale 
(VAS) and disease-specific questionnaires: Algofunctional Index of Lequesne, Western Ontario and 
McMaster Universities OA Index (WOMAC), and the Health Assessment Questionnaire-Disability 
Index (HAQ-DI), respectively. Radiographs of the knees were obtained and graded according to the 
Kellgren-Lawrence (KL) system.
Results: One hundred and thirty-two patients (81% women) participated in the study. The median 
values of VAS (mm), WOMAC, Lequesne, and HAQ-DI scores were 52, 37.5, 11, 0.88, respectively. 
Men had milder disease, resulting in lower VAS, WOMAC, Lequesne, and HAQ-DI scores and less 
structural damage compared to women (p < 0.05). WOMAC index correlated positively with age 
of the patients but not with duration of the complaints. Patients with severe and very severe pain 
did not differ in their HAQ-DI, disease severity and KL grading. WOMAC physical function score and 
Lequesne index were independent predictors for the HAQ-DI in patients with KOA.
Conclusions: Bulgarian patients with KOA had moderate disability which showed a strong relation-
ship with physical function of WOMAC and disease severity. Multiple layers of causality coexist to 
determine the knee pain in Bulgarian patients with KOA. 
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Introduction

Osteoarthritis (OA) is the most common cause of joint 
pain associated with varying degrees of functional defi-
ciency, decreased quality of life and life expectancy [1–3]. 
Knee OA (KOA), as the most common peripheral localiza-
tion of OA [4], affects people of all ages with different lev-
els of physical activity [5]. According to data from the glob-
al burden of disease study for 2016, osteoarthritis was the 
ninth most common cause of disability in Bulgaria [6]. The 
complex clinical evaluation of patients with KOA includes 

assessment of pain, stiffness and function, as well as the 
measurement of various aspects of health [7, 8]. Among 
the various assessment tools for measurement of OA 
clinical severity, the Algofunctional Index of Lequesne [9] 
and the Western Ontario and McMaster Universities OA 
Index (WOMAC) [10] are the most commonly used. These 
two disease-specific evaluation tools have similar overall 
statistical effectiveness, although WOMAC appears to be 
slightly more effective in pre-screening patients with KOA 
detecting changes in pain and physical function with in-
ternal consistency and reliability [11]. 
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In addition to disease-specific questionnaires, the use 
of generic (non-disease-specific) questionnaires may be 
beneficial in evaluation of overall health and quality of life 
in patients with chronic illnesses. The Health Assessment 
Questionnaire-Disability Index (HAQ-DI) may be utilized to 
assess functional disability in patients with KOA. According 
to the Arthritis, Rheumatism and Aging Medical Informa-
tion System (ARAMIS), by 2003 the HAQ questionnaire was 
used more than 200,000 times in routine practice and re-
search. The mean scores reported in patients with OA and 
rheumatoid arthritis were 0.8 and 1.2, respectively. In the 
total population this value was 0.49 [12]. 

Although KOA is a leading cause of disability among 
older adults globally [6], little is still known about the 
complex mechanisms of disability accumulation in 
these patients. Furthermore, KOA has a variable clinical 
course among different patients depending on genet-
ic and environmental factors [13]. Given the fact that 
most of the published studies have been conducted in 
North American and Western European populations, it 
is entirely possible that their results may not be entirely 
reproducible for the Central and Eastern European popu-
lation [14]. Studying the complex mechanisms of disabil-
ity accumulation in patients with KOA will allow us to 
identify rational mechanism-based treatment targets.

In this study we analyzed the clinical and demograph-
ic parameters of patients with KOA in the Bulgarian pop-
ulation and determined which of these clinical character-
istics define the disability in KOA to the greatest extent.

