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Abstract 
This study constructs an acupuncture knowledge graph (AcuKG) to systematically organize and 
represent acupuncture-related knowledge in a structured and scalable format. By extracting and 
integrating knowledge from diverse data sources, covering indication, treatment efficacy, 
practice guidelines, clinical research etc., AcuKG enhances knowledge discovery and utilization 
while improving data interoperability in the field of acupuncture. To achieve this, we employ 
multiple methods, including entity recognition, term normalization, semantic relation extraction, 
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ontology mapping, etc., to extract and organize the acupuncture-related knowledge. Beyond 
knowledge structuring, to demonstrate AcuKG's usability, we developed two use cases. First, 
AcuKG can assist obesity acupuncture knowledge discovery by linking key acupoints to obesity 
related acupuncture treatment efficacy research. Additionally, we demonstrate that knowledge 
injection into large language models (LLMs), such as ChatGPT and LLaMA,  significantly 
improves their ability to answer acupuncture-related questions, increasing response accuracy. 
This work establishes a structured foundation for acupuncture knowledge representation, 
contributing to more reliable and efficient knowledge retrieval and discovery, and benefiting 
researchers, clinicians, and artificial intelligence (AI) applications in the field.  
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Introduction  
Acupuncture, a traditional Chinese medicine practice, has been widely accepted worldwide [1], 
[2], [3], [4], [5]. The number of licensed acupuncturists in the U.S. increased by 257% from 1998 
to 2018, reaching a total of 37,886 [6]. Recognized by the National Institutes of Health (NIH) as 
a therapeutic intervention in complementary medicine 5, acupuncture is now primarily 
administered as an adjunctive treatment and complementary medicine [5], [6], [7, pp. 
2002–2012], [8].  To alleviate various health conditions, acupuncturists use fine needles to insert 
into specific points on the human body, known as acupuncture points or acupoints [9]. According 
to ancient meridian theory, acupoints are located along meridians, which are channels forming a 
network system on the human skin where "Qi" (energy) flows [10]. Acupuncture helps unblock 
the Qi, allowing it to pass through the meridians and thereby treat diseases [10], [11]. Interest in 
acupoints has grown among physicians and researchers, with studies reporting their efficacy in 
treating conditions such as migraine, chronic pain, chemotherapy-induced nausea and vomiting, 
cancer, etc [1], [9], [12], [13], [14], [15], [16], [17], [18].  
 
As acupuncture continues to gain recognition as a complementary therapy, there is a growing 
need to substantiate its efficacy with robust scientific evidence or explore the new potential 
efficacy of acupuncture. However, the traditional knowledge of acupuncture, often rooted in 
ancient practices, presents a unique challenge when it comes to integrating it with modern 
biomedical research and clinical data analysis [19], [20], [21]. One of the main reasons that 
impedes the efficient utilization of acupuncture knowledge for research and clinical application is 
that acupuncture knowledge suffers from fragmented and unstructured text spread across 
various sources, including books, web resources,  traditional practices, research literature, and 
clinical trials[22]. The elements of acupuncture, such as acupoints, body locations, and 
measurement units, are plagued by inconsistent names, abbreviations, and coding systems 
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across various studies [23], [24], [25]. Consequently, the data value and the translational value 
for acupuncture-related research, and evidence-based clinical practices are somewhat 
hindered.   
 
Knowledge graph, which can provide a structured set of entities and their relations within a 
specific domain, facilitate data standardization, integration, knowledge representation, sharing, 
analysis, and mining [26], brings new potential for comprehensive analysis and practical 
application of acupuncture data. Previous efforts to build acupoint ontologies and knowledge 
graphs exist. For instance, Guan and Xie supplemented and adjusted the semantic types of 
acupoints and acupuncture methods, and designed a classification framework to construct 
acupuncture terminology sets [27]. Han et al. proposed the Acupuncture and Tuina Knowledge 
Graph to better understand and utilize knowledge from Traditional Chinese Medicine's ancient 
literature [28]. Li et al. established a knowledge graph of acupuncture and tuina, including 
locations and indications, based on Chinese literature and web sources [29]. Existing standards 
such as Systematized Medical Nomenclature for Medicine–Clinical Terminology (SNOMED CT) 
and Read Codes (RCD) include acupoints but with limited information [30], [31]. While previous 
efforts have laid the foundation for acupuncture knowledge representation, they remain limited 
in scope, they have often been coarse-grained, lacking detailed semantics, aggregated 
knowledge, or clinical evidence [27], [28]. Therefore, establishing a data-driven, 
evidence-based, and computationally structured acupuncture knowledge system that can align 
with modern clinical practices is crucial but remains an unresolved challenge. 
 
To address these challenges and bridge the gap between clinical practice, scientific research, 
and digital applications in the field of acupuncture, this study aims to capture the intricate details 
of acupuncture points, their clinical indications, and associated clinical evidence to construct a 
comprehensive, unified and structured repository of acupuncture knowledge. Previously, we 
have extracted the acupoint-related entities (acupoint, anatomy, direction, distance, general 
location, and subpart) and relations ('direction_of', 'distance_of', 'part_of', 'near_acupoint', and 
'located_near') from the World Health Organization Standard Acupuncture Point Locations in the 
Western Pacific Region (WHO Standard)  with machine learning models and large language 
models respectively [10], [32]. Building on our previous work, we expanded beyond acupuncture 
location-related knowledge extraction from WHO Standards to integrate a broader range of 
acupuncture-related information from diverse sources, creating a comprehensive knowledge 
graph that provides a multidimensional perspective on acupuncture knowledge. 

