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Global trends in research

on aging associated with
periodontitis from 2002

to 2023: a bibliometric analysis

Xiaomeng Liu and Hongjiao Li*

Department of Stomatology, Xinhua Hospital, Shanghai Jiaotong University School of Medicine,
Shanghai, China

Background: Aging has been implicated in many chronic inflammatory diseases,
including periodontitis. Periodontitis is an inflammatory disease caused by long-
term irritation of the periodontal tissues by the plaque biofilm on the surface of the
teeth. However, only a few bibliometric analyses have systematically studied this
field to date. This work sought to visualize research hot spots and trends in aging
associated with periodontitis from 2002 to 2023 through bibliometric approaches.

Methods: Graphpad prism v8.0.2 was used to analyse and plot annual papers,
national publication trends and national publication heat maps. In addition,
CtieSpace (6.1.6R (64-bit) Advanced Edition) and VOSviewer (version 1.6.18)
were used to analyse these data and visualize the scientific knowledge graph.

Results: The number of documents related to aging associated with periodontitis
has steadily increased over 21 years. With six of the top ten institutions in terms of
publications coming from the US, the US is a major driver of research in this area.
journal of periodontology is the most published journal in the field. Tonetti MS is
the most prolific authors and co-cited authors in the field. Journal of
Periodontology and Journal of Clinical Periodontology are the most popular
journals in the field with the largest literature. Periodontitis, Alzheimer's disease,
and peri-implantitis are current hot topics and trends in the field. Inflammation,
biomarkers, oxidative stress cytokines are current research hotspots in this field.

Conclusion: Our research found that global publications regarding research on
aging associated with periodontitis increased dramatically and were expected to
continue increasing. Inflammation and aging, and the relationship between
periodontitis and systemic diseases, are topics worthy of attention.
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1 Introduction

Periodontitis is an inflammatory disease resulting from
infection with periodontal pathogenic microorganisms and
dysregulation of the host immune system (1). More than 50% of
adults worldwide are affected by different degrees of periodontitis
(2, 3). Periodontitis is classified as mild, moderate or severe
depending on the degree of inflammation of the disease (4).
Severe periodontal tissue damage can lead to aesthetic
complications that can be very disturbing to the patient, and new
treatment techniques such as laser therapy and digital technology
can improve patients’ quality of life (5, 6). Aging underlies the
pathogenesis of a range of systemic diseases and has a critical effect
on the development of chronic inflammatory diseases (7), such as
atherosclerosis and autoimmune (8, 9). Numerous studies have
shown a close connection between periodontitis and aging (10-12).
During the development of periodontitis, the periodontal tissues are
attacked by a large number of free radicals, which intensifies
oxidative stress and causes oxidative damage to DNA,
consequently accelerating telomere shortening. Shortened
telomere length can exert cytotoxic effects, leading not only to
disruption of epithelial connective tissue continuity, but also to
interference with cell growth and differentiation processes. At the
same time, persistent stimulation of bacterial-derived
lipopolysaccharide affects cellular senescence of osteoblasts,
driving alveolar bone resorption (13, 14). In conclusion, Aging
may be one of the key risk factors that promote
periodontitis progression.

With time changes as well as functional deterioration, the
organism develops a number of chronic and age-related
conditions. This process is defined as aging (15). Aging affects
normal metabolism as well as promotes the progression of
inflammatory responses, disrupting bone remodeling and leading
to increased levels of bone resorption (16). In addition, aging
impairs the organism’s immune system, mainly through
damaging the physiological function of immune cells and
weakening the immune effects of biomolecules. This causes a
series of processes of immune senescence, immune activation,
and inflammatory responses that ultimately result in older adults
being more susceptible to autoimmune, and inflammatory diseases.
Decreased immune responsiveness with chronic inflammation,
which may accelerate the disease process (17-19). Periodontitis is
a chronic inflammatory condition related to alterations in the oral
microbiota (20). Notably, localized microecological dysregulation in
the oral cavity is often caused by a high-inflammatory state in the
host (21). Given that aging is related to a low-level “sterile”
inflammatory state with no apparent infection, it is suggested that
aging may influence the underlying process of periodontitis (22).

Bibliometrics allows for retrospective reviews to discover the
relevance of data and make predictions for the future (23).
Bibliometrics is a common method of measuring the academic
impact of scientific and technical papers, and a means of
demonstrating and encouraging emerging scholarship (24).
Bibliometrics and visualization analysis can not only effectively
integrate information and enhance understanding of research
activities, but also analyze research hotspots and future trends in
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a certain field (25). In recent decades, Bibliometrics has been
broadly used in the field of medicine, including obstetrics and
gynecology, orthopedics, complementary medicine, and alternative
medicine. It has promoted the development of medical research and
clinical practice (26). However, the application of bibliometrics in
dentistry is still limited at present, and there is a gap in the study of
periodontitis related to aging. For this reason, this work intends to
systematically sort out the aging research related to periodontitis,
summarize the existing research results at home and abroad, assess
their academic impact and characteristics, and provide new design
ideas for further research.

2 Methods and materials

Web of Science Core Collection(WoSCC)has better accuracy in
labeling literature types than any other database and is considered
the best choice for literature analysis, therefore we chose to search in
this database. We searched WOS for all articles related to
periodontitis and aging from January 1, 2002 to October 25, 2023
with the following search formula (Figure 1): (((TS=(aging)) OR
TS=(Senescence)) OR TS=(Biological Aging)) OR TS=(Aging,
Biological) AND (((TS=(periodontitis)) OR TS=(Periodontitides))
OR TS=(Pericementitis)) OR TS=(Pericementitides)
(Supplementary Table S1). Literature selection inclusion criteria
for this study were as follows: (1) the full text of publications related
to periodontitis and aging; (2) the articles and reviews manuscript
category were in English; and (3) the article was published between
January 1, 2002, and October 25, 2023. The criteria for exclusion
were as follows (1) the topic was not related to periodontitis and
aging, and (2) the article was a conference abstract, news, or briefing

Studies identified frome web of science
core collection (n=5090)
< n=4518 )
chapter, correction, editorial
o material, proceeding
papers(n=33)
< n=4485 )

Studies excluded written in
non-English(n=37)

< n=4448 )

< 4448studies identified )

FIGURE 1
Literature screening flowchart.

Studies excluded not between
2002-2023(n=572)

Ecluded studies: book

Study excluded from
duplication(n=0)
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paper. We exported the plain text version of the paper. Graphpad
prism v8.0.2 was used to analyze and plot annual papers, national
publication trends, and national publication heat maps. In addition,
CtieSpace (6.1.6R (64-bit) Advanced Edition) and VOSviewer
(version 1.6.18) were used to analyze these data and visualize the
scientific knowledge graph. VOSviewer v.1.6.17, created by
Waltman et al. in 2009, is a free JAVA-based software for
analyzing large amounts of literature data and displaying it in a
map format. In order to visualize the results of research in a
particular field by mapping the literature co-citation network,
Professor Chaomei Chen created the CiteSpace (6.1.6R) software,
which envisions the use of an experimental framework for studying
new concepts and evaluating existing technologies. This enables
users to better understand areas of knowledge, research frontiers
and trends, and to anticipate their future research progress.

3 Result

The results showed that from January 1, 2002 to October 25,
2023, the WoSCC database contained a total of 3,240 publications
on periodontitis and aging-related literature, including 2,339 (%)
articles and 901 reviews (%). The literature covers 120 countries and
regions, 3807 institutions and 19263 authors. From 2002 to 2004,
the number of articles per year was less than 100, suggesting that the
field was not noticed, and after 2005 the number of articles had a
yearly increase, which increased rapidly after 2017 and reached the
highest value in 2022. It indicates that the correlation between aging
and the progression of periodontitis is receiving widespread
attention after 2017 (Figure 2A).

