Journal of Pain Research Dove

Global Trends and Hotspots on Microglia Associated
with Pain from 2002 to 2022: A Bibliometric Analysis

Guogqi Dong(®, Hui Li, Hui Gao(, Yingqgi Chen, Huayuan Yang
School of Acupuncture-Moxibustion and Tuina, Shanghai University of Traditional Chinese Medicine, Shanghai, 201203, People’s Republic of China

Correspondence: Huayuan Yang, School of Acupuncture-Moxibustion and Tuina, Shanghai University of Traditional Chinese Medicine, Shanghai,
201203, People’s Republic of China, Email yhy4@shutcm.edu.cn

Background: Researchers have made significant progress in microglia associated with pain in recent years. However, more relevant
bibliometric analyses are still needed on trends and directions in this field. The aim of this study is to provide a comprehensive
perspective and to predict future directions of pain-related microglia research via bibliometric tools.

Methods: English articles and reviews related with pain and microglia were extracted from the Web of Science core collection
(WosCC) database between 2002 to 2022. Bibliometric tools such as VOSviewer, CiteSpace, and Bibliometrix R package were used to
analyze publication characteristics, countries, authors, institutions, journals, research hotspots, and trend topics.

Results: A total of 2761 articles were included in this analysis. Research on microglia associated with pain has increased significantly
over the last two decades. China (n = 1020, 36.94%) and the United States (n = 751, 27.20%) contributed the most in terms of
publications and citations, respectively. Kyushu University published the most articles in this field compared to other institutions, and
Professor Inoue Kazuhide (n = 54) at this university made outstanding contributions in this field. Molecular Pain (n = 113) was the
journal with the most publication, while Journal of Neuroscience had the highest number of citations. According to the authors
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keywords analysis, the research in this area can be summarized into 7 clusters such as “microglia activation pathways”, “pain treatment
research”, “mental symptoms of chronic pain”, and so on.

Conclusion: This study provides a comprehensive analysis of pain-related microglia research in the past two decades. We identified
the countries, institutions, scholars, and journals with the highest number of publications and the most influence in the field, and the
research trends identified in this paper may provide new insights for future research.
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Introduction

Pain, defined as “an unpleasant sensory and emotional experience associated with, or resembling that associated with,
actual or potential tissue damage” by the International Association for the Study of Pain (IASP),' has imposed
a significant burden on individual health and economy. Research has revealed that chronic pain is prevalent at a rate
of 11% to 40% in the United States.” In recent years, there has been an increasing number of basic and clinical research
on specific diagnostic biomarkers and effective treatments for pain. However, chronic pain still has complex etiology and
complicated mechanisms.

Microglia, one of the subtypes of glia, are distributed in the brain and spinal cord as resident macrophages and
participate in various pathological pain, such as neuropathic pain, inflammatory pain, and cancer-induced pain. Microglia
might be served as a diagnostic biomarker or a therapeutic target for pain. On the one hand, spinal cord microglia can
increase calcitonin gene-related peptide (CGRP) terminals to modify synaptic plasticity.® On the other hand, the
extracellular matrix structure (perineural network) will be degraded by microglia during nerve injury, thus enhancing
the neuronal projection activity and inducing pain behavior.* In inflammatory pain, noxious stimulation leads to spinal
microglia proliferation and migration. The cytokines, excitatory amino acids, and neuropeptides released by microglia
enhance spinal hyperexcitability and promote pain induction.” Although the research on microglia is increasing, the
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majority of previous studies on the role of microglia in pain have focused solely on a critical aspect, lacking
a comprehensive analysis of the field. Although some reviews provided an overview of the research trends in the
field,” there is still a need for quantitative results. Therefore, it is crucial to conduct a bibliometric study on the function
of microglia in relation to pain. In this study, we conducted a bibliometric analysis of microglia research related to pain to
identify the current research hotspots and predict trends in this field to provide valuable insights for basic research and
develop potential therapeutic strategies for pain management in the clinical study.

