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Abstract
Objectives  The aims of this study are (i) to propose specific selection criteria related to NiTi instruments for dental practi-
tioners and (ii) to objectively assess the NiTi instruments.
Materials and methods  The steps of the methodology are as follows: Step 1: “Delphi method” was employed to reach a 
consensus on criteria defined according to the literature review and a group of panelists. Step 2: “Smart pairwise compari-
sons” were employed to rank the proposed criteria. Step 3: “Borda voting” was employed to determine the weights of the 
proposed criteria. Step 4: To determine assessment scores, “Simple Additive Weighting” was employed. Step 5: Reliability 
and validity checks were made by “simulation.”
Results  Specific criteria classified under dimensions were proposed and weighted for the NiTi instrument assessment. In 
this context, an assessment model was proposed and validated.
Conclusions  The proposed assessment model for NiTi instruments could aid to make the decision-making process as sys-
tematic, transparent, and reproducible as possible not only for dental practitioners but also for healthcare professionals. Also, 
this proposed model can represent a reference framework for further MCDM studies which can rank or classify materials 
in medical science.
Clinical relevance  The model proposed in this study can be used to aid decision-making in clinical practice by means assess-
ing the NiTi instrumentation system alternatives for practitioners.

Keywords  Medical material selection · Multi-criteria decision-making · Endodontics · Assessment model · Nickel-titanium 
instruments · Delphi method

Introduction

Nickel-titanium (NiTi) instruments are frequently used in 
daily endodontic practice for shaping the root canal system 
[1]. Overall endodontic instruments tend to straighten within 
a curved root canal during its rotational movement, resulting 

in lateral stress on the root canal walls [2]. Thus, the princi-
pal requirement of the instruments is high flexibility in order 
to minimize the lateral stress and to achieve the centered 
shaping [3]. Since the elastic deformation limits of nitinol 
alloys are higher than the stainless steel, their metallurgical 
character is a significant advantage for the complex nature of 
root canal anatomy [1–3]. Root canal shaping with engine-
driven NiTi instruments has been reported to cause signifi-
cantly lesser canal transportation or other shaping errors 
than conventional hand instruments [4–6]. In concordance, 
this endodontic shaping concept has transformed from hand 
instrumentation to engine-driven NiTi instruments in dental 
education over years [7, 8].

Currently, it is known that 256 different alternatives of 
engine-driven NiTi instruments exist [9]. Overall, hundreds 
of manufacturers claim that their products are designed for 
optimal shaping in the majority of cases. Inherently, the 
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great number of NiTi instruments becomes not only hard to 
review but also this might be led to confusion in the assess-
ment of the alternatives for practitioners [10].

The metallurgical properties and operating performances 
of the NiTi instruments are well understood [11–15]. How-
ever, the shaping systems still maintain their complexity in 
endodontic practice [10]. For instance, each system could be 
used per manufacturer instructions or together with different 
systems independently [12]. Especially, the combination of 
different NiTi instrument systems usage with a solid base of 
anatomic and biologic knowledge can lead to a predictable 
higher quality of root canal treatment on a broader basis by 
specialists [12]. Instrument alternatives do not be a problem 
for specialists due to clinical experience, and intuitive deci-
sions seem sufficient in meeting accepted standards of treat-
ment for specialists [16]. On the other hand, Dahlström et al. 
[10] have determined six different categories of issues that 
the general dentists regarded as problematic for root canal 
treatment. In one of these categories, "equipment/materials 
complexity," NiTi instruments have been demonstrated as an 
issue for general dentists [10]. In addition, switching to dif-
ferent instrumentation systems for practitioners is challeng-
ing due to the necessity of adapting to the new situation [10].

Recently, Hülsmann et al. [17] have been emphasized that 
the scientific value of studies on NiTi instrument durability 
is controversial. Therefore, the consequences of many of 
these reports have been described as “useless for the general 
dental practitioner as well as for the endodontic specialist 
when they are seeking information on a specific instrument 
system” [18]. To make a sustainable decision about a mate-
rial, each corresponding criterion under the “economic,” 
“environmental,” “social,” and “experience-based” dimen-
sions should be assessed together by the decision-maker 
[19]. However, essential criteria concerning the assessment 
of NiTi instruments have not been defined in the literature 
yet.

Multi-criteria decision-making (MCDM) approach is 
used to produce clear, analytic, objective, and unbiased 
decisions in the complex nature of decision-making prob-
lems [20]. More specifically, various decision-support tools 
and techniques in the MCDM umbrella can be adapted for 
systematic material selection problems in medicine and 
dentistry for criteria determination, ranking the alterna-
tives, showing the best options, etc. [21, 22]. In this con-
text, recently, Büyüközkan and Göçer [22] have proposed 
an MCDM method to treat the uncertainty in the decision-
making process in the wearable monitoring devices for car-
diac patients. Similarly, Aherwar et al. have used MCDM 
techniques to select novel-developed implant materials [23]. 
Also, MCDM techniques have been applied for the selection 
of biomaterials used by the prosthesis and implant manu-
facturers in a previous study [24]. Validation checks have 
shown that the proposed decision-making model and the 

rankings generated have been sufficiently stable in the previ-
ous study [22].

The main goals of this study are to present the complexity 
of the NiTi instrument assessment problem, to raise interest 
among practitioners in dentistry and to assess NiTi instru-
ments under various evaluation criteria. With this motiva-
tion, the aims of this study are (i) to propose specific criteria 
related to NiTi instruments for dental practitioners and (ii) 
to objectively assess the NiTi instruments.

Materials and methods

Theory

To assess NiTi instruments, an MCDM-based conceptual 
framework methodology was proposed. It is assumed that 
the readers in healthcare have limited information about 
MCDM techniques. Thus, specific nomenclature needs to 
be clarified to increase the readability. MCDM is a sub-dis-
cipline of operations research that explicitly evaluates mul-
tiple conflicting criteria in decision-making both in daily life 
and in settings such as business, government, and medicine. 
An “alternative” represents the option in a decision-making 
process. For the performance assessment of an alternative, 
relevant “criteria” are used. The criteria are not equally 
important in the decision-making process. Thus, to express 
this relative importance, the “weight” of each criterion is 
necessary to be determined [25]. “Delphi method” was used 
to reach a consensus between a panel of experts. “Borda 
count” is a voting system completed “smart pairwise com-
parison” to determine the weight of each criterion. “Simple 
Additive Weighting” (SAW) is a scoring method based on 
the multi-attribute decision technique and weighted aver-
age. The steps of the proposed methodology are shown in 
Figure 1.

Step 1: Criteria determination with Delphi method

In the first step, specific criteria pool regarding the endodon-
tic NiTi instruments was generated. In this step, the Delphi 
method (Rand Corp., Santa Monica, CA) was employed to 
reach a consensus between panelists. The relevant literature 
review was conducted in April 2020 in the database PubMed 
using the search terms “nitinol”[All Fields] OR “nickel-
titanium”[All Fields] OR “nickel titanium”[All Fields] AND 
“Endodontics”[All Fields] to determine the criteria.

Qualified academicians who meet the inclusion criteria 
were included in the Delphi analysis as “panelists.” Pan-
elists in this study were anonymous and blind. The included 
panelists have (1) no conflict of interest or financial interest 
with NiTi instrument manufacturers; (2) a publication that 
includes any NiTi instrumentation system; (3) a publication 
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that includes at least one keyword used in the literature 
research; (4) a return from the entire Delphi rounds; (5) over 
15 years overall professional experience; and (6) position 
academic career in an institute or university.

