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Background: Acupuncture has been widely used to relieve or cure various diseases. In this study, bibliometrics was used to comprehensively analyze the research focus and development trend of acupuncture regulating neuroplasticity, to provide new insights for future research.

Method: In this study, the Science Citation Index-Expanded database in the Web of Science Core Collection was used to retrieve and download the publications about acupuncture regulating neuroplasticity from 2005 to 2024. CiteSpace, VOSviewer, “Bibliometric” software package and Microsoft Excel were used for bibliometric analysis, and the number of publications, countries/regions, institutions, authors, journals, references and keywords were analyzed.

Results: A total of 264 publications, involving 905 institutions in 100 countries/regions. Overall, the publishing volume in the past 20 years has shown a steady upward trend. China has become the leading force in this research field, contributing the most high-quality publications. Guangzhou University of Chinese Medicine and Shanghai University of Traditional Chinese Medicine stand out as the most prolific institutions. Beijing University of Chinese Medicine and Harvard University have high academic influence. Among 1,586 authors, CZ Liu, XY Hua and JG Xu were identified as the most prolific authors. Frontiers in Neuroscience is the most published journal. In recent years, the mechanisms of acupuncture have attracted wide attention and become a hot topic.

Conclusion: With the increasing research in this field, cooperation between different countries/regions, institutions and authors should be strengthened. AMPK, BDNF, brain-gut axis and brain-immune axis are the research hotspots and frontiers in this field. In the future, with the improvement of technical level, we should deepen the mechanism research, optimize clinical research and promote the standardization and individualization of acupuncture technology, which is expected to further reveal the scientific connotation of acupuncture regulation plasticity.
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1 Introduction

Neuroplasticity usually refers to brain plasticity, which can be defined as changes in the structure, function or connection of the nervous system in response to individual experience or environmental stimuli (1). It is influenced by many factors, including age, genetic factors, individual health status, comorbidity, exercise, diet and sleep (2). Neuroplasticity involves complex multi-level processes, including molecules, synapses, electrophysiology and structural organization (3). It is a crucial mechanism for brain health, as it serves as the foundation for the nervous system’s ability to change and adapt to the ever-changing demands of human experience (4). It is a potential mechanism for cognitive and motor learning, and plays a key role in maintaining cognitive health and independence during the process of aging (4). This ability of brain self-reorganization is of great significance to the development of science, nerve recovery and medical rehabilitation (5).

Acupuncture, a traditional medical technology in China, is one of the most popular complementary and alternative medical forms in the world, which produces therapeutic effects by stimulating specific acupoints and meridians on the body surface (6). Stimulation methods are not limited to manual acupuncture, but also include electroacupuncture, ear acupuncture and laser acupuncture (7). Acupuncture has been widely used in various clinical diseases. In the past 20 years, with the development of medical technology, the research on acupuncture regulating brain plasticity has been greatly improved. Neuroplasticity is one of the key mechanisms of acupuncture (8). Modern medicine has proved that acupuncture can dilate blood vessels, improve blood circulation in the brain, and enhance the blood oxygen supply of damaged nerve tissues, thereby reducing the formation of free radicals, protecting the formation and growth of neurons and synapses, and promoting the proliferation of neural stem cells and the restoration of neural function (9). With the publication of numerous of literatures about acupuncture regulating neuroplasticity. It is particularly important to comprehensively analyze the development trends, current challenges, emerging themes and prospects in this field.

Bibliometrics is a comprehensive and fair scientific data analysis method, which is conducive to exploring the knowledge structure, development track, hotspots, trends and contributions of different researchers, institutions and countries (10). As a quantitative analysis method, bibliometrics has the advantages of analyzing a multitude of highly heterogeneous documents and showing past academic research activities and achievements objectively and intuitively, which is helpful to reduce the deviation of paper evaluation caused by human factors (11). So far, there is no bibliometrics report about acupuncture regulating neuroplasticity. It is of great significance to visually analyze the research status, hot spots and frontiers of acupuncture regulating neuroplasticity, which not only helps to comprehensively sort out the research progress in this field, but also provides reference for the future research direction and promotes the in-depth development of this field. Therefore, we have made a bibliometric analysis of acupuncture-regulated neuroplasticity, and constructed a corresponding visualization chart, aiming at summarizing the current situation, hot spots, trends and dynamic frontiers of acupuncture-regulated neuroplasticity research in the world.



2 Materials and methods


2.1 Data sources and retrieval strategies

Science Citation Index-Expanded (SCI-E) database has become the most sensible and widely accepted choice for bibliometrics query (12). We selected the SCI-E database in the database of the Web of Science Core Collection (WoSCC) database to search the literatures published from January 1, 2005 to December 31, 2024. The retrieval formula is shown in Table 1. All articles will be retrieved and downloaded on February 12, 2025. Regardless of language and article type, a total of 286 documents were initially retrieved. The limited language type is “English” and the article type is “article” or “review article.” Finally, a total of 264 documents were obtained, including 214 original articles and 50 review papers. Export all the included documents, including complete records and cited references. Two researchers imported them into bibliometrics tools for data analysis. If there are differences between the two researchers, they should discuss them or seek help from the third author to reach a final consensus. The flow chart of the screening process in this study is shown in Figure 1.


TABLE 1 Retrieval strategy of related research on acupuncture regulating neuroplasticity.


	Retrieval condition
	Retrieval formula

 

 	Records identified through the WoSCC database (SCI-E) 	#1: TS = (“Acupuncture” OR “Pharmacopuncture” OR “Electroacupuncture” OR “Acupressure” OR “acupunct*” OR “Acupuncture Therapy” OR “Auricular*” OR “Acupuncture Point*” OR “needl*” OR “Ear Acupuncture” OR “Meridian*” OR “Acupoint*”)
 #2: TS = (“Neuroplasticity” OR “Neur* Plasticity” OR “Neur* Pruning” OR “Neuronal Remodeling” OR “Neuronal Arborization*” OR “Neuronal Network Remodeling” OR “Brain Plasticity” OR “Synaptic Plasticity” OR “Synaptic Pruning” OR “Axon* Pruning” OR “Dendrit* Pruning” OR “Dendrit* Arborization*” OR “Dendrit* Remodeling”)


 	Time: 2005.01.01–2024.12.31 	# 3 = #1 AND #2




 

[image: Flowchart detailing the literature review process. Identification phase: 286 literatures identified from the Web of Science Core Collection, filtered by topic search, article types, and languages. Screening phase: five literatures excluded; 281 remaining. Further exclusions reduce total to 264 literatures comprising 214 articles and 50 review articles. Final step involves bibliometric and visualization analysis using CiteSpace, VOSviewer, R-Bibliometrix, and Microsoft Excel. Targets publications, regions, institutions, authors, journals, literatures, and keywords.]

