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Purpose: Knee osteoarthritis (KOA) is a prevalent degenerative bone and joint disease observed in clinical practice. While 
acupuncture has demonstrated efficacy in treating KOA, the central mechanisms underlying its effects remain ambiguous. Recently, 
functional magnetic resonance imaging (fMRI) has been extensively applied in studying the brain mechanisms of acupuncture 
analgesia. Currently, network analysis based on brain connectomics is a focal point in acupuncture imaging research. Therefore, 
this study uses KOA as the research vehicle, focuses on the abnormal connectivity patterns of brain functional networks, and integrates 
clinical pain assessments to thoroughly investigate the central mechanisms of acupuncture therapeutic effects on KOA.
Patients and Methods: In this parallel, randomized, sham-controlled neuroimaging trial, 60 KOA patients will be randomly divided 
into the acupuncture group and sham acupuncture group in a 1:1 ratio, treated three times weekly for a total of 12 sessions. Patients 
will undergo clinical symptom assessments and cranial fMRI scans at baseline (−1–0 weeks), post-treatment (4 weeks), and at the 
follow-up (16 weeks). Forty healthy subjects will be recruited for observation, with a single MRI scan conducted only at baseline 
(−1–0 week). The primary efficacy indicator will be the change in NRS score after four weeks of treatment, with secondary outcomes 
including WOMAC, STAI, and safety assessments. fMRI observations will employ independent component analysis, brain network 
construction, and functional connectivity, complemented by Pearson correlation analysis to explore the relationship between brain 
responses and clinical improvements.
Conclusion: This study will initially uncover how acupuncture intervention for chronic KOA pain centrally regulates and exerts 
therapeutic effects through the modulation of abnormal brain network functional connectivity patterns, with a demonstrated long-term 
effect.
Ethics and Dissemination: This study has been approved by the ethics committee of Shandong University of Traditional Chinese 
Medicine Affiliated Hospital ((2024) Lunshen No. (028) - KY).
Clinical Trial Registration: This study has been approved by registered in the Chinese Clinical Trial Registry 
(ChiCTR2400083695).
Keywords: acupuncture, knee osteoarthritis, neuroimaging, RCT, protocol

Introduction
Knee osteoarthritis (KOA) is a prevalent and enduring joint ailment characterized by inflammation and degeneration of 
joint tissues, leading to pain and limited mobility.1 The pathogenesis of KOA represents a complex interplay of 
physiological and pathological processes resulting from the interaction of multiple factors.2 It involves not only the 
degeneration of cartilage and alterations in joint structure but also a series of other intricate changes.3 Specific tissues, 
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such as the infrapatellar fat pad, may serve as a potential source of chronic knee pain in osteoarthritis and can undergo 
fibrotic changes that disrupt the normal physiological function and biomechanics of the knee joint.4 The most commonly 
associated risk factors for knee osteoarthritis (KOA) include advanced age, genetic predisposition, obesity, repetitive 
joint use, abnormal bone density, muscle weakness, and joint laxity.5–8 KOA is considered a disabling condition, and 
research from a meta-analysis indicates that the prevalence of symptomatic KOA in China is high, with 21 studies 
involving a total of 74,908 participants.9 Additionally, the overall estimated lifetime risk was found to be 13.83%.8 With 
the global population aging and obesity rates on the rise, it is widely anticipated that the burden of osteoarthritis will 
continue to grow, placing a heavier burden on healthcare systems.5,10

Currently, the management of KOA primarily focuses on symptom management, with treatment recommendations 
typically divided into non-pharmacological intervention, pharmacological intervention, and surgical intervention.11–13 

While certain medications have demonstrated pain relief and enhanced joint function, the effectiveness of a considerable 
number of these drugs remains uncertain.14 Surgical treatment is not widely accepted by most people due to its inherent 
risks and substantial costs.15 Therefore, effective non-surgical treatment strategies for KOA, such as acupuncture, have 
gradually gained recognition in many countries.

