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ABSTRACT
Objectives
This study aimed to identify the 150 most-cited articles related to nickel-titanium (Ni-
Ti) instruments and to evaluate the influence of authors, institutions, and countries in 
shaping research trends in this field.

Material and Methods 
A comprehensive search was conducted through the Web of Science Core Collec-
tion. Data extracted from each article included title, total citations, publication year, 
study design, country of origin, co-authorship patterns, and bibliographic coupling. 
VOSviewer software was applied to visualize collaboration networks and keyword 
relationships.

Results 
The selected articles accumulated a total of 19.790 citations, with individual citation 
counts ranging from 68 to 637. A significant proportion (n = 92) achieved over 100 
citations. The year 2012 yielded the highest number of highly cited publications (n = 
13). The United States, Italy, and Brazil were leading contributors to the literature. The 
University of Zurich and Sapienza University of Rome produced the most frequently 
cited works. Most studies were laboratory-based (n = 133), with common keywords 
including “nickel-titanium”, “cyclic fatigue”, and “nickel-titanium instruments”.

Conclusion 
This bibliometric analysis highlights major contributions and evolving trends in Ni-Ti 
instrument research within endodontics. The high citation impact reflects the critical 
role of Ni-Ti innovations in advancing endodontic practice and sustaining strong aca-
demic interest.
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ÖZ
Amaç 
Bu çalışmanın amacı, nikel-titanyum (Ni-Ti) enstrüman-
larıyla ilgili en çok atıf alan 150 makaleyi belirlemek ve bu 
alandaki araştırma eğilimlerinin şekillenmesinde yazarlar, 
kurumlar ve ülkelerin etkisini değerlendirmektir.

Gereç ve Yöntemler
Web of Science Core Collection veritabanında kapsamlı bir 
arama yapılmıştır. Her makaleden elde edilen veriler arasın-
da başlık, toplam atıf sayısı, yayın yılı, çalışma tasarımı, 
kaynak ülke, ortak yazarlık örüntüleri ve bibliyografik 
eşleşme analizleri yer almıştır. İş birliği ağlarını ve anahtar 
kelime ilişkilerini görselleştirmek amacıyla VOSviewer 
yazılımı kullanılmıştır.

Bulgular
Seçilen makaleler toplam 19.790 atıf almıştır ve bireysel 
atıf sayıları 68 ile 637 arasında değişmiştir. Önemli bir 
kısmı (n = 92) 100’ün üzerinde atıf almıştır. En fazla atıf 
alan makalenin yayımlandığı yıl 2012’dir (n = 13). 

Literatüre en fazla katkı sağlayan ülkeler Amerika Birleşik 
Devletleri, İtalya ve Brezilya olmuştur. En çok atıf alan 
çalışmaları üreten kurumlar arasında Zürih Üniversitesi 
ve Roma Sapienza Üniversitesi öne çıkmıştır. Çalışma-
ların büyük çoğunluğu laboratuvar temellidir (n = 133) ve 
yaygın kullanılan anahtar kelimeler arasında “nickel-tita-
nium”, “cyclic fatigue” ve “nickel-titanium instruments” 
yer almaktadır.

Sonuç
Bu bibliyometrik analiz, endodontide Ni-Ti enstrüman 
araştırmalarındaki önemli katkıları ve gelişen eğilimleri 
ortaya koymaktadır. Yüksek atıf etkisi, Ni-Ti yeniliklerinin 
endodontik uygulamayı geliştirmedeki kritik rolünü ve ala- 
na yönelik akademik ilgiyi sürdürdüğünü göstermektedir.

Anahtar Sözcükler
Bibliyometrik analiz, Atıf, Döngüsel yorgunluk, Dental te-
knoloji, Nikel-Titanyum enstrüman, Kök kanal tedavisi

INTRODUCTION
Bibliometrics represents a quantitative approach for exa- 
mining scholarly literature, employing various metrics to 
assess scientific publications. This analytical method evalu-
ates multiple dimensions of academic articles, including the 
impact factor of journals, citation patterns, research metho- 
dologies, study designs, and authorship details (1). Biblio-
metric analysis can elucidate information trends, identify 
gaps in existing literature, highlight significant journals, 
and identify countries with high productivity in a specific 
research area (2).