FIGURE 1
 Flow diagram for the screening and analysis of publications.




2.2 Data analysis and visualization

VOSviewer and CiteSpace are bibliometrics visualization tools, which can help to analyze the research status and detect the research frontier (13). In this study, VOSviewer (version 1.6.18) was used to analyze the cooperation network between institutions and authors, the citation of journals and the co-citation analysis of references, and the co-occurrence analysis of keywords. CiteSpace (version 6.3. R1) is used to draw the network visualization of countries/regions, the dual-map overlay of journals, the burst detection of references, keyword clustering, and the burst detection and time zone map of keywords. Bibliometrix software package (version 4.4.1) in R software is used to draw the Bradford’s law classification of Journals and the three-field plot of keywords. The annual publications are drawn by Microsoft Excel 2021. H-index of countries/regions, institutions and journals, SCIE edition, Journal Impact Factor (JIF), and Journal Citation Reports (JCR) category are obtained through WoSCC database.




3 Results


3.1 Analysis of annual publication

In the SCI-E database, a total of 264 articles on acupuncture regulating neuroplasticity published during 2005–2024 were finally included. As shown in Figure 2, about 13 papers are published every year on average. From 2005 to 2016, the number of articles published annually was relatively low. It has gradually increased since 2017, and the number of publications has increased by 450% over the previous year. However, it remained relatively stable in the next 6 years. This may be related to the global outbreak of COVID-19. In 2023, the number of published articles increased significantly, reaching the peak of 41 publications. In the past 2 years, the number of published articles accounted for 30.68% of the total number of published articles. The exponential function y = 1.3631e0.165x (R2 = 0.8903) is obtained by drawing the fitting curve of the publication period. The closer R2 value is to 1, the better the fitting is, indicating that the research in this field has shown a continuous growth trend over the past 20 years. This reflects the continuous progress in this field. These trends suggest that the regulation of neural plasticity by acupuncture has received increasing academic attention and has the potential to drive the future development of this field. It is predicted that the number of published papers in this field will continue to grow in the future.

[image: Bar chart showing the number of publications from 2005 to 2024, with green bars representing the count. A purple line indicates the percentage, and a yellow dashed line displays the exponential trend. The equation is \(y = 1.3631e^{0.165x} \) with \(R^2 = 0.8903 \). Both publications and percentage values increase over time.]

FIGURE 2
 Annual publication volume and growth trend of acupuncture regulating neuroplasticity.




3.2 Analysis of countries/regions

A total of 100 countries/regions participated in the publication of the research on acupuncture regulating neuroplasticity in the past 20 years. Table 2 lists the top 10 countries/regions, mainly Asian and European countries. The country that published the most papers was China (195 articles), accounting for 73.86% of the total, more than half. The USA ranks second (41 articles, 15.53%). Followed by South Korea (20 articles), Brazil (6 articles), Germany (5 articles) and Japan (5 articles). China has the highest centrality (0.67), citation frequency (2,848 times) and H-index (14). This shows that China has made great contributions to this field. Figure 3 shows the network diagram of country/region cooperation. Each node represents a country or region, and the larger the node, the more publications there are. Nodes with purple outer rings indicate high centricity (≥ 0.1). Linear links between nodes represent the degree of cooperation between countries. The map includes 27 nodes and 53 connections, and the network density is 0.151. The USA paid attention to this field earlier, and it has continued since 2005. Interestingly, although the number of papers published by Austria is relatively small, its high centricity (0.54) highlights the quality and international influence of its research. Although China has the largest number of publications in this field, the depth and breadth of its cooperation network still need to be further expanded. Overall, cooperation between countries is low.


TABLE 2 Top 10 countries/regions contributed to research publications on acupuncture regulating neuroplasticity.


	Rank
	Countries/ regions
	Publications (%)
	Centrality
	Citations
	Average citations
	H-index

 

 	1 	China (Asia) 	195 (73.86) 	0.67 	2,848 	14.61 	29


 	2 	USA (North America) 	41 (15.53) 	0.50 	1,382 	33.71 	20


 	3 	South Korea (Asia) 	20 (7.58) 	0.02 	485 	24.25 	11


 	4 	Brazil (South America) 	6 (2.27) 	0 	79 	13.17 	4


 	5 	Germany (Europe) 	5 (1.89) 	0 	216 	43.2 	4


 	6 	Japan (Asia) 	5 (1.89) 	0.04 	85 	17 	4


 	7 	Italy (Europe) 	4 (1.52) 	0 	238 	59.5 	4


 	8 	Austria (Europe) 	3 (1.14) 	0.54 	164 	54.67 	2


 	9 	England (Europe) 	3 (1.14) 	0.11 	77 	25.67 	3


 	10 	Malaysia (Asia) 	3 (1.14) 	0 	24 	8 	2




 

[image: Network diagram showing connections between countries. China, USA, and Germany are highlighted prominently, suggesting important roles within the network. Lines indicate links between countries, with varying thicknesses. A color gradient legend, representing years from 2002 to 2024, is on the left side.]

FIGURE 3
 The map of collaboration network between countries/regions.




3.3 Analysis of institution

In terms of research institutions, about 905 institutions have published the research results of acupuncture regulating neuroplasticity. Table 3 highlights the top ten prolific institutions in terms of published papers, mainly located in China, and concentrated in Chinese medicine higher education institutions. Guangzhou University of Chinese Medicine and Shanghai University of Traditional Chinese Medicine topped the list with 22 publications. Followed by Beijing University of Chinese Medicine (20 articles), Capital Medical University (16 articles) and Tianjin University of Traditional Chinese Medicine (15 articles). It is worth noting that Beijing University of Chinese Medicine has the highest total citation times (509 times) and H-index (13), while Harvard University has the highest average citation times (48.78 times). This shows that these two institutions have important academic influence in this research field. VOSviewer is used to analyze the cooperative relationship between institutions (Figure 4). Guangzhou University of Chinese Medicine has the closest cooperation with other institutions, and its research results will provide substantial contributions to this field in the future. The overall cooperation between institutions is relatively low.


TABLE 3 The top 10 institutions on research related of acupuncture regulating neuroplasticity.


