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ABSTRACT

Purpose: This study employs bibliometric analysis to evaluate research trends, key contributors, and applications
of artificial intelligence (AI) models in orthodontic imaging. It highlights the impact and evolution of Al in this field
from 1991 to 2024.

Materials and Methods: A total of 130 documents were extracted from the Scopus database, spanning 33 years
of research. The analysis examined annual growth rates, citation metrics, Al model adoption, and international
collaborations. Network visualization was performed using VOSviewer to map research trends and co-authorship
networks.

Results: The study analyzed 96 publications from 47 sources, revealing exponential growth in Al research—
particularly after 2010, with a peak in 2023. The findings show a steady annual growth rate of 9.66% and a maximum
citation count of 138 for an Al-based cephalometric analysis study. Convolutional neural networks (CNNs) and
artificial neural networks (ANNs) dominate Al applications in orthodontic image analysis. An h-index of 23 and a
g-index of 38 reflect the field’s significant research impact. Strong international collaborations were observed, with
28.12% of studies involving cross-border research.

Conclusion: This analysis highlights the growing influence of Al in orthodontic imaging and emphasizes the need
for larger datasets, improved model interpretability, and seamless clinical integration. Addressing these challenges
will further enhance Al-driven diagnostics and treatment planning, guiding future research and broader clinical

applications. (Imaging Sci Dent 20240237)
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Introduction

Artificial intelligence (AI) has rapidly emerged as a trans-
formative force across various industries, and dentistry is
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no exception. Over recent years, there has been a significant
increase in the development and application of Al-powered
tools and techniques to enhance dental care. This trend is
particularly evident in the fields of medical imaging, ortho-
dontics, and digital health. Al-driven medical imaging ap-
proaches, such as convolutional neural networks (CNNs)
and artificial neural networks (ANNs), have revolutionized
the accuracy and efficiency of image analysis.' In person-
alized orthodontics, machine learning algorithms have
enabled more precise diagnoses and treatment planning,
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leading to more effective and tailored orthodontic care.” The
integration of Al-powered digital tools, including ChatGPT,
has opened new avenues for patient communication, educa-
tion, and support.’ Collectively, these advancements point to
a future where dentistry becomes increasingly personalized,
efficient, and technologically advanced. As Al continues to
evolve, its impact on orthodontic care is expected to grow,
resulting in improved patient outcomes and a more stream-
lined orthodontic experience.

Recently, researchers have increasingly employed biblio-
metric analysis to gain deeper insights into the current state
and future directions of scientific research within their
fields.*” This approach tracks the development of knowledge
on specific topics and identifies key sources, authors, organ-
izations, and countries involved in the research. Several
studies have specifically examined the use of Al in dental

research.* These investigations provide valuable insights
into the quantity, diversity, and quality of Al-related scien-
tific output in dentistry, serving as a resource for clinical
treatment planning and decision-making. Moreover, they
help shape future research directions in this area. By levera-
ging this information, journal editors, peer reviewers, and
publishers can prioritize submissions that address Al-related
topics.

To fully understand the scope and nature of scientific liter-
ature on Al in dentistry, it is essential to perform a thorough
analysis of these articles. This study aims to evaluate the
current state of research on Al in orthodontic imaging using
bibliometric methods. The analysis is intended to provide
valuable insights for the dental research community and
offer a comprehensive understanding of how researchers
are employing Al in this field.
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Fig. 1. Flow diagram of the search strategy.
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Materials and Methods

A rigorous electronic search strategy was implemented
using the Scopus database (Elsevier) to include articles pub-
lished from its inception until September 30, 2024, exclu-
sively in English.® The search utilized a combination of key-
words, synonyms, and Medical Subject Headings (MeSH)
related to Al applications in orthodontics (Fig. 1). Studies
were included if they explicitly discussed Al-driven ortho-
dontic imaging techniques, including machine learning
applications. Editorials, letters, and non-research publica-
tions were excluded.

To identify and analyze pertinent studies, a 2-tiered ap-
proach was employed. Initially, 2 independent reviewers
screened titles and abstracts to exclude irrelevant articles.
Any disagreements were resolved through consensus and
discussion with a third investigator.

The selection process included original scientific papers,
case studies, and review articles published in reputable
dental, scientific, or multidisciplinary journals. All selected
articles were required to include relevant Al terminology in
their titles, abstracts, or keywords. Editorials, letters, news
articles, and other non-research publications were excluded.

To evaluate the impact of documents related to Al in ortho-
dontic imaging, a citation analysis was conducted, which
involved assessing the number of times each work was
cited by other publications.” Harzing’s “Publish or Perish”
and Scientopy tools were used to calculate citation metrics,”
while VOSviewer software’ was employed to analyze res-
earch trends through co-citation and keyword mapping,
thereby visualizing relationships among influential publi-
cations. The data, extracted from Scopus in CSV format,
underwent association-based normalization and density-
based clustering to improve analytical accuracy."

