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ABSTRACT

Background and Aim: The aim of this study is to identify the
100 articles in orthodontics and orthognathic surgery based
on the annual citation rate, to reveal the scientific impact of
these articles, and to identify the key research areas and trends
shaping the literature.

Materials and Methods: Articles and reviews were searched
in the Scopus database using the keywords “orthodon*”
and “orthognat*" resulting in 217,121 publications. The
publications were ranked based on their annual citation
rates, identifying the top 100 most influential articles.
Data visualization was conducted using VOSviewer and the
Bibliometrix Biblioshiny R-package, while Microsoft Excel was
utilized for data tabulation.

Results: The articles with the highest annual citation rate span
the period from 1982 to 2024. The highest annual citation
rate is 45.33, with a total citation count of 272. The journals
that have published the most articles are the American Journal
of Orthodontics and Dentofacial Orthopedics and The Angle
Orthodontist. The United States of America (USA) is the most
contributing country, while Saveetha University is the most
contributing institution. The most contributing author was
Franchi L. Thematic areas prominently featured clear aligners,
artificial intelligence, and digital dentistry.

Conclusions: The annual citation rate offers a contemporary
perspective on the scientific impact of articles, indicating that
modern treatment approaches and digital technologies are
emerging trends in the literature. The findings indicate that
an approach based on the annual citation rate provides a more
balanced and up-to-date evaluation of scientific impact.
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INTRODUCTION

Over the past two decades, substantial advancements
have been achieved in orthodontics, particularly through
integrating digital dentistry and artificial intelligence
technologies.! Among these developments, noteworthy are
the rapid rise in popularity of orthodontic treatments using
clear aligners,? the implementation of digital scanning and
three-dimensional modeling systems enabling more precise
and personalized treatment planning,** and the effective
management of the treatment process through artificial
intelligence, allowing for more reliable predictions of
potential treatment outcomes. Digital dentistry, particularly
in aligner treatments, has facilitated a more comfortable,
aesthetic, and accelerated treatment process for patients
by enabling the production of patient-specific aligners
using 3D printing technology.”> Additionally, Al-supported
softwareenablesmoreprecise planning of toothmovements,
resulting in more predictable treatment outcomes®®
Keeping up with current developments in orthodontics
is crucial for enhancing the quality of clinical practice and
meeting patients’ increasing expectations by effectively
adapting to rapidly advancing technologies. However, the
ever-increasing number of published articles presents a
significant challenge for both researchers and clinicians
in identifying studies of the highest quality and greatest
clinical effectiveness.® Therefore, systematically evaluating
the existing literature and providing comprehensive insights
to readers through bibliometric analyses are becoming
increasingly important.!®t¢ Bibliometric analyses assess
the citation performance, impact, and contributions of
scientific publications within a specific field, facilitating the
identification of exemplary studies and thematic trends.
Analyzing high-impact publications is particularly crucial
for understanding advancements in orthodontics and
orthognathic surgery, as well as for identifying studies that
significantly influence the direction of future research.'?

A common approach in existing literature is to evaluate
the 100 most impactful articles in orthodontics based on
their total citation counts.**1® Nevertheless, it is expected
that older publications will accumulate a higher number
of citations. To address this issue, creating a top 100 list
based on the annual citation rate offers a more reliable and
balanced analysis.

This study represents the first investigation to identify the
most significant articles in the fields of orthodontics and
orthognathic surgery based on annual citation rates, aiming
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10 address a notable gap in knowledge within these areas.
Previous bibliometric studies in orthodontics have typically
employed ranking systems based solely on the total number
of citations each article has received.®*>%7 Evaluating an
article’'s impact based solely on total citation count can be
misleading. High-quality and original articles published more
recently may be overlooked with this approach,'® as studies
generally accumulate more citations the longer they remain
in the literature.’® Research indicates that articles often
achieve their highest scientific impact between 10 and 20
years after publication.!>?% Therefore, the future impact of
recently published articles is frequently underestimated.
The average annual citation rate is a valuable metric that
more accurately reflects the scientific potential of newer
articles, which have not yet accumulated a high total
citation count29et

This study aims to evaluate the most impactful publications
in the fields of orthodontics and orthognathic surgery
literature, ranked according to annual citation rate, by
employing bibliometric analysis. The data obtained will
provide insights into how research in orthodontics and
orthognathic surgery has evolved and identify which topics
have attracted greater attention within the scientific
community.

