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Abstract

Objective Research linking pediatric craniofacial growth, airway physiology, and sleep-disordered breathing has expanded
rapidly in recent years. However, a structured overview of global research trends in this interdisciplinary field remains lim-
ited. This study aimed to map publication patterns, international collaboration networks, and evolving thematic structures in
pediatric craniofacial growth and airway research between 2020 and 2024.

Methods A bibliometric analysis was conducted using records retrieved from the Web of Science Core Collection. Original
research articles and reviews published between 2020 and 2024 were included. Annual publication trends, international
collaboration networks, keyword co-occurrence, and thematic evolution were analyzed using Bibliometrix and VOSviewer.
Results A total of 1214 publications were included. Annual output showed a positive but non-significant upward trend over
time. China, Italy, and the United States were the most productive countries, with the United States also occupying a central
position in the international collaboration network. Keyword mapping revealed major thematic clusters related to airway
function and OSA, craniofacial growth, congenital anomalies, surgical adaptation, and three-dimensional imaging. Thematic
evolution analysis demonstrated a shift from broadly anatomical growth-focused research toward clinically oriented and
disease-specific topics in the later years of the study period.

Conclusions Contemporary pediatric craniofacial research is characterized by expanding global collaboration and a progres-
sive shift toward integrative physiologic and clinically focused frameworks linking dentofacial development with respiratory
function. These findings highlight clinical priorities and may inform future interdisciplinary research directions in pediatric
airway management and growth-related orthodontics.
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Introduction

Pediatric craniofacial growth and airway physiology are
closely interconnected processes that play a critical role in
respiratory function during childhood. Increasing evidence
suggests that craniofacial morphology, skeletal growth pat-
terns, and airway dimensions may influence the development
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and severity of sleep-disordered breathing, including pedi-
atric obstructive sleep apnea (OSA) [1-5]. Consequently,
early assessment of craniofacial development has gained
growing importance not only in orthodontics but also in
pediatric sleep medicine and multidisciplinary airway man-
agement [4-7].

Over the last decade, advances in three-dimensional
imaging, digital morphometric analysis, and interdisci-
plinary treatment approaches have substantially expanded
research at the intersection of orthodontics, craniofacial
biology, and airway health [8—10]. Contemporary studies
increasingly investigate how growth-modifying interven-
tions and dentofacial orthopedic approaches interact with
airway function and pediatric respiratory physiology [6,
11]. This evolution reflects a broader shift from purely
structural descriptions of craniofacial morphology toward
clinically oriented frameworks integrating growth biology,
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respiratory physiology, and functional outcomes [11-15].
These conceptual frameworks are grounded in general
principles of human growth and maturation, which pro-
vide the biological context for craniofacial developmental
variability [16]. Orthodontic tooth movement and craniofa-
cial adaptation are regulated by complex tissue and cellu-
lar mechanisms [17, 18]. Bone modeling processes play a
key role in this biological response during growth [19, 20].
These biological adaptations are influenced by biomechani-
cal loading principles described in the mechanostat theory
and bone mechanobiology [21, 22].

At the same time, the rapid increase in scientific output
has made it challenging for clinicians and researchers to
identify dominant research themes, emerging clinical priori-
ties, and global collaboration patterns within this interdisci-
plinary field [23]. While narrative and systematic reviews
provide important clinical syntheses [6], they are limited
in their ability to objectively map large-scale research
dynamics, thematic evolution, and international knowl-
edge networks. Bibliometric analysis offers a quantitative
framework for addressing this limitation by systematically
evaluating publication trends, collaboration structures, and
conceptual development across a defined research land-
scape [8, 24, 25].

Previous bibliometric studies have explored general
orthodontic research productivity and global sleep medi-
cine trends [9, 10, 26], yet focused analyses specifically
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Fig. 1 PRISMA flow diagram of the study selection process. *Records
were retrieved from the Web of Science Core Collection. After dupli-
cate removal, records were screened by publication year and document
type, resulting in a final dataset of 1214 publications included in the
bibliometric analysis.
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examining pediatric craniofacial growth, airway physiol-
ogy, and OSA as a unified research domain remain limited.
Given the increasing clinical emphasis on early airway
assessment, growth-related interventions, and interdisci-
plinary management strategies, a clearer understanding of
recent research trajectories may help identify emerging pri-
orities and evidence gaps.