Research related to periodontitis and aging has been conducted
in 120 countries and regions. Figures 2B, C show the heat map and
line graph of the annual publication volume of the top 10 countries
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during the past 20 years, and the top 5 countries with the highest
publication volume in this field are the United States, Brazil, China,
Japan, and Germany. The U.S. accounts for 23.02% of the total
number of papers published, which is far more than other countries.

Research related to periodontitis and aging has been conducted
in 120 countries and regions. Figures 2B, C show the heat map and
line graph of the annual publication volume of the top ten countries
during the past 20 years. The top five countries with the highest
publication volumes are the United States, Brazil, China, Japan and
Germany. The percentage of papers published in the United States
is 23.02%, far exceeding that of other countries.

The number of citations for papers published in the United
States is 41,954 (Supplementary Table S2), significantly surpassing
all other countries/regions. Additionally, the citation/publication
ratio (40.97%) places the United States as the second highest
globally. Although China has the third highest number of
publications, its citation/publication ratio is only 17.26%, the
lowest among the ten countries, which suggests that the quality of
China’s publications is not high. Despite a significant difference in
the number of publications compared to the United States, the
citation/publication ratio for the United Kingdom (56.03%) ranks
first globally. This indicates the superior quality of materials
published from the UK. The network of cooperation is shown in
Figure 2D, with close cooperation between the US, the largest
producer, and Korea and Japan. The US also has cooperative
relationships with countries such as China, Germany and the UK.
From the heat map of paper publications, it can be observed that
since 2002, the United States has published a greater number of
articles. However, the number of articles published by China has
surged in recent years and caught up with the United States by 2021.
The United States not only has a significantly larger number of
publications compared to other countries, but its centrality value
also reached 0.46, indicating a leadership role in the development of

USA

BRAZIL

CHINA

JAPAN
GERMANY
SWEDEN
ENGLAND
SOUTH KOREA

0

W& ﬁQ'\vb%%Q.ﬂvV
9 ISR o
R A Uy

Year

usad T T DT 1]}

IS PLED RO
g RRRARER
B

FIGURE 2

ITALY
TURKEY

(A) Line graph of the volume of communications (B) Heat map of national issuances (C) Line graph of national issuances (D) Map of country

cooperation network.
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the field. The remaining countries are still in the process of
development in this field.

3.1 Institutions

3807 organizations systematically published articles related to
periodontitis and aging. Among the top 10 institutions with the
highest number of publications, six are from the United States, two
from Switzerland, one from Finland and one from South Korea.
Karolinska Instiv has published the most literature in this field (116
papers, 3,351 citations, 21.86 citations per paper). Univ Helsinki
(105 papers, 3,315 citations, 57.56/paper) ranked second and Univ
Washington (86 papers, 8,051 citations, 16.37/paper) ranked third
(Figure 4A). It can be seen that institutions between countries prefer
to cooperate with their own domestic institutions and there is a lack
of international cooperation, so we call for the strengthening of
cooperation between domestic and foreign institutions to break

down academic barriers.

10.3389/fendo.2024.1374027

3.2 Journal

The top 10 journals with the highest number of publications are
presented in Supplementary Table S3 and Figure 3A. The Journal of
Periodontology (522 articles, 11.74%) is the most published journal
in this field. It was followed by journal of clinical periodontology
(461 articles, 10.36%),journal of periodontal research (166 articles,
3.73%)Mclinical oral investigations (138 articles, 3.10%). Among
the 10 most prolific journals, journal of dental research had the
highest IF of 7.6. 50% of the journals are categorized as Q1 and the
remaining 50% are categorized as Q2.

The impact factor of a journal is determined by the frequency
with which it is cited and reflects the significant impact the journal
has had on the scientific community. The most cited journal was J
PERIODONTOL (3601), followed by J CLIN PERIODONTOL
(3466)and ] DENT RES (2711) (Supplementary Table S5 and
Figure 4B). Among the top 10 most co-cited journals, LANCET
was cited 1062 times and had the highest impact factor (168.9). And
60% of the co-cited journals were first quarter journals.

lor{ investiga

international dental journ

{?}5 VOSviewer

vinning lewis
Iinden. gerard .

M VOsviewer

FIGURE 3
(A) Density map of journal postings. (B) Density map of author postings.
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FIGURE 4

(A) Institutional Collaboration Network Diagram (B) Journal co-citation network diagram.

The thematic distribution of scholarly publications is shown by
a double map overlay (Supplementary Figure S1). The colored
tracks indicate citation links, with the citing journal on the left
and the cited journal on the right. After analyzing the data, we have
identified three primary citation paths, each color-coded for clarity.
(1) Research published in molecular/biology/immunology journals
is predominantly cited by studies in molecular/biology/genetics and
health/nursing/medicine journals. (2) Research reports in
medicine/health/clinical research receive the most citations from
journals in molecular/biological/genetics, health/nursing/medicine,
and dermatology/dentistry/surgery fields. (3) Research reports in
the dentistry/dental/surgery field are cited by journals primarily in
the medical/immunology field.

The top 10 authors with the highest number of publications
related to periodontitis and aging are shown in Table S6 and
Figure 3B. These authors have published a total of 276 papers,
accounting for 6.21% of the total in the field. Kocher, Thomas (50
papers) published the most research papers, following papapanou,
panos n. (31 papers) and holtfreter, birte (28 papers).

Frontiers in Endocrinology

Figure 5A and Supplementary Table S1 respectively show the
top 10 authors with the highest number of total citations and the
highest number of total citations. 78 authors have a total of more
than 100 citations, demonstrating the high reputation and impact of
their research. The largest nodes are associated with the most co-
cited authors, including TONETTI MS (698 citations), EKE PI (672
citations), and PAGE RC (534 citations).

3.3 Commonly cited references

Using a ten-year time slice with a time frame of 2013 to 2023, the
co-cited reference network had 1453 nodes and 6745 links (Figure 5B).
According to the top 10 most co-cited articles, the JOURNAL OF
PERIODONTOLOGY (IF=6.7) entitled “Staging and grading of
periodontitis: framework and proposal of a new classification and
case definition” (12) was the most co-cited reference with Tonetti MS
as the first author. We found that most of the 10 most co-cited articles
were foundational literature related to periodontitis and aging.

05 frontiersin.org


https://doi.org/10.3389/fendo.2024.1374027
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Liu and Li

FIGURE 5

(A) Author co-citation network map. (B) Network diagram of co-cited literature. (C) Clustering map of co-cited literature.

We performed co-citation reference clustering and timeline
analysis (Figures 5C, 6). We found that obesity (clusterl),
infection (cluster3), polymorphism (cluster6), dental plaque/
microbiology (cluster10), and low birth weight (cluster 11) were
the population surveillance (cluster2), nonhuman primates
(cluster4), apical periodontitis (cluster5), and arthritis-rheumatoid
(cluster8), panoramic radiography (clusterl2), dental implants
(cluster13), and bone resorption (clusterl4) are the hotspots of
research in the mid-term, while periodontitis (cluster0), alzheimers
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Periodontitis (cluster0), alzheimers disease (cluster7), and peri-
implantitis (cluster9) are the current hot topics and trends in
this field.

3.4 Keyword analysis
By analyzing keywords, we can get a quick overview of a field

and its direction. According to the co-occurrence of keywords in
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FIGURE 6
Volcano map of co-cited literature

VOSwiever, the most popular keyword was PREVALENCE (747),
followed by RISK (640), INFLAMMATION (600), and HEALTH
(489) (Table 1 and Figures 7A, B). We constructed a network
containing 217 keywords with at least 30 occurrences (Figure 8),
yielding a total of 6 different clusters. Cluster 1 (red) had 76
keywords including inflammation, biomarkers, chronic
periodontitis, oxidative stress, peophyromonas-gingivalis,
subgingival microbiota, bone loss, cytokines. group 2 (green) has
67 keywords, including prevalence, epidemiology, tooth loss, oral
health, global burden, risk-factors, nutrition. group 3 contains 32
keywords (blue), including therapy, dental implants. Includes
therapy, dental implants, alveolar bone loss, diagnosis,
radiography, apical periodontitis, surgery, management Group 4
contains 26 keywords (in yellow) and includes risk, diabetes,
metabolic syndrome, blood pressure, insulin-resistance, c-reactive
protein, markers, glycemic control. group 5 contains 11 keywords
(purple), including obesity, risk factors, weight, overweight, body-
mass-index. group 6 contains 5 keywords (sky blue), including
cigarette-smoking, smokers, tobacco smoking, and young-adults. a
volcano map to visualize the research hotspots over
time (Figure 7C).

