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EVALUATION AND RANKING OF ARTIFICIAL 

HIP PROSTHESIS SUPPLIERS BY USING A 

FUZZY TOPSIS METHODOLOGY 

 
Abstract: The aim of this study is to propose a fuzzy multi-

criteria decision-making approach (MCDM) to evaluate the 

artificial hip prosthesis suppliers with respect to numerous 

criteria, simultaneously, taking into account the type of each 

criteria and its relative importance. The fuzzy of the Technique 

for Order Preference by Similarity to Ideal Solution (FTOSIS) 

is applied in order to rank the artificial hip prosthesis 

suppliers. The rank is obtained using the process of fuzzy 

number comparison. Software solution based on suggested 

method is also presented. A real-life example with real data is 

presented to clarify the proposed method. 

Keywords: Artificial hip prosthesis supplier selection, fuzzy 

TOPSIS, fuzzy rank 

 

1. Introduction1
 

 

From medical records, it is clear that total 

hip replacement is acknowledged to be one 

of the most successful surgical interventions 

ever developed. The total number of hip 

replacements has been increasing in the last 

two decades (Burns and Bourne, 2006). Hip 

and knee replacement surgeries are two of 

the most commonly performed and effective 

operations in the United States (American 

Academy of Orthopaedic Surgeons Website, 

2005) with the most rapidly increasing 

hospital inpatient costs for all payers 

(Wilson et al., 2008; Dreinhoefer et al., 

2006). Hospital costs for implant procedures 

are high. The main cost drivers were found 

to be implants (34 % of total cost on 

average) and ward costs (20.9 % of total cost 

on average) (Stargardt, 2008). According to 

the presented facts, the economic effect of 

this treatment on society as a whole is 

                                                           
1
 Corresponding author: Marija Zahar Djordjevic  

email: maja_199@yahoo.com 

 

significant in terms of savings in medical 

care, drugs, disability aids and reduction in 

sickness-related absenteeism (Felts, and 

Zelin, 1989; Callaghan et al., 2000; Berry, et 

al., 2002). 

Hospital efforts to manage implant costs 

vary in their effectiveness (Wilson et al., 

2008). Many researchers have made efforts 

to improve effectiveness and reduce costs of 

the whole hip replacement process 

(Zuckerman et al., 1994). Some authors 

(Wilson et al., 2008) claim that hospitals 

have intention to purchase equipment from 

just one supplier in order to get significant 

discounts and other valuable benefits which 

makes the selection of an appropriate 

supplier a very important issue. The 

selection of implants is in many cases a 

“physician preference item” (PPI). 

Generally, orthopaedists believe that limiting 

the number of suppliers is appropriate for 

both hospitals and physicians because both 

benefit from the focus on a narrower set of 

products and technological platforms. In that 

process some stakeholders have different 

stand points: the hospital seeks to limit the 

mailto:maja_199@yahoo.com


 

156                               M. Zahar Djordjevic, H. Puskaric, A. Djordjevic 

number of implant suppliers (or standardize 

on one or two) and orthopaedic surgeons not 

only remain with their implant vendor for a 

long time but also can receive financial 

payments from them (Burns et al., 2009). As 

a possible solution, a hospital usually selects 

a small number of implants to offer lower 

prices in order to secure contracts (Dolan 

and Robinson, 2010). 

Therefore, it is evident that the selection of a 

strategy for the supply of orthopaedic 

hospitals with hip implants is an important 

task, which substantially influences the 

efficiency and costs of the whole hospital 

supply chain. The reduction of the number of 

suppliers and selection of the best supplier is 

characterized as a highly complex multi-

criteria group decision-making problem. 

The evaluation and ranking of suppliers is 

based on knowledge of a management team, 

which typically involves many individuals 

and groups with different types of expertise, 

bringing their unique perspectives to the 

table (Keselman et al., 2004). According to 

Walczak (2011), “supplier selection is a 

group effort lead by a physician from the 

orthopaedic medical staff and supported by 

representatives from three administrative 

areas: the business manager of the operating 

room, the director of materials management, 

and the administrator for the orthopaedic 

service line”. This mutual work and effort of 

surgeons, hospital administrators and finance 

officers can provide a good foundation for 

supplier selection as well as reducing 

expenditures without affecting the quality of 

treatment (Malki et al, 2003).  