Therefore, the aim of the present study was to perform
a bibliometric analysis of global research trends related to
pediatric craniofacial growth, airway physiology, and OSA
between 2020 and 2024. By examining publication output,
international collaboration networks, keyword co-occur-
rence patterns, and thematic evolution, this study seeks to
provide a concise overview of contemporary research devel-
opments and to identify clinically relevant future directions
in pediatric airway management and growth-related orth-
odontic research.

Materials and methods
Study design

This study employed a bibliometric research design to char-
acterize publication trends, geographic distribution, and
thematic structures in pediatric orthodontics, craniofacial
growth, airway physiology, and OSA research.

Data source and search strategy

Records were retrieved from the Web of Science Core Col-
lection database using topic-based search terms related to
pediatric populations, orthodontics and malocclusion, cra-
niofacial growth, airway physiology, and sleep-disordered
breathing. Searches were limited to publications indexed
between January 1, 2020, and December 31, 2024, and the
final search was conducted on November 1, 2025.

The structured search query was as follows:

TS = ((child* OR pediatric* OR adolescen*) AND
(orthodont* OR malocclusion OR craniofacial OR dento-
facial) AND (physiology OR growth OR “bone remodel-
ing” OR airway OR “sleep apnea” OR “obstructive sleep
apnea” OR “sleep-disordered breathing” OR adenotonsillar
OR tonsillar)).

Records were exported from Web of Science in tab-
delimited format and processed using the Bibliometrix
package in R. A total of 1292 records were initially identi-
fied. After duplicate removal and eligibility screening, 1214
publications were included in the final bibliometric dataset
(Fig. 1). Publications indexed after 2024 were excluded to
avoid bias related to incomplete indexing.
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The complete search strategy and filters are provided in
Table S1.

Eligibility criteria

Only English-language original research articles and review
papers were included. Although the initial search strategy
did not apply language restrictions, non-English publica-
tions were excluded during the eligibility screening phase.
Proceedings papers, meeting abstracts, editorials, letters,
corrections, book chapters, retracted publications, and early
access items were excluded. Duplicate records were identi-
fied using accession numbers, digital object identifiers, and
titles and removed before analysis.

Data extraction and processing

Bibliographic records containing full publication and cita-
tion information were exported from Web of Science and
analyzed using R (Bibliometrix) and VOSviewer software.
Data cleaning procedures were applied to reduce inconsis-
tencies in author names, institutional affiliations, and key-
words [27].

Extracted variables included publication year, document
type, authorship, institutions, countries, and keywords.
Annual publication output was summarized descriptively.
International collaboration patterns and keyword co-occur-
rence networks were generated using VOSviewer. Node size
represented publication frequency, whereas link strength
reflected collaboration intensity or keyword co-occurrence.
Country collaboration networks were based on co-author-
ship analysis.

Table 1 Main characteristics of the publications included in the bib-
liometric analysis

Characteristic n(%)

Total publications 1214
Document type

Article 1031 (84.9)
Review 183 (15.1)
Publication year

2020 178 (14.7)
2021 227 (18.7)
2022 258 (21.3)
2023 285 (23.5)
2024 266 (21.9)
Language

English 1193 (98.3)
Other Language 21(1.7)
Number of countries involved (affiliations) 79

*Percentages were calculated based on the final dataset after removal
of duplicates, restriction to articles and reviews, and inclusion of
publications between 2020 and 2024. Languages and years were
extracted from Web of Science fields

Country-level publication counts were calculated using
the full counting method, which assigns equal weight to
each co-authored publication. This approach may overes-
timate contributions from highly collaborative countries;
however, it was selected to maintain consistency with stan-
dard bibliometric practices.

Bibliometric analysis

Descriptive bibliometric indicators were calculated, includ-
ing annual publication output, most productive countries,
institutions, authors, and journals. Keyword analysis was
performed using author keywords and Keywords Plus to
identify major thematic structures. Co-occurrence analysis
and thematic mapping were conducted to evaluate relation-
ships among keywords and thematic evolution over time.

Network visualizations were generated using standard
VOSviewer settings with minimum occurrence thresholds
applied for inclusion of items in the analyses.

Ethical considerations

Because this study analyzed publicly available bibliographic
data and did not involve human participants or patient-level
information, institutional ethical approval was not required.
This study was conducted in accordance with the Helsinki
Declaration.

Results
Study selection and dataset characteristics

A total of 1292 records were retrieved from the Web of Sci-
ence Core Collection. After removal of duplicates and appli-
cation of eligibility criteria, 1214 publications published
between 2020 and 2024 were included in the final biblio-
metric analysis (Fig. 1). The main characteristics of the
included publications are summarized in Table 1. Articles
constituted the majority of the dataset (n=1031, 84.9%),
while reviews accounted for 183 publications (15.1%). Pub-
lications originated from 79 countries, reflecting the global
nature of research in pediatric craniofacial growth and air-
way-related fields.