The Delphi method was employed to reach consensus in 
an iterative questionnaire exercise with controlled feedback 
from a group of panelists [26]. Accordingly, two question-
naire rounds were performed via e-mail communication. In 
the first questionnaire round, a linear numerical scale (the 
Likert scale) combined with an open-ended question was 
used. Likert scale is a type of psychometric response scale in 
which responders specify their level of agreement to a state-
ment typically in 5 points. In the second round, the mean and 

standard deviations of each item were sent to the panelists to 
follow the results of prior consensus. In this round, panelists 
were able to alter their former decisions.

To determine the consensus on items, the “Content Valid-
ity Ratio” (CVR) was used in this round. CVR value was 
calculated via Equation (1).

In Equation (1), the N
PE

 represents the number of pan-
elists who found an item essential (having a score of 4 or 5 
for an item on the 5-Likert scale) where N represents the 

(1)CVR =
N
PE

− (
N

2
)

N∕2

Fig. 1   The flowchart of pro-
posed methodology
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number of panelists. If all panelists indicate that the same 
item is essential, CVR gets a “+1 value” as maxima, whereas 
if all panelists indicate that the same item is non-essential, 
CVR gets a “−1 value” as minima. The threshold value of 
the CVR is “0.29.” Hereby, if the CVR value of criterion is 
less than “0.29,” it needs to be excluded from the proposed 
criteria pool after the consensus [27].

Step 2: Criteria ranking with smart pairwise 
comparisons

To determine the importance of the proposed criteria, binary 
comparisons were made by the panelists. To eliminate a 
potential inconsistency problem related to an excessive num-
ber of pairwise comparisons and to reduce the comparison 
numbers, a smart algorithm was developed as defined by the 
previous studies [28, 29]. The smart algorithm constructed 
in software (Excel, Microsoft Corp., Redmond WA, USA) 
realizes pairwise comparisons by using the memory of the 
previous answers (Figure 2). To show how to fill the tem-
plate, a brief manual was also sent to blind panelists.

The smart algorithm was launched with two fixed ques-
tions. The first question of the pairwise comparison (Q1) 
was “Which dimension is more important? A or B?" and 
the second question (Q2) was “C or D?”. Following the two 
answers, new pairwise comparison questions connected 
to the prior answers were arisen automatically. The latter 
questions were variable and individual for panelists. When 
the answers to all questions were completed for each pan-
elist, the individual rankings appeared automatically. The 
individual rankings show the opinion regarding the impor-
tance level of the dimensions from highest to lowest. Then, 
each panelist assigned an importance score between “0 and 

100” to the rankings for all dimensions (Figure 2). Finally, 
entire scores of each dimension were converted to “1” for 
normalization.

Step 3: Weight determination with Borda count

Borda count was used as an aggregation method for combin-
ing panelists’ preferences for group decision-making. In the 
proposed method, lowest-ranked preference receives 1 point, 
and the penultimate ranking receives 2 points and proceeds 
[30].

Step 4: Assessment score generation with SAW

To determine a score of each alternative, SAW method was 
employed [31]. The total assessment score of each alterna-
tive is obtained via Equation (2), and if there are alternatives, 
they need to be ranked in a descending order. k denotes crite-
ria number, w denotes weights, and c denotes criteria values 
in this equation [32].

Step 5: Simulation of the assessment model

At the end of the proposed methodology, reliability and 
validity checks of the assessment model were carried out 
with a simulation created by the RAND function (Excel 
v16.20; Microsoft Corp., Redmond WA, USA).

(2)Score = w
1
c
1
+ w

2
c
2
+…… . + w

k
c
k

Fig. 2   A screenshot from smart pairwise comparison template
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Results

Step 1: Criteria determination with Delphi 
evaluation

The literature search resulted in 33 review articles, of 
which 29 were considered relevant according to their titles 
and abstracts. These articles were examined for the Delphi 
rounds.

Seven panelists were included in this study from Cyprus, 
Slovenia, South Korea, and Turkey. The expertise levels of 
the panelists were between 15 and 25 years. The consensus 
was provided after two rounds of the Delphi method.

Eighteen criteria were derived from dental science, sup-
ply chain management, and consumer behavior for criteria 
pool. The first half of the criteria was derived from the 
examined review articles. Criteria no.14 and no.16 were 
derived from a previous study [33]. The rest of the criteria, 
derived from supplier selection, marketing, or consumer 
behavior literature, consists of universal nomenclatures 
that affect purchasing The eighteen criteria are as follows:

Cost  The panelists had a consensus on the “cost” of NiTi 
instruments and therefore preferred to minimize it. The cri-
terion was designated in three intervals as “1–19 €,” “20–39 
€,” and “+40 €.”

Operative flexibility  Some NiTi instrumentation systems are 
designed to be motioned with unique parameters. Solely, 
these unique kinematic parameters are installed within their 
unique electric motor sources. A practitioner cannot oper-
ate such types of NiTi instruments without their designated 
motor sources. Thus, such NiTi instrument systems should 
be considered with their motor source together in decision-
making. NiTi instruments were classified according to 
requiring a specific endo motor source or to be capable of 
using with a universal endo motor source either. The pan-
elists had mostly consensus on the "operative flexibility," 
and therefore, NiTi instruments operated with universal kin-
ematic settings were mostly preferred.

Disposability  NiTi instrument systems are presented as 
either “single-use” or “reusable” per their manufacturer 
instructions. However, there is still no consensus on the num-
ber of reusing NiTi instruments. In fact, a NiTi instrument 
has many drawbacks due to its repetitive use as gradually 
decreasing its efficiency and fatigue resistance. The panelists 
had mostly consensus on the “disposability,” and therefore, 
single-use NiTi instruments were mostly preferred.

Energy‑saving  NiTi instrument systems are classi-
fied as either “pre-sterilized” or “non-sterile” per their 

manufacturers within their blisters or packages. The pre-ster-
ilized instrument is ready to use; therefore, it saves energy, 
natural sources, and time consumption. On the contrary, a 
non-sterile instrument has to be cleaned and sterilized before 
its usage. The panelists had a consensus on the “energy-
saving,” and therefore, pre-sterilized NiTi instruments were 
preferred.

Safety  NiTi instrument systems are classified as the medi-
cal device “Class I” according to directive 93/42/EEC, and 
international standards about these instruments have been 
designated by ISO and ADA/ANSI [34, 35]. However, there 
is still plenty of uncertified NiTi instrument available in 
global markets. Consequently, to cite the safe medical prod-
uct manufactured under the associated regulations [34, 35], 
the “C/E” expression was used. The panelists had a consen-
sus on the “safety,” and therefore, globally certificated NiTi 
instruments were preferred.

Ease of use  Conventional root canal shaping systems are 
designed to use together with more than three different sizes 
of instruments for shaping canals to the desired geometry. 
To able to reach the identical shaping goals by reducing the 
number of the instrument decreases the complexity of the 
treatment procedure and saves time consumption. “Easy” 
represents a system with a single instrument, “medium” 
represents a system with a double or triple instrument, and 
“difficult” represents a system with more than three differ-
ent sizes of instruments in the proposed criterion. The pan-
elists had mostly consensus on the instruments with “ease of 
use,” and therefore, single-file shaping systems were mostly 
preferred.

Durability  A NiTi instrument has unique durability char-
acteristics due to the metallurgical and manufacturing pro-
cesses [36–38]. The manufacturing subject arose in the 
“safety” criterion. The metallurgical classification of NiTi 
instruments was made as follows: “Superelastic (SE) NiTi 
(Conventional) instruments, Electropolished SE NiTi instru-
ments, M-wire® NiTi instruments, R-phase of NiTi instru-
ments, T-wire® heat-treated NiTi instruments, C-wire® 
heat-treated NiTi instruments, Blue-wire® heat-treated 
NiTi instruments, Gold-wire® heat-treated NiTi instruments, 
Controlled memory (CM)-wire® heat-treated NiTi instru-
ments, Electrical discharge machining of CM-wire®, and 
Max-Wire® heat-treated NiTi instruments.” The panelists 
had mostly consensus on the “durability” of the NiTi alloy 
alternatives. Literature-based durability data of different 
alloys were ranked by criteria weights.