After data extraction and selection, the research questions
were analyzed using co-occurrence networks of significant
phrases'' in research on Al and orthodontic imaging. This
comprehensive bibliometric analysis aimed to elucidate the
role of Al in orthodontics research, identifying prevailing
trends and potential avenues for future inquiry.

Results

A total of 130 literature titles were extracted from the
Scopus database. Of these, 34 were excluded due to language
constraints or because the articles were not available in full
text. After applying all selection criteria, the final dataset
consisted of 96 documents, predominantly journal articles
(77%) complemented by 22 review articles (23%), reflect-
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Table 1. Summary of relevant data

Description Results
Main Timespan (33 years) 1991:2024
information Sources (journals, books, etc) 47
about data
Documents 96
H-index 23
G-index 38
Annual growth rate % 9.66
Document average age 2.32
Citations 1680
Average citations per doc 17.5
Average citations per year 5091
References 3513
Document Keywords plus 431
contents Author's keywords 174
Authors Authors 450
Authors of single-authored docs 2
Authors per paper 5.52
Authors Single-authored documents 2
collaboration Co-authors per document 5.8
International co-authorships % 28.12
Document Article 74
types Review 22

ing a mix of original research and critical evaluations of Al
in orthodontics. This bibliometric analysis, conducted using
Scientopy software, yields significant insights into the inte-
gration of Al within the field of orthodontics, elucidating
research trajectories and identifying potential domains for
future inquiry (Table 1).

Table 1 provides a comprehensive snapshot of research
trends and collaborations in the field as of September 30,
2024. Over a span of 33 years, 96 documents were pub-
lished across 47 journals, with an annual growth rate of
9.66%, indicating increasing interest in Al and orthodontic
imaging research. An h-index of 23 and a g-index of 38
reflect the impact of this research; specifically, 23 docu-
ments have been cited at least 23 times each, while the
g-index highlights the most highly cited publications. The
total citation count is 1,680, averaging 17.5 citations per
document and 50.91 citations per year. This suggests that
the published works have received moderate attention, con-
tributing to the field’s development. The average age of
the documents is 2.32 years, underscoring that much of the
research is relatively recent, likely driven by the rise of Al
technologies in healthcare. A total of 174 author keywords
were identified, reflecting the diversity and specificity of
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Table 2. Summary of key characteristics of the included papers

Classification Total publication Percentage (N =96)
Country United States 21 21.9%
China 15 15.6%
Turkey 12 12.5%
India 10 104%
Saudi Arabia 8 8.3%
South Korea 6 6.3%
Germany 5 52%
United Arab Emirates 5 52%
Subject area Dentistry 60 62.5%
Medicine 33 34.4%
Biochemistry, genetics, and molecular biology 12 12.5%
Computer science 7 7.3%
Engineering 7 7.3%
Chemical engineering 6 6.3%
Material science 4 4.2%

topics within the field, with a strong focus on Al, machine
learning, and deep learning applications in orthodontics.
The involvement of 450 authors—averaging 5.52 authors
per paper—indicates significant collaboration, and 28.12%
of the publications involved international co-authorship,
highlighting cross-border research efforts. This data under-
scores the increasing relevance of Al in orthodontic imaging,
the collaborative nature of the field, and the growing cita-
tion impact of its research outputs.

Table 2 presents the characteristics of publications by
country and subject domains. Research has been conducted
across both developed and developing nations. Developed
countries, including the United States (21.9%), South Korea
(6.3%), and Germany (5.2%), contribute 33.4% of the total
publications. Meanwhile, developing nations such as China
(15.6%), Turkey (12.5%), India (10.4%), and Saudi Arabia
(8.3%) collectively account for nearly half (46.8%) of the
top 10 countries with the highest publication counts.

Research interest has been led by the United States, which
accounted for the highest number of publications (n=21,
21.9%), followed by China (n=15, 15.6%) and Turkey
(n=12, 12.5%). India, Saudi Arabia, and South Korea—
representing Asian countries—each contributed a compara-
ble share of publications (10.4%, 8.3%, and 6.3%, respec-
tively), while developed countries such as Germany and the
United Arab Emirates each accounted for 5.2% of the pub-
lications (n=15).

Although American institutions currently dominate the
landscape of recent publications, increasing contributions

from Asian universities—especially in South Korea and
China—underscore the expanding global perspective in this
field. Collaborative efforts among these productive insti-
tutions could yield valuable insights and further accelerate
advancements in Al-driven orthodontic research.

Publication trend analysis

Publication trend analysis reveals that the inaugural article
on “Al in Orthodontic Imaging” was published in English
in 1991. Between 1991 and September 30, 2024, the Scopus
database catalogued a cumulative total of 96 publications
and 1,680 associated references on this subject. During this
period, the annual publication growth rate was calculated at
9.66% (Fig. 2). Notably, the trend experienced a significant
upsurge after 2018, with publication numbers peaking in
2023.

