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Abstract

Background: Macrophages play an important role in the symptoms and structural progression of periodontitis, and%
receiving increasing attention. In recent years, research has shown significant progress in macrophage associated periodontitis.
However, there is still lack of comprehensive and methodical bibliometric analysis in this domain. Therefore, this research aims to
describe the state of the research and current research hotspots of macrophage associated periodontitis from the perspective of
bibliometrics.

Methods: This study collected and screened a total of 1424 articles on macrophage associated periodontitis retrieved between
2004 and 2023 from Web of Science Core Collection database. Use Citespace (6.1. R6), Bibliometrix-R (4.1.3), VOSviewer
(1.6.19), and Graphpad Prism8 software to analyze and plot countries/regions, institutions, journals, authors, literature, and
keywords to explore the research hotspots and development trends of macrophage associated periodontitis.

Result: After analysis, the amount of macrophage associated periodontitis publications has been rising consistently over time,
with China having the most publications (29.32%). 3 countries accounted for 65.57% of the total publications: the United States,
China, and Japan, occupying a dominant position in this research field. China publications have the fastest growth rate and
played a driving role. The most productive institution is the Sichuan University in China. Journal of Periodontal Research is highly
popular in the field of macrophage associated periodontitis, with the highest number of publications. Grenier, Daniel is the most
prolific author. Inflammation and Bone Loss in Periodontal Disease are the most cited literature. “Biological pathogenic factors,”
“immune regulation,” “mechanism research,” “susceptibility factor research,” “pathological processes and molecular correlation,”
“pathological characteristics,” “inflammatory response” are the main keyword groups in this field.

]

Conclusion: This study systematically analyzes and describes the development process, direction, and hotspots of
macrophage associated periodontitis using bibliometric methods, providing a reference for future researchers who continue to
study macrophage associated periodontitis.

Abbreviations: hPDLSCs = healthy periodontal ligament stem cells, IF = Impact Factor, LPS = lipopolysaccharide, TLRs = toll-
like receptors, WoSCC = Web of Science Core Collection.

Keywords: bibliometric, Citespace, macrophages, periodontitis, VOSviewer

severe periodontitis’ incidence, prevalence, and Disability
Adjusted Life Year rates showed rising trends throughout
Asia, with notable regional disparities across the various
nations.?! This will lead to an increase in economic burden
and a decrease in quality of life, causing long-term pain for
patients.?! Periodontitis is commonly characterized by gingival

1. Introduction

Periodontitis remains one of the most common oral diseases.
Periodontitis, holds the status of being the sixth most com-
mon illness in humans globally, affecting an approximate
11.2% of the world adult populace.!! From 1990 to 2019,
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inflammation, clinical attachment loss, alveolar bone loss
seen on imaging, deep probing depth, movement, bleeding
while probing, and pathological migration.** In recent years,
although measures such as home care, scaling, and root plan-
ning have been able to alleviate symptoms and delay disease
progression. However, the delicate balance between periodon-
tal microbiota and immunity!® in patients with periodontitis
makes it difficult to ensure the prognosis and functional recov-
ery of patients with periodontitis.

The process that causes periodontitis is attributed to a local
ecological dysbiosis microbial community. This microbial com-
munity stimulates host immune responses that are impacted by
genetic, environmental, and local microbial community patho-
genicity.[”? Therefore, we still need research on the pathological
and physiological basis of periodontitis and good prognostic
methods.

In recent years, the role of macrophages in periodontitis has
received increasing attention. Innate immune cells called macro-
phages, or Macs for short are located on the surface of the epi-
thelium, which respond quickly to infections.!®! Macrophages are
highly efficient antigen-presenting cells, especially skilled at trig-
gering T cells, amplifying the immune system by phagocytosing
pathogens, phagocytosing,”"!" and secreting cytokines, inducing
and expanding inflammation, triggering regional inflammatory
reactions and causing tissue deterioration. Macrophages have
the ability to create particular cytokines and chemotactic chem-
icals, identify pathogen associated molecular patterns through
TLRs, and attract nonresident neutrophils and other white
blood cells to take part in defense responses.'?! Additionally,
macrophages, a subtype of plastic cell, are classified into M1
and M2 types.!'>!* Classically activated macrophages, another
name for M1 macrophages, can be stimulated and activated by
LPS (lipopolysaccharide), interferon g, reactive oxygen species,
granulocyte macrophage colony stimulating factor, microRNAs,
and other stimuli.!"’! In periodontal tissue, the differentiation
of macrophages into M1 type is mainly induced by microbial
related factors dominated by interferon g and Ips2 produced
by Th1.l'I The activation of M1 is involved in the development
of defense and inflammation, as well as in controlling immune
cell processes and function.'"” Bone resorption and the M1
phenotype are tightly associated as well.'8! Selectively acti-
vated macrophages, commonly referred to as M2 macrophages,
are primarily involved in the processes of tissue regeneration,
inflammation resolution, and repair. They have a minor role in
immune response. They are believed to have anti-inflammatory
effects.'”! Macrophages can undergo alternate activation into
M2 when Th2 related cytokines like IL-4 and IL-13 stimulate
them.?”) M1-associated factors have the ability to modulate
M2 polarization, which in turn affects Th17 and Treg cell func-
tions related to anti-inflammatory and repair.?!! At present, the
stage of action of macrophages in anti-inflammatory therapy is
exactly identified as the M2 phenotype, which alternates activa-
tion phenotype.??! In addition to encouraging bone integration
and angiogenesis, the local milieu that m2 creates also contrib-
utes to the inhibition of bone production and resorption.!*’! The
environment of periodontal tissue was not studied for this por-
tion of the study, but the relevant mechanisms in other types of
tissue inflammation are entirely applicable to the delayed pro-
cess of periodontitis, which still needs to be elucidated.