3.5 Co-cited references and
keyword highlighting

Through CiteSpace, we derived the 50 most reliable citation
bursts related to the field of periodontitis and aging (Figure 8). One
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CiteSpace
=

#0 periodontitis
#1 obesity

#2 population surveillance

#4 nonhuman primates

#5 apical periodontitis

#7 alzheimers disease
#8 arthritis - rheumatoid

#9 peri-implantitis

#12 panoramic radiography

#13 dental implant:

#14 bone resorption

of them, “Staging and grading of periodontitis: framework and
proposal of a new classification and case definition” by Maurizio S.
Tonetti (13), the reference with the highest burst intensity (61.64).
Forty-eight of the 50 references were published between 2002 and
2023, indicating that these papers have been cited frequently over
the past 20 years and that research on periodontitis and aging will
remain of interest in the future.

Among the 50 strongest burst keywords in the field, we focused
on those that will still be mutating in 2023 (Figure 9), including
“cohort study” (7.38 burst intensity), “global burden” (16.64 burst
intensity), peri implant disease (24.76 burst intensity), oral
microbiome (7.8 bursts), prevention (6.89 bursts), public health
(6.82 bursts), classification (55.8 bursts), consensus report (26.23
bursts), 2017 world workshop (14.47 burst intensity), workshop (9.3
burst intensity), cellular senescence (6.95 burst intensity), cary (6.66
burst intensity), oral microbiota (6.55 burst intensity), and
periapical lesion (6.33 burst intensity). (6.33 burst intensity).

4 Discussion

In this work, we assessed research trends and hot topics in the
field of aging and periodontitis over the last 20 years through
bibliometric analysis. We searched 2,339 articles and 901 reviews
published from January 1, 2002, to October 25, 2023, respectively.
During that research phase, only a few papers were published in the
field prior to 2004. The number of papers has increased every year
since 2005, rapidly increasing after 2017 and peaking in 2022,
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TABLE 1 Table of high-frequency keywords.

10.3389/fendo.2024.1374027

Rank Keyw! Counts Keyw: Counts
1 prevalence 747 11 therapy 269
2 risk 640 12 porphyromonas-gingivalis 266
3 inflammation 600 13 chronic periodontitis 265
4 health 489 14 risk-factors 265
5 epidemiology 485 15 gingival crevicular fluid 234
6 tooth loss 435 16 apical periodontitis 228
7 population 376 17 c-reactive protein 226
8 oral-health 323 18 classification 224
9 smoking 319 19 infection 221
10 adults 294 20 obesity 220
A 2017 worldaworkshop
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(A) Keyword clustering network diagram. (B) Keyword Density Map. (C) Keyword volcano map.

Frontiers in Endocrinology

08

frontiersin.org


https://doi.org/10.3389/fendo.2024.1374027
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Liu and Li

Top 50 References with the Strongest Citation Bursts

10.3389/fendo.2024.1374027

References Year Strength Begin End 2002 - 2023
Albandar JM, 1999, J PERIODONTOL, V70, P13, DOI 10.1902/j0p.1999.70.1.13, DOl 1999 12.69 2002 2004 s
Armitage G C, 1999, ANN PERIODONTOL, V4, P1, DOI 10.1902/annals.1999.4.1.1, DOl 1999 11.42 2002 2004 pues.
DAiuto F, 2004, ) DENT RES, V83, P156, DOI 10.1177/154405910408300214, DOI 2004 14.922004 2009 s
Tonetti MS, 2005, J CLIN PERIODONTOL, V32, P210, DOI 10.1111/j.1600-051X.2005.00822.x, DOI 2005 14.69 2006 2009 —
Borrell LN, 2005, J CLIN PERIODONTOL, V32, P132, DOI 10.1111/j.1600-051X.2005.00799.x, DOl 2005 11.722006 2010 e
Pihlstrom BL, 2005, LANCET, V366, P1809, DOI 10.1016/S0140-6736(05)67728-8, DOI 2005 18.04 2007 2010 e
Page RC, 2007, ) PERIODONTOL, V78, P1387, DOI 10.1902/jop.2007.060264, DOI 2007  23.682008 2012 emmmm
Tonetti MS, 2007, NEW ENGL J MED, V356, P911, DOI 10.1056/NEJMoa063186, DOI 2007 20.362008 2012 —
Nibali L, 2007, J CLIN PERIODONTOL, V34, P931, DOI 10.1111/j.1600-051X.2007.01133.x, DOl 2007 13.832008 2011 - ———
Linden G, 2007, J CLIN PERIODONTOL, V34, P461, DOI 10.1111/j.1600-051X.2007.01075.x, DOI 2007 12.08 2008 2012 —
Paraskevas S, 2008, J CLIN PERIODONTOL, V35, P277, DOI 10.1111/j.1600-051X.2007.01173.x, DOI 2008 16.36 2009 2013 mmmmm
DAiuto F, 2008, J CLIN ENDOCR METAB, V93, P3989, DOI 10.1210/jc.2007-2522, DOI 2008 13.882010 2013 —
Demmer RT, 2010, PERIODONTOL 2000, V53, P28, DOI 10.1111/j.1600-0757.2009.00326.x, DOl 2010 12.232011 2015 e
Eke PI, 2010, J DENT RES, V89, P1208, DOI 10.1177/0022034510377793, DOI 2010 11.16 2011 2015 —
Lalla E, 2011, NAT REV ENDOCRINOL, V7, P738, DOI 10.1038/nrendo.2011.106, DOI 2011 12.86 2012 2015 mmmm
Suvan J, 2011, OBES REV, V12, Pe381, DOI 10.1111/j.1467-789X.2010.00808.x, DOI 2011 11.322012 2016 ——
Eke PI, 2012, ) DENT RES, V91, P914, DOI 10.1177/0022034512457373, DOl 2012 43.692013 2017 Cemmem
Eke PI, 2012, ) PERIODONTOL, V83, P1449, DOI 10.1902/jop.2012.110664, DOI 2012 31.44 2013 2017 —_—
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FIGURE 8
Co-cited literature emergence map.

indicating that the field is growing rapidly and maintaining strong
research interest. Therefore, we may speculate that research related
to aging and periodontitis remains a hot topic for the future.

In the field of periodontitis and aging research, papers
published in the United States were cited 41,954 times, far
exceeding all other countries/regions, and it also had the second
highest citation/number of papers ratio (40.97%). A Although
China has the third largest number of papers in this field in the
world, its citation/publication ratio is only 17.26%, indicating that
the quality of Chinese publications still needs improvement. It is
worth noting that although the UK has a low number of
publications, its citation/publication ratio (56.03%) is among the
highest in the world, indicating the high quality of the material it
publishes. The collaboration network indicates close cooperation
between the United States, South Korea, and Japan, with the highest
number of published papers. According to the heat map, it can be
seen that in recent years, the U.S. has had a higher volume of
publications since 2002, while China has seen a surge in
publications in recent years and is gradually catching up with the
U.S. by 2021. The United States not only has a much higher number
of publications than other countries but also has a centrality score of
0.46, indicating its leading position in this field. The rest of the
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countries are far less than the United States, indicating that these
countries are still in the process of development in this field.

