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Background: Given that acupuncture treatment for pain has gradually been accepted by 
researchers from various countries. However, few bibliometric analyses have been performed 
on the published articles. The objective of this research was to review its application for pain 
in recent 10 years and analyze, demonstrate and evaluate the trends, major research hotspots 
and frontier areas.
Methods: The Web of Science retrieved literature from 2010 to 2020 on acupuncture for 
pain. The CiteSpace and Excel were used to analyze annual volumes of publications, 
journals, cited journals, countries, institutions, authors, cited authors, references and key
words and to draw collaborative networks and reference co-citation network maps.
Results: The search finally included 4227 related studies. Results show that the number of 
annual publications has been increasing gradually. Evid Based Complement Alternat Med 
(366) was the most productive journal, while Pain (2270/0.04) ranked first in terms of 
frequency and centrality of cited journals, respectively. Among countries/institutions, the 
China (1252) and the Kyung Hee University (228) ranked first. Lee MS (51 articles) was the 
most effective author while MacPherson H (577) was the most cited author. The most 
frequently cited reference was a systematic review of individual patient data on acupuncture 
for chronic pain (322). “Burden” was identified as a frontier research item for 2017–2020.
Conclusion: This study provides a new and in-depth understanding of current acupuncture 
used for the treatment of pain. We anticipate that this study will stimulate international 
cooperation among research teams to advance the field.
Keywords: acupuncture, pain, CiteSpace, co-citation analysis, co-occurrence analysis

Introduction
Pain is an unpleasant sensory and emotional perception associated with actual or 
underlying tissue pathology. It has become an important healthcare and social 
problem for its high incidence, great influence on quality of life and high medical 
costs. It was estimated that more than 20% of the population visit the clinic with 
pain as the main complaint every year.1,2 Studies have shown that patients with pain 
are at risk for illness absenteeism and poor health-related quality of life. An 
assessment of health care spending in the United States estimates that the annual 
cost of treating pain is $ 635 billion.3

Due to the complex cause and recurrent symptom, the targets of treatment 
options for pain are poor. As the most commonly used treatment, medicine (eg, 
muscle relaxants and non-steroidal anti-inflammatory drugs) can quickly alleviate 
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acute pain, but its side effects can not be ignored.4 So 
seeking for effective complementary and alternative thera
pies (C&AT) attracts both patients and practitioners. 
Acupuncture, as a component of traditional Chinese med
icine, has been extensively used in the treatment of pain 
for more than 3000 years, and hundreds of clinical and 
experimental studies were published during the last dec
ade, it is a need for reviewing the study status to provide 
the reference for future studies. This study aims to scien
tifically collect the literature of acupuncture for pain from 
2010 to 2020, including clinical research and animal 
experiments, review the research status, analyze the 
research trends and hot spots, and explore the potential 
problems in this field, so as to promote future research and 
clinical application.

Methods
Data Acquisition
In this study, we adopted the Web of Science core collec
tion database as our database because it provided refer
ences that have been compiled according to the 
requirements of CiteSpace software for formatting refer
ences used for co-citation analysis. Web of Science also 
has a wide range of references, which may have higher 
citation rates. Therefore, this database was appropriate for 
our study.

We selected a core collection of databases from the 
Web of Science for studies on acupuncture for pain. The 
data search strategy included the topic “acupuncture” and 
“pain”, with the publication period of the literature ranging 
from 2010 to 2020. We excluded articles that could not be 
obtained as full texts and repeated publications. There 
were no restrictions on language, type of document and 
type of research including interventions, mechanisms, 
diagnosis, and other related studies.

Analysis Tool
We used CiteSpace 5.6 and Excel 2019 to analyze data for 
articles used in the study. Our analysis included the fol
lowing: (1) descriptive statistical analysis, descriptive ana
lysis of the annual publication volume, journals, countries, 
institutions, authors, references, and keywords; (2) co- 
occurrence analysis, a co-occurrence map for countries, 
institutions, author cooperation networks, keywords and 
burst keywords was drawn. A cooperative analysis of 
institutions and authors was based on all authors, and the 
section of cited authors was extracted by the first author 

for analysis. Keywords were analyzed by extracting key
words listed in selected articles. We directly analyzed the 
original keywords in the data set and supplementary key
words in the database; (3) cluster analysis which involved 
clustering co-citations of articles to investigate changes in 
research topics over time.