In recent years, bibliometrics has been widely used to analyze
a large amount of research data. Its use of information visual-
ization techniques and technologies allows it to show research
development patterns, research hotspots, the current state of
the field, and the development process in an intuitive manner.
In previous studies, scholars have published bibliometric stud-
ies related to periodontitis,? but there is currently a lack of
research reports on macrophage associated periodontitis. For
the purpose of this study, we examined the development trends
and research hotspots of macrophage-associated periodontitis
by analyzing and visualizing pertinent literature from 2004 to
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2023 using bibliometric tools like Citespace, VOSviewer, and
the R software package “bibliometrix.”

2. Material and methods

2.1. Data sources and search methods

The Web of Science Core Database (WoSCC) is the world pre-
eminent citation database. It contains conference proceedings,
publications and paper records from the world most prestigious
journals, including open access journals. It contains 10 distinc-
tive indexes, including Science Citation Index Expanded, Social
Sciences Citation Index, Arts & Humanities Citation Index.
Conference Proceedings Citation Index-Science, Conference
Proceedings Citation Index-Social Science & Humanities, Book
Citation Index-Science, Book Citation Index-Social Sciences
& Humanities, Emerging Sources Citation Index, Current
Chemical Reactions, and Index Chemicus. Among them, Social
Sciences Citation Index, Arts & Humanities Citation Index,
Conference Proceedings Citation Index-Science, Conference
Proceedings Citation Index-Social Science & Humanities, Book
Citation Index-Science, Book Citation Index-Social Sciences &
Humanities, Current Chemical Reactions, and Index Chemicus
were not applicable to this study. Therefore, we chose it as
the data source for bibliometric analysis. In this study, the
search terms set were as follows: (TS = [periodontitis]) AND
TS = (macrophage), Publication Year = 2004 to 2023, Document
Types = Article OR Review Article, Language = English. After
filtering, we extracted information such as (Full Record and
Cited References) Author (s), Title, Source, Abstract, Keywords,
etc and exported them in the form of Plain text files, which were
saved in the database. Next, we will use Excel 2021 for data
organization and filtering, and ultimately use Graphpad Prism8
for analysis.

2.2. Bibliometric analysis and visualization

Citespace is an information visualization program built on
the Java programming language and citation analysis theory.
It was created by Dr Chen Chaomei, a computer and intel-
ligence professor at Drexel University in the United States.
In this study, it was applied to collinear analysis, construc-
tion of journal double graph overlay, and timeline view. The
size of a node indicates how frequently it occurs; the larger
the node, the more frequently it occurs. Relationships that
are cooperative, cooccurring, or co referencing are repre-
sented by the connections between nodes. Nodes of dif-
ferent colors represent different years; Circles of different
colors from inside out represent the period from 2004 to
2023. VOSviewer, developed by van Eck and Waltman at
the Technology Research Center of Leiden University in
the Netherlands, is a software application utilized for the
construction and visualization of bibliometric networks. In
this study, it was applied to citation coupling, co-citation, or
co-author relationship construction. Bibliometrix is a scien-
tific measurement software based on R language developed
by Dr Massimo Aria and others from Federick II University
in Naples, Italy. This study is applied to visualize publi-
cation production between countries, draw international
cooperation maps between countries, and visualize 3 field
analysis. The Scholar H-Index, Journal IF (Impact Factor),
and Journal Citation Report are all derived from Web of
Science and included in the analysis as scientific indicators.

3. Results

3.1. Overall situation of literature

Based on the search results of WoSCC index terms, we selected
and collected a total of 1443 articles. Next, we excluded 7
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articles with early access, meeting abstract (7), editorial mate-
rial (3), proceeding paper (3), correction (2), retracted publi-
cations (1), and 4 non-English articles. In the end, a total of
1429 articles were selected (Fig. 1). As depicted in Figure 2A,
there is a gradual and steady increase in the quantity of world
literature. The annual number of articles increased from 29 in
2004 to 186 in 2023, with the year with the lowest number
of publications being 2005 (23 articles, 1.61%) and the year
with the highest number of published studies being 2023 (186
articles, 13%) (Fig. 2A). At the same time, Research interests
in this field, as indicated by relative research interest, which
quantifies the annual publication count of papers in a certain
field across all literature, are also experiencing an upward
trend.

The analysis results show that a total of 69 countries or
regions have published in this field, with China having the larg-
est contribution (419 articles, 29.32%), followed by the United
States (339 articles, 23.72%), Japan (179 articles, 12.53%),
South Korea (131 articles, 9.17%), and Brazil (107 articles,
7.49%) (Fig. 2C and D). Moreover, from Figure 2B, we can see
that among the top 10 countries or regions in terms of pub-
lication volume, before 2020, the United States, Japan, and
South Korea had relatively stable and overall upward trends in
publication volume, while China had the fastest growth rate of
publications after 2020, while other countries had relatively sta-
ble annual publication volumes. The above results indicate that
research on macrophages and periodontitis has received increas-
ing attention from scholars, and research in this field has entered
a relatively rapid development stage.

3.2. Analysis of national and institutional situations

We have selected the top 25 countries and regions with the high-
est citation frequency and average citation frequency among
the countries and regions that have made contributions in this
field. From Figure 3A, it can be seen that publications in the
United States have the highest citation frequency (9375 times),
followed by China (7736 times), and then Japan (3927 times),
South Korea (2646 times), and Brazil (2225 times). From
Figure 3B, it can be seen that South Africa has the highest aver-
age citation frequency (100.3 times), followed by Switzerland
(92.3 times), followed by the United Kingdom (73.5 times),

www.md-journal.com

Australia (69.6 times), and Germany (60.4 times). Next, we
additionally examined the regions and countries in which the
corresponding authors reside. The results showed that China
(355 articles) had the highest number of corresponding authors
in a single country publication, followed by the United States
(153 authors) and Japan (125 authors). In a multi-country
publication, The higher quantity of corresponding authors was
found in the United States (89 authors), followed by China (51
authors) and Japan (29 authors) (Fig. S1, Supplemental Digital
Content, http://links.lww.com/MD/N969). In addition, from
the analysis chart of national or regional cooperation (Fig.
S2, Supplemental Digital Content, http:/links.lww.com/MD/
N970) we can see that the United States has the highest arti-
cle production and maintains strong partnerships with nations,
such as Brazil, Japan, Germany, the United Kingdom, and
Canada. By analyzing the world map of cooperation between
countries (Fig. 3C), we can find that cooperation mainly exists
in North America, Europe, and eastern Asia, with a few in
South America and Oceania.