In October 2022, the National Institute for Health and Care Excellence (NICE) in the UK released the new 
osteoarthritis guideline, giving a weak recommendation for acupuncture intervention.16 The “Chinese Guidelines for 
Diagnosis and Treatment of Osteoarthritis (2021 Edition)” released in September 2021 emphasized the efficacy and 
safety of acupuncture in ameliorating joint pain and function for osteoarthritis patients.17 Multiple randomized controlled 
trials (RCT) have shown that patients with KOA can benefit from acupuncture treatment.18–21 A meta-analysis published 
in 2016 (including 10 RCTs) revealed that acupuncture treatment is more effective than sham acupuncture in improving 
knee pain in the short term.22 However, currently there are still few studies on the mechanism of the central role of 
acupuncture in improving chronic pain in KOA, and further in-depth exploration is needed.

Functional Magnetic Resonance Imaging (fMRI) studies have implicated metabolic alterations in brain networks 
associated with sensation, motor function, emotion, and cognition in chronic pain conditions.23–25 The central regulatory 
effect of acupuncture on KOA involves different brain responses. Relevant studies have proved that acupuncture can 
enhance the functional connection between the dorsal raphe and the striatum, as well as in the right frontoparietal neural 
network (rFPN) and the executive control network (ECN) with the anterior cingulate cortex/medial prefrontal cortex.26,27 

Our preliminary research aimed to predict the efficacy of acupuncture in alleviating chronic pain associated with knee 
osteoarthritis (KOA) by analyzing psychological and neurological factors prior to treatment. We observed that the 
functional indicators such as posterior cingulate cortex (PCC)/precuneus fractional amplitude of low-frequency fluctua-
tion (fALFF), striatal fALFF related to the effectiveness of acupuncture in improving chronic pain showed changes, 
whereas the structural indicators such as striatal volume, thickness of the PCC remained relatively stable.28 However, 
existing studies lack comprehensive investigations into abnormal brain networks linked to chronic KOA pain or the long- 
term mechanisms of acupuncture-induced pain relief. Despite some recent fMRI studies on chronic KOA pain and 
acupuncture analgesia, further research is necessary to clarify the role of brain functional networks in the development of 
chronic KOA pain and the regulatory role of acupuncture analgesia.

Therefore, investigating the central effects of acupuncture analgesia mechanisms based on the abnormal connectivity 
patterns of KOA brain functional networks is currently a crucial task in acupuncture research. This study aims to 
preliminarily explore the central mechanism of how acupuncture enhances abnormal brain functional network connec-
tivity patterns in KOA patients through the RCT design combined with fMRI technology. The main objective is to 
provide scientific evidence and insights for the clinical efficacy and central mechanisms of acupuncture treatment 
for KOA.

Methods
Study Design
This study is a single-center, parallel control, randomized controlled trial. Sixty KOA patients will be randomly assigned 
to either the true acupuncture group (TA) or the sham-acupuncture group (SA) in a 1:1 allocation ratio, with 30 patients 
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in each group. The total observation period for KOA patients is 16 weeks, including a 1-week baseline period, a 4-week 
clinical treatment period, and a follow-up period on the 16th week. Before the treatment, all KOA patients (n = 60) will 
undergo clinical indicator assessments and magnetic resonance scans. After the treatment and in the follow-up period, the 
patients will be reassessed on these indicators. 40 healthy people will also be included as matched healthy controls (HC) 
and will only undergo baseline fMRI scans. The study flow chart is presented in Figure 1, and the schedule of enrolment, 
interventions, and assessments is shown in Table 1.

This study will be reported in accordance with the Consolidated Standards of Reporting Trials (CONSORT) 
statements and Standards for Reporting Interventions in Clinical Trials of Acupuncture (STRICTA) statements. This 
protocol is reported following the Standard Protocol Items: Recommendations for Intervention Trials (SPIRIT) guide-
lines (shown in Supplementary Table S1).