Evaluative bibliometric analyses are based on the assess-
ment of scientific publication references using mathemati-
cal methods. These methods, known as citation analysis, en-
able the identification of citation frequencies and patterns, 
thus allowing the determination of how an article has influ-
enced subsequent publications over time. In this context, 
a citation represents the scholarly practice of refe- rencing 
similar pioneering works produced prior to one's own sci-
entific writing. In the field of bibliometrics, citation analysis 
stands as one of the most prevalent techniques employed. 
This approach functions as a mechanism for evaluating the 
influence of scholarly publications by examining citation 
data accrued by academic works (2,3). Moreover, highly 
cited articles may exert greater influence on subsequent 
research, thereby contributing to the knowledge base in a 
particular field, which may lead to significant changes in 
clinical practice (4,5).

Rigorous bibliometric analyses can establish solid ground-
work for propelling a discipline forward in innovative and 
significant ways. Such studies empower scholars to gain a 
holistic perspective, uncover research gaps, formulate novel 
investigative directions, and contextualize their prospective 
contributions within the broader academic landscape (6).

Nickel-titanium (Ni-Ti) alloys were first used in dentistry in 
1971 for the production of orthodontic wires, owing to their 
shape memory effect and super elasticity (7). The advent of 
Ni-Ti alloys and their incorporation into shaping techniques 
heralded the commencement of a transformative period 
in endodontic practice. Technological advancements have 
led to the development of instruments that enable more 
anatomically precise and efficient root canal preparations. 
These innovations aim to reduce procedural duration while 
simultaneously enhancing the comfort experienced by both 
dental professionals and their patients. 

Consequently, these continuously improved instruments, 
actively used in every endodontic treatment, have begun to 
constitute an integral part of the clinical practice (7). Alt- 
hough the production of stainless steel manual endodon-
tic instruments has been standardized, there is no single 
standard for Ni-Ti rotary instruments (8). In recent years, 
various Ni-Ti file systems have been introduced, featuring 
modifications in design, surface treatments, and thermal 
processing, as well as heat treatment and reciprocating ro-
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tary motion. A wide range of file systems with diverse cha- 
racteristics is available in the market (9).

The rapid proliferation of new Ni-Ti systems and the expo-
nential growth of related publications have created a vast 
and fragmented body of literature, making it increasingly 
difficult to identify the studies that have most shaped mo- 
dern endodontic practice. Mapping the citation structure of 
this field is therefore essential to reveal key contributors, 
influential collaborations, and evolving research themes 
(7,10,11).

Although numerous studies on Ni-Ti instruments exist, no 
comprehensive bibliometric evaluation has yet been con-
ducted. Such an analysis is essential for the endodontic 
community, as it highlights historical trends, identifies lea- 
ding contributors, and directs future investigations toward 
underexplored or emerging areas of Ni-Ti instrument deve- 
lopment. Previous analyses in dentistry have focused main-
ly on subfields such as regenerative endodontics, implan-
tology, and orthodontics (1,12,13), and have generally been 
limited to the top 100 cited papers. Expanding this scope to 
the top 150 allows for a more representative and inclusive 
understanding of the scientific landscape.

By integrating traditional citation metrics with network 
visualization techniques (co-authorship, keyword co-oc-
currence, and bibliographic coupling) using VOSviewer 
software, the present study provides a multidimensional 
view of the Ni-Ti research ecosystem (6). From a clinical 
perspective, identifying citation patterns helps highlight 
innovations that have most influenced contemporary endo- 
dontic instrumentation and guides future evidence-based 
research directions (14,15).

Accordingly, this study offers the first comprehensive bib-
liometric mapping of Ni-Ti instrument research between 
1990 and 2025, identifying influential articles, collabora-
tive networks, and thematic trends that define the evolution 
and future trajectory of this field.

MATERIAL and METHODS
Ethical considerations
As this study was based exclusively on secondary biblio-
metric data obtained from publicly accessible databases, no 
ethical approval was required and no human or animal sub-
jects were involved.