This study aims to develop a structured and comprehensive knowledge graph that integrates 
fragmented acupuncture knowledge and facilitates its application in acupuncture research and 
clinical practice. By consolidating fragmented data from multiple high-quality resources, 
including acupuncture online resources, literature, clinical trials, and specialized ontologies, we 
curated AcuKG, a knowledge graph designed to encapsulate a wide range of data while 
providing comprehensive, standardized, and integrated acupuncture knowledge.  
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Material and Methods 
In this study, we utilized various acupuncture-specific data sources to collect, organize, and 
represent acupuncture-related knowledge. As shown in Figure 1, this section provides a 
detailed overview of the data sources used, the processes of entity extraction, relation 
extraction, the ontology mapping approach, and the graphical representation of our knowledge 
graph AcuKG. Furthermore, we present two use cases designed to evaluate the usability and 
effectiveness of the AcuKG. 
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            Figure 1 Overall framework of the study.This figure illustrates the structured workflow of AcuKG 

construction and application. (a) Data and Standards.  Various data sources, including clinical 
trials, biomedical literature, WHO standard, and web resources with ontologies and coding 
systems like SNOMED CT, UBERON, and MeSH. (b) Methods and Tools. Entity and relation 
extraction, ontology mapping, and natural language processing techniques were employed to 
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build the knowledge graph. (c) Knowledge Graph AcuKG. A structured representation 
capturing relationships between acupoints, indications, anatomical locations, and action targets. 
(d) Use cases. Demonstrates AcuKG’s applicability in clinical decision-making and knowledge 
discovery. 
 

Data sources 
The data sources used in this study included a diverse range of credible databases and 
resources to ensure comprehensive acupuncture knowledge coverage and quality. We gathered 
acupuncture knowledge from WHO Standard, specialized acupuncture web resources, clinical 
trial registry, and clinical study articles indexed by PubMed (Table 1) [33], [34], [35]. Additionally, 
to ensure standardized terminology and interoperability in our knowledge graph, we linked our 
knowledge graph to multiple ontologies and coding systems that are well established in the field 
of biomedical and clinical research (Table 1), such as UBERON, SNOMED CT, and Medical 
Subject Headings (MeSH) [36], [37], [38], [39]. These data sources provided a robust foundation 
for building a fine-grained and reliable knowledge graph, facilitating the standardization and 
integration of acupuncture-related information. 
 
Table 1 Description of data sources 

Type of data source Data source Data 
format 

Collected Data 

Acupuncture 
knowledge  

WHO Standard [33] PDF Acupuncture points, and 
description about the 
acupoint location 

Acupuncture Web 
Resources [34]  

HTML Acupuncture points, 
Indications, Actions 

Clinicaltrial.org [35]  JSON Acupuncture points, 
Conditions 

PubMed XML/PDF Acupuncture points, 
Conditions 

Ontologies/Coding 
systems 

SNOMED CT [40]   
 

Indications, Actions, 
Anatomical locations, and 
Acupuncture points 

MeSH [39]  JSON Conditions 

UBERON [37]  CSV Anatomical locations 
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Acupuncture Knowledge Sources 

(1) WHO Standard was developed to harmonize acupuncture practices by providing consistent, 
scientifically validated references for 361 point locations [33]. Developed through expert 
collaboration and comprehensive reviews, It serves as an essential resource for practitioners, 
educators, and researchers, facilitating the integration of acupuncture into modern healthcare 
systems and supporting international collaboration [33]. (2) Acufinder.com is a comprehensive 
online resource dedicated to acupuncture and traditional oriental medicine [34], [41], [42], [43]. 
The website offers detailed information on each acupuncture point, including its code, Chinese 
name, English name, location, indications, and traditional actions. By providing this extensive 
knowledge, Acufinder.com aims to support the professional growth of acupuncturists and 
facilitate research in the field of acupuncture and oriental medicine. (3) PubMed is a free, 
publicly accessible database maintained by the U.S. National Library of Medicine (NLM) that 
provides comprehensive coverage of biomedical and life sciences literature [44]. We retrieved 
all literature related to acupoints from PubMed, focusing on clinical studies [45]. Our MeSH term 
based query ensured that the retrieved literature was relevant, of high quality, and reflected the 
most up-to-date knowledge in acupuncture research. (4) ClinicalTrials.gov is a publicly 
accessible database maintained by the NLM that provides information on clinical studies 
conducted worldwide [35]. We conducted a systematic search of ClinicalTrials.gov using a 
predefined acupuncture point vocabulary [45] to identify relevant clinical trials involving 
acupuncture. 

Ontologies and Coding Systems 
(1) Uber anatomy ontology (UBERON) is an integrated cross-species anatomy ontology 
representing various entities classified based on traditional anatomical criteria like structure, 
function, and developmental lineage [37]. (2) SNOMED-CT is the most comprehensive, 
multilingual clinical healthcare terminology that provides codes, terms, definitions, synonyms, 
and definitions of clinical findings, symptoms, diagnoses, procedures, body structures, 
organisms and other etiologies, substances, pharmaceuticals, devices, and specimens used in 
the clinical documentation and reporting [38], [46], [47]. (3) MeSH is the controlled vocabulary 
used to index journal articles and books in the biomedical domain, especially PubMed [48]. 
MeSH is also referenced by the ClinicalTrials.gov registry to classify the diseases studied by the 
clinical trials [48].  