The initial exploration of Al in orthodontic imaging dates
back to 1991 with the publication of “Artificial intelligence
in the dental surgery: an orthodontic expert system, a dental
tool of tomorrow” in Dental Update.12 However, follow-
ing this pioneering work, the field experienced a prolonged
lull, with minimal academic contributions over the next 2
decades.

A renewed interest in Al for orthodontic applications
emerged in the 2010s. The 2010 article by Xie et al. in Angle
Orthodontist, which focused on predicting the need for ex-
tractions using neural networks, marked a significant mile-
stone."” Nonetheless, the field remained relatively under-
studied until 2020.
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Fig. 2. Publication trends.

A turning point occurred in 2020 with the introduction of
a deep learning-based approach for detecting early gingivitis
in orthodontic patients by Alalharith et al.'* This break-
through catalyzed a substantial increase in academic pub-
lications, rising from 7 articles in 2020 to 19 in 2021 (Fig.
2). This upward trend has continued, indicating growing
momentum in the application of Al to orthodontic practice.

In summary, although early exploration of Al in ortho-
dontic imaging was limited, recent years have witnessed a
remarkable surge in research and development. This expo-
nential growth suggests that Al is poised to play an increas-
ingly significant role in the future of orthodontic treatment
and patient care.

Institutional analysis

Figure 3 delineates the 10 top institutions publishing
scholarly articles on this subject. Notably, Sichuan Univer-
sityls'20 and the University of Illinois at Chicago”26 have
each produced the highest research output on Al in ortho-
dontic imaging, with a total of 6 publications apiece. Their
recent contributions establish them as the preeminent insti-
tutions in Asia and America, respectively, currently advanc-
ing academic inquiry in this domain.

Tied for the second-most prolific positions are 2 Sichuan
institutions closely affiliated with Sichuan University: the
State Key Laboratory of Oral Disease and the West China
School of Stomatology/Hospital of Stomatology. Each of
these institutions produced 5 papers during the period from
2016 to 2024. Their research focused on topics such as auto-
mated diagnosis and treatment planning, cervical vertebral
maturation (CVM) assessment, facial morphology predic-
tion, 3D imaging analysis, patient monitoring, ethical impli-
cations, and tele-orthodontics.

In third place, with 4 publications each, are 6 institutions
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Fig. 3. Documents by institutional affiliation.

as illustrated in Figure 3. The research focus of these in-
stitutions emphasizes the integration of Al across various
orthodontic domains to enhance clinical practice. Key areas
include diagnostic imaging and analysis, where Al improves
the interpretation of orthodontic imaging data and auto-
mates assessments such as cervical vertebral maturation;
treatment planning, which uses Al algorithms for personal-
ized treatment and predictive analytics; and patient compli-
ance and behavior prediction, aimed at forecasting adher-
ence and personalizing engagement strategies. Additionally,
facial aesthetic assessments utilize Al to predict aesthetic
outcomes and analyze post-treatment facial changes, while
the integration of digital technologies merges Al with digital
tools for enhanced diagnostics and tele-orthodontics. Final-
ly, the ethics and challenges of Al adoption highlight the
need to address data privacy, algorithmic biases, and reli-
ability to ensure responsible clinical implementation.”'45

Journal analysis

Table 3 presents a detailed overview of the 10 most influ-
ential active journals in this domain. In the field of ortho-
dontics, the journal Orthodontics and Craniofacial Research
published the most articles on AI, with 10 articles. The next
most productive journals were the American Journal of
Orthodontics and Dentofacial Orthopedics and Seminar
in Orthodontics, each recording 7 publications. It is note-
worthy that the former is classified as Q1 with strong met-
rics, whereas the latter lacks comparable citation metrics.

Progress in Orthodontics was identified as the journal
with the highest impact based on various evaluative metrics,
having published 4 relevant articles. This journal has a
2023 Cite Score of 7.3, an Scimago journal rank (SJR) of
1.392, a source normalized impact per paper (SNIP) of
1.962, and is classified within the first quartile according
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Table 3. Most active sources

Source titles, publisher (number)

Cite score SIR SNIP

2023 2023 2023 i IF

Orthodontics and Craniofacial Research, Wiley (10) 53 0.97 1.68 092 Q2 24
American Journal of Orthodontics and Dentofacial Orthopedics, Mosby-Elsevier (7) 48 1.28 1566 122 Ql 2.7
Seminar in Orthodontics, WB Saunders (7) NA 041 NA NA NA NA
Angle Orthodontist, Research Foundation (4) 64 1.45 1.998 1.5 Q1 30
APOS Trends in Orthodontics, Scientific Scholar (4) 0.8 0.174  0.261 020 Q4 0.5
Korean Journal of Orthodontics, Korean Association of Orthodontists (4) 35 0.685 1.300 1.03 Ql 2.6
Progress in Orthodontics, Springer (4) 73 1.392 1962 0.67 Ql 3.5
Applied Sciences (Basel), MDPI (3) 53 0508 0924 056 Q2 2.5
Diagnostics, MDPI (3) 4.7 0.667 0912 087 QI 30
Healthcare Switzerland, MDPI (3) 35 0606 0.784 095 Q2 24