In terms of institutions, 3807 institutions systematically
published articles related to periodontitis and aging. Among the
10 institutions with the highest number of publications, six are from
the United States, two from Switzerland, one from Finland, and the
other from South Korea. Karolinska Instiv had the most
publications in this area (116 papers, 3351 citations, 21.86
citations per paper). Univ Helsinki (105 papers, 3315 citations
57.56 citations/paper) ranked second and Univ Washington (86
papers, 8051 citations, 16.37 citations/paper) ranked third. It can be
seen that institutions between countries prefer to cooperate with
their own domestic institutions, and there is a lack of international
cooperation, so we call for the strengthening of cooperation
between domestic and foreign institutions to break down
academic barriers. Among all the authors who have published
literature related to periodontitis and aging, Table 2 and
Figure 5B list the 10 authors who have published the most
papers. The top 10 authors have collectively published 276
papers, accounting for 6.21% of all papers in this field. kocher,
thomas (50 papers) published the most research papers, following
by papapanou, panos n. (31 papers) and holtfreter, birte (28
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Top 50 Keywords with the Strongest Citation Bursts
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adult periodontiti 2002
actinobacill i itan 2002
cigarette smoking 2002
early onset periodontiti 2002
attachment lo 2002
risk indicator 2002
Jjuvenile periodontiti 2002
porphyromonas gingivali 2002
genotype 2002
subgingival plaque 2002
gingiviti 2002
oral hygiene 2002
subgingival microbiota 2002
bacteroides forsythus 2002
infection 2002
alveolar bone lo 2002
tobacco smoking 2004
atherosclerosis 2002
tumor necrosis factor 2004
gene polymorphism 2004
¢ reactive protein 2004
myocardial infarction 2003
women 2005
gingival crevicular fluid 2002
c-reactive protein 2004
bone mineral density 2005
polymorphism 2004
nutrition examination survey 2006
low birth weight 2005
postmenopausal women 2012
follow up 2005
socioeconomic status 2015
metaanalysis 2010
cohort study 2014
global burden 2017
individual 2002
management 2006
peri implant disease 2019
oral microbiome 2016
periodontal medicine 2019
prevention 2014
public health 2018
classification 2012
consensus report 2014
2017 world workshop 2019
workshop 2018
cellular senescence 2020
cary 2002
oral microbiota 2020
peniapical lesion 2013
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papers). According to the top 10 most co-cited articles (Table 3), the
JOURNAL OF PERIODONTOLOGY (IF=6.7) entitled “Staging
and grading of periodontitis: framework and proposal of a new
classification and case definition” (18) was the most co-cited
reference, demonstrating the importance of this journal among
periodontal journals, with Tonetti MS as the first author,
demonstrating his centrality to the field. We found that most of
the 10 most co-cited articles were foundational literature related to
periodontitis and aging.

In bibliometric analyses, keyword bursts usually reflect hot
topics in the research field (83), and keyword volcano maps can
show the evolution of new research hotspots (84, 85). We found that
obesity, infection, polymorphism, dental plaque/microbiology, and
low birth weight were early research hotspots, population
surveillance, nonhuman primates, apical periodontitis, arthritis-
rheumatoid, panoramic radiography, dental implants and bone
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resorption are mid-term hotspots. While periodontitis, alzheimers
disease and peri-implantitis are current hot topics and trends in the
field. In periodontitis, a large accumulation of microorganisms leads
to the recruitment of polymorphonuclear neutrophils to the lesion
site within the periodontal pocket. As the first line of defense against
pathogens, the recruitment of neutrophils is influenced by various
factors, including immune cell cytokines and chemotactic factors
(86, 87). Early keyword hotspots reflect the exploration of
periodontitis and the mechanisms of aging, and current keywords
in the field reflect the aging phenomenon in which the possible link
between disease and illness in the aging process and how to prevent
and treat it will become a hotspot.

The analysis of co-occurring keywords indicates a close
relationship between periodontitis and aging, consistent with
previous research findings in recent years (88-90). Aging may
trigger a decline in both innate and adaptive immune functions in
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TABLE 2 Top 10 literature co-citation table.

Title Journal IF(2021) Author(s) Total
citations
1 Staging and grading of periodontitis: Framework and proposal of a new classification and JOURNAL OF CLINICAL Tonetti, 239
case definition PERIODONTOLOGY Maurizio S.
(IF=6.7)
2 Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the JOURNAL OF CLINICAL Tonetti, 148
Classification of Periodontal and Peri-Implant Diseases and Conditions PERIODONTOLOGY Maurizio S.
(IF=6.7)
3 A new classification scheme for periodontal and peri-implant diseases and conditions - JOURNAL OF CLINICAL Tonetti, 125
Introduction and key changes from the 1999 classification PERIODONTOLOGY Maurizio S.
(IF=6.7)
4 Update on Prevalence of Periodontitis in Adults in the United States: NHANES 2009 JOURNAL OF Eke, Paul 1. 123
to 2012 PERIODONTOLOGY
(IF=4.3)
5 Global Burden of Severe Periodontitis in 1990-2010: A Systematic Review JOURNAL OF DENTAL Kassebaum, 91
and Metaregression RESEARCH(IF=7.6) N.J.
6 Prevalence of Periodontitis in Adults in the United States: 2009 and 2010 JOURNAL OF DENTAL Forbes, 90
RESEARCH(IF=7.6) Josephine M
7 Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the JOURNAL OF Tonetti, 80
Classification of Periodontal and Peri-Implant Diseases and Conditions PERIODONTOLOGY Maurizio S.
(IF=4.3)
8 Periodontitis and cardiovascular diseases: Consensus report JOURNAL OF CLINICAL Sanz, 77
PERIODONTOLOGY Mariano
(IF=6.7)
9 Update of the Case Definitions for Population-Based Surveillance of Periodontitis JOURNAL OF Eke, Paul L. 65
PERIODONTOLOGY
(IF=4.3)
10 Periodontal Disease and Atherosclerotic Vascular Disease: Does the Evidence Support an CIRCULATION (IF=37.8) Lockhart, 60
Independent Association? A Scientific Statement From the American Heart Association Peter B

the body, as well as alterations in the functional efficacy of effector
biomolecules, leading to immune aging, immune activation, and
inflammatory processes. This may be one of the plausible
mechanisms by which aging may lead to increased susceptibility
to periodontitis (91). Notably, the in vivo microenvironment
associated with aging may additionally increase the complexity of
defects in innate immunity and adaptive function (92-94). In
addition, the close relationship between aging and bone
metabolism was analyzed by keywords. Many immune and non-
immune cells in periodontal tissue interact with osteoblasts and
osteoclasts, which can regulate the balance of physiological bone
formation and bone resorption (95, 96). Therefore, bone
metabolism is regulated by various factors, including aging. In
particular, aging disrupts the balance between bone remodeling
and metabolism, leading to increased bone resorption, changes in
bone structure, and decreased fracture resistance (16).

Based on results from keyword co-occurrence analysis, we also
identified several terms related to systemic diseases, such as Alzheimer’s
disease, atherosclerosis, and rheumatoid arthritis. These findings are
consistent with recent research trends regarding the association
between periodontitis and systemic diseases. These complex, multi-
factorial diseases share common characteristics with periodontitis,
including accelerated aging (97-99).

In recent years, Hajishengallis found that periodontitis can lead
to dysbiosis, which is a serious risk to human health. In addition,
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TABLE 3 Reported TLR9 -related content.