 

Building the Acupuncture Knowledge Graph   
To construct our comprehensive knowledge graph, We first defined the scope of five types of 
entities and eight types of relationships to be extracted from various sources. The entities 
include acupoint, action target, indication, condition and anatomical location, while the 
relationships encompass direction_of, part_of, distance_of, near_acupoint, located_near, 
has_target, treats, and co-occurrence. Then, we undertook meticulous data processing and 
extraction steps for diverse data sources, including OCR, entity recognition, term normalization, 
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semantic relation extraction, ontology mapping, etc. The specific methods and data organization 
process are outlined below. 

Entity extraction 
(1) Optical Character Recognition (OCR) 
The WHO Standard is provided as a searchable PDF, and OCR models were used to extract 
key information embedded in this document. We extracted acupoint codes, names, body parts, 
and location descriptions, converting them into XML format. Our approach utilized PDF content 
identification techniques based on the Apache PDFBox package, which efficiently facilitates text 
extraction from WHO Standard PDF document [49]. Our method employed a two-step process: 
(1) PDF layout analysis to identify logical sections (e.g., header, footer, abstract) based on page 
numbers and column order, and (2) graphic coordinate analysis to pinpoint tables, figures, and 
images within each block. Each acupoint section is structured with text descriptions on the left 
and corresponding images on the right, separated by lines, this standardized layout ensures 
precision and efficiency in extraction.  
 
(2) Rule based NER  
For the web-based data from Acufinder.com, we employed rule-based natural language 
processing (NLP) methods to extract indications and actions [50]. This process involved splitting 
sentences, removing stop words, and restructuring phrases to standardize the concepts. 
Indications, represented as noun phrases or prepositional phrases, were extracted and 
processed accordingly. Noun phrases were obtained by splitting elements separated by 
commas, while prepositional phrases were handled by generating combinations of nouns and 
verbs before and after the preposition if only one preposition and one conjunction were present. 
For example, the indication phrase "pain in the elbows and arm" was restructured into "elbows 
pain" and "arm pain." In cases with more complex structures, such as "redness and swelling of 
fingers and the dorsum of the hand," manual splitting was performed. For actions, verb-object 
collocations were extracted by removing stop words (e.g., "a," "an," "the"), and then splitting 
phrases based on punctuation (commas, periods) and conjunctions (e.g., "and," "or") to ensure 
consistent representation.  
 
(3) Machine learning based NER  
For the acupoint location entity extraction from the text description within WHO Standard, we 
used multiple machine learning based NLP methods, including Conditional Random Fields 
(CRFs) and Recurrent Neural Networks (RNNs) to extract entities like Anatomy, Direction, 
Distance, General Location, and Subpart [10]. CRFs were applied for sequence labeling tasks 
to extract entities using n-grams and word embeddings as features. RNNs were employed to 
capture sequential dependencies and identify relationships between acupoints and anatomical 
locations. The results were evaluated using 5-fold cross-validation on annotated datasets, 
achieving high accuracy in extracting acupoint-related entities. These methods were 
comprehensively described and validated in our previous study [10]. In this study, we integrated 
the entity extraction results by the best performed models to the AcuKG knowledge graph. 
 
(4) Concept extraction based on terminologies 
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For clinical trials, we used the application programming interface (API) of clinicaltrials.org to 
collect clinical trials that contain acupuncture points based on our predefined acupoint 
vocabulary. For each clinical trial, all the acupuncture points information, and all the relevant 
MeSH terms were extracted, which represents the primary disease or condition being studied in 
the trial. For the PubMed literature, we conducted several steps to extract the entities of 
acupuncture points and conditions. First, we obtained all the full-text articles available in 
PubMed Central (open access dataset) from the acupuncture literature we retrieved. Then, we 
extracted the methods and results sections of each article, as these are most likely to contain 
the research questions and findings related to acupuncture points and their associated 
conditions [51]. Next, for each MeSH-indexed article from PubMed, we extracted all their MeSH 
terms and filtered those categorized as representing the primary disease or condition using the 
same MeSH term subset as clinical trials [45]. Subsequently, we also used our predefined 
acupoint vocabulary [45] that contains all the acupoint codes and names, to capture the 
Acupoint terms from each article. This concept extraction method allowed us to focus on the 
identification of acupuncture points and conditions from the literature.  

Relation extraction 
(1) LLM based relation extraction 
To build the location relations of acupuncture points, we included relations annotated in our 
previous study, which was based on acupoint descriptions from the WHO Standard [32]. Five 
types of location relations are defined to accurately represent acupoint locations: direction_of, 
indicating the direction of one relative acupoint or anatomy to the acupoint of interest; 
distance_of, denoting the distance to the acupoint or anatomy; part_of, representing the subpart 
of the anatomy; near_acupoint, referring to adjacency to the relative acupoint; and 
located_near, signifying the proximity of the anatomy to the acupoint of interest. Multiple LLM 
based relation extraction methods were explored and validated in our previous study [32]. In this 
study, we integrated the relation extraction results to the AcuKG knowledge graph. 
 