Figure 1 The study flow chart.
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Participants and Recruitment
A total of 60 eligible patients diagnosed with KOA will be recruited from the Affiliated Hospital of Shandong University of 
Traditional Chinese Medicine. The recruitment advertisement will be mainly published to the public on WeChat (a Chinese social 
media platform) and also placed on bulletin boards or other places in the hospital to promote recruitment. Voluntary patients need 
to undergo diagnosis and assessment by certified clinicians according to inclusion and exclusion criteria, then the eligible 60 
patients will be randomly allocated at a balanced ratio (1:1) into the acupuncture group and the sham acupuncture group after 
signing the informed consent. They will be not only informed of the whole procedure, benefits, and potential risks via receiving 
information sheets before the trial begins but also made aware that they could withdraw at any moment without any reason or 
benefit loss during the study period. In addition, 40 healthy subjects will be recruited for comparison so as to conduct observation 
research.

Inclusion Criteria
Inclusion Criteria for TA and SA Groups
According to the diagnostic criteria in the guideline for KOA of ACR (American College of Rheumatology 
Subcommittee) (1995),29 the inclusion criteria for patients with KOA are as follows:

Table 1 The Schedule of Enrollment, Intervention and Assessments in This Study

Study Period

Enrolment and Allocation Treatment Follow-Up

Time Point (Week) −1–0 Week 1 Week 2 Week 3 Week 4 Week 16

Enrolment

Eligibility screen ×

Informed consent ×

Randomization ×

Allocation ×

Interventions

True acupuncture × × × ×

Sham acupuncture × × × ×

fMRI scan

True acupuncture × × ×

Sham acupuncture × × ×

Health control ×

Assessments

NRS × × ×

WOMAC × × ×

STAI × × ×

Adverse events × × × ×

Blinding assessment ×

Abbreviations: fMRI, functional magnetic resonance imaging; NRS, Numerical Rating Scale; WOMAC, Western Ontario and McMaster 
Universities Osteoarthritis Index; STAI, State-Trait Anxiety Inventory.
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1) Age between 40 and 70 and right-handed;
2) Duration of symptoms exceeding 6 months;
3) Kellgren-Lawrence (K-L) graded as II or III;
4) Numerical Rating Scale (NRS) score ≥ 4.

Inclusion Criteria for HC Group
1) Aged 40–70, right-handed;
2) Absence of knee discomfort such as pain, limited function, or stiffness;
3) Good physical condition;
4) No presence of organic or severe functional diseases;
5) No MRI contraindications such as claustrophobia;
6) No involvement in other clinical studies.

Exclusion Criteria
The patients will be excluded if they meet any of the following criteria:

1) History of knee surgery or waiting for knee surgery such as total knee replacement (TKR) and arthroscopic knee 
surgery (AKS);

2) History of arthroscopy within 1 year or intra-articular injection within 6 months when screened;
3) Knee pain attributed to other conditions (eg, loose bodies, severe joint effusion, inflammation, malignant tumors, 

autoimmune diseases, trauma, fracture, or gout);
4) Severe acute or chronic organic and psychiatric diseases;
5) Blood coagulation disorders such as hemophilia;
6) Preparing for pregnancy, being pregnant or lactating;
7) Contraindications for MRI scans, such as claustrophobia, cardiac defibrillators, or metallic objects implanted in the 

body;
8) Organic lesions or severe abnormality of anatomical asymmetry in MRI scanning;
9) Treatment of acupuncture or moxibustion during the past 1 month;
10) Allergy to needles and alcohol, fear of acupuncture;
11) Involved in other clinical trials during the previous 3 months.

Dropout and Suspension Criteria
Patients failing to complete treatment or follow the study protocol will be considered dropouts. Researchers will contact 
dropouts to determine the reasons for incomplete treatment, and efforts will be made to complete the assessments. Details 
of all dropped-out patients such as acupuncture frequency and the last time for treatment should be recorded in the case 
report files (CRF) to ensure subsequent analysis.