Quality Control
Research quality was controlled through the following 
methods: (1) formulation of strict search terms to ensure 
recall rate, (2) research results for the final knowledge map 
were confirmed by experts in relevant fields to verify 
guidance of research conclusions for clinical practice.

Results
Analysis of Annual Publications
A total of 4227 articles were used in this study. The 
number of articles published each year is shown in 
Figure 1. The number of articles published increased 
from 292 in 2010 to 442 in 2020, indicating that the 
number of publications is increasing but fluctuating.

Analysis of Journals and Cited Journals
Analysis of Journals
The number of journals that published 4227 articles on 
acupuncture treatment for pain was 850. The ten most 
active journals are listed in Table 1 and publishers of 
these journals were mostly located in the United States 
or England. Most of the articles were published in the 
Journal of Evidence-Based Complementary and 
Alternative Medicine (Evid Based Complement Alternat 
Med), followed by the Journal of Acupuncture in 
Medicine (Acupunct Med) and the Journal of Alternative 
and Complementary Medicine (J Altern Complem Med). 
Furthermore, we found that the Cochrane Database of 
Systematic Reviews (CDSR) with the highest IF is 
a leading journal and database for systematic reviews in 
health care, with an IF of 7.89.

Analysis of Cited Journals
The analysis of co-citation of journals indicates 
a distribution of significant knowledge sources in 
a particular field. Results of our statistical analysis revealed 
that the total number of journals that published articles on 
acupuncture treatment for pain was 963. The most fre
quently cited journals were Pain, followed by the Journal 
of Alternative and Complementary Medicine (J Altern 
Complem Med), Evid-based Compl Alt (Tables 2 and 3). In 
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terms of centrality, the top 5 journals were: Pain, Journal of 
Neuroscience (J Neurosci), Journal of Applied Physiology (J 
Appl Physiol), Journal of Advanced Nursing (J Adv Nurs) 
and Brain Research.

Analysis of Countries
We used CiteSpace to generate a map of countries with 85 
nodes and 369 links. The size of nodes in the cooperation 
graph indicated the number of articles published by 
a country, and the links between nodes represented the 
strength and time of the cooperative relationship (Table 4 
and Figure 2). A total of 4227 articles on acupuncture 
treatment for pain have been published in 85 countries. 
The top 5 countries have published 3457 articles, consti
tuting 81.78% of the total publications. The China 
accounted for 29.62% (1252/4227) of the total publica
tions, followed by the United States (27.04%), South 
Korea (10.39%), England (8.75%) and Germany (5.98%). 

Table 1 The Top 10 Journals with the Highest Frequency of 
Acupuncture Treatment for Pain

Ranking Frequency Journala IF 
2019b

Country

1 366 Evid-based Compl 
Alt

1.813 United 

States

2 238 Acupunct Med 2.129 England

3 162 J Altern Complem 
Med

2.109 United 

States

4 148 Medicine 1.552 United 

States

5 117 Trials 1.883 England

6 95 Complement Ther 
Med

2.063 England

7 88 BMC Complement 
Altern Med

2.833 England

8 73 Plos One 2.74 United 

States

9 65 Cochrane Db Syst 
Rev

7.89 England

10 65 Eur J Integr Med 0.974 Germany

Notes: aJournal names according to Index of Medical Journal Abbreviations; bIF in 
category according to Journal Citation Reports (2019). 
Abbreviation: IF, impact factor.

Table 2 The Top 5 Cited Journals with the Highest Frequency of 
Acupuncture Treatment for Pain

Ranking Frequency Cited Journala IF 
2019b

Country

1 2270 Pain 5.483 United 
States

2 1669 J Altern Complem 
Med

2.109 United 

States

3 1613 Evid-based Compl 
Alt

1.813 United 

States

4 1585 Acupunct Med 2.129 England

5 1368 Cochrane Db Syst 
Rev

7.89 England

Notes: aJournal names according to Index of Medical Journal Abbreviations; bIF in 
category according to Journal Citation Reports (2019). 
Abbreviation: IF, impact factor.

Figure 1 The number of acupuncture treatment for pain publications from 2010 to 2020.
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The top five countries with centrality were the United 
States (0.46), England (0.27), China (0.16), Italy (0.12) 
and Germany (0.09).