Quality  Regarding Dickson’s 23 main supplier selection 
criteria, “quality” is one of the most important criteria [39]. 
The panelists had a consensus on the “quality.” Globally 
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patented markings (® or ©), trademarks icons (™), Euro-
pean Conformity (CE) markings, or American National 
Standards Institute/American Dental Association (ANSI/
ADA) certifications of NiTi instruments were considered 
as high-quality.

Delivery conditions  “Delivery conditions” is significant in 
the main supplier selection criteria [39]. Decision-makers 
consider delivery conditions as “on-time” or “with delay” to 
compare suppliers [39]. The proposed criterion was assessed 
with a 5-Likert scale (“5” represents the highest level, “1” 
represents the lowest).

Previous performance  “Previous performance” is significant 
in the main supplier selection criteria [39]. The former expe-
rience of a decision-maker affects the latter decisions for the 
same product [39]. The proposed criterion was assessed with 
a 5-Likert scale.

Designs of NiTi instruments were listed to the panel: 
“S-shape (two-blade), complex shape (two- and tri-blades) 
with constant tapered”; “triangular shape (triple blade), 
constant tapered”; “concave triangular shape (triple-blade), 
progressively tapered”; and “triple U shape (having radial 
lands), constant tapered.” The “design of NiTi instrument” 
(outer geometry; core diameter, taper, flute design, and the 
cross-sectional geometry) is known to impact on cutting effi-
ciency and centering ability of instruments. However, this 
non-measurable term (instrument design) was proposed to 
include in the “previous performance” criterion under the 
dimension of “experience-based practitioners.”

Trust for a brand  “Trust for a brand” is one of the significant 
criteria in supplier-buyer transaction performance [40]. The 
source of confidence relies on the previous purchasing expe-
rience of a decision-maker [40]. The proposed criterion was 
assessed with a 5-Likert scale.

Customer relationship management  “Customer relation-
ship management” is a significant criterion in supplier-buyer 
transaction performance [40]. Warranty policy of product 
and problem-solving performance of suppliers could be con-
sidered under this criterion [41]. The proposed criterion was 
assessed with a 5-Likert scale.

Recommendation from experts  In consumer behavior, infor-
mation seeking is one of the important issues in purchasing 
decisions. The information comes out professionally either 
from internal sources (previous experience of the product) 
[42] or from external sources (with the recommendation 
from experts or colleagues) [33]. The proposed criterion 
was assessed with a 5-Likert scale.

Satisfaction after hands‑on courses  This specific criterion 
was generated since the hands-on courses in any professional 
learning organization could affect the decision-making in 
dentistry [33]. The proposed criterion was assessed with a 
5-Likert scale.

Recommendation from technical reports or research 
results  The majority of the relevant studies on NiTi instru-
ments are in vitro comparisons and preclinical observations 
[17]. In addition, the individual mechanical properties or 
shaping abilities of numerous NiTi instrument brands have 
been informed by comparative studies. The proposed cri-
terion was assessed with a 5-Likert scale. The drawbacks 
concerning the limitation to the in vitro study designs were 
mentioned in the introduction section.

Brand image  The main purpose of marketing is to influence 
consumers’ perceptions and establish the brand image in 
consumers’ minds. The brand image can build brand equity, 
and it draws significant attention from academics and prac-
titioners due to play an important role in marketing activi-
ties. Accordingly, there is a strong correlation between brand 
image, customer satisfaction, and customer loyalty [43]. The 
proposed criterion was assessed with a 5-Likert scale.

Perceived risk level  Risk perception and the decision-mak-
ing of purchasing have a relationship [44]. The proposed 
criterion was assessed with a 5-Likert scale.

In the first Delphi round, panelist no.2 sent a feedback 
to the open-ended question as “free product samples could 
affect the decision-making.” Consequently, the title of cri-
terion no.15 was revised as “Satisfaction after hands-on 
courses or trial materials.” The first round of Delphi results 
are listed in Table 1. The Delphi iteration process was ter-
minated at the second round since there was no alteration to 
the former decisions. The eighteen criteria were decreased 
to fifteen since the CVR values of these 3 criteria (no.8 
“design,” no.10 “delivery,” and no.17 “brand image”) were 
less than 0.29.

The proposed 15 criteria were classified under 4 dimen-
sions in a hierarchical structure (Table 2). The first three 
dimensions (“economic,” “environmental,” and “social”) 
were determined as brand independent according to the 
triple bottom line approach recommended by Luthra et al. 
[45]. “Cost,” “operative flexibility,” “durability,” and “qual-
ity” were classified under the economic dimension. “Dis-
posability” and “energy-saving” were classified under the 
“environmental” dimension. “Safety” and “ease of use” were 
classified under the “social” dimension.

The “Experience-based” dimension was generated as 
a brand-dependent dimension having two sub-dimensions 
depending on the former experience of the decision-maker. 
If the decision-maker has former experience about the 
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instrument type/brand assessed, the “experienced” divi-
sion becomes valid. Therefore, three specific criteria need 
to assess as follows: “previous performance,” “trust for the 
brand,” and “customer relationship management.” On the 
other hand, if the decision-maker does not have any former 
experience about the type/brand assessed, the “non-expe-
rienced” division becomes valid. Therefore, four specific 
criteria need to assess as follows: “recommendation from 
experts,” “results of technical reports or researches,” “sat-
isfaction after the hands-on course or trial materials,” and 
“perceived risk level.”

Step 2: Importance determination with smart 
pairwise comparison results

Panelists made pairwise comparisons using a smart template 
structured in MS Excel. As an example, the comparison of 
panelist no.1 is given in Figure 3.

Step 3: Weight determination with Borda Count

The sum of each dimension multiplying with Borda 
rank weight is equal to the group score. Group scores 

Table 1   The first-round results 
of Delphi method

NPE number of experts found the item essential, CVR Content Validity Ratio

# Criterion Mean Standard 
deviation

NPE CVR

1 Cost 3.86 0.69 5 0.43
2 Operative flexibility 4.00 0.82 5 0.43
3 Disposability 3.71 0.95 5 0.43
4 Energy saving 3.86 1.07 5 0.43
5 Safety 4.86 0.38 7 1.00
6 Ease of use 4.14 0.69 6 0.71
7 Durability 4.14 0.69 6 0.71
8 Design 3.00 1.15 3 -0.14
9 Quality 4.43 0.79 6 0.71
10 Delivery 3.57 0.53 4 0.14
11 Previous performance 4.00 0.58 6 0.71
12 Trust for brand 3.57 0.79 5 0.43
13 Customer relationship management 3.43 1.40 5 0.43
14 Recommendation from experts 4.00 0.58 6 0.71
15 Satisfaction after hands-on courses or trial materials 4.43 0.79 6 0.71
16 Recommendation from technical reports or research results 4.43 0.79 6 0.71
17 Brand image 3.29 0.76 3 -0.14
18 Perceived Risk level 4.00 1.00 6 0.71

Table 2   The hierarchical 
structure of dimensions Code Dimensions

Sub-
Dimension Related Criteria

A Economic Cost, Operative flexibility, Durability, Quality

B Environmental Disposability, Energy Saving

C Social Safety, Ease of Use

D Experience-based Experienced Previous Performance, Trust for Brand, Customer 

Relationship Management

Non-

Experienced

Recommendation from Experts, Satisfaction after hands-on 

course or trial materials, Recommendation from technical 

reports or research results, Perceived Risk Level
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of each dimension are given in Table 3. The normalized 
weights are determined by dividing all the scores by the 
total score. The same procedure was employed for each 
criterion.

