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Background: Researches on the central mechanisms of acupuncture analgesia have been 
widely conducted worldwide. However, there is no bibliometric analysis of functional 
magnetic resonance imaging (fMRI) studies on acupuncture analgesia. This study visualized 
the current status, hot spots and frontiers of fMRI studies on acupuncture analgesia in the 
past 20 years to provide a theoretical basis for its clinical application.
Methods: All publications were obtained from Science Citation Index-Expanded (SCI-E) of 
Web of Science (WOS). We used CiteSpace to analyze publications, journals, cited journals, 
authors, cited authors, institutions, countries, references, and keywords. We also analyzed 
collaborative network maps and co-occurrence network maps.
Results: We retrieved a total of 797 articles. Regarding the volume of publications, the total 
number of annual publications showed a fluctuating but overall increasing trend. Evidence- 
based Complementary and Alternative Medicine (21 articles) was the most productive 
journal, and Pain (225 articles) was the most cited journal. The most productive author 
was Qin W (16 articles), and the most co-cited author was Hui KKS (111). The most prolific 
institution and country were Massachusetts General Hospital (34 articles) and USA (212 
articles). “Pain” was the top-ranked for keyword frequency and centrality. “Functional 
connectivity” was the frontier hotspot for 2018–2021.
Conclusion: First, fMRI researches on acupuncture analgesia involved several countries 
(regions) and institutions, mainly located in the USA, China and Korea, and most of them 
were universities. In addition, the USA was a major contributor in this field. Second, in terms 
of disciplinary distribution, the literatures were mainly from clinical neurology, neuroscience, 
and radiology nuclear medicine medical imaging. Third, the keyword co-occurrence analysis 
showed that the hot keywords included pain, fMRI, and lower back pain. Fourth, through 
keyword clustering analysis, the hot disease was found to be lower back pain, and the hot 
contents were acupuncture specificity and frequency specificity. Fifth, a timeline analysis of 
the references identified that chronic low back pain and specificity will remain a hot topic for 
future research.
Keywords: acupuncture analgesia, functional magnetic resonance imaging, CiteSpace, 
bibliometric analysis

Introduction
Pain is an unpleasant feeling and emotional experience associated with actual or 
potential tissue damage.1 It is often accompanied by motor reflexes, neural activity, 
and emotional reactions and is a complex physiological and psychological 
phenomenon.2 Pain causes suffering to patients and places a heavy burden on 
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families and society, consuming many resources.3,4 

Various medications5,6 and analgesic injections7 are used 
clinically to relieve pain symptoms. However, opioids can 
cause respiratory depression and addiction problems,8,9 

while nonsteroidal anti-inflammatory drugs (NSAIDs) 
have side effects such as causing gastrointestinal reactions 
and reducing platelet aggregation,10 so patients often seek 
alternative therapies.11

Acupuncture, a long history of traditional Chinese 
medicine, is widely used to treat various pain diseases. 
Modern medical studies have shown that acupuncture sig-
nificantly affects migraine,12,13 knee osteoarthritis,14,15 

neck pain,16,17 neuropathic pain,18 and chronic stable 
angina.19 Acupuncture analgesia has a history of thou-
sands of years. Due to its advantages of few adverse 
reactions under standardized diagnosis and treatment, 
broad application scope, and rapid effect, it has become 
a recognized green analgesic method in China and abroad. 
It has been approved and recommended by the World 
Health Organization (WHO) as the primary analgesic 
method. A new multicenter randomized controlled trial 
(RCT) had shown that true acupuncture (TA) significantly 
improved moderate to severe chronic prostatitis/chronic 
pelvic pain syndrome and improved patients’ quality of 
life compared to sham acupuncture (SA).20

Functional magnetic resonance imaging (fMRI) 
emerged in the 1990s as a noninvasive, visualized 
technique,21 reflecting the external stimuli received by 
the brain instantly and visually.22,23 Therefore it is an 
important method for studying the central mechanisms of 
acupuncture. Acupuncture acts on various parts of the 
central system, exerting analgesic effects through neuro-
transmitters, signaling pathways and immune responses. It 
was found that there was a network that regulated and 
integrated pain in the brain, including: cingulate cortex, 
thalamus, insula, posterior parietal cortex, amygdala, pre-
frontal cortex and other brain areas. Together they consti-
tuted the main place to regulate high-level central 
activities such as pain, emotion, and cognition.24 

A neuroimaging systematic review suggested that acu-
puncture improved the abnormal brain structure and func-
tional activity in patients with low back pain (LBP) mainly 
through the pain matrix, default mode network (DMN), 
salience network (SN), and descending pain modulatory 
system (DPMS).25 Tu et al found that neural markers of 
abnormal connectivity in the visual, default mode, sensor-
imotor, and frontal-parietal networks captured the unique 
features of migraine without aura (MwoA), and that 

changes in marker showed a significant correlation with 
changes in headache frequency during TA treatment.26 

Neuroimaging studies of acupuncture showed that true 
acupuncture activates the insula and thus increases the 
pain threshold significantly compared to controls.27 

Although acupuncture analgesia has been studied exten-
sively with definite efficacy, acupuncture specificity, and 
clarification of the central mechanisms of acupuncture 
analgesia still require further studies.