The number and type of criteria according to 

which the rank of suppliers is obtained are 

determined by the management team. 

Multiple criteria need to be carefully 

examined. In general, criteria can be of 

different types whose objectives are 

conflicting, thus selection of appropriate 

suppliers is far from a trivial task. According 

to Swarts and Kop (2005), selection could be 

based on about 50 % qualitative criteria, 

including demonstrated supply performance, 

local reps, training, warehousing etc, and 

50 % quantitative criteria, such as clinical 

evidence (40 %) and laboratory quality 

assurance testing (10 %). Alternatively, 

Lavernia and Lyon (1998) recommend the 

following parameters: device costs, supply 

costs, professional fees. The problem 

becomes significantly more complex if we 

take into account the realistic assumption 

that the considered criteria have different 

relative importance. 

Therefore, the basic requirement is to have a 

reliable method and software tool that could 

be employed in medical supply chains in 

order to achieve a decrease of expenditures 

in supply. The main goal of this paper is to 

propose a method for the evaluation of 

suppliers using multiple criteria with 

different relative importance which is used 

as the base for the development of a software 

solution. This problem was addressed by an 

extension of the fuzzy TOPSIS method, 

similar (Tadić et al., 2011). Practical results 

in medical institution environments should 

be used for the definition of the optimal 

supply strategy that enables the supply of 

high quality implants for the treatment of 

patients as well as reduction of costs. 

The contributions of this paper are the 

following. It proposes an extension of the 

fuzzy TOPSIS methods with some elements, 

such as the method of average value, in order 

to facilitate combining both qualitative and 

quantitative criteria, as well as their relative 

importance in affecting the supplier selection 

process in a rational and systematic way. 

Specifically, a fuzzy positive ideal solution 

and fuzzy negative ideal solution for 

uncertain criteria, are determined according 

to the normalized matrix by using the fuzzy 

number comparison procedure (Dubois and 

Prade, 1979). It is possible to determine a 

measure of belief so that the rank of possible 

suppliers is stable. Contributions also 

include the software that was developed 

based on the suggested approach, and an 

illustrative example of application of the 

extended method for selecting the implants 

suppliers. 
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The paper is organized in the following way. 

Section 2 presents a literature review of a 

fuzzy multi-criteria approach for the ranking 

of suppliers. Section 3 describes an 

extension of the fuzzy TOPSIS method for 

ranking and selecting of implants suppliers, 

including fuzzy sets based approach to 

modelling of uncertainty in criteria weights 

and criteria values. Section 4 presents the 

supplier selection procedure which is based 

on the proposed approach. In section 5, the 

new software, which is based on the 

developed model, is presented. Section 6 

provides a real-life example used to verify 

the developed procedure. Conclusions are 

presented in section 7. 

 

2. Literature review  
 

The considered problem is a group decision-

making problem under multiple criteria. 

There are different sources and types of 

uncertainty along the hospital supply chain: 

random events, uncertainty in judgments, 

lack of certainty, etc. The values of some 

criteria are difficult or impossible to quantify 

(Swarts and Kop, 2005). The fuzzy set 

theory resembles human reasoning in its use 

of approximate information and uncertainty 

to generate decisions. The fuzzy set theory 

can provide a valuable tool which copes with 

three major problematic areas of supplier 

selection: imprecision, randomness and 

ambiguity. As far as imprecision is 

concerned, it provides a powerful tool to 

weigh selection criteria importance. As far as 

ambiguity is concerned, it copes better than 

other methods with the treatment of 

linguistic variables. Fuzzy logic enables us 

to emulate the human reasoning process and 

make a decision based on vague or imprecise 

data (Kaur and Chakrabortyb, 2007).  

In many papers, which can be found in 

literature, the ranking problem of different 

items with respect to multi criteria and their 

weights is determined by a two-stage 

method. In the first stage, the weights of 

treated criteria are determined by applying 

either fuzzy set theory, etc. In the second 

stage, some other multi-criteria methods are 

used in order to determine the best item with 

respect to all treated criteria, simultaneously, 

as well as their relative importance (Ho et 

al., 2009). 