Table 1 lists the top 10 institutions in terms of production,
with the highest production being the Sichuan University in
China (53 papers), followed closely by University of Sio Paulo
in Brazil (42 papers), and Pusan University in South Korea
(40 papers) in third place. Figure 3D shows the collaborative
relationships between institutions. We can see that institutions
such as Sichuan University and Shanghai Jiao Tong University
in China, as well as institutions such as University of Louisville
and Forsyth Institute in the United States, have strong collabo-
rative relationships.

3.3. Analysis of journal and author situation

Table 2 lists the top 10 journals in terms of production volume
and citation frequency. Among them, Journal of Periodontal
Research (98 articles) has the highest publication volume, fol-
lowed by Journal of Periodontology (95 articles) and Journal
of Dental Research (55 articles); Among the top 10 journals in
terms of production volume, Journal of Clinical Periodontology
has the highest IF of 5.9; among the top 10 journals, 80% are
in Q1, 20% are in Q2. The journal with the highest number of
co citations is Journal of Periodontology (3110 times), followed
by Journal of Clinical Periodontology (2433 times) and Journal
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Figure 1. Overview of article filtering.
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Figure 2. (A) Global number of publications related to macrophages associated periodontitis (purple bar) and related research interests (red curve), (B) annual
publication volume statistics of the top 10 countries and regions in publication rankings, (C) top 10 countries and regions in publications related to macrophages
associated periodontitis, (D) distribution of publications related to macrophages associated periodontitis on world maps.

of Immunology (2190 times). Among the top 10 journals with
the highest number of citations, Periodontology 2000 IF is 17.5.
We conducted analysis and visualization of co-cited journals
based on VOSviewer, and the minimum number of citations was
>10. As shown in Figure 4A, a total of 854 journals were dis-
played in terms of total link strength, among which Journal of
Periodontology (total link strength = 169,636) had the highest

total link strength, followed by Journal of Immunology (total
link strength = 156,687), Journal of Clinical Periodontology
(total link strength = 143451), Infection and Immunity (total
link strength = 136,506), Journal of Periodontal Research (total
link strength = 124,539).

The disciplinary distribution of academic journals is depicted
by overlaying the double graphs of the journals (Fig. 4B). The
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left side is the cited journal, and the right side is the cited jour-
nal. The cited relationship is represented by a colored path. This
map identifies 2 main citation pathways for color, which means
that research published in molecular/biological/genetic jour-
nals is mainly cited in molecular/biological/immunological and
Dentistry/Dermatology/Surgery.

In the past 2004 to 2023, a cumulative sum of 6145
authors contributed to the development of macrophage-as-
sociated periodontitis. Scientific productivity based on Lotka
law showed that 75.7% of authors only published one
paper. Table 3 lists the top 10 authors in terms of produc-
tivity, with Grenier, Daniel (28 articles) having the highest
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Table 1
Top 10 institutions in the literature on macrophages associated periodontitis published from 2004 to 2023.
Ranking Name Country Count Percentage (%) Centrality

1 Sichuan University China 53 3.37% 0.21

2 Universidade de S&o Paulo Brazil 42 3.21% 0.12

3 Pusan National University Korea 40 3.04% 0.10

4 Laval University Canada 36 2.57% 0.04

5 Forsyth Institute USA 28 2.09% 0.23

6 Seoul National University Korea 27 2.01% 0.06

7 University of Louisville USA 25 1.85% 0.27

8 Wuhan University China 25 1.36% 0.01

9 Southern Medical University China 22 1.28% 0.03
10 Shanghai Jiao Tong University China 21 1.20% 0.03
Ranking Name Country Count Percentage (%) Centrality

1 Universidade de Sao Paulo Brazil 42 3.37% 0.14

2 Sichuan University China 40 3.21% 0.14

3 Pusan National University Korea 38 3.04% 0.1

4 Laval University Canada 32 2.57% 0.04

5 Forsyth Institute USA 26 2.09% 0.22

6 University of Louisville USA 25 2.01% 0.29

7 Seoul National University Korea 23 1.85% 0.06

8 Wuhan University China 17 1.36% 0.01

9 University of Pennsylvania USA 16 1.28% 0.16
10 Nihon University Japan 15 1.20% 0.05

Top 10 high-yield and cited journals related to macrophages
associated periodontitis published from 2004 to 2023.

Rank Sources Articles  JCR (2023)  IF (2023)
1 Journal of Periodontal Research 98 Q1 3.7
2 Journal of Periodontology 95 Q1 4.2
3 Journal of Dental Research 55 Q1 5.7
4 Journal of Endodontics 55 Q1 3.5
5 Archives of Oral Biology 45 Q2 2.2
6 Journal of Clinical Periodontology 4 Q1 5.8
7 PLoS ONE 38 Q1 2.9
8 Infection and Immunity 36 Q2 2.9
9 Oral Diseases 27 Q1 2.9

10 Frontiers in Immunology 26 Q1 Wi

Rank Cited sources Citations  JCR (2023) IF (2023)
1 Journal of Periodontology 3110 Q1 4.2
2 Journal of Clinical Periodontology 2433 Q1 5.8
3 Journal of Immunology 2190 Q2 3.6
4 Infection and Immunity 2104 Q2 2.9
5 Journal of Periodontal Research 1968 Q1 3.7
6 Periodontology 2000 1852 Q1 175
7 Journal of Dental Research 1851 Q1 5.7
8 Journal of Biological Chemistry 1361 Q2 4.0
9 Journal of Endodontics 1234 Q1 3.5

