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Objective: To systematically evaluate randomized controlled trials of auricular therapy for knee osteoarthritis pain and to explore
acupoint selection patterns using data mining techniques.

Methods: Eleven Chinese and English databases were searched from inception to September 1, 2025. Eligible randomized controlled
trials were screened and assessed for methodological quality. Descriptive statistics, frequency analysis, association rule mining, and
hierarchical cluster analysis were applied to identify commonly used auricular points and their combinations.

Results: Thirty-six studies involving 3,105 participants were included. Study quality was moderate, with frequent shortcomings in
blinding and allocation reporting. The most frequently used acupoints were Shenmen (TF,), Xi (AH,4), Jiaogan (AHg,), Pizhixia (AT,),
Gan (COy;), and Shen (CO). Association rule analysis showed Shenmen (TF,)-Pizhixia (AT,) as the most frequent co-occurring pair
(support = 97.22%), while Neifenmi (CO;g)-Shenshangxian (TG,;,) and Shenmen (TF4)-Shenshangxian (TG,,,) exhibited the strongest
association (lift = 3.15). Cluster analysis identified three synergistic groups: Cluster 1: Shenmen (TF,), Xi (AH,), Jiaogan (AHg,), and
Pizhixia (ATy), linked to nerve regulation; Cluster 2: Gan (CO1;) and Shen (CO,y), associated with zang-fu organ function; and Cluster
3: Yidan (COy;), Xin (COys), Fei (COyy), Pi (CO,3), and Sanjiao (CO,7), functioning as adjunctive regulators.

Conclusion: Auricular therapy for knee osteoarthritis pain relief shows promising patterns in acupoint selection that align with both
Traditional Chinese Medicine and neurophysiological mechanisms. Despite encouraging results, interpretation should be cautious due
to methodological limitations, protocol heterogeneity, and the exploratory nature of data mining. Future research should include
rigorously designed, preregistered RCTs with standardized intervention protocols and transparent reporting to validate these findings
and evaluate clinical effectiveness.

Keywords: osteoarthritis of knee, auricular therapy, acupoint selection, traditional Chinese medicine, pain management, systematic
review, data mining

Introduction

Knee osteoarthritis (KOA), categorized as “Knee Bi” or “Bone Bi” in Traditional Chinese Medicine (TCM),
a degenerative whole-joint disorder affecting not only the articular cartilage but also all joint tissues, including
subchondral bone, menisci, synovium, ligaments, and the infrapatellar fat pad.' > Globally, KOA is the most common
form of osteoarthritis, with an estimated 595 million individuals affected by osteoarthritis in 2020.* The prevalence of
KOA is especially high among individuals aged over 40, and it is projected to increase by 74.9% by 2050.* Key risk
factors include aging, obesity, joint injury, genetic predisposition, and mechanical overload.” As a predominant symptom,

chronic knee pain substantially impairs both physical functionality and psychological well-being, profoundly
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compromising patients’ quality of life. Approximately 25% of adults over 55 experience recurrent knee pain annually,
with 15% suffering from activity limitations due to pain.®’

Conventional treatment approaches for KOA-related pain include both pharmacological and non-pharmacological
strategies. Nonsteroidal anti-inflammatory drugs (NSAIDs) remain a cornerstone of pharmacologic therapy, offering
effective pain relief and anti-inflammatory effects.>” However, their use is often limited by adverse effects such as
gastrointestinal discomfort, hepatic and renal impairment, and elevated cardiovascular risks.'™'" For patients with
comorbidities like peptic ulcers or liver dysfunction, the risks of pharmacological treatment may outweigh the benefits,
prompting the need for safer, effective, and integrative alternatives.'>

Auricular therapy, an integral component of TCM, is based on the principle that the ear reflects the body’s internal
organs through a network of meridians. As noted in the “Ling Shu Kou Wen”, the ear is viewed as the convergence site
of the Zong Mai (major meridians), forming the theoretical foundation of auricular therapy.'® This modality includes
techniques such as filiform needle acupuncture, pellet pressure, electroacupuncture, and massage. It is characterized by
simplicity, safety, and convenience, and is widely adopted in clinical practice, particularly in pain management, substance
addiction, insomnia, and anxiety.'*'> Contemporary research has revealed that auricular point stimulation can modulate
spinal gate control mechanisms and central analgesic pathways, promoting the release of endogenous opioids and
enhancing pain thresholds.'*"'¢