Materials and Methods

Data Collection and Cleaning
All information and data from the articles were retrieved from WosCC, including the Science Citation Index-expanded
(SCI-E) and the Social Sciences Citation Index (SSCI). The searched items are shown in Supplementary Table 1. The

following criteria were applied to screen the literature: (1) Topics for microglia associated with pain as illustrated in the
search strategy; (2) Literature publication time was set from January 1, 2002, to December 31, 2022; (3) Only original
studies and reviews were included, either clinical or experimental research; (4) The literature language was limited to
English. Two reviewers (Hui Gao and Hui Li) conducted data retrieval and collection based on the search strategy and
inclusion criteria, and a third senior reviewer (Huayuan Yang) was consulted to resolve any discrepancies in record
selection. A total of 2795 pieces of articles were retrieved, and 34 irrelevant articles were excluded, including early
access (13), proceeding paper (12), book chapters (5), retracted publication (3), and data paper (1). Ultimately, 2761
articles were saved as plain text files, along with the full record and cited references extracted from the record content. To
make our result more convincing, we applied the thesaurus file to combine synonyms with duplicate information into one
element and removed misspelled items. After the data was cleansed, we imported it into the bibliometric software, such
as VOSviewer and CiteSpace, for subsequent analysis. The overall flow of this study is summarized in Figure 1.

Analytical Method and Tools
All detailed data were initially exported via the “Citation Report” function in WosCC. The information included the number of
publications and citations, publication year, countries, H-index, institutions, journals, authors, references, and author keywords.
Microsoft Excel 365 was applied to generate trend diagrams of annual publications and citations and add the linear
regression curve. Through the co-occurrence analysis function of VOSviewer (version 1.6.18.0), it is possible to visualize the
cooperation between countries, authors, and institutions and identify the frontiers of a discipline. Pajek (version 5.16) was
utilized as an auxiliary tool to adjust the map generated by VOSviewer. Scimago Graphica (version 1.0.26) is a chart-making
software showing national publications, regional distribution, and cooperation strength. CiteSpace (version 6.1.R6) was used
to analyze co-cited references, including cluster, timeline view, and the reference burst. In general, the cluster is considered
highly credible if the silhouette value of a network exceeds 0.7.® While the modularity value is greater than 0.3, cluster
structure is considered significant. The parameters of CiteSpace were configured according to the following levels: 1) time
span (from 2002 to 2022); 2) year per slice (1); 3) term source (title, abstract, author keywords); 4) selection criteria (g-index,
k=25); 5) pruning: selecting Pathfinder and Pruning sliced networks. Finally, the trend topic map was generated via the
Bibliometrix R package (version 4.0.1) in R tool based on high-frequency author keywords. R-Bibliometrix was configured
according to the following parameters: 1) words minimum frequency = 15; 2) number of words per year = 5.

Results

Publication Characteristics

Annual publications can reveal the general trend of research. Over the past 20 years, the number of publications (NP) has grown
from 7 (2002) to 256 (2022); meanwhile, the number of citations (NC) increased from 3 (2002) to 13,605 (2022), and the average
citation per paper (ACPP) increased from 0.43 (2002) to 53.14 (2022). This indicates that scholars are increasingly focusing their
attention on this area. As shown in Figure 2, the regression analysis of the number of publications shows that y = 14.22x —
28,488.57 and the correlation coefficient R* = 0.97, and the predicted publications throughout the year 2023 will be 278,
indicating more attention to pain-related microglia research is expected in the coming years. Meanwhile, the regression analysis
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Figure | Flow chart of data retrieval and analysis in this study.

of the number of citations shows that y = 739.62x — 1,482,701.70 and the correlation coefficient R? = 0.94. In 2023, 13,550

citations can be forecasted.

Analysis of Countries

From 2002 to 2022, 69 countries contributed to the research on microglia associated with pain by publishing academic
articles in WosCC. As shown in Table 1, the country with the most publications was China (1020, 36.94%), followed by
the United States (751, 27.20%), Japan (337, 12.21%), Canada (165, 5.98%), and the United Kingdom (147, 5.32%). The
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Figure 2 The trend of annual publications and citations over the past 20 years.