	Rank
	Institutions
	Publications
	Citations
	Average citations
	H-index

 

 	1 	Guangzhou University of Chinese Medicine 	22 	273 	12.41 	10


 	2 	Shanghai University of Traditional Chinese Medicine 	22 	253 	11.5 	10


 	3 	Beijing University of Chinese Medicine 	20 	509 	25.45 	13


 	4 	Capital Medical University 	16 	403 	25.19 	10


 	5 	Tianjin University of Traditional Chinese Medicine 	15 	294 	19.6 	8


 	6 	Chengdu University of Traditional Chinese Medicine 	13 	247 	19 	7


 	7 	Fujian University of Traditional Chinese Medicine 	11 	148 	13.45 	7


 	8 	Sichuan University 	10 	164 	16.4 	6


 	9 	China Academy of Chinese Medical Sciences 	9 	157 	17.44 	7


 	10 	Harvard University 	9 	439 	48.78 	7




 

[image: Network visualization of university collaborations using colored nodes and connecting lines. Larger nodes represent more frequent connections. Major universities include Guangzhou, Shanghai, and Beijing Traditional Chinese Medicine Universities. Colors indicate different clusters or groups.]

FIGURE 4
 Co-occurrence map of research institutions on acupuncture regulating neuroplasticity.




3.4 Analysis of author

Over the past two decades, about 1,586 authors participated in the publication of these 264 documents. To fully show the influence of important authors, the number of publications and citation weight are used to represent (15). Among the top 10 authors, as shown in Table 4. CZ Liu from Beijing University of Chinese Medicine leads with 9 publications and 398 citations. XY Hua and JG Xu are also the most published authors. This highlights their great contribution to this field and emphasizes the wide recognition of their research in academic circles. The cooperative relationship between authors is shown in Figure 5. These authors are scattered and have not formed a large cooperative team. The cooperation between authors in different institutions is low.


TABLE 4 Top 10 authors contributed to the research related to acupuncture regulating neuroplasticity.


	Rank
	Authors
	Publications
	Citations
	Institution

 

 	1 	Liu CZ 	9 	398 	Beijing University of Chinese Medicine


 	2 	Hua XY 	9 	54 	Yueyang Hospital of Integrated Traditional Chinese and Western Medicine


 	3 	Xu JG 	9 	54 	Yueyang Hospital of Integrated Traditional Chinese and Western Medicine


 	4 	Wu JJ 	8 	41 	Yueyang Hospital of Integrated Traditional Chinese and Western Medicine


 	5 	Liu WL 	7 	108 	Fujian University of Traditional Chinese Medicine


 	6 	Tao J 	7 	108 	Fujian University of Traditional Chinese Medicine


 	7 	Li J 	7 	84 	Guangxi University of Chinese Medicine


 	8 	Chen LD 	6 	99 	Fujian University of Traditional Chinese Medicine


 	9 	Zheng MX 	6 	18 	Yueyang Hospital of Integrated Traditional Chinese and Western Medicine


 	10 	Wang TH 	6 	128 	West China Hospital




 

[image: Network visualization showing clusters of nodes representing individuals connected by lines, indicating relationships or collaborations. Different colors denote distinct groups: green, red, blue, purple, orange, and yellow. Larger names imply higher prominence within each network. Generated using VOSviewer.]

FIGURE 5
 Author collaboration network diagram of acupuncture regulating neuroplasticity.




3.5 Journal publications and citation analysis

The publications about acupuncture regulating neuroplasticity are published in 133 journals. Table 5 shows the top 10 most influential journals, mainly related to neuroscience. These journals published 90 articles, accounting for 34.09% of all publications in this field. The two core journals with the largest number of articles are Frontiers in Neuroscience and Neural Plasticity respectively, with 16 articles published each (6.06%). It is worth noting that the number of citations (360 times), the average number of citations (22.5 times) and the H-index (13) of the journal Neural Plasticity are all the highest, indicating that the published literatures are of high quality. 90% of these 10 journals are from the USA and Europe, which shows that they have played a vital role in promoting academics. However, the JIF of these 10 journals is relatively low, and JCR is mostly located in Q2/Q3. As shown in Figure 6A, Neural Regeneration Research, Neurochemical Research, and BMC Complementarity and Alternative Medicine paid attention to this field earlier, while Frontiers in Neurology and Brain and Behavior have shown great interest in this field in recent years. Figure 6B shows that journals are divided into three regions based on Bradford’s law. Region 1 contains 10 core journals, Region 2 covers 36 secondary journals, and Region 3 includes 87 peripheral journals.


TABLE 5 Top 10 journals on research related to acupuncture regulating neuroplasticity.


	Rank
	Journal
	Publications (%)
	Citations
	Average citations
	SCIE edition
	Country/region
	JIF (2023)
	JCR (2023)
	H-index

 

 	1 	Frontiers in Neuroscience 	16 (6.06) 	309 	19.31 	Neurosciences 	Switzerland 	3.2 	Q2 	7


 	2 	Neural Plasticity 	16 (6.06) 	360 	22.5 	Neurosciences 	USA 	3 	Q2 	13


 	3 	Evidence Based Complementary and Alternative Medicine 	15 (5.68) 	226 	15.07 	Integrative & Complementary Medicine 	USA 	/ 	Q3 	9


 	4 	Neural Regeneration Research 	10 (3.79) 	111 	11.1 	Cell Biology / Neurosciences 	China 	5.9 	Q2, Q1 	5


 	5 	Brain Research 	6 (2.27) 	95 	15.83 	Neurosciences 	Netherlands 	2.7 	Q3 	4


 	6 	Brain Research Bulletin 	6 (2.27) 	80 	13.33 	Neurosciences 	USA 	3.5 	Q2 	4


 	7 	Frontiers in Neurology 	6 (2.27) 	31 	5.17 	Clinical Neurology/Neurosciences 	Switzerland 	2.7 	Q2, Q3 	3


 	8 	Brain and Behavior 	5 (1.89) 	20 	4 	Behavioral Sciences/ Neurosciences 	USA 	2.6 	Q2, Q3 	3


 	9 	Medical Science Monitor 	5 (1.89) 	66 	13.2 	Medicine, Research & Experimental 	USA 	2.2 	Q3 	4


 	10 	Neuroscience Letters 	5 (1.89) 	70 	14 	Neurosciences 	Netherlands 	2.5 	Q3 	4




 

[image: The image consists of two parts. Part A is a network visualization showing connections between various research journals, with "Frontiers in Neuroscience" and "Neural Plasticity" as central nodes. The lines indicate citation links, colored by year from 2014 to 2024. Part B is a Bradford’s Law graph detailing "Core Sources." The line graph shows article frequencies, and a diagram shows Zone 1 with 10 journals inside Zone 2 with 36 journals, and both inside Zone 3 with 87 journals. Visualization of interconnected scientific fields represented by colored clusters and labeled with categories such as Physics, Chemistry, Biology, and Medicine on a turquoise background. Lines connect clusters, indicating relationships or overlaps between disciplines.]