A growing body of primary research supports the efficacy of auricular therapy in relieving KOA-associated pain. For
instance, randomized controlled trials (RCTs) have shown that auricular therapy significantly reduces knee pain and
improves function in KOA patients.'”*'® Moreover, systematic reviews have confirmed the analgesic benefits of auricular
therapy for musculoskeletal conditions.'**° However, these reviews tend to focus on efficacy and mechanisms of action
rather than on patterns of acupoint selection, which remains heterogeneous across studies. Variability in auricular point
selection often based on practitioners’ experience or patient-reported pain locations can lead to inconsistent clinical
outcomes.'> To date, there has been no comprehensive analysis aimed at identifying the most commonly used and
potentially effective auricular points for KOA pain management.

The rationale for using auricular acupoints in KOA is grounded in both TCM theory and modern neurophysiology.
According to TCM holographic somatotopic mapping, the ear reflects the entire body,'® with the knee region specifically
corresponding to the “Xi” area (AH,), enabling targeted modulation of knee-related pathology. Furthermore, KOA is
categorized as “Bi Zheng” (painful obstruction syndrome), and acupoint selection aims not only to alleviate pain (for
instance, via Shenmen (TF,)) but also to address the root cause by regulating zang-fu organ function (for instance, using
Shen (COqy) to tonify the Kidney, which governs bones). From a contemporary biomedical perspective, the external ear
is richly innervated by branches of the vagus, trigeminal, facial, and glossopharyngeal nerves, and stimulation of these
points can modulate nociceptive signaling via spinal and supraspinal pathways, engaging mechanisms such as gate
control and endogenous opioid release.'*"'® The convergence of these traditional and neurophysiological mechanisms
provides a theoretical basis for using auricular acupoints to alleviate KOA-related pain and improve function.

This review therefore seeks to address this gap by applying data mining techniques to systematically identify and
characterize patterns of auricular acupoint selection for KOA pain relief in published clinical studies. Our primary objectives
are to (1) identify the most frequently used auricular acupoints, (2) analyze their combination patterns and synergistic
relationships, and (3) explore functional groupings of acupoints through cluster analysis. This descriptive mapping of current
practices aims to inform the development of standardized, evidence-informed protocols for future research.

Materials and Methods
Study Design and Registration Status

The methodology of this systematic review was aligned with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) reporting guidelines.”’ As an exploratory hypothesis-generating study without planned meta-analyses of
clinical outcomes, prospective registration was not pursued in databases such as PROSPERO. Nonetheless, all methodological
steps, including literature search strategies, inclusion/exclusion criteria, data extraction, and analysis plans, were prospectively
documented during the review conduct and are detailed within this article to ensure transparency.
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Eligibility Criteria
Inclusion Criteria: (1) Participants (P): Participants had a confirmed diagnosis of KOA, consistent with both Western and

1192} Intervention (I): The intervention involved auricular therapy—either as a standalone

TCM diagnostic criteria.
approach or in combination with other therapies—adhering to the principles outlined in Auricular Diagnosis and
Therapy.** (3) Comparison (C): Control groups receiving sham auricular therapy, no intervention, wait-list care, or
conventional standard care. (4) Outcomes (O): The primary outcome was pain and assessments employed validated
instruments such as the Visual Analogue Scale (VAS) and the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAUC). (5) Study design (s): Study design was restricted to randomized controlled trials (RCTs).

Exclusion Criteria: (1) Participants had undergone knee replacement surgery, presented with acute KOA due to
trauma or strenuous activity, or had other significant pain disorders. (2) The outcome is unclear or literature on the
ineffectiveness of auricular acupuncture. (3) The intervention protocol for auricular therapy was inadequately described.
(4) Studies not published in either Chinese or English. (5) Duplicate publications, in which case the most recent or

comprehensive version was retained.

Search Strategy
A comprehensive literature search was conducted in the following databases from inception through September 1, 2025:
Chinese National Knowledge Infrastructure (CNKI, https://www.cnki.net), Wanfang Data Knowledge Service Platform

(Wanfang, http://www.wanfangdata.com.cn), Vip Journal Integration Platform (VIP, http://qikan.cqvip.com/), China

Biomedical Literature Database (SinoMed, http://www.sinomed.ac.cn/), Chinese Medical Association Publishing
House (CMAPH, http://www.yiigle.com/), China TCM Database (http://cintmed.cintcm.com/cintmed/main.html),
PubMed, Web of Science, Embase, Scopus, Cochrane Library, and CINAHL.