(2) Terms co-occurrence analysis 
Based on the extracted entities of acupuncture points and conditions from literature and clinical 
trials, condition terms were paired with the acupoints in the same literature or clinical trial using 
the co-occurrence analysis method. In terms of different data sources, we specify the 
co-occurrence relations into two subtypes of co-occurrence relations: has_pubmed and 
has_clinicaltrials. These pairs, along with their National Clinical Trial Identifier Numbers (NCT 
IDs) or PubMed reference numbers (PMIDs), provided a comprehensive and fundamental 
structured network for building acupoint-condition relations for the acupuncture knowledge 
graph.  

Entity normalization and ontology mapping 
For the Acufinder.com online data, two authors reviewed extracted acupoints names, 
indications, and actions associated with each acupoints[50]. Inconsistent names and 
expressions were manually corrected and normalized to the accurate term name. To further 
enhance entity standardization level, we performed name matching of acupoints and anatomical 
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location terms with concepts and their corresponding synonyms from SNOMED CT and 
UBERON. This ensured the use of consistent terminology and facilitated the accurate semantic 
representation of data in our knowledge graph. This structured approach allowed seamless 
integration of extracted acupuncture knowledge into our comprehensive knowledge graph 
AcuKG. Additionally, we linked each PubMed article's PMID and each Clinical Trial's NCTID for 
quick indexing.  

Graph query and visualization 
AcuKG was visualized using Neo4j software with py2neo Python package, a client library and 
toolkit for working with Neo4j from within Python applications and from the command line [52], 
[53]. The data were first transformed to a triple format suitable for Neo4j with 
properties/attributes attached to entities and relations. Entities such as specific Acupoint, 
Anatomical location, and Condition were represented as nodes, while relations such as treats 
and located_near were defined as edges. In addition, we added the Chinese names, pinyin 
names, and MeSH IDs as properties/attributes of acupoints and MeSH terms. The NCTIDs and 
PMIDs were added as properties/attributes of relations from clinical trials and literature. Neo4j’s 
Cypher query language was used for searching and querying. Overall, with the graphical 
interface, AcuKG allows clinicians and researchers to visualize data and facilitates easier 
knowledge retrieval and querying. 
 

Evaluation Methods 
To ensure the content accuracy of AcuKG, we implemented the following processes: (1) two 
authors conducted a manual review of the extracted content from the acupuncture web resource 
and the WHO Standard; and (2) for the content extracted from PubMed and Clinical Trials, 
entities were extracted based on predefined vocabularies or annotated terms, so they are 
normalized and consistent. Meanwhile, to maximize the accuracy of the relations, we applied a 
frequency-based filtering approach, single-occurrence relations were excluded to reduce error 
relations that may result from extraction errors or occasional mentions. Only acupoint-condition 
pairs that appeared at least twice were included 

To evaluate the usability of AcuKG, we designed two use cases. The first use case focuses on 
obesity and acupuncture knowledge discovery, given that obesity is a global health concern 
associated with chronic diseases, while acupuncture shows potential as a complementary 
treatment. However, the relationship between acupuncture and obesity, as well as its efficacy, 
remains underexplored. Meanwhile, large language models (LLMs) show promise in medical 
applications but lack accuracy in specialized domains like acupuncture. In the second use case, 
we tested whether GPT-4o and LLaMA 3 improved their accuracy in acupuncture-related 
question answering by incorporating AcuKG as structured input data, measuring correctness via 
a real acupuncture exam. These use cases demonstrated AcuKG’s application scenarios and 
the capability of empowering AI applications in the Acupuncture domain. 
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Results 

Entities and relations in AcuKG 
AcuKG was constructed with triples as entities and relations between entities. A total of 1,839 
entities were created, encompassing five types in our KG(Figure 2 (a)): acupoint (361, 19.63%), 
action target (230, 12.51%), indication (447, 24.31%), anatomical location (404, 21.97%), and 
condition (397, 21.59%). Every acupoint has its English name, Chinese name and Chinese 
pinyin name as properties/attributes. Every MeSH term has its corresponding MeSH ID as 
properties/attributes. 

The KG also defines various semantic relations between these entities. Among the 11,527 
established relations, an overview of their types and frequencies in the KG is presented as 
follows (Figure 2 (b)): direction_of (812, 7.04%), part_of (526, 4.56%), distance_of (302, 2.62%), 
near_acupoint (191, 1.66%), located_near (1127, 9.78%), has_clinicaltrials (4305, 37.35%), 
has_pubmed (469, 4.07%), treats (2362, 20.49%), and has_action (1433, 12.43%). For relations 
between acupoints with conditions, the NCT IDs of the clinical trials or PMIDs of the PubMed 
articles, were also collected as properties/attributes of the corresponding relations.  

The spatial relation direction_of plays a critical role in acupuncture, as understanding these 
distributions allows for better modeling of acupoint placements and their potential interactions 
with physiological structures. Figure 2(c) shows that the most common subtypes of direction_of 
(n=39) are "lateral to" (17%) and "between" (15%), followed by "superior to," "same level as," 
and "inferior to" (each around 11-12%). "Connecting" (10%) and "proximal to" (6%) are 
moderately frequent, while "posterior to" and "anterior to" are less common (around 3% each). 
The remaining 12% fall into the "others" category.  