Analysis of Institutions
We used CiteSpace to generate agency maps with 457 nodes 
and 1950 links. Agency maps indicated that the 4227 articles 
were submitted by 457 scientific research institutions. The 
top 5 institutions based on the number of publications 
included: Kyung Hee University (5.39%), Beijing 
University Chinese Medicine (3.24%), Chinese Academy 
of Chinese Medical Sciences (3.10%), Korea Institute of 
Oriental Medicine (2.82%) and China Medical University 
(2.77%) (Table 5 and Figure 3). The top 5 institutions in 
centrality were Kyung Hee University, University of 
Maryland, China Medical University, Harvard university 
and Beijing University Chinese Medicine.

Analysis of Authors
CiteSpace software was used to generate a co-authors map 
showing 565 nodes and 1675 links. The size of nodes in 
the cooperation graph represented the number of articles 
published by an author, and the link between them 
reflected the strength of their cooperative relationship 

(Table 6 and Figure 4). A total of 4227 articles were 
published by 565 authors. Lee MS was the most active 
author in this research field with 51 articles, followed by 
Liang FR (49 articles) and MacPherson H (48 articles).

Analysis of Cited Author
CiteSpace was used to generate a co-authors map display
ing 853 nodes and 6914 links. The size of nodes repre
sented the number of author citations and the link between 
them indicated the strength of co-citation (Table 7). The 
top 5 most cited authors were MacPherson H (577), Han 
JS (534), Vickers AJ (500), Linde K (420), and Ernst 
E (383). The top 5 authors in centrality were Kong J, 
Itoh K, Cherkin DC, Lund Irene, and White P.

Analysis of Cited Reference
Co-citation implies that two articles appear together in 
the reference list of a third cited article thus the two 
articles form a co-citation relationship. Co-citation sug
gests that the cited literature and corresponding research 
are related in content, and the literature usually contains 
high-quality content which has significant influence in 
a particular field of research. Moreover, the relationship 
between literature co-citation is likely to change with 
time. Study of the network for literature co-citation can 
facilitate investigation of the developments and evolution 
in a specific discipline. A total of 99,873 reference arti
cles were extracted from the 4227 articles to analyze 
cited references. We considered 2010 to 2020 as our 
time span and a time slice of 1. Fifty most frequently 
cited or items which appeared were selected from each 
time slice to form a network diagram of cited references 
comprising 925 nodes and 5029 links. An analysis in 
terms of cocitation counts and centrality (Tables 8 and 
9) revealed that the data on this topic over the past 
decade are generally in the form of 1) randomized 
trials, 2) meta-analysis, 3) research on the mechanism 
of acupuncture analgesia, and 4) placebo effect of 
acupuncture.5–13

Table 4 Top 5 Countries Related to Acupuncture Treatment for Pain

Ranking Frequency Country Ranking Centrality Country

1 1252 China 1 0.46 United States

2 1143 United States 2 0.27 England

3 439 South Korea 3 0.16 China
4 370 England 4 0.12 Italy

5 253 Germany 5 0.09 Germany

Table 3 Top 5 Cited Journals with the Highest Centrality 
Associated with Acupuncture Treatment for Pain

Ranking Centrality Cited 
Journala

IF 
2019b

Country

1 0.04 Pain 5.483 United 

States

2 0.03 J Neurosci 5.673 United 

States

3 0.03 J Appl Physiol 3.044 United 
States

4 0.03 J Adv Nurs 2.561 England

5 0.02 Brain Res 2.733 Netherlands

Notes: aJournal names according to Index of Medical Journal Abbreviations; bIF in 
category according to Journal Citation Reports (2019). 
Abbreviation: IF, impact factor.
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We applied a logarithmic likelihood ratio (LLR) algo
rithm to assess nominal terms extracted from the keyword 
list of articles to naming of clusters to explore research 
models and emerging trends in knowledge systems, and to 
obtain key information from cited references. Seventeen 
clusters were generated with a modularity value of 0.6822, 
indicating that clustering results were highly reliable 
(Figure 5). Silhouette was 0.3321, implying that the result
ing network community structure was significant. Results 
proved that our cluster was reasonable. We have listed the 
first 8 clusters with the largest scale, and the number of 

articles represented the importance of the clustering 
domain obtained. The largest group was “placebo effect”, 
which consisted of 109 reference articles. Cluster # 4 
“knee osteoarthritis” was drawn using cold colors to indi
cate that it was a new research direction that had recently 
emerged.

