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ABSTRACT

Aims: Transoral endoscopic thyroidectomy vestibular approach (TOETVA) has gained prominence as a minimally
invasive thyroid surgery technique. Although the TOETVA literature has expanded substantially, no bibliometric study has
comprehensively evaluated its structural, thematic, and collaborative characteristics. This study aims to perform a bibliometric
analysis of TOET VA-related publications to describe the academic development of the field, identify influential contributors,
highlight key sources, and assess international collaboration patterns.

Methods: Publications related to TOETVA indexed in the Web of Science Core Collection were analyzed using bibliometric
methods. Bibliometrix (R-based) and VOSviewer software were used to evaluate publication output, productive authors,
countries, citation patterns, collaboration networks, and keyword co-occurrence and thematic structures.

Results: The analysis demonstrated a rapid expansion of the TOETVA literature since 2016, with a marked increase in
publication volume over the past five years. Thailand, China, the United States, and Turkiye were the most productive countries.
Angkoon Anuwong, who originally described the technique, emerged as the most influential author, alongside researchers
from multiple regions. Collaboration analyses revealed well-defined research networks centered around specific institutions,
while international collaboration remained limited in some regions. Keyword analysis showed that “TOETVA,” “scarless
thyroidectomy,” “minimally invasive surgery,” and “papillary thyroid carcinoma” were the most frequently used terms. Thematic

mapping indicated a primary focus on technical aspects, complication management, and oncologic outcomes.

Conclusion: These findings indicate that the TOET VA literature is rapidly evolving but remains concentrated around a limited
number of countries and leading researchers. Identified thematic gaps may guide future research directions.
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INTRODUCTION

Transoral endoscopic thyroidectomy vestibular approach
(TOETVA) was first described by Angkoon Anuwong in 2016
and was introduced into the literature as an aesthetic and
minimally invasive alternative to conventional open thyroid
surgery." This technique enables access to the thyroid gland
through endoscopic incisions made in the oral vestibule,
thereby completely eliminating the formation of a visible
cervical surgical scar. Owing to this distinctive feature,
TOETVA is regarded as one of the most representative
examples of the “scarless surgery” concept.

The rapid dissemination of TOETVA has been driven not only
by its cosmetic advantages but also by acceptable complication
rates, a relatively rapid recovery process, and high levels of
patient satisfaction.” Initially developed for the management
of benign thyroid nodules, this approach has subsequently
been applied to selected cases of low-risk papillary thyroid
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carcinoma, with satisfactory oncological safety outcomes
reported in the literature.’ This evolution has contributed to
the establishment of TOETVA as a permanent component of
minimally invasive thyroid surgery strategies.

Nevertheless, the surgical application of TOETVA involves
technical challenges, and issues such as the learning curve,
mental nerve injury, risk of infection, and appropriate patient
selection continue to be debated in the literature.” These
clinically relevant discussions, combined with the increasing
adoption of the technique across different centers, have led
to the publication of numerous original studies, technical
reports, systematic reviews, and meta-analyses. The marked
increase in the number of TOET VA-related publications over
the past decade underscores the dynamic and rapidly evolving
nature of this research field.
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Beyond its clinical relevance, TOETVA also represents a
rapidly expanding research domain reflecting broader trends
in minimally invasive surgery, innovation diffusion, and
international scientific collaboration. The increasing volume
and diversity of publications in this field highlight the need
to evaluate not only clinical outcomes but also the structure
of scientific knowledge production, collaboration networks,
and thematic evolution. Bibliometric analysis provides a
systematic and reproducible approach to mapping research
landscapes, identifying influential contributors, and revealing
emerging research directions.

Despite this rapid expansion of the literature, there is
currently no comprehensive bibliometric analysis that
holistically evaluates the structural characteristics, thematic
focuses, citation dynamics, and international collaboration
networks of TOETVA research. Unlike systematic reviews,
bibliometric analyses are quantitative studies that aim to
elucidate the structural and dynamic features of a research
field using objective metrics. While systematic reviews
synthesize the literature addressing a specific clinical question
based on methodological criteria, bibliometric studies
analyze patterns of knowledge production and dissemination
through indicators such as publication output, citation rates,
author collaboration networks, keyword frequencies, and
thematic structures. Through this approach, the evolutionary
development of a research field, its influential contributors,
and potential future research gaps can be assessed in a
comprehensive manner. In this respect, bibliometric analyses
provide a complementary perspective to systematic reviews
by facilitating literature mapping and strategic academic
guidance.”