FIGURE 6
 Journal analysis of acupuncture regulating neuroplasticity research. (A) Co-occurrence map of journals. (B) Classification of journals according to Bradford’s law. (C) Dual-map overlay of journals.


Figure 6C shows a dual-map overlay of related journals on acupuncture regulation of neuroplasticity. The citing journals are displayed on the left side, and the cited journals are on the right side. The color path shows the citation relationship. There are three main citation paths in the diagram. Papers published in Molecular/Biology/Immunology usually cite papers published in Molecular/Biology/Genetics (z = 6.970, f = 2,257) and Psychology/Education/Social (z = 2.237, f = 794). Most of the literatures published in Neurology/Sports/Ophthalmology quoted papers published in Molecular/Biology/Genetics (z = 1.917, f = 695).



3.6 Analysis of references

Co-cited references, including multiple references cited together in one or more publications, are beyond the search period of this study and represent a wide range of public information resources in this field (16). In this study, VOSviewer is used to analyze the co-cited references to determine the most influential ones. There are 15,144 references in 264 publications. The top 14 co-cited references are shown in Table 6, including 11 articles and 3 reviews. Six of them were published in high-impact journals. The most frequently co-cited reference is an article published in Neuromodulation by LY Xiao team in 2018. This study reviews the preclinical evidence and related mechanisms of acupuncture in regulating neuroplasticity, indicating that neuroplasticity may be a potential bridge between acupuncture and the treatment of various neurological diseases. Another widely cited article, written by LM Chavez in 2017, was published in the International Journal of Molecular Sciences. This study summarized the known mechanisms of acupuncture and electroacupuncture for the rehabilitation of ischemic stroke at that time, and pointed out that DU20 (Baihui), ST36 (Zusanli), LI11 (Quchi), DU26 (Shuigou), DU14 (Dazhui) and LI4 (Hegu) were commonly used acupuncture points involved in these effects. Figure 7A presents a visual atlas of 18 references co-cited at least 10 times in the study of acupuncture regulating neuroplasticity in the past two decades, which provides convenient access to numerous of practical information for future researchers.


TABLE 6 Top 14 co-cited references and related information on research related to acupuncture regulating neuroplasticity.


	Rank
	Title
	First author
	Year
	Citations
	Journal
	JIF (2023)
	Type

 

 	1 	Applications of acupuncture therapy in modulating plasticity of central nervous system 	Xiao LY 	2018 	19 	Neuromodulation 	3.2 	Review


 	2 	Mechanisms of acupuncture therapy in ischemic stroke rehabilitation: a literature review of basic studies 	Chavez LM 	2017 	16 	International Journal of Molecular Sciences 	4.9 	Review


 	3 	Possible antidepressant effects and mechanism of electroacupuncture in behaviors and hippocampal synaptic plasticity in a depression rat model 	She YL 	2015 	13 	Brain Research 	2.7 	Article


 	4 	Electroacupuncture promotes post-stroke functional recovery via enhancing endogenous neurogenesis in mouse focal cerebral ischemia 	Kim YR 	2014 	12 	PLoS One 	2.9 	Article


 	5 	Mechanisms of acupuncture-electroacupuncture on persistent pain 	Zhang RX 	2014 	12 	Anesthesiology 	9.3 	Review


 	6 	Acupuncture stimulation at Baihui acupoint reduced cerebral infarct and increased dopamine levels in chronic cerebral hypoperfusion and ischemia–reperfusion injured sprague–dawley rats 	Chuang CM 	2007 	11 	The American Journal of Chinese Medicine 	4.8 	Article


 	7 	Electroacupuncture restores learning and memory impairment induced by both diabetes mellitus and cerebral ischemia in rats 	Jing XH 	2008 	11 	Neuroscience Letters 	2.5 	Article


 	8 	Acupuncture attenuates cognitive deficits and increases pyramidal neuron number in hippocampal CA1 area of vascular dementia rats 	Li F 	2015 	11 	BMC Complementary and Alternative Medicine 	—— 	Article


 	9 	Hippocampal cAMP/PKA/CREB is required for neuroprotective effect of acupuncture 	Li QQ 	2015 	11 	Physiology & Behavior 	2.4 	Article


 	10 	High-frequency electroacupuncture evidently reinforces hippocampal synaptic transmission in Alzheimer’s disease rats 	Li W 	2016 	11 	Neural Regeneration Research 	5.9 	Article


 	11 	Electroacupuncture decreases cognitive impairment and promotes neurogenesis in the APP/PS1 transgenic mice 	Li XY 	2014 	11 	BMC Complementary and Alternative Medicine 	—— 	Article


 	12 	Electroacupuncture at Baihui acupoint (GV20) reverses behavior deficit and long-term potentiation through N-methyl-d-aspartate and transient receptor potential vanilloid subtype 1 receptors in middle cerebral artery occlusion rats 	Lin YW 	2010 	11 	Journal of Integrative Neuroscience 	2.5 	Article


 	13 	Reversible middle cerebral artery occlusion without craniectomy in rats 	Longa EZ 	1989 	11 	Stroke 	7.9 	Article


 	14 	Acupuncture Attenuated Vascular Dementia-Induced Hippocampal Long-Term Potentiation Impairments via Activation of D1/D5 Receptors 	Ye Y 	2017 	11 	Stroke 	7.9 	Article




 

[image: Panel A shows a network visualization of citation links among various academic references, labeled with authors and publication years. Panel B lists the top 25 references with strong citation bursts from 2005 to 2024, detailing their year strength and citation details.]

FIGURE 7
 Reference analysis of acupuncture regulating neuroplasticity research. (A) Visual network diagram of the top 18 references co-cited references. (B) Reference burst detection of the top 25 references with the strongest emergent strength.


Burst detection of references is used to identify research frontiers and emerging references (17). CiteSpace is used to analyze the strongest citation burst of references (Figure 7B). The reference “DOI:10.1111/ner.12724” (18) is the document with the strongest burst (strength = 4.44) and has been frequently cited since 2020. In addition, the documents “DOI:10.1155/2020/8818328” (19), “DOI:10.4103/1673-5374.300454” (20), “DOI:10.1155/2020/8253904” (21), “DOI:10.1155/2018/7231378” (22) and “DOI:10.3892/ijmm.2018.3981” (23) are also the most urgent references in recent 3 years.