SJR: SCImago journal rank, SNIP: source normalized impact per paper, JCI: journal citation indicator, CQ: category quartile, IF: impact factor, NA: not

available, MDPI: multidisciplinary digital publishing institute

to its journal citation indicator (JCI). Another significant
publication is Angle Orthodontist, which also published 4
articles and has a Cite Score of 6.4, an SIR of 145, and a
SNIP of 1.998, placing it in the top quartile. It is important
to note that these journals are highly rated within the field
of orthodontics.

APOS Trends in Orthodontics contributed 4 papers to the
literature, though with lower quartile rankings within the
dataset, while other Swiss journals each contributed 3 arti-
cles and exhibited higher citation metric impact. In conclu-
sion, this analysis offers a comprehensive overview of the
journals involved in this discourse, highlighting that ortho-
dontic journals are the most prolific and that the leading
journals contribute substantially in terms of both publica-
tion volume and citation influence.

Impact analysis with top-cited articles

Table 4 presents the 10 most cited academic publications
related to Al in orthodontic imaging from previous research
efforts. The article with the highest citation count, “Artificial
intelligence in orthodontics: Evaluation of fully automated
cephalometric analysis using customized convolutional neu-
ral network” by Kunz et al (2020), received 138 citations.
These authors were among the first to develop an Al algo-
rithm that analyzes cephalometric X-rays with expert-level
accuracy and can be easily integrated into clinical work-
flows on standard computers. They suggest that future work
should expand training data diversity, improve user inter-
faces, and explore broader diagnostic applications.

The second most cited manuscript, ““Artificial neural net-
work modelling for deciding if extractions are necessary
prior to orthodontic treatment” by Xie et al. (2010), amassed

119 citations." This study was among the first to use ANNs
to enhance orthodontic decision-making regarding extrac-
tions by accurately predicting key treatment factors. The
authors recommended validation with larger datasets, im-
provements to the ANN model, and exploration of other
orthodontic applications while addressing limitations such
as sample size and long-term clinical outcomes.

The third most cited article, by Kok et al. (2019), inves-
tigated 7 Al classifiers for determining cervical vertebrae
stages using cephalometric radiographs from 300 individu-
als, analyzing 19 reference points and 20 linear distances."’
The study found that ANNs were the most reliable algo-
rithm, highlighting AD’s potential in orthodontic imaging.
The authors recommended improving algorithm training
with larger datasets, developing user-friendly software for
orthodontists, and conducting comparative studies with other
skeletal maturation methods.

Several highly cited papers on Al in orthodontic imaging
focus on the use of ANNs and CNNs to enhance diagnostic
capabilities and treatment planning. These studies demon-
strate that Al can achieve accuracy levels comparable to
those of experienced clinicians while providing valuable
support to less experienced practitioners. Although some
reviews highlight methodological issues and selection biases,
they emphasize Al’s potential to improve clinical decision-
making and streamline orthodontic procedures.”**

However, Al applications in orthodontic imaging are still
in the early stages of development with limited clinical im-
plementation. Machine learning models often struggle to
address the specific causes of orthodontic issues and may
not fully account for oral diseases in treatment plans. Deep
learning models also face challenges related to transparen-



Noraina Hafizan Norman et al

JYSISUT UB :SOIIUOPOY}IO
JO UOTBISAI puE UOTIRINP? AI81)19) UT (T) 9OUSSI[[IUT [RIOYT)IR

Jronae reuIsLQ ccel oy SONUOPOYIA() Ul SADUNUISG pue (¥v) Airear pajuswdne ‘(YA ) A2l [ENUIA JO [0y o, T8 30 Ipapuen

s91A921 Surdoos o Terw

MITASY ST Sy YoUD3SIY [DPIODJOIUD.LY) PUD SIPUOPOYILO) ({MOU dM I AIAYM :SONUOPOYIIO UT dOUAII[[AIUT [RIOYNIY ZJ[RZUOD)-[[TUOIN
Surures o[qurasud Sursn sIsA[eue [euonendwod v

drone reuwrStQ SLTT Ly Surioouruaorg :SUOT)ORIIXQ JTJUOPOY}IO JO SISOUSEIP oY) JOJ SUTUIR] SUTYORIA 1 T8 32 [reyng
syuaned osoueder ur JuouEan SIIUOPOY}IO

pue A1931ns oryieusoyyio 1ye £3ojoydiow [eroey o IUSEWERL

Jronae reuIsLQ L'ST Ly sp10day] fijua1og 301pa1d 0} swaIsAs 20UAZI[[AIUI [BIOYNIE [2A0U JO [ejudwdoroasg pue emeyIue],
syuanyed aurues pajoedwil [eIoje[IUN U UOOLIISUOD
Areqrxew ssasse 0) soSewr [ D)) JO Iopuy SIewpue[-0jne pue