The present study aims to analyze the TOETVA literature
indexed in the Web of Science Core Collection (WoSCC)
database using bibliometric methods. By employing
VOSviewer and Bibliometrix software, publication trends,
the most productive authors and countries, keyword-
based thematic structures, highly cited publications, and
collaboration networks were evaluated. The findings of
this study are intended to serve as a reference resource
summarizing the current state of the literature for researchers
working in the field of TOETVA and to identify potential
research gaps that may guide future investigations.®

METHODS
Ethics

As this study is based solely on openly accessible bibliometric
data and does not involve any individual patient information,
ethical committee approval was not required.

Data Source and Literature Search

For this bibliometric analysis, data were retrieved from
the WoSCC database. A literature search was conducted
on July 27, 2025, covering publications published between
2014 and 2025, using the following keyword set: “transoral
endoscopic  thyroidectomy vestibular approach” OR
“TOETVA” OR “transoral thyroidectomy” OR “vestibular
approach thyroidectomy” OR “scarless thyroid surgery”
OR “natural orifice thyroidectomy”. Only English-language
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publications classified as articles and reviews were included
in the analysis, while other document types such as letters,
abstracts, conference proceedings, and editorial materials
were excluded. In total, 155 publications were deemed eligible
for analysis. Data extraction and verification were performed
by the author. To ensure methodological consistency and
minimize potential bias, the screening process was conducted
in multiple stages, and all records were re-evaluated for
eligibility and data accuracy.

These publications were published across 72 different scientific
journals and produced by 658 unique authors. Only four
single-authored publications were identified, with a mean
number of authors per document of 6.25. Approximately 28.4%
of the publications involved international co-authorship.
The dataset comprised a total of 1,768 cited references, and
the mean number of citations per document was calculated
as 16.6. The average age of the publications was 3.57 years,
indicating that TOETVA represents a relatively recent and
rapidly evolving research field.

The annual growth rate of the TOETVA literature was
calculated as 24.36%, reflecting the increasing scientific
interest in this topic.

Bibliometric Analysis Methods

The analysis was conducted using two main software tools:

Bibliometrix/Biblioshiny (R Studio): The Bibliometrix R
package was used to perform descriptive and performance-
based bibliometric analyses, including general statistics,
annual scientific production trends, most productive authors,
most frequently cited publications, journal impact, country
contributions, h-index values, multiple country publication
(MCP) and single country publication (SCP) distributions,
and three-field plots. The resulting data were exported in
tabular and graphical formats and integrated into the Word
document.

VOSviewer (version 1.6.20): Plain text (.txt) files downloaded
from Web of Science were imported into VOSviewer, and five
types of analyses were performed: co-authorship-authors,
generating a collaboration map among authors with at least
two publications; co-authorship—countries, illustrating
international collaboration networks among countries
with a minimum of three publications; co-occurrence-
author keywords, producing a conceptual map based on
keywords appearing at least three times; citation—-documents,
visualizing citation relationships among the most highly
cited publications; and bibliographic coupling-documents,
identifying thematic similarity among publications sharing
common references. The “full counting” method was applied
in all analyses, and threshold values (e.g., minimum of two
publications or three keyword occurrences) were determined
based on visual clarity. In addition to basic bibliometric
indicators, advanced performance metrics such as the h-index,
most influential sources, citation-based impact indicators,
and MCP and SCP ratios were evaluated to provide a more
comprehensive understanding of the research landscape. All
network visualizations were exported in PNG format and
included in the study.
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A PRISMA-like flow diagram was constructed to illustrate the
study selection process. Initially, all records identified through
the WoSCC database were screened based on predefined
search terms. After removing non-relevant records, document
types such as letters, conference abstracts, and editorial
materials were excluded. Subsequently, only English-language
articles and reviews were retained for analysis. A total of 155
publications met the inclusion criteria and were included in
the final bibliometric dataset (Figure 1).
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Figure 1. PRISMA-like flowchart of study selection process

RESULTS

General Characteristics of the Literature

Within the scope of the bibliometric analysis, TOETVA-
related publications published between 2014 and 2025 were
evaluated. A total of 155 articles from 72 different sources
were included. The average annual growth rate was calculated
as 24.36%, indicating a steadily increasing scientific interest
in this field.

Opverall, 658 unique authors contributed to these publications,
with a mean of 6.25 co-authors per article. International co-
authorship was identified in 28.39% of studies, demonstrating
that TOETVA research is predominantly conducted through
global collaborative efforts.