United States ranked first in the number of citations (51,613), followed by China (22,427), Japan (16,021), Canada
(13,901), and the United Kingdom (10,817).
The annual trends of the top five countries in publications are shown in Figure 3. From the starting point of the trend,

the United States participated in this field earlier than other countries. The United States maintained first in annual
publications before 2013, and China overtook the United States for the first time in 2014. The trend of annual publication
in Japan, Canada, and the United Kingdom remained relatively low and constant compared with the United States and

China.

In order to explore the collaborative relationship, a global cooperation network was generated by SCImago Graphica

(Figure 4). In the network, node size represents a total number of publications of a country, and the connection means the

cooperation relationship. Figure 4A shows that 37 countries were divided into 7 clusters of different colors. The United

States had the strongest connection strength and established cooperative relations with 33 countries (Figure 4B).

Moreover, according to the total link strength (Table 1), East Asian countries (China, Japan, and South Korea),

Table | The Top 10 Prolific Countries in Research on Microglia in Pain

Rank Country TP | Percentage (%) TC ACPP | H-Index | Total Link Strength
[ China 1020 36.94 22,427 | 21.99 68 256
2 United States 751 27.20 51,613 | 68.73 114 451
3 Japan 337 12.21 16,021 | 47.54 62 86
4 Canada 165 5.98 13,901 | 84.25 58 120
5 United Kingdom | 147 5.32 10,817 | 73.59 6l 137
6 South Korea 137 4.96 3803 27.76 34 46
7 Italy 133 4.82 6385 48.01 47 57
8 Germany 101 3.66 3914 38.75 35 96
9 Brazil 85 3.08 2538 29.86 26 51
10 Australia 74 2.68 5316 71.84 34 56
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Figure 4 Collaboration visualization between countries. (A) The international collaboration of countries. (B) The co-authorship map of countries.

European countries (such as the United Kingdom, Germany, and Italy), and North American countries (the United States
and Canada) were essential components of the cooperation network.

Analysis of Institutions

Over 2000 institutions were involved in the research on microglia associated with pain. Table 2 shows the top 10
institutions by the number of publications. Kyushu University contributed the most articles (79), followed by Shanghai
Jiao Tong University (74), the University of California System (74), the University of London (72), and the University of
Toronto (64). Therefore, these universities were influential institutions in this field. Research articles from Harvard
University were the most cited (10,533), followed by the University of Toronto (8642), Kyushu University (8098), the
University of London (6481), and the University of California System (4309). Figure 5 shows the collaborative network
of different institutions. Harvard University, the University of Toronto, the University of California System, Sun Yat-Sen
University, and Kyushu University were the top five institutions with the highest link strength, indicating that these
universities are superior to other institutions in terms of international academic cooperation.
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Table 2 The Top 10 Prolific Institutions in Research on Microglia in Pain

Rank Institute TP TC ACPP | H-Index | Total Link Strength
| Kyushu University 79 8098 102.51 43 53
2 University Of California System 74 4309 5823 35 56
3 Shanghai Jiao Tong University 74 1473 19.91 24 36
4 University Of London 72 6481 90.01 45 41
5 University Of Toronto 64 8642 135.03 40 75
6 Sun Yat-Sen University 62 2237 36.08 24 56
7 Harvard University 6l 10,533 172.67 39 106
8 Air Force Military Medical University 60 1767 29.45 25 41
9 Fudan University 55 2207 40.13 26 41
10 Huazhong University of Science Technology | 55 903 16.42 19 43

Analysis of Authors

Over 10,000 authors were involved in this area, of which 415 published more than five articles. In terms of publications, Inoue
Kazuhide (54) ranked first (Table 3), followed by Tsuda Makoto (50), Ji Ru-Rong (39), Watkins Linda R (31), and Wang Yong-
Xiang (29). Figure 6A exhibits the network between authors, which shows that authors from the same country collaborated
closely while those from different countries collaborated relatively less. Co-cited authors refer to those (at least two) who are cited
at the same time. Of the 52,320 co-cited authors, 121 had more than 100 citations, and the network is shown in Figure 6B. It is
worth noting that Tsuda Makoto, Ji Ru-Rong, Watkins Linda R, and Inoue Kazuhide ranked in the top ten in the number of
citations. The same is true in the number of publications, indicating that these four authors had a great influence in this area.