In the proposed methodology, each dimensional weight 
was determined by multiplying the normalized weight of 

each criterion and normalized dimensional group score. 
As an example, the criteria weights of the “economic” 
dimension are given in Table 4. According to the results, 
“disposability” became the least important criterion with 
0.04-dimensional weight, and “safety” became the most 
important criterion with 0.21-dimensional weight.

INFORMATION We analyzed your previous answers and deleted 3 criteria according to the sta�s�cal analyses. We collect the other 15 criteria
under 4 dimensions in a hierarchical structure. You can see the details below.

STEP 1 Please look at the dimensions 
and criteria belongs them.
Dimension 
Code

DIMENSIONS Related Criteria 

A Economic Cost, Opera�ve flexibility, 
Durability, Quality

B Environmental Disposability, Energy Saving
C Social Safety, Ease of Use
D Experience-based Experienced (Previous 

Performance, Trust for 
Brand, Customer 
Rela�onship Management), 
Non Experienced
(Recommenda�on from 
Experts, Sa�sfac�on a�er 
hands-on course or trial 
materials, Recommenda�on 
from technical reports or 
research results, Perceived 
Risk Level)

STEP 2 Please answer the ques�ons in order. The first ques�on (Q1) is 
"Which dimension is more important? A or B?" Please write the 
dimension code to the yellow part. The second ques�on is 
"Which dimension is more important? C or D?" Please write the 
dimension code to the yellow part. When you answer these 
two ques�ons, the other comparison ques�ons will 
automa�cally appear. Please answer them according to the 
most important one. A�er you finish the ques�ons, you can see 
the importance ranking of the dimensions in green part. 
Ques�on Number Answer RESULT DIMENSION IMPORTANCE DEGREE

Which 
dimension is 
more important? 

Q1 A or B A 1 A 80 0.35 Please give an importance 
degree between 0-100. 
Importance degrees need 
to be in a decreased order.

Q2 C or D D 2 D 60 0.26
Q3 A or D A 3 C 50 0.22
Q4 B or C C 4 B 40 0.17
Q5 D or C D 230 1

STEP 3 Please determine the importance degree of each 
dimension in yellow part near results between 0-100.

Fig. 3   A screenshot from the pairwise comparison results of panelist no.1

Table 3   The ranking and 
weights of dimensions. The 
numbers are shown with only 
two decimal digits as “x.xx”

Borda Rank Weight Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 Expert 7 Group Score Normalized Weight

4 A 0.35 D 0.27 B 0.29 A 0.37 C 0.38 C 0.27 C 0.38 A 6.61 0.34

3 D 0.26 A 0.26 D 0.27 C 0.26 A 0.27 A 0.26 A 0.29 B 2.72 0.14

2 C 0.22 C 0.24 A 0.27 D 0.22 D 0.19 B 0.24 B 0.19 C 6.03 0.31

1 B 0.17 B 0.23 C 0.18 B 0.15 B 0.15 D 0.23 D 0.14 D 3.88 0.20

TOTAL 19.24 1.00
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Step 4: Assessment model generation and validity 
check

To check the validity of the proposed methodology, a virtual 
NiTi instrument was generated with random numbers (RN). 
The virtual instrument assignments are given in Table 5. 
The first RN identifies the experience level of a decision-
maker on a virtual instrument. If the RN is less than 0.5, 
the “experienced” division is appropriate; else, the “non-
experienced” division is appropriate. In this context, the 
experience level of the virtual instrument was assigned as 
“0.099”; thus, the “experienced” division was employed to 
further assignments.

The level numbers and the related levels for each crite-
rion are shown in the second and third columns in Table 5, 
respectively. As an example, the level number of the first 
criterion (cost) is “3” due to having three levels as “1–19 
€,” “20–39 €,” and “+40 €”. In addition, the relationship 
between the three levels of the cost is determined as 1 or 
equally weighted. Accordingly, the “related level” of the cost 
criterion is 1. In the virtual NiTi instrument, the assigned 
RN value to the cost is “0.147” (RN≤0.33 or RN≤1/3). This 
means the cost of the instrument is assumed between “1 and 
19 €.”

The overall assessments of the virtual NiTi instru-
ment were made as follows: Cost is between “1 and 19 €,” 
operated by a universal motor source, the alloy made by 
T-wire®, having a quality certification, safe, reusable after 
sterilization, having a pre-sterile package, ease of use level 
is medium, the previous performance level is medium, trust 
for the brand level is high, and customer relationship man-
agement level is low.

Step 5: Simulation of the assessment model

The total score emerges automatically when a NiTi instru-
ment is assessed. As the final step of the study, the assess-
ment score was generated for the virtual NiTi instrument. 
The overall assessments of the virtual NiTi instrument are 
given in Figure 4. The total score is evaluated according to 
the scale shown in Table 6. The total score of the virtual 
NiTi instrument was calculated as 0.84 or “the highest.”

Also, a well-known NiTi instrument system starter kit 
(ProTaper Universal; Dentsply Sirona, Tulsa Dental Speci-
alities, Johnson City, TN, USA) has been assessed with the 
proposed model. Regarding the original example, the overall 
assessments of the original NiTi instruments were made as 
follows: Cost is between “20 and 39 € (about 30 €),” oper-
ated by a “universal motor source,” the alloy made by “SE 
NiTi”, having a “quality certification,” “safe,” “reusable” 
after sterilization, having “non-sterile package,” “ease of use 
level is hard,” the “previous performance level is medium,” 
“trust for the brand level is high,” and “customer relationship 
management level is high”. The total score of the ProTaper 
Universal Starter Kit was calculated as 0.759 or “the high-
est.” The screenshot of the practical example is shown in 
Figure 5.

Discussion

A conceptual framework based on MCDM was developed 
for the “medical material selection problem” in this study. 
As a case study, the endodontic NiTi instrument decision-
making problem was processed because of the gap in this 
field. Specific criteria for assessing NiTi instruments were 
proposed according to the literature review-based Delphi 
technique. The panelists reached consensus about the pro-
posed criteria and weights of them obtained with binary 
comparison and Borda count-based group decision-making. 
The proposed criteria were classified under four dimen-
sions in a hierarchical manner, and an assessment score was 
obtained using the SAW method. Undoubtedly, readers in 
healthcare might not be familiar with the MCDM-based 
frameworks [46]. Therefore, the proposed methodology of 
this study is also addressed in the discussion part to increase 
clarity.

Table 4   The weights of the economic dimension

Group score Normal-
ized 
weight

Dimen-
sional 
weight

Criterion #1 Cost 4.51 0.24 0.08

Criterion #2 Operative flexibility 4.17 0.22 0.08
Criterion #3 Durability 6.08 0.32 0.11
Criterion #4 Quality 4.04 0.21 0.07
Total 18.79 1.00 0.34

Table 5   The simulation database

Random number Level number Related level

Experience 0.099 2 1
1 0.147 3 1
2 0.811 2 2
3 0.437 11 5
4 0.023 2 1
5 0.914 2 2
6 0.357 2 1
7 0.324 2 1
8 0.440 3 2
9 0.542 5 3
10 0.264 5 2
11 0.631 5 4
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Dimension C Criteria Level Level Weight 
Criteria 
Weight Score 

EC
ON

OM
IC

1
Cost 1-19 €

1.00 1

0.08 1

20-39 €
0.67

40 €
0.33

2
Opera�ve Flexibility Specific motor (complex kinema�c)

0.50

0.08 1
Universal motor (simple kinema�c)