3.7 Keywords analysis

Keywords represent the core content and research theme of the literature (24). In this study a total of 1,586 keywords were extracted from publications using VOSviewer. “Acupuncture” is the core of all keywords with the highest frequency (109 times) and the widest association with other keywords (strength = 586). Other frequently-occurring keywords include “electroacupuncture” (94 times) “synaptic plasticity” (90 times) “expression” (39 times) “stroke” (36 times) “brain” (34 times) and “hippocampus” (29 times) (Figure 8A). A total of 14 clusters were generated by keyword cluster analysis: #0 mechanisms #1 Alzheimer’s disease #2 functional mir #3 acupuncture #4 essential oil #5 neuropathic pain #6 chronic pain #7 neural regeneration #8 natural killer cell activity #9 animal research #10 neural plasticity #11 expression #12 cell proliferation and #13 electric stimulation. It indicates that these clusters are prominent research topics and have attracted a lot of scholars’ attention in recent years (Figure 8B).

[image: Network visualization diagrams. Panel A shows a cluster map with terms related to acupuncture and neural processes, highlighting connections like synaptic plasticity and electroacupuncture. Panel B displays thematic clusters, each labeled with topics such as chronic pain and neural plasticity, showing overlapping research areas over time. Flow diagram connects educational institutions to keywords in neurology, with mapped countries. Keywords include electroacupuncture and stroke. Text lists the top 25 keywords with strong citation bursts from 2005 to 2024, indicating strength, beginning, and end years, with visual bars. Word cloud diagram showing research topics related to acupuncture from 2005 to 2024, including terms like "acupuncture," "neuroplasticity," "pain," and "cognitive impairment." Circles denote prominence over time. A gradient legend indicates the years, ranging from dark blue (2005) to light yellow (2024).]

FIGURE 8
 Keyword analysis of acupuncture regulating neuroplasticity research. (A) Visual network diagram of keywords. (B) Cluster analysis of keywords. (C) Three-field plot of the keywords. (D) Keyword burst detection of the top 25 references with the strongest emergent strength. (E) The time zone map of keywords.


Figure 8C further shows the proportion of core themes of each institution and country. As can be seen from the figure, almost all institutions and countries have contributed to the 13 topics represented by keywords. However, there are differences. In terms of institutions, Guangzhou University of Chinese Medicine is more interested in “depression.” Wenzhou Medical University pays great attention to “inflammation.” Seoul National University and Tianjin University of Traditional Chinese Medicine are more focused on “Alzheimer’s disease.” Beijing University of Chinese Medicine is more involved in “stroke.” As far as the country is concerned, China has made great contributions to all these hot spots. The USA focuses on “depression,” “neuropathic pain” and “stroke.” Korea is more involved in “hippocampus.”

The strongest bursts of keywords can clarify the research hotspots and trends in specific fields (25). Figure 8D shows the top 25 keywords with the strongest bursts in chronological order. The keywords of the first five bursts are “memory” (strength = 3.09), “brain” (strength = 2.72), “ischemic stroke” (strength = 2.71), “pain” (strength = 2.51) and “stimulation” (strength = 2.45). Recently, the research focuses on the key words “neuropathic pain,” “antidepressant,” “rehabilitation” and “rats.”

Figure 8E dynamically reflects the changing trend of hot spots in the research field of acupuncture regulating neuroplasticity with time. As can be seen from the figure, the key words in the period between 2005 and 2010 mainly focused on molecular signal pathways (such as glutamatergic system) and brain region specificity (such as prefrontal cortex and hippocampus). Mainly led by animal models, these papers explored the direct influence of acupuncture on neuron survival and synaptic transmission, which embodies the regulation mechanism of acupuncture on basic nerve plasticity. During the period of 2011–2018, the research focus turned to clinical major nervous system diseases, such as stroke, cerebral ischemia, Alzheimer’s disease and cognitive impairment, and functional magnetic resonance imaging (fMRI) was used to reveal the effect of acupuncture on the dynamic remodeling of brain network. During this period, the animal model studied explosive growth, focusing on the regulatory effect of acupuncture on functional recovery after cerebral ischemia and central sensitization of chronic pain. In 2019–2024, the research focus went deep into the molecular mechanism [such as brain-derived neurotrophic factor (BDNF) pathway and AMP-activated protein kinase (AMPK)] and extended to the field of metabolism-nerve intersection (such as diabetic neuropathy and anxiety comorbidity). The research scope breaks through the framework of single disease, pays attention to the systematic regulation of acupuncture on “brain-intestine axis” and “brain-immune axis,” and integrates molecular imaging, gene coding and clinical omics data by technical means.




4 Discussion


4.1 General information

According to the results of SCI-E database search, there are 264 articles about acupuncture regulating neuroplasticity in the past 20 years. The analysis of the annual publishing trend shows that the total number of global publications related to domain research has shown an overall growth trend, especially since 2023. This shows that the research in this field has entered a stage of rapid development and maintained a high degree of enthusiasm. It is predicted that the output rate of related literature in this field will continue to increase in the future. Among the 100 countries/regions participating in the research in this field, China is dominant, and the amount of published articles accounts for a large part of the total publications. This reflects the profound cultural and historical origin of China and acupuncture, and the strong support of the government and institutions for the research of traditional Chinese medicine. Compared with China, other countries, such as USA, South Korea and Brazil, have made remarkable contributions to this field, although their publications are few. In addition, Austria highlights the quality and international influence of its research with high centrality. These geographical distributions indicate the global interest in the field of acupuncture regulating neuroplasticity. It is worth noting that although China has the largest number of publications in this field, its cooperation with other countries is not frequent. China should continue to increase financial input and promote international cooperation and exchanges.

As far as research institutions are concerned, the top 10 institutions are mainly from China, which further highlights China’s important contribution to this research field. Guangzhou University of Chinese Medicine and Shanghai University of Traditional Chinese Medicine have made great contributions in this field. Beijing University of Chinese Medicine has the highest total citation times and H-index, which shows that it has high academic quality and influence. In addition, as a world-renowned university with high influence, Harvard University has the highest average number of citations, which indicates the growing interest and investment in acupuncture to regulate neuroplasticity in the USA. As far as the research authors are concerned, the key figures include CZ Liu, XY Hua and JG Xu. They have published many papers with the greatest influence, and their role in this field is crucial enough for scholars to refer to their work. However, the level of cooperation between different authors is low. Based on these findings, researchers from different countries/regions and institutions should strengthen cooperation, reduce academic obstacles, achieve high-quality research, and promote the development of research in the field of acupuncture regulating neuroplasticity.