Jronae reuIsLQ 1 St ISnyuopoyriQ 2j3uy  UONEBIUAWSZIS-0INe S¢ B SUIONPOIUL :SOIJUOPOYIIO Ul SUTUIBI] SUIYORA o 210 udyD

sotpadoypiQ) [p1ovfojua(g maraar Surdoos e :senrunizoddo ¢ T8 10 TIIIEY

MITARY L'91 0S PUD SOUUOPOYLIQ) JO [PUINOL UDILIDULY QINNJ 9Y) PUL SPUSI) JULIND ‘SONUOPOYIIO PUEL SUTUIL] JUTYORTA -peWIWIRYOIA
S[opoW JOYISSe[O JUIIBd] QUIyoewl
Jo uostredwod :90udgdi[aiul [eroynie ursn sydeiorper

Jronae reuIsLQ ¥1 96 A£3oj01pvy 1ovfoxvuouaq oowoeydad [eIo)e] UO JUSWISSISSE UOTJRINJBW [BIGILIOA [BOIAID)D) oz B 30 BAsewry
maraar Jurdooss e :soUOPOYI0

MITADY €97 6L SOUUOPOYILO) UL SSILE0L] ur SUTUIR] QUIYORW PUE dOUSSI[[AUI [e1oyTIe Jo suonedrddy 2 [8 30 nyarg

Jronte reuISuO Ll 98 sp10day] o1f1jua10g SHIOMIOU [BINSU [RIOYIMIE UO Paseq Suruue[d juawjean) dnuopoyiIQ LR |
MOTAQI OTJEW)ISAS © - SUMYRW-UOISIOAP [BITUT[O
pue ‘Suruued juowear) ‘SISOUSLIP OUOPOYLIO UL

MITADY 62 L8 §20U2108 PIUI(T JO [pUINOL K3o[ouyo9) 9ouaI[[aIul [eIoyNIE Jo douewIopad pue odoog o T8 30 TeSeueyy
SOTJUOPOYIIO UT SATe)S QBIGOIIIA [BITAIID
£q yuowdo[oAap pue y)moI3 JOo UOIRUTULIDNP IO

arone reuwrStQ 881 76 SILUOPOYIIQD) Ul SSALSO0LJ sunLIoS e 90udSI[eIur [eroynie jo uosedwod pue ages) PRLEER (%)
JUWIIRAI) SNUOPOYLIO 0) JoLid ATBSSO0U QT8 SUOIIOBIIXD

Jronte [euIsLO S8 611 ISyUopoYLIQ 215Uy J1 SuIproap 103 SuIfopow JI0MIU [BINSU [BIOYIIY R aIX
JI0M)QU [RINAU [BUOTIN[OAUOD PIZIWOISND
Sursn sisA[eue oraworeydos payewoine A[nj

aronae reurStQ Sve 8T satpadoyriQ p1ovfol( Jo [puinop JO UOTIEN[BAD :SOTIUOPOYLIO UT 9OUISI[[AIUT [BIOYTITY o T8 30 ZUNY

adAL IeQA/SAI)  JOyIne/sa) uonedrqng AL sioyIny

(suoneird (f wnwiruI) SA[LIE payd A[YSTH ' S|qoL



Integration of artificial intelligence in orthodontic imaging: A bibliometric analysis of research trends and applications

cy and interpretability, necessitating clinicians’ reliance on
their judgment. These reviews call for further research to
strengthen AI’s role in early detection, personalized treat-
ment, and interdisciplinary collaboration within orthodontic
practice.”

Topic analysis utilizing trending keywords

A comprehensive co-occurrence analysis of author key-
words was performed using VOSviewer to delineate the
intellectual framework of the literature (Fig. 4). An initial
corpus of 568 keywords, extracted from the selected scholar-
ly articles, was refined by merging singular and plural forms,
resulting in 56 prevalent terms that met the criterion of at
least 5 occurrences. The resulting network map, comprising
24 of these keywords, was categorized into 3 clusters based
on their co-occurrence frequencies. This classification facil-
itates the identification of the principal themes and intercon-
nections among keywords used in research on Al in ortho-
dontic imaging.

The visualization of the network map assigned different
colors to 3 distinct clusters, each representing a particular
theme.