Publication output and temporal trends

Annual scientific output demonstrated a general upward
trend during the study period, increasing from 178 publica-
tions in 2020 to a peak of 285 in 2023, followed by a slight
decrease in 2024 (n=266). Mann—Kendall trend analysis
indicated a positive but non-significant monotonic increase
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over time (p=0.083), suggesting progressive growth in
research activity related to pediatric craniofacial growth and
airway physiology.

Global research distribution and collaboration
networks

Country-level analysis demonstrated substantial interna-
tional participation. China and Italy were the most pro-
ductive countries, followed by the United States (n=312),
which also occupied a central position in the international
collaboration network. (Table 2; Fig. 2). European coun-
tries formed dense collaboration clusters, while Asian
countries demonstrated both regional and transcontinental
partnerships, reflecting a globally interconnected research
landscape.

Table 2 Top contributing countries and international collaboration pat-
terns

Rank  Country Number of Role in collaboration
publications network

1 China 425 Core hub country with
extensive international
links

2 Italy 383 Major European col-
laboration center

3 United States 312 Central hub with
strong international
collaboration

4 Brazil 278 Highly connected Latin
American contributor

5 France 197 Strong intra-European
collaboration

6 India 196 Expanding Asian col-
laboration partner

7 United Kingdom 148 Bridge country between
Europe and Asia

8 Canada 117 Active North American
collaborator

9 Japan 116 Strong regional net-
work in East Asia

10 Germany 112 Central European hub

11 Spain 91 European collaborator

12 South Korea 90 East Asian network

member

13 Poland 88 Eastern European

contributor

14 Netherlands 85 European collaboration

node

15 Australia 82 Oceania network

connector
*Countries contributing most frequently to publications included in
the bibliometric analysis between 2020 and 2024. Country counts
were derived from author affiliations using full counting; therefore,
totals may exceed the number of publications. Network roles were
derived from VOSviewer international collaboration mapping
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Keyword co-occurrence and major research themes

Keyword analysis identified several dominant thematic
clusters representing the conceptual structure of the field
(Fig. 3). The most frequent terms included orthodontics,
children, pediatric, craniofacial growth, and cephalometry
(Table 3). Major thematic domains were related to air-
way function and sleep-disordered breathing, craniofacial
growth patterns, congenital craniofacial anomalies, surgi-
cal adaptation, and imaging-based morphometric analysis.
Imaging-focused keywords, including cone-beam computed
tomography and cephalometry, formed a central method-
ological cluster within the network.

Thematic evolution over time

Thematic evolution analysis revealed noticeable changes
in research focus between the early (2020-2022) and later
(2023-2024) periods (Fig. 4). Early studies were primar-
ily centered on growth and morphology-related themes,
whereas later years showed increasing emphasis on clini-
cally oriented topics, particularly OSA. This transition indi-
cates a shift from broadly anatomical and developmental
perspectives toward disease-focused and clinically relevant
research themes.

Leading authors and institutions

The most productive institutions and authors identified
within the dataset are summarized in Table S2 and Table S3,
highlighting a core group of academic centers and research-
ers contributing substantially to the development of the
field.

Discussion

This bibliometric analysis provides a structured overview
of global research trends in pediatric craniofacial growth,
airway physiology, and OSA between 2020 and 2024. The
overall increase in publication output observed during the
study period reflects growing scientific and clinical inter-
est in the interaction between craniofacial development and
respiratory function during childhood [1, 2, 6]. Although the
upward trend did not reach statistical significance, the sus-
tained publication activity suggests progressive expansion
of this interdisciplinary research field [23].

International collaboration analysis demonstrated a
highly interconnected global research landscape. China
and Italy were among the most productive contributors,
followed by the United States, which also occupied a cen-
tral position within collaboration networks, highlighting its
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Fig. 2 International collaboration network among countries. *Node
size reflects the weighted number of collaborative publications, while
link thickness represents the strength of co-authorship ties. Clusters

role as a bridge between different research regions. Similar
geographic patterns have been reported in previous biblio-
metric studies in orthodontics and sleep medicine [9, 10,
26], suggesting that knowledge production is increasingly
driven by multinational partnerships and interdisciplinary
collaboration.