Bibliometrics refers to the cross-science of quantitative 
analysis of all knowledge carriers using mathematical and 
statistical methods. The effectiveness of acupuncture 
analgesia has been proven in previous studies, and numer-
ous clinical researches have explored the central mechan-
isms of acupuncture analgesia through neuroimaging 
techniques.28,29 Our search revealed that no bibliometric 
analysis of fMRI studies on acupuncture analgesia was 
found. Therefore, understanding the current status of 
fMRI studies on acupuncture analgesia on a global scale 
is essential.

CiteSpace is an information visualization software 
developed by Prof. Chaomei Chen, which is mainly used 
to explore the frontier of disciplinary development and 
research status.30 In this study, CiteSpace software was 
used to explore the research status and trend of fMRI 
studies on acupuncture analgesia in the past 20 years 
(2001–2021). The authors, institutions, countries, cited 
journals, cited authors, cited references, and keywords of 
the included studies were visualized and analyzed. To 
explore the development frontier of fMRI studies on acu-
puncture analgesia, and to provide reference for research-
ers in this field.

Methods
Data Sources and Search Strategy
As the most suitable literature research, all data for this 
study were obtained from the online database Science 
Citation Index-Expanded (SCI-E) of Thomson Reuters’ 
WOS. The search was conducted from 2001–2021 and 
was completed within one day on November 6, 2021. 
Only English-language papers were included, the country 
of publication and type of study were not restricted. 
Duplicates and articles without full text were excluded. 
To avoid omissions, the authors conducted a secondary 
search for references and relevant reviews in the literature. 
The search was conducted separately by two authors, and 
any disagreements were resolved by negotiation, with the 
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final results to be determined by the experienced corre-
sponding author. The specific search strategy and results 
are shown in Table 1. A total of 797 articles were obtained. 
Finally, we imported these articles into CiteSpace for de- 
duplication, which showed no duplicates.

Analysis Tool
The map generated by CiteSpace consists of citation tree- 
rings and lines. The citation tree-rings represent the fre-
quency of occurrence and citation frequency of the analyzed 
documents. The color of the citation tree-rings represents 
the corresponding citation time, and the thickness of a ring 
is proportional to the number of citations in the correspond-
ing period. The line between points indicates the co- 
occurrence relationship, its thickness indicates the intensity 
of co-occurrence, and the color corresponds to the first co- 
occurrence time of the node. The change of color from cool 
to warm indicates the change of time from early to recent. 
Betweenness centrality is an index to measure the 

importance of nodes in a network. CiteSpace uses this 
indicator to discover and measure the significance of litera-
ture and highlights such literature (or authors, journals, and 
institutions) with a purple circle.

We used CiteSpace 5.8.R3 to perform the bibliometric 
analysis:1. To generate annual distribution maps of the 
literature to identify publication volumes and trends. We 
analyzed data at macro, meso, and micro levels for coun-
tries, institutions, and authors’ collaboration networks to 
illustrate the overall research status. 2. Keyword co- 
occurrence analysis and keyword clustering analysis were 
performed to anchor research hotspots. 3. Co-citation ana-
lysis of references were performed to target frontier areas. 
The parameters of CiteSpace were as follows: the time 
slice was 2001–2021, the year in per slice was 1, the terms 
were selected as “Title,” “Abstract,” “Author Keywords,” 
and “Keywords Plus,” the number of objects in each time 
slice was set to 50, and the minimum spanning tree algo-
rithm was used.

