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ABSTRACT

Aim: This study aimed to conduct a 25-year bibliometric and thematic mapping analysis to explore how the scientific literature
linking oral health and systemic diseases has evolved, focusing on major trends, diagnostic developments, and emerging in-
terdisciplinary directions.

Materials and Methods: Publications indexed in the Web of Science Core Collection (2000—October 2025) under “Dentistry and
Oral Medicine” were analyzed using the Biblioshiny R package and VOSviewer. Annual scientific output, citation trends,
contributing countries, journals, and keyword-based thematic structures were evaluated.

Results: A total of 2650 articles met the inclusion criteria. Global research output showed a steady increase, with a marked surge
after 2015. The United States, China, Brazil, and England were the most productive countries, while several European nations
demonstrated the highest citation impact. Periodontology journals dominated publication volume; however, recent years revealed
diversification toward endodontic, peri-implant, and oral oncology topics. Thematic evolution maps indicated a transition from
periodontal inflammation-oriented research themes to broader mechanistic perspectives.

Conclusions: Oral-systemic health research has shifted from a periodontally centered field to a broader interdisciplinary domain
integrating molecular, microbiological, and translational approaches. While significant progress has been achieved, future studies
should focus on underexplored areas such as endodontic pathology, surgical interventions, and orthodontic influences to achieve
a comprehensive understanding of oral contributions to systemic health.

1 | Introduction supports the oral cavity as a contributor to systemic in-

flammation [3]. Among oral diseases, periodontitis, because of its

Oral health plays a fundamental role in general well-being and
quality of life. Increasing scientific attention over the past 2
decades has emphasized that oral conditions extend beyond the
oral cavity and exert meaningful effects on systemic health [1].
The oral cavity serves as a reservoir for pathogenic microor-
ganisms, inflammatory mediators, and metabolic byproducts,
enabling microbial dissemination and immune activation [2].
Recent work in microbiome and salivary biomarkers further

high global prevalence and well-defined inflammatory and mi-
crobial pathways, has served as the primary model linking oral
dysbiosis to systemic immune activation, endothelial dysfunc-
tion, and chronic disease burden [4]. Beyond periodontitis, other
oral inflammatory and functional conditions—including end-
odontic infection [5], peri-implant inflammation, prosthodontic
and functional impairments, orthodontic tooth-
movement-related remodeling processes [6, 7], and surgically
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induced tissue responses [8, 9]—also contribute to immune
pathways, supporting the view that oral health represents an
integral component of general health [2].

Interdisciplinary care, personalized medicine, and preventive
health models increasingly incorporate oral health markers
when assessing systemic disease risk and progression [1]. As the
evidence base expands, the rapid growth of publications has
made it increasingly challenging to discern overarching trends
and the most influential contributions. Therefore, systematic
evaluation and mapping of research activity are essential to
clarify how knowledge has evolved, identify leading contributors,
and highlight emerging scientific directions [10].

Bibliometric and scientometric analyses offer robust methods to
examine scientific structure, publication productivity, in-
tellectual influence, and thematic trends at scale. They allow
visualization of collaboration networks, citation impact, and
conceptual evolution, thereby identifying established research
areas and highlighting novel or underexplored topics [11]. When
combined with thematic mapping and keyword co-occurrence
analyses, these approaches trace how scientific concepts progress
from emerging topics to mainstream domains [12].

Despite increasing interest, no bibliometric study has provided
an integrated, long-range overview of oral-systemic health re-
search across major dental disciplines. Previous searches have
focused on single systemic conditions or isolated dental spe-
cialties, resulting in fragmented insights into the broader land-
scape. By integrating quantitative bibliometrics with qualitative
thematic interpretation, the present study offers a comprehensive
synthesis, outlining how the field has developed and providing
guidance for future directions.

2 | Materials and Methods

This bibliometric analysis was conducted following established
guidelines for reporting bibliometric studies in biomedical re-
search [13]. The study selection process was reported using the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework to enhance transparency and
reproducibility of record identification and screening. As the
study was based exclusively on publicly available published
literature and did not involve human participants or patient data,
neither ethics committee approval nor written informed consent
was required.