10 PLoS ONE 943 Q1 2.9

JCR = Journal Citation Report.

publication volume. Among the top 10 authors in terms of
productivity, Van Dyke, T.E. have the highest H-index of 79.
Figure 4C shows the collaboration between authors, with
Kim and HJ as the core members of an 8-person group, form-
ing the largest collaborative cluster (brown). Next, we con-
ducted an analysis and visualization of co cited authors using
VOSviewer (Fig. 4D). The lowest number of citations was
>10, and a total of 997 authors were displayed. The highest
total link strength was found in Hajishengallis, George (total
link strength = 15,004), followed by Garlet, GP (total link
strength = 4532), Darvieu, RP (total link strength = 4205),
Graves, DT (total link strength = 3936), Socransky, SS (total
link strength = 3854).

3.4. Citation and co-citation analysis

In the field of macrophage related periodontitis, a total of
498 articles have been cited more than 25 times, accounting
for 34.8% of the total. We have listed the top 10 most cited
literature in Table 4, with Inflammation and Bome Loss in
Periodontitis Disease (479 citations) receiving the most cita-
tions, then Mechanisms of Bone Resolution in Periodontitis
(459 citations) and Azithromycin: Mechanisms of action and
their relevance for clinical applications (409 citations). In order
to analyze the literature that has had a significant impact in the
field of macrophage associated periodontitis, we conducted a
co citation analysis based on Citespace. The results showed
that (Fig. 5A), The article published in 2015 by Hajishengallis,
George titled Periodontitis: from microbial immune subversion
to systemic inflammation has significant influence. Furthermore,
citation burst serves as a significant indicator that mirrors
the reference literature that researchers in a specific field are
interested in during a period of time. We analyzed it based on
Citespace, as shown in Figure 5B. The article published in 2015
by Hajishengallis, George titled Periodontitis: from microbial
immune subversion to systemic inflammation had the highest
intensity (strength = 22.78).

3.5. Keyword and hotspot analysis

As described earlier, keyword burst refers to the extremely
high frequency of appearance in a published article within a
short period of time, indicating the importance and attention
of keywords in the research field. As depicted in Figure 6A,
we analyzed the top 25 keywords with the strongest citation
burst based on Citespace. The word with the highest burst
intensity was “macroscopic polarization” (strength = 14.14),
and the word with the longest duration was “actinnobacillus
actinomycetemcomitan,” which lasted from 2004 to 2014.
More importantly, from 2020 to 2023, the citation frequency
of “macrophage polarization,” “nlrp3 inflammasome,” and
“reactive oxygen specy” was relatively high, which may indi-
cate that “macrophage polarization,” “nlrp3 inflammasome,”
and “reactive oxygen specy” may be future research hotspots in
the field of macrophage related periodontitis. Figure 6B shows
a three-field plot that represents the relationship between
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Figure 4. (A) Network diagram of journals that have been co cited >10 times, (B) the dual-map overlay of journals related to macrophages associated peri-
odontitis, (C) collaborative network map of authors on the relationship related to macrophages associated periodontitis, (D) visualization of co cited authors in

publications related to macrophages associated periodontitis.

keywords, authors, and journals, which is represented by how
strong the relationship is. “Expression” is the most commonly
occurring keyword, followed by “macrophages,” “activation,”
“porphyromonas gingivalis,” and so on. Authors Kim H]J and
Grenier D have a relatively strong correlation with keywords
such as “expression” and “metaphors”; correspondingly, it has

the strongest connection with Journal of Periodontology and
Journal of Periodontal Research.

Keyword co-occurrence analysis is of great significance in
bibliometrics. Through keyword analysis, it can reveal the theme
and hot topics of the article, as well as discover the connec-
tions between keywords, which plays a crucial role in exploring
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Top 10 most prolific authors published from 2004 to 2023.

Rank Author Count H-index
1 Grenier, Daniel 28 52
2 Hajishengallis, George N. 16 74
3 Reynolds, Eric 14 74
4 Ebersole, Jeffrey L 14 57
5 Han, Seung Hyun 13 35
6 Garlet, Gustavo Pompermaier 13 44
7 0’Brien-Simpson, Neil 13 48
8 Van Dyke, T.E. 12 79
9 Yun, Cheol-Heui 12 40

10 Chung, Jin 12 24

research progress. We set the minimum co-occurrence value for
keywords to 5 and filtered out 518 keywords that met the cri-
teria from 4760 keywords. As shown in Figure 6C, it is mainly
divided into 7 clusters. Cluster 1 (in red): biological pathogenic
factors, with the main keywords being porphyromonas gingi-
valis, epithelial cells, and endothelial cells; Cluster 2 (green):
immune regulation, with the main keywords being periodontitis,
protein, and immunity; Cluster 3 (orange): mechanism research,
with the main keywords being lipopolysaccharide, interleukin-6,
carbon monoxide; Cluster 4 (dark blue): research on suscepti-
bility factors, with the main keywords being inflation, infection,
and diabetes; Cluster 5 (light blue): pathological processes and
molecular correlations, with the main keywords being expres-
sion, bacteria, and chemotherapy; Cluster 6 (yellow): patholog-
ical characteristics, with the main keywords being cells, bone
resorption, alveolar bone loss; Cluster 7 (purple): inflammatory
response, with the main keywords being macrophage, matrix
metalloproteins, and resveratrol. These results demonstrate the
most prominent research topics and directions related to macro-
phages associated periodontitis to date.