Results
Annual Publications and Trends
By searching the database, a total of 797 articles matching 
this study were included. Figure 1 shows the specific number 
of articles published per year. From 2001 to 2021, the 
number of articles on fMRI studies on acupuncture analgesia 
showed a fluctuating but generally rising trend. From 2001 
to 2004, there were few fMRI studies on acupuncture 
analgesia, indicating low research interest in this area. The 
first period of rapid growth was shown between 2005 and 
2007, with the first peak in the number of publications 
occurring in 2007, indicating that the importance of fMRI 
studies on acupuncture analgesia has been noticed. From 
2008 to 2013, a period of stability occurred. The second 

Table 1 The Topic Search Query

Set Results Search Query

#1 128,209 TS=((Acupuncture) OR (Acupuncture Therapy) 
OR (Acupuncture, Ear) OR (Acupuncture points) 

OR (Needle) OR (Manual Acupuncture) OR 

(Electroacupuncture) OR (Laser Acupuncture) OR 
(Acupressure) OR (Moxibustion) OR (Acupoint 

Injection) OR (Auricular Acupuncture) OR (Scalp 

Acupuncture) OR (Warm Acupuncture) OR (Skin 
Acupuncture) OR (Acupoints))

#2 415,073 TS=((Functional Magnetic Resonance Imaging) OR 
(Magnetic Resonance Imaging) OR (Neuroimaging) 

OR (Functional mri) OR (Positron-emission 

Tomography) OR (Electroencephalography) OR 
(Magnetoencephalography) OR (Functional 

Neuroimaging) OR (Resting State Functional 

Magnetic Resonance Imaging))

#3 520,928 TS=((Analgesia) OR (Acupuncture Analgesia) OR 
(Anesthesia and Analgesia) OR (Analgesia, 

Obstetrical) OR (Pain) OR (Acute Pain) OR (Pain 

Measurement) OR (Breakthrough Pain) OR (Pelvic 
Girdle Pain) OR (Musculoskeletal Pain) OR 

(Chronic Pain) OR (Visceral Pain) OR (Nociceptive 

Pain) OR (Eye Pain) OR (Labor Pain) OR 
(Patellofemoral Pain Syndrome) OR (Flank Pain) 

OR (Complex Regional Pain Syndromes) OR 

(Shoulder Pain) OR (Neck Pain) OR (Pelvic Pain))

#4 797 #1 AND #2 AND #3

Figure 1 Annual publications involving fMRI studies on acupuncture analgesia.
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growth peak showed in 2014, and from 2015 to 2021 the 
number of publications presented a slow growth trend. The 
results reveal that fMRI studies on acupuncture analgesia 
have received continued attention in recent years, and new 
studies are constantly being conducted.

Analysis of Journals
A total of 367 journals contained these 797 fMRI studies on 
acupuncture analgesia. Table 2 lists the top 10 journals. The 
journals with the most published articles were Evidence- 
Based Complementary and Alternative Medicine and 
Medicine with 21 articles each, followed by Spine with 18 

articles. Regional Anesthesia and Pain Medicine, ranked 7th 
with the highest impact factor (IF) of 7.015.

Analysis of Cited Journals
Journal co-citation analysis analyzes the journals in which 
the references are located and can be used to identify hot 
journals and for the latest literature information tracking or 
manuscript submission. Figure 2 and Table 3 show the co- 
citations of journals in the field of fMRI studies on acu-
puncture analgesia in the last 20 years. It was found that 
Pain and Neuroimage had the highest citation frequency 
and was a core journal and an important reference journal 

Table 2 Top 10 Journals with the Highest Frequency Related to fMRI Studies on Acupuncture Analgesia

Ranking Journal Frequency (%) H-Index IF (2020) Country

1 Evid-Based Compl Alt 21 (2.6) 10 1.813 USA
2 Medicine 21 (2.6) 4 1.552 USA

3 Spine 18 (2.3) 8 2.646 USA

4 Neuroimage 14 (1.8) 12 5.902 USA
5 Pain Physician 14 (1.8) 7 3.251 USA

6 Spine Journal 13 (1.6) 6 3.191 USA

7 Reg Anesth Pain Med 12 (1.5) 7 7.015 USA
8 Neurosci Lett 11 (1.4) 10 2.274 Netherlands

9 Front Neurosci 10 (1.3) 3 3.707 Switzerland
10 Hum Brain Mapp 10 (1.3) 10 4.421 USA

Figure 2 Co-citation map of journals related to fMRI studies on acupuncture analgesia.
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in fMRI studies on acupuncture analgesia. Radiology and 
New England Journal of Medicine had the highest central-
ity, indicating that articles published in these two journals 
were influential in the field of fMRI studies on acupunc-
ture analgesia.

Figure 3 is a dual-map overlay of references in fMRI 
studies on acupuncture analgesia. The citing journals are on 
the left and the cited journals are on the right. The reference 
links originate from journals on the left side of the map and 
point to journals on the right side of the map. The color of 
the links distinguishes the discipline of the source. The 
vertical axis of the ellipse in the map represents the number 
of papers and the horizontal axis represents the number of 
authors. As shown in the map, the most contributed journals 
are from Pain, Neuroimage, Human Brain Mapping and 
New England Journal of Medicine. The citing journals are 
mainly in the fields of medicine, molecular, sports and 
immunology, and the cited journals are mainly in the fields 
of health, biology, medicine and genetics.