2.1 | Data Source and Search Strategy

Data for this study were retrieved from the Web of Science Core
Collection (WoSCC) on 27 October 2025, including indexes
applicable to the field, namely, Science Citation Index Expanded
(SCI-Expanded), Emerging Sources Citation Index (ESCI), Social
Sciences Citation Index (SSCI), and Book Citation Index-Science
(BKCI-S). The search query applied in the WoSCC was as follows:
TS = (oral OR dental OR periodontal OR endodontic OR pros-
thodontic OR orthodontic OR maxillofacial) AND (systemic
AND (health OR disease OR condition OR infection OR in-
flammation OR disorder)) AND (cardiovascular OR osteoporosis
OR diabetes OR rheumatoid arthritis OR obesity OR radio-
therapy OR endocarditis OR metabolic syndrome OR osteo-
necrosis OR pregnancy OR cancer OR malignancy OR renal
disease OR hematologic disease OR autoimmune OR

immunologic OR neurologic OR respiratory). The TS query in-
tentionally captured a broad range of dental literature. The se-
lection of search terms was performed through a structured,
multistep process. Preliminary scoping searches were conducted
to identify commonly used terminology in the field. These terms
were then refined by examining keywords used in highly cited
and representative publications related to oral-systemic health.
The final set of keywords was selected to capture the core lit-
erature while excluding unrelated topics, thereby maintaining
the thematic relevance of the dataset. To validate the search
strategy, the results were first restricted to the Dentistry and Oral
Medicine category. A random sample of 200 records was gen-
erated using Excel-based randomization and independently
screened by two reviewers. This process demonstrated high
interreviewer agreement (x =0.85) and a low proportion of ir-
relevant items (~5%-7%). Studies were considered “outside the
citation data” if they met one of the following conditions: (i)
focused exclusively on dental without any reference to systemic
health outcomes or associations; (ii) focused solely on systemic
diseases without addressing oral health conditions; or (iii) in-
vestigated highly specific technical, material, or procedural as-
pects of dental treatments without discussing their potential
systemic implications. The screening process was performed in
two stages (title/abstract and full-text screening). Disagreements
were resolved through discussion and, when needed, by con-
sulting a third reviewer. The selection process is summarized in
the flow diagram given in Figure 1.

2.2 | Data Collection and Analysis

For each included article, the “full records and cited references”
files were obtained from WoSCC in plain-text format for use in
bibliometric software. Bibliometric analyses were conducted
using RStudio (Posit Software, Boston, MA, USA) with the
Biblioshiny web-interface package (Bibliometrix R package,
Version 4.2.0; University of Naples Federico II, Naples, Italy) for
data processing, global mapping, journal analysis, and thematic
evaluation. Geographical distribution and citation performance
of contributing countries were visualized using density maps,
enabling comparative assessment of publication volume and
average citations across regions. Journal distribution was eval-
uated by ranking sources according to the number of published
documents, and a bubble chart was generated to display the
volume across journals. The data, including total and average
citations per document, were directly extracted from the
WoSCC at the time of data retrieval using its built-in analysis
tools. Specifically, total citation counts for each document were
obtained, and the average citation per document was calculated
by dividing the total number of citations by the total number of
publications within the dataset. International collaboration
patterns between countries were evaluated using Visualization
of Similarities Viewer (VOSviewer). A minimum threshold of
five publications per country was applied to ensure the in-
clusion of the most productive contributors. To improve data
consistency, a thesaurus file was used to merge variations in
country names (e.g., Tiirkiye and Turkey) under a single
standardized term. The top 50 most-cited articles were iden-
tified based on total citation counts, and citation data from the
previous five years were extracted to illustrate recent trends. A
keyword co-occurrence analysis was conducted using VOS-
viewer software (Version 1.6.15; Center for Science and
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Studies included in review
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FIGURE 1 | Flow diagram of the study selection process.

Technology Studies, Leiden University, Leiden, Netherlands),
applying a minimum keyword-occurrence threshold of 5 to
construct the co-occurrence network. The thematic evolution

Topic outside scope
(n=215)

mapping was performed using the text-analysis module in
Biblioshiny, applying 250 terms, a minimum cluster frequency
of 5 per thousand documents, Walktrap clustering, and
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FIGURE 2 | Annual publication output and citations. The bars represent the annual number of publications, while the line indicates yearly citation

frequency.
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FIGURE 3 | Global scientific production and citation impact in the field. (A) Worldwide distribution of publications, with darker shades indicating
higher research output. (B) Leading contributing countries based on average citations per article.

inclusion-index weighting. Label size and minimum weight
thresholds were standardized across periods to ensure consis-
tent thematic comparison.