The problem of determining criteria weights 

is stated as fuzzy group decision making 

problem. Some authors suggest directly 

assessment of the criteria relative 

importance. Fuzzy rating of the relative 

importance of criteria are performed by 

decision makers. They used pre-defined 

linguistic expressions which are modelled by 

triangular fuzzy numbers (TFNs) (Mahdavi 

et al., 2008; Kelemensis and Askounis, 

2010; Zahar Djordjevic and Puskaric, 2013) 

and trapezoidal fuzzy numbers (TrFNs) 

(Chen et al, 2006; Sadi-Nezhad and 

Damghani, 2010; Zheng et al., 2012). Many 

authors suppose (Tadić et al., 2011; Das, 

2010) that evaluation of the relative 

importance of criteria should be based on the 

AHP framework. The new aggregation 

methods which should be good ranged of 

fuzzy rating of each decision maker are 

developed in (Cheng et al. 2011; Tadić et al., 

2011). In the rest referenced papers, fuzzy 

average value to integrate the fuzzy rating of 

the weights criteria for all decision makers is 

used. 

In all considered papers, fuzzy criteria values 

are normalized by different normalization 

procedures taking into account criteria types. 

The linear scale transformation (Shih et al, 

2007) is used in (Chen et al, 2006; Mahdavi 

et al, 2008; Kelemenis and Askounis 2010). 

In (Sadi-Nezhad and Damghani, 2010) a 

columnar normalization procedure is used. 

The uncertain criteria values in (Tadić et al., 

2011) are defined within the interval [0-1], 

so that there is no need for a normalization 

procedure. 

The fuzzy-positive ideal solution (FPIS) and 

fuzzy negative-ideal solution (FNIS) are 

defined according to the weighted 

normalized decision matrix. Authors use 

different procedures for determining FPIS 

and FNIS. Kaya and Kahraman (2011) used 

a most likely used technique which is 
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propsed in (Isiklar and Büyüközkan, 2006). 

FPIS and FNIS for each criterion is obtained 

by using veto thereholds approach in 

(Kelemensis and Askounis, 2010). 

Determining of FPIS and FNIS under each 

criterion is based on using the method for 

comparison fuzzy numbers (Bass and 

Kwakeernak, 1977; Dubois and Prade, 

1979), similar in (Tadić et al., 2011). The 

new approaches for determining FPIS and 

FNIS, with respect to criterion type are 

proposed in (Chen et al., 2006; Sadi-Nezhad 

and Damghani, 2010). 

In (Sadi-Nezhad and Damghani, 2010) the 

procedure for determining the FPIS and 

FNIS is based on the method developed by 

(Chakraborty and Chakraborty, 2007). 

Distance between two fuzzy numbers are 

calculated by using the vertex method 

developed in (Chen and Tzeng, 2004) in 

(Chen et al., 2006; Kaya and Kahraman, 

2011), and described by precise numbers. In 

(Kelemenis and Askounis 2010) FPIS and 

FNIS are determined through the comparison 

of each alternative with the veto threshold 

defined for each criterion. Many authors 

suggested using equation in (Sadeghpour-

Gildeh and Gien, 2001) for determining of 

the distances from FPIS and FNIS, such as: 

Mahdavi et al. (2008); Tadić et al. (2011). In 

this paper, distance from FPIS and FNIS are 

obtained by using method which is proposed 

in (Sadeghpour-Gildeh and Gien, 2001).  

In above mentioned papers, the closeness 

coefficient is calculated as conventional 

TOPSIS. According to the closeness 

coefficient, rank order of all alternatives can 

be determined. 

Comparing papers which propose a model 

for ranking suppliers under uncertainties, 

certain differences could be noted, which is 

further described. 

In this paper, an effort is given to observe 

simultaneously both crisp and uncertain 

criteria in the problem of supplier ranking 

(by analogy Tadić et al., 2011). 