Drug

(optimal
dose)

Target

conclusion

1.Sensitization of Human
Aortic Endothelial Cells to
Lipopolysaccharide
via Regulation of Toll-Like
Receptor 4 by Bacterial
Fimbria-Dependent
Invasion

References

Erythromycin 2.invasive P. gingivalis
(DPG3:10ug/ TLR2, -3, = infection Aof primary aorflc Yumto H, et al,
ml) -4, -6, endothelial cells results in 2005 (69)
Tetracycline and -9 increased TLR expression
(MF1:1 pg/ml) on the cell surface.
3.priming of endothelial
cells by invasive P.
gingivalis infection leads to
increased binding of
PAMPs and the induction
of TLR-dependent
inflammatory responses
o Gram-negative periodontal
P. gingivalis bacteria or their LPS might
LPCS ) T];Rz play a role in triggering Sun ¥, et al,
(}rI:gL/mSl')w and -4 TLR2 and/or TLR4, and be 2010 (70)
of importance for the
(Continued)
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TABLE 3 Continued

Drug

(optimal
dose)

Target

conclusion

immune responses
in periodontitis

P. gingivalis infection
induces TLR2 and TLR9
upregulation in
patients with CP. P.
gingivalis-induced TLR2
expression in HGFs is

References

Wara-aswapati

TABLE 3 Continued

Drug
(optimal
dose)

Target

10.3389/fendo.2024.1374027

conclusion

4.Lack of TLRY signaling
affects cytokine production
in splenocytes and
macrophages challenged
with TLR2 and
TLR4 agonists.

References

The TLRY haplotype has a
protective effect against the

Gingivalis TLR2,-4 partially dependent on N etal, development of CP and, in Holla LL et al,
(HGFs) and -9 TNF-a and TLRY contrast, haplotype can
o 2013 (71) . . 2010 (75)
may lead to sensitization of increase the susceptibility
HGFs to bacterial of this disease in the
components encountered Czech population.
in the
periodontal This study is the first
microenvironment report of
AIM2 and DAI receptor
In hPDLFs, P. gingivalis TLR-9, expr.essmn in periodontal Sahingur SE, et
LPS suppresses AIM2 tissues and further al. 2013 (76)
. gingivalis bone sialoprotein and and DAI confirms increased TLR-9
TLR2,-4 enhances IL-8 gene and expression, as well as
LPS X K i Zhang Y, et al, .
(HPDLEs: 10mg/ and protein expression via 2015 (72) reportlng'enhanced TLR—S
L MAPK TLR2 and expression at CP sites.
ERK1/2 or the p38 MAPK
signaling Expression of cytokeratin
pathway, respectively. 19 (CK19) was markedly
increased in the basement
The expression levels of membranes of the oral
TLR2, -4, -7, and -9 were epithelium and in all layers
significantly higher in of the pocket epithelium
periodontitis lesions than where it caused evident cell
gingivitis lesions. The proliferation and migration
expression level of TLR5 of sulcular epithelial cells
was comparable to levels of into the lamina propria of
TLR2 and -4; however, no periodontitis tissue. TLR4
significant difference was TLR9 and the cytoplasmic Chen YC, et
TLR2.- found between gingivitis NLRP3 were expressed in al,2012 (77)
’ and periodontitis. Although . all sections examined
4,-5,-7,-9 K Kajita K, et al, K
and the expression (_’f IFN—al 2007 (73) regardless of dlseas-e state.
IEN-l mRNA wa's .hlghfer in However, expression of
periodontitis lesions TLR9-,CK19-and
compared with gingivitis collagenolytic matrix
lesions, the level was quite metalloproteinase-13 and
low. Only a few pDCs were activated NF-kB subunit
found in some P65 was more commonly
periodontitis specimens. found in periodontitis
No difference was found tissues than in
for antibody-positivity gingivitis tissues.
between gingivitis
and periodontitis. Using human peripheral
blood monocytes (HPBM)
1.TLR9-mediated And murine bone-marrow-
inflammation promotes P. derived macrophages
gingivalis-induced (BMDM) from wild-type
periodontal bone loss. (WT) and Toll-like
2.Lack of TLR9 signaling TLR4, receptor
suppresses inflammation in NOD1 (TLR)-specific and MyD88 Marchesan J, et
live P. gingivalis TLR9 gingival tissues of P. Kim PD, et al, and knockouts (KOs), we al, 2016 (78)
(2x109 CFU) gingivalis-infected mice. 2015 (74) NOD2 demonstrated that heat-
3.Lack of TLR9 signaling killed Campylobacter
leads to decreased cytokine concisus, Campylobacter
production in splenocytes rectus, Selenomonas infelix,
and macrophages Porphyromonas
challenged with P. endodontalis,
gingivalis. Porphyromonas
(Continued) (Continued)
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TABLE 3 Continued

Drug

(optimal
dose)

Target

conclusion

gingivalis, and Tannerella
forsythia mediate high
immunostimulatory
activity. Campylobacter
concisus, C. rectus, and S.
infelix exhibited robust
TLR4 stimulatory activity.
Studies using mesothelial
cells from WT and NOD1-
specific KOs
and NOD2-expressing
human embryonic kidney
cells demonstrated that
Eubacterium saphenum,
Eubacterium nodatum and
Filifactor alocis exhibit
robust NOD1 stimulatory
activity, and that
Porphyromonas
endodontalis and
Parvimonas micra
have the highest NOD2
stimulatory activity. T

References

TLR2,-
4,-7,-8,-
9,NOD1

and

NOD2

OMVs
(HEK-
Blue cells)

P. gingivalis OMVs
induced strong TLR2 and
TLR4-specific responses
and moderate responses in
TLR7, TLR8, TLR9, NOD1
and NOD2 expressing-
HEK-Blue cells.
Responses to T. forsythia
OMVs were less than those
of P. gingivalis and T.
denticola
OMVs induced only
weak responses.

Cecil JD, et al,
2016 (79)

TLR1,-2
and -4

TLRY

Semiquantitative
polymerase chain reaction
and immunohistochemical
analysis demonstrated that
of 9 TLRs, the expression
of TLR1, TLR2, and TLR4
was markedly enhanced in

human atherosclerotic
plaques. A
considerable proportion of
TLR-expressing cells were
also activated, as shown by
the nuclear translocation of
nuclear
factor-kB

CpG DNA binds directly to
TLRY in ligand-binding
studies. CpG DNA moves
into early endosomes and
is subsequently transported
to a tubular lysosomal
compartment. Concurrent
with the movement of CpG
DNA in cells, TLR9
redistributes from the ER
to CpG DNA-containing
structures, which also

Edfeldt K, et al,
2002 (80)

Latz E, et al,
2004 (81)
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TABLE 3 Continued

Drug
(optimal
dose)

Target conclusion References

accumulate MyD88. Our
data indicate a previously
unknown mechanism of
cellular activation involving
the recruitment of TLR9
from the ER to sites of
CpG DNA uptake, where
signal transduction
is initiated.

TLR9 activation by F.
nucleatum and TLR2
activation by both bacteria
appear to be involved in
HIV-1 reactivation;
however, TLR4 activation
had no effect.

TLR2,-4
and-9

Gonzalez OA,
et al, 2010 (82)

localized treatment of periodontitis may serve as an additional
indicator for the reduction of systemic inflammation and
concomitant diseases (100, 101). There is substantial evidence
suggesting that periodontitis may be influenced by systemic low-
grade inflammation (102). Generally, periodontitis shows a
bidirectional relationship with systemic inflammatory diseases.
Aging is considered as a common factor that may explain the
pathophysiological mechanisms underlying various inflammatory
diseases (103-105). Therefore, aging may be a critical therapeutic
target for inflammatory diseases.

Furthermore, citespace’s keyword exploration also helps to
reveal future trends. We conclude that macrophage imbalance,
oxidative stress may be current research hotspots. Meanwhile,
pyroptosis and TLR9 may be potential research directions
and targets.