In addition, we conducted a keyword timeline analysis
and plotted a keyword timeline, as shown in Figure 6D. The
results include “immediate response” (Cluster0), “expression”
(Cluster3), “appropriate periodontitis” (Cluster4), “bone reso-
lution” (Cluster5), “tumor crossing factor” (Cluster6), “nlrp3
inflammasome” (Cluster7), and “periodic disease” (Cluster8)
“Interleukin 1 beta” (Cluster9) was a research hotspot in the
early stages (2004-2010), “bone resolution” (Cluster5) was
a research hotspot in the middle stages (2005-2015), and
“photographic therapy” (Cluster1) and “nlrp3 inflammsome”
(Cluster?7) represent the most recent research hotspots in the
field of macrophage associated periodontitis.

4. Discussion

In the past decade, considerable advancements have been
achieved in the study of macrophages associated periodontitis.
Our aim is to conduct a systematic and comprehensive analy-
sis of the development of this field through visual analysis, and
provide references for future development through keywords,
hotspots, and trends.

4.1. Development overview

The analysis of 1429 papers published between 2004 and 2023
shows that the quantity of publications pertaining to macro-
phages associated periodontitis, as well as relative research
interest, have shown a stable growth trend, particularly over the
last 2 years, during which there has been a meteoric rise in the
quantity of publications, indicating an increasing popularity in
this field. With regard to regional and national contributions,
China has the most articles contributed (419 articles, 29.32%),
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followed by the United States (339 articles, 23.72%), Japan (179
articles, 12.53%), South Korea (131 articles, 9.17%), and Brazil
(107 articles, 7.49%). The top 5 countries contribute 82.32%
of the total publication volume and are the main force of pub-
lication. Interestingly, these 5 highly productive countries still
occupy the top 5 most frequently cited publications, reflecting
their strong influence in the academic community. The United
States has the highest amount of corresponding authors in arti-
cles originating from multiple nations, with the highest article
output and strong collaborative connections with Europe and
the eastern part of Asia, demonstrating that the United States is
at the forefront of research in the domain of macrophage asso-
ciated periodontitis. China publication volume has significantly
increased in the past 3 years and may surpass the United States
to become the country with the highest publication volume in
the future. However, it has the largest number of corresponding
authors for publications in a single country, so its level of collab-
oration with multiple countries is not high, and it may still not
be able to catch up with the United States in the short term. At
the institutional level, Sichuan University in China has the high-
est output (53 papers), followed by the University of Sdo Paulo
in Brazil (42 papers), and Pusan University in South Korea (40
papers), ranking third. They represent the most active research
institutions, and they are mostly located in the top 5 countries
with the highest productivity, indicating that the activity of
research institutions can effectively improve a country’s research
level. In the cooperation of scientific research institutions, South
Korea and the United States have shown active performance,
while China, as the country with the second highest contribu-
tion, has relatively less cooperation with its scientific research
institutions. Therefore, it is necessary to cooperate with as many
active institutions as possible to promote the development of
this research field.

In terms of journals, the journal with the highest number of
publications is Journal of Periodontal Research (98 articles), fol-
lowed by Journal of Periodontology (95 articles), and Journal
of Dental Research (55 articles), ranking third. Interestingly,
the top 3 journals in terms of publication volume still have the
highest number of citations, indicating their popularity among
scholars of macrophage associated periodontitis. According
to the co-citation analysis based on VOSviewer, it can be con-
cluded that Journal of Periodontology, followed by Journal of
Immunology and Journal of Clinical Periodontology, has signif-
icant influence in this field. Research from molecular/biological/
genetic journals is mainly cited in molecular/biological/immu-
nology and Dentistry/Dermatology/Surgery research. In terms of
author productivity, Grenier, Daniel from University Laval have
the highest productivity, while Van Dyke, T.E. have the highest
H-index. Furthermore, based on VOSviewer’s co-citation anal-
ysis, it can be concluded that Hajishengallis, George N have
the highest influence in the field of macrophage associated peri-
odontitis research. At the level of cooperation among authors,
authors from the same country have closer cooperation, while
international author cooperation needs to be strengthened.

The most frequently cited literature in citation and co-citation
analysis is Inflammation and Bone Loss in Periodontal Disease
(479 times), which explains how inflammation and bone loss are
markers of periodontal disease and how the former leads to the
latter. Among the top 10 articles with the most citations, most of
the literature types are Review Articles, which mainly describe
the pathology, pathogenesis, and role of macrophage polariza-
tion in chronic inflammation of periodontitis. Our literature co
citation analysis based on Citespace reveals that Hajishengallis,
George publication titled Periodontitis: from microbial immune
subversion to systemic inflammation has the highest citation
frequency, indicating its outstanding contribution. In the realm
of research pertaining to macrophage associated periodontitis.
It is interesting that this article still has the highest intensity
among the top 25 articles with the highest citation frequency,
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Table 4

The top 10 most cited literature on macrophages associated periodontitis published from 2004 to 2023.
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The clinical importance of emerging Campylobacter species

324
310

2011

459

Nature Reviews Gastroenterology & Hepatology

Man, Si Ming

Review

2015

Proceedings of The National Academy of Sciences of

Shi, Wenyuan

Article

Cultivation of a human-associated TM7 phylotype reveals a reduced

The United States of America
Journal of Applied Oral Science

genome and epibiotic parasitic lifestyle
Host response mechanisms in periodontal diseases

280
261

2015

2.2

Gamonal, Jorge
Taylor, John J.

Review

2011

5.8

Journal of Clinical Periodontology

Review

How has research into cytokine interactions and their role in driving immune

responses impacted our understanding of periodontitis?
Optimized Platelet-Rich Fibrin With the Low-Speed Concept: Growth Factor

2017 251

4.2

Journal of Periodontology

Joseph Choukroun

Article
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indicating that it continues to be a research hotspot in this field.
In addition, most of the articles focus on the pathophysiology
and treatment of periodontitis, as well as the expression of mac-
rophages in periodontitis, indicating that these directions are
related to macrophage associated periodontitis hot topics.

