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Abstract: In the presented paper we are analysing a dataset of Behterev's disease patients, 

using the approach of Intercriteria Analysis, based on intuitionistic fuzzy sets and index 

matrices. The approach aims at the detection of dependencies within a set criteria against 

which a set of instances have been evaluated. In this paper, we make the consequent step in a 

series of applied research, aimed at approbating this novel approach to medical data, aimed at 

the discovery of correlations between important health indicators, based on available patients’ 

data. The selected set of health indicators comprises: physical functioning; role functioning 

based by physical conditional; bodily pain; general health status; vitality; social functioning; 

role functioning based by emotional conditional; and mental health. 

Keywords: InterCriteria Analysis, Bechterev's disease, Rheumatoid spondylitis, Ankylosing 

spondylitis.  
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1 Introduction  

Bechterev's disease is also called Marie Strumpell disease, rheumatoid spondylitis, and 

ankylosing spondylitis [17]. In the last few years there has been a considerable increase of 

rheumatoid diseases throughout the world. Statistical data show 0,5-1,1% in Northern Europe 

and North America; 0,3-0,7% in Southern Europe; 0,1-0,5% in the developing countries [13]. 

No epidemiological evidence is available in Bulgaria concerning prevalence and incidence, 

number of diagnosed people or treated patients. Information from the Bulgarian Ministry of 

Health shows that there are about thirty thousand people having Behterev’s disease [16]. 

According to specialists, there is increase in the number of people with Rheumatoid 

spondylitis. This disease causes disability and has hard consequence both for the patients and 

for society in general. The clinical symptoms and the resulting disease progression lead to 

considerable functional disabilities and influence the quality of healthy life. They have 

negative effect on the mood, motivation and the ability to deal with the everyday activities. 

People affected by this disease are more likely to show reactive depression and frustration 

combined with disturbed self-assessment and difficulties in their social integration. A great 

part of the patients have decreased self-perception and lack stimulus for an adequate life. 

According to some studies 2/3 of the diseased men have difficulties in their work, 1/3 have 

social problems and over 2/3 suffer from sexual disbalance. Quite often there are also problems 

connected with their energy and tone. Among the greatest fears patients share is that of losing 

their independence. Most of them say they need help with dressing, taking bath or shopping. 

They also feel uncertain about their future, particularly concerning the unclear state of the 

disease progression. 

Behterev’s disease is a chronic inflammatory disease, affecting the spine and the 

sacroiliac joints, and more rarely, the peripheral joints. There is a tendency to ossification and 

ankylosing (adhesion). It is possible that other organs like heart, eyes, lungs, etc. are also 

harmed [15]. It is not totally clear yet what causes the Ankylosing spondylitis. What is already 

known is that some hereditary (genetic) factors, as well as some environmental factors (both 

inside and outside the system) can lead to the development of the disease. It is found out that 

the inclination to this development is transferred genetically and most of the patients having 

Behterev (about 90%) possess a gene from the complex of the tissue compatibility, called 

HLA-B27 [8]. On Figure 1 is shown HLA-B27 model. The presence of this gene is not a cause 

of the disease, but increases the probability of its development when it appears showing its 

characteristic symptoms due to other environmental factors. 

 

 

Figure 1. HLA-B27 model 
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The most characteristic symptoms of the disease are: 

• Pain in the sacroiliac region. At the beginning the pain is inconstant and one-sided. In a 

few months it becomes permanent and both-sided. The pain can radiate through the back 

surface of the femur to the knee joint. If costal-vertebrate joints are affected, there is also 

a pain in the chest. It becomes stronger while breathing and may cause restriction of the 

breathing movements. A few years after the beginning of the disease pains in the cervical 

sphere of the spine a stiff can appear [12]. 

• Limited mobility. Gradually there is limitation in the movements of the spine. The pain 

and stiffness in the spine often wake up the patients during the night. There is some relief 

after moving. Spinal symptoms increase due to humidity and cold. 

• Entezopathy- painful inflammation on attachments places of tendon [7]. 