In this study, a total of 133 journals were identified. The top 10 journals have published more than one third of the literatures, which are important journals in this field. These articles are mainly published in professional journals related to neuroscience. It can be inferred that the hotspots and trends of future research in this field may be displayed in these journals. Frontiers in Neuroscience and Neural Plasticity are the most popular journals, ranking first in the number of published articles. It shows that they have high academic status and international influence in this field. However, the overall JIF of the top 10 journals is low. One potential reason is that acupuncture research is highly specialized, which may not attract a wider and more common audience of high-impact journals. Many top journals tend to focus on research with wide applicability in different medical fields, while acupuncture research usually focuses on specific treatment methods or patient groups, which limits its fit with more versatile and influential journals. Therefore, researchers should strengthen research design and provide high-quality papers for publication in high-impact academic journals. Although challenges still exist, acupuncture research’s stable existence in professional journals has laid a solid foundation for future growth and wide acceptance of high-impact publications.



4.2 Research hotspots and frontiers

Through the analysis of references and keywords, we identified the main hot areas of acupuncture regulating neuroplasticity at present, and put forward the potential direction of future research. We found that the mechanism pathway of acupuncture regulating neuroplasticity is the hotspots and frontier of current research.

As a supplementary medical method, acupuncture is very popular all over the world, and has been used for various nervous system diseases, heart diseases, neuropathic pain, cancer, asthma, polycystic ovary syndrome and psychological disorders (26). In the past decades, the basic and clinical research of acupuncture has made great progress. Scientists try to explore the physiological and biological mechanism of acupuncture. In recent years, due to the rapid development of biotechnology, a series of breakthroughs have been made in the understanding of acupuncture regulation mechanism. Some basic studies show that acupuncture has many functions, such as analgesia, muscle relaxation, anti-inflammatory, mild anti-anxiety and anti-depression, and its possible biological mechanisms include central sensitization, neurotransmitters, intestinal flora, immune regulation, oxidative stress and neuroinflammation (27). In this study, we found that the following four pathways are the hotspots and frontiers in this field.


4.2.1 AMPK

AMPK is the main sensor of cellular energy at adenine nucleotide level, which evolves and maintains in all eukaryotes, and feels the energy content of cells through direct interaction with adenosine triphosphate, adenosine diphosphate and adenosine monophosphate (28). The activation of AMPK is related to the regulation of glucose, lipid and protein metabolism and the process of cell adaptation (such as autophagy and mitochondrial remodeling), and the activated AMPK plays a role by phosphorylating downstream effectors (29). It is reported that AMPK disorder exists in neurodegenerative diseases, such as stroke, Alzheimer’s disease, Parkinson’s disease, Huntington’s disease, multiple sclerosis and other neurological diseases (14, 30, 31). AMPK activation seems to have both neuroprotective and apoptosis-promoting effects, which may depend on the type of nerve cells, the nature of injury, and the intensity and duration of AMPK activation (32).

More and more evidence show that acupuncture can exert a wide range of neuroprotective effects by inhibiting neuronal apoptosis (33). Guo et al. (34) found that acupuncture intervention can reduce neuronal apoptosis by promoting energy metabolism and mitochondrial biosynthesis in the brain, and then alleviate the progress of ischemic stroke in rats. The mechanism may be mediated by inducing AMPK/peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1α) axis, in which AMPK is the therapeutic target. Cui et al. (35) found that the analgesic mechanism induced by electroacupuncture may be helpful to promote the autophagy of spinal microglia mediated by AMPK/mammalian target of rapamycin. Electroacupuncture can reduce the expression of p62 and increase the expression of Beclin-1 and Light chain 3-II/Light chain 3-I, which provides a potential therapeutic target for neuropathic pain. Guo et al. (36) found that electroacupuncture combined with sulforaphane can alleviate the skeletal muscle morphology and function of mice with sarcopenia by activating AMPK/sirtuin 1/PGC-1α pathway to mediate the repair of mitochondrial damage. Ding et al. (37) found that electroacupuncture can improve the depression-like behavior of post-stroke depression rats by activating AMPK and promoting mitochondrial function. Lan et al. (38) found that electroacupuncture activated AMPK through cannabinoid type 2 (CB2) receptors, and enhanced the expression of β-endorphin in mice inflamed skin, then to relieve inflammatory pain. This study revealed the new relationship between endocannabinoids, endorphins and AMPK in electroacupuncture analgesia, and highlighted CB2 receptors-AMPK-β-endorphin. Lyu et al. (39) found that electroacupuncture could improve the depressive behavior of ovariectomy rats by regulating synaptic plasticity and activating AMPK/nuclear respiratory factor-1/PGC-1α/mitochondrial transcription factor a signal pathway. In a word, acupuncture activating AMPK to regulate neuroplasticity is related to acupuncture regulating energy metabolism, inhibiting apoptosis, promoting neurotransmitter release and regulating synaptic function.



4.2.2 BDNF

BDNF is a member of neurotrophic protein family, which plays an important role in neurogenesis, growth, differentiation, survival and plasticity of neural network, making it have an impact on various neurological and mental diseases (40, 41). It has been proved that the decrease of BDNF level may be related to a series of pathology and neuron death in the field of neurodegeneration (42). Including Alzheimer’s disease, Parkinson’s disease, Huntington’s disease and amyotrophic lateral sclerosis, depression and anxiety (43). Many studies have confirmed that acupuncture therapy is beneficial to regulate the BDNF level. It is found that acupuncture treatment lasting for 21 days can improve fear memory, cognitive function and spatial memory of patients with post-traumatic stress disorder by regulating neuroinflammation in the brain and BDNF mRNA expression in hippocampus (44). In cancer survivors with insomnia and low baseline BDNF, acupuncture can significantly increase the serum BDNF level (45). Another study found that electroacupuncture can alleviate chronic inflammatory pain and related depressive behaviors, protect hippocampal neuron structure from damage, and regulate the levels of 5-hydroxytryptamine/gamma-aminobutyric acid (GABA)/Glu in hippocampus, and significantly increase the expression of synaptic related proteins such as postsynaptic density protein-95 and synuclein by activating BDNF/tyrosine-protein kinase B/cyclic adenosine monophosphate response element binding protein (46).