The search strategy combined subject headings and free-text terms related to KOA and auricular therapy. The
keywords used were: (“knee osteoarthritis” OR “knee arthritis” OR “gonarthritis” OR “arthritic knee””) AND (“auricular
therapy” OR “auricular acupressure” OR “auricular seed” OR “‘auricular point sticking” OR “magnetic beads auricular

point” OR “ear acupuncture”). Search terms were adapted to suit the syntax of each database. A sample PubMed search
strategy is provided in Supplementary Table 1.

Study Selection

All identified citations were imported into EndNote 21.0 for deduplication. Two reviewers independently screened titles
and abstracts according to the eligibility criteria. Full texts of potentially relevant studies were retrieved and evaluated in
detail. Discrepancies were resolved through discussion, and if needed, a third reviewer provided arbitration.

Data Extraction
Data were extracted independently by two reviewers using a standardized Excel 2016 form. Extracted items included:
study title, first author, publication year, auricular point names, syndrome classification, intervention details (experi-
mental and control groups), and outcome measures.

Auricular point names were standardized according to the Nomenclature and Location of Auricular Points,”> and
syndrome classifications followed the 2023 Guidelines for Integrated TCM-WM Diagnosis and Treatment of KOA."**
Data consistency and accuracy were confirmed via a double-checking process.

Quality Assessment
The risk of bias for each included RCT was independently assessed by two reviewers using the Cochrane Risk of Bias 2.0
(ROB 2.0) tool, in accordance with the Cochrane Handbook for Systematic Reviews of Interventions.>> Any disagree-

ments were resolved through discussion with a third reviewer.
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Data Analysis

Data Preparation and Construction

A structured dataset was constructed for data mining based on the acupoint prescriptions extracted from each included
study. Acupoint Coding by Excel 2016, and “co-occurrence” was defined as two or more acupoints being used together
within the same intervention arm of a single study. Each unique study intervention arm was treated as one transaction or
case in the dataset. Then the data was organized into a binary matrix where each row represented a study intervention
arm, and each column represented a specific auricular acupoint. A value of “1” indicated the presence of that acupoint in
the prescription for that particular study arm, while a value of “0” indicated its absence. This matrix served as the
foundational input for all subsequent analyses.

Association Rule Mining

Association rule mining was performed using the Apriori algorithm within IBM SPSS Modeler 18.0 to identify
significant co-occurrence patterns among auricular acupoints and set a minimum support threshold of >30% and
a minimum confidence of >80%. Rules with a lift (lift) <1 were excluded. The choice of algorithm parameters was
based on both statistical considerations and clinical interpretability: (1) Support (>30%): This threshold was set to ensure
that the identified acupoint combinations appeared in a sufficiently large proportion of the included studies, reflecting
highly prevalent and stable patterns of clinical practice rather than occasional or potentially random occurrences. (2)
Confidence (>80%): This high threshold was chosen to ensure that the generated association rules were highly reliable.
A confidence of >80% indicates that when the antecedent acupoint was used, the consequent acupoint was also used in at
least 80% of those cases, suggesting a strong predictive relationship and clinical co-application. (3) Lift (>1): This metric
measures the degree of dependence between the antecedent and consequent. A lift value greater than 1 indicates that the
two acupoints are positively correlated and co-occur more frequently than would be expected if they were independent.
Rules with lift <1, indicating negative or neutral correlations, were excluded as non-meaningful.

These parameter settings collectively ensure that the reported rules are both frequent (high support), reliable (high
confidence), and non-random (lift >1), providing clinically relevant and robust insights into acupoint selection patterns.
Rules of the form “Antecedent-Consequent” were generated. Only rules passing all the above thresholds were considered
statistically meaningful and clinically relevant for interpretation. Due to the exploratory nature of pattern discovery and the
lack of built-in multiple comparison correction functionality in SPSS Modeler, the initial analysis employed support,
confidence, and lift metrics to identify potential patterns. To rigorously control the false discovery rate (FDR), the list of all
generated rules and their associated metrics were exported. The Benjamini-Hochberg procedure was then applied externally
using R 4.4.2 to adjust the p-values derived from the confidence metrics, with an FDR threshold set at q < 0.05. A visual
network diagram was generated to display the interrelationships among frequently co-occurring acupoints.