Analysis of Co-Occurrence Keywords
Research frontiers can be identified by analyzing keywords. 
A keyword co-occurrence network containing 624 nodes and 
6508 links was generated. Table 10 and Figure 6 represent 

Table 5 Top 5 Institutions Related to Acupuncture Treatment for Pain

Ranking Frequency Institution Ranking Centrality Institution

1 228 Kyung Hee University 1 0.2 Kyung Hee University

2 137 Beijing University Chinese Medicine 2 0.19 University of Maryland

3 131 Chinese Academy of Chinese Medical Sciences 3 0.17 China Medical University
4 119 Korea Institute of Oriental Medicine 4 0.14 Harvard university

5 117 China Medical University 5 0.13 Beijing University Chinese Medicine

Figure 2 A country cooperation map related to acupuncture treatment for pain research from 2010 to 2020.
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a network of co-occurring keywords with high frequencies; 
the larger the character, the higher the frequency of the key
word. The most widely used keywords related to acupuncture 
treatment for pain over the last few years were “acupunc
ture”, “pain” and “electroacupuncture”.

Analysis of Burst Keywords
Burst keywords were automatically generated by the soft
ware based on the keywords in the list, used to record 
a keyword that changes greatly within a short period of 
time. It is considered to be another crucial indicator of 

Figure 4 A coauthor map related to acupuncture treatment for pain research from 2010 to 2020.

Figure 3 An institution cooperation map related to acupuncture treatment for pain research from 2010 to 2020.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                              

Journal of Pain Research 2021:14 946

Gao et al                                                                                                                                                              Dovepress

http://www.dovepress.com
http://www.dovepress.com


research hotspots or future trends. The top 20 keywords 
that were frequently cited over time are presented in 
Figure 7.

Discussion
To the best of our knowledge, this is the first bibliometric 
study of acupuncture for pain management. In this study, 
we retrieved data from 4227 studies investigating the 
application of acupuncture for pain, published between 
2010 and 2020. Data from these studies were analyzed 
using CiteSpace and Excel employing descriptive statisti
cal, co-occurrence and cluster analyses.

General Information
We found a general increasing trend in acupuncture for 
pain publications from 2010 to 2020. The trend of increase 

in articles published can be divided into the following 
three stages: (1) the number of articles increased rapidly 
in 2010, reaching a first slight peak, and then declined in 
2012; (2) number of articles increased steadily from 2012 
to 2015, and decreased from 2015 to 2016; (3) the period 
from 2016 to 2019 was a rapid development period and 
reached a second peak in 2019. This trend was consistent 
with that observed in other research fields and can be well 
explained by the increased attention of researchers in this 
field.14

The top 10 academic journals published 1417 arti
cles, accounting for 33.52% of all articles and suggest
ing that these top 10 journals had strong interest in 
articles regarding acupuncture treatment for pain 
research. According to the analysis of the cited journals, 
the top ranking for both frequency and centrality was 

Table 6 Top 5 Active Authors Related to Acupuncture Treatment for Pain

Ranking Frequency Author Ranking Centrality Author

1 51 Lee MS 1 0.12 Lao LX
2 49 Liang FR 2 0.11 Napadow V

3 48 MacPherson H 3 0.11 Kong J

4 44 Lao LX 4 0.09 Liu JP
5 32 Ha IN 5 0.08 MacPherson H

Table 7 Top 5 Cited Authors Related to Acupuncture Treatment for Pain

Ranking Frequency Cited Author Ranking Centrality Cited Author

1 577 MacPherson H 1 0.07 Kong J
2 534 Han JS 2 0.05 Itoh K

3 500 Vickers AJ 3 0.05 Cherkin DC

4 420 Linde K 4 0.05 Lund Irene
5 383 Ernst E 5 0.04 White P

Table 8 The Top 5 Cited References for the Highest Frequency of Acupuncture Treatment for Pain

Ranking Frequency Cited Reference Representative Author 
(Publication Year)

1 322 Acupuncture for chronic pain: individual patient data meta-analysis Vickers (2012)5