As it is mentioned, FPIS, and FNIS are 

determined according to the weighted 

normalized fuzzy decision matrix by using 

different methods. In the proposed model, 

PIS, and NIS for crisp criteria are 

determined by using procedure defined in 

conventional TOPSIS. In this paper, 

determining of FPIS, and FNIS for each 

uncertain criterion is based on applying 

technique is proposed in (Sadeghpour-

Gildeh and Gien, 2001) and it is used in 

(Mahdavi et al., 2008; Tadić et al., 2011). In 

this paper, the distance from PIS and NIS are 

determined with respect to expressions from 

conventional TOPSIS. 

In this way, the closeness coefficient for 

each supplier is described by fuzzy number. 

According fuzzy algebra rules, values of 

closeness coefficients do not TFNs but it is 

possible to express approximated values of 

fuzzy operations as TrFNs (Kwang, 2005). 

 

3. Modelling of uncertainties 
 

It is closer to human reasoning if decision 

makers express their opinions and 

evaluations by using linguistic expressions 

rather than numeric values. In this paper, the 

fuzzy rating of each decision maker is 

expressed by predefined linguistic 

expressions, which are modelled by TFNs. 

 

3.1 The relative importance of criteria 
 

All of the criteria for evaluating suppliers are 

usually not of the same relative importance. 

They do not depend on the suppliers and can 

be taken as unchangeable during the 

considered period of time. Inevitably, they 

involve subjective judgments and individual 

preferences of a management team. 

Accordingly, this is a group decision 

problem, which includes the elicitation of 

criteria weights from decision makers. 

The relative importance of identfied criteria 

are different and are based on decision 

makers' subjective evaluation. The criteria 

weights are described by linguistic 

expressions which are modelled by 

triangular fuzzy numbers 
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






 where K is the overall number of the 

considered criteria and E the total number of 

decision makers. The aggregate fuzzy rating 

of criterion k, k=1,...,K, denoted by 

 kkkk umlxw ,,;~  , is determined by the 

average method. Values in the domain of 

these TFNs are defined on common 

measurement scale. 

In this paper, we use eight linguistic 

expressions for describing the fuzzy rating of 

criteria, which are defined by TFNs in the 

following way: 

 very low importance:  5.1,1,1;1

~

xR   

 low importance:  5.2,2,5.1;2

~

xR   

 fairly moderate importance: 

 4,3,2;3

~

xR   

 moderate importance:  5,4,3;4

~

xR   

 highly moderate importance: 

 6,5,4;5

~

xR   

 high importance:  7,6,5;6

~

xR   

 very high importance - 

 9,8,7;7

~

xR   

 extreme importance  9,9,8.8;8

~

xR   

 

The estimation mean is calculated by using 

method of average value: 

 

Kkw
E

w
E

e

e

kk ,...,1,~1~

1

 


 

 

3.2 Uncertain criteria values 

 

There are numerous criteria for supplier 

evaluation that cannot be precisely 

determined, such as the period of payment, 

reliability of delivery, research and 

development, communication with supplier, 

the offered training, etc. All uncertain values 

are based on evidence data. 

In this paper, the fuzzy rating of uncertain 

criteria values are described by linguistic 

expressions which can be represented as 

triangular fuzzy numbers 

 sksksksk umlyv ,,;
~

  with the lower and 

upper bounds 
sksk ul ,  and modal value skm , 

respectively. Values in the domain of these 

TFNs belong to a real set within the interval 

[1-5]. Specifically, we use five linguistic 

expressions, which are modelled by 

triangular fuzzy numbers as follows: 

 very low value:  2,1,1;y  

 low value:  3,2,1;y  

 moderate value:  4,3,2;y  

 high value:  5,4,3;y  

 very high value:  5,5,4;y  

 

4. Extended topsis method 
 

The proposed fuzzy model enables us to 

determine the most suitable artificial hip 

prosthesis supplier with respect to numerous 

criteria and their weights. The role of the 

model is to reduce subjectivity of the 

decision making process and generate 

precise evaluations and rankings of 

alternatives. 

 

4.1.  The proposed algorithm for supplier 

selection 

 

The proposed fuzzy TOPSIS method for 

ranking suppliers is carried out in the 

following steps: 

 
Step 1. Calculation of weights vector of the 

considered criteria by using the method of 

average value,  Kk wwwW ~,...,~,...,~
1

~

 . 

 

Step 2. Calculation of normalized values for 

crisp criteria by applying normalized 

procedure which is used in the conventional 

TOPSIS. 