Cluster Analysis

Hierarchical cluster analysis (HCA) was performed using IBM SPSS Statistics V27.0 to group acupoints based on their
co-occurrence patterns across studies. The squared Euclidean distance was used as the distance metric to quantify the
dissimilarity between acupoints. The between-groups linkage method (average linkage) was employed to define the
distance between clusters. The final number of clusters was determined by examining the dendrogram and the
agglomeration schedule coefficients to identify a meaningful stopping point that yielded clinically interpretable groups.
And the cluster solution was selected as it provided clear differentiation and alignment with TCM theory.

Results

Characteristics and Quality of Included Studies

A total of 299 studies were initially identified through systematic searches. After removing duplicates and applying the
inclusion and exclusion criteria, 36 RCTs were included in the final analysis.'®*®"%° The study selection process is
illustrated in Figure 1, and the basic characteristics of the included studies are summarized in Supplement Table 2.

Among the 36 included studies, most reported the use of random allocation but lacked detailed descriptions of the
randomization procedures (30 of 36). Due to the nature of auricular acupuncture interventions, blinding of participants

4 htps: Journal of Pain Research 2026:19


https://www.dovepress.com/article/supplementary_file/568124/568124_Supplementary%20Materials_1.pdf

Li et al

)
Records identified from:
CNKI(n=113)
Wanfang(n=76)
= VIP(n=41)
o SinoMed(n=14) .
"g Chinese Medical Association Journal Full-text [———» Records removed before screening.
o Database(n=24) Duplicate records removed (n = 82)
= China TCM Database(n=6)
c PubMed(n=6)
% Web of Science(n=6)
-_ Embase(n=4)
Scoups(n=6)
Cochrane Library(n=2)
CINAHL(n=1)
. J
) ¢ ) Records excluded
Records screened (n =113)
(n=217)
Reports sought for retrieval Reports not retrieved
EEE—
(n=101) (n=23)
(=)
£
=
@
4
o
(/2]
Reports assessed for eligibility
(n = 65) —»| Reports excluded:
Research type does not meet the
requirements (n=13)
Unreported names of auricular points (n=18)
Unreported therapeutic effects of auricular
points (n=25)
Outcome indicators do not meet the
requirements (n=9)
)
= Studies included in review
'g (n =36)
© Reports of included studies
= (n = 36)
" =

Figure | PRISMA flow diagram identification of studies via databases and registers to show the results of the searches.

and practitioners was generally not feasible. While data completeness was acceptable in most studies, none explicitly
reported blinding of outcome assessors, potentially increasing the risk of detection bias. The risk of bias assessment for
each study is presented in Supplement Figures 1 and 2, using the Cochrane ROB 2.0 tool.

Intervention Characteristics

Auricular therapy was the primary intervention in all 36 studies. Of these, 31 studies incorporated combination therapies,
such as moxibustion therapy, external application of Chinese herbs, tuina (massotherapy), or oral TCM formulations
(Table 1). Among these, moxibustion combined with auricular therapy was the most commonly reported protocol.
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Table | Intervention Measures of Auricular Therapy for Alleviating Pain in Patients with
Knee Osteoarthritis (n=36)

Interventions Case (n) | Percent (%)
Auricular therapy 5 13.89
Auricular therapy + rehabilitation exercise | 2.78
Auricular therapy + moxibustion therapy 12 33.33
Auricular therapy + oral TCM prescriptions 5 13.89
Auricular therapy + tuina (massotherapy) 2 5.56
Auricular therapy + acupuncture therapy 3 833
Auricular therapy + external application of Chinese herbs 7 19.44
Auricular therapy + acupuncture therapy + oral TCM prescriptions | | 2.78

Syndrome Differentiation and Common Auricular Acupoints

Of the included studies, 19 (52.78%) reported syndrome classification based on the 2023 edition of the Guidelines for
Integrated TCM and Western Medicine Diagnosis and Treatment of Knee Osteoarthritis. Excess syndromes were more
prevalent (13 studies, 36.11%), with damp-cold obstruction being the most frequent (12 studies, 33.33%). Deficiency
syndromes were identified in 6 studies (16.66%), including liver-kidney deficiency (3 studies, 8.33%) and qi-blood
deficiency (3 studies, 8.33%). Commonly used auricular points for all studies included and each syndrome type are
detailed in Figure 2 and Supplement Table 3 for more details in the figure.