Journal Distribution
Research articles on pain-related microglia have been published in over 500 journals. The number of publications in the
ten most productive journals accounts for 27.09% of the total publications (748 out of 2761), as presented in Table 4. Our
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Figure 5 Collaborations network of institutions on microglia associated with pain.
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Table 3 The Top 10 Productive Authors and Co-Cited Authors

Rank Author NP Rank Co-Cited Author NC
| Inoue Kazuhide 54 | Tsuda Makoto 1671
2 Tsuda Makoto 50 2 Ji Ru-Rong 1369
3 Ji Ru-Rong 39 3 Watkins Linda R. 1186
4 Watkins Linda R. 31 4 Milligan Erin D. 961
5 Wang Yong-Xiang 29 5 Raghavendra, V 755
6 Tozaki-Saitoh Hidetoshi 27 6 Clark, Anna K. 673
7 Salter Michael W. 25 7 Inoue Kazuhide 558
8 Malcangio Marzia 25 8 Zhuang, ZY 530
9 Noguchi Koichi 23 9 Woolf Clifford 515
10 Beggs Simon 21 10 Scholz, | 513

results show that Molecular Pain (113 publications), Journal Of Neuroinflammation (103 publications) and Pain (103
publications) were the top three most published journals. Besides, Journal of Neuroscience (9868 citations), Pain (6820
citations), and Brain Behavior and Immunity (4460 citations) were the most cited journals. Moreover, six prolific journals
had an impact factor greater than five, and most journals belonged to the category of Neuroscience in WOS.

Co-Cited Reference Analysis
Table 5 shows the top ten most cited references.”'® The most cited reference was conducted by Chaplan et al® with 491
citations, validating a quantitative allodynia assessment technique (up-down method). The reference from Tsuda et al'”
showed the second highest citation (426), demonstrating that P2X4R activation only affects mechanical pain production
after nerve injury but not in normal animals. The third-most cited reference (349), provided by Coull Jam et al''
illustrated that brain-derived neurotrophic factor (BDNF) is a significant mediator of communication between microglia
and neurons and is considered to be an important target in the treatment of pain.

The network diagram of co-cited references generated by CiteSpace (Figure 7A) shows that there are 17 specific

clusters based on references with significant weighted mean silhouette score and modularity Q score (S = 0.8609 and Q =
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Figure 6 Authors contributing to the research on microglia associated with pain. (A) Author collaboration network. (B) Bibliometric coupling of co-cited authors based on
VOSviewer.
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Table 4 The Top 10 Prolific Journals in Research on Microglia in Pain

Rank Journal NP | NC | ACPP | H-Index | WOS Category (Rank/Total Number of Journals in IF
WOS Category)

| Molecular Pain 113 | 4175 | 36.95 39 Neurosciences (144/272) 33

2 Journal Of Neuroinflammation | 103 | 3107 | 30.17 35 Immunology (21/161), Neurosciences (20/272) 9.3

3 Pain 103 | 6820 | 66.21 47 Clinical neurology (19/212), Anesthesiology (4/34), 74
neurosciences (30/272)

4 Brain Behavior and Immunity 87 | 4460 | 51.26 36 Immunology (10/161), Neurosciences (8/272), Psychiatry | 15.1
(6/155)

5 Journal Of Neuroscience 74 | 9868 | 1334 53 Neurosciences (62/272) 53

6 Neuroscience 67 | 2859 | 42.67 31 Neurosciences (144/272) 33

7 International Journal of 60 641 10.68 14 Biochemistry Molecular Biology (66/285), Chemistry 5.6

Molecular Sciences Multidisciplinary (52/178)

8 Neuroscience Letters 53 | 1107 | 20.89 19 Neurosciences (198/272) 25

9 PLoS One 46 | 1545 | 33.59 25 Multidisciplinary Sciences (26/73) 3.7

10 Glia 42 | 3289 | 783l 30 Neurosciences (39/272) 6.2

Table 5 The 10 Most Cited References in the Cocitation Analysis

Rank | Title First Author | Source Title Cocited Publication
Frequency | Year
| Quantitative assessment of tactile allodynia in the rat paw’ Chaplan SR Journal of Neuroscience | 491 1994
Methods