Data collection
An advanced electronic search was conducted using the 
Web of Science Core Collection database via Thomson Re-
uters Web of Science to identify published articles on Ni-Ti 
instruments. The information obtained from this database 
was used for information analysis and the creation of sci-
entific maps. Data were acquired on January 6, 2025. The 
search aimed to achieve maximum comprehensiveness by 
selecting the 'All Fields' option.

The exact search strategy used in the Web of Science Core 
Collection was as follows:
TS = ("endodontic instruments" OR "Ni-Ti instruments" 
OR "nickel-titanium instruments" OR "Ni-Ti rotary instru-
ments" OR "Ni-Ti shape memory alloys" OR "nickel-titani-
um" OR "Ni-Ti" OR "Ni-Ti files"). English-language artic- 
les categorized under Citation Topic Meso 'Dentistry-Oral 
Medicine' and Citation Topic Micro 'Endodontics' were 
included. The Web of Science Index selections comprised 
Science Citation Index Expanded (SCI-Expanded) and 
Emerging Sources Citation Index (ESCI). A total of 2349 
articles were included in the research data.

Two independent researchers conducted preliminary 
searches to establish the search terms for the study. Both 
researchers independently reviewed each article for inclu-
sion in the list of the most-cited articles. To avoid errors, 
data were verified twice. Any disagreements regarding 
data extraction were resolved by discussion and consensus. 
The articles were arranged in descending order according 
to their citation count, with more recently published artic- 
les receiving higher rankings in instances where multiple 
articles had obtained an equivalent number of citations. In 
instances where multiple affiliations were identified for the 
primary author, only the initial affiliation was documented. 
After organizing the list in descending order according to 
the citation count, 15 articles were excluded because they 
did not focus on the area of interest.

The 150 most cited articles were selected and compiled in 
a database using the following parameters: article title, ins- 
titution and country, journal title, publication year, author 
citation analysis, co-author analysis, bibliographic coupling 
analysis of texts, study design, number of citations received 
by each article since its publication date, and keywords.

Data visualization and analysis
The software program VOS viewer version 1.6.20 was used 
for the visualization of similarities. VOS viewer analyzed 
the data in the form of maps, generating clusters based 
on bibliographic coupling analysis of documents, citation 
counts, co-authors, countries, keywords, and texts. A visual 
analysis was conducted for the number of publications and 
presented in the form of a cluster, with the relationship to 
other elements indicated by the distance between clusters.

RESULTS
The 150 most cited publications on Ni-Ti instruments re-
ceived 18.855 citations excluding self-citations and 19.790 
citations in total. The average number of citations per article 
was 131.93. The relationship between the number of cita-
tions and publication years is illustrated in Figure 1. 

The most frequently cited articles were listed in Table 1 in 
descending order of citation count, along with their ave- 
rage number of citations per year. The most frequently cited 
article on Ni-Ti instruments received 637 citations. In the 
list of most cited articles, 92 papers garnered 100 or more 
citations, thus qualifying as citation classics.
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Table 1. Title, publication year, authors, average and total citation count of the 150 most cited articles.

Figure 1. Relationship between citation counts and years of publications.
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Citation of authors
The author with the highest number of citations for their 
articles was Ove Peters with 2127 citations, followed by 
Harrold H. Messer with 1028 citations, Platino Gianluca 
with 957 citations, and Schönenberger K with 846 citations. 
Among the analyzed publications, 110 articles involved 
contributions from one to 5 authors, while the remaining 

40 articles featured collaborations of 6 to 10 authors. The 
author citation analysis was visually represented employing 
VOS viewer software. In this visualization, the dimensions 
of nodes correspond to the publication output of individual 
authors, while the interconnecting lines depict the intensity 
of collaborative relationships among researchers (Fig. 2).

Upon examination of authors who have published at least 
five articles regarding Ni-Ti instruments and their publica-
tion counts, Ove Peters emerged as the most prolific author 
with 12 articles. Grande Nicola Maria, Plotino Gianluca, 

and Gambarini Gianluca followed with 10 publications 
each. Authors with a minimum of 5 publications and their 
respective publication counts were presented (Tab. 2).

Figure 2. Citation of authors.