Association Rule Analysis of Auricular Acupoint Combinations

Association rule mining was conducted to uncover significant acupoint partnerships. As detailed in the Methods section,
we employed stringent parameters (support >30%, confidence >80%, lift >1) to identify robust and clinically prevalent
combinations. The analysis included second- to sixth-order rules derived from the 36 studies. A total of 147 valid rules
were generated. (1) The rule with the highest support was Shenmen (TF,)-Pizhixia (AT,) (support=97.22%). (2) The rule
with the highest lift were Neifenmi (CO,g)-Shenshangxian (TG, ,) and Neifenmi (CO;g) and Shenmen (TF4)-
Shenshangxian (TG ,,) (lift=3.15); (3) 72 rules demonstrated 100% confidence.

The g-value (the Benjamini-Hochberg procedure applied to adjust the p-values derived from the confidence metrics) of 46
rules, after being corrected by FDR, are less than 0.05 (listed in Supplement Table 4). Frequently observed combinations
included: (1) Six-point set: Jiaogan (AHg ,), Gan (COy,), Pizhixia (AT,), Xi (AH,4), Shenmen (TF,;)—Shen (CO,() (case=11,
support=30.56%, confidence=100.00%, lift=1.57, q<0.001); (2) Five-point set: Gan (CO,), Pizhixia (AT,), Xi (AH,4), Shenmen
(TF4)-Shen (COy() (case=14, support=38.59%, confidence=100.00%, lift=1.57, q<0.001); (3) Four-point set: Gan (CO,), Xi
(AH,), Shenmen (TF4)-Shen (CO; ) (case=19, support=52.78%, confidence=100.00%, 1ift=1.09, q<0.001); (4) Three-point set:
Pizhixia (AT,), Xi (AH4)-Shenmen (TF,) (case=23, support=63.89%, confidence=100.00%, lift=1.03, q<0.001); (5) Two-point
set: Shenmen (TF,)-Pizhixia (AT,) (case=28, support=77.78%, confidence=100.00%, lift=1.03, q<0.001). The network of point
selection is illustrated in Figure 3.

Cluster Analysis of Auricular Acupoints

A hierarchical cluster analysis was performed using SPSS Statistics 27.0 to categorize the 17 acupoints based on
similarity. The resulting dendrogram (Figure 4) demonstrated three distinct clusters with good intra-cluster similarity
and inter-cluster dispersion, consistent with clinical practice. The clusters were: (1) Cluster 1: Shenmen (TF,), Xi (AHy),
Pizhixia (ATy), Jiaogan (AHg,); (2) Cluster 2: Gan (CO,), Shen (COqg); (3) Cluster 3: Chuigian (LO4), Yidan (COq;),
Xin (CO;s), Fei (COy4), Kuan (AHs), Sanjiao (CO,;), Zhen (AT;), Pi (CO;3), Wei (CO4), Neifenmi (COyg),
Shenshangxian (TG ;).
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Figure 2 Schematic diagrams of commonly used auricular points across all included studies and by syndrome type. (a) The distribution and frequency of auricular acupoints
in auricular therapy to alleviate pain in patients with KOA. (b) The distribution and frequency of auricular acupoints in KOA with Dampness-cold obstruction syndrome. (c)
The distribution and frequency of auricular acupoints in KOA with Dampness-heat obstruction syndrome. (d) The distribution and frequency of auricular acupoints in KOA
with Deficiency of liver and kidney. (e) The distribution and frequency of auricular acupoints in KOA with Qi-blood weakness syndrome. The red triangular indicator
represents the sympathetic point, which is not directly visible in the frontal view but is located on the inner side of the ear, highlighting the importance of a comprehensive
examination of the ear’s anatomy for accurate point identification. The frequency data for each acupoint is presented in Supplement Table 3.