The observation should be discontinued promptly upon the occurrence of serious adverse events or the development 
of any unexpected illnesses that render the patient’s condition inappropriate for continued monitoring, and the latter will 
be considered invalid cases. Additionally, suspension may also occur if significant non-compliance results in a loss of 
efficacy evaluation.

Randomization and Concealment
Block randomization will be applied in this study, with a length of 4. Sixty patients will be randomly allocated to the 
acupuncture group and the sham acupuncture group at a 1:1 ratio. Random number sequences will be generated using 
SPSS software (version 26.0, SPSS Inc., Chicago, IL, United States) by independent statisticians not involved in the 
study. The allocation of random numbers will be entrusted to a predetermined specialized researcher, who will securely 
store them. Once the eligible participants have been randomly assigned, the researchers will then inform the acupunc-
turists of the respective random numbers via a brief message, ensuring a transparent and unbiased process.
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Blinding
During the entire procedure, patients will not be informed of the treatment that they will receive, with outcome assessors 
and statisticians also being kept blind to the allocations through the use of random numbers instead of actual labels to 
prevent bias. However, the acupuncturists cannot be blinded due to the proprietary treatment characteristics of acupunc-
ture. They will not disclose any information regarding treatment to participants and not be involved in assessing 
outcomes to ensure blinding integrity.

Unblinding will only be required after study completion except if the researchers must be notified regarding related 
information of the group when the participant has a serious adverse event (SAE) or needs rescue. Reasons, time, and staff 
involved in emergency unblinding should be promptly recorded in CRFs, with a security incident report to be submitted 
to the ethics committee. Information on frequency, reasons, extent, and timing of emergency unblinding should also be 
included in the final statistical analysis for reference in evaluating efficacy and safety.

The credibility of blinding procedures will be assessed by independent researchers not involved in patient allocation 
or treatment during the acupuncture intervention phase at week 4.

Sample Size Calculation
For fMRI research, different from clinical trials, there are no standardized methods for determining sample sizes. Based 
on previous studies, referring to the Type I error rate α=0.005, we recommend 20 patients.30 When α=0.000002, 
approximately 25 patients are required.31 Considering a 20% dropout rate and potential data loss due to head movements 
during scanning, a maximum of 25 patients per group is adopted for the KOA patient group, with plans to recruit 30 
patients in each group.

Intervention
Acupoint selection is based on the traditional Chinese medicine acupuncture theory, combined with the clinical 
experience of acupuncture physicians, and culminates in establishing a fundamental consensus.21,32 Acupuncture 
physicians must obtain a license from the Ministry of Health of the People’s Republic of China and have at least 5 
years of clinical practice experience. Acupuncture group and sham acupuncture group will receive treatment in different 
small rooms for 4 weeks and 3 times per week. We will use the needles (Hwato, Suzhou, China, 0.30 × 40 mm or 0.30 × 
25 mm) in both groups. Locations of all acupoints will adhere to the National Standard of the People’s Republic of China 
(GB/T12346-2010). Prior to commencing the trial, clinicians will undergo specialized training encompassing basic 
clinical methods, follow-up procedures, and treatment protocols. The research overview diagram is shown in Figure 2.

True Acupuncture Group
The patients will be treated with a supine position at real acupoints (Figure 2 and Table 2) including bilateral Du Bi 
(ST35), Nei Xi-yan (EX-LE4), Xue Hai (SP10), Liang Qiu (ST34), Yang Ling-Quan (GB34), and Ashi acupoints (painful 
spots confirmed by patients or palpation points33). After the skin is disinfected with alcohol, needles will be inserted into 
acupoints at a depth of 5–20mm and then twisted or lifted to generate a Deqi sensation. After Deqi, the needles will be 
retained for 30 minutes followed by the needles’ withdrawal.

Sham Acupuncture Group
The patients will receive superficial skin penetration at sham acupoints without Deqi sensation, following a methodology 
commonly employed in randomized controlled trials.34 In our study, needles will be inserted into the skin for 
approximately 1mm at 5 non-acupoints following disinfection. The location of the sham acupoints is shown in 
Figure 2 and Table 2. Needles will be retained for 30 minutes without Deqi sensation.