Figure 3. Co-Author analysis collaboration network.

Table 2. Authors with a minimum of five publications and their publication counts.
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Co-authorship of authors
A minimum publication count of one was selected for each 
author, and using this data, a collaboration network was 
developed for co-authors contributing to the article (Fig. 3).

Publication years-titles
The 150 most cited articles produced using Ni-Ti instru-
ments were published in four journals. All of these journals 
are categorized as Sci-Expanded. The highest number of 

most cited articles was published in 2012 (n = 13). This was 
followed by articles published in 2010 (n = 12), 2006 (n = 
11), and 2001 (n = 10), respectively. The years 2015, 2007, 
and 1998 had the least number of publications (Tab. 3).

Country and institution citation analysis 
The 150 most cited articles were produced by 27 countries. 
Upon examination of the countries contributing to publica-
tions, the United States of America (USA) (n = 39), 
Italy (n = 25), and Brazil (n = 25) emerged as the primary 
contributors. A collaboration network was constructed for 
the citation analyses of countries. In the figure, node size 
represents the number of citations received by each country, 
while connecting lines represent the strength of collabora-
tions between countries and authors (Fig. 4).

Universities that produced at least five or more publications 
related to the subject are depicted in Table 4. The institu-
tions with the highest number of publications were the Uni-
versity of Zurich (n = 12), Sapienza University of Rome (n 
= 11), University of Münster (n = 9), and University of the 
Pacific (n = 9).

Keywords analysis
The top 10 most frequently occurring keywords from the 
150 most cited studies are nickel-titanium (n = 34), cyclic 
fatigue (n = 21), nickel-titanium instruments (n = 11), root 
canal preparation (n = 11), m-wire (n = 9), ProTaper (n = 
9), rotary instruments (n = 8), reciprocating motion (n = 8), 
self-adjusting file (n = 7), and canal transportation (n = 6). 

Table 3. Number of publications by year for the 150 most cited articles

Figure 4. Citation analysis and collaboration network of countries.
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Bibliographic coupling of documents
The documents that were identified as having cited one or 
more common sources in the reference lists of the 150 most 
cited articles were designated as bibliographically coupled 
documents. A visualization was generated wherein the node 
size represents the authors' citation counts, and the lines 
indicate the authors who produced the coupled documents 
(Fig. 5).

Analysis of study design
The 150 most cited articles were examined, and the study 
design of these articles were determined. Of the publica-
tions, 133 were in vitro studies, 11 were clinical studies, two 
were methodology studies, two were randomized clinical 
trials, one was a retrospective cohort study, and one was a 
case-control study.

DISCUSSION 
This bibliometric analysis represents the first of its kind to 
evaluate the 150 most cited articles and their fundamental 
characteristics in the field of Ni-Ti instruments, which led to 
a significant advancement in endodontics, by including all 
articles from 1990 to 2025 in the research area. 

A comprehensive literature review was conducted in the 
database for all time periods to identify articles in the field 
of Ni-Ti instruments, thereby preventing any potential loss 
of data from any publication year. In bibliometric studies, 
the top 100 articles are generally examined when evaluating 
article citation numbers (1,4,16). Upon examining the artic- 

les in the field of Ni-Ti instruments, we determined that the 
citation numbers were considerably high and included 150 
articles in our study.

Scientific articles featured in the list of most frequently cited 
papers in their respective fields provide significant data, and 
the citation count reflects the quality of the article (12,13). 
Typically, a research paper with 100 or more citations is 
considered a 'classic' in its field (17). In our study, the most 
cited article received 637 citations. The second and third 
most cited articles garnered 534 and 466 citations, respec-
tively. Of the 150 articles, 92 can be classified as 'classic' 
papers based on their citation counts. Furthermore, exami- 

Table 4. Institutions with five or more publications among the 150 most-cited articles.

Figure 5. Visualization of authors' bibliographic coupling analysis.
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ning the remaining 58 articles reveals that the article ranked 
last in terms of citations still received 79 citations. 