The part_of relation is particularly important in defining hierarchical structures within 
acupuncture, as many acupoints are defined based on their position relative to larger 
anatomical locations. Figure 2 (d) illustrates the distribution of the part_of relation subtypes 
(n=143). The majority fall into the "centre of" (10%) and "inferior border of the spinous process 
of" (6%) category, with other subtypes having smaller proportions.  

The distance_of relation is particularly relevant in acupuncture practice, as the precise 
measurement of acupoint spacing is crucial for accurate needling and treatment planning. 
Figure 2 (e) shows the distribution of the distance_of relation subtypes (n=28). The most 
common measurements are 2 B-cun (16%), 3 B-cun (15%), and 1.5 B-cun (13%). The "others" 
category accounts for 11% of the total.  

The has_action relation describes the functional effects of acupoints on physiological processes, 
making it essential for understanding the therapeutic mechanisms of acupuncture. Finally, the 
distribution of the has_action relation subtypes (n=80) is illustrated in Figure 2 (f). The most 
prevalent actions are "clears" (9%) and "regulates" (8%), followed by "benefits," "removes," and 
"tonifies", each accounting for 4-5% approximately.  
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Figure 2 Distribution of (a) entities: Five types of entities, including acupoint, indication, action 
target, and anatomical location, are represented in the knowledge graph; (b) relations: Various 
relation types and their frequencies, such as direction_of, part_of, treats, etc. Subtype of (c) 
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direction_of: Common spatial relations include "lateral to" (17%) and "between" (15%), with 
other directional terms distributed accordingly; (d) part_of: Hierarchical anatomical structures 
are represented, with "centre of" (10%) and "inferior border of the spinous process of" (6%) 
being the most frequent; (e) distance_of: Key spatial measurements, including 2 B-cun (16%) 
and 3 B-cun (15%), are identified; (f) has_action: Functional relations of acupoints are 
highlighted, with "clears" (9%) and "regulates" (8%) as the most prevalent therapeutic actions. 

 

Mappings to external ontologies 
Table 2 provides a breakdown of entities that are mapped to different external ontologies, along 
with the number of mappings for each entity type. It includes acupoint entities (n=361), 
indication entities (n=446), and action target entities (n=229) mapped to SNOMED CT. 
anatomical space (n=8) and anatomical location entities (n=395) mapped to UBERON,  in 
addition to SNOMED CT. These mappings to external ontologies enhance the structured 
representation and interoperability of acupuncture-related concepts, facilitating their integration 
and utilization in various biomedical applications.                            
  
Table 2 Overview of the mapped entities in the external ontology 
 

Number of 
mappings 

Mapped external 
ontologies 

Examples 

Acupoint 361 SNOMED CT BL1, CV1, GB1 

Anatomical 
Space 

8 SNOMED CT, 
UBERON, 

Flexion, Anterior median line, 
Midaxillary line 

Anatomical 
Location 

395 SNOMED CT, 
UBERON, 

Acromion, Anus, Calcaneus 

Indication 446 SNOMED CT Abdominal pain, Amnesia, Anorexia 

Action Target 229 SNOMED CT Liver Function, Blood Circulation, 
Emotion 

Condition 397 MeSH Quality of Life, Dry Eye Syndromes, 
Obesity 

 
 

Graphical query with visualized user interface 
AcuKG provides retrieving and querying functions for users to better support our data 
application. Table 3 shows some example queries to simulate real application questions. Here, 
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For example, a researcher may need to investigate all the information about one particular 
acupoint, like HT3. With query 1, we can get all the relations of acupoint “HT3”. In our result 
(Figure 3), HT3 related to 3 action targets, 9 indications, 3 anatomical locations and 43 MeSH 
terms including its names, locations, potential targets, and research information. With this 
organized information. With our KG, it would be easier for researchers to find the potential target 
diseases or symptoms for a particular acupoint and help them narrow down the research scope 
and find valuable research recommendations. 
 
Table 3 Example Queries 

 

No Questions in human language Queries in Cypher query language 

1 What can I know about the acupoint 
“HT3”? 

MATCH (n{name:"HT3"})--(o) RETURN n,o 

2 Which acupoints should I choose for 
depression? 

MATCH (n:Acupoint)--(o{value:"Depression"}) 
RETURN n,o 

3 Where is the acupoint “HT3”? MATCH (n:Acupoint)-[r]-(o{value:"Stomach"}) 
RETURN * 

4 Which clinical trials and PubMed 
articles have investigated the potential 
relationship between HT3 and 
vomiting? 

MATCH (n{name: "HT3"})--(o{value:"Vomiting"}) 
RETURN * 
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Figure 3. Graphical Query Results of Acupoint HT3 (Query Example 1) This figure presents 
the query results for HT3, illustrating its associations with various entities in AcuKG. HT3 is 
linked to three action targets, nine indications, three anatomical locations, and forty-three MeSH 
terms. 
 

AcuKG Use Cases 

Use Case 1: Accelerate obesity acupuncture knowledge discovery 
Obesity is a global health issue characterized by excessive body fat accumulation that poses 
significant risks to health [54], [55]. According to the World Health Organization (WHO), the 
prevalence of obesity has tripled since 1975, with over 650 million adults worldwide classified as 
obese as of 2016 [56]. In the United States, the Centers for Disease Control and Prevention 
(CDC) reports that approximately 42.4% of adults were considered obese in 2017-2018 [57]. 
Obesity is associated with a range of comorbidities, including type 2 diabetes, cardiovascular 
diseases, and certain cancers, making it a critical target for public health interventions [58], [59]. 