2 165 Neural mechanism underlying acupuncture analgesia Zhao (2008)6

3 142 German Acupuncture Trials (GERAC) for chronic low back pain: randomized, 
multicenter, blinded, parallel-group trial with 3 groups

Haake (2007)7

4 124 Mechanisms of acupuncture-electroacupuncture on persistent pain Zhang (2014)8

5 120 A randomized trial comparing acupuncture, simulated acupuncture, and usual care for 

chronic low back pain

Cherkin (2009)9
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Pain. A systematic review of available therapies for hip 
and knee osteoarthritis patients, which cited an article in 
the Pain journal was cited 942 times. This study updates 
the evidence to suggest that non-pharmacological thera
pies, including acupuncture, are effective in relieving 
patients’ pain symptoms.15 We established that most of 
these journals are relevant to complementary alternative 
therapies and pain research. These data will help future 
scholars to select appropriate journals when submitting 
articles in related fields.

Less collaborations were observed between coun
tries/regions. Asia, as the birthplace of acupuncture, 
and developed countries, including the United States, 

were the main research forces related to acupuncture 
for the treatment of pain, suggesting that scientific 
research development is inseparable from economic con
ditions and academic atmosphere. However, global 
cooperation has not been formed. Cooperation among 
other countries was weak except for England where 
scientific cooperation was relatively close in recent 
years. This may be attributed to the geographical loca
tion of countries. Regarding institutions, it is interesting 
that Kyung Hee University was not only the most pro
lific institution but also the highest centrality institution, 
suggesting that Kyung Hee University is the most 
important institution for researching acupuncture 

Figure 5 Reference cocitation map related to acupuncture treatment for pain research from 2010 to 2020.

Table 9 The Top 5 Cited References for the Highest Centrality of Acupuncture Treatment for Pain

Ranking Centrality Cited Reference Representative Author 
(Publication Year)

1 0.11 German Randomized Acupuncture Trial for chronic shoulder pain (GRASP) – 

a pragmatic, controlled, patient-blinded, multi-centre trial in an outpatient care 

environment

Molsberger (2010)10

2 0.07 Traditional Chinese acupuncture and placebo (sham) acupuncture are differentiated by 

their effects on mu-opioid receptors (MORs)

Harris (2009)11

3 0.07 Effectiveness of dry needling for upper-quarter myofascial pain: a systematic review and 
meta-analysis

Kietrys (2013)12

4 0.07 Acupuncture for acute low back pain: a systematic review Lee (2007)13

5 0.06 The effectiveness of acupuncture in treating chronic non-specific low back pain: 

a systematic review of the literature

Hutchinson (2012)14

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                              

Journal of Pain Research 2021:14 948

Gao et al                                                                                                                                                              Dovepress

http://www.dovepress.com
http://www.dovepress.com


treatment of pain. However, England and Germany, the 
top 5 countries with the highest number of publications, 
did not have any institution in the top 10 list. This may 
indicate that institutions conducting research in this field 
are relatively few in the country. In addition, coopera
tion among institutions was mostly limited to countries 
such as Beijing University Chinese Medicine, China 
Medical University and Chinese Academy of Chinese 
Medical Sciences which were among the top 5 institu
tions. The close cooperation between China scientific 
research institutions in recent years may also be one of 

the reasons for the increase in the number of articles 
published each year.

All of the top 5 active authors published at least 30 articles. 
A study conducted by Ernst et al, cited 101 times, suggested 
that apart from neck pain, there is little convincing evidence 
that acupuncture is effective in reducing pain.16 However, 
Zhang et al proposed that electroacupuncture combined with 
low dosages conventional analgesics can provide effective 
pain control.8 In addition, cooperative relationships among 
authors are largely confined to their respective institutions. 
This demonstrates that several authors tend to work with stable 

Figure 6 Keyword co-occurrence map related to acupuncture treatment for pain research from 2010 to 2020.