4.1 Macrophage imbalance

Macrophages, as part of the innate immune system, possess
high plasticity. When exposed to local stimuli, macrophages can
exhibit various active states, which are classified into 2 major
subsets, depending on the stimuli: classically activated (M1) and
alternatively activated (M2) (106-108). Dysfunction of
macrophages has been recognized as a key factor in periodontitis.
Understanding the roles of different macrophage phenotypes
contributes to the comprehension of potential mechanisms
underlying periodontitis and aids in the development of new
therapeutic strategies. Pro-inflammatory M1-like macrophages
and reparative M2-like macrophages play an important role in
inflammation and tissue homeostasis in periodontitis. Periodontal
pathogens can induce the differentiation of macrophages into M1
type by stimulating CD14, Toll-like receptors (TLRs), and NOD-
like receptors (NLRs) on the surface of macrophages with LPS. M2
macrophages, on the other hand, exert anti-inflammatory effects
and play a role in wound healing and tissue repair. In the early
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stages of periodontitis, M1 macrophages dominate the infiltration
of periodontal tissues, and the proportion of M1 is positively
correlated with the progression of periodontal inflammation.
There is evidence suggesting an increase in the abundance of
M1 macrophages and a decrease in M2 counts in periodontal
tissues from patients with periodontitis compared to healthy
controls (109-112). During the progression of periodontitis, on
one hand, periodontal pathogens may induce an excessive
inflammatory response by modulating metabolic pathways to
skew macrophage polarization towards M1, while on the other
hand, sites of alveolar bone destruction accumulate large
numbers of M1 macrophages, leading to the production of IL-
1B and TNF-o, upregulation of RANKL expression, and
increased bone resorption (113, 114). However, different studies
have shown that no alterations in the M1/M2 ratio in periodontal
tissues from patients with periodontitis (115, 116). Furthermore,
the quantity of M1 macrophages notably decreases during the
periodontitis stage. Therefore, in the pathogenesis of
periodontitis, it is likely that the roles of M1 pro-inflammatory
macrophages and M2 anti-inflammatory macrophages are not as
straightforward as previously thought. They exist in a dynamic
equilibrium, and disruption of this balance can lead to persistent
inflammation (117, 118). During the natural healing process of
periodontitis, M1 macrophages are capable of phagocytosing
microorganisms and matrix debris. They exhibit a high
antigen-presenting capacity during the early stages of healing.
Consequently, the number of M1 macrophages increases in the
early healing stages and then rapidly declines thereafter. M2
macrophages, on the other hand, peak in numbers during the
later stages of healing (118-120). By producing IL-10 and
reducing the expression of IL-6, M2 macrophages regulate the
functions of Th17 and Treg cells, thereby influencing their anti-
inflammatory and reparative properties (121, 122). In addition,
the polarization of macrophages also undergoes changes with age.
Research indicates that while there is no significant difference in
the quantity of macrophages between young and old mice, the
expression of M1-related markers, pro-inflammatory cytokines,
and chemokines significantly increases in aged mice.[ (112, 123)
Therefore, the aging immune system may play a crucial role in
alveolar bone loss (124). Interventions targeting the aging
immune system could emerge as a novel approach to managing
periodontitis in elderly patients. Currently, the standard treatment for
periodontitis typically involves mechanical removal of disrupted
biofilms to control inflammation (125). However, this approach
doesn’t always successfully halt the progression of the disease.
Hence, exploring additional therapeutic targets contributes to the
advancement of periodontal treatment. While therapeutic
modulation of macrophage phenotypes has not yet been utilized in
the treatment of periodontitis patients, inhibiting macrophage
polarization to the M1 type or increasing the numbers and ratio of
M2 macrophages may alleviate the progression of periodontitis.
Therefore, the transition of macrophage phenotypes could
potentially serve as a promising therapeutic target for periodontitis
treatment, holding significant promise (Table 4).
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4.2 Oxidative stress

Oxidative stress is an integral part of the pathogenesis of
periodontitis and is the result of an imbalance between the
oxidative and antioxidant systems in the body, an over-oxidized
state caused by an overproduction of ROS and/or a lack of
antioxidant defenses (126). A causal relationship between ROS-
mediated oxidative stress and periodontal disease has been
demonstrated (127, 128). Studies have shown that the serum
levels of superoxide are significantly higher in periodontitis
patients, especially in chronic periodontitis, than in healthy
individuals. In addition, the levels of malondialdehyde (MDA), a
biomarker of lipid peroxidation, and 8-hydroxydeoxyguanosine (8-
OHdG), a marker of oxidative DNA damage, were significantly
elevated in saliva and gingival sulcus of patients with chronic
periodontitis compared with healthy periodontal tissues (3, 129).
Oxidative stress induced by the antimicrobial response during
periodontitis may be an important cause of tissue damage. ROS
play an important role in the pathomechanism of
periodontitis. Gram-negative anaerobes colonizing dental plaque
trigger the recruitment and activation of neutrophils, which
subsequently produce a range of antimicrobial factors during
phagocytosis of periodontal pathogens and release an excess of
ROS through the NADPH oxidase pathway (130, 131). During
phagocytosis, free radicals are the end-products of functional roles
played by the mitochondria of polymorphonuclear neutrophils,
mainly through lipid peroxidation (132-134). This leads to an
oxidative imbalance that triggers a pro-inflammatory mechanism,
which in turn promotes osteoclastogenesis, thus leading to alveolar
bone resorption in patients with periodontitis (127, 135-139). In
addition, reactive oxygen species affect Nuclear factor-erythroid 2-
related factor 2 (Nrf2),Nrf2 down-regulation is associated with the
progression of periodontitis, and finally, through direct damage to
extracellular connective tissues (in addition to the bone itself), the
production of reactive oxygen species is responsible for the loss of
attachment that leads to periodontal destruction (140, 141).At the
same time, reactive oxygen species production activates the NF-kB
signaling pathway, which mediates the phosphorylation and
degradation of NF-xB inhibitor a of NF-kB (IkBa) and the
nuclear translocation of P65, a subunit of NF-kB, which
promotes proinflammatory cytokines (such as interleukin-1,
interleu-kin-6, and tumor necrosis factor-alpha), which can act
directly or indirectly on periodontal tissues to cause bone resorption
(142-144).In addition, increased reactive oxygen species disrupt the
homeostatic relationship between bone formation and resorption
via the RANKL/osteopro-tegerin axis, and thus oxidative stress-
mediated inflammation may be one of the pathways leading to the
development of periodontal disease. This means that conventional
prophylaxis and treatment focusing on bacterial infection-mediated
periodontal disease seems to be insufficient, especially when initial
periodontal treatment fails to alleviate inflammation, and
antioxidant scavenging of ROS to reduce overburdened
inflammation is considered to be an effective way to stop the
progression of periodontitis (Table 5).
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TABLE 4 Reported macrophage polarization-related content.

