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Purpose: Abnormal central nervous system function is the key central pathological factor leading to chronic pain in patients with
knee osteoarthritis (KOA). Acupuncture can effectively relieve the pain of KOA patients. However, the central nervous mechanism of
acupuncture treating KOA is not fully understood. This trial will use functional magnetic resonance imaging (fMRI) analysis
techniques to investigate the potential central nervous mechanism of acupuncture treatment of KOA.

Materials and Methods: A total of 108 patients will be randomized (in a 1:1:1 ratio) into three groups, this trial will include 4-week
treatment, patients in groups A and B will receive 20 acupuncture and sham acupuncture sessions, respectively, patients in group C
will not receive any intervention, and all patients will receive fMRI scans before and after the intervention. The Western Ontario and
McMaster Universities Osteoarthritis Index score (WOMAC) will be the primary clinical outcome. Then, we will explore the
functional changes of the cognitive control network (CCN) in the brains of KOA patients through whole brain functional connectivity
(FC) analysis and seed-based functional connectivity (sFC) analysis. Pearson correlation coefficient will be used to analyze the
relationship between the improved value of the clinical correlation scale and the change of fMRI data.

Discussion: This trial will analyze the efficacy of verum acupuncture, sham acupuncture and the waiting-list for KOA and explore the
activity of the CCN in three groups of patients by fMRI, so as to reveal the central nervous mechanisms of acupuncture in the
treatment of KOA.

Study Registration: This study is approved by the Ethics Committee of the First Affiliated Hospital of Henan University of
Traditional Chinese Medicine (No: 2019HL-133-01) and registered in the Chinese Clinical Trial Registry, ChiCTR2000038554.
Keywords: knee osteoarthritis, acupuncture, cognitive control network, randomized controlled trial

Introduction

Knee osteoarthritis (KOA) is a joint disease characterized by degeneration, destruction, and hyperosteogeny of knee cartilage.'
Currently, the pathogenesis of KOA is not completely clear, but some studies have shown that KOA is more common in the
elderly and may be related to factors such as gender, obesity, knee joint injury, and gastrointestinal microbiome.*” Its typical
manifestations are intermittent pain, weight-bearing pain, which gradually develop into chronic pain.* Compared with acute
pain, chronic pain involves sensory, emotional, cognitive, and other problems,” which significantly reduces the quality of life
of patients and increases the burden of society.® Approximately 250 million people worldwide have been diagnosed with
KOA, accounting for 3.6% of the global population, and their disease burden continues to increase due to the aging

population.” The aim of KOA treatment is to provide symptomatic pain relief, improve knee function, and improve the
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patient’s quality of life.® At present, the treatment methods for KOA mainly include self-management including proper diet,
weight loss and control poor posture, etc.’ scientific exercise including aerobic exercise and joint range of motion training,
etc.'” drug treatment including non-steroidal anti-inflammatory drugs and analgesics, etc.'' and surgical treatment including
joint replacement, arthroscopic surgery and so on.'? However, these treatments can not fully satisfy the treatment needs of all
KOA patients. Consequently, an increasing number of patients with KOA is likely to choose complementary and alternative
treatments. '

As one of the most popular complementary and alternative treatments,'* acupuncture has been used to treat
osteoarthritis disorders in China since ancient times, and systematic reviews of Randomised Controlled Trials (RCTs)
suggested benefits of acupuncture for KOA.'>!'> However, the central nervous mechanism of acupuncture in treating
patients with KOA is not clear, which prevents its clinical application and further promotion.