MATERIALS AND METHODS

On August 30, 2024, a search was conducted in the Scopus
database using the query: (ALL (“orthodon*”) OR ALL
("orthognat*)) AND (LIMIT-TO (DOCTYPE, “ar") OR LIMIT-TO
(DOCTYPE, "re")) AND (EXCLUDE (PUBYEAR, 2025)), which
included articles and reviews, while excluding publications
from the year 2025. The search encompassed all fields,
resulting in a total of 217,121 exported publications.
Subsequently, an Excel formula was developed to calculate
the annual citation rate [Total number of citations of
the article / (2024 - publication year of the article +1)].
Publications were then ranked based on this calculated
annual citation rate.

To identify relevant articles, two researchers independently
reviewed the publications ranked according to their annual
Citation rates. Initially, articles were evaluated based on their
titles and abstracts. In cases of uncertainty, the full texts
were examined to determine relevance to the study topic.
The lists compiled by both researchers were subsequently
compared by a third researcher. Any discrepancies were
discussed and resolved through an online meeting involving
all three researchers, resulting in the final selection of
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the top 100 articles. Following this selection, the two
researchers conducted an additional online meeting to
classify the articles according to topic areas and study
types.

For the bibliometric analysis and visualization of data
obtained in this study, VOSviewer (Center for Science and
Technology Studies, Leiden University) and the Bibliometrix
Biblioshiny R-package software programs were utilized.
These software packages offer advanced visualization
tools, enabling detailed examination and interpretation of
bibliometric maps.®

VOSviewer version 1.6.20 was downloaded from the official
VVOSviewer website. To prevent incorrect processing of
the exported .csv dataset by the software, the data were
initially opened and edited in Microsoft Excel (Microsoft,
Inc, Redmond, Washington). These edits involved correcting
various inaccuracies, including author names, journal titles,
and country names.

The Biblioshiny R-package is a unique open-source tool
designed for conducting comprehensive science mapping
analyses. It supports a recommended workflow for
performing bibliometric analyses and is programmed in
the R language, making it flexible, easily upgradable, and
compatible with other statistical R packages.”® These
features make it particularly valuable in a continuously
evolving field such as bibliometrics. For analysis with
Biblioshiny, data were exported in “bib" format, processed
within the software, and subsequently visualized. Microsoft
Excel was used for data tabulation. Ethical approval was not
required, as the research did not involve clinical studies or
patient data.

RESULTS

A comprehensive search of the Scopus database, using
keywords related to orthodontics and orthognathic surgery,
yielded a total of 217,121 articles. These articles were
ranked according to their annual citation rates, and the
top 100 most-cited articles were selected (Table 1). The
selected articles span the period from 1982 to 2024. The
article with the highest annual citation rate received 45.33
Citations per year, accumulating a total of 272 citations.

Among the countries contributing most significantly, the
USA ranked first with 32 articles and 10,726 citations,
followed by Italy with 14 articles and 3,674 citations, and
Indiawith 12 articlesand 2,352 citations (Table 2). Saveetha
University was the leading contributing institution with
7 articles and 1,419 citations, followed by the University

of Michigan with 6 articles and 2,118 citations, and the
University of Florence with 4 articles and 1,732 citations
(Table 3).

The most productive author was Franchi L. with 4 articles
and 1,732 citations, followed by McNamara Jr. |. A, with 3
articles and 1,573 citations (Table 4). Figure 1 illustrates
the distribution of the top 100 articles, ranked by annual
Citation rate, across the studied period.

The analysis of authors’ keywords revealed that the most
frequently occurring terms were orthodontics, systematic
review, artificial intelligence, deep learning, clear aligners,
machine learning, orthognathic surgery, periodontal
ligament, cervical vertebrae, and bone remodeling. The
results of the frequency analysis of authors' keywords are
presented in Figure 2. Figure 3 illustrates the distribution
of trending authors’ keywords over the years, while Figure
4 depicts the network structure of these keywords,
Additionally, Figure 5 demonstrates the geographical
distribution of contributing countries.
Themostcommon thematic areas were aligners (19 articles),
artificial intelligence (11 articles), and digital dentistry
(9 articles) (Table 5). The most frequently encountered
study types included systematic reviews (23 articles),
narrative literature reviews (18 articles), and prospective
studies (14 articles) (Table 6). The journals publishing the
highest number of articles were the American Journal of
Orthodontics and Dentofacial Orthopedics and the Angle
Orthodontist (Table 7).