Temporary Oral Painkiller Regulations
Before enrollment, patients will be informed that they should try not to use other drugs related to the treatment of KOA 
during the entire observation and treatment period. In compliance with the Declaration of Helsinki ethical principles, 
patients experiencing severe pain (NRS > 8) will be instructed to promptly notify the investigator for temporary treatment 
with oral non-steroidal analgesics. Detailed records will be maintained by the investigator regarding the drug’s name, 
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administration method and dosage, and timing. Moreover, the proportion of people taking temporary painkillers should 
be calculated. If a patient consumes other medications exceeding 1/4 of the prescribed intervention amount during the 
study period, their data will be excluded during final data processing.

MRI Protocol
fMRI scans will be performed at the First Rongjun Youfu Hospital of Shandong Province using a 3.0 Tesla MR scanner 
(GE Discovery MR750, GE Healthcare, Chicago, IL, United States). To ensure imaging quality, a designated radiological 
technician will operate the scanner consistently using the same machine each time. Prior to the research commencement, 
training sessions will be organized for the relevant personnel to grasp the research design and MRI safety measures. 
Before entering the MRI operating console, our researcher will once again confirm with the patient if they have any metal 
items, ask the patient to put on earplugs in advance, lie down relaxed on the MRI table, and stabilize the patient’s head 
through a head mask and sponge to prevent large head movements during the scan. The patients will hold a ball and can 
signal discomfort by squeezing it, prompting immediate halt of the scan. A professional researcher in radiology will 
check the quality of the images and program compliance after each scan to detect any brain injury or structural 
abnormalities.

Participants in the acupuncture group and the sham acupuncture group will undergo scans at pre-grouping, post- 
treatment, and after follow-up. HC subjects will only undergo one scan after enrollment.

For resting-state fMRI, echo planar imaging (EPI) sequence will be used with parameters: repetition time (TR) = 
2000 ms, echo time (TE) = 30ms, field of view (FOV) = 220 mm × 220 mm, flip angle (FA) = 90°, layer thickness = 
3.0mm, number of layers = 40, voxel size = 2.3 mm × 2.3 mm × 3.0 mm, and scanning duration = 10 min. Registration 

Figure 2 The research overview diagram and the location of acupoints. (A) The research overview diagram. (B) The location of acupoints in true acupuncture group and 
sham acupuncture group. 
Notes: The blue dots represent the location of real acupoints in the true acupuncture group. The red dots represent the location of sham acupoints in the sham 
acupuncture group.
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structural images will be obtained using 3D T1-weighted MPRAGE sequence with: TR = 2300 ms, TE = 2.32ms, FOV = 
240 mm × 240 mm, flip angle = 8°, layer thickness = 0.9 mm, matrix = 256 × 256, number of layers = 192, voxel size = 
0.9 mm × 0.9 mm × 0.9 mm.

T1 weighted 3D magnetization preparatory gradient echo sequence (3D T1-weighted MPRAGE) will be utilized with 
specific parameters: TR = 2530 ms, TE = 2.98 ms, magnetic field (FOV) =240mmx240 mm, FA = 7°, level thickness = 
1.0 mm, matrix (Matrix) =256 × 256, layers =192, voxel size =1.0 mm × 1.0 mm × 1.0 mm.

Outcome Measures
Primary Outcome Measures
Numerical Rating Scale, NRS 
The Numerical Rating Scale (NRS) is a single 11-point numeric scale commonly utilized to assess pain intensity, ranging 
from 0 for “no pain” to 10 for “worst pain imaginable”.35,36 As the score increases, it indicates that the pain becomes 
more severe.

Secondary Outcome Measures
Osteoarthritis Index 
The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) is a comprehensive system for 
evaluating knee conditions across three subscales: pain, stiffness, and physical function, involving a total of 24 
questions.37 The severity of pain, stiffness, and physical function will be represented by increased scores.