3 | Results

Records retrieved from the WoSCC amounted to 16,954. After
restricting results to the “Dentistry and Oral Medicine” category,
4793 records remained. Applying the publication year filter re-
duced the dataset to 3647 records, and subsequent language and
document type filtering resulted in 2865 records. Title and ab-
stract screening excluded 215 studies, leaving 2650 articles for
final analysis.

Annual scientific output in this field demonstrated a consistent
upward trajectory, particularly after 2015, accompanied by

a marked increase in citation frequency, indicating growing
academic interest and impact over time (Figure 2).

Global research output demonstrated wide geographic partici-
pation, with the highest publication volume originating from the
United States, followed by China, Brazil, and England
(Figure 3A). Countries with the highest publication volume also
ranked high in total citations; however, average citation analysis
revealed strong relative influence from several European
countries, highlighting their strong citation performance
(Figure 3B).

The country collaboration map (Figure 4) suggested that the
United States occupied a central position within the international
research network on oral-systemic health, forming the strongest
partnerships with England, Brazil, and Germany. A dense intra-
European collaborative cluster was also identified, involving
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FIGURE 4 | Country collaboration map.

countries such as Sweden, Switzerland, and the Netherlands,
indicating strong regional research integration. In contrast, de-
spite its high publication output, China exhibited relatively
limited international collaboration.

The most relevant sources were led by the Journal of Peri-
odontology (n=258), followed by the Journal of Clinical
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Periodontology (n =195) and Oral Diseases (n = 120), indicating
that periodontal and general oral health journals accounted for
a substantial proportion of the literature (Figure 5). Analysis of
the top 50 most-cited publications (Table 1) revealed a strong
dominance of periodontal research within the literature. Highly
cited articles were most frequently published in the Journal of
Clinical Periodontology, Periodontology 2000, and the Journal of
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TABLE 2 | Most prolific authors in oral-systemic health research
(authors with > 10 publications).

Author Number of publications
Offenbacher S 23
D’Aiuto F 18
Scully C 18
Kocher T 17
Sanz M 16
Beck JD 15
Epstein JB 15
Genco RJ 15
Loos BG 14
Meurman JH 14
Papanou PN 14
Sorsa T 13
Yamazaki K 13
Bartold PM 12
Chapple ILC 12
Katz J 12
Persson GR 12
Fischer RG 11
Jin L 11
Pasarin L 11
Scannapieco FA 11

Periodontology, demonstrating clear journal-level centrality.
Recent highly cited papers increasingly emphasize the oral
microbiome, systemic inflammation, and broader oral-systemic
health interactions, reflecting a growing shift toward more
comprehensive and interdisciplinary perspectives. Author pro-
ductivity was evaluated to identify the most prolific contributors
in the field (Table 2). The authors with more than 10 publications
were included. Offenbacher S was the most productive author,
followed by D’Aiuto F. and Scully C.

The thematic evolution maps (Figure 6) reveal a progressive shift in
research focus across the five periods. Between 2000 and 2004,
studies primarily investigated links between periodontal in-
flammation, immune responses, and cardiovascular risk. From 2005
to 2009, topics expanded to include diabetes, bone metabolism, and
inflammatory markers. During 2010-2014, the clusters were
dominated by inflammation-related periodontal themes, with
periodontitis, inflammation, and C-reactive protein forming the core
motor cluster. Niche themes included bone-related topics such as
dental implants and osseointegration. From 2015 to 2019, thematic
areas expanded toward systemic disease classification, cardiovas-
cular and inflammatory associations, and clinical risk factors such
as smoking and pregnancy, while niche clusters addressed oral
cancer, biofilm, lupus-related conditions, and bisphosphonate-
associated osteonecrosis. In 2020-October 2025, the field was
dominated by periodontitis—systemic disease associations as core
basic themes, while emerging topics involved risk factors, cancer,
and osteoporosis.

The keyword co-occurrence map revealed distinct thematic clusters,
with periodontitis, systemic inflammation, cardiovascular disease,

and metabolic conditions emerging as some of the most prominent
themes in the literature. A total of 381 of 7821 keywords met the
inclusion criteria and were included in the analysis (Figure 7). The
map further emphasized the most dominant terms.