TABLE 4 Continued
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Drug R Drug
. . eferen- ; ] Referen-
(optimal Target Conclusion (optimal Conclusion
ces ces
dose) dose)
P53 The activation of p53 Liu, T macrophage
gene could alleviate et al.2024 polarization
periodontitis by 27)
reducing M1-type Mo-BGC Induced M2 He, X.T
macrophage (C57BL/6 polarization by et al.2022
polarization mice:0.1umol/mL) enhancing the (35)
mitochondrial function
Dimethyloxalylglycine HIF-1ou Dimethyloxalylglycine Chen, Mei- of macrophages and
(C57BL/6 male Inhibits M1-like Hua promoted a cell
mice:1.25 mg/kg) Polarization of et al.2021 metabolic shift from
RAW264.7 (28) glycolysis toward
Macrophages and mitochondrial
Mouse Bone Marrow oxidative
Macrophages (BMM) phosphorylation.
for the Treatment
of Periodontitis PDLSCs PDLSCs were able to Liy, J
induce M2 macrophage et al.2022
Leptin NLRP3 Leptin aggravates the Han, Y polarization instead of (36)
(C57BL/6 male periodontal response to et al.2022 M1 polarization, and
mice:40 ug/mouse, the ligature by (29) capable of enhancing
Qd, ip) promoting M1 M2 macrophage
macrophage polarization induced by
polarization via the IL-4 and IL-13.
NLRP3 inflammasome
M2-Exo IL-10/ The reparative M2-like Chen, Xutao
UCP2 UCP2 controls M1 Yan, X (C57BL/ IL-10R macrophages could et al.2022
macrophage activation et al.2020 6mice:30ul,100 promote osteogenesis (37)
by modulating reactive (30) pg/ml) while inhibiting
oxygen species osteoclastogenesis in
(ROS) production vitro as well as protect
alveolar bone against
A20 A20 inhibits Hou, Liguang resorption in
periodontal bone et al.2020 vivo significantly.
resorption and NLRP3- 31)
mediated M1 Sulforaphene (SFE) DCIR SFE effectively inhibits Liao, Y
macrophage (male C57BL/6 M1 polarization while et al.2023
polarization mice:20mg/kg, promoting M2 (38)
Qd, ip) polarization, ultimately
miR- Inflammatory PDLSCs Wang, suppressing
143-3p facilitate M1 Yazheng periodontitis.
macrophage et al.2023
polarization through (32) G3@SeHANs G3@SeHANS regulates Huang, H
the exosomal miR-143- (C57BL/6 male the mononuclear et al.2024
3p-mediated regulation mice:30ul, 1 mg/mL) phagocyte system in the (39)
of PI3K/AKT/NF-kB periodontitis
signaling, providing a environment and
potential new target for promotes M2
periodontitis treatment. macrophage phenotype
over M1
M2-exos M2-exos drive an Cui, Y macrophage phenotype
male SD rats appropriate and timely et al.2023
macrophage (33) Interleukin-37 NLRP3 IL-37 prevents the Yang, L
reprogramming from (RAW264.7 progression of et al.2024
M1 to M2 type, which cells:50uL,20pg/mL) periodontitis by (40)
resolves chronic suppressing NLRP3
inflammation and inflammasome
accelerated activation and
periodontal healing. mediating M1/M2
macrophage
Exo-TNF-a TNF-o stimulation not Nakao, Y polarization.
(C57BL/6NCrSlc only increased the et al.2020
female:20 p g/ amount of exosome (34) Glipizide Glipizide inhibited the Guo, Xet
mouse,Qd) secreted from GMSCs, (C57BL/6 male LPS-induced migration al.2023 (41)
but also enhanced the mice:10 mg/kg, of BMMs but promoted
exosomal expression of Qd, ig) M2/M1 macrophage
CD?73, thereby inducing ratio in LPS-induced
anti-inflammatory M2
(Continued)
(Continued)
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TABLE 4 Continued

Drug

(optimal
dose)

Target

Conclusion

Referen-
ces

TABLE 5 Continued

Drug
(optimal
dose)

10.3389/fendo.2024.1374027

conclusion

References

BMMs via activation of
PI3K/AKT signaling

Quercetin-Loaded
Ceria Nanocomposite
Potentiate Dual-
Directional
Immunoregulation
(Rat:50 pug mL -1)

CMC2.24
(Rat M@:5 pM)

Such nanocomposite
can control the
phenotypic switch of
macrophages by not
only inhibition of M1
polarization for
suppressing the damage
in the destructive phase
but also promotion of
M2 polarization for
regenerating the
surrounding tissues in
reparative phase of
periodontal disease.

CMC2.24 appears to be
a potent inhibitor of
the pro-inflammatory
M1 phenotype; and a
promotor of the pro-

resolving M2
phenotype, thus acting
like a crucial “switch”
to reduce inflammation.

Wang, Y
et al.2021
(42)

Deng, ]
et al.2023
(43)

RGS12

Knockdown of RGS12
in macrophages
promotes macrophage
reprogramming to M2
type, and macrophage
migration in response
to
lipopolysaccharide
stimulation

Yuan, G
et al.2022
(44)

BMSC-sEVs
(male SD rats:500

Mg/mL)

Promoting periodontal
regeneration by
modulating
transforming growth
factor-B1 (TGF-B1)
expression and the ratio
of type 2 macrophages
to type 1 macrophages
(M2/M1)

Liu, L
et al.2021
(45)

TABLE 5 Reported oxidative stress-related content.

Drug
(optimal Target conclusion References
dose)
Silibinin NrF2 Silibinin exhibits anti- Li, X et al,,
(Rat:150 mg/kg) inflammatory and 2023 (46)
antioxidant properties
against periodontitis by
upregulating
Nrf2 expression
Curcumin NrF2 Curcumin could Xiong, Y.et
(hPDLSCs:0.1 promote the osteogenesis al.2020 (47)
uM) of hPDLSCs, and the
(Continued)
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effect is related to the
PI3K/AKT/Nrf2
signaling pathway.

Resveratrol
(Rat:5mg/kg
Hgfs:50uM)

NrEF2

Resveratrol alone
augmented HO-1
induction via Nrf2-
mediated signaling.

Bhattarai, G.et
al.2016 (48)

Metformin
(hPDLSCs:100uM)

NrF2

Metformin activates the
Nrf2 signaling pathway
in PDLSCs, which not
only promotes
osteogenic differentiation
of PDLSCs, but also
protects PDLSCs from
oxidative stress-
induced injury

Jia, L.et
al.2020 (49)

Quercetin
(hPDLSCs:5 uM)

Four-Octyl
itaconate
(C57BL/6 male
mice:50 mg/kg)

NrEF2

NrF2

quercetin activated
NREF?2 signaling in the
periodontal ligaments,
reduced the OS level of
mice with periodontitis,
and slowed the
absorption of alveolar
bone in vivo.

Four-Octyl itaconate
attenuates inflammation
and oxidative stress via

disassociation of
KEAP1-Nrf2 and
activation of Nrf2
signaling cascade.

Wei, Y.
et al.2021 (50)

Xin, L
et al.2022 (51)

N-Acetyl-1-
cysteine-Derived
Carbonized
Polymer Dots
(C57BL/6 male
mice:100mg/kg)

NrF2

N-Acetyl-l-cysteine-
Derived Carbonized
Polymer Dots may
regulate redox
homeostasis and
promote bone formation
in the periodontitis
microenvironment by
modulating the kelch-
like ECH-associated
protein 1 (Keap1)/
nuclear factor erythroid
2-related factor 2
(Nrf2) pathway.

Liu, X
et al.2023 (52)

Paeonol
(Rat:80 mg/kg)

NrEF2

paeonol protected

against periodontitis-
aggravated
osteoclastogenesis and
alveolar bone lesion via
regulating Nrf2/NF-kB/
NFATcl
signaling pathway.

Li, Y
et al.2019 (53)

Baicalein
(Rat:200mg/kg)

Chlorogenic acid
(Hgfs:40uM)

NrEF2

NrF2

Baicalein attenuates
alveolar bone loss by
upregulating NRF2

Chlorogenic acid
attenuates inflammation
in human gingival

Zhu, C
et al.2020 (54)

Huang, X
et al.2022 (55)

(Continued)
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TABLE 5 Continued

Drug

conclusion References

(optimal
dose)

Target

fibroblasts, possibly
through CysLT1R/Nrf2/
NLRP3 signaling.