• Some patients may have arthritis of peripheral joint. Most commonly affected are the hip 

joints, less often the shoulder joints, the small joints of the hands and feet. 

• Some common manifestation can also be observed- low grade fever, weakness, lack of 

appetite. 
 

In this paper, we make the consequent step in a series of research, aimed at proposing the 

application of the novel approach of InterCriteria Analysis (ICA) to medical data, aimed at the 

discovery of correlations between important healthy indicators, based on available medical 

data 

2 Presentation of InterCreteria Analysis approach 

The concepts of InterCriteria Analysis is based on the apparatus of index matrices (IMs), [5] 

and intuitionistic fuzzy sets (IFSs), [1, 2, 3, 4]. The approach is specifically developed for 

situations in multicriteria decision making, where some of the criteria come at a higher cost 

than others, for instance are harder, more expensive, more human resource or time consuming 

to measure or evaluate. While these criteria are considered unfavorable, the method aims to 

identify high enough levels of correlation between these criteria and others that are easier, 

cheaper or quicker to measure or evaluate, in order to disregard the unfavorable ones from the 

further decision making process, [6, 9].  

Intuitionistic fuzzy sets (IFSs) are one of the most popular extensions of Zadeh’s 

concept of fuzzy sets. Fuzzy sets extend the classical notion of set by introducing membership 

function, allowing the gradual assessment of the membership of elements to a set with values 

from the [0; 1]-interval. Furthermore, Atanassov’s intuitionistic fuzzy sets extend the concept 

of fuzzy sets by introducing an additional function of non-membership, evaluated in the same 

interval, with the requirement that both degrees are in the unit interval, and their sum also 

belongs to that interval. Briefly, the IFS is formally denoted by A = {〈x, µA(x), νA(x)〉 | x ∈ E}, 

where µA(x) defines the membership of an element x to the set A, evaluated in the [0; 1]-

interval; νA(x) defines the non-membership of the element x to the set A, where µA(x) ∈ [0; 1], 

νA(x) ∈ [0; 1], and (µA(x) + νA(x)) ∈ [0; 1]. 

Comparison between elements of two IFSs, involves pairwise comparisons between the 

degrees of membership and non-membership of the elements of both sets. 
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Let us have an index matrix (IM) with elements ap, q, p = 1, ..., m, q = 1, ..., n,  
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where Cp is a criterion, taking part in the evaluation; Oq is an object, being evaluated; ap, q is 

the evaluation of the q-th object against the p-th criterion, and it is defined as a real number or 

another object that is comparable according to relation R with all the rest elements of the index 

matrix M, so the relation ( ),(
jkik OCOC aaR  holds for each i, j, k. The relation R has dual relation 

R , which is true in the cases when relation R is false, and vice versa.  

If the number of cases for which the relations ( ),(
jkik OCOC aaR  and ),(
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simultaneously satisfied is 
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since the total number of pairwise comparisons between the object is n(n – 1)/2. For every k, l, 

such that 1 ≤ k ≤ l ≤ m, and for n ≥ 2 two numbers are defined 
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The pair, constructed from these two numbers, plays the role of the intuitionistic fuzzy 

evaluation of the relations that can be established between any two criteria Ck and Cl. In this 

way the index matrix M that relates evaluated objects with evaluating criteria can be 

transformed to another index matrix M* that gives the relations among the criteria 
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Alternatively, it is practical to work with two index matrices Mµ and Mν, rather than 

with the index matrix M * of IF pairs.  

The final step of the algorithm requires defining the values of thresholds for both the 

membership and the non-membership, against which we evaluate the precision of the ICA 

decision making. We call that two criteria are in relation of either ‘positive consonance’, or 

‘negative consonance’, or ‘dissonance’, depending on their InterCriteria pair’s comparison 

with these two defined threshold values. Let α, β ∈ [0; 1] be the threshold values, against 

which we compare the values of µCk, Cl  and νCk ,Cl. We call these criteria Ck and Cl are in: 

• (α, β)-positive consonance, if µCk ,Cl > α and νCk ,Cl < β; 

• (α, β)-negative consonance, if µCk ,Cl < β and νCk ,Cl > α; 

• (α, β)-dissonance, otherwise. 