Cluster 1 (Red): Al-driven skeletal growth assessment
and imaging
The red cluster emphasizes the early applications of Al in
orthodontic imaging during the mid-2020s, focusing partic-
ularly on smart learning concepts and the use of CNNs for

assessing skeletal maturity and diagnostic imaging. Deep
learning methods, especially CNNs, play a critical role in
analyzing cephalometric data and lateral cephalograms.™""'
Key topics within this cluster include bone maturation,
cephalometric analysis, and cervical vertebrae evaluation,
all of which are essential for estimating a patient’s growth
phase.”’”* By leveraging AI models, orthodontists can signi-
ficantly enhance the accuracy of growth stage predictions
based on skeletal and radiographic data, leading to more in-
formed treatment planning.

Additionally, this cluster addresses the application of
ANNs and machine learning techniques to overcome chal-
lenges in tooth segmentation within both 2D and 3D dental
radiography.™ It highlights Al applications in teeth segmen-
tation and lateral cephalography landmark detection, mark-
ing the emergence of semi- and fully automated models in
orthodontic imaging that further support diagnostic accura-
cy and treatment planning.**”'>*°

Cluster 2 (Green): Al in clinical orthodontic procedures
and treatment planning

The green cluster focuses on the crucial role of Al in
improving clinical procedures within orthodontics, show-
casing its applications in complex treatments such as cone-
beam computed tomography (CBCT) imaging,”’"" tooth
extractions,””® and orthognathic surgery. By harnessing Al,
orthodontists can analyze intricate data derived from dental

procedures, which leads to improved treatment planning

&’5 VOSviewer

Fig. 4. Network visualisation map of co-occurrence of author keywords.
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and better patient outcomes. For example, Al algorithms
can process and interpret imaging data with increased speed
and accuracy, enabling more precise diagnoses and person-
alized treatment strategies.

Moreover, Al’s influence extends beyond diagnostics; it
significantly informs surgical interventions and treatment
decisions by providing orthodontists with valuable insights.
Despite these advancements, final treatment planning deci-
sions still heavily rely on the clinician’s expertise, highlight-
ing the collaborative nature of Al in clinical practice.®’ This
cluster also explores automation, examining how Al can
streamline clinical decision-making processes and optimize
orthodontic treatment planning."~* In doing so, it addresses
challenges related to automating Al models, including the
need for extensive training data and ensuring system re-
liability and transparency. Additionally, the integration of
Al into daily practice is a critical focus, as orthodontists
navigate the complexities of incorporating advanced tech-
nologies while maintaining high standards of patient care.*®
Ultimately, Cluster 2 underscores the transformative poten-
tial of Al in orthodontic imaging, aiming to enhance both
the efficiency and effectiveness of clinical procedures while
fostering collaboration between technology and clinical
expertise. "%

Cluster 3 (Blue): machine learning and diagnostic

accuracy in orthodontics

This blue cluster highlights the transformative potential
of machine learning and ANNs in the field of orthodontic
imaging, specifically aiming to increase diagnostic accuracy
and treatment efficacy.'>'® This cluster of research harnesses
advanced algorithms to address the critical need for precise
identification of malocclusion, a common orthodontic con-
dition that can significantly impact both aesthetic outcomes
and functional performance.”* Improving diagnostic capa-
bilities through machine learning not only helps clinicians
make more informed decisions but also plays a pivotal role in
optimizing treatment strategies tailored to individual patient
needs.

In addition to increasing diagnostic accuracy, the research
in cluster 3 emphasizes the development of algorithms
designed to automate various orthodontic tasks, thereby
streamlining workflows and improving overall efficiency in
clinical settings.”> This automation covers a range of proce-
dures, from initial assessments to ongoing monitoring, ulti-
mately creating a more cohesive treatment experience for
patients.® However, the cluster also recognizes the challen-
ges of Al model interpretability, which is essential for en-
suring that clinicians can effectively understand and trust
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Al-driven recommendations.”” Furthermore, integrating
these sophisticated models into existing clinical practice
remains a critical hurdle that requires ongoing research and
collaboration among orthodontic professionals, data scien-
tists, and policymakers.”® By addressing these challenges,
the research in cluster 3 aims to pave the way for more effec-
tive, Al-enhanced orthodontic care that is grounded in both
technological innovation and practical applicability.

Each cluster highlights a distinct dimension of Al’s expan-
ding role in orthodontic imaging, encompassing image anal-
ysis, clinical procedures, and algorithm-driven decision-
making. Overall, the network map offers a comprehensive
overview of the key themes and their interconnections in
research on Al in orthodontic imaging research, providing
researchers and scholars with deeper insights into the multi-
faceted nature of the field.