4 | Discussion

Over the past 25 years, research exploring the bidirectional re-
lationship between oral health and systemic disease has ex-
panded markedly, shifting from isolated specialty perspectives
toward a more integrated medical-dental understanding. The
consistent rise in publications and citations, particularly after
2015, coincides with increased attention to oral-systemic bi-
ological pathways, advances in microbiome research, and wider
adoption of interdisciplinary healthcare frameworks [3, 14, 15].
The pronounced increase after 2015 likely reflects expanding
recognition of oral health as a component of systemic disease
prevention and management, along with advances in micro-
biome science, salivary diagnostics, and chronic disease epide-
miology [16-18]. This growing body of evidence may also have
practical implications for clinical care, encouraging dental
practitioners to consider potential oral-systemic interactions
during patient assessment and to collaborate more closely with
medical colleagues when managing individuals with complex
systemic conditions.

The peak in 2024, with approximately 200 publications, reflects
the highest productivity to date, while the surge in citations
reaching ~10,000 in the same year demonstrates not only in-
creased volume but also substantial visibility and influence
within the field. However, citation-based metrics are inherently
time-dependent, and older publications tend to accumulate more
citations over time; therefore, observed increases in citation
counts should be interpreted with caution, as they may reflect
temporal accumulation effects in addition to growing activity.
The apparent decline observed in 2025 should not be interpreted
as a reduction in research momentum. Instead, it is primarily
explained by the incomplete calendar year and inherent citation
lag, as newly published studies require time to accumulate ci-
tations [19]. Overall, the post-2015 trajectory suggests that the
field has shifted from a peripheral topic to a mainstream sci-
entific domain; however, research output remains concentrated
in specific regions. The United States, Brazil, and China pro-
duced the highest publication volume, reflecting strong research
infrastructure and sustained investment [20]. In contrast, Eu-
ropean countries such as the Netherlands, Belgium, Switzerland,
Sweden, and Denmark demonstrated the highest average citation
impact, suggesting that factors beyond publication volume may
contribute to scientific influence and citation performance.
Meanwhile, participation from Latin America, Africa, and parts
of Asia remains limited, highlighting ongoing global research
disparities and the need for greater international collaboration
and capacity-building. These imbalances may result from dif-
ferences in research infrastructure, funding availability, and the
integration of oral-systemic concepts into national health
priorities [21].

The international collaboration network not only illustrates
connections between countries but also indirectly reflects the
relationship between research productivity and scientific impact
[22]. The United States, which has the highest publication
output, may illustrate a potential association between research
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FIGURE 6 | Thematic evolution structure of research topics across periods: (A) 2000-2004, (B) 2005-2009, (C) 2010-2014, (D) 2015-2019, and (E)
2020-October 2025. This visual synthesis demonstrates the transition of key research themes over time, highlighting shifts from niche and emerging

topics toward core motor themes.

productivity and international collaboration. Countries with
higher output tend to be more integrated into broader net-
works, which may accelerate knowledge exchange and en-
hance their visibility and citation potential [23]. However, this
relationship is not strictly proportional across countries, as
some high-output countries exhibit limited international
partnerships, while others achieve greater impact through
stronger network integration [22]. For instance, despite its
high productivity, China demonstrates relatively limited in-
ternational collaboration links, which may partly explain its
citation profile relative to its publication output. In contrast,
some European countries achieve higher citation impact

despite lower publication volumes, likely due to their stronger
integration into global networks [24].

The journal distribution highlights that the Journal of Peri-
odontology and the Journal of Clinical Periodontology accounted
for the largest share of publications, reflecting a strong focus on
periodontal inflammation, systemic immune responses, and
cardiometabolic associations [25-27]. However, oral-systemic
health research did not originate solely from periodontal science.
Early contributions also came from endodontics [28], oral on-
cology [29], and oral medicine [30], demonstrating parallel in-
terest across multiple dental disciplines. Consequently,
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FIGURE 7 | Keyword co-occurrence network map. The visualization illustrates major thematic clusters in the literature. Cluster colors represent

distinct research domains, highlighting interconnected themes spanning across the field.

contributions from other dental specialties became increasingly
visible over time [25, 30]. The subsequent prominence of journals
such as Clinical Oral Investigations and Oral Diseases illustrates
a shift toward multidisciplinary and translational perspectives.
These trends are also reflected in the patterns observed among
the top-cited publications. Author productivity analysis further
showed that a relatively small group of researchers contributed
a notable proportion of publications, indicating the presence of
leading contributors shaping the field.