Material and methods

This was a cross-sectional study carried out for 
a period of 2 years and 5 months from October 2014 to 
February 2017 from a single team at the largest inpa-
tient rheumatology center in Bulgaria – the Rheumatol-
ogy Clinic of University Hospital “St. Ivan Rilski”, Sofia, 
Bulgaria – with an annual patient load figure between 
4,000 and 5,000 patients with rheumatic diseases. Pa-
tients with KOA who met the American College of Rheu-
matology (ACR) criteria for KOA [15] and were symptom-
atic with either unilateral or bilateral KOA in the medial 
tibio-femoral compartment, with a pain duration more 
than 6 months, were included. The radiological severity 
of KOA was classified according to the Kellgren-Lawrence 
(KL) scale. For this purpose, radiographs of both knees in 
an upright weight-bearing position were obtained.

We excluded patients who met one or more of the 
following criteria: KL grade IV, comorbidity with another 
rheumatic disease, a pre-existing intra-articular frac-
ture or documented high-energy trauma of the lower 
limb, decompensated metabolic or cardiovascular dis-
ease, treatment with systemic glucocorticoids (doses 

> 7.5 mg) in the previous 3 months as well as intra- 
articular hyaluronan, glucocorticoids or orthobiotics in 
the past 6 months, treatment with symptomatic slow 
acting drugs for OA (glucosamine, chondroitin, avocado/
soybean unsaponifiables) in the previous 6 months.

The intensity of knee pain was evaluated with 
a 100 mm visual analogue scale (VAS). According to the 
intensity of the pain, the patients were divided into four 
groups: mild (< 40 mm), moderate (40–60 mm), severe 
(60–80 mm) and very severe (> 80 mm) pain. To achieve 
an adequate assessment of pain and physical function, 
patients were asked not to take pain-relieving drugs (in-
cluding analgesics and non-steroidal anti-inflammatory 
drugs) within 48 hours before the study.

Assessment of clinical disease severity (pain status 
and function) was done by the algofunctional index of 
Lequesne and by Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC). The value of 
Lequesne’s index ranges from 0 to 24 points. Sections of 
the index include pain or discomfort, maximum walking 
distance, and activities of daily living [9]. The severity 
of the disease in the studied group was classified as 
follows: “mild” (1–4 points), “moderate” (5–7 points), 
“severe” (8–10 points), “very severe” (11–13 points) and 
“extremely severe” (≥ 14 points). WOMAC is an OA dis-
ease-specific questionnaire that is self-reported by the 
patient and provides information about disease activity 
evaluating the underlying disease symptoms. The WO-
MAC score ranges from 0 to 96 points and the question-
naire is divided into three main sections: pain (total: 
20 points), stiffness (total: 8 points), and functional im-
pairment (total: 68 points). Higher values of the index 
are associated with more severe symptoms and im-
paired joint function [10].

Assessment of disability was done by the Health 
Assessment Questionnaire-Disability Index (HAQ-DI). 
Responses for evaluation of disability were reported by 
the patients on a 4-point Likert-type scale ranging from 
0 (without any difficulty) to 3 (unable to do it). Higher 
values of the HAQ-DI index are associated with a higher 
degree of disability.

All participants gave informed consent and the 
study was approved by the local ethics committee. All 
procedures followed were in accordance with the ethical 
standards of the responsible committee on human ex-
perimentation (institutional and national) and with the 
Helsinki Declaration, revised in 2008.

Statistical analysis

The statistical analysis was performed using the 
SPSS 21 software. Descriptive statistics, parametric 
and nonparametric tests and linear regression analysis 
were used. The distribution of the data was calculated 
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by the Shapiro-Wilk test. Fisher’s exact test was used 
to analyze the presence of a linear relationship between 
categories. Spearman rank analysis was used to investi-
gate correlations in data with non-normal distribution. 
Nonparametric Mann-Whitney U-test and parametric 
Student’s t-test were used to compare the variables. 

When continuous data were non-normally distrib-
uted, the assumption of homogeneity of variance was 
assessed by Levene’s test for equality of variances. If the 
distributions were identically shaped, the hypotheses 
were stated in terms of a difference between medians 
(min and max). Multivariate linear regression analysis 
was performed to predict the main clinical and demo-
graphic parameters influencing the values of HAQ-DI.