DISCUSSION

The average annual citation rate is an essential metric,
accurately reflecting the scientific potential of newer
articles that have not yet accumulated high total citation
counts.”®?t This study addresses a notable gap in the field
by presenting a ranking based on annual citation rates,
providing an objective assessment of how effectively
studies maintain or increase their scientific influence over
time.

Three major databases—Google Scholar, Scopus, and
Web of Science (WoS)—are commonly utilized for
bibliometric analyses. Among these, Scopus is the most
widely employed database due to its reliable information
collection and advanced analytical tools.”* The utilization
of the Scopus database in our study ensured reliable data
collection and provided a robust foundation for the analysis.
Its extensive journal coverage and detailed bibliometric
analysis capabilities enabled accurate identification of the
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Table 2. The most contributing countries with more than two publications

Country or Region Number of Articles Number of Citations

USA 32 10726

Italy 14 3674

India 12 2352
South Korea 9 1746
Germany 8 1366
China 8 908
United Kingdom 6 2687
Japan 5 1951
Brazil 5 1138
Canada 5 597
Saudi Arabia 5 645
Canada 5 597
Australia 4 809
Greece 4 657
Belgium 3 1120
Taiwan 3 871
United Arab Emirates 3 345

Table 3. Institutions contributing the most with more than two publications

Saveetha University 7 1419
University of Michigan 6 2118
University of Florence 4 1732

Seoul National University 4 550
University of North Carolina 3 1111
Yonsei University 3 415
University of Alberta 3 372
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Table 4. Authors contributing the most with more than two publications

“ Number of Articles Number of Citations

Franchi L. 4 1732
McNamara Jr. J.A. 3 1573
Flores-Mir C. 3 372
Kim H. B 362
.
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Figure 1. Distribution of the top 100 articles ranked by annual citation rate by year
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Figure 2. Frequency analysis of author's keywords
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Figure 3. Annual distribution of trending authors’ keywords
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most influential articles in orthodontics and orthognathic
surgery based on their annual citation rates.

Web of Science and Scopus have traditionally been the two
most commonly used databases for bibliometric analyses.?®
These databases have been extensively compared through

decalcification
bonding

direct coverage comparisons®®?’ as well as citation-based
comparative studies.”® Numerous comparative analyses
have demonstrated that while Scopus offers broader
journal coverage, Web of Science is more selective regarding
the journals' indexes. Specifically, approximately 99.11%
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Figure 5. Geographical distribution of contributing countries.

of journals indexed in Web of Science are also included
in Scopus, whereas only 33.93% of Scopus-indexed
journals appear in Web of Science.”> Given that our study
focuses specifically on identifying the top 100 influential
publications, the Scopus database was preferred due to its
broader coverage.

Upon examination of the articles ranked by annual citation
rate, it was determined that the selected articles were
published between 1982 and 2024, with the highest
density of publications observed in 2020 (12 articles). The
article with the highest annual citation rate (45.33 citations
per year) was published in 2019.%° The majority of the top
100 articles appeared in recent years, notably in 2018 (10
articles), 2019 (8 articles), 2020 (12 articles), and 2021 (8
articles). While bibliometric studies utilizing total citation
counts typically concentrate article distributions between
2000 and 2010,'%*° our study highlights newer and more
contemporary research by employing the average annual
Citation rate as the ranking criterion.

The publication with the highest total citation count and
the publication with the highest annual citation rate®®
were found to be different. The article with the highest
total citation count was older, whereas the highest annual
Citation rate belonged to a more recent publication from
2019. From another perspective, although the publication
with the highest annual citation rate?® accumulated a
total of 272 citations, the publication with the lowest
annual citation rate3! within the top 100 had a higher total

RANKING OF ORTHODONTIC PAPERS BY ANNUAL CITATION RATES

Citation count (312 citations). This finding highlights that
relying solely on total citation counts can be misleading,
underscoring the significance of annual citation rate as an
essential metric. Therefore, evaluating studies based on
the annual citation rate provides a valuable complementary
approach, allowing recent but impactful publications to
achieve appropriate recognition.