The mean number of citations per publication was 16.6, and
the average publication age was 3.57 years. In total, 1,768
references were cited, and 302 unique author keywords were
identified. These core bibliometric indicators form the basis for
the subsequent analyses of production trends, collaboration
patterns, and thematic structure. A summary of these metrics
is presented in Figure 2.

Annual Scientific Production

The temporal distribution of TOETVA-related publications is
shown in Figure 3. Before 2016, the literature consisted of only
sporadic publications. A marked increase was observed from
2017 onward, with publication output accelerating in 2020
and peaking in 2021 and 2022, during which approximately
26 articles were published each year.
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Figure 2. General characteristics of the TOET VA literature dataset obtained
using the Bibliometrix package
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Figure 3. Annual distribution of TOET VA-related publications over time
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A decline in publication numbers was observed in 2023 and
2024. Data for 2025 reflect only the period up to the analysis
date and may increase by the end of the year. Overall, these
fluctuations suggest a transition from early expansion toward
more focused and specialized research themes within the
field.

Co-authorship-Authors

The author co-authorship network among researchers with
at least two TOETVA-related publications is illustrated in
Figure 4. The network consists of eight distinct clusters,
indicating that scientific production is concentrated around
several leading research groups.
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Figure 4. Co-authorship network map of authors with at least two TOETVA-
related publications. Node size indicates publication count, while edge thickness
reflects collaboration strength. Different colors represent collaboration clusters
among author groups.
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Authors occupying central positions in the network include
Angkoon Anuwong, Gianlorenzo Dionigi, Noon Yub Kim,
Ralph P. Tufano, and Jonathan O. Russell, reflecting both
high publication productivity and extensive involvement
in multicenter collaborations. Cluster analysis revealed
geographically structured collaboration patterns, with
Anuwong and collaborators forming a prominent cluster,
European researchers grouped primarily around Dionigi, and
North American authors centered on the Tufano-Russell axis.

China-based authors formed a densely connected but
relatively localized cluster, while researchers from Turkiye,
including Makay Ozer and Yigit Tiirk, were integrated into
the international collaboration network. Overall, the network
demonstrates a globally collaborative structure, with specific
centers playing a dominant role in knowledge production.

Co-authorship-Countries

The international collaboration network among countries
with at least three TOETVA-related publications is presented
in Figure 5. The analysis reveals that scientific output is
concentrated in a limited number of countries forming
distinct collaboration clusters.
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hapnd peopldg) china

ey
Figure 5. Country-level co-authorship network of countries with at least three
TOETVA-related publications. Node size indicates publication volume, and
link thickness reflects the strength of international collaboration. China and
the USA appear as central nodes
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China represents one of the most central nodes, maintaining
strong collaborative links with Italy, Thailand, South Korea,
Taiwan, and Turkiye. The United States also functions as a
major hub, with connections to Canada, Brazil, South Korea,
and Italy. Turkiye demonstrates visible but more limited
collaboration, primarily with Italy and China. France and
Germany show relatively restricted collaboration patterns,
with fewer international links.

Overall, the findings indicate that TOET VA research is largely
driven by Asia-Pacific and North American regions, while
European contributions remain concentrated within a limited
number of centers.

Co-occurrence-Author Keywords

Figure 6 presents the co-occurrence network of author
keywords used at least three times. Several distinct thematic
clusters were identified, each representing major research
orientations within the TOETVA literature.

404

-

thyroiigtomy

ryroiisce ualgpsrite

transaral diggoidectomy

rroid @rcioms | endoscopioiifrorectomy
e robonk trideccony

ranssrubosach

Figure 6. Keyword co-occurrence network of author keywords used at least
three times in TOETVA-related publications. Node size indicates keyword
frequency, and different colors represent thematic clusters reflecting technique,
safety, minimal invasiveness, oncolog
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The red cluster includes keywords defining the TOETVA
technique and its surgical approach, such as “transoral
thyroidectomy,” “endoscopic thyroidectomy,” and “vestibular
approach.” The green cluster reflects the broader context of
minimallyinvasive surgery, while the blue cluster encompasses
general thyroid surgery-related terms. The purple cluster is
associated with oncologic themes, including thyroid cancer
and robotic surgery, whereas the yellow cluster focuses on
complications and learning curve-related issues.

The keyword “TOETVA” occupies a central position in
the network and demonstrates strong connections across
all clusters, indicating its integrative role across technical,
oncologic, aesthetic, and safety-related themes.