Table 10 Top 10 Keywords Related to Acupuncture Treatment for Pain

Ranking Frequency Keyword Ranking Centrality Keyword

1 2206 Acupuncture 1 0.03 Complementary and alternative medicine
2 1290 Pain 2 0.03 Disorder

3 621 Electroacupuncture 3 0.03 Myofascial pain

4 577 Management 4 0.03 Acupuncture analgesia
5 490 Low back pain 5 0.03 Randomized trial

6 418 Randomized controlled trial 6 0.03 Expectancy

7 358 Therapy 7 0.03 Integrative medicine
8 285 Mechanism 8 0.03 Inflammation

9 276 Efficacy 9 0.03 Risk factor
10 275 Prevalence 10 0.03 Acupuncture treatment
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collaborative teams, and that cooperative networks for 
researchers in this field are highly correlated with the coopera
tive networks of corresponding institutions. Considering the 
co-cited authors, the top 5 authors with at least 383 co-citations 
made significant contributions to the field of acupuncture 
analgesia. A comprehensive analysis found that MacPherson 
H and Kong J were “core strength” researchers and their 
research had an important influence on the development of 
acupuncture treatment of pain. MacPherson H is mainly 
engaged in the evaluation of the effectiveness and safety of 
acupuncture, and the neuroimaging research on the mechan
ism of acupuncture. In 2010, MacPherson H and colleagues 
present an updated reporting guideline, which stands for 
Revised Standards for Reporting Interventions in Clinical 
Trials of Acupuncture.17 Kong J mainly focuses on the 
research of acupuncture analgesia. For example, a study in 
2020 identified the neural marker of functional magnetic reso
nance imaging-based migraine and examined its association 
with acupuncture treatment.18

Research Hotspots
Co-citation suggests that the cited literature and corresponding 
research are related in content, and the literature usually con
tains high-quality content which has significant influence in 
a particular field of research. Moreover, the relationship 
between literature co-citation is likely to change with time. 

The top 1 reference by frequency is a meta-analysis of indivi
dual patient data on acupuncture for chronic pain, which 
confirms the effectiveness of acupuncture for back and neck 
pain, osteoarthritis, chronic headache, and shoulder pain.5 The 
top 1 reference by centrality is a randomized controlled trial of 
acupuncture for chronic shoulder pain, indicating that acu
puncture is an effective alternative to conventional orthopedic 
treatment for this condition.10 In addition, the extracted terms 
according to the LLR algorithm emphasize research character
istics and can provide the best results in terms of uniqueness 
and coverage of cluster-related topics. Cluster # 4 knee 
osteoarthritis was discovered as a research hotspot of research
ers in recent years. For example, Tu et al assessed the efficacy 
of intensive acupuncture (3 times weekly for 8 weeks) versus 
sham acupuncture for knee osteoarthritis (KOA) in 2020, 
based on their previous discussion of the efficacy of acupunc
ture at different frequencies in the treatment of KOA.19

Through analysing the keyword, research frontiers could 
be identified. Consistent with previous reports, “low back 
pain” in the current study is the most common pain disorder 
that uses acupuncture as an intervention.14 “Randomized con
trolled trial” was the most common research method with the 
strongest level of evidence to prove its efficacy. However, due 
to the particularity of the acupuncture operation, double- 
blinding is difficult to achieve; therefore, the placebo effect 
has attracted the attention of researchers, and this finding is 

Figure 7 Top 20 keywords with the strongest citation bursts.
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consistent with our findings in the cited reference. In addition, 
a burst keyword can indicate cutting-edge research topics and 
reveal studies that have potential or are of interest. Research 
history of acupuncture treatment of pain can be drawn from 
the evolution of keywords used in these articles. For example, 
“human brain” and “placebo needle” were the earliest words to 
have an impact, while “burden” was widely carried out in 
2017 and has since been used.

Strengths and Limitations
This study has used bibliometrics for the first time to perform 
a visual analysis of literature related to acupuncture for pain, 
summarized research status and key research forces in this 
field, and predicted the research trend. In addition, we have 
used a variety of methods to analyze data, which is suitable for 
multi-angle interpretation of conclusions. However, this study 
has limitations that need to be addressed. This study only 
analyzed the core collection database for Web of Science, 
because CiteSpace is currently unable to analyze cited refer
ences for other databases. It is anticipated that the improve
ment of this software will enable the expansion of the selection 
range for databases in the future.

Conclusion
In conclusion, this study reveals hot spots and frontier 
issues in the field of acupuncture for pain. The findings 
presented here are expected to promote the optimization of 
treatment options. The frontier issues in the field presented 
here will guide funding organizations to refocus their 
funding priorities.
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