Over time, the thematic maps indicate diversification of research
themes beyond inflammation-focused hypotheses. Early studies
emphasized the link between periodontitis-related inflammation
and systemic outcomes, particularly cardiovascular and meta-
bolic effects. Subsequent work explored immune pathways,
oxidative stress, and bone metabolism. Between 2015 and 2019,
biological mechanisms and salivary biomarkers became more
prominent, likely supported by advances in diagnostic technol-
ogies that improved detection and analysis [3, 31]. Recently,
attention has extended to the oral microbiome, metabolic reg-
ulation, cancer-associated pathways, and peri-implant condi-
tions. This trajectory aligns with the keyword co-occurrence
map, which shows inflammation-related concepts at the core of
the network and demonstrates a gradual inclusion of micro-
biome, metabolic, oncology, and endodontic terms within
expanding thematic clusters.

In our dataset, endodontic topics constituted a relatively small but
distinct microcluster within the broader research field. Most
studies focused on apical periodontitis and its relationship with
systemic health [32, 33], including a recent bibliometric analysis of
the 100 most-cited papers in this area [34], in which coronary heart
disease and diabetes mellitus emerged as the dominant systemic
outcomes. These investigations predominantly examine apical
periodontitis in relation to general markers of inflammation

[35, 36], while several clinically relevant areas remain in-
sufficiently investigated. Research addressing endodontic disease
within the context of metabolic syndrome, autoimmune disorders,
and metabolic conditions exists [37-39] but remains largely un-
explored, offering limited mechanistic insight. In addition,
endodontic-systemic interactions in oncology-related set-
tings—such as cancer therapy, radiotherapy-induced tissue al-
terations, or the impact of antiresorptive medications—are rarely
investigated, representing important areas for future research.

From a clinical perspective, the findings of this bibliometric
analysis emphasize the growing recognition of oral health as an
integral component of systemic health. Increased awareness of
oral-systemic interactions may encourage clinicians to in-
corporate relevant medical history, systemic risk factors, and
interdisciplinary communication into routine patient care.
Furthermore, the identification of underexplored research areas
may help guide future clinical investigations and contribute to
the development of more comprehensive evidence-based ap-
proaches for patient management [8]. Although periodontal
conditions dominate the current literature, this analysis also
reveals the relative underrepresentation of endodontic, surgical,
and orthodontic topics. Expanding research in these areas may
contribute to a better understanding of potential oral-systemic
relationships and help inform future patient care strategies.

In this study, data were sourced from the WoSCC, selected for its
high-quality indexing of peer-reviewed journals and strong
compatibility with bibliometric software [40]. However, reliance
on a single database may have led to the exclusion of relevant
studies from other platforms. In addition, differences in indexing
policies across databases may have influenced the representation
of certain disciplines and research areas within the dataset. Self-
citations were not specifically evaluated, which may have a mi-
nor influence on the interpretation of citation patterns. The use
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of broad search terms, while enabling a general mapping of the
field, may have limited the inclusion of highly specialized sub-
topics and specific systemic conditions, potentially influencing
the representation of certain disciplines. In addition, differences
in scientific visibility and awareness across dental disciplines
may further contribute to this imbalance, as periodontology has
historically attracted greater attention due to well-established
systemic links, whereas endodontic associations may be less
recognized, potentially affecting both publication output and
citation patterns. Although the past 25years of oral-systemic
research have predominantly focused on periodontal in-
flammation and its cardiometabolic implications, the oral cavity
includes multiple disease processes with systemic influence that
remain comparatively under-investigated [41]. Endodontic pa-
thologies can generate persistent low-grade inflammation, bac-
teremia, and immune activation [42], yet mechanistic evidence
linking apical periodontitis to systemic outcomes remains lim-
ited. Similarly, surgical interventions in the maxillofacial region,
peri-implant inflammatory conditions, and orthodontic tooth
movement can alter immune responses and metabolic pathways
[43-45], suggesting that the systemic footprint of oral care ex-
tends beyond periodontal disease alone. Addressing these gaps
will require mechanistic and longitudinal studies examining how
pulpal infection, bone healing biology, biomaterial-host in-
teractions, and treatment-induced immune modulation con-
tribute to systemic status. Integrating future evidence from these
areas into clinical practice may contribute to improved risk as-
sessment, early diagnosis, and personalized treatment strategies
for patients with systemic comorbidities.

5 | Conclusions

The systemic implications of oral health highlight its essential
contribution to understanding the broader landscape of general
health. This 25-year bibliometric analysis identifies a shift from
periodontal inflammation and cardiometabolic risk toward wider
domains such as the microbiome, metabolic regulation, in-
flammatory pathways, and oral oncology. Expanding in-
vestigations across a wider range of dental specialties may help
provide a more comprehensive understanding of the potential
systemic implications of oral conditions.
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