In recent years, researchers have paid attention to the study of BDNF mechanism of acupuncture on patients with depression. Acupuncture is a promising non-drug therapy for relieving depressive symptoms, which can replace drug therapy or supplementary therapy to improve the results (47). The pathogenesis of depression and the potential mechanism of antidepressant treatment are related to the BDNF/tissue plasminogen activator (tPA) cleavage pathway (48). It is found that electroacupuncture can reverse the depression-like behavior of rats with unpredictable mild stress-induced depression, which may be related to BDNF pathway in hippocampus. Electroacupuncture can up-regulate the levels of tPA, BDNF, tropomyosin receptor kinase B and BDNF mRNA in hippocampus and the content of tPA mRNA in raphe nuclei of rats (49). In patients with diabetes and depression, acupuncture may increase the expression of BDNF and improve the depressive symptoms and glycemic control of patients (50). In one study, rats with stress symptoms of social failure were treated with acupuncture at GV20 (Baihui) and Ex-HN3 (Yintang) points for 2 weeks, and it was found that acupuncture could restore the decreased expressions of BDNF, neurotrophin (NT)-3 and NT-4/5 in rats, effectively correct the imbalance of NTs expression, and induce the expression of NTs (51). This study also found that the effect of acupuncture on the expression of NTs appeared earlier than that of antidepressants. These indicate that acupuncture is an effective treatment for depression, and its induced BDNF expression can effectively improve mood.



4.2.3 Brain-intestine axis

As the peripheral tissue with the densest nerve distribution in the body, the intestine has many ways to establish a bidirectional “brain-intestine axis” with the central nervous system (CNS) (52). The brain-intestine axis is the main connection between digestive tract and CNS, which is composed of neural pathways such as the enteric nervous system, the sympathetic and spinal vagus nerve, and the humoral pathways involving cytokines, hormones and neuropeptides (53). The intestine sends signals to the brain through the spinal and vagus visceral afferent pathways and receives sympathetic and parasympathetic inputs through the vagus nerve, from the brain to the abdominal cavity, and contains motor, sensory and autonomic nerve fibers, which affect human development and behavior (54). Intestinal microbiota will produce neurotransmitters, such as GABA, histamine, dopamine, norepinephrine and serotonin, and other neuroactive molecules (55). The enteric nervous system is the internal nervous system of gastrointestinal tract, in which neurons organized into microarrays can regulate gastrointestinal function independently of CNS. However, although these systems are interconnected and interact with each other, preclinical and human studies show that intestinal microflora is involved in the regulation of social behaviors in a complicated way, such as depressive behaviors, physical manifestations and motivations, and more and more people realize the role of intestinal microflora in neurodegenerative diseases (56).

Related research has confirmed that acupuncture can adjust the disorder of intestinal microflora and restore the balance in the body by interfering with all aspects of the brain-intestine axis (57). Acupuncture can affect the abundance and structure of intestinal bacteria and balance the number and proportion of probiotics and pathogenic bacteria in the host. Conversely, acupuncture can reverse the metabolic disorder of various intestinal flora caused by various diseases by restoring the functions and metabolic pathways of key metabolites in the human body (58). A study has shown that acupuncture GB34 (Yanglingquan) and ST36 (Zusanli) can significantly reduce the number of pro-inflammatory pathogens such as bacteroides, and inhibit the activation and apoptosis of glial cells, thus reducing neuroinflammation (59). Chen et al. (60) found that acupuncture can prevent and weaken the depression-like behaviors of post-chronic unpredictable mild stress rats, possibly by regulating the nitric oxide/cyclic guanosine monophosphate pathway, thus improving the inflammation of serum, lateral habenular nucleus and liver, and the ecological imbalance of intestinal microflora. Jiang et al. (58) made a preliminary study on acupuncture regulating intestinal flora after stroke from the aspects of intestinal microbial structure, intestinal mucosal barrier, hypothalamus-pituitary–adrenal axis, metabolites and metabolic pathways, inflammatory response, and central neurons. Shi et al. (61) found that acupuncture therapy can improve cognitive impairment mainly by regulating intestinal flora, inhibiting inflammatory and improving metabolism and intestinal barrier. Bao et al. (62) showed that acupuncture treatment three times a week for 12 weeks can significantly reduce Crohn’s disease activity index and C-reactive protein, increase the number of operable taxonomic units of intestinal microflora and the relative abundance of Enterobacter faecalis prausnitzii and Rosella faecalis, and effectively reduce the levels of blood diamine oxidase, lipopolysaccharide and T helper type 1/T helper type 17-related cytokines, thus enhancing the intestinal barrier function.



4.2.4 Brain-immune axis

In this study, we found that the brain-immune axis is also the research hotspot and frontier of acupuncture regulating neuroplasticity pathway. Acupuncture has been proved to regulate immune response, especially neuroimmune response (63). The interaction between nervous system and immune system is an important mechanism for acupuncture to regulate the inflammatory process. Acupuncture regulates the immune response of various cell types through local biological and mechanical alterations, including endothelial cells, neutrophils, macrophages, fibroblasts and mast cells, and may regulate the systemic inflammatory response by participating in the vagus nerve system (64). It is found that acupuncture ST36 (Zusanli) achieves anti-inflammatory effect through vagus nerve activation, toll-like receptor (TLR) 4/nuclear factor-kappaB (NF-kappaB) signal, macrophage polarization, mitogen-activated protein kinase (MAPK) signal pathway and cholinergic anti-inflammatory pathway (65). In acupuncture stimulation, macrophages changed from M1 to the M2 phenotype, and the negative TLR4 regulator peroxisome proliferator-activated receptor-gamma is activated to inhibit the intracellular TLR/myeloid differentiation primary response gene 88 and nucleotide binding oligomerization domain signaling pathways, and the downstream inhibitor of nuclear factor Kappa-B isoform alpha/NF-kappaB and P38 MAPK pathways are subsequently inhibited, followed by suppressed production of inflammatory bodies and proinflammatory mediators (66). Acupuncture plays an important role in the plasticity of inflammatory pain neurons, which inhibits the excessive germination of tyrosine hydroxylase immunoreactive of sympathetic nerve, thus alleviating the pain caused by inflammation (67). In addition, acupuncture also regulates the balance of regulatory T cell population. For example, electroacupuncture stimulates the activation of Treg cells to induce the production of higher levels of interleukin-10, and the number of macrophages and neutrophils decreases, thus inhibiting the expression of pro-inflammatory mediators (interleukin-1β, NOD-like receptor family pyrin domain-containing 3 and tumor necrosis factor α), and finally inhibiting inflammation and pain (68).