Discussion

The study aimed to address several research questions re-
garding publications on Al in orthodontic imaging. Scopus
was selected as the database for this study because of its
comprehensive author and institution profiles, which are
generated through advanced profiling algorithms and expert
curation. This approach ensures high precision and recall in
the data. Owing to its reliability, Scopus is widely used as
a bibliometric data source for research reviews, landscape
studies, scientific policy evaluations, and university rank-
ings. The database compiles journals, conference proceed-
ings, and book series submitted by editors and publishers,
and prospective content undergoes a rigorous review pro-
cess based on scientific quality and integrity. The analysis
addressed the following research questions (RQs):

1. RQ1: How have publication trends in Al in
orthodontic imaging evolved over time?

Publication trends in Al in orthodontic imaging have
evolved significantly since the inception of the field, re-
flecting a growing convergence of multiple disciplines. The
first recorded work in 1991 explored Al as an orthodontic
tool, but the field saw minimal academic contributions for
nearly 2 decades.'” Renewed interest in the 2010s brought
some key developments, including research using neural
networks to predict the need for orthodontic extractions in
2010."””° However, Al in orthodontic imaging remained
relatively underexplored until 2020.

A significant turning point occurred in 2019, when machine
learning and Al techniques began being applied in ortho-
dontics for facial image analysis, cervical vertebrae growth
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assessment, and treatment planning using ANNS.

Research output increased notably, from 7 publications in
2020 to 19 in 2021, reflecting growing momentum in Al
applications for orthodontic practice.'*”"**"%** By Sep-
tember 2024, a total of 96 publications and 1680 references
had been recorded in the Scopus database, with an annual
growth rate of 9.66%. The trend reached its peak in 2023
and is expected to exceed this level by the end of 2024 %'
While early progress was slow, recent years have witnes-
sed rapid growth in Al research in orthodontic imaging, with
diverse applications spanning multiple disciplines. This trend
suggests that Al will play an increasingly significant role in
shaping the future of orthodontic treatment and patient care.

2. RQ2: Which countries lead in research on

this topic based on publication output?

The United States is at the forefront of research on Al
in orthodontic imaging, contributing the highest number
of publications. Following the U.S., China and Turkey are
significant contributors, with China demonstrating a partic-
ularly strong presence. Developed countries such as South
Korea and Germany also play notable roles, collectively
accounting for a substantial portion of the total output.

Conversely, developing nations, including China, India,
Turkey, and Saudi Arabia, form a significant part of the re-
search landscape, reflecting an increasing emphasis on Al in
orthodontic imaging in these regions. This indicates a notable
shift towards heightened research activity, especially among
Asian countries.

Although American institutions currently dominate the
publication landscape, rising contributions from Asian uni-
versities, particularly in South Korea and China, underscore a
broader global perspective in this field. Collaborative efforts
among these institutions could yield valuable insights and
accelerate advancements in Al-driven orthodontic research,
suggesting that the research landscape is becoming increas-
ingly diverse and interconnected.

3. RQ3: What are the top cited articles on

this topic globally?

The most-cited article in Al in orthodontic imaging focuses
on the evaluation of semi-automated cephalometric analy-
sis using customized CNNs.*® This study developed an Al
algorithm capable of analyzing cephalometric X-rays with
expert-level accuracy and underscores the need for more
diverse training data, improved user interfaces, and broader
diagnostic applications in future research. Another signifi-
cant study employed ANNs to refine decision-making re-
garding extractions before orthodontic treatment, represent-

ing a considerable advancement in orthodontic decision-
making through accurate predictions based on key treat-
ment factors."

Others among the most highly cited studies compare ANN
and CNN techniques to achieve accurate diagnoses and sup-
port various orthodontic applications—including treatment
planning, extractions, tooth segmentation, and facial analy-
sis—with the aim of identifying the most effective algorithm
while progressing toward full automation without manual
segmentation.>*”°

Additionally, comprehensive reviews examining Al’s role
in enhancing diagnostic capabilities and treatment planning
reveal that Al can achieve accuracy levels comparable to
those of experienced practitioners while also providing valu-
able support to less experienced clinicians. Despite some
methodological issues and selection biases, these studies
collectively underscore the promising potential of Al to im-
prove clinical decision-making and streamline orthodontic
procedures.

4. RQ4: Which journals have published the most

on this topic?

Within the field of orthodontics, Orthodontics and Cranio-
facial Research emerged as the leading journal for publica-
tions on Al, featuring a notable volume of articles. Follow-
ing this, the American Journal of Orthodontics and Dento-
facial Orthopedics and Seminars in Orthodontics have also
made significant contributions; however, while the former
is recognized as a Q1 journal with robust metrics, the latter
lacks comparable citation metrics, reflecting differences in
academic impact.

The journal with the highest overall impact was found to
be Progress in Orthodontics, which has published several
key articles in this area and is distinguished by its impres-
sive citation metrics, indicating substantial influence within
the academic community. Additionally, Angle Orthodontist
has published a significant number of articles, supported
by robust citation figures that position it among the top-tier
journals in the field.

Overall, this analysis offers a comprehensive overview
of the key journals engaged in the discourse on Al in ortho-
dontic imaging. It shows that orthodontic journals are among
the most prolific in this research area and highlights the
leading publications that contribute significantly based on
both article volume and citation influence. These insights are
essential for understanding the research landscape in ortho-
dontic imaging and identifying the journals shaping its fu-
ture.