Results

One hundred and thirty-two patients (mean age 
63.45 ±8.71, range 40–80 years) participated in the 
study, of whom 81% were women. Their BMI was 28.93 
±3.88 kg/m2. The median duration of knee pain (by his-
tory) was 3 years (range 0.5 to 17 years). Disease activity, 
pain intensity, disease severity, and disability and qual-
ity of life as evaluated using WOMAC, VAS, Lequesne’s 
index, and HAQ-DI, respectively, as well as other clinical 
and imaging parameters of the KOA patients, are pre-
sented in Table I.

The median value of VAS was 52 mm (range: 22–95 
mm). It correlated positively with age and duration of 
the pain (rs = 0.173; p = 0.047 and rs = 0.395; p < 0.001, 

Table I. Demographic, clinical and radiographic characteristics of the study group

Variables Patients 
with KOA
(n = 132)

Clinical groups Radiographic groups

Patients 
with isolated 

KOA
(n = 65)

Patients with 
generalized 

OA
(n = 67)

p KL 
I patients
(n = 39)

KL II 
patients
(n = 65)

KL III 
patients
(n = 28)

p

Demographic variables

Age (years)* 63.45 ±8.71 61.74 ±8.48 65.12 ±8.68 0.025 58.92 ±9.1 65.74 ±7.61 64.46 ±8.5 > 0.001

Gender (% women) 81 75 87 NS 67 86 88 0.024

BMI (kg/m2)* 28.93 ±3.88 28.26 ±4.08 29.58 ±3.59 NS 28.60 ±3.81 28.91 ±3.92 29.45 ±3.98 NS

Clinical variables

Isolated KOA (%) 49.2
(65/132)

– – – 59
(23/39)

43.1
(28/65)

50
(14/28)

NS

Generalized OA (%) 50.8
(67/132)

– – – 41
(16/39)

56.9
(37/65)

50
(14/28)

NS

Pain duration 
(years)**

3.5
(0.5; 17)

3 
(0.5; 15)

4 
(0.5; 17)

NS 2 
(0.5; 15)

5 
(0.5; 17)

7 
(0.5; 15)

0.003

Morning stiffness 
(minutes)**

12.5
(5; 60)

12.5
(5; 60)

15
(5; 60)

NS 10
(5; 45)

15
(5; 60)

15
(5; 60)

NS

Pain (VAS mm)** 52
(22; 95)

52
(22; 95)

53
(26; 95)

NS 46
(22; 95)

51
(32; 95)

70
(29; 95)

0.001

HAQ-DI** 0.88
(0; 2.25)

0.75
(0; 2.25)

0.88
(0.10; 2.25)

NS 0.50
(0; 2.0)

0.75
(0.10; 2.25)

1.00
(0.13; 2.00)

0.001

WOMAC index** 37.5
(6; 92)

46
(13; 92)

31
(6; 91)

NS 32
(6; 92)

42
(11; 81)

50
(13; 91)

0.004

Lequesne index** 11
(4; 23)

12
(4.5; 23)

11
(4; 23)

NS 9.50
(4; 23)

12
(5; 21.5)

14.25
(4.5; 23)

0.010

Radiographic stage (KL)

KL I (%) 29.5
(39/132)

35.3
(23/65)

23.9
(16/67)

NS – – – –

KL II (%) 49.3
(65/132)

43
(28/65)

55.2
(37/67)

NS – – – –

KL III (%) 21.2
(28/132)

21.5
(14/65)

20.9
(14/67)