Acupuncture has been utilized as a complementary therapy for obesity management, with 
several studies indicating its potential benefits in weight reduction and metabolic regulation [60]. 
To evaluate the utility of our acupuncture knowledge graph, we developed a use case focusing 
on identifying and understanding the acupoints related to obesity. This use case aims to map 
the relevant acupoints, their traditional functions, and their associations with clinical outcomes in 
obesity management, providing a structured conceptual framework to support further research 
and clinical applications in this domain. 

AcuKG can facilitate obesity knowledge discovery by linking various acupuncture knowledge 
relevant to obesity. Several acupoints have emerged as key areas of focus in both literature and 
clinical trials for managing obesity. ST25 stands out as the most extensively studied acupoint, 
with 15 clinical trials and 3 publications (PMIDs: 33235115, 27457720, 31775839). This 
indicates a strong foundation in both traditional and evidence-based research. ST36 follows 
closely, being cited in 14 clinical trials and 3 publications (PMIDs: 27457720, 33235115, 
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31775839), demonstrating its established role in obesity management. CV12 is another notable 
acupoint, highlighted in 13 clinical trials and 3 publications (PMIDs: 27457720, 31775839, 
33235115), reflecting its widespread recognition in both domains. 

Other acupoints also show moderate levels of attention across both literature and trials. For 
example, CV6 and GB26 are each mentioned in 7 clinical trials and 2 publications (PMIDs for 
CV6: 27457720, 31775839; PMIDs for GB26: 27457720, 31775839), while SP15 appears in 8 
clinical trials and 2 publications (PMIDs: 27457720, 31775839). These points indicate a growing 
interest and consistent focus on validating their therapeutic relevance. ST40 also deserves 
attention, with 6 clinical trials and 3 publications (PMIDs: 33235115, 27457720, 31775839), 
suggesting a balance between theoretical acknowledgment and clinical exploration. 
 
Other acupoints such as BL2, KI12, ST1, ST2, and ST3 are predominantly referenced in 
literature, often appearing in 2–4 publications but with limited representation in clinical trials. 
Conversely, acupoints like CV10, CV4, and ST28 are heavily studied in clinical trials, appearing 
in 3–6 trials each, despite their minimal mentions in the literature. This contrast highlights the 
evolving focus of research, with some acupoints moving from theoretical exploration to empirical 
validation, while others remain underrepresented in clinical settings. 
 
This dual emphasis on theoretical understanding and empirical validation enriches the evidence 
base for acupuncture's role in obesity management. Acupoints like ST25, ST36, and CV12 
exemplify this integration, serving as central figures in both traditional and clinical research while 
emerging points such as CV10 and ST28 highlight new directions for future studies. 
 
The knowledge graph (Figure 4) representing acupoint locations associated with obesity 
comprises 92 nodes, including 40 acupoints and 52 anatomical location entities. The graph 
captures a total of 225 relationships, categorized into 210 direction_of and 15 near_acupoint 
relationships. The overview highlights a structured organization of the graph, while the example 
illustrates specific relationships, such as the spatial connections of acupoints (e.g., ST1, ST2, 
ST3) with nearby anatomical features like the nose, pupil, and face. This structured 
representation enables precise spatial understanding of acupoints, facilitating integration into 
clinical and computational frameworks for obesity treatment and research. 
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Figure 4. Overview of obesity acupuncture knowledge discovery. This figure illustrates the 
structured integration of acupuncture knowledge related to obesity (a) Schematic overview. 
Highlights AcuKG's role in obesity management, mapping key acupoints and their relations with 
clinical outcomes (b) Neo4j interface. Demonstrates interactive query capabilities for exploring 
acupoint-obesity relations (c) knowledge graph representation. Presents 92 nodes (40 
acupoints, 52 anatomical location entities) and 225 relationships (210 direction_of,15 
near_acupoint), enabling spatial analysis of acupoints, which have strong clinical and literature 
support. 
 

Use Case 2: Enhancing LLM acupuncture-related knowledge accuracy with 
the integration of AcuKG 

In recent years, large language models like Generative Pre-trained Transformer (GPT) and 
LLaMA have garnered significant attention for their ability to generate human-like text across a 
variety of tasks [32], [61], [62], [63], [64], [65], [66], [67]. GPT, developed by OpenAI, has 
demonstrated remarkable capabilities in understanding and generating natural language, 
making it useful for a wide range of applications, including answering medical queries [68], [69], 
[70], [71], [72]. Notably, GPT-3 and GPT-4 have shown impressive performance in the United 
States Medical Licensing Examination (USMLE), achieving scores that are comparable to or 
even exceed those of passing medical students [73]. For instance, a study by Kung et al. 
reported that ChatGPT significantly performed at or near the passing threshold of 60% for all 
three exams without any specialized training or reinforcement [74]. This impressive performance 
has led to increasing interest in the potential applications of LLMs in medical education, where 
they could serve as tools for learning, assessment, and even clinical decision support. 