3 Application of ICA approach to Behterev's Disease Analysis 

If systematically and duly applied, the already developed specific kinesitherapy program, 

which includes the naturally performed physical factors, kinesitherapy and ergo-therapy, along 

with medical treatment, will contribute to the improvement of the health status and thus, of the 

quality of life the patients suffering from Rheumatoid spondylitis [11]. 

The aim is improvement of the quality of life of such patients through specific authentic 

methodology of kinesitherapy and ergotherapy. What is researched is the health status of the 

patients suffering from Rheumatoid spondylitis in relation to their quality of life. 

The patients included in the research are between 25 and 80 years old. They are divided 

into two groups- an experimental one and a check one. Patients included- check group – 45 (38 

female, 7 male), experimental group – 43 (33 female, 10 male) [11]. 

The chosen research method is the standardized test SF-36. It is a multipurpose, 

standardized test ascertaining the health status and consists of 36 questions. SF-36 has got an 

8-scale profile of the functional results of health and general condition, psychometrically based 

and summarized testing of the physical and mental health, as well as a preferentially based 

index of health utility. The 36 points of the questionnaire are grouped into 8 scale: physical 

functioning, role activity, physical (body) pain, general health, vitality, social functioning, 

emotional state and mental health. The indicators of each scale vary between 0 and 100 stand 

for a fully healthy person, and all scales form the two main indicators – mental and physical 

well-being ( psychological and physical component of health) [10, 13, 14]. 

The following indicators are estimated by quantity: 

1. Physical functioning (PF) – measuring the degree to which any physical effort is limited 

by the physical condition. The low levels on this scale show that the physical activity of 

the patient is considerably limited by his health condition. 
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2. Role functioning based by physical conditional (RP) – the impact of the physical 

condition on the daily role activity. The low levels on this scale show that the daily 

routine of the patients is considerably limited by their physical condition. 

3. Bodily pain (BP) – and its impact on the ability to perform every day activities, including 

indoor and outdoor work. The low levels on this scale show that the level of pain 

considerably limits the activity of the patient. 

4. General health (GH) – patients’ evaluation of their own health status at any specific 

moment and their prospects for treatment. The lower the rating on this scale, the lower 

the evaluation of the health status. 

5. Vitality (VT) – it means the feeling of invigoration and energy, or, on the other hand, the 

feeling of weakness. The low rating indicates lassitude of the patient and decrease of his 

ability. 

6. Social functioning (SF) – defines the degree of limitation of the social activity by the 

physical and emotional conditional. The low rating show considerable limitation of the 

social contacts, decreased communication based on poor physical and emotional 

conditional. 

7. Role functioning based by emotional conditional (RE) – means evaluation of the degree 

to which the emotional conditional prevents the patient from the normal execution of his 

professional duties or other daily routine. The low rating on the scale are interpreted as a 

limitation in doing the everyday work based on poor emotional condition. 

8. Mental health (MH) – it is characterized by the appearance of a depressive mood, anxiety 

and decrease in the percent of positive emotions. The low levels on the scale show 

presence of depressive, anxious emotions, mental failure. 

The main concept of the ICA approach is to estimate the objects on the basis of several 

criteria. In the current study, we apply the ICA analysis over the results of a medicine and 

physiotherapeutic treatment and kinesitherapeutical program applied, based on the above 

mentioned   indicators. 

As a result of a medicine, physiotherapeutic treatment and kinesiterapeutical program the 

following summarized result have been presented in Table 1 and Table 2.  

 

 PF RP BP GH MH RE SF VT 

End of 

treatment 24,15 38,23 20,2 14,33 21,19 54,18 23,29 17,55 

         

Beginig of 

treatment 25,43 35,75 41,93 28,76 14,03 35,63 40,21 16,88 

         

Table 1. Experimental group 
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 PF RP BP GH MH RE SF VT 

End of 

treatment 23,15 43,31 17,46 16,53 16,7 47,86 27,26 15,56 

         

Beginig of 

treatment 26,38 50,33 23,68 17,79 16,93 46,5 27,78 17,35 

         

Table 2. Check group 

 

These have been analysed applying InterCriteria decision making approach. The results 

are presented in Тables 3 and 4.  