NS – – – –

BMI – body mass index; HAQ-DI – Health Assessment Questionnaire Disability Index; KL – Kellgren-Lawrence; KOA – knee osteoarthritis; 
NS – not significant; OA – osteoarthritis; WOMAC – Western Ontario and McMaster Universities index; VAS – visual analogue scale;  
* normally distributed data are presented as mean (±SD); ** non-normally distributed data are presented as median (min; max).
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respectively), but not with BMI. The older the patients 
were or the longer they suffered from pain, the higher 
the VAS level was. Women and men had significant-
ly different pain values on VAS: 57 (22; 95) mm and 
45 (26; 87) mm, respectively, Mann-Whitney U = 882.5; 
p = 0.008. The same correlations were observed for 
the pain measured by the Likert scale included in the 
WOMAC questionnaire. After categorization of patients 
according to their pain levels, no significant difference 
was observed between the two groups with the highest 
intensity of pain (“severe” and “very severe”) in terms 
of health-related quality of life, disease activity, disease 
severity and KL grading.

Clinical severity of knee osteoarthritis  
by WOMAC

The median total WOMAC score was 37.5 (range: 
22–92 mm). Total WOMAC values correlated with 
age (rs = 0.257; p = 0.003) but not with pain duration 
(rs = 0.102; p = 0.242) or BMI (rs = 0.158; p = 0.070). 
Women and men had significantly different disease 
severity scores: 45 (6; 92) and 33 (7; 64), respectively, 
Mann-Whitney U = 742.5; p = 0.001. 

When the specific sections of the WOMAC index 
were separately analyzed, we observed that stiffness 
was associated with pain duration (rs = 0.24, p = 0.029) 
but not with the age of the patients. Stiffness also did 
not differ significantly between men and women, unlike 
the physical function, which showed a significant gen-
der difference (p = 0.027). Physical function correlated 
positively with age (rs = 0.31, p = 0.004).

Clinical disease severity by Lequesne index

The median Lequesne index value in the studied 
group was 11 (range: 4–23). The values of the Lequesne 
index correlated with age (rs = 0.250; p = 0.004), pain 
VAS (rs = 0.191; p = 0.029) and BMI (rs = 0.199; p = 
0.022). Women and men had a significantly different 
disease burden according to the Lequesne index: 12.5 
(4; 23) and 9 (5; 15), respectively, Mann-Whitney U = 
719.5; p < 0.001.

Functional disability

The median HAQ-DI was 0.88 (range: 0–2.25). HAQ-
DI values correlated with pain duration (rs = 0.187; p = 
0.032), but not with age (rs = 0.128; p = 0.143) or BMI 
(rs = 0.068; p = 0.441). Women and men had significant-
ly different values of HAQ-DI: 1 (0, 2.25) and 0.5 (0; 2.25), 
respectively, Mann-Whitney U = 786.5; p = 0.001. All 
the self-reported clinical measures, including VAS, both 
WOMAC physical function and stiffness, Lequesne, and 

HAQ-DI, correlated strongly or very strongly (rs > 0.6) 
with each other and are presented in Table II.

Based on univariate analyses of clinical and demo-
graphic variables, individuals who had longer pain du-
ration, more severe stiffness, worse physical function, 
higher disease severity, higher pain levels, and women 
scored higher on the HAQ-DI. These six variables were 
entered into the multivariate regression model, where-
in the variables most strongly associated with higher 
HAQ-DI were physical function (p = 0.001) and disease 
severity (p = 0.001).

A multivariate linear regression analysis was cal-
culated to predict HAQ-DI from the WOMAC physical 
function score and total Lequesne score. A significant 
regression equation (F [2, 130] = 69.99; p < 0.001) was 
found, with adjusted R2 = 0.624. In this case, the predic-
tive HAQ-DI values were determined using the following 
analytical dependence:

HAQ – DI = –0.255 + 0.02 * (WOMACPhys) + 0.053 * (LEQ),

where WOMACPhys and LEQ are the scores of the  
WOMAC physical function section and Lequesne indi-
ces, respectively. According to the formula, participants’ 
average HAQ-DI is increased by 0.02 and 0.053 for each 

Fig. 1. Scatter plot showing the relationship be-
tween HAQ-DI (X) and disease-specific indices – 
WOMAC physical function (Y) and Lequesne (Y).
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added point of the WOMAC physical function and Le-
quesne indices, respectively, which were independent 
predictors for the HAQ-DI score in patients with KOA. 
Figure 1 shows the resulting scatter plot characterizing 
the relationship between HAQ-DI (X) and Lequesne in-
dex (Y) and WOMAC physical function score (Y).