Citation-Documents

The citation network of publications with at least five citations
is illustrated in Figure 7. The initial clinical series reported
by Anuwong (2016) occupies the most central position and
represents the most frequently cited publication in the field,
serving as a foundational reference for the technique.
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Figure 7. Citation network of TOET VA-related documents with at least five
citations. Node size represents citation count, and link thickness reflects
citation strength between documents. The study by Anuwong (2016) is the
most cited and most central publication in
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Other highly cited studies include works by Anuwong (2018a),
Russell (2017), Jitpratoom (2016), and Dionigi (2017), which
predominantly address complications, learning curves, and
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oncological safety. Citation clustering further highlights
thematic groupings focused on technical feasibility, oncologic
outcomes, and comparative analyses across regions.

Overall, these findings indicate that TOETVA research has
been shaped by a relatively small group of seminal publications
that continue to influence the literature.

Bibliographic Coupling-Documents

Figure 8 presents the bibliographic coupling analysis of
TOETVA-related publications with at least 30 cited references.
Three major clusters were identified, reflecting thematic and
methodological proximity among studies.
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Figure 8. Bibliographic coupling network of documents with at least 30
references in TOETVA-related literature. Node size indicates the number
of shared references, while link strength reflects the degree of bibliographic
coupling. Clusters represent thematic prox
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Thegreen clusteris primarily centered on theinitial description
of TOETVA, technical aspects, and safety evaluations,
including foundational publications by Anuwong and
colleagues. The red cluster focuses on oncological adequacy,
patient outcomes, variant techniques, and multicenter
studies, largely originating from Asia. The blue cluster
includes comparative studies addressing training processes,
learning curves, and comparisons between TOETVA and
other minimally invasive approaches.

These clustering patterns demonstrate that the TOETVA
literature has evolved beyond technical feasibility toward a
multidimensional research structure encompassing safety,
oncology, training, and clinical outcomes.

DISCUSSION

The annual growth rate of publications in the analyzed field
was calculated as 24.36%, reflecting a strong and consistent
increase in scientific output. This rate is considerably higher
than those reported in comparable bibliometric analyses,
such as the approximately 11% annual growth observed
in rheumatology research.” This finding indicates that the
topic addressed in the present study has attracted rapidly
growing scientific attention and has become an increasingly
active area of investigation. The presence of 155 documents
published across 72 different sources, together with 1,768
cited references, further suggests that the field is supported by
a broad and multidisciplinary literature base, a characteristic
commonly observed in research areas involving international

and multicenter collaboration.® These findings suggest that
the growth of TOET VA research is not only driven by clinical
innovation but also shaped by broader research ecosystem
dynamics, including academic capacity, technological
infrastructure, and international collaboration opportunities.

Authorship patterns revealed a highly collaborative research
environment. Among 658 contributing authors, only four
publications were single-authored, indicating that 97.4% of
studies were produced through collaborative efforts. The
mean number of co-authors per publication was 6.25, and
the international collaboration rate reached 28.39%. These
findings highlight the global nature of the field and are
consistent with collaboration rates reported in other rapidly
developing scientific domains.” Such extensive collaboration
emphasizes the multidisciplinary structure of the research
area and supports its scientific and clinical relevance at an
international level.

Keyword analysis demonstrated the use of 302 distinct author
keywords, reflecting substantial thematic diversity. Previous
bibliometric research has associated high keyword diversity
with the maturation and conceptual expansion of a research
field, suggesting that the present topic encompasses multiple
subthemes and evolving research directions.” The mean
citation count of 16.6 per document indicates a moderate-to-
high scientific impact, comparable to citation levels reported
in specialized research areas.'” Additionally, the relatively
low mean publication age of 3.57 years suggests that the
literature is largely composed of recent studies, emphasizing
the contemporaneity of the field.

Analysis of annual scientific production between 2014 and
2025 revealed a pronounced upward trend, particularly after
2021. The observed growth supports the notion that the field is
gaining increasing academic recognition. Similar acceleration
patterns have been reported in emerging research areas,
often driven by technological advances and interdisciplinary
integration."” The rise in publication output may also be
partially explained by the overall increase in scientific
productivity observed following the COVID-19 pandemic."
However, fluctuations in publication distribution over time
suggest that the field is still undergoing a maturation process,
as more established research areas typically exhibit more
stable publication patterns."

Evaluation of author productivity was consistent with Lotka’s
Law, with a relatively small group of highly productive
authors contributing a substantial proportion of the total
publications.'* These core authors frequently collaborate with
one another and are often affiliated with established academic
or clinical research centers, reinforcing dense collaboration
networks. While such concentration may enhance research
quality and citation impact,” limited representation from
developing regions reflects persistent global inequalities in
scientific participation.'® Furthermore, the tendency of prolific
authors to publish in high-impact journals may contribute to
increased visibility and citation performance, a phenomenon
described as prestigious publishing behavior."” From a health
systems perspective, this concentration of scientific output
reflects differences in institutional research capacity, access
to advanced surgical technologies, and supportive academic
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environments. Such structural factors may play a decisive role
in shaping both the volume and impact of research produced
within the field.