Keyword co-occurrence analysis revealed that contem-
porary research is organized around several interconnected
thematic domains, including airway-focused investigations,
craniofacial growth and morphology, congenital anomalies,
surgical adaptation, and imaging-based assessment. The
central position of airway-related terms supports the grow-
ing recognition that respiratory function and craniofacial
development are biologically interdependent during growth
[1, 2, 11, 13, 15]. In addition, the prominence of imaging-
related keywords reflects the increasing use of three-dimen-
sional diagnostic tools for evaluating airway morphology
and craniofacial structure in pediatric populations [8—10].

Thematic evolution analysis demonstrated a clear transi-
tion over time. Earlier research primarily focused on ana-
tomical growth and morphologic characterization, whereas
more recent studies increasingly emphasized clinically
oriented themes, particularly OSA and disease-related out-
comes [4-6]. This shift suggests a maturation of the field

indicate major international research communities. Networks were
generated using association strength normalization and a minimum
occurrence threshold of 10

from descriptive developmental research toward clinically
driven investigations aimed at improving diagnosis, risk
stratification, and management strategies in children.

Clinical implications

The observed thematic evolution highlights the growing
clinical integration of orthodontics, pediatric sleep medi-
cine, and airway-focused care. Increasing emphasis on early
diagnosis and interdisciplinary collaboration suggests that
craniofacial assessment is becoming an important compo-
nent of pediatric airway evaluation [4, 5]. Imaging-based
approaches and growth-related interventions are increas-
ingly investigated not only for dentofacial correction but
also for their potential role in improving airway function and
reducing sleep-disordered breathing risk [1, 6, 28]. These
findings support close collaboration among orthodontists,
pediatric dentists, otolaryngologists, and sleep physicians in
managing pediatric patients, as growth-related craniofacial
adaptations, including mandibular rotational patterns, may
influence functional airway outcomes during development
[29].
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Fig. 3 Keyword co-occurrence network showing major thematic clusters in pediatric craniofacial growth and airway-related research

Table 3 Most frequent keywords

Rank Keyword Frequency
1 Orthodontics 612
2 Children 487
3 Pediatric 451
4 Craniofacial growth 396
5 Cephalometry 371
6 Cleft palate 332
7 Craniosynostosis 296
8 Mouth breathing 254
9 Adenoid hypertrophy 231
10 Airway 219

*Ten most frequently occurring author keywords and Keywords Plus
terms in pediatric orthodontic and craniofacial physiology publica-
tions from 2020 to 2024

Limitations

Several limitations should be acknowledged. First, the
analysis was restricted to the Web of Science Core Collec-
tion and may not fully represent studies indexed exclusively
in other databases. Second, bibliometric analyses evaluate
publication patterns rather than the clinical effectiveness

@ Springer

or methodological quality of individual studies [8, 24, 25].
Third, the focus on the 2020-2024 period provides a con-
temporary overview but may not capture longer-term histor-
ical developments in craniofacial growth research. Finally,
network visualizations and thematic clustering depend on
algorithmic parameters and should be interpreted as descrip-
tive rather than definitive classifications.

Clinical translation and future directions

Although bibliometric analyses are descriptive by nature,
the present findings provide important insights into how
research is moving toward clinically actionable directions.
The increasing concentration of studies on airway morphol-
ogy, growth modification, and interdisciplinary manage-
ment indicates a shift from isolated diagnostic approaches
toward integrated care models in pediatric populations.
Early screening strategies and growth-related therapeutic
approaches appear to be emerging as central themes in con-
temporary research [4-6].

Despite the expansion of scientific output, important
evidence gaps remain. Prospective longitudinal studies,
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Fig. 4 Thematic evolution of research themes based on Keywords
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multicenter collaborations, and standardized outcome report-
ing are still limited, particularly regarding long-term airway
changes during growth. Future research is expected to focus
on artificial intelligence—assisted airway assessment, longi-
tudinal craniofacial growth modeling, and harmonized diag-
nostic protocols, since longitudinal modeling approaches
may provide valuable insights into craniofacial growth pre-
diction and future airway-related outcomes [30].

Conclusion

This bibliometric analysis provides an overview of recent
global research trends in pediatric craniofacial growth, air-
way physiology, and OSA. The findings demonstrate increas-
ing international collaboration and a thematic shift toward
clinically oriented and airway-focused research. Emerging
themes highlight the growing integration of orthodontics,
sleep medicine, and advanced imaging technologies. Future
research should prioritize prospective multicenter studies,
standardized outcome measures, and interdisciplinary col-
laboration to strengthen the clinical integration of craniofa-
cial growth research with pediatric airway assessment and
management.
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