1.00 1

3
Durability Super Elas�c NiTi wire (Conven�onal)

0.25

0.11 0.75

Electropolished SE NiTi instruments
0.50

M-wire
0.50

NiTi alloy in R-phase
0.50

T-wire Heat-treated NiTi alloy
0.75 1

C-wire Heat-treated NiTi alloy
0.75

Blue Heat-treated NiTi alloy
0.75

Gold Heat-treated NiTi alloy
0.75

Controlled memory (CM) alloy
0.75

Electrical discharge machining with CM alloy
1.00

MaxWire
1.00

4
Quality Cer�ficated

1.00 1

0.07 1
Non-Cer�ficated

0.30

LATNE
MNORI VN E

5
Disposability Single use

0.40

0.04 0.6
Reusable

0.60 1

6
Energy saving Pre-sterilized

1.00 1

0.1 1
Non-sterile

0.90

SO
CI
AL

7
Safety C/E

1.00 1

0.21 1
Non-cer�ficated

0.30

8
Ease of use Easy (Single file instrument systems)

1.00

0.1 0.67

Medium (Double-triple file instrument 
systems)

0.67 1
Hard (Mul�ple file instrument systems)

0.33

EX
PE

RI
EN

CE
- B
AS

ED

9
Previous Performance Highest

1.00

0.08 0.6

High
0.80

Medium
0.60 1

Low
0.40

Lowest
0.20

10
Trust for Brand Highest

1.00

0.07 0.8

High
0.80 1

Medium
0.60

Low
0.40

Lowest
0.20

11

Customer Rela�onship 
Management Highest

1.00

0.05 0.4

High
0.80

Medium
0.60

Low
0.40 1

Lowest
0.20

TOTAL SCORE 0.84 Highest
Fig. 4   A screenshot from the validity check result of a virtual product
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The present study was performed to realize special aims. 
In this case study, the first aim was to propose the relevant 
evaluation criteria for NiTi instrument selection according 
to the literature review and consensus of panelists in the 
context of sustainability and reproducibility. Therefore, the 
Delphi method was proposed to employ in the first step of 
the methodology. The Delphi method consists of an itera-
tive questionnaire exercise with controlled feedback from a 
group of panelists to reach consensus. The included panelists 
must be anonymous and blind experts in the same field. A 
panelist is defined as “any individual with relevant knowl-
edge and experience of a particular topic,” and the size of the 
panel needs to be a minimum of “four participants,” but the 
qualities of the expert panel are more important rather than 
its count [47]. Following the panel invitation, the Delphi 
method requires a minimum of two questionnaire rounds 
consisting of open- or close-ended questions (three rounds, 
if round one is open-ended) [47]. The initial round mostly 
aims a qualitatively sorting, categorizing, and searching for 
common themes of criteria as qualitatively, whereas the 
subsequent round aims to quantitatively rank the criteria 
in terms of their significance [47]. For this purpose, linear 
numerical scales such as the “Likert scale” are often used 
in this round. The Delphi rounds continue iteratively with 
statistical feedbacks until a consensus is reached on related 
criteria [47]. In addition, the questionnaires of rounds could 
be applied via electronic mail online [27]. Various tech-
niques are used to make the consensus on criteria. The CVR 
proposed by Lawshe [48] is the commonly used value for 
removing or retaining a criterion.

The second aim was to provide a simple and comprehen-
sive multi-dimensional decision framework for NiTi instru-
ment assessments. For this purpose, the Delphi method is 
suitable to be employed standalone or in combination with 
other MCDM techniques [49]. The pairwise comparisons 
among criteria are commonly used to determine the impor-
tance of the criteria [28, 29]. To reduce the comparison 
count and not to cause inconsistency with the previous 
answers, a smart algorithm was developed in the “pairwise 
comparison step” of this study [28, 29]. Borda count was 
proposed to combine with the methodology steps of this 
study as the aggregation purpose for combining panelists’ 
preferences in group decision-making [49]. In addition, the 
SAW method was proposed to employ for the determination 

of the overall assessment score and validation checks in 
these steps [31]. In the proposed assessment model, the pro-
posed criteria scores were multiplied with the corresponding 
criteria weights individually, and the scores were summed 
in the SAW [50].

As the major finding of the study, the proposed assess-
ment model for NiTi instruments can act as a decision-mak-
ing support tool for practitioners to give more systematic, 
transparent, and reproducible decisions in multi-dimensional 
and multi-criteria conditions. In addition, this proposed 
methodology or MCDM framework could be adapted to any 
kind of medical material selection problem.. In addition, this 
model can easily be adapted to any kind of medical material 
selection problem.

Conventionally, the decision-making about an instrument 
is related to the professional experience of a practitioner or 
the professional interactions from colleagues and experts in 
the same field [51]. However, to make transparent decisions, 
a systematic multi-dimensional and multi-criteria construct 
of benefit assessment is needed [46]. Currently, the impor-
tance and popularity of the framework of MCDM increase 
not only for systematic material selection but also for aiding 
and supporting healthcare decision-making. Several appli-
cations of MCDM are available in the literature about these 
related subjects [23, 34]. The fuzzy analytical hierarchy pro-
cess (FAHP) method of MCDM has been used for a more 
objective and systematic choice among infectious medi-
cal waste disposal firms [41]. Diaby and Goeree [25] have 
shown the usage of MCDM models for decision-making in 
the reimbursement process in healthcare. Mobinizadeh et al. 
[52] have proposed a model for priority setting of health 
technology assessment using MCDM techniques. One of the 
MCDM technique “Technique for Order of Preference by 
Similarity to Ideal Solution” (TOPSIS) has been used for 
choosing among sugar analyzing devices and aiding diabetic 
patients [53]. The intuitionistic fuzzy Choquet integral has 
been used for choosing a smart medical device, and the gen-
erated model has been validated as comparing with several 
MCDM techniques [22]. Likewise, some MCDM techniques 
have also been used for “diagnosis and treatment” purposes 
of professional practice in healthcare [20]. In addition, some 
MCDM applications have been utilized for the systematic 
selection of paramedical materials in previous studies [21, 
54, 55].

Table 6   Assessment scores 
versus categories

Assessment scores Categories
0.74 - 1.00 Highest

0.67 - 0.73 High

0.51 - 0.67 Medium

0.34 - 0.50 Low

0 - 0.33 Lowest
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Dimension C Criteria Level Level Weight
Criteria 
Weight Score

EC
ON

OM
IC

1
Cost 1-19 €

1.00

0.08 0.67

20-39 €
0.67 1

40 €
0.33

2
Opera�ve Flexibility Specific motor (complex kinema�c)

0.50

0.08 1
Universal motor (simple kinema�c)

1.00 1

3
Durability Super Elas�c NiTi wire (Conven�onal)

0.25 1

0.11 0.25

Electropolished SE NiTi instruments
0.50

M-wire
0.50

NiTi alloy in R-phase
0.50

T-wire Heat-treated NiTi alloy
0.75

C-wire Heat-treated NiTi alloy
0.75

Blue Heat-treated NiTi alloy
0.75

Gold Heat-treated NiTi alloy
0.75

Controlled memory (CM) alloy
0.75

Electrical discharge machining with CM alloy
1.00

MaxWire
1.00

4
Quality Cer�ficated

1.00 1

0.07 1
Non-Cer�ficated

0.30

LATNE
MNORIVNE

5
Disposability Single use

1.00

0.04 0.67
Reusable

0.67 1

6
Energy saving Pre-sterilized

1.00

0.1 0.9
Non-sterile

0.90 1

SO
CI
AL

7
Safety C/E

1.00 1

0.21 1
Non-cer�ficated

0.30

8
Ease of use Easy (Single file instrument systems)

1.00

0.1 0.33

Medium (Double-triple file instrument 
systems)