International collaboration analysis showed that scientific
output is concentrated in a limited number of economically
developed countries, a pattern consistent with previous
bibliometric studies.”® Collaboration networks revealed
strong links among high-income countries, whereas low-
and middle-income countries remained peripheral. Factors
such as language, geographic proximity, and historical
academic relationships likely contribute to this imbalance.”*’
As internationally co-authored publications are known to
achieve higher citation impact,”” expanding inclusive and
sustained global collaborations may enhance both scientific
diversity and research quality.

Keyword co-occurrence and thematic analyses identified
core research themes related to TOETVA, thyroidectomy,
minimally invasive surgery, cosmetic outcomes, and learning
curves. Themes demonstrating high density and centrality
indicate that TOETVA has evolved from an experimental
technique into an established surgical approach within the
literature.”” The frequent association of keywords related to
safety, feasibility, and technical refinement reflects ongoing
efforts to optimize surgical outcomes."”> In contrast, the
relatively low frequency of keywords addressing patient
satisfaction, cost analysis, and quality of life highlights
important research gaps that warrant further investigation.®

Citation analysis demonstrated that the most influential
publications in the field are foundational studies establishing
the feasibility and safety of TOET VA, particularly the initial
human series reported by Anuwong.' Highly cited multicenter
studies focusing on complications, cosmetic outcomes,
and learning curves have further shaped the literature.”***
The predominance of highly cited publications originating
from Asia reflects early adoption of the technique in this
region, while more recent contributions from Europe and
the Americas indicate its global dissemination.”>*° Ethical,
economic, and educational dimensions remain comparatively
underexplored, representing important opportunities for
future research.”

Bibliographic coupling analysis revealed prominent thematic
clusters centered on surgical safety, learning curves, cosmetic
outcomes, and complication management. These clusters
represent the most data-rich and clinically relevant domains
of the literature.”*»** Emerging themes such as robotic-
assisted applications, nerve monitoring, and health economics
suggest evolving research priorities and potential future
directions.” Consistent with previous bibliometric findings,
such thematic structures may serve as predictors of future
research trends in surgical innovation.** Although advanced
bibliometric indicators were partially included in the analysis,
certain methods such as detailed citation density analysis and
longitudinal thematic evolution mapping were not extensively
explored. These approaches could provide deeper insights into
the temporal dynamics and impact patterns of the field and
should be considered in future studies.
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By highlighting publication trends, collaboration patterns,
and thematic structures, this bibliometric analysis offers
insights that may inform future research planning, resource
allocation, and strategic collaboration in the field of minimally
invasive endocrine surgery.

Limitations

Although this study comprehensively presents the bibliometric
characteristics of the existing literature, several limitations
should be acknowledged.

First, only the WoSCC database was used. Other databases
such as PubMed, Scopus, and Google Scholar were not
included, which may have resulted in the exclusion of some
TOETVA-related studies published in local or non-indexed
journals.

Second, although the keyword set used in the analysis covered
terms directly related to TOETVA, some publications that
reported TOETVA using alternative terminology may have
been overlooked. This limitation is particularly relevant
in surgical literature, where terminological variability is
common.

Third, publication counts, citation numbers, and author
collaboration patterns are dynamic parameters that change
over time. The present analysis is based on data available up
to 2025, and future developments may influence the findings.

Furthermore, restricting the analysis to the WoSCC may have
introduced selection bias, as databases such as Scopus and
PubMed index different journals and may include additional
relevant studies. Although Web of Science is widely accepted
for bibliometric research due to its standardized indexing and
citation data, the exclusion of other databases may limit the
generalizability of the findings.

Finally, Web of Science primarily indexes English-language
publications. Therefore, some relevant studies published
in other languages may have been excluded despite their
scientific value.

CONCLUSION

As a result, this bibliometric analysis demonstrates that the
field is characterized by rapidly increasing scientific output,
strong collaborative structures, and evolving thematic
complexity. The influence of seminal studies, combined
with emerging research directions, reflects both scientific
maturation and ongoing innovation. These findings provide a
comprehensive and structured overview of the field and may
guide future research planning, foster broader international
collaboration, and encourage more balanced exploration of
clinical, economic, and patient-centered outcomes.
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