4.2. Keywords and frontiers

The burst and co-occurrence analysis of keywords reflect the
development trends and hotspots of research on macrophage
associated periodontitis. The word with the highest intensity is
“macrophage polarization,” representing the core involvement
of this keyword in periodontitis research. Li Na Zhou et al pro-
posed that the initiation and advancement of inflammation-in-
duced tissue damage may be attributed to the polarization of
macrophages in gingival tissue,/*’! and therefore, modulating
macrophage function could represent a viable therapeutic
approach for periodontal disease.?*?”l The keyword co-oc-
currence analysis based on VOSviewer showed 7 main trends,
which can be divided into 7 categories: Cluster 1 (red): biolog-
ical pathogenic factors; Cluster 2 (green): immune regulation;
Cluster 3 (orange): mechanism; Cluster 4 (dark blue): suscepti-
bility factors; Cluster 5 (light blue): pathological processes and
molecular correlations; Cluster 6 (yellow): pathological char-
acteristics; Cluster 7 (purple): inflammatory response. These
results are in line with the promising research hotspots in the
field of macrophages and osteoarthritis, as follows:

1. Biological pathogenic factors: keyword collinearity anal-
ysis: the key words are porphyromonas gingivalis, epi-
phyteal cells, and endotropical cells. Periodontitis is a
chronic inflammatory illness that arises from multiple fac-
tors and is characterized by the presence of dental plaque,
also known as dental biofilm/biofilm.1?!! Porphyromonas
gingivalis, a Gram-negative anaerobic bacterium, is often
regarded as the primary pathogen responsible for the onset
and progression of periodontitis.”*’! The interface between
the sulcus edge and coronal edge, which establishes a con-
nection with the gingival epithelium, is in intimate prox-
imity to bacteria residing within the gingival sulcus. This
particular region plays a pivotal role in the pathogenesis
of periodontal disease. P gingivalis is capable of adhering
to gingival epithelial cells. The adhesion between gingi-
val porphyrin and epithelial cells is multimodal, involv-
ing pili, proteases, hemagglutinin, and LPS, among other
extracellular components and cell surfaces.’3! Among
the numerous virulence factors produced by gingival
porphyrin, fimbriae and cysteine protease attach to oral
epithelial cells through different receptors and invade,
especially in the initial stage of infection.’>3! Studies
have shown that Endothelial cell receptors are capable
of detecting periodontal pathogens and cytokines, which
are detrimental stimuli, leading to endothelial dysfunc-
tion and an increased risk of cardiovascular disease in
patients. 353!

2. Immunoregulation: periodontal tissue is subject to vari-
ous stimuli, including oral microbiota. There is a subtle
balance between local immune response and microbiota.
However, after the colonization of “key” pathogens, the
immune response is overactivated, leading to immune
cell infiltration and activation of osteoclast activity, ulti-
mately leading to damage to soft and hard tissues. In the
early stage of pathological changes, neutrophils increase
in connective tissue,*”! and macrophages,*®! lymphocytes,
plasma cells, and mast cells appear.®”! Activation of com-
plement proteins occurs.*! Activation of the complement
cascade can occur via 3 distinct pathways: the classical
pathway; the lectin pathway; the alternative pathway.*!l
Interestingly, despite the formation of pathogen specific
antibodies in chronic periodontitis, most complement
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activation in this disease still occurs through classic and
alternative pathways.*” The activation of an alterna-
tive pathway is initiated by bacterial polysaccharides,
including enzymes, lipopolysaccharides, or aggregated
IgA. These polysaccharides facilitate the cleavage of
C3 through the involvement of factor P, also known as
properdin. C3b, together with factors B and D, catalyzes

Medicine

the conversion of CS5 into its 2 components, C5a and C5b.
This enzymatic cascade proceeds until the process is fully
accomplished.[ %

Mechanism research: through their interaction with
immune cells and tissue cells, numerous inflammatory
cytokines induce periodontitis. LPS are bacterial endo-
toxins that can induce infiltration of polymorphonuclear
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Figure 5. (A) Network visualization of co-cited literature on macrophages associated periodontitis related publications, (B) the top 25 most frequently cited
articles related to macrophages associated periodontitis.

10



Zheng et al. ® Medicine (2024) 103:46

leukocytes, leading to inflammatory periodontal tissue
edema and vascular dilation.*3! The generation of pro-in-
flammatory molecules and the magnitude of inflam-
matory responses are influenced by the expression level

www.md-journal.com

of TLRs (toll-like receptors) in host cells, which can be
modulated in response to LPS stimulation. Inappropriate
immune responses produce excessive cytokines, accel-
erating the destruction of periodontal tissue.***1 It is

A
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Figure 6. (A) The top 25 most cited keywords based on Citespace, (B) annotation of 3 field images for keyword plus: three-field plot for keyword analysis:
(middle: keywords; left field: authors; right outer column: journals), (C) the frequency of the keyword map related to macrophages associated periodontitis is
represented by point size, and the keywords in the research field are mainly divided into 7 clusters: Cluster 1 (red): biological pathogenic factors; Cluster 2
(green): immune regulation; Cluster 3 (orange): mechanism research; Cluster 4 (dark blue): susceptibility factor research; Cluster 5 (light blue): pathological
processes and molecular correlations; Cluster 6 (yellow): pathological characteristics; Cluster 7 (purple): inflammatory response, (D) timeline view of keywords

related to macrophages associated periodontitis.
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known that inflammatory mediators, such as IL-6, cyclo-
oxygenase, and intercellular adhesion molecules, has the
ability to modulate the host’s immune response towards
bacterial infections. The compound CORM-3 demon-
strates the ability to hinder the process of macrophage
polarization towards the pro-inflammatory M1 pheno-
type, while simultaneously facilitating the promotion of
the anti-inflammatory M2 phenotype.“¢! In periodontitis,
CORM-3 impedes the expression of factors associated
with M1 macrophages but enhances the expression of
factors related to M2 macrophages.*”? By modulating
macrophage polarization, CORM-3 potentially acti-
vates the NF-xB signaling pathway, thereby eliciting
anti-inflammatory responses,”*! and other studies have
shown that CORM-3 significantly enhances the osteo-
genic differentiation of healthy periodontal ligament stem
cells (hPDLSCs) by releasing CO,!*! mediates the pro-
spective periodontal treatment application prospects of
CORM-348.