Analysis of Authors and Institutions
CiteSpace software was used to generate an author- 
institution collaboration map (Figure 4) containing 631 

nodes and 481 links. The top five authors with the most 
publications (Table 4) were Qin W (16 articles), Kong 
J (14 articles), Tian J (14 articles), Napadow V (14 arti-
cles), and Liang FR (10 articles). The top 5 institutions 
with the highest number of publications were 
Massachusetts General Hospital (34 articles), Harvard 
University (29 articles), Xidian University (26 articles), 
Chengdu University of Traditional Chinese Medicine (22 
articles), and Chinese Academy of Sciences (21 articles). 
We performed cluster analysis on the generated map and 
retained the eight largest clusters. By observing the clus-
tering map, we could find the closeness of the authors’ 
connections and their affiliations, and learned about the 
key issues studied by each team.

Analysis of Countries
We used CiteSpace software to generate the country col-
laboration network map (Table 5 and Figure 5). We found 
that articles on fMRI studies on acupuncture analgesia 
mainly came from 60 countries. The top 5 countries in 
terms of the number of publications were USA (212 arti-
cles), China (181 articles), South Korea (65 articles), 
Germany (49 articles), and Japan (49 articles). The top 5 

Table 3 Top 5 Cited Journals with the Highest Frequency and Centrality Related to fMRI Studies on Acupuncture Analgesia

Ranking Frequency Cited Journal IF (2020) Centrality Cited Journal IF (2020)

1 224 Pain 5.483 0.1 Radiology 7.931
2 202 Neuroimage 5.902 0.08 New Engl J Med 74.699

3 163 Radiology 7.931 0.07 Am J Neuroradiol 3.381

4 161 Hum Brain Mapp 4.421 0.06 Brain 11.337
5 157 Spine 2.646 0.06 Am J Chinese Med 3.682

Figure 3 The dual-map overlay of journals related to fMRI studies on acupuncture analgesia.
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countries in terms of centrality were USA (0.35), China 
(0.11), Germany (0.11), England (0.11), and 
Switzerland (0.11).

Analysis of Cited Authors
Author co-citation refers to two (or more) authors being 
cited simultaneously in one or more subsequent papers. It 
can be used to explore authors with highly similar research 

directions. We used CiteSpace software to generate a cited 
author map consisting of 671 nodes and 270 lines (Table 6 
and Figure 6). The top five most-cited authors were Hui 
KKS (111 articles), Kong J (87 articles), Napadow V (80 
articles), Wu MT (54 articles), and Han JS (49 articles). 
The top five authors ranked according to centrality were 
Casey KL (0.19), Bohannon R (0.18), Mense S (0.17), 
Brukner P (0.15), and Kelly M (0.14).

Figure 4 Author-institution collaboration map related to fMRI studies on acupuncture analgesia.

Table 4 Top 5 Authors and Institutions with the Highest Frequency Related to fMRI Studies on Acupuncture Analgesia

Ranking Frequency Author Country Frequency Institution Country

1 16 Qin W China 34 Massachusetts Gen Hosp USA
2 14 Kong J USA 29 Harvard Univ USA

3 14 Tian J China 26 Xidian Univ China

4 14 Napadow V USA 22 Chengdu Univ Tradit Chinese Med China
5 10 Liang FR China 21 Chinese Acad Sci China

Table 5 Top 5 Countries with the Highest Frequency and Centrality Related to fMRI Studies on Acupuncture Analgesia

Ranking Frequency Country Ranking Centrality Country

1 212 USA 1 0.35 USA

2 181 China 2 011 China

3 65 South Korea 3 0.11 Germany
4 49 Germany 4 0.11 England

5 49 Japan 5 0.11 Switzerland
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Analysis of Cited References
Reference co-citation refers to two (or more) papers being 
cited by one or more papers simultaneously and is used to 
assess the degree of correlation between the papers. 
Reference co-citation relationships vary over time and its 
study allows exploring the development and evolutionary 
dynamics of a particular study. We obtained the reference 
co-citation map of fMRI studies on acupuncture analgesia 
in the last 20 years using CiteSpace (Figure 7), with 743 
nodes and 708 links. And the top 5 most cited references 
and the highest centrality of fMRI studies on acupuncture 
analgesia for the last 20 years were listed in Tables 7 and 
8. We performed a cluster analysis of the co-citation refer-
ences in order to uncover common themes in similar 
articles. A total of 13 clusters were obtained. The largest 

group was “brain mapping” which contains 62 references. 
The clusters “chronic low back pain” and “specific effect” 
were the lightest in color, indicating the most recent direc-
tion of fMRI research on acupuncture analgesia.