State-Trait Anxiety Inventory, STAI 
The State-Trait Anxiety Inventory (STAI) is an identified questionnaire to evaluate the association between anxiety and 

Table 2 Locations of Acupoints and Non-Acupoints for True Acupuncture and Sham Acupuncture Groups

Locations of real acupoints for true acupuncture group

Acupoint Location

Dubi (ST35) On the anterior aspect of the knee, in the depression lateral to the patellar ligament

Neixiyan (EX- 

LE4)

On the anterior aspect of the knee, in the depression medial to the patellar ligament

Xuehai (SP10) In the anterior femoral area, 2 inches above the medial end of the patellar base and the protuberance of the medial femoral 

muscle.

Liangqiu (ST34) In front of the thigh, when the line connecting the anterior superior iliac spine and the lateral end of the patellar floor is 2 

inches above the patellar floor

Yanglingquan 

(GB34)

On the outer side of the calf, in the depression below the anterior part of the fibular head

Ashi point The point where the patient feels most pain

Locations of non-acupoints for sham acupuncture group

Acupoint Location

NA1 On the anterior aspect of the thigh, 6 cun above the upper edge of the patella (between the spleen and stomach meridian)

NA2 On the anterior aspect of the thigh, 5 cun above the upper edge of the patella (between the spleen and stomach meridian)

NA3 On the anterior aspect of the thigh, 4 cun above the upper edge of the patella (between the spleen and stomach meridian)

NA4 In the middle between GB34 and ST36 (between the gallbladder and bladder meridian)

NA5 3 cun below GB34 (between the gallbladder and bladder meridian)

Abbreviation: NA, Non-acupoint.
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stress level, comprising state anxiety (STAI S-A) for emotional and transitory anxiety condition and trait anxiety (STAI 
T-A) for stable propensity on anxiety.38,39 The STAI will be used in this trial to assess the severity of anxiety with 
a higher score representing more anxiety.

fMRI Outcome Measures
fMRI will be used to meticulously track alterations in brain network activity via an array of indicators, including low- 
frequency fluctuation amplitude (ALFF), regional homogeneity (ReHo), seed-based functional connectivity (FC), and 
independent component analysis (ICA), providing a comprehensive understanding of neural dynamics, and further reveal 
the association between clinical outcome and brain activity via statistical methods such as Pearson correlation analysis. 
These indicators show the specific neuroimaging changes in the brain. FC indicates synchronicity and functional 
connectivity between different regions, while amplitude of low-frequency fluctuation and ReHo are applied to determine 
the regional change of the local brain area.40 And the ICA algorithm is employed to extract and match the information 
with interconnected and closely related functional networks for further comparison and analysis.41

All clinical indicators through scales filling and fMRI scanning will be detected 1 week before inclusion, week 4, and 
week 16.

Safety Assessments
Adverse Events (AEs) will be documented by participants and acupuncturists collaboratively to determine if they are 
related to acupuncture treatment. In cases of observed AEs, appropriate actions, such as treatment discontinuation or 
hemostasis, will be promptly taken by acupuncturists. Detailed documentation including event occurrence, symptoms, 
duration, severity, causal analysis, and treatment response will be conducted. Serious Adverse Events (SAE) will involve 
events causing death, posing a life-threatening situation, leading to hospitalization or extending hospital stay, resulting in 
permanent disability, or requiring medical intervention to prevent suffering. SAEs will be promptly reported to the safety 
committee for proactive management. Information regarding treatment discontinuation, outcomes, and timing will be 
recorded concurrently in CRFs for comprehensive statistical analysis.

Data Management and Quality Control
Researchers will be instructed to record data for screening and assessment on the original paper CRFs to follow the 
protocol. To ensure the accuracy of the study data, researchers will promptly record evaluation, outcome measures, 
baseline, and other trial data on the CRFs for regular verification. If there are corrections, explicit labeling should be 
illuminated according to the correction instructions in the CRF. For fMRI data, the researchers will be responsible for 
recording on DVDs and converting the format of obtained data timely, meanwhile checking the completeness of images 
and head motions. All original data and CRFs will be safely stored by our specific study members in a locked filing 
cabinet for loss avoidance. Additionally, the results of this study may be published in medical journals, and all the 
patients’ information will be kept confidential legally except for requirements by relevant laws.