When determining the country of origin for the most ci- 
ted articles, the institutions affiliated with the first authors 
were evaluated, and the United States of America ranks first 
with 39 articles and 5745 citations. Italy, with 25 articles 
and 2996 citations, and Brazil, with 25 articles and 2689 
citations, hold significant positions. This result aligns with 
other bibliometric studies conducted in the field of dentist-
ry (1,13). As demonstrated in other scientific measurement 
analyses, the United States of America is the leading coun-
try in most research areas within the medical field (18). 
The presence of a comprehensive scientific community and 
larger research budgets have likely contributed to the sig-
nificant contribution made by the United States (19). This 
demonstrates its preeminence in several areas: substan-
tial research and development funding allocated by both 
government entities and private organizations, a higher 
concentration of highly educated professionals, increased 
researcher mobility, and the presence of multiple state-of-
the-art research facilities. As a result, this has positioned the 
United States as the preeminent nation in terms of scien-
tific and technological innovation (20). The University of 
Zurich (n = 12) has made the largest contribution among 
the institutions affiliated with first authors in the top 150 
most cited articles. This is followed by Sapienza University 
Rome (n = 11). Among the institutions located in the Uni- 
ted States, no single one stands out; instead, many different 
universities and researchers have contributed to this field. 
This highlights the quality of universities nationwide and 
the propensity for producing high-quality publications.

Ni-Ti instruments have garnered significant attention since 
their introduction in the field of endodontics, resulting in 
numerous studies and theses (21). Articles with earlier pub-
lication dates may have higher citation counts compared to 
more recent publications, as they have been accessible to 
researchers in databases for a longer duration. Converse-
ly, a recently published article may surpass an older one 
in citation count (4). In our study, an examination of the 
publication years revealed that the highest number of ar-
ticles (n = 13) were published in 2012. When considering 
the publication years of the most cited articles, a generally 
balanced distribution was observed; however, only three ar-
ticles from each of the years 2015, 2007, and 1998 were 
included in the list of most cited articles. Nevertheless, it 
will be possible to evaluate how the citation counts of these 
articles will change over time or to assess the status of the 
results evaluated in this article as time progresses. There 
may be a tendency among researchers to adhere to a par-
ticular pattern, which could create a 'snowball effect' in ci-
tations due to authors gravitating towards highly cited pub-
lications rather than reassessing their relevance and quality 
(22). While foundational, this phenomenon may obscure 
newer, potentially transformative research that has not 
yet had sufficient time to accumulate comparable citation 
counts. This suggests a potential area for future bibliomet-

ric studies to incorporate alternative metrics that account 
for recency or emerging impact. In our study, a total of 13 
publications from 2015 (n = 3), 2016 (n = 4), and 2017 (n = 
6) were able to enter the list of the 150 most cited articles, 
with no publications after 2017 appearing on the list of most 
cited articles. This may be a result of authors' tendency to 
adhere to established patterns or to gravitate towards more 
frequently cited articles.

Of the 150 most cited articles in the field of Ni-Ti instru-
ments, 133 comprise in vitro studies. Although in vitro 
studies play a fundamental role in developing new materi-
als and protocols, their predominance among the most-cited 
articles -133 compared to only 11 clinical studies and two 
randomized clinical trials- reveals a critical gap in the li- 
terature. Because in vitro results cannot be directly translat-
ed into clinical practice (19), there is a clear need for more 
well-designed clinical and translational research to validate 
these findings and strengthen the evidence base for Ni-Ti 
instrument use. Although the results of in vitro studies can-
not be directly translated to clinical practice, in vitro models 
allow for well-controlled environments when developing 
scientific fields, rendering them crucial for testing new pro-
tocols, materials, and instruments (14). There are over 200 
brands of Ni-Ti instrument systems available in the market, 
with the number increasing continuously (9). 

When evaluating researchers, research productivity is a sig-
nificant criterion for assessment, as productive researchers 
tend to have higher citation counts (10). In our study, Ove 
Peters emerged as both the most cited and the most pro-
ductive author. Conversely, while Messer Harold H. ranked 
second in the citation ranking with 1028 citations, he had 4 
articles in the list of most cited papers. 