Discussion

In this cohort from Bulgaria we found that pain cor-
related positively with age and the duration of OA. Pain 
is the dominant symptom in OA, which usually causes 
the patient to visit the rheumatologist’s office. Cor-
relations between pain and age and between pain and 
its duration may be partly attributed to the advanced 
structural changes, but also to the central mechanisms 
of sensitization inherent in OA patients [16] which could 
be merely a matter of the time characteristic of the lon-
ger history and more persistent symptoms. “Sensitiza-
tion” to painful stimuli is achieved by development of 
sensitizing central nociceptive circuits that amplify pain 
sensation, accompanied by highly variable degrees of 
peripheral tissue damage [17]. 

In our cohort of Bulgarian KOA patients, men as 
a whole had milder disease, resulting in lower pain lev-
els and structural damage. Nevertheless, gender may be 
an independent risk factor for sensitization, as recent 
studies have suggested [18]. Some authors suggest that 
gender differences may be attributed to a lower pain 
threshold combined with greater sensitivity of women 
to pain than to advanced structural changes [19, 20]. 
Besides age and gender, ethnicity alone may both influ-
ence the link between radiographic features and pain, 
and vary among different populations [21]. Surprisingly, 
pain levels in our cohort did not correlate with BMI, al-
though obesity is a well-known risk factor for KOA. Our 

results, nevertheless, are in consistence with another 
study of Caucasian patients with KOA [22]. In both stud-
ies patients were not categorized according to their BMI. 

In the analysis of our data, the WOMAC-derived 
Likert pain score did not show any marked differences 
from the VAS, which suggests the interchangeability of 
the two scales. These data are consistent with findings 
in other studies of patients with KOA [23]. However, the 
Likert scale has some advantages over the VAS, namely 
the possibility of enhanced data processing using cate-
gorization in data analysis and better perception by pa-
tients. The main disadvantage is the lack of freedom in 
response, as opposed to a 100-mm VAS [24, 25].

A significant difference was not found between the 
two groups reporting the most severe pain (pain VAS 
60–80 mm versus VAS ≥ 80 mm) in terms of disease 
activity (WOMAC), HAQ-DI, and structural changes as-
sessed by imaging. The discordance between pain levels 
and radiographic severity was previously observed in 
a well-controlled study [26] and suggests the multifac-
torial mechanisms that play a role in determining the 
perception of pain in KOA patients. This demonstrates 
once more that central mechanisms, similar to those in 
fibromyalgic syndrome, may play a pivotal role in pain 
genesis. Obviously, as reported by Bedson et al., the 
above-mentioned findings can coexist at the same time, 
making up multiple layers of causality of knee pain in 
patients with KOA [21].

The other important finding of our study was that 
the WOMAC index, which assessed the main symptoms 
of the disease, namely pain, physical function and stiff-
ness, correlated positively with age of the patient but 
did not correlate with pain duration. Since OA is an ex-
cellent example of an age-related illness [27], it is no sur-
prise that its clinical severity correlates with age. Being 
not related to duration of pain, the composite nature of 

Table II. Correlations among clinical variables

Variable HAQ-DI VAS Total WOMAC Lequesne

HAQ-DI Correlation coefficient – 0.692** 0.674** 0.625**

Sig. (2-tailed) – 0.000¥ 0.000¥ 0.000¥

Pain intensity  
(VAS)

Correlation coefficient 0.692 – 0.815* 0.748*

Sig. (2-tailed) 0.000¥ – 0.000¥ 0.000¥

Physical function  
(WOMAC)

Correlation coefficient 0.742* 0.654* – 0.736*

Sig. (2-tailed) 0.000¥ 0.000¥ – 0.000¥

Stiffness  
(WOMAC)