2 P2X4 receptors induced in spinal microglia gate tactile Tsuda M Nature 426 2003
allodynia after nerve iniuryIO

3 BDNF from microglia causes the shift in neuronal anion Coull Jam Nature 349 2005
gradient underlying neuropathic pain''

4 Inhibition of Microglial Activation Attenuates the Development | Raghavendra Journal of Pharmacology | 346 2003
but Not Existing Hypersensitivity in a Rat Model of \% and Experimental
Neuropathy' 2 Therapeutics

5 The neuropathic pain triad: neurons, immune cells and glia'? Scholz ] Nature Neuroscience 342 2007

6 Pathological and protective roles of glia in chronic pain'* Milligan Ed Nature Review 339 2009

Neuroscience

7 Neuropathic pain and spinal microglia: a big problem from Tsuda M Trends in Neuroscience | 326 2005
molecules in ‘small’ glia'>

8 p38 mitogen-activated protein kinase is activated after a spinal | Jin SX Journal of 321 2003
nerve ligation in spinal cord microglia and dorsal root ganglion Neuroscience
neurons and contributes to the generation of neuropathic
pain'6

9 A peripheral mononeuropathy in rat that produces disorders | Bennett GJ Pain 312 1988
of pain sensation like those seen in man'”

10 Ethical guidelines for investigations of experimental pain in Zimmermann | Pain 308 1983
conscious animals '8 M
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Figure 7 Co-cited reference related to the research on microglia in pain. (A) Clustering network diagram of co-cited references generated by CiteSpace. (B) Timeline
diagram of the |7 specific reference clusters (2002-2022).

0.7207): including “#0 chronic pain”, “#1 neuroinflammation”, “#2 interleukin 17, “#3 morphine tolerance”, “#4 ATP”,
and so on. Timeline analysis contributes to a better understanding of hot spots and innovation in this field. As shown in
Figure 7B, the timeline analysis based on references reveals that “interleukin-1" and “interleukin-4” were in the early
stage of the study, and “NLRP3” appeared in the latest phase of the study.

In addition, CiteSpace was also utilized to identify the top 25 references with the strongest citation burst.'®'%1973¢ Ag
shown in Figure 8, since 2006, the strongest citation burst came from the review of Inoue et al** aiming to reveal the latest

advance in the study of microglial mechanisms related to neuropathic pain. Moreover, The reference from Milligan et al'* had
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Top 25 References with the Strongest Citation Bursts

"°Tsuda M, 2003, NATURE, V424, P778, DOI 10.1038/nature01786, DOI
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Figure 8 Top 25 references with the strongest citation bursts based on CiteSpace. The bold column indicates the year when the references began to be cited frequently.

the second strongest citation burst. This review mainly summarized the dual effects of glia on pain and proposed new targets

for drug treatment of pain according to the anti-inflammatory characteristics of glia.

Analysis of Author Keywords

From 1990, literature from the WosCC database began to contain author keywords.” As shown in Table 6, The most

frequent author keywords were “microglia” (1052 times), “neuropathic pain” (715 times), pain (365 times), astrocyte

Table 6 Top 10 Author Keywords with the Highest Frequency and Centrality

Rank Keywords Count Rank Keywords Centrality
| Microglia 1052 | Neuropathic pain 0.47
2 Neuropathic pain 715 2 Spinal cord 0.29
3 Pain 365 3 Chronic pain 0.17
4 Astrocyte 328 4 Spinal dorsal horn 0.12
5 Spinal cord 272 5 Spinal cord injury 0.11
6 Neuroinflammation 249 6 Glia 0.09
7 Inflammation 208 7 Dorsal root ganglion 0.09
8 Glia 181 8 Bone cancer pain 0.08
9 Cytokine 135 9 Ccl 0.08
10 Hyperalgesia 126 10 p38 mapk 0.08
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(328 times), and spinal cord (272 times). The author keywords with higher centrality can be regarded as the core
keywords and turning points.>® The top five author keywords in centrality were “neuropathic pain”, “spinal cord”,
“chronic pain”, “spinal dorsal horn”, and “spinal cord injury” with the centrality of 0.47, 0.29, 0.17, 0.12, and 0.11,
respectively.