The American Journal of Orthodontics and Dentofacial
Orthopedics (AJODQO) and The Angle Orthodontist are the
two journals that have contributed most significantly to this
study, establishing themselves as leaders in orthodontic
scientific research. The rigorous research published in these
journals has consistently positioned them at the forefront
of the field, with their articles frequently cited, thereby
reinforcing their impact within the scientific community.
Our analysis further supports previous bibliometric studies
indicating that high-impact publications tend to be
concentrated in a limited number of journals.'®3¢ In addition,
the AJODO and The Angle Orthodontist particularly stand
out as prominent platforms for influential research.
This evaluation, based on annual citation rates, further
emphasizes the central role these journals play in shaping
research trends and scholarly discourse (Table 7).

The United States ranks first among contributing countries,
with 32 articles accumulating a total of 10,726 citations.
The leading role of the United States in orthodontics and
orthognathic surgery literature is evident both in terms
of the number of publications and citations received,

ol



52

CLINICAL DENTISTRY AND RESEARCH

Table 5. Thematic fields of the top 100 most cited articles ranked by annual citation rate

Thematic Field Number of Articles

Aligners 19

Artificial intelligence 11
Digital dentistry 9
Anchorage 8

Tooth movement 7

Cervical vertebral maturation 4
Prevalence of malocclusion 4
Rapid maxillary expansion 4
Cone-beam computed tomography 3
Alveolar bone 3

Root resorption 3

White spot lesions 3

Digital models 2

Impacted tooth 2
Periodontal ligament 2
Orthognathic surgery 2
Orthodontic bonding techniques 2
Airway space 1
Importance of sample size 1
Error in cephalometric measurement 1
Class Il malocclusion 1
Surgical technique 1
Obstructive sleep apnea 1
Enamel conditioning 1
Orthodontic treatment priority 1
Orthodontic treatment duration 1
Craniofacial morphology 1
Antibacterial materials in orthodontics 1
Aesthetic 1




Table 6.
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Study types of the top 100 most cited articles ranked by annual citation rate

Type of Study Number of Articles

Systematic review 23
Narrative literature review 18
Prospective study 14
Retrospective study 10
Methodological study 7
Experimental study 5
Case report 5
Longitudinal study 4
Cross-sectional study 4
Clinical trial 3

Case series 2

Expert consensus document 2
Scoping review 1
Laboratory study 1
Comparative study 1

aligning closely with findings from previous bibliometric
studies.'>3?33 The dominance of the U.S. in orthodontics and
orthognathic surgery is consistent with earlier research in
this field. Additionally, the analysis based on annual citation
rates has shown that the United States has conducted the
highest number of studies focusing on aligners, whereas
South Korea has emerged as a leader in research related to
artificial intelligence.

Among the contributing institutions, Saveetha University
emerges prominently as the leading institution, contributing
7/ articles that have collectively received 1,419 citations. The
notable contribution of Saveetha University underscores
its significant role in orthodontic and orthognathic surgery
research’* The recent prominence of institutions like
Saveetha University highlights changing global academic
dynamics and increasing regional diversity within the
orthodontic and orthognathic surgery literature. The
contributinginstitutionsidentifiedin this study span Europe,
Asia, and North America, underscoring the importance of

global academic collaboration and the growing influence of
research centers across different geographical regions.