Notes: (I) Frontal view of auricular zones and point locations. Il. Inner side view of auricular zones and point locations. The embedded table provides the occurrence
frequency of each acupoint. Adapted from Reference.”® Each acupoint is identified by a unique combination of letters and numbers or letters and subscripts, which
correspond to specific regions and locations on the ear.
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Figure 3 Network relationship diagram of auricular acupoint selection for pain relief in patients with knee osteoarthritis.
Notes: The thickness of the line indicates the strength of the correlation between the two points; Each acupoint is identified by a unique combination of letters and numbers
or letters and subscripts, which correspond to specific regions and locations on the ear.

Discussion

Key Findings

This review included 36 clinical studies on auricular acupoint therapy for KOA pain relief. The analysis revealed the
following key findings: (1) High frequency of combined interventions: Most studies (31/36) applied auricular acupoint
therapy in combination with moxibustion, external application of Chinese herbs, tuina (massotherapy), or oral TCM
prescriptions. Among them, moxibustion was the most common adjunctive therapy. (2) Dominance of specific auricular
acupoints: Shenmen (TF,), Xi (AH,), Pizhixia (AT,), Jiaogan (AHg ,), Shen (CO,(), and Gan (CO;,) were the top six
most frequently used acupoints. (3) Syndrome differentiation-based application: Nearly half of the studies adopted
syndrome differentiation per the “Guidelines for Integrated TCM and Western Medicine Diagnosis and Treatment of
KOA (2023)”.** The dampness-cold obstruction syndrome was the most common type. (4) Association rule and cluster
analysis: The Shenmen (TF,)-Pizhixia (AT,) pair had the strongest support. Cluster analysis further grouped auricular
points into three functional categories reflecting their synergistic roles in pain relief and organ modulation.

Status and Recommendations for Primary Study Design

Although 36 studies met the inclusion criteria, the overall methodological quality remains suboptimal. Randomization was
poorly described, and no study implemented blinding for outcome assessors, which increases the risk of detection and
reporting bias. These limitations are consistent with previous systematic reviews of acupuncture or auricular therapies. 1022 14
improve future research quality, this study recommends: (1) Transparent randomization procedures: Clear documentation of
random sequence generation and allocation concealment should be included. (2) Blinding of outcome assessors: While patient
blinding is challenging in auricular therapy, assessor blinding remains feasible and important. (2) Use of standardized outcome
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Figure 4 Auricular acupoint clustering dendrogram of auricular therapy for pain relief in patients with knee osteoarthritis.
Notes: The red line in the figure represents the clustering divided at a distance scale of 12.5. Each acupoint is identified by a unique combination of letters and numbers or
letters and subscripts, which correspond to specific regions and locations on the ear.

measures: Pain scales, functional indices (for example WOMAC), and biomarkers should be consistently reported. The
findings highlight the necessity for rigorously designed RCTs adhering to CONSORT and STRICTA guidelines.

Synergistic Effects of Moxibustion Combined with Auricular Therapy

In traditional Chinese medicine, moxibustion is used to warm meridians, dispel cold and dampness, relieve arthralgia,
and restore yang.®’ When combined with auricular therapy, its clinical efficacy is enhanced. Studies show that integrating
moxibustion (with dried ginger cake) and auricular bean embedding improves joint function, reduces pain, shortens
morning stiffness, and accelerates recovery in KOA patients compared to routine care.*'** This combination also
demonstrates better safety than moxibustion alone.®® A study involving 55 KOA patients with wind-cold-damp syndrome
found that moxibustion (with bamboo ring and ginger cake) plus auricular therapy significantly relieved pain.*® These
findings highlight the synergistic effect of the two therapies and reflect the holistic principles of TCM in addressing both

root and symptom.

Patterns and Recommendations in Auricular Acupoint Selection

Auricular therapy is rooted in the holographic theory, where the ear is viewed as a microsystem reflecting the whole body.'”
Acupoints such as Shenmen (TF,), Xi (AH,), and Jiaogan (AHg ,) are frequently selected due to their regulatory effects on the
nervous and endocrine systems. Shenmen (TF,) is well-documented to calm the mind, relieve pain, and regulate cortical
activity.'”®® Xi (AH4) stimulates local analgesia, while Pizhixia (AT,) inhibits pain signal transmission. Jiaogan (AH6 a)
harmonizes the autonomic nervous system and is particularly effective in chronic pain conditions with underlying neurohu-
moral imbalance.** Furthermore, syndrome differentiation plays a key role in personalized treatment. For dampness-cold
obstruction syndrome, Shen (CO;¢) and Gan (CO;,) are employed to warm yang and dispel cold-dampness, aligning with
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TCM’s theory of internal-external interaction.”* In deficiency syndromes, such as liver-kidney deficiency and qi-blood
depletion, Shen (COy), Pi (CO;3), and Sanjiao (CO,5) are used to tonify the root and restore systemic balance.