To summarize the research content and hot spots in this field, the co-occurrence and clustering analysis of author
keywords were performed via VOSviewer. Of the 4237 author keywords, 94 appeared more than 15 times. Figure 9
shows the author keywords clustering network diagram. It can be seen that the 94 keywords are divided into seven
different clusters as follows: cluster 1: microglia activation pathways (red), cluster 2: pain treatment research (green),
cluster 3: mental symptoms of chronic pain (dark blue), cluster 4: central nervous system research (yellow), cluster 5:
immune cells and cytokines research (purple), cluster 6: mechanism research (light blue), and cluster 7: peripheral
nervous system research (orange).

The trend topics diagram was generated via Bibliometrix R packages based on the top 46 author keywords
(Figure 10). The results showed that the duration of “fractalkine”, “ATP”, and “MAPK” were the most extended (10
years), followed by “interleukin-1”, “substance P”, “rat”, “purinergic signaling”, “spinal cord”, “GFAP”, “pain”,
“astrocyte”, “glia”, “hyperalgesia”, and “central sensitization” (9 years). “NLRP3 inflammasome” began to appear in
2018; meanwhile, “autophagy”, “migraine”, and “HMGB1” began to appear in 2019. “NLRP3 inflammasome” and
“HMGB1” had the highest frequency in 2021, while “migraine”, “autophagy”, “diabetic neuropathic pain”, “visceral
pain”, and “anxiety” had the highest frequency in 2020.
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Figure 9 Network visualization map of author keywords co-occurrence analysis.
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Figure 10 Trend topics of author keywords over time.

Discussion

The role of microglia in pain is well-known due to the crucial efforts of relevant scholars. This study quantitatively
analyzed the publications on microglia associated with pain from 2002 to 2022 via bibliometric analysis. Quantitative
methods can provide the intellectual structure and help determine the future direction in this field.

The Trend Overview of the Development of Microglia in Pain
According to our analysis, annual publications and citations have increased significantly, indicating that microglia are
receiving more and more attention in pain research.

Regarding country distribution, although China was the leading country in terms of the number of articles, its average
citations per paper was lower than that of other countries. This result shows that Chinese scholars still need to make
efforts on the quality of research. Of the ten institutions with the highest number of publications, five belong to China,
two were from the United States and one each was from Japan, the United Kingdom and Canada. Of note, except for four
institutions, the top fifty institutions with publications were all from the top ten countries, illustrating that the nation’s
leading position in research is inseparable from experienced institutions.

Status and Quality of Authors, Journals, and Reference

According to the authors analysis, Inoue Kazuhide was the most prolific author. He and his colleagues (Tsuda Makoto,
top2) contributed to investigating the role of purinergic receptors on microglia in the state of neuropathic pain.'*>** Ji,
Ru-Rong was the third prolific writer dedicated to studying the role of MAP kinase in pain.'®*%** Watkins Linda

R. was the fourth prolific author. He worked on the effects of toll-like receptors on glia*®*°

and opioid-induced pro-
inflammatory actions.’®>® As the fifth prolific author, Wang Yongxiang was committed to studying the analgesic
mechanism of aconitine and other herbal extracts and believed that the endogenous opioid peptides released by spinal
cord microglia may participate in the analgesic process.”*>® The analysis of the author collaboration network shows that
the collaborative relationship between authors was limited to a specific research team, institution, or country, which
indicates that scholars need to strengthen academic exchanges and cooperation to promote the progress of this field.
Despite concerns, the impact factor remains the most common method for assessing the quality and impact of

journals.”® Among the top ten journals, Brain Behavior And Immunity had the highest influence factor (19.227) and the
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third citation number (4460). The journal is not only devoted to neuroscience but also the research of psychology and
psychiatry, indicating that more interdisciplinary scholars have begun to pay attention to the study in this area. We also
note that the top ten journals belong to the United States, the United Kingdom, the Netherlands, and Switzerland,
respectively. The reason may be that the above European and North American countries are the main forces of
international cooperation,®® suggesting that Asian countries are supposed to strengthen the advancement of international
journals®' and introduce more and better articles to promote the development of high-quality journals.®>