. Susceptibility factor study: diabetes comprises a collection
of persistent metabolic disorders distinguished by aber-
rant glucose metabolism, which is caused by impaired
insulin secretion, insulin function, or both.’% At present,
diabetes is regarded as an unquestionable risk factor for
periodontitis, contributing to the disease’s increased inci-
dence, severity, and progression.®!l Periodontitis-induced
systemic inflammation has the potential to worsen meta-
bolic regulation, raise insulin resistance, and, over time,
accelerate the onset of diabetic complications.*?! Studies
have shown that patients with type 1 diabetes have higher
levels of PGE2 and IL-1B in gingival sulcus fluid com-
pared with nondiabetic patients with the same levels of
periodontal disease,”” and when challenged by lipo-
polysaccharides, monocytes from patients with type 1
diabetes produced significantly higher concentrations of
TNF-a, IL-1B, and PGE2 than monocytes from non-di-
abetic individual.’* Therefore, it can be stated that the
excessive inflammatory response and damaged repair of
bacterial attack are possible explanations for the link
between periodontitis and diabetes. To fully understand
how periodontal infection influences the state of diabetes,
more research is required. In addition, there is an estab-
lished relationship between periodontitis and atheroscle-
rotic vascular disease (the main cause of cardiovascular
disease).’’ Several mechanisms have been proposed to
explain this very close relationship, in an animal dos-
ing study of GroEL, GroEL increased the expression of
ICAM-1, VCAM-1, LOX-1, and TLR4 in the aorta of
wild C57BL/6 mice, but not in C57BL/6-Tlr4lps-del mice.
Indicates gingival p. GroEL may contribute to cardio-
vascular disease by affecting the expression of TLR4,5¢
Porphyromonas gingivitis infection alters the vascular
reactivity of spontaneous atherosclerosis compared with
wild-type mice with apolipoprotein e deficiency C57BL/6
(C57) mice,’” induces changes in systemic cytokine levels
(selectively up-regulated by MMP3, ICAM-1, IGFBP-2,
and chemokine CXCL7, and selectively down-regulated
by IL-17 and TNF-a), which play a role not only in peri-
odontal tissue destruction, but also in the development of
atherosclerosis.*®!

. Molecular related research: the interaction between

pro-inflammatory and/or anti-inflammatory cytokines
in patients with periodontitis is related to the pathogen-
esis of the disease. The overexpression of pro-inflamma-
tory cytokines, such as TNF-a, IL-1 p, IL-17, IL-6, and
chemokines CXCL-6 and CXCL-8,5" is linked to the
advancement of periodontitis patients. However, levels of
the anti-inflammatory IL-4 and IL-11, as well as IFN and
IL-12, also reduced. This suggests that y expression has a
dual role in periodontal disease.!*"!
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6. Pathological characteristics: the main pathological
manifestations of periodontitis are the formation of
periodontal pockets and chronic inflammation of the
pocket wall, loss of attachment, and alveolar bone
resorption.l®! Periodontitis usually occurs when gingi-
vitis is not adequately treated, and there are often large
amounts of plaque and stones (food scraps, saliva, germs,
and mucus-containing stones that include calcium and
phosphate) located below the gum edge. In periodonti-
tis, deeper pockets are formed in the periodontal tissue
and can accommodate anaerobic microorganisms, which
pose greater harm than basic gingivitis. Colonizing bac-
teria include Actinobacteria actinomycetes, P gingiva-
lis, Enterococcus aeruginosa, and many Gram negative
bacteria. These microorganisms induce neutrophils and
monocytes to continuously secrete inflammatory medi-
ators, such as cytokines, prostaglandins, and enzymes.
Inflammation impacts the periodontal ligament, alveo-
lar bone, cementum, and gums. Progressive loss of gum
attachment to teeth, deepening of periodontal pockets,
absorption of alveolar bone with progressive bone loss,
loosening of teeth, and gum recession. Later stages fre-
quently involve tooth migration, which can lead to the
eventual loss of a tooth.

7. Inflammatory responses: macrophages can be classified
into 2 distinct phenotypes: pro-inflammatory macro-
phages, also known as M1 macrophages, and anti-inflam-
matory or regulatory macrophages, referred to as M2
macrophages. M1 macrophages are characterized by their
association with interleukin-12 and IL-8, which facil-
itate the activation of type 1 Th1 cells. This activation
promotes the pro-inflammatory phase of the immune
response. On the other hand, M2 macrophages are asso-
ciated with TGF-B, vascular endothelial growth factor,
or EGFE. These factors contribute to the activation of Th2
cells, which in turn promote the healing and regression
phases.’$62 The polymorphism of MMPs genes is associ-
ated with periodontal disease risk. The MMP-9-753 C/T
polymorphism, for instance, decreases the risk of devel-
oping chronic periodontitis, whereas the MMP-3-1171
SA/6A and MMP-8-799 C/T polymorphisms augment
the risk of developing chronic periodontitis.?! P gingivitis
may also increase monocyte migration by activating the
expression of MMP-9,1%! which indirectly leads to tissue
damage. However, the complexity of host microbial inter-
actions in periodontal tissue has not yet been elucidated.
Research has demonstrated that resveratrol safeguards rat
periodontal tissue against injury through the inhibition
of inflammatory responses and the stimulation of anti-
oxidant defense mechanisms.l*! In a rat model of peri-
odontitis, this compound also activates the nuclear factor
erythroid 2 related factor 2 (Nrf2) pathway, reducing
oxidative stress and pro-inflammatory cytokine produc-
tion.!*! In addition, resveratrol blocks the NF-xB signaling
cascade, which in turn prevents human gingival epithelial
cells from responding inflammatory ally.[°® Furthermore,
even with long-term use, no toxic effects of this com-
pound have been found.’” These findings indicate that
resveratrol, with its lower side effects, enhances alveolar
bone loss by suppressing periodontal tissue inflammatory
response and upregulating the expression of redox-sensi-
tive molecules in cells. It may become one of the drugs for
treating periodontitis in the future.