Based on association rule and cluster analysis, this study identified synergistic auricular acupoint pairings that
enhance the therapeutic efficacy of auricular therapy for KOA. Among them, Shenmen (TF,)-Pizhixia (AT,) showed
the highest support. Shenmen (TF,) calms the mind to relieve pain, while Pizhixia (AT4) promotes Qi and blood
circulation; together they harmonize mind and body to achieve analgesic effect.®**> From the TCM Zang-Xiang
perspective, KOA is rooted in liver and kidney deficiency, which impairs tendon and bone function. Accordingly, the Gan
(CO1,)-Shen (COy) pairing nourishes and strengthens these organs to restore balance. Cluster analysis further revealed
three acupoint groups: (1) Regulatory core: Shenmen (TF,), Xi (AH,), Jiaogan (AHg ,), and Pizhixia (AT,), which relieve
pain by calming the mind, regulating qi and blood, and promoting circulation; (2) Zang-fu reinforcement: Gan (CO,,)
and Shen (COy), focusing on tonifying the liver and kidney to improve musculoskeletal function; and (3) Adjunctive
functional group: a broader group including Yidan (COy;), Xin (CO;s), Fei (CO14), Pi (CO3), and Sanjiao (CO;5), which
harmonize internal organ function to support gi-blood production and systemic balance.®>**%® These findings reflect the
integration of TCM’s holistic, syndrome-differentiation approach with neurophysiological mechanisms, supporting
personalized and synergistic acupoint selection strategies for KOA pain management.

Limitations

This study has several limitations inherent to systematic reviews and data mining approaches. First, the overall methodo-
logical quality of the included randomized controlled trials was suboptimal. Many studies lacked detailed descriptions of
randomization methods, allocation concealment, blinding procedures and lack of research solely focusing on the use of ear
points, which may introduce bias and limit the strength of the evidence. Second, there was considerable heterogeneity in
intervention protocols, including variations in auricular point selection, stimulation methods, treatment duration, and
outcome measures, making direct comparisons and meta-analysis difficult. Third, due to the descriptive nature of data
mining techniques such as frequency and association rule analysis, causal relationships between specific auricular point
combinations and clinical outcomes cannot be established. Future research should prioritize rigorously designed, multi-
center RCTs with standardized intervention protocols and robust reporting standards to validate and extend these findings.
In addition, while we employed FDR correction to enhance the robustness of our association rule findings, it is important to
note that the p-values for these rules were approximations derived post-hoc. Future studies with pre-registered hypotheses
could employ more specialized software packages designed for statistical inference in pattern mining. What’s more, our
study is subject to selection bias. In seeking to identify patterns associated with positive outcomes, we intentionally focused
on studies that reported efficacy. This approach inevitably excludes studies with null or negative findings, which may skew
the perceived importance of certain acupoint combinations and limits the generalizability of our findings. Additionally, the
generalizability of our findings may be influenced by the fact that the included studies were primarily conducted in China.
Therefore, caution is warranted when extrapolating these results to other ethnic and cultural populations, and we provided
English translations of abstract of the original Chinese articles in Supplement File 1.

Conclusion
This systematic review characterized patterns of auricular acupoint selection for KOA pain relief. Data mining revealed
that commonly used points and combinations align with both TCM theory and neurophysiological mechanisms,
suggesting that current clinical practice is largely consistent with established principles. However, methodological
limitations and heterogeneity among the included trials preclude firm conclusions regarding efficacy, underscoring the
need for rigorously designed studies with transparent randomization, assessor blinding, and standardized protocols.
Clinically, our findings support a stepped approach to point selection: begin with a core analgesic pair (Shenmen
(TF4) and Xi (AH,4), add Gan (CO,;) and Shen (COg) to address Liver and Kidney deficiency, and further individualize
with adjunctive points based on syndrome differentiation (eg, Spleen and Stomach points for qi-blood deficiency). Future
trials comparing these data-driven strategies will be essential to transition from descriptive mapping to clinical validation
and evidence-based framework development.
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