 

Step3. Transformation of all linguistic 

criteria values, skv~  into skr~  whose domains 
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are defined on a common scale [1-9] by 

applying the linear normalization method 

(Shih et al., 2007): 

For a benefit type criterion: 

 











***
,,~

k

sk

k

sk

k

sk
sk

u

u

u

m

u

l
r                                   (4.1) 

 

where: 

 

sk
Ss

k uu
,..,1

* max


 , KKk ,...,1'   

 

For a cost-type criterion KKkk ,...,1, '  : 

 













sk

k

sk

k

sk

k
sk

l

l

m

l

u

l
r ,,~                                   

(4.2) 

 

where: 
 

sk
Ss

k ll
,..,1

min


   

 

Step 4. Determining of the positive-ideal, 


kv , and negative-ideal, 


kv , solutions for all 

crisp criteria are the same as in the 

conventional TOPSIS. 

 

Step 5. The fuzzy positive ideal solution, 


kv~  

and fuzzy negative ideal solution


kv~ , 

respectively, under uncertain criteria. are 

calculated according to the procedure based 

on the method for comparing fuzzy numbers 

(Dubois and Prade, 1979, Bass and 

Kwakernaak, 1977). 

 

Step 6. Calculate separation measures. 

 

 






 
K

Kk

kskk

K

k

n

skkks vrdwvvwd
11 '

'

~,~~~~  

 

 






 
K

Kk

kskk

K

k

n

skkks vrdwvvwd
11 '

'

~,~~~~  

 

where  .,.d  is the distance measurement 

between two triangular fuzzy numbers 

(Sadeghpour-Gildeh and Gien, 2001). 

 

Step 7. A closeness coefficient is defined to 

determine the ranking order of all possible 

suppliers once 



sd
~

 and 



sd
~

 of each supplier 

s, s=1,..,S has been calculated. The closeness 

coefficient represents the distances to the 

fuzzy positive-ideal solution, 



sd
~

, and the 

fuzzy negative-ideal solution



s

~
d , 

simultaneously by taking the relative 

closeness to the fuzzy positive-ideal 

solution. Calculate a fuzzy closeness 

coefficient for supplier: 

 








ss

s
s

dd

d
c ~~

~
~

                                      

(4.3) 

 

Concerning that the fuzzy positive-ideal 

solution and fuzzy negative ideal-solution 

are described by fuzzy numbers whose 

supports are defined on a real set which 

belongs to [0-1], based on the rules of fuzzy 

algebra it follows that the support of fuzzy 

numbers which describe values of a 

closeness coefficient for all treated suppliers 

belong to interval [0-1].  

Step 8. According to the descending order of 

the level of trust we set the rank of suppliers. 

Consequently, we can determine the ranking 

order of all suppliers and select the best one 

from the set of feasible suppliers with 

respect to all considered criteria as well as 

their relative importance. The proposed 

model gives an opportunity to determine the 

measure of belief that fuzzy numbers with a 

lower rank position are greater than fuzzy 

numbers which are ranked higher. Results 

gained in such a way enable decision makers 

to determine the best strategy for supplying 

artificial hips to the clinic. 
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5. Software for selection of 

implants suppliers 
 

To support supplier selection in the field of 

medical devices (hip implants), a software 

solution was developed based on the method 

presented in the previous sections. The main 

purpose is to provide a user-friendly 

software solution for medical doctors for the 

procedure of hip implant supplier selection. 

The proposed methodology gives the basis 

for a web-based supplier evaluation and a 

selection system for managing tenders and 

supplier selection. The software solution was 

developed for Serbian orthopaedic clinics, so 

all text and comments on the graphical user 

interface (Figure 1) are in the Serbian 

language. We placed comments on screen 

shots to explain the interfaces. 

 

 
Figure 1. The graphical interface of software 

 

The software consists of three modules: 

1) Module for monitoring and 

assessment of implants. The first 

step in supplier selection is the 

definition of (or modification of the 

already existing) requirements for 

new implants. This is also the first 

step of the proposed method. The 

second step is the identification of 

criteria and sub-criteria used to 

evaluate the suppliers’ potential. 