Building on the success of GPT-4, OpenAI introduced GPT-4o, an optimized version designed 
to enhance accuracy, contextual understanding, and efficiency across more specialized and 
complex domains [75]. GPT-4o integrates advancements in model architecture and training 
techniques, allowing it to handle intricate queries with improved precision [76]. This makes 
GPT-4o particularly well-suited for applications requiring a deep understanding of specialized 
fields, such as medicine. 

Similarly, LLaMA 3, developed by Meta, represents another significant advancement in the field 
of LLMs [32]. Known for its robust performance in various NLP tasks, LLaMA 3 incorporates 
improvements in model training and architecture, which enhance its capabilities in handling 
specialized knowledge and complex queries [32]. Its design focuses on achieving high accuracy 
and contextual relevance, making it a valuable tool for domain-specific applications as well. 

Despite these advancements, the accuracy of GPT-4o and LLaMA 3 in specialized areas like 
acupuncture remains uncertain. Acupuncture, with its complex and nuanced body of knowledge, 
poses a particular challenge [10]. For instance, acupoint locations and their clinical indications 
are often tied to Traditional Chinese medicine (TCM) theories that may not be fully captured by 
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a general-purpose LLM [32]. This discrepancy raises questions about the reliability of LLMs in 
providing accurate and contextually relevant information in specialized fields [32]. 

To explore the potential of enhancing the performance of ChatGPT powered by GPT-4o and 
LLaMA 3 in the domain of acupuncture, we conducted a use case study as shown in Figure 5. 
In this study, we imported acupuncture related questions from the Internal Medicine Question 
Bank for Chinese Medicine (2020, Acupuncture part) with the prompts related to acupoint 
locations and indications using both ChatGPT and LLaMA3. The questions covered a range of 
acupoints and their traditional uses, reflecting common clinical queries. Initially, we posed these 
questions directly to ChatGPT and LLaMA3 without any additional resources or domain-specific 
knowledge integration (prompts are provided in supplementary files). The model's responses 
were evaluated based on their accuracy in providing correct and contextually appropriate 
information about acupoints. We further integrated our proposed AcuKG into the process. It 
begins with establishing a connection to a Neo4j-based KG containing acupuncture knowledge, 
clinical trials, and PubMed references. We extracted relevant data using structured queries to 
retrieve relations for acupuncture points from PubMed, and gathered clinical trial evidence 
related to acupuncture points respectively. The retrieved data is then formatted into natural 
language statements to make it more interpretable for the LLM. 

Once the data is structured, we construct a comprehensive prompt by combining all the 
formatted KG information with the user’s query. The prompt (provided in supplementary files) is 
then processed by the large language model, which generates an answer based on both the 
injected knowledge and its pre-trained linguistic capabilities. By integrating domain-specific 
knowledge with LLM, we aimed to enhance the model's accuracy and reliability. 

 

Figure 5. Overview of Enhancing LLM acupuncture-related knowledge accuracy with the 
integration of AcuKG (a) Schematic overview This part illustrates the workflow of integrating 
AcuKG with LLMs (ChatGPT and LLaMA3) to improve acupuncture-related knowledge 
accuracy. It shows the initial query process, knowledge graph integration, and enhanced 
response generation (b) Results comparison This part presents accuracy rates of ChatGPT 
(46% → 54%, P=0.03) and LLaMA3 (17% → 28%, P=0.01) before and after AcuKG integration, 
showing significant improvements in answer accuracy related to acupoint questions 
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The initial results indicated that while ChatGPT and LLaMA3 were able to generate generally 
correct answers, its accuracy was limited when it came to specific details. For example, the 
model struggled with providing precise acupoint locations and sometimes conflated the 
functions of different acupoints. The accuracy rate of ChatGPT and LLaMA3 in this initial test 
was approximately 46%, and 17% respectively, highlighting its limitations in this specialized 
domain. 

After integrating the acupuncture KG, we re-tested the same questions. To compare the 
performance before and after the KG integration, we employed the McNemar test, which 
evaluates the statistical significance of changes in model accuracy. The results showed a 
significant improvement in the accuracy of ChatGPT and LLaMA3's responses, with the 
accuracy rate increasing to approximately 54% (P=0.03), and 28% (P=0.01) respectively. The 
model's ability to provide precise acupoint locations and correct indications for specific 
conditions was improved. This enhancement suggests that while LLM provides a strong 
foundation for natural language understanding, its performance on acupuncture-related 
questions can be significantly enhanced by integrating it with a specialized knowledge graph. 

The implications of these findings for medical education are profound. As LLMs like GPT-4o and 
LLaMA3 continue to advance, they hold great potential as educational tools, particularly when 
combined with domain-specific resources. In medical education, where accuracy and precision 
are paramount, the integration of LLMs with specialized knowledge graphs could provide 
students and practitioners with more reliable and contextually relevant information. This 
approach could be especially valuable in teaching complex and abstract subjects like 
acupuncture, where traditional texts and modern clinical knowledge intersect. 

Overall, this use case underscores the importance of integrating domain-specific knowledge 
with LLMs to improve their accuracy and utility in specialized fields. As LLMs become 
increasingly integrated into medical education and practice, ensuring their reliability and 
relevance through such enhancements will be crucial for their effective use. 