Keywords Co-Occurrence Analysis
Keywords with high frequency and high centrality can 
explore the core issues and research hotspots that are 
widely concerned in the field. We used CiteSpace to ana-
lyze the co-occurrence of keywords, and 483 nodes and 
886 lines were obtained (Figure 8 and Table 9). We sorted 
and summarized the frequency and centrality of the key-
words in Table 9. Over the past 20 years, the most fre-
quently used keywords in fMRI studies on acupuncture 
analgesia were “pain,” “fMRI,” “low back pain,” 

Figure 5 Co-country map related to fMRI studies on acupuncture analgesia.

Table 6 Top 5 Cited Authors with the Highest Frequency and Centrality Related to fMRI Studies on Acupuncture Analgesia

Ranking Frequency Cited Author Country Centrality Cited Author Country

1 111 Hui KKS USA 0.19 Casey KL USA

2 87 Kong J USA 0.18 Bohannon R USA

3 80 Napadow V USA 0.17 Mense S Denmark
4 54 Wu MT China 0.15 Brukner P Australia

5 49 Han JS South Korea 0.14 Kelly M USA
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“stimulation,” and “activation.” The top five high- 
centrality keywords were “pain”, “analgesia”, “manage-
ment”, “low back pain” and “diagnosis”.

References Timeline Analysis
The logarithmic likelihood ratio (LLR) method was used 
to cluster the references. It is generally accepted that 
a clustering modularity value (Q) > 0.3 suggests 
a significant clustering structure, and a mean silhouette 
value (S) > 0.5 implies that the clusters are convincing. 
A total of 13 clusters were obtained, with Q values of 
0.8496 and S values of 0.9634. We listed the top 10 most 
significant clusters (Figure 9), with “brain mapping” being 
the most prominent cluster, containing 62 articles. We used 
a timeline view to present the period of each cluster and 
the association between the different clusters, which 
demonstrated the evolution of fMRI studies on acupunc-
ture analgesia. By observing the map, we can see that the 

“specific effect” and “lower back pain” are warm and on 
the right side of the time axis, indicating that they are the 
research hotspots in recent years.

Citation Burst Analysis
Citation burst refers to a significant increase in the fre-
quency of usage within a short period. It can clarify the 
research focus and hotspot at a particular time and deter-
mine the development tends and research frontier. The 
start and end times of the burst are represented by 
“begin” and “end.” The higher the value of “intensity,” 
the more significant the impact. The light blue part repre-
sents the period of this study, and the red part represents 
the beginning and end of a burst. The keyword citation 
burst map (Figure 10A) shows that the most crucial key-
word is “stimulation,” with an intensity of 6.38. It started 
to become important from 2009 to 2011. The “human 
brain” is the keyword with the most extended duration (7 

Figure 6 Cited authors map related to fMRI studies on acupuncture analgesia.
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years). “Functional connectivity” is a hot research topic 
that started to appear in 2018. Observing the citation burst 
of references (Figure 10B), we find that Hui KKS (2005) 
has the highest intensity value of 10.42. The articles by 
Kong J (2018) and Egorova N (2015) have seen a surge in 
citations starting in 2019.

Discussion
Basic Information
The trend of publications shows that fMRI studies on 
acupuncture analgesia had a massive leap from 2004 to 
2007 and then maintained a fluctuating rise with an overall 
increasing trend. This change may be related to the empha-
sis on pain disorders and the development of fMRI tech-
niques, and intensive research on acupuncture analgesia.

In terms of authors, the author teams represented Qin 
W (16 articles), Kong J (14 articles), Tian J (14 articles), 
Napadow V (14 articles), and Liang FR (14 articles) had 
published more articles. Qin W was dedicated to computa-
tional neuroscience and the study of acupuncture mechan-
isms and placebo effects. One of his studies, cited 107 
times, found that acupuncture can act on the resting net-
work, thus contributing to the potential role of endogenous 
pain modulation circuits and homeostatic control 
mechanisms.41 Kong J, the second most published author, 
found that expectancy can significantly modulate pain and 
was associated with medial prefrontal cortex (MPFC)/cra-
nial anterior cingulate cortex (RACC) and dorsolateral 
prefrontal cortex.42 By analyzing the high-frequency 
authors, we can figure out the research direction of each 
author and grasp the research hotspots.