Upon examination of the co-author analysis, it was ob-
served that Platino Guanlica demonstrated the highest level 
of collaboration with other authors. This researcher has se- 
ven publications and collaborations with 22 authors. De-de-
us Gustavo has 4 publications with collaborations involving 
20 authors. Gambarini Gianluca has 5 publications and a 
collaborative network with 14 different authors. Tasterelli 
Luca has four publications with collaborations involving 14 
authors, while Grande Nicola M. has 5 publications with 
collaborations involving 13 different authors. The colla- 
borative nature of these 3 authors' work can be discerned 
through an examination of the co-authorship analysis net-
work visualization. 

Keywords constitute a crucial component of academic ar-
ticles. The utilization of keywords during literature review 
facilitates researchers in obtaining relevant results (23). 
Consequently, researchers should select and include easily 
searchable keywords when determining them for publica-
tions (24). In our study, the keyword analysis revealed that 
the most frequently used keyword was "nickel-titanium". 
This outcome was anticipated. It was followed by the key-
words "cyclic fatigue" and "nickel-titanium instruments". 
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The presence of "cyclic fatigue" as the second most fre-
quent keyword provides insight into the content of the most 
cited articles. The keyword analysis highlighted recurring 
themes such as cyclic fatigue, reciprocating motion, and 
heat-treated Ni-Ti alloys, pointing to both enduring and 
emerging research areas. 

Bibliographic coupling is predicated on the premise that 
two publications sharing common references are likely to 
exhibit similarity in content (25). This approach facilitates 
the visualization of recent contributions that have not yet 
accrued substantial impact, thereby reflecting the most cur-
rent scientific output in the field. This analysis generates 
thematic clusters derived from publications with shared 
bibliographic citations, thus offering a more up-to-date de-
piction of the research landscape (6). This analysis emp- 
loys spheres whose dimensions correspond to the aut- 
hors' aggre- gate citation counts. The spatial relationships 
between these spheres, along with the varying thicknesses 
of their interconnecting lines, reflect the extent of similarity 
among articles, as determined by the quantity of referen- 
ces they share. Upon examining the bibliographic coupling 
analysis of the texts in our study, researchers with over 180 
citations, such as Peter Ove, Schönenberger K, Barbakow 
F, and Laib A, were found to have a high rate of citing com-
mon publications in their work. 

Several limitations are encountered when conducting re-
search using the WOS Core Collection. One such limitation 
is the inability to include sources that have not been dis-
seminated internationally through the Scopus and PubMed 
databases in analyses performed on listed studies.

Article metadata provided through databases can be used as 
a method of accessing content. Visualization tools emplo- 
ying these data demonstrate collaborations and periods of 
research productivity. Generally, VOS viewer is an excel-
lent tool for information specialists to map and visualize 
where author and keyword networks are situated within a 
field of study (11). Another limitation is that the program 
may interpret authors using different publication names 
as separate individuals, potentially dividing the data and 
causing issues in visualization. It is recommended that re-
searchers carefully examine the results and visuals to avoid 
errors when obtaining data using this program.

Another important limitation relates to potential data-
base-related bias. Because this study relied exclusively on 
the Web of Science Core Collection, articles indexed solely 
in other major databases such as Scopus or PubMed may 
not have been captured. Differences in indexing policies, 
journal coverage, and citation tracking across platforms can 
influence citation counts, the visibility of specific authors 
or countries, and the overall representation of the scienti- 
fic landscape. Therefore, the trends and rankings reported 
in this bibliometric analysis should be interpreted with the 
understanding that database selection inherently shapes the 
scope and output of such evaluations.

CONCLUSION
This bibliometric analysis provides a comprehensive over-
view of the evolution, influential contributors, and major 
research trends related to Ni-Ti instruments in endodontics. 
By mapping citation patterns and identifying leading au-
thors, institutions, and themes, the study highlights the piv-
otal role of Ni-Ti instrument research in advancing endo- 
dontic science. The consistently high citation counts of the 
analyzed articles underscore their significant scientific in-
fluence and enduring relevance within the field. Important-
ly, these findings also indicate future research priorities-par-
ticularly the need to translate in vitro discoveries into robust 
clinical evidence-to ensure that technological innovations 
in Ni-Ti instruments continue to enhance patient care and 
evidence-based clinical practice.
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