KOA is a complex chronic pain disease, partly due to both nociceptive and neuropathic mechanisms.'® It is often
accompanied by changes in neuroplasticity and central nervous system sensitization.'”'® Functional Magnetic
Resonance Imaging (fMRI) technology has to play an important role in the brain of pain management, emotional
cognition, memory research and so on. It is one of the advanced functional medical imaging research methods for
studying the human brain.'” In recent years, some studies have shown that compared with healthy subjects, the
cognitive control network (CCN) of chronic pain patients has changed, such as the volume of gray matter in the
orbitofrontal cortex and the anterior cingulate gyrus decreases, the volume of thalamus gray matter increases,”® and
the functional connectivity between the forebrain insula and the nucleus accumbens decreases,”' they believe that
the dysfunction of the CCN is an important factor that causes chronic pain. Moreover, a neuroimaging study of
KOA patients showed that compared with healthy subjects, the blood flow in the bilateral anterior cingulate gyrus,
hippocampus, amygdala, and insula of KOA patients has changed, while these encephalic regions belong to the
CCN.* So, we infer that the functional abnormality of the brain’s CCN is the key central pathological factor that
causes KOA patients’ chronic pain persisted and difficult to eliminate. In addition, an fMRI study of migraine
subjects showed that acupuncture can widely regulate the CCN function of migraine patients by reducing the
abnormal functional connection of the medial prefrontal lobe, anterior cingulate, bilateral ventral striatum and the
periaqueductal gray matter, and exert a lasting analgesic effect.”? Therefore, we hypothesized that acupuncture can
also exert its therapeutic role by regulating the CCN in KOA patients and designed this fMRI study of acupuncture
for KOA, using the analysis of the functional connectivity (FC) of the whole brain and the seed-based functional
connectivity (sFC) analysis to explore the functional changes in the CCN in the brain of KOA patients.

However, there are many problems in the previous researches on the central nervous mechanisms of KOA. KOA
may have a tendency to self-heal over time,** so that the lack of waiting list group control may not be able to rule
out the self-healing tendency, this may influence the exploration of the therapeutic effect of acupuncture. The
experimental design of the sham acupuncture group is unreasonable, since the acupoint selection and stimulation
amount have not been considered. The analysis technique of functional magnetic resonance imaging is single, and
the repeatability of the result is not high. All of these limit further study on the central nervous mechanisms of
acupuncture in the treatment of knee osteoarthritis. Therefore, this trial increased the waiting-list group, introduced
the degi rating scale, and adopted the analysis methods of FC and sFC, with the help of multi-mode fMRI, including
Blood Oxygen Level Dependent-fMRI (BOLD-fMRI) and Arterial Spin Labeling-fMRI (ASL-fMRI), combined with
clinical efficacy evaluation, aiming to explore the central nervous mechanisms of acupuncture treatment of chronic
pain in KOA patients by observing the activity of the CCN in the brain and re-verify the clinical efficacy of
acupuncture in the treatment of KOA.

Methods
Trial Design

This is a parallel-design, randomized controlled neuroimaging trial that aims to explore the central nervous mechanisms
of acupuncture treatment of chronic pain in KOA. This trial has been approved by the ethical committees of the First
Affiliated Hospital of Henan University of Traditional Chinese Medicine (No: 2019HL-133-01) and registered in the
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Chinese Clinical Trial Registry, ChiCTR2000038554. This trial will be conducted in accordance with the Declaration of
Helsinki. The protocol will be reported in following Standard Protocol Items: Recommendations for Interventional Trials
(SPIRIT) statement (Additional File 1: Completed Standard Protocol Items). After informed consent acquisition
(Additional File 2: Informed Consent Form), a total of 108 eligible KOA patients diagnosed with the Chinese Medical

Association (CMA) diagnostic criteria®® will be recruited and randomized to the verum acupuncture group (Group A),

the sham acupuncture group (Group B), and the waiting-list group (Group C) at 1:1:1. The treatment period will last for 4
weeks. fMRI scan and clinical evaluation data will be collected and assessed at baseline and the end of treatment. The
collected data will be analyzed to investigate the relationship between clinical efficacy changes and brain functional
activity changes in each group. Adverse events will be recorded in the case report forms (CRF) at any time during the
study. Figure 1 shows the study design in the flowchart, and Table 1 illustrates the time schedule of enrollment,
interventions, assessments, and visits of participants (Figure 1 and Table 1).

Recruitment

Patients with knee osteoarthritis who meet the CMA diagnostic criteria will be recruited from the outpatient and inpatient
departments of the First Affiliated Hospital of Henan University of Traditional Chinese Medicine. We will use the
Internet and posters to briefly introduce the trial and provide eligible participants with treatment details and contact
information.

KOA
par ticipants

r{ Exclued

Eligibility assessment and sign the informed consent
Y

Baseline assessment

:

randomization and allocation of
108 participants

' '

Group A (n=36) Group B (n=36) Group C (n=36)

1st clinical evaluation data collection , including WOMAC,
KOOS, AIMS2-SF, VAS, BAI and BDI ;
1st fMRI scan , including BOLD-fMRI and ASL-fMRI

:

Intervention: 5 sessions/week, 4 weeks
Evaluation indexes of deqi are measured at the end of each treatment session.