Rigorous inclusion and detailed protocol will be conducted to persist in strictness. Before the formal trial, clinical 
training will be provided to familiarize researchers with the process, operation of acupuncture, and implementation of 
scales. The protocol will be on-site trained to make the performance of acupuncture standardized. Monitoring and spot 
checks for every 4 subjects included will be regularly applied.

Statistical Analysis
Clinical Data Analysis
Statistical analysis will be performed using SPSS software (version 26.0, SPSS Inc., Chicago, IL, United States). All 
statistical tests with a P-value of ≤0.05 will be considered statistically significant. For measurement data that conforms to 
normal distribution, the independent samples t-test is employed for comparisons between groups, whereas the paired 
samples t-test is utilized for within-group analyses. The results are typically presented as mean ± standard deviation; For 
measurement data that do not follow a normal distribution, non parametric rank sum test is used, described by median 
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(interquartile range). The Chi-Square Test is utilized to analyze categorical variables, with percentages (n%) serving as 
the descriptive statistic.

Equilibrium analysis of baseline values: Independent sample t-test or chi-square test will be used to compare 
demographic data and other baseline indicators to evaluate the balance between the two groups. Paired t-test will be 
used to assess the differences within each group compared to the baseline values during the screening period.

Sensitivity analysis: In the per-protocol analysis (PP) for the primary outcome measure after 4 weeks of treatment, 
patients who underwent a minimum of 10 acupuncture treatments and completed the requisite questionnaire will be 
included.

fMRI Data Analysis
All neuroimaging data analysis will be conducted on the MATLAB 2017b platform. Based on the SPM12 toolkit (http:// 
www.fil.ion.ucl.ac.uk/spm) and DPARSF tool (http://rfmri.org/DPARSF), the data preprocessing will include converting 
DICOM format, removing the first 10 time points, slice timing correction, motion correction (deleting subjects with 
translation > 2mm or rotation > 2°), spatial normalization (resampling to 3.0 mm×3.0 mm×3.0 mm), removing linear 
drift, low-frequency filtering (0.01–0.1Hz), and regressing out covariates (24 Friston head motion model parameters, 
cerebrospinal fluid, white matter, and global mean signal).

After all pre-processed resting-state fMRI images from the different groups into one group, Independent Component 
Analysis (ICA) will be performed using the GIFT v3.01 toolkit (https://trendscenter.org/software/gift). Researchers 
employ ICA combined with fMRI to extract spatial independent components (ICs) to enable the assessment of functional 
connectivity between the resting-state networks. Relevant ICs associated with chronic pain will be selected based on 
literature. After ICA, a single-sample t-test will be performed on the 3D spatial map of each IC. Pearson correlation will 
be used to calculate the correlation coefficients between pairs of time series for functional connectivity and to construct 
patients’ functional brain network. The SPM12 and SPSS software will be used to determine the statistical analysis of 
brain functional connectivity, which refers to the cerebral responses to acupuncture. Intra-group comparisons will be 
conducted using paired t-tests, while inter-group comparisons will utilize independent sample t-tests. Functional 
connectivity strength maps will be subjected to independent sample t-tests with covariates such as age, gender, education 
duration, and head motion parameters. Regions with statistically significant differences will be identified based on 
corrected P-values, and these specific brain regions will be considered to have a resting-state FC with the based seed 
spots. The correlation between brain structure and function and the variables among different groups will be reflected in 
the results above.

Discussion
Knee Osteoarthritis (KOA) is one of the clinically common degenerative osteoarticular diseases, characterized by high 
prevalence and high disability rate.42 Increasing clinical evidence supports acupuncture as an effective treatment method 
for improving chronic pain in KOA.20,43 Therefore, utilizing modern technological means to comprehensively investigate 
the central mechanism of acupuncture treatment for chronic pain in KOA has important practical significance in 
improving the clinical efficacy of acupuncture analgesia and advancing the theory of acupuncture analgesia.