Notopterol NrF2 Notopterol alleviates Zhou, |
(C57BL/6 male periodontal et al.2023 (56)
mice:20 mg/kg) inflammation by

activating the NRF2
signaling pathway
Epigallocatechin- NrF2 Epigallocatechin-3- Fan, Q
3-gallate gallate inhibits oxidative et al.2023 (57)
(Rat:200mg/kg) stress and inflammatory

responses in the
periodontitis model by
modulating the Nrf2/
HO-1/NLRP3/NF-xB
p65 signaling pathway

4.3 Pyroptosis

Pyroptosis, a pro-inflammatory programmed cell death
dependent on the Gasdermin family of proteins, plays an
important role in the regulation of peridontal environmental
homeostasis (145). Compared to apoptosis, pyroptosis occurs
more rapidly as the cell swells until the membrane ruptures,
releasing cellular contents and activating a strong inflammatory
response (146, 147). Inflammatory mediators can cause collagen
degradation and bone matrix resorption (148), causing destruction
of periodontal hard and soft tissues. The initiation of cellular
pyroptosis is dependent on the activation of intracellular
inflammatory vesicles and their downstream cysteinyl aspartate-
specific proteasesl (caspase-1), as well as the production of active
fragments of the key pyroptosis protein Gasdermin. The invasion of
periodontal pathogens induces an inflammatory response in the
host, the molecular mechanism of which involves the activation of
multiple inflammatory vesicles and triggers cellular pyroptosis, as
well as the release of a large number of inflammatory factors, such
as interleukin (IL)-1B, IL-18, and others, which mediate the
destruction of periodontal tissues (149). The inflammatory
response of periodontopathogenic bacteria in the periodontium is
characterized by the release of a wide range of inflammatory factors.
There is growing evidence that focal death plays a role in
periodontitis pathology, such as Porphyromonas gingivalis, which
can induce an inflammatory response through focal death. CASP4/
GSDMD triggered by bacterial LPS leads to focal death of
periodontal ligament stem cells in periodontitis patients (150). In
the early stages of inflammation, gingival epithelial cell pyroptosis
disrupts the epithelial barrier by interfering with intercellular
junctions. When inflammation progresses, cell pyroptosis can
further cause gingival fibroblast death, impaired migration of
periodontal fibroblasts, impaired migration of osteoblasts, and
active osteoclasts, which will be macroscopically manifested as
loss of attachment and alveolar bone resorption. At the same
time, the cellular contents released by pyroptosis, such as
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inflammatory factors and mtROS, can stimulate the production of
MMP, causing collagen degradation in gingival and periodontal
tissues. In summary elevated levels of focal death in periodontitis
promote the secretion of active inflammatory factors (IL-1, IL-18),
which amplifies the inflammatory response and leads to an
overactive immune response; this ultimately reduces bone
formation, enhances bone resorption by up-regulating RANKL,
exacerbates the destruction of periodontal tissues, and inhibits
their regeneration. However, the regulation of cellular pyroptosis
related to the osteoclastic mechanism needs to be further
explored (Table 6).

4.4 TLRO

Periodontitis is a common chronic disease, and its progression
may be regulated by interactions between host immunity and
periodontal pathogens (151, 152). TLRs are type I transmembrane
glycoproteins that belong to the pattern recognition receptor (PRR)
class, which recognizes highly conserved structures on the surface of
a large number of microorganisms and activates intrinsic immune
cells through intercellular signaling pathways, thereby triggering an
acquired immune response (153, 154).In recent years, many studies
have revealed the ability of TLRs to recognize periodontal
pathogens and modulate host innate immune responses to
periodontal bacteria, including plasma membrane-associated
TLR2, TLR4, and more recently the intrinsic intracellular sensor
TLR9 (74, 76, 78, 155). In vivo evidence shows that TLR9-deficient
(TLRY/) mice are resistant to periodontitis. This provides the first
conceptual evidence for the involvement of nucleic acid sensors in
periodontitis (101). In addition, TLR9 has been shown to modulate
inflammation triggered by TLR2 and TLR4, suggesting possible
crosstalk between these sensors during periodontal inflammation
via downstream signaling pathways. Recent data suggest that TLR9
is one of the most up-regulated PRRs expressed in chronic
periodontitis (156). DNA of the periodontal pathogen
Porphyromonas gingivalis promotes its virulence in periodontitis
by expressing inflammatory cytokines via the TLRY signaling
pathway (80, 156). TLRY is present in gingival tissues, and nucleic
acids significantly upregulate TLR9 gene expression in patients with
periodontitis (76). TLRs signal through two pathways: a MyD88-
dependent pathway and a MyD88-independent pathway.TLR9
recognizes viral nucleic acids through a MyD88-dependent
pathway. The TLRY signaling pathway activates the transcription
factor NF-xB through inhibition of the nuclear factor-«B (i -«B)
kinase (IKK) complex, leading to enhanced NF-xB signaling (157,
158). TLRY is also present in macrophages and can sense bacterial
DNA. in addition the distribution of TLR9 haplotypes and TLR9
(T1486C) genotypes may be associated with chronic periodontitis
(75, 159). To model chronic periodontitis, TLR9 knockout mice or
wild-type mice were exposed to Porphyromonas gingivalis. The
data showed that bone loss was increased in wild-type mice
compared with controls (not infected with Porphyromonas
gingivalis), and no bone loss was detected in TLR9 knockout
mice compared with controls, suggesting that alveolar bone loss
in patients with periodontitis may be regulated by TLR9 (74). TLR9
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TABLE 6 Reported pyroptosis -related content.

Drug
(optimal conclusion References
dose)
MARK4 MARK4 Inhibition of MARK4 Wang, L
inhibitors decreased LDH release, et al. (58)
(OTSSP167 and IL-1P and IL-18
Compound 50) production, ASC speck
and small formation, and the
interference pyroptosis-related
RNA ) genes transcription.
Azgpl NLRP3/ AZGP1 participates in Yang, S
knockout mice caspase-1 the pathogenesis of et al. (59)
periodontitis by
aggravating macrophage
M1 polarization and
pyroptosis through the
NLRP3/caspase-1
pathway.signaling
pathway.
Eldecalcitol NLRP3 ED-71 inhibits cellular Huang, C
(Rat:5mg/kg pyroptosis by decreasing et al. (60)
Hgfs:5nM) the activation of NLRP3
inflammatory vesicles.
z-YVAD-FMK caspase-1 The NLRP1 Zhao, D
(hPDLSCs:2 mM) inflammasome led to the et al. (61)
activation of caspase-1
and the subsequent
activation and releasing
of IL-1B, and
initiated pyroptosis.
Construction of caspase- Dec2 overexpression He, D et al. (62)
DEC2 11 reduces levels of IL-1B
overexpression and sequentially
vector regulates caspase-11,
(RAW 264.7) thereby
inhibiting pyroptosis.
Kynurenic Caspasel/ Kynurenic significantly Gao, Y
(RAW NLRP3 suppressed macrophage et al. (63)
264.7:100uM) pyroptosis induced
by LPS.
Construction of caspase-1 TET1 prevents the onset Peng, Y
TET1 of cellular pyroptosis by et al. (64)
overexpression inhibiting caspase-
vector 1 activation.
(OCCM-30)
Isoliquiritigenin NLRP3 Isoliquiritigenin Lv, X et al. (65)
(Hgfs:5uM) attenuates
Porphyromonas
gingivalis-induced
pyroptosis by inhibiting
NLRP3 activation.
N- NE-xB/ N-acetylcysteine reduces Chu, Y
acetylcysteine Caspase- cellular pyroptosis by et al. (66)
(hPDLSCs:10mM) 1 inhibiting the NF-xB/
Caspase-1
signaling pathway.
Metformin NEK7/ Metformin reduces Zhou, X
(mice:200mg/kg) NLRP3 cellular pyroptosis by et al. (67)
inhibiting theNEK?7/
NLRP3
signaling pathway.
(Continued)
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TABLE 6 Continued

Drug
(optimal Target conclusion References
dose)
Synoviolin GSDMD Synoviolin protected Pang, Y
knockout mice against periodontitis by et al. (68)

regulating GSDMD

plays a key role in periodontitis, and aberrant expression of TLR9
can be observed in patients with periodontitis, thus TLRY has the
potential to serve as a diagnostic or prognostic biomarker for
periodontitis. Understanding the mechanisms by which TLR9
promotes periodontal inflammation could provide important
insights into how to control aberrant periodontal inflammation as
well as identify therapeutic targets and disease biomarkers that are
critical for local and systemic outcomes (Table 3).

This work demonstrates the dynamic evolutionary process and
structural relationship between the fields related to periodontitis
and aging by knowledge mapping and data visualization, and
preliminarily analyzes the research frontiers in this field. This
study will provide more theoretical basis for researchers in this
field. In conclusion, we should place greater emphasis on research
regarding the association between periodontal disease and aging.
Additionally, it is important to strengthen communication and
collaboration among research institutions to facilitate the
development of this field.
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