4.3 Challenges in the research field of acupuncture regulating neuroplasticity


4.3.1 The mechanism research is not thorough and comprehensive

Although acupuncture has been found to regulate several signal pathways to affect neural plasticity, the relationship between these signal pathways and the network regulation mechanism are not completely clear. For example, in the process of acupuncture regulating neuroplasticity, how to cooperate between neurotrophic factor-related signal pathways and other signal transduction pathways in cells needs further study. The specific effects of different acupuncture points or stimulation parameters on neuroplasticity are also the research focus of the specific molecular mechanism of acupuncture in the future. By using the techniques of transcriptomics, proteomics and metabolomics (69), the changes of genes, protein and metabolites in nerve tissue before and after acupuncture were comprehensively analyzed, and the potential biomarkers and action targets were excavated, and the molecular mechanism and network regulation mechanism of acupuncture regulating neuroplasticity were deeply revealed to further deepen the mechanism research.

In addition, there is a lack of multi-level integration research in this field. Neuroplasticity is a complex process involving molecules, cells, tissues and the whole. At present, acupuncture research is mostly concentrated in one or several levels, lacking the multi-level integration research from genes, protein, cells to the whole animal model. For example, the effect of acupuncture on the expression of some genes has been studied at the molecular level, but the research on how to further affect neural circuits and brain functions at the cellular and tissue levels is still relatively weak. In the future, we should combine neural tracing technology (70), optogenetics (71), brain imaging technology (such as fMRI and diffusion tensor imaging) (72, 73), and to study the influence of acupuncture on neuroplasticity from the aspects of neural circuits and brain networks. To clarify how acupuncture can regulate the connection and information transmission between neurons, and reshape the abnormal brain function network, then to provide a deeper theoretical basis for acupuncture treatment of nervous system diseases.



4.3.2 Defects in clinical research

Our research has found that animal experiments are mostly used in this field at present. However, the results of animal experiments (such as rat model) are difficult to be directly applied to clinic, and how to solve the problem of clinical transformation is still a challenge. From a global perspective, the research on acupuncture regulating neuroplasticity for scholars is still limited. Some clinical studies on acupuncture treatment of neuroplasticity-related diseases have some problems, such as small sample size, insufficient randomization, lack of control or unreasonable control. This leads to the lack of reliability and persuasiveness of the research results, and it is difficult to accurately evaluate the true efficacy and safety of acupuncture.

For animal studies, the ARRIVE 2.0 guidelines should be followed. The control group must be consistent with the intervention group at baseline (same batch of animals, identical genetic background, and feeding environment). Invasive intervention needs sham operation control group, such as only skin incision without acupuncture. An additional positive control drug (such as a BDNF agonist) can be added to verify the mechanism. Furthermore, a verification mechanism for positive control drugs (such as BDNF agonists) can be added. And the calculation method of sample size needs to be clear to ensure statistical efficiency.

In clinical research, the scientific design of a standardized control group is crucial for improving research quality. Clinical trials need to refer to the guidelines on CONSORT expansion of non-drug treatment clinical trials. It is recommended to set up a sham acupuncture control group to eliminate the placebo effect, such as using non-acupoint shallow needling and non-penetrating needles, and ensure that the video rate and communication intensity of treatment visits are consistent with those of the real acupuncture group. When comparing with other therapies, a positive control group is required, adopting adopt clinically recognized standard therapies, strictly follow the guidelines to standardize medication or operation. Meanwhile, the basis for the control group design should be described in detail, and blinding (such as the objective indicator tester is unaware) and hidden distribution measures should be implemented to reduce bias. In the future, it is necessary to follow the basic principles of clinical research and the above guidelines, strictly design large-sample, multi-center, randomized controlled double-blind research, reasonably set up control groups, adopt scientific randomization methods and allocate hidden measures to improve the reliability and scientificity of research results.

In addition, at present, the evaluation indexes of acupuncture efficacy in clinical research are diverse and lack of uniform standards, and different studies adopt different evaluation scales and detection methods. There are differences in the specificity and sensitivity of these indexes in reflecting the influence of acupuncture on neuroplasticity, which is not conducive to the comparison and popularization of research results. A unified, objective, sensitive and specific evaluation system of acupuncture curative effect was established by comprehensively considering various factors that acupuncture affects neural plasticity, combining clinical symptoms, functional recovery, imaging changes and electrophysiological indexes. To ensure the comparability of results between different studies and provide strong evidence for the clinical popularization and application of acupuncture therapy.



4.3.3 Acupuncture technology is difficult to standardize and individualize

Acupuncture therapy has many attributes, such as acupuncture type, acupuncture frequency, selection of acupoints, and whether it can deqi, which may be the influencing factors of acupuncture on nerve plasticity. Few studies directly examine the influence of these parameters on clinical outcomes (74). A study has discussed the dose-effect relationship between different acupuncture doses (frequency, needle retention time and course of treatment) and clinical efficacy (64). It is found that the best frequency of acupuncture is low frequency (once every 2 days) and medium frequency (once per day), and the best course of treatment is short-term (<14 days). Individual differences in acupuncture efficacy and standardized treatment schemes still need to be verified. In the future, based on big data analysis and artificial intelligence technology, combined with the individual characteristics of patients (including physique, genetic characteristics, illness, course of disease, etc.), a personalized acupuncture treatment model can be established. Formulate the most suitable acupuncture points, techniques, frequency and course of treatment for each patient to achieve accurate treatment and improve the effect of acupuncture treatment.





5 Limitations of the study

Although this study is strictly implemented, there are still some limitations to be discussed. First, due to the limitation of bibliometrics software, all bibliometrics data contained in this study are from SCI-E database, and some related literatures may be inevitably omitted. Secondly, this study only includes English articles and reviews, and non-English or other types of published documents are not included in this study. As many literatures on acupuncture trials are published in Chinese, the English - only search may omit significant studies, potentially skewing hotspot mapping and trend analysis. In addition, different countries/regions have different investment in acupuncture technology, which may lead to publication bias. However, through bibliometric analysis, this study presents the research status and trend in the field of acupuncture regulating neuroplasticity. The visual analysis of published literatures is helpful for researchers to quickly understand the hotspots and trends in this field and provide a basis for finding new research directions.



6 Conclusion

Bibliometric analysis of acupuncture regulating neuroplasticity provides valuable insights on the current research status and development trend. With the increasing research in this field, cooperation between different countries/regions, institutions and authors should be strengthened. AMPK, BDNF, brain-gut axis and brain-immune axis are the research hotspots and frontiers in this field. In the future, with the improvement of technical level, we should deepen the mechanism research, optimize clinical research and promote the standardization and individualization of acupuncture technology, which is expected to further reveal the scientific connotation of acupuncture regulation plasticity.
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