Of the 83,045 cited references, 75 co-cited references were cited at least 100 times. The most co-cited reference was
produced by Chaplan et al® from Journal Of Neuroscience Methods in 1994. This article confirmed previous research®
on measuring mechanical pain behavior, and many other experimental studies have adopted it as the standard method of
measurement. It is worth noting that seven of the top ten references with the strongest citation burst were reviews, and
only three were original studies. The first original study applied different models of pain to prove that microglia are
necessary to mediate mechanical hypersensitivity in male mice rather than female mice.>' Another original study applied
the spinal nerve ligation (SNL) model to demonstrate that inhibiting spinal microglia activation can control hypersensi-
tivity progress but has no significant improvement on the formed hypersensitivity.'? The third original study, published in
Nature, first clarified the role of the microglial P2X4 receptors as a key factor in neuropathic pain.**

Research Hotspots and Frontiers

The author keywords analysis can reflect the academic frontier of the discipline and help scholars grasp the development
trend in this area. According to our study, microglia (1052, topl), neuropathic pain (715, top2), pain (365, top3),
astrocyte (328, top4), and spinal cord (272, top5) were the five most frequent author keywords, indicating that
interactions between microglia and astrocyte in the spinal cord play a crucial role in the pathogenesis of pain.®

The author keywords cluster analysis revealed seven different research directions.

Cluster 1 was mainly composed of author keywords of the microglia activation pathways. The primary keywords
were microglia activation, TLR4, MAPK, NF-kappa B, opioids, and NLRP3 inflammasome. As “gatekeepers” of the
immune system in humans and other animals,’® TLR4 is considered to be necessary for microglia activation and spinal
sensitization,” and participates in MAPK,®” NF-kappa B,®® and opioid receptor pathways®® to regulate neuroinflammation
caused by microglia activation. The latest research’® showed that the activation of the TLR4/NF-kB/NLRP3 pathway
might promote pyroptosis in neurons but also aggravate M1-type polarization of microglia, which provides a new
direction for pain research.

Cluster 2 mainly focused on pain treatment research, such as minocycline, acupuncture, and cannabinoids.
Minocycline is a second-generation semi-synthetic tetracycline that can act on the central nervous system through the
blood-brain barrier.”' It has anti-apoptotic, antioxidant, and anti-inflammatory properties and is often used as a microglia
activation inhibitor to relieve pain progression. However, a systematic review > pointed out that more highly therapeutic
clinical research is required to prove the analgesic effect of minocycline, which means the clinical researches about
minocycline need to be more comprehensive. Acupuncture is an essential component of Traditional Chinese Medicine
and is often applied to relieve pain. Meta-analysis showed that acupuncture could significantly inhibit the activity of
microglia” and can offer a similar microglial inhibition effect of minocycline.”* Recent research found that neuron
GRK2 can specifically mediate the inhibitory effect of acupuncture on microglia activation and contribute to the
analgesia of neuropathic pain’> and inflammatory pain.”®

Cluster 3 contained mental symptoms of chronic pain, including depression and anxiety. Chronic pain can lead to
depression and the hippocampus (HP) play a key role in this process.”” A previous study showed that the chronic
constriction injury (CCI) rat model developed depression symptoms eight weeks later with microglial proliferation in the
amygdala, medial prefrontal cortex (mPFC), and HP.”® The transcription level of TNF-a, CD11b, and other genes related
to microglia activation or depression were also upregulated in these regions.”® Clinical research showed that [11C]PBR28
signal increased in the anterior cingulate cortex (ACC) and was positively correlated with Beck Depression Inventory
(BDI) scores in chronic pain,”’ indicating neuroinflammation is one of the mechanisms of depression and neuropathic

pain.
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Cluster 4 was mainly related to central nervous system research with a significant focus on purinergic receptors. As
a result of inflammation, ATP will be released from damaged cells and act on P2 receptors.® P2X4R is widely distributed
in the microglia of the central nervous system and is a highly sensitive purinergic receptor, approximately 1000 times
more than P2X7R.®' The massive release of ATP activates P2X4R and the opening of ion channels leads to the influx of
calcium ions, promotes microglia activation, and releases pro-inflammatory cytokines. Meanwhile, P2X4R activation
leads to BDNF release in microglia, further activating TrkB in lamina I neurons, down-regulating the expression of
KKC2, finally reversing the polarity of GABA and glycine-activated current, and causing depolarization in neurons.''-**