Selection criteria are listed and the 

fuzzy rating of each decision maker 

can be described by using eight 

linguistic expressions. Initially, 

eight criteria are listed, but they 

could be easily changed and added. 

Some of the criteria could be stated 

by value and other by linguistic 

expressions (three values, five 

linguistic expressions – see the real-

life example in the next section). 

The procedure of definition of 

relative importance of criteria is 

stated for each supplier. This 

module even covers the definition 

of criteria for suppliers and their 

selection from a previously defined 

data base. 

2) Module for medical implant 

supplier selection. Using the 

presented method, this module 

calculates ranks for the listed 

suppliers. The calculation of 
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uncertain criteria values is based on 

the Fuzzy TOPSIS model for 

supplier selection (section 4). 

3) Patients’ monitoring module. In this 

module the system keeps track of 

the surgical procedure and complete 

life cycle of the implant, including 

possible difficulties during the 

implantation and exploitation and a 

possible replacement. This module 

needs to provide feedback and 

additional information about the 

performance of the implant, from 

surgery to a possible replacement. 

Working with the software starts with a 

definition of the project. Users employ a 

graphical user interface to define a formal 

process-oriented diagram for hip implant 

supplier selection. Users of the system could 

define or redefine the evaluation criteria. The 

document symbol represents an object that 

contains all attributes that define a potential 

supplier and its product (medical device, 

implant, artificial hip joint). It is also 

possible to upload information about a 

specific supplier (diagrams of the hip 

implant including different technical 

information such as material, tolerances, 

endurance, etc), medical data and necessary 

data for specific criteria calculation. 

It is important to emphasize that the 

suggested criteria list could be changed or 

defined in a more detailed way. Each 

criterion could be subdivided into sub-

criteria. The software automatically 

calculates comparative scoring, weighting, 

and evaluation, and (according to the 

presented method) shows the results through 

graphical charts. All data could be exported 

in different file formats in order to support 

the file interchange. Having defined the 

suppliers and their characteristics, a medical 

doctor could search the database of similar 

cases and professional criteria assessments 

from the orthopaedic clinic centre. The 

database is also used for storage of all 

clinical cases with different information that 

covers the life cycle of implants 

(implementation during surgical procedure, 

possible advantages/disadvantages during 

the procedure, exploitation, possible 

replacement). Finally, the medical data from 

specific clinical cases could be used for 

additional evaluation. Additionally, suppliers 

could be invited for on-line participation in 

the procedure, so they could provide answers 

to different questionnaires, or give different 

technical, medical, and service information 

about their products. They could also have 

on-line access to publicly available 

information about the assessment of 

suppliers and the selection procedure. This 

step increases the transparency of the 

process. Furthermore, all suppliers could get 

information about the strengths and 

weaknesses of their products or processes 

evaluated by the system, so they could use 

information from their customers to improve 

their product and/or quality of services. The 

software is a .NET application with web 

services. The web services or web forms 

access a SQL Server Data Base via a DB 

Access Application Block. The software for 

supplier selection is user-friendly with 

mainly what-you-see-is-what-you-get 

(WSIWYG) orientation. 

 

6. A real-life example 
 

The developed procedure is illustrated by an 

example presenting real data obtained in the 

Orthopaedic Clinic of Kragujevac Medical 

Center, Serbia. The total number of hip 

replacement operations in this centre was 

1,060 in 2006, 1,804 in 2007, and 1,731 in 

2008 (no more recent data available). 

During the mentioned period, the selection 

of implants was a “physician preference 

item” (PPI). The decision was made to try to 

reduce expenses by reducing the number of 

potential suppliers (to select one or two 

suppliers) and to try to encourage producers 

to offer lower prices in order to secure 

contracts. The task of the decision-making 

team consisted of two steps. In the first step, 

the team defined the main evaluation criteria. 