Figure 7 Cited references map related to fMRI studies on acupuncture analgesia.
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The five institutions with the most publications were 
Massachusetts General Hospital (34 articles), Harvard 
University (29 articles), Xidian University (26 articles), 
Chengdu University of Traditional Chinese Medicine (22 
articles), and Chinese Academy of Sciences (21 articles). 
For fMRI studies on acupuncture analgesia, three leading 
institutions can be found: universities, hospitals, and 
research institutions. However, universities were still the 
mainstay of research. The high centrality of Chinese 
research institutions suggested that China, as the birthplace 
of acupuncture, played a vital role in the international 
cooperation of fMRI studies on acupuncture analgesia. 

Analysis of the color of the circles and lines yielded that 
the number of institutional publications and inter- 
institutional collaboration in the early years was small. 
However, in recent years, the number of publications and 
inter-institutional connections has increased significantly. 
We generated author-institution collaboration clustering 
maps and found that authors and institutions formed sev-
eral natural clusters. Author-institution collaboration was 
close within clusters and less between clusters, consistent 
with our previous analysis. We performed keyword clus-
tering of authors’ research directions to find out the topics 
of interest for each cluster. We discovered that the primary 
research disease of the team of Liang Fanrong, Zeng Fang, 

Table 7 Top 5 Cited References with the Highest Frequency 
Related to fMRI Studies on Acupuncture Analgesia

Ranking Frequency Reference Author and 
Publication 
Year

1 39 The integrated response 
of the human cerebro- 

cerebellar and limbic 

systems to acupuncture 
stimulation at ST 36 as 

evidenced by fMRI

Hui KKS 
(2005)31

2 35 Acupuncture modulates 

resting state 

connectivity in default 
and sensorimotor brain 

networks

Dhond RP 

(2008)32

3 33 Effects of 

electroacupuncture 
versus manual 

acupuncture on the 

human brain as 
measured by fMRI

Napadow 

V (2005)33

4 28 Acupuncture modulates 
the limbic system and 

subcortical gray 

structures of the human 
brain: evidence from 

fMRI studies in normal 

subjects

Hui KKS 
(2000)34

5 26 Central nervous 

pathway for acupuncture 
stimulation: localization 

of processing with 

functional MR imaging of 
the brain–preliminary 

experience

Wu MT 

(1999)35

Table 8 Top 5 Cited References with the Highest Centrality 
Related to fMRI Studies on Acupuncture Analgesia

Ranking Centrality Reference Author and 
Publication 
Year

1 0.13 Acupuncture modulates 
temporal neural 

responses in wide brain 

networks: evidence from 
fMRI study

Zhao ZQ 
(2008)36

2 0.11 Relations between brain 
network activation and 

analgesic effect induced 

by low vs high frequency 
electrical acupoint 

stimulation in different 

subjects: a functional 
magnetic resonance 

imaging study

Zhang WT 
(2003)37

3 0.08 Intrinsic functional 

connectivity of the 
periaqueductal gray, 

a resting fMRI study

Kong 

J (2010)38

4 0.07 Parietal and cingulate 

processes in central pain. 

A combined positron 
emission tomography 

(PET) and functional 

magnetic resonance 
imaging (fMRI) study of 

an unusual case

Peyron 

R (2000)39

5 0.07 Transcranial magnetic 

stimulation highlights the 

sensorimotor side of 
empathy for pain

Avenanti 

A (2005)40
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and Lan Lei from Chengdu University of Traditional 
Chinese Medicine was migraine without aura,43,44 the 
main research direction of the team from Kyung Hee 
University was cancer pain in rats,45,46 and the central 
research disease of the teams from Massachusetts 
General Hospital as well as Harvard University were 
chronic lower back pain.47,48

In terms of frequency of publication, the USA had the 
highest number of articles with 212, followed by China 
with 181 articles. This indicates that the contribution rates 
of the USA and China are high and much higher than other 

countries. In terms of centrality, the USA had a high 
centrality of 0.35, suggesting that most countries in the co- 
occurrence network had direct and indirect collaborations 
with the USA. Therefore, it is clear that the USA has 
a vital role in fMRI studies on acupuncture analgesia. 
This also demonstrates that the development of scientific 
research is inextricably linked to the economy. The cen-
trality of Switzerland, England, and Germany was also 
high, which may be related to the geographical location. 
The presence of connections between the USA, China, 
Korea, Japan, Germany, and Italy, and many new 

Figure 8 Keywords co-occurrence map related to fMRI studies on acupuncture analgesia.

Table 9 Top 10 Keywords with the Highest Frequency and Centrality Related to fMRI Studies on Acupuncture Analgesia

Ranking Frequency Keyword Ranking Centrality Keyword

1 133 Pain 1 0.23 Pain

2 66 fMRI 2 0.23 Analgesia
3 51 Low back pain 3 0.21 Management

4 51 Stimulation 4 0.20 Low back pain

5 50 Activation 5 0.18 Diagnosis
6 47 Acupuncture 6 0.18 MRI

7 45 Diagnosis 7 0.16 Brain

8 42 Electroacupuncture 8 0.15 Acupuncture
9 42 Brain 9 0.13 Human brain

10 37 Management 10 0.11 Stimulation
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connections in the map, illustrates that international coop-
eration in fMRI studies on acupuncture analgesia has 
developed and is gradually increasing to a certain extent.