Correlation coefficient 0.612 0.654 – 0.686

Sig. (2-tailed) 0.000¥ 0.000¥ – 0.000¥

Disease severity  
(Lequesne index)

Correlation coefficient 0.625** 0.748* 0.724* –

Sig. (2-tailed) 0.000¥ 0.000¥ 0.000¥ –

* 0.7 < rs < 0.9 – very strong correlation; ** 0.5 < rs < 0.7 – strong correlation; ¥ p < 0.001; HAQ-DI – Health Assessment Questionnaire Disa-
bility Index; QoL – quality of life; WOMAC – Western Ontario and McMaster Universities index; VAS – visual analogue scale.
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the WOMAC index may be accompanied by lack of sen-
sitization over time.

Originally developed to assess disability in rheuma-
toid arthritis, the HAQ-DI questionnaire is used in a wide 
range of diseases, including KOA. The median we report-
ed for HAQ-DI (0.88) is similar to the reported values 
in epidemiological studies of larger cohorts of patients 
with OA [12].

The performed multivariate regression analysis 
showed that HAQ-DI values can be predicted when the 
WOMAC physical function score and total Lequesne 
score are known. Considering also the determinant co-
efficient of the presented model, both scores account 
for approximately 62% of variations in HAQ-DI values, 
despite the putative polymorbidity of the study popula-
tion. Interestingly, the WOMAC physical function score 
and total Lequesne score independently contribute to 
the HAQ-DI, thus reflecting different aspects of disability 
among patients with KOA. These results suggest the lack 
of interchangeability between WOMAC and Lequesne 
indices, although they both aim at addressing physical 
function in patients with KOA and highly correlate with 
one another. Surprisingly, according to our model, pain 
was not a determinant of disability, in contrast to the 
conclusions made by McAlindon et al. [28]. 

It should be noted however that in their study physi-
cal function in knees was assessed by quadriceps femo-
ris isometric strength. Nevertheless, to reduce disability 
of patients with KOA, the treatment should not only tar-
get palliative pharmacological pain relief, but also other 
factors contributing to impaired physical function such 
as joint misalignment, obesity and muscle weakness. 
Despite the confirmatory nature of our data, little is still 
known about the complex mechanisms of disability ac-
cumulation in patients with OA to enable rational mech-
anism-based management of the disease.

To the best of our knowledge, this is the first study 
that predicts disability level based on disease-specif-
ic indices. Even though the clinical assessment of pa-
tients with KOA should include both disease-specific 
and generic instruments for more general insight into 
the patient’s health, the predicted value of the HAQ-DI 
may serve as a starting point for determining disability/
health related quality of life in patients with KOA. 

The first and the most significant limitation of the 
study is the relatively small sample size, especially for 
the male group (n = 25). Because symptomatic KOA is 
more prevalent and severe in women [29] on the one 
hand and regional gender differences in patients’ at-
titude towards the Bulgarian healthcare system may 
exist on the other, a larger than expected proportion of 
female patients have sought medical attention in the 
inpatient research center and agreed to participate in 

the survey. Secondly, patients were recruited from an 
inpatient setting and thus the study group may not be 
representative of an outpatient KOA population. Based 
on patient-reported questionnaires, our data may have 
some limitations with regard to accuracy and recall bias. 
Nevertheless, self-reported questionnaires provide an 
indispensable perspective of the quality of OA care and 
reflect the care as perceived by the patient [30]. Mixing 
patients with isolated KOA and KOA in the context of 
generalized OA may have an effect on the non-knee-spe-
cific measurements but in this way we aimed at study-
ing the full clinical spectrum of the disease.

Conclusions

In conclusion, multiple layers of causality coexist to 
determine the knee pain in patients with KOA. Patients 
with KOA in the study group were characterized by mod-
erate disability which showed a strong relationship with 
physical function and disease severity. Understanding 
the complex mechanisms of disability accumulation will 
allow rational management of patients with KOA.

The author declares no conflict of interest.
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