Also, using the proposed Delphi method, the 

management team could determine criteria 
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weights. In the second step, they determined 

the criteria values for each supplier on an 

already defined list of criteria (Swarts and 

Kop, 2005; Lavernia and Lyon, 1998). In 

this case, the team for the evaluation and 

ranking of potential suppliers consisted of 

six members: three orthopaedic medical 

doctors; the business manager of the 

operating room; the director of materials 

management, and the administrator for the 

orthopedic service line. The list of defined 

evaluation criteria is: unit cost (k=1), 

monetary unit,delivery time (k=2), in hours, 

replacement (k=3), in percent, period of 

payment (k=4), in months, reliability of 

delivery (k=5), research and development 

(k=6), communication with supplier (k=7), 

the offered training: how much the supplier 

is asking for the training (k=8). Criteria 

values for each potential supplier are given 

in Table 1. 

 

Table 1. Criteria values for hip prosthesis supplier evaluation (si are suppliers, and ki criteria) 

 
 

By applying the average method, the weights 

vector is calculated: 

 

 67.8,67.7,67.6~
1 w   3,33.2,67.1~

2 w   67.6,67.5,67.4~
3 w  

 83.4,83.3,83.2~
4 w   5.3,67.2,83.1~

5 w   67.2,2,5.1~
6 w  

 8,83.6,67.5~
7 w   5.4,83.3,67.2~

8 w   

 

By applying the procedure from Step 2 to 

Step 5 of the developed algorithm (section 

4), the normalized decision matrix is 

obtained and it is presented in Table 2. By 

applying the procedure from Step 6 to Step 8 

of the developed algorithm, closeness 

coefficients are calculated and the ranks of 

the treated suppliers are determined as 

shown in Table 3. 

Based on the obtained results, the Clinical 

Center of Kragujevac management team 

should achieve the partnership with the 

supplier 2s , which is best with respect to the 

many criteria and their relative importance. 

Also, based on the obtained closeness 

coefficient, the measure of belief that a 

supplier who is in the second place (s3) is 

better than s2 is calculated and is equal to 

0.761579. 

 

Table 2. Normalized decision matrix 
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Table 3. Closeness coefficients and rank of suppliers 

 
 

The remaining two suppliers are not going to 

be considered when the management team is 

defining supply strategies. Results which are 

obtained by the proposed method are in 

compliance with the supplier selection 

practice of the Clinical Centre of 

Kragujevac. 

 

7. Conclusion 
 

In this paper, we proposed a new fuzzy 

TOPSIS method and supporting software for 

the selection of appropriate artificial hip 

prosthesis suppliers. This is considered to be 

an important step in determining optimal 

supply policies for artificial hip prostheses in 

orthopaedic clinics. The proposed method 

can deal with the rating of both quantitative 

and qualitative criteria and can select a 

suitable supplier effectively. The relative 

importances of criteria are described by 

linguistic expressions which are modelled by 

fuzzy sets. These values are calculated by 

using method of average value. All 

uncertainties and imprecision present in the 

considered problem are modelled by 

triangular fuzzy numbers.  

As a contribution to real-life practice, the 

method was implemented in a web-based 

software solution that provides a flexible, 

user-friendly environment for medical 

doctors, suppliers and hospitals. The method 

and software could be very useful for: (1) 

producers to improve their processes and 

products, (2) a medical centre to increase the 

efficiency of its business operations which is 

measured by the number of successful hip 

replacements, which further makes the 

medical centre more competitive on the 

orthopaedic services market and keeps low 

costs in the hospital supply chain, and (3) 

patients, where it advances the process of 

recovery, potentially cutting costs to all 

family and friends, employers and society. 

The proposed method is flexible: the 

changes, such as the changes in the number 

of criteria or their relative importance, or the 

number of suppliers and the membership 

functions shape of fuzzy numbers can be 

easily incorporated into the model, and (3) 

can be easily extended to the analysis of 

other management decision problems in 

different research areas. Also, the software 

solution provides many additional features, 

such as storage of developed activities and 

keeping track of the suppliers’ performances. 

This paper contributes to both practice and 

research. The developed model and software 

present a suitable tool for supplier selection 

in the field of medical implants considering 

the number of previously mentioned 

characteristics for the supply of medical 

goods. Since different parties are involved in 

the process of supplier selection (doctors, 

management, etc), this approach enables the 

ranking of different suppliers using a 

linguistic expression in order to provide 

savings in the purchase of medical implants 

by reducing the number of suppliers. It is 

also clear that this model and software could 

also be used in a wide range of supplier 

selection tasks in health care systems. 
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