0.67
Hard (Mul�ple file instrument systems)

0.33 1

EX
PE

RI
EN

CE
-B
AS

ED

9
Previous Performance Highest

1.00

0.08 0.6

High
0.80

Medium
0.60 1

Low
0.40

Lowest
0.20

10
Trust for Brand Highest

1.00 1

0.07 1

High
0.80

Medium
0.60

Low
0.40

Lowest
0.20

11

Customer Rela�onship 
Management Highest

1.00 1

0.05 1

High
0.80

Medium
0.60

Low
0.40

Lowest
0.20

TOTAL SCORE 0.759 Highest

Fig. 5   The screenshot of the practical example of an original product
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An assessment model for NiTi instruments was devel-
oped in this study. The proposed model should be only used 
to assess original NiTi instruments alternatives. Besides 
over 250 different types of original NiTi instrument alter-
natives, some counterfeit instruments are also available in 
market [56, 57]. In the literature, there are two reports avail-
able about the counterfeit NiTi instruments used for root 
canal shaping [56, 57]. The first comparison has been made 
between the ProTaper Universal (Dentsply-Sirona, Bal-
laigues, Switzerland) instruments and counterfeits [56]. The 
latter comparison has been made between the Reciproc Orig-
inal (VDW, Munich, Germany) instruments and counterfeits 
[57]. Particularly, the evidence-based reports have recom-
mended that “identification strategies for these counterfeit 
instruments should be developed for practitioners, thereby 
preventing their inadvertent use.” [56, 57]. Overall, the origi-
nal instruments outperform counterfeit instruments [56, 57]. 
Furthermore, the manufacturing conditions or metallurgical 
properties of a counterfeit NiTi instrument are unpredict-
able and unknown. In fact, counterfeit instruments repre-
sent the “pseudo character” of their corresponding original 
product. Thus, the proposed model cannot produce a desired 
real “total score” with pseudodata of any counterfeit instru-
ments. As a consequence, the counterfeit instruments were 
considered as the “limitation of this study” by the authors.

It should be noted that the importance level of the pro-
posed criteria could alter depending on panelists or dimen-
sional modifications. The proposed criteria and criteria 
weights are able to be modified in further studies due to 
refinement or updating purposes [27]. In addition, the first 
proposed criteria for the NiTi instruments could be a refer-
ence to further studies in dentistry.

The outcomes of this study could have geographical limi-
tations due to the distribution of the selected panelists, and 
therefore, the proposed NiTi assessment model in this study 
may not be applied universally. Hypothetically, this could 
be considered as a limitation of our study. Considering a re-
evaluation of related literature updates or a broader selection 
of panelists could alter establishing criteria in the selection 
of these instrumentations. Furthermore, establishing a strin-
gent interactive via the web-based or conventional question-
naire alternatives towards experts may aid to improve this 
NiTi instrument assessment model. Consequently, further 
studies are needed to improve the proposed NiTi assessment 
model and transforming it into a useful decision-making tool 
universally.

Within the limitations of the study, the following conclu-
sions can be drawn:

The proposed assessment model for NiTi instruments 
could aid to make the decision-making process as system-
atic, transparent, and reproducible as possible not only 
for dental practitioners but also for healthcare profession-
als. Also, this proposed model can represent a reference 

framework for further MCDM studies which can rank or 
classify materials in medical science.
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Acknowledgements  We thank each of the seven panelists individually 
for their significant contributions.

Declarations 

Ethical approval  Not Available

Informed consent  Not Available

Conflict of Interest  The authors declare no competing interests.

References

	 1.	 Thompson SA (2000) An overview of nickel-titanium alloys used 
in dentistry. Int Endod J 33:297–310. https://​doi.​org/​10.​1046/j.​
1365-​2591.​2000.​00339.x

	 2.	 Glossen CR, Haller RH, Dove SB, del Rio CE (1995) A com-
parison of root canal preparations using Ni-Ti hand, Ni-Ti engine-
driven, and K-Flex endodontic instruments. J Endod 21:146–151. 
https://​doi.​org/​10.​1016/​s0099-​2399(06)​80441-3

	 3.	 Viana AC, Craveiro C, de Melo M, de Azevedo G, Bahia M, Lopes 
Buono VT (2010) Relationship between flexibility and physical, 
chemical, and geometric characteristics of rotary nickel-titanium 
instruments. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
110:527–533. https://​doi.​org/​10.​1016/j.​tripl​eo.​2010.​05.​006

	 4.	 Short JA, Morgan LA, Baumgartner JC (1997) A comparison of 
canal centering ability of four instrumentation techniques. J Endod 
23:503–507. https://​doi.​org/​10.​1016/​S0099-​2399(97)​80310-X

	 5.	 Schafer E (2001) Shaping ability of Hero 642 rotary nickel- tita-
nium instruments and stainless steel hand K-Flexofiles in simu-
lated curved root canals. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 92:215–220. https://​doi.​org/​10.​1067/​moe.​2001.​
114622

	 6.	 Schafer E, Lohmann D (2002) Efficiency of rotary nickel-
titanium FlexMaster instruments compared with stainless steel 
hand K-Flexofile - Part 1. Shaping ability in simulated curved 
canals. Int Endod J 35:505–513. https://​doi.​org/​10.​1046/j.​1365-​
2591.​2002.​00513.x

	 7.	 Baumann MA, Roth A (1999) Effect of endodontic skill on root 
canal preparation with ProFile. 04. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 88:714–718. https://​doi.​org/​10.​1016/​
s1079-​2104(99)​70015-6

	 8.	 Sonntag D, Guntermann A, Kim SK, Stachniss V (2003) Root 
canal shaping with manual stainless steel files and rotary NiTi 
files performed by students. Int Endod J 36:246–255. https://​
doi.​org/​10.​1046/j.​1365-​2591.​2003.​00661.x

	 9.	 Versiani MA. The root canal anatomy project (Access date: 
26.06.2021). URL: http://​rootc​anala​natomy.​blogs​pot.​com/​
search/​label/​Prepa​ration%​20Sys​tems

	10.	 Dahlström L, Lindwall O, Rystedt H, Reit C (2017) ‘Working in 
the dark’: Swedish general dental practitioners on the complex-
ity of root canal treatment. Int Endod J 50:636–645. https://​doi.​
org/​10.​1111/​iej.​12675

	11.	 Hülsmann M (2002) Wurzelkanalaufbereitung mit Nickel-Titan-
Instrumenten. Ein Handbuch. Quintessenz, Berlin

https://doi.org/10.1007/s00784-021-04234-7
https://doi.org/10.1046/j.1365-2591.2000.00339.x
https://doi.org/10.1046/j.1365-2591.2000.00339.x
https://doi.org/10.1016/s0099-2399(06)80441-3
https://doi.org/10.1016/j.tripleo.2010.05.006
https://doi.org/10.1016/S0099-2399(97)80310-X
https://doi.org/10.1067/moe.2001.114622
https://doi.org/10.1067/moe.2001.114622
https://doi.org/10.1046/j.1365-2591.2002.00513.x
https://doi.org/10.1046/j.1365-2591.2002.00513.x
https://doi.org/10.1016/s1079-2104(99)70015-6
https://doi.org/10.1016/s1079-2104(99)70015-6
https://doi.org/10.1046/j.1365-2591.2003.00661.x
https://doi.org/10.1046/j.1365-2591.2003.00661.x
http://rootcanalanatomy.blogspot.com/search/label/Preparation%20Systems
http://rootcanalanatomy.blogspot.com/search/label/Preparation%20Systems
https://doi.org/10.1111/iej.12675
https://doi.org/10.1111/iej.12675


	 Clinical Oral Investigations

1 3

	12.	 Baumann MA (2004) Nickel-titanium: options and challenges. 
Dent Clin North Am 48:55–67. https://​doi.​org/​10.​1016/j.​cden.​
2003.​11.​001

	13.	 McSpadden J (2007) Mastering endodontic instrumentation. 
Cloudland Institute, Chattanooga

	14.	 Shen Y, Zhou HM, Zheng YF, Peng B, Haapasalo M (2013) 
Current challenges and concepts of the thermomechanical 
treatment of nickel-titanium instruments. J Endod 39:163–172. 
https://​doi.​org/​10.​1016/j.​joen.​2012.​11.​005