The keyword timeline chart shows the evolution of keywords
over time, which reflects that there are many early hotspots
and their frequency is high. In the past 2 years, “extra cel-
lar vessel” and “autophagy” have become the latest research
hotspots. Studies have shown that there are differences in the
expression of plasma derived exosomes miRs (miR1304-3p
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and miR-200¢-3p) and snoRs (SNORDS7 and SNODB1771)
in patients with periodontitis,!®®! which may be helpful in diag-
nosing. In addition, extracellular vesicles can also participate in
the treatment of periodontitis. Exos from 3D cultured MSCs not
only restored Th17 cell/Treg balance through miR-1246/Nfat5
axis, but also restored immune response in inflamed periodon-
tal tissue.!®”! Dental pulp stem cells exos can promote the trans-
formation of macrophages from pro-inflammatory phenotype
(M1) to anti-inflammatory phenotype (M2), promoting alveolar
bone healing in periodontitis mice.”! Exos secreted by hPDLSCs
promote osteogenic differentiation of PDLSCs from periodonti-
tis tissue.”!l Therefore, the treatment strategy for extracellular
periodontitis has the potential to overcome the shortcomings of
traditional treatment methods and has great clinical application
prospects. Autophagy is a natural regulatory mechanism for the
degradation of damaged organelles and the circulation of cyto-
plasmic substances, involving various pathophysiology. A study
has found that the levels of LC3b positive cells and LC3-II pro-
tein in gingival tissue of patients with periodontitis are higher
than those in healthy gingival tissue,? indicating an increase
in autophagy in gingival tissue of patients with periodontitis.
In addition, autophagy induced by periodontal pathogens inva-
sion enhances the survival ability of pathogens by bypassing
the immune system, and aids in the destruction of intracellu-
lar microorganisms through antibacterial processes. The effect
of autophagy on periodontitis-related pro-inflammatory cyto-
kine production has not been determined. Studies have shown
that the Akt/mTOR pathway is a critical medium in signaling
Transduction pathways that may be associated with autophagy
process,”3! P gingivitis induced AKT/mTOR signaling prevents
human dendritic cells from going through the antimicrobial
autophagy process, which allows P gingivalis to survive intra-
cellularly.” Hence, the mechanism by which its function is
transduced may serve as a potential target for novel periodontal
treatments.

Macrophages play a pivotal role in the field of periodontol-
ogy, particularly in orthodontic treatments and the complex
interplay between pulp and periodontal tissues. During the ini-
tial phase of orthodontic therapy, mechanical forces applied to
teeth lead to the activation of local macrophages, which produce
inflammatory mediators such as IL-1p.7"! This early inflamma-
tory response is crucial for the initial stages of tooth movement,
as IL-1pB not only promotes bone resorption but also influences
the velocity and efficiency of dental movement. Beyond their
role in initiating the inflammatory process, macrophages secrete
cytokines like macrophage colony-stimulating factor, which
affect the activity of osteoblasts and osteoclasts, thereby regu-
lating the processes of bone resorption and new bone formation.
Macrophage colony-stimulating factor is particularly import-
ant for the recruitment and differentiation of early osteoclasts,
which is a significant factor in tooth movement.”" Macrophages
also contribute to angiogenesis by secreting vascular endothelial
growth factor, which promotes the formation of new blood ves-
sels. This process is essential for the remodeling of the periodon-
tal ligament and the resorption and formation of bone tissue.
In the context of pulp inflammation, macrophages recognize
and respond to bacterial products, activating an inflammatory
response and releasing cytokines such as TNF-a and IL-1p.
These cytokines play a critical role in the inflammatory pro-
cess. However, macrophages also participate in the resolution of
inflammation by polarizing to the M2 phenotype, which reduces
inflammation and promotes tissue repair.l””!

4.3. Future research trends

Predicting the future trend of macrophage associated periodon-
titis is of great significance. The future research hotspots tend
to focus on macrophage polarization, mechanism research,
nlpr3 inflammasome, and nanoparticle, indicating that the

13

www.md-journal.com

molecular biology exploration of periodontitis has moved in
another direction. The progression of periodontitis and the
promotion of periodontal tissue recovery can be controlled by
targeting macrophages to M1 or M2 through regulatory fac-
tors. Specific inhibitors such as nlpr3 inflammasome can also
be used to inhibit osteoclast differentiation and alleviate bone
loss. Alternatively, through nanotechnology, specific receptors
or targets can be combined to act on macrophages or patho-
gens, in order to halt disease progression or promote healing.
Moreover, it has the potential to stimulate the process of stem
cell differentiation, activate their osteogenic ability, and pro-
mote the healing of periodontal tissue to achieve functional
recovery.

4.4. Limitation

Due to differences in research update speed and uncertainty in
publication status, there may be omissions in existing data. In
addition, as we only collected information from the WoSCC
database and did not include information from databases such
as PubMed and Cochrane, this may lead to biases in the analysis
and prediction results. Therefore, in future research, more data
sources and more scientific bibliometric analysis methods are
needed to achieve more accurate and effective research results.

5. Conclusion

In summary, this work represents the first thorough and rig-
orous bibliometric review of the previous 20 years’ global
research trends in macrophage-associated periodontitis. This
study systematically summarizes and analyzes the current
research status, and analyzes and visualizes the country and
institutions, journals and authors, citations and keywords.
We have made speculations and reasonable suggestions for
the future development and collaboration of countries, insti-
tutions, journals, and authors based on the existing research
status. And based on the current main research hotspots, rea-
sonably infer the research directions that may continue or
appear in the future.
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