Hui KKS, as the most highly cited author, focused on 
fMRI studies of acupuncture. One of his studies demon-
strated that acupuncture activated the limbic-paralimbic- 
neocortical network and its anti-related sensorimotor/para-
limbic network at multiple levels of the brain.49 Kong 
J from Massachusetts General Hospital Psychiatry focused 
on central mechanisms of placebo acupuncture related to 
pain, and they suggested that as a peripheral-central mod-
ulation, acupuncture stimulation may inhibit incoming 
noxious stimuli. In contrast, as a top-down modulation, 
anticipation (placebo) may act through emotional 

circuits.50 As the author with the highest centrality, Cho 
ZH found ancient acupuncture literature correlated with 
the predicted activation of specific cerebral cortical 
regions and the corresponding acupuncture stimulation.51 

The top three cited articles were randomized controlled 
trials (RCTs) published in Neuroimaging, Pain, and 
Human Brain Mapping. The second most cited paper 
was by Dhond RP, suggested that TA elicits richer and 
more intense sensations compared to SA and that acupunc-
ture enhances the spatial extent of the resting brain net-
work after stimulation and elicits a sympathetic vagal 
response, which may be a potential mechanism of thera-
peutic effect of acupuncture analgesia.32 The article with 
the highest centrality was by Zhao ZQ, found that 

Figure 9 References timeline map related to fMRI studies on acupuncture analgesia.

Figure 10 (A) Top 10 keywords with the strongest citation bursts. (B) Top 25 references with the strongest citation bursts.
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acupuncture analgesia was time-dependent and may be 
involved in different temporal neural responses by using 
fMRI to study acupuncture at Zusanli (ST36).52

Research Hotspots
Research hotspots are scientific issues and topics discussed 
by a relatively large number of documents in a certain 
period. From the perspective of bibliometrics, the most 
frequently cited documents are usually a concentrated 
expression of research hotspots in this field. To a certain 
extent, keywords that appear more frequently also repre-
sent research hotspots. We analyzed the cited maps and 
keyword clustering maps, it was found that the hot 
research disease in fMRI studies on acupuncture analgesia 
was low back pain, and the hot research content included 
acupuncture specific and frequency specificity.

Research Diseases
FMRI studies on acupuncture analgesia involved 16 dis-
eases, of which lower back pain (52 articles) was the hot 
spot, followed by migraine (30 articles), cancer pain (17 
articles), chronic pain (12 articles), neuropathic pain (9 
articles), back pain (8 articles), stomach pain (8 articles), 
osteoarthritis (7 articles), shoulder pain (6 articles), head-
ache (6 articles), irritable bowel syndrome (6 articles), 
neck pain (5 articles), radicular pain (5 articles) pelvic 
pain (2 articles), tennis elbow pain (2 articles), heel pain 
(1 article), and leg pain (1 article). Studies of acupuncture 
for lower back pain included clinical studies and animal 
trials. One of the most cited animal studies verified that 
caspase 3 knockout in rabbit intervertebral disc cells effec-
tively prevented apoptosis and thus regulated disc 
degeneration.53 The most cited clinical study reported 
that continuous true electroacupuncture (EA) stimulation 
could modify the coupling of spontaneous activity in brain 
regions of patients with low back pain, thus playing an 
essential role in pain modulation.54 In a highly cited lit-
erature on fMRI studies on acupuncture for migraine, it 
was found that acupuncture stimulation of different acu-
points on similar body regions in migraine patients 
reduced pain and induced different degrees of cerebral 
glucose metabolism in brain-related brain regions.43

Research Contents
Hot research components of fMRI studies on acupuncture 
analgesia included acupuncture specificity and frequency 
specificity. Although the analgesic effect of acupuncture is 
clinically effective, its specificity has been questioned. 