  

μ PF RP BP GH MH RE SF VT 

PF 1 0.5 0.833333 0.666667 0.5 0.333333 0.666667 0.666667 

RP 0.5 1 0.333333 0.5 0.666667 0.5 0.5 0.5 

BP 0.833333 0.333333 1 0.833333 0.333333 0.166667 0.833333 0.5 

GH 0.666667 0.5 0.833333 1 0.166667 0 1 0.333333 

MH 0.5 0.666667 0.333333 0.166667 1 0.833333 0.166667 0.833333 

RE 0.333333 0.5 0.166667 0 0.833333 1 0 0.666667 

SF 0.6667 0.5 0.833333 1 0.166667 0 1 0.333333 

VT 0.666667 0.5 0.5 0.333333 0.833333 0.666667 0.333333 1 

Table 3. Membership pairs of the intuitionistic fuzzy InterCriteria correlations 

 

ν PF RP BP GH MH RE SF VT 

PF 0 0.5 0.166667 0.333333 0.5 0.666667 0.333333 0.333333 

RP 0.5 0 0.666667 0.5 0.333333 0.5 0.5 0.5 

BP 0.166667 0.666667 0 0.166667 0.666667 0.833333 0.166667 0.5 

GH 0.333333 0.5 0.166667 0 0.833333 1 0 0.666667 

MH 0.5 0.333333 0.666667 0.833333 0 0.166667 0.833333 0.166667 

RE 0.666667 0.5 0.833333 1 0.166667 0 1 0.333333 

SF 0.333333 0.5 0.166667 0 0.833333 1 0 0.666667 

VT 0.333333 0.5 0.5 0.666667 0.166667 0.333333 0.666667 0 

Table 4. Non-membership pairs of the intuitionistic fuzzy InterCriteria correlations 

4 Analysis of the results from the ICA approach  

The results obtained from the analysis show strong correlation between two of the indicators – 

social functioning and health condition. 

The correlation described between these two factors is typical because one’s health 

condition determines their social functioning, to a large extend. When a person’s health 
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condition is satisfactory, both physically and emotionally, they feel confident and their social 

functioning is improved. On the contrary, if a person is sick this leads to negative feelings 

(both emotionally and physically) and prevents them from having a normal social life. The 

patient gets depressed, becomes introvert and shows no interest in going out. These two criteria 

are strongly related. 

Other criteria which show a relatively high correlation within the experimental group are: 

• Bodily pain and physical development – there is also high correlation between these two 

criteria. The reason is that when the patient doesn’t suffer pain, he is capable of 

developing physically. All activities which do not cause pain re performed by the patient 

with willingness and contentment. On the contrary, if the pain is persistent if it is constant 

and intensive, the patient gives up performing certain exercises and everyday activities. 

This leads to worsening of his physical development, the patients get immobilized and 

that is followed by muscle atrophy. 

• Health condition and bodily pain – the same applies to the health condition and pain 

intense. When the health condition is satisfactory, the pain intense decreases and vice 

versa. 

• Social functioning and bodily pain. 

• Vitality and mental health – there is also strong correlation between these two criteria. 

When our mental health is satisfactory, our vitality increases. 

Same of the criteria show quite weak correlation, e.g.: 

• Health condition and role functioning based by emotion conditional – in this case the 

correlation between the two criteria is quick low due to their difference and their being 

independent from each other. The health condition of the patients might not be 

satisfactory, however, emotionally they might want to perform higher role functioning. 

Patients should be able to observe fairly their disease and momentary state. 

• Social functioning and role functioning based by emotional conditional. 

Conclusion 

The results achieved by the InterCriteria Analysis approach in the presented paper once again 

confirm that the health condition depends on the emotional condition and determines the social 

functioning of the patients under observation. The present paper proves the application of the 

original InterCriteria Analysis approach, which facilitates decision making if there are high 

dependencies between the criteria, giving better clinical quality. 
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