Cluster 5 exhibited immune cells and cytokines research associated with pain, such as microglia, astrocyte, T-cells,
TNF-a, IL-6, IL-1B, and IL-10. Healthy development and functioning of the nervous system require balanced commu-
nication between different subtypes of glia. Similarly, astrocytes and microglia have a synergistic effect on pain. In the
chronic post-ischemic pain model, astrocytes release CSF1, which activates CSF1R of microglia, to facilitate BDNF
production and the excitability of dorsal horn.*® In addition, microglia release TNF to activate astrocyte through JNK/
CXCLI pathway® and promote astrocyte polarization through CXCR 1/PI2K/Akt pathway.® It is worth mentioning that
both microglia and astrocyte have the characteristic of sequential alteration®® and activation,”* indicating these two types
of glia perform distinct temporal roles in pain.

As for Cluster 6 (mechanism research), the main keywords were autophagy, apoptosis, and glial activation.
Apoptosis and autophagy are critical processes of cell stress or damage.87’88 Take autophagy as an example; it
might regulate neuroinflammation at the beginning of neuron injury® and has a dual regulatory effect on neuropathic
pain. On the one hand, there is increasing evidence that shows the upregulation of autophagy can suppress pain-related
neuroinflammation by suppressing microglial activation,”® polarization,”' and pyroptosis.92 On the other hand,
autophagy may also function as a pain enhancer.”® This heterogeneous phenomenon may be due to the fact that
autophagy expression in the dorsal horn of the spinal cord is influenced by differences in the type of pain model and
the experimental setting.”*

Cluster 7 is mainly related to peripheral nervous system research, and the main keywords were dorsal root ganglion
(DRG), satellite glial cells (SGCs) and neuron. It has been found that DRG is regulated by SGCs in
neuroinflammation,®* and there is “cross-organ” sensitization between the spinal cord and DRG.”> A recent study
has shown that upregulation of GPR151 in DRG after nerve injury promotes the release of CSF1 and ultimately
activates microglia.’® In turn, microglia-derived BDNF promotes the extension of CGRP sensory fibers into the
uninjured spinal segments to promote cross-sensitization,’ indicating microglia communicate with the peripheral
nervous system in the process of pain.

Future Research Trends
According to the timeline analysis of keywords, the research direction of microglia associated with pain has gradually
shifted from inflammatory pain and bone cancer pain to migraine and visceral pain; meanwhile, in the field of
neuropathic pain, diabetic neuropathic pain is more prevalent in recent year, suggesting the research in this area will
be more comprehensive and in-depth in the future. Regarding mechanism studies, NLRP3 inflammasome has been more
prevalent in recent years. Combined with the author keywords occurrence analysis above, it can be speculated that
programmed cell death (autophagy, pyroptosis, etc.) will be a focus of future research. When it comes to specific
receptors and pathways, our study showed that MAPK, ATP, and purinergic signals have been studied for ten years,
implying MAPK pathway and microglial purinergic receptors will continue to receive attention.

In summary, our study described the characteristics of publications, countries, institutions, scholars, journals, highly
co-cited references, and author keywords analysis of pain-related microglia research and made predictions for future
research trends.

Limitations

Several limitations should be taken into account. Firstly, the articles included in this study were sourced from the WosCC
database only, which may have led to bias in results as articles from other medical databases were not included. However,
many bibliometric studies are based on the WoSCC database, illustrating its well-recognized literature integrity.””
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Secondly, in the keywords analysis, we only refer to the author keywords but not the keywords plus, mainly considering
that the author keywords are the main ideas provided by the author according to the theme and concern of an article,
which is more consistent with the research preferences of an author.>’ Thirdly, this study only included articles in
English, which may have resulted in search omissions.

Conclusion

In conclusion, studies on pain-related microglia have been on the rise over the past two decades. China and the United
States contributed the most in publications and citations, respectively. The research direction in this field can be
summarized into seven major clusters. Last but not least, autophagy and pyroptosis may become new directions in the
future.
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