Among authors, Franchi L. stands out as the top contributor,
with 4 articles and 1,732 citations, making him the most
impactful author. Previous research has identified Franchi
L. as one of the most prolific and frequently cited authors,
particularly in the fields of rapid maxillary expansion (RME)
and maxillary protraction.®>* The known effectiveness of
maxillary protraction and RME in individuals with higher
growth potential, coupled with the direct influence of
treatment timing on outcomes,®” may explain the high
Citation rate of Franchi's studies observed in our analysis.
Furthermore, among the contributing authors, McNamara
JrJ.A. was notable for achieving a high citation count (1,573
Citations) despite publishing fewer articles, reinforcing that
scientific impact depends not only on publication quantity
but also on the quality and originality of the research.
The identified contributing authors thus include both
established and highly influential researchers whose work
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Table 7. The most contributing journals with more than two publications

American Journal of Orthodontics and Dentofacial Orthopedics 8569
Angle Orthodontist 11 3879 27
European Journal of Orthodontics 5 1606 12
Orthodontics and Craniofacial Research 5 1346 18
Progress in Orthodontics 5 658 15
International Journal of Oral and Maxillofacial Surgery 3 1063 4
Journal of Dental Research 3 617 3
Applied Sciences (Switzerland) 2 116 0
BMC Oral Health 2 394 14
Clinical Oral Investigations 2 142 12
Dental Press Journal of Orthodontics 2 689 2
Head and Face Medicine 2 417 4
Journal of Oral and Maxillofacial Surgery 2 637 3
Journal of Orofacial Orthopedics 2 297 5
Saudi Dental Journal 2 348 0
The International Journal of Adult Orthodontics 2 1052 4

significantly shapes the orthodontic literature.

In our study, articles were ranked based on their annual
Citation rates, highlighting prominent thematic areas such
as clear aligners, artificial intelligence, and digital dentistry.
These results underscore the rapidly growing importance
of digital technologies in orthodontic and orthognathic
surgery literature, as well as their increasingly widespread
adoption in clinical practice in recent years®49 Aligners
emerged as the most studied topic, represented by 19
articles, followed by artificial intelligence with 11 articles,
and digital dentistry with 9 articles.

In recent years, there has been a notable increase in
research activity related to clear aligner treatments,
corresponding with a growing volume of publications on
this topic.® In previous bibliometric studies evaluating the
top 100 articles based on total citation count, only one
publication on clear aligners and two publications on digital
dentistry were included.'® This discrepancy occurs because

older studies typically accumulate more citations over time,
overshadowing more recent and influential research. In
contrast, our analysis based on annual citation rates placed
aligners and digital dentistry prominently among the top
positions, thereby highlighting contemporary and emerging
topics that might otherwise be overlooked.

The most frequently encountered study types were
systematic reviews (23 articles) and narrative literature
reviews (18 articles), indicating that comprehensive reviews
and studies systematically summarizing existing literature
attract significant attention within the orthodontic and
orthognathic surgery literature,

When examining studies based on total citation counts,!®
differences in thematic areas were observed. One notable
distinction is that rankings based on total citation counts
often highlight more established orthodontic topics, such
as anchorage and root resorption, because these subjects
have been studied extensively over longer periods and thus



accumulate more citations. In contrast, rankings based on
annual citation rates place greater emphasis on innovative
and technological areas, such as aligners, artificial
intelligence, and digital dentistry. This suggests that these
contemporary topics have rapidly attracted attention
and achieved high citation rates within shorter periods.
While evaluations based on total citation counts generally
highlight classical, well-established areas, our study,
utilizing annual citation rates, better reflects current trends
in orthodontics literature and emphasizes the increasing
importance of innovative treatment methods. Although a
large number of articles were considered using the Scopus
database, one of the potential limitations of our study is
the possibility of omitting certain relevant publications
indexed in other databases, such as Web of Science (WoS),
Dimensions, PubMed, Google Scholar, and the Cochrane
Library.

CONCLUSIONS

This study represents the first bibliometric analysis to
identify the most influential articles in orthodontics and
orthognathic surgery based on annual citation rates. Unlike
traditional approaches that rely solely on total citation
counts, utilizing the annual citation rate provides a more
dynamic and contemporary assessment of an article's
scientificimpact over time. The findings reveal that modern
treatment methodologies, digital technologies, artificial
intelligence, and clear aligners are rapidly emerging trends
in the current literature. Additionally, the prominent roles
played by American journals and institutions underscore
the geographic concentration of scientific contributions,
particularly from the USA. These results offer valuable
insights into the growing significance of innovative
approaches in orthodontics and orthognathic surgery
literature, highlighting potential directions for future
research. By employing the annual citation rate, our study
provides a more balanced and timely evaluation compared
to traditional methods, allowing recent, influential studies
to receive appropriate recognition and visibility in the field.
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