Currently, the research on the central mechanism of acupuncture improving chronic pain in KOA mainly focuses on 
certain brain regions of interest and the short-term effect mechanism of acupuncture.26,27,44 Therefore, based on previous 
studies, this study further integrates modern fMRI techniques and adopts a brain functional networks perspective to 
effectively correlate the central brain mechanism of acupuncture analgesia intervention with the central sensitization and 
neuroplasticity implicated in the onset and progression of chronic pain in KOA. Through the identification of optimal 
neural markers for chronic pain in KOA and acupuncture analgesia, this study explores the relationship between changes 
in these markers, while also observing the enduring central regulatory impact of acupuncture intervention on chronic pain 
in KOA. This study may provide favorable evidence support for clinical investigations on acupuncture analgesia.

The advantages of this study are mainly reflected in the following aspects. Firstly, it focuses on connectivity patterns 
derived from brain functional networks to explore the link between chronic pain occurrence in KOA and aberrant 
functional connectivity patterns within the brain network. Subsequent analysis delves into the central mechanism of 
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acupuncture analgesia, with a longitudinal period set to delve into the sustained central mechanisms of acupuncture 
analgesia effects. Secondly, This study leverages the technical advantages of fMRI and utilizes the functional brain 
network analysis method of ICA to identify potential central targets for the occurrence of chronic pain in KOA from 
a brain functional network perspective. It further analyzes and compares the short-term and long-term effect targets of 
acupuncture. Thirdly, to observe the abnormal functional connectivity patterns in the brain networks of KOA patients, 
HC will be included. By comparing the fMRI data from KOA patients and HC subjects, we aim to identify KOA-specific 
abnormal brain functional networks. Building on this, the study will delve into the short and long-term effects of both 
true acupuncture and sham acupuncture on the abnormal brain network connectivity patterns in KOA patients. 
Furthermore, quality control provides the favorable conditions for improving the reliability of results. The protocol 
and implementation in this study will strictly adhere to existing standards. Other measures will be taken such as strict 
criteria, separate treatment facilities, unified training, and the same examination machine to ensure homogeneity and 
stability. The assessment of blinding credibility will be conducive to avoiding the severe bias of breaking and unblinding.

The following are the limitations of this study. First, chronic pain and negative emotions such as anxiety and 
depression are increasingly gaining attention from researchers.45–47 This study primarily focuses only on the relief of 
pain symptoms with acupuncture and does not look into the improvement of emotional states or the neurological 
processes that underpin acupuncture’s benefits. Future study should explore more deeply into the relationship between 
pain and emotion. Second, in terms of acupuncture intervention methods, the sham acupuncture group employed 
superficial needling at non-meridian points. Recent studies on the non-penetration of the sham needles have yielded 
inconsistent results.48 Some researchers contend that superficial needling can produce specific acupuncture effects, 
resulting in false negatives.49,50 However, recent research suggests that skin-penetrating sham needles can be used as 
inert placebo controls in randomized controlled trials.31,51,52 Given that patients have some history of acupuncture 
treatments, they expect certain sensations during the acupuncture procedure. Taking into account this and other 
relevant evidence, this study will utilize superficial needling with sham needles not inserted through meridians or 
acupoints.

Conclusion
The main purposes of this study are to investigate the abnormal functional connectivity patterns in the brain networks of 
KOA patients treated with acupuncture, and to identify potential central targets where acupuncture may improve chronic 
pain in KOA. Through this study, we aim to initially explore the correlation between chronic pain in KOA and abnormal 
connectivity patterns in brain functional networks. Based on this pattern, we hypothesize that there exist different central 
mechanisms of action for the short-term and long-term effects of acupuncture intervention. This study is guided by 
traditional acupuncture theory while incorporating modern medical imaging techniques, providing significant reference 
value for clinical studies on the effects of acupuncture analgesia.
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