	15	 Zupanc J, Vahdat-Pajouh N, Schäfer E (2018) New thermome-
chanically treated NiTi alloys - a review. Int Endod J 51:1088–
1103. https://​doi.​org/​10.​1111/​iej.​12924

	16.	 Bauer J, Spackman S, Chiappelli F, Prolo P (2005) Evidence-
based decision making in dental practice. J Evid Based Dent 
Pract 5:125–130. https://​doi.​org/​10.​1016/j.​jebdp.​2005.​06.​001

	17.	 Hülsmann M, Donnermeyer D, Schafer E (2019) A critical 
appraisal of studies on cyclic fatigue resistance of engine- 
driven endodontic instruments. Int Endod J 52:1427–1445. 
https://​doi.​org/​10.​1111/​iej.​13182

	18.	 Hülsmann M (2019) Research that matters: studies on fatigue of 
rotary and reciprocating NiTi root canal instruments. Int Endod 
J 52:1401–1402. https://​doi.​org/​10.​1111/​iej.​13194

	19.	 Govindan K, Shankar KM, Kannan D (2016) Sustainable mate-
rial selection for construction industry – a hybrid multi cri-
teria decision making approach. Renew Sustain Energy Rev 
55:1274–1288. https://​doi.​org/​10.​1016/j.​rser.​2015.​07.​100

	20.	 Adunlin G, Diaby V, Xiao H (2015) Application of multicriteria 
decision analysis in health care: a systematic review and biblio-
metric analysis. Health Expect 18:1894–1905. https://​doi.​org/​
10.​1111/​hex.​12287

	21.	 Mousavi-Nasab SH, Sotoudeh-Anvari A (2017) A comprehen-
sive MCDM-based approach using TOPSIS, COPRAS and DEA 
as an auxiliary tool for material selection problems. Mater Des 
121:237–253. https://​doi.​org/​10.​1016/j.​matdes.​2017.​02.​041

	22.	 Büyüközkan G, Göçer F (2019) Smart medical device selection 
based on intuitionistic fuzzy Choquet integral. Soft Comput 
23:10085–10103. https://​doi.​org/​10.​1007/​s00500-​018-​3563-5

	23.	 Aherwar A, Singh T, Singh A, Patnaik A, Fekete G (2019) Opti-
mum selection of novel developed implant material using hybrid 
entropy-PROMETHEE approach Materialwiss. Werkstofftech 
50:1232–1241. https://​doi.​org/​10.​1002/​mawe.​20180​0088

	24.	 Sofuoğlu MA (2021) A new biomaterial selection approach 
using reference ideal method. Indian Acad Sci Sådhanå 46:36. 
https://​doi.​org/​10.​1007/​s12046-​021-​01559-​7volVv

	25.	 Diaby V, Goeree R (2014) How to use multi-criteria decision 
analysis methods for reimbursement decision-making in health-
care: a step-by-step guide. Expert Rev Pharmacoecon Outcomes 
Res 14:81–99. https://​doi.​org/​10.​1586/​14737​167.​2014.​859525

	26.	 Delphi Method https://​www.​rand.​org/​topics/​delphi-​method.​html 
(Access date: 26.06.2021)

	27	 Kim M, JangYC Lee S (2013) Application of Delphi-AHP meth-
ods to select the priorities of WEEE for recycling in a waste man-
agement decision-making tool. J Environ Manage 128:941–948. 
https://​doi.​org/​10.​1016/j.​jenvm​an.​2013.​06.​049

	28.	 Deniz N, Büyük K (2019) Developing an inpatient perceived 
healthcare service quality scale (IP-HSQS) DEU J of GSSS 
21:1377-1410. https://​doi.​org/​10.​16953/​deuso​sbil.​519872

	29.	 Deniz N, Özcelik F (2019) A solution approach proposal for dis-
assembly line balancing based on ELECTRE. Alphanumeric J 
7:399–416. https://​doi.​org/​10.​17093/​alpha​numer​ic.​559310

	30.	 Emerson P (2013) The original Borda count and partial vot-
ing. Soc Choice Welf 40:353–358. https://​doi.​org/​10.​1007/​
s00355-​011-​0603-9

	31	 Zionts S, Wallenius J (1983) An interactive multiple objective 
linear programming method for a class of underlying nonlinear 

utility functions. Manag Sci 29:519–529. https://​doi.​org/​10.​1287/​
mnsc.​29.5.​519

	32.	 Kaliszewski I, Podkopaev D (2016) Simple additive weighting-
Meta model for multiple criteria decision analysis methods. 
Expert Syst Appl 54:155–161. https://​doi.​org/​10.​1016/j.​eswa.​
2016.​01.​042

	33.	 Sobral APT, Sobral SS, Motta PDB, Bussadori S, Motta LJ (2016) 
Factors influencing dental surgeons when choosing a low involve-
ment dental material. Revista Espacios 37:1–10

	34.	 American National Standards /American Dental Association 
specifications No. 28 - January 2008. Root canal files and ream-
ers, type K

	35.	 International Organization for Standardization. Dentistry—Root-
canal Instruments—Part 1: General requirements and test meth-
ods. ISO 3630–1, 2019.

	36	 Shen Y, Cheung GS (2013) Methods and models to study nickel–
titanium instruments. Endod Topics 29:18–41. https://​doi.​org/​10.​
1111/​etp.​12046

	37	 Zinelis S, Eliades T, Eliades G (2010) A metallurgical characteri-
zation of ten endodontic Ni-Ti instruments: assessing the clinical 
relevance of shape memory and superelastic properties of Ni-Ti 
endodontic instruments. Int Endod J 43:125–134. https://​doi.​org/​
10.​1111/j.​1365-​2591.​2009.​01651.x

	38	 Ferreira F, Adeodato C, Barbosa I, Aboud L, Scelza P, ZaccaroS-
celza M (2017) Movement kinematics and cyclic fatigue of NiTi 
rotary instruments: a systematic review. Int Endod J 50:143–152. 
https://​doi.​org/​10.​1111/​iej.​12613

	39.	 Dickson GW (1966) An analysis of vendor selection: systems and 
decisions. J Purch 2:5–17. https://​doi.​org/​10.​1111/j.​1745-​493X.​
1966.​tb008​18.x

	40.	 Han SL, Sung HS (2008) Industrial brand value and relationship 
performance in business markets - a general structural equation 
model. Ind Mark Manag 37:807–818. https://​doi.​org/​10.​1016/j.​
indma​rman.​2008.​03.​003

	41.	 Ho CC (2011) Optimal evaluation of infectious medical waste 
disposal companies using the fuzzy analytic hierarchy process. 
Waste Manag 31:1553–1559. https://​doi.​org/​10.​1016/j.​wasman.​
2011.​02.​020

	42.	 Chan AWY, Ko EHT, Ho EYL, Chiu DKW, Chan EYL (2015) 
Information seeking behaviour and purchasing decision: case 
study in digital cameras. EAI Endorsed Trans Ind Netw Intell 
Syst 2:e3. https://​doi.​org/​10.​4108/​inis.2.​3.​e3

	43.	 Zhang Y (2015) The impact of brand image on consumer behav-
ior: a literature review. OJBM 3:58–62. https://​doi.​org/​10.​4236/​
ojbm.​2015.​31006

	44.	 Doolin B, Dillon S, Thompson F, Corner JL (2005) Perceived risk, 
the internet shopping experience and online purchasing behavior: 
a New Zealand perspective. J Glob Inf Manag 13:66–88. https://​
doi.​org/​10.​4018/​jgim.​20050​40104

	45.	 Luthra S, Govindan K, Kannan D, Mangla SK, Garg CP (2017) 
An integrated framework for sustainable supplier selection and 
evaluation in supply chains. J Clean Prod 140:1686–1698. https://​
doi.​org/​10.​1016/j.​jclep​ro.​2016.​09.​078