Discussion  
This study focuses on the construction of a comprehensive acupuncture KG using various data 
sources, emphasizing the integration of structured domain knowledge to enhance the 
accessibility and utility of acupuncture-related information. The KG captures key relationships 
between acupoints, anatomical locations, and their therapeutic indications, providing a detailed, 
queryable framework for representing traditional acupuncture knowledge. The systematic 
design and development of the KG ensure that complex, interrelated knowledge is organized in 
a way that is both computationally efficient and clinically meaningful. As a result, our study 
demonstrated that AcuKG offers enhanced content coverage and denser connections compared 
to existing acupuncture knowledge graphs. It also enhances the discoverability and application 
of acupuncture knowledge, supports acupuncture research by providing extensive structured 
data, and has the potential to advance modern practices through integration with digital devices 
and electronic acupuncture applications. 
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The use of multiple data sources—such as web sources, acupuncture textbooks, clinical trials, 
and biomedical literature—greatly enhances the robustness and comprehensiveness of the 
acupuncture knowledge graph. Data integration in this study supports the linking of traditional 
theoretical knowledge with modern clinical and evidence-based insights, ensuring that the graph 
is both comprehensive and relevant for clinical use. The integration process allowed for 
cross-referencing information from different domains, improving the graph's utility in 
acupuncture knowledge discovery, and enhancing the evidence base for acupuncture practice. 
For example, clinicians can query the knowledge graph to identify effective acupoints and 
potential acupoints for specific conditions, and the integration of clinical trials and peer-reviewed 
literature into the acupuncture knowledge graph ensures that the knowledge discovery is 
supported by evidence. In addition, the combination of different sources, including web sources, 
guidelines, with dynamic, real-time data from publications and clinical trials, allows the graph to 
reflect the evolving landscape of acupuncture research and practice. To this end, AcuKG plays a 
pivotal role in facilitating knowledge retrieval and knowledge discovery by organizing and 
presenting acupuncture knowledge in a structured, accessible format.  

The primary contributions of this study lie in (1) Introducing a structured knowledge 
representation for acupuncture: This study develops a graph-based framework to systematically 
organize acupuncture knowledge, addressing the lack of standardized digital resources in the 
field.  Unlike traditional databases or text-based repositories, AcuKG provides  a scalable and 
flexible platform for encoding and querying complex relations  between acupoints, anatomical 
locations, and therapeutic indications. This structured representation enables a more holistic 
and interconnected understanding of  acupuncture principles. (2) Facilitating efficient knowledge 
retrieval and complex reasoning: The graph-based approach overcomes challenges posed by 
fragmented or inaccessible knowledge sources by enabling efficient storage, retrieval, and 
advanced queries. Researchers and practitioners can easily identify acupoints related to 
specific conditions, explore relations between adjacent acupoints along meridians, and analyze 
treatment pathways—tasks that are cumbersome in conventional data storage systems. This 
structured framework enhances the accessibility and usability of acupuncture knowledge. (3) 
Enhancing standardization and interoperability with medical ontologies: By integrating widely 
accepted anatomical ontologies, including UBERON, SNOMED-CT and MeSH, this study 
ensures consistency in terminology and classification of acupuncture points. Standardization 
mapping of acupoints to anatomical locations and conditions reduces ambiguity, improves data 
normalization across sources and enhances interoperability between acupuncture knowledge 
and broader biomedical datasets, fostering integration with modern medical informatics 
systems. (4) Improving LLM accuracy and reducing hallucinations through knowledge injection: 
The study evaluates ChatGPT and Llama using Internal Medicine Question Bank for Chinese 
Medicine (2020, Acupuncture part), demonstrating that injecting structured acupuncture 
knowledge significantly enhances model performance in answering expert-level queries. This 
approach also mitigates a common issue in LLMs—hallucination, where models generate 
plausible-sounding but factually incorrect responses. By grounding LLM outputs in verifiable, 
evidence-based knowledge, this study improves the reliability of acupuncture question 
answering, making LLMs more trustworthy in acupuncture domains, and potentially facilitating 
AI-driven acupuncture decision support, education, and training. 
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One limitation of this study is that the relationships extracted from PubMed and 
ClinicalTrials.gov are co-occurrence relations, as traditional co-occurrence analysis techniques 
may fail to capture concrete or complex biomedical relations. To address this, future work will 
focus on developing an advanced NLP pipeline using LLMs, incorporating fine-tuning on 
domain-specific datasets to enhance the granularity and accuracy of relation extraction from 
PubMed and ClinicalTrials.gov. Another limitation is that AcuKG is built statically from data 
sources, preventing automatic updates with newly published studies or clinical trial data. To 
overcome this, we plan to implement a dynamic synchronization mechanism by integrating 
automated data ingestion pipelines—such as web scraping for PubMed updates and 
ClinicalTrials.gov API access—with incremental knowledge graph updating techniques like 
knowledge graph embeddings and reinforcement learning-based knowledge fusion. This will 
ensure that AcuKG remains up to date with the latest biomedical findings. 

Conclusion 
This study constructs an acupuncture knowledge graph AcuKG by integrating diverse data 
sources, providing a structured and standard representation of acupuncture knowledge. AcuKG 
consolidates key information from both acupuncture research and clinical practice, while 
supporting alignment with established medical ontologies to enhance semantic clarity and 
interoperability. This work lays the foundation for the development of evidence-based tools in 
medical acupuncture, contributing to computational framework and knowledge consistency in 
acupuncture-related information retrieval, reasoning, and clinical application. 
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