5. RQ5: What are the commonly utilized author
keywords or topics in research related to Al in
orthodontic imaging?

Research on Al in orthodontic imaging frequently employs
keywords and topics that emphasize the transformative role
of Al in various aspects of the field. A key area of focus is
skeletal growth assessment and diagnostic imaging, where
Al algorithms significantly enhance the analysis of cephalo-
metric data, enabling orthodontists to estimate skeletal ma-
turity with greater accuracy.”>**” These Al-driven tools
improve predictions of growth stages based on radiographic
data, thereby facilitating informed, patient-specific treat-
ment decisions.

In addition, the integration of Al in clinical procedures is a
common theme, particularly in streamlining complex treat-
ments such as imaging and surgical planning. Advance-
ments in imaging techniques have improved outcomes by
enabling the analysis of extensive data from dental proce-
dures.”" Al not only supports diagnostic processes but also
aids in treatment decisions involving tooth extractions and
orthognathic surgeries, while still relying on clinician exper-
tise for final judgments. The use of machine learning fur-
ther enhances diagnostic accuracy, especially in identifying
malocclusion and optimizing treatment strategies. Overall,
these keywords and topics reflect a growing recognition of
AT’s multifaceted contributions to orthodontics, underscor-
ing the need for continued research and development in this
rapidly evolving field.*®

6. RQ6: How far has research in Al in orthodontic

imaging progressed?

Key thematic areas in Al applications within orthodontic
imaging include diagnosis, treatment planning, and patient
management. One significant focus is the development of
automated diagnosis and treatment planning tools, where
Al algorithms analyze diagnostic images—such as cephalo-
grams—to support clinical decision-making. Additionally,
Al is used for automated assessment of cervical vertebral
maturation (CVM) stages, which is critical for determining
the optimal timing of orthodontic interventions.”””* Fur-
thermore, Al techniques are employed to predict changes
in facial morphology following orthodontic treatments or
orthognathic surgery, thereby aiding in pre-treatment plan-
ning and patient consultations. The processing and analysis
of 3D imaging data, particularly from CBCT scans, further
enhance diagnostic accuracy and treatment strategies.”

Beyond clinical applications, the integration of Al in ortho-
dontic imaging raises important ethical and social consid-
erations. These include issues of data privacy, algorithmic
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bias, and the necessity for human oversight in Al-driven
decision-making processes. Another critical area is the
development of Al systems for patient monitoring and
compliance prediction, which enables remote tracking of
orthodontic patients and anticipates adherence to treatment
regimens based on behavioral data. Moreover, the role of
Al in teleorthodontics is gaining traction, particularly with
the growth of digital health services that support remote
consultations and monitoring. Collectively, these themes
illustrate the transformative potential of Al in orthodontic
imaging while emphasizing the need to carefully consider
its broader implications in practice.

7. RQ7: What issues obstruct research on Al in

orthodontics imaging?

Research on Al in orthodontic imaging faces several
significant obstacles that hinder progress and publication.
One primary challenge is the limitation of available data-
sets, which often restricts the ability to train and validate
Al models effectively. These limited datasets can result in
automated models that fail to match the performance and
accuracy of human observers, thereby complicating out-
come validation. This discrepancy can lead to difficulties
in publishing findings in reputable databases such as Sco-
pus, which uphold rigorous standards for data quality and
model performance.

Additionally, the pursuit of fully automated models pre-
sents another major hurdle.®"! Developing such models
requires comprehensive training and testing datasets that
accurately represent the diverse clinical scenarios encoun-
tered in orthodontics. Without sufficient and varied data, the
effectiveness of Al tools in supporting clinicians with diag-
nosis and treatment planning remains limited. Addressing
these issues through expanded datasets and continued res-
earch into model performance is crucial for advancing the
field and achieving meaningful integration of Al into ortho-
dontic practice 7

This bibliometric analysis highlights the growing impact
of Al in orthodontic imaging, driven by advancements in
machine learning and an expanding global research output.
The United States leads in contributions, while emerging
studies from China and South Korea highlight the need for
stronger international collaboration. Key research themes
include Al applications in skeletal growth assessment, diag-
nostic imaging, and clinical decision-making, although ethi-
cal considerations and clinician-patient dynamics remain
underexplored. Al research is disseminated through leading
journals such as Orthodontics and Craniofacial Research
and Progress in Orthodontics, with opportunities for broader
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interdisciplinary engagement. Despite significant progress,
challenges persist regarding dataset availability, model inter-
pretability, and clinical implementation. Addressing these
issues through expanded datasets, enhanced methodological
rigor, and closer collaboration between Al developers and
clinicians will further integrate Al into clinical practice.
Future research should focus on ethical considerations,
diverse methodologies, and stakeholder-driven innovations
to optimize Al-driven diagnostics and treatment planning,
ultimately improving patient outcomes in orthodontic care.
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