	46.	 Mühlbacher AC, Kaczynski A (2016) Making good deci-
sions in healthcare with multi-criteria decision analysis: the 
use, current research and future development of MCDA. Appl 
Health Econ Health Policy 14:29–40. https://​doi.​org/​10.​1007/​
s40258-​015-​0203-4

	47.	 Thangaratinam S, Redman CWE (2005) The Delphi technique. 
Obstet Gynecol 7:120–125. https://​doi.​org/​10.​1576/​toag.7.​2.​120.​
27071

	48.	 Ayre C, Scally AJ (2014) Critical values for Lawshe’s content 
validity ratio: Revisiting the original methods of calculation. Meas 
Eval Couns Dev 47:79–86. https://​doi.​org/​10.​1177/​07481​75613​
513808

https://doi.org/10.1016/j.cden.2003.11.001
https://doi.org/10.1016/j.cden.2003.11.001
https://doi.org/10.1016/j.joen.2012.11.005
https://doi.org/10.1111/iej.12924
https://doi.org/10.1016/j.jebdp.2005.06.001
https://doi.org/10.1111/iej.13182
https://doi.org/10.1111/iej.13194
https://doi.org/10.1016/j.rser.2015.07.100
https://doi.org/10.1111/hex.12287
https://doi.org/10.1111/hex.12287
https://doi.org/10.1016/j.matdes.2017.02.041
https://doi.org/10.1007/s00500-018-3563-5
https://doi.org/10.1002/mawe.201800088
https://doi.org/10.1007/s12046-021-01559-7volVv
https://doi.org/10.1586/14737167.2014.859525
https://www.rand.org/topics/delphi-method.html
https://doi.org/10.1016/j.jenvman.2013.06.049
https://doi.org/10.16953/deusosbil.519872
https://doi.org/10.17093/alphanumeric.559310
https://doi.org/10.1007/s00355-011-0603-9
https://doi.org/10.1007/s00355-011-0603-9
https://doi.org/10.1287/mnsc.29.5.519
https://doi.org/10.1287/mnsc.29.5.519
https://doi.org/10.1016/j.eswa.2016.01.042
https://doi.org/10.1016/j.eswa.2016.01.042
https://doi.org/10.1111/etp.12046
https://doi.org/10.1111/etp.12046
https://doi.org/10.1111/j.1365-2591.2009.01651.x
https://doi.org/10.1111/j.1365-2591.2009.01651.x
https://doi.org/10.1111/iej.12613
https://doi.org/10.1111/j.1745-493X.1966.tb00818.x
https://doi.org/10.1111/j.1745-493X.1966.tb00818.x
https://doi.org/10.1016/j.indmarman.2008.03.003
https://doi.org/10.1016/j.indmarman.2008.03.003
https://doi.org/10.1016/j.wasman.2011.02.020
https://doi.org/10.1016/j.wasman.2011.02.020
https://doi.org/10.4108/inis.2.3.e3
https://doi.org/10.4236/ojbm.2015.31006
https://doi.org/10.4236/ojbm.2015.31006
https://doi.org/10.4018/jgim.2005040104
https://doi.org/10.4018/jgim.2005040104
https://doi.org/10.1016/j.jclepro.2016.09.078
https://doi.org/10.1016/j.jclepro.2016.09.078
https://doi.org/10.1007/s40258-015-0203-4
https://doi.org/10.1007/s40258-015-0203-4
https://doi.org/10.1576/toag.7.2.120.27071
https://doi.org/10.1576/toag.7.2.120.27071
https://doi.org/10.1177/0748175613513808
https://doi.org/10.1177/0748175613513808


Clinical Oral Investigations	

1 3

	49.	 Emovon I, Norman RA, Murphy AJ (2018) Hybrid MCDM based 
methodology for selecting the optimum maintenance strategy for 
ship machinery systems. J Intell Manuf 29:519–531. https://​doi.​
org/​10.​1007/​s10845-​015-​1133-6

	50.	 Abdullah L, Adawiyah C (2014) Simple additive weighting meth-
ods of multi criteria decision making and applications: a decade 
review. Inform Process Manag 5:39–49

	51.	 Elangovan S, Guzman-Armstrong S, Marshall TA, Johnsen DC 
(2018) Clinical decision making in the era of evidence-based den-
tistry. J Am Dent Assoc 149:745–757. https://​doi.​org/​10.​1016/j.​
adaj.​2018.​06.​001

	52.	 Mobinizadeh M, Raeissi P, Nasiripour AA, Olyaeemanesh A, 
Tabibi SJ (2016) A model for priority setting of health technol-
ogy assessment: the experience of AHP-TOPSIS combination 
approach. DARU J Pharm Sci 24:10. https://​doi.​org/​10.​1186/​
s40199-​016-​0148-7

	53.	 Abdel-Basset M, Manogaran G, Gamal A, Smarandache F (2019) 
A group decision making framework based on neutrosophic 
TOPSIS approach for smart medical device selection. J Med Syst 
43:38. https://​doi.​org/​10.​1007/​s10916-​019-​1156-1

	54.	 Hafezalkotob A, Hafezalkotob A (2016) Extended MULTI-
MOORA method based on Shannon entropy weight for mate-
rials selection. J Ind Eng Int 12:1–13. https://​doi.​org/​10.​1007/​
s40092-​015-​0123-9

	55.	 Singh M, Pant M, Godiyal RD, Sharma AK (2020) MCDM 
approach for selection of raw material in pulp and papermaking 
industry. Mater Manuf Process 35:241–249. https://​doi.​org/​10.​
1080/​10426​914.​2020.​17119​17

	56.	 Ertas H, Capar ID, Arslan H, Akan E (2014) Comparison of 
cyclic fatigue resistance of original and counterfeit rotary instru-
ments. Biomed Eng Online 13:67. https://​doi.​org/​10.​1186/​
1475-​925X-​13-​67

	57.	 Rodrigues CS, Vieira VTL, Antunes HS, De-Deus G, Elias CN, 
Moreira EJL, Silva EJNL (2018) Mechanical characteristics of 
counterfeit Reciproc instruments: a call for attention. Int Endod J 
51:556–563. https://​doi.​org/​10.​1111/​iej.​12792

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s10845-015-1133-6
https://doi.org/10.1007/s10845-015-1133-6
https://doi.org/10.1016/j.adaj.2018.06.001
https://doi.org/10.1016/j.adaj.2018.06.001
https://doi.org/10.1186/s40199-016-0148-7
https://doi.org/10.1186/s40199-016-0148-7
https://doi.org/10.1007/s10916-019-1156-1
https://doi.org/10.1007/s40092-015-0123-9
https://doi.org/10.1007/s40092-015-0123-9
https://doi.org/10.1080/10426914.2020.1711917
https://doi.org/10.1080/10426914.2020.1711917
https://doi.org/10.1186/1475-925X-13-67
https://doi.org/10.1186/1475-925X-13-67
https://doi.org/10.1111/iej.12792

	Development of a multi-criteria decision-making–based assessment model for dental material selection: Engine-driven nickel-titanium instruments case study
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusions 
	Clinical relevance 

	Introduction
	Materials and methods
	Theory
	Step 1: Criteria determination with Delphi method
	Step 2: Criteria ranking with smart pairwise comparisons
	Step 3: Weight determination with Borda count
	Step 4: Assessment score generation with SAW
	Step 5: Simulation of the assessment model

	Results
	Step 1: Criteria determination with Delphi evaluation
	Step 2: Importance determination with smart pairwise comparison results
	Step 3: Weight determination with Borda Count
	Step 4: Assessment model generation and validity check
	Step 5: Simulation of the assessment model

	Discussion
	Acknowledgements 
	References