Several studies have shown that nonspecific comfort fac-
tors (eg, efficacy expectations) and confounding factors 
(eg, spontaneous relief) largely contribute to the efficacy 
of acupuncture.55,56 The development of neuroimaging 
techniques has provided new means to verify the specifi-
city of acupoints. One study found that TA versus SA 
stimulation modulated brain function differently.57 

A meta-analysis revealed that acupuncture was effective 
in treating chronic pain, with significant differences 
between RA and SA suggesting that acupuncture was 
more effective than placebo.56 An fMRI study showed 
no specific effect of RA versus SA on primary auditory 
cortex.58 Another study found that RA versus SA activated 
secondary somatosensory cortical areas, frontal areas, the 
right side of the thalamus, and the left side of the cerebel-
lum. These specific brain patterns may explain the thera-
peutic effects of acupuncture. Due to the complexity of 
brain function and the diversity of acupuncture manipula-
tions, it is common for neuroimaging studies to show 
opposite results. The reliability of neuroimaging studies 
can be increased by increasing the sample size, refining the 
experimental design, correct and diverse analysis methods, 
and appropriate selection of acupuncture methods.59

Different frequencies of EA induced the release of 
different kinds of neuropeptides in the center, producing 
different physiological and therapeutic effects.60 EA sti-
mulation at different wavelengths resulted in different 
degrees of functional connectivity of brain regions and 
significantly different pain thresholds.61 One study further 
found that acupoint electrical stimulation (EAS) at 2 Hz or 
100 Hz induced analgesia through different central 
mechanisms.37 This also suggests that reasonable para-
meter settings are crucial to influence the efficacy of 
acupuncture.

Acupuncture Analgesia-Related Brain 
Areas
In the study anterior cingulate cortex (ACC), default mode 
network, periaqueductal gray (PAG), #3 limbic-paralimbic 
-neocortical network, and #12 frontoparietal network 
appeared in the keyword co-occurrence network and the 
reference clustering map.

Over the past few decades, studies have identified 
possible neural substrates of pain, contained in a network 
of underlying brain areas, that are fundamental to the 
processing and experience of pain.62 But there is no defi-
nite consensus on all regions involved in this pain 
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network. In the present study, ACC and PAG were found 
to be key brain areas for acupuncture analgesia. ACC, as 
part of the central nervous system, is involved not only in 
emotion regulation, motivation, behavioral assessment, 
and error recognition but also in the development of 
chronic pain perception, especially pain-related emotions 
and moods.63,64 Several neuroimaging studies found that 
acupuncture caused a significant delay and long-term sus-
tained increase in signals in the ACC area of the brain.32,65 

In patients with knee osteoarthritis, increased functional 
connectivity in ACC brain areas was significantly asso-
ciated with a reduction in knee pain after acupuncture 
treatment.42,66 The PAG is an important component of 
the downstream pain regulatory network that inhibits or 
excites pain transmission.67,68 It is involved in the endo-
genous analgesic system produced by acupuncture 
stimulation.69 EA increased the expression of pain- 
related factors in the PAG, resulting in a positive analgesic 
effect in nicotine-exposed pain-sensitive rats.70 

Acupuncture restored the balance of PAG connections to 
key pain brain areas in the medial frontal cortex (MFC) 
and bilateral hippocampus (Hpc), thereby modulating 
chronic pain in osteoarthritis of the knee.71 The PAG was 
a key region of the descending pain modulatory system 
(DPMS) in patients with migraine without aura (MwoA).72 

The results of this study revealed that all pain disorders 
have abnormalities in the structure and function of the 
relevant brain regions. Summarizing the important brain 
regions for disease pathogenesis can provide targets and 
more feasible solutions for acupuncture analgesic treat-
ment in clinical practice.

Research Frontiers and Trends
By observing the citation timeline map of the references 
(Figure 9), we can know the time of the first citation, the 
total number of citations (the size of the circle), and the last 
citation of each reference. The earliest cited literature 
appeared in 1996 (1996–2004), and the keywords were 
brain mapping and positron emission tomography, indicating 
that early neuroimaging research mainly used these two 
technical tools. From 2004 to 2013, the keywords of the 
most cited references were acupuncture specificity, limbic- 
paralimbic-neocortical network, randomized controlled 
trials, and empathy. From 2009 to 2015, the keywords were 
body ownership and resting state fMRI, showing that resting 
state fMRI began to emerge in large numbers and became 
a research hotspot at this time. From 2013 to 2020, the hot 
keywords were chronic low back pain and specific effect. 

This indicates that chronic low back pain and specificity have 
been hot research topics in recent years and will continue to 
be hot topics.

Limitation
This study also has certain limitations. First, only the 
WOS database was analyzed, as CiteSpace cannot merge 
and analyze the content of multiple databases, nor can it 
perform citation analysis on source data outside of WOS. 
In addition, the article did not provide a detailed and 
specific description of the central mechanism of acupunc-
ture analgesia, as CiteSpace is used to identify and demon-
strate new trends and developments in disciplines. We aim 
to present the research progress and current research fron-
tiers in the neuroimaging field of acupuncture analgesia 
through the CiteSpace.
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