/

2ed clinical evaluation data collection , including WOMAC,
KOOS, AIMS2-SF, VAS, BAI and BDI ;
2ed fMRI scan , including BOLD-fMRI and ASL-fMRI

:

Statistical analysis

Figure | Flowchart of the study procedure.
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Table | Study Design Schedule

Timepoints Enrollment Allocation Treatment Period

-1 Week 0 Week I Week 2 Week 3 Week 4 Week

Enrolment
Eligibility screen
Baseline
Informed consent
Randomization
Medical history

Treatment history

X X X X X X X

Comorbidity
Allocation X
Interventions
Group A (n=36) X X X X
Group B (n=36) X X X
Group C (n=36)
fMRI scan
Assessments
WOMA
KOOS
AIMF2-SF
BAI
BDI
VAS
C-MMASS X X X
Adverse events X X X X

X

X
X

X X X X X X
X X X X X X X X

Note: Adverse events will be recorded on the case report form at any time during treatment.

Abbreviations: KOA, knee osteoarthritis; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; KOOS, Knee Injury
and Osteoarthritis Outcome Score; AIMS2-SF, Arthritis Quality of Life Measurement Scale Simplified Scale; BAI, Beck Anxiety Inventory; BDI,
Beck Depression Inventory; C-MMASS, the Chinese version of the modified Massachusetts General Hospital Acupuncture Sensation Scale; VAS,
visual analogue scale.

Participants

Informed Consent

We will provide the potential participants with a detailed description of the benefits of the trial and the risks that may
exist. If they decide to take part in, they will be asked to sign the informed consent. Then, they will be included in this
trial after randomization. If a participant withdraws from the trial, the reasons for withdrawal will be recorded.

Inclusion Criteria

Participants who meet all of the following requirements will be considered for inclusion: 1) Male or female, aged 45-75
years; 2) Following the diagnostic criteria of knee osteoarthritis, and Right-handed; 3) Good compliance and willingness
to cooperate with the research; 4) Radiologic confirmation of knee osteoarthritis (Kellgren—Lawrence grade I-III); 5) The
informed consent form was signed by the patient or by their immediate family members.

Exclusion Criteria

Subjects will be excluded if they meet any of the following criteria: 1) Patients with other knee joint diseases, such as
tuberculosis, tumor, rheumatism and rheumatoid arthritis; 2) Patients with sprain, contusion or other trauma, foot
deformity, pain and other diseases affecting normal walking; 3) Patients with severe cardiovascular disease, damage of
liver and kidney function, immune deficiency, diabetes mellitus, and blood disease; 4) Patients with severe drug and
alcohol dependence, mania or schizophrenia; 5) Patients with obvious headache, migraine, dysmenorrhea and other
chronic pain diseases, history of head trauma; 6) Patients are insensitive to pain due to advanced diabetes, neuropathy or
use of strong painkillers; 7) Have knee pain caused by radiculopathy/herniation of an intervertebral disc; 8) Have a
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history of prolotherapy, hyaluronic acid injections or corticosteroid injections within 3 months; 9) Have received
acupuncture, electro-acupuncture, Tui-na therapy, massage, or physiotherapy 8 weeks prior to enrollment of this trial;
10) Have MRI contraindications such as claustrophobia, cardiac pacemaker, defibrillator, heart stenting, or intrauterine
device.

Sample Size Estimation

According to previous studies, the WOMAC functional score of KOA patients decreased by 12.1 points after acupunc-
ture, 9.4 points after sham acupuncture, and 5.6 points after education, and the WOMAC pain score of KOA patients
decreased by 3.6 points after acupuncture, 2.6 points after sham acupuncture and 1.5 points after education.?® In this
study, we anticipated that the total WOMAC score would be reduced by 17 points after verum acupuncture, 13 points
after sham acupuncture, and 8 points after the waiting list. With oo =0.05, 1 — = 0.9, and a standard deviation of 10, we
need at least 99 participants in total. Considering a dropout rate of 10%, a total of 108 participants will be included in this
trial. All 108 participants will receive fMRI scans and corresponding treatments, and this sample size is much larger than
the 12 cases per group required by the technical requirements of quality control and network analysis of acupuncture
brain functional imaging,”” which can make the test results more reliable.

Randomization

In this trial, eligible patients who consent to participate will be randomly assigned to one of three groups via a central
randomization system for clinical research in a ratio of 1:1:1 by an independent researcher, who will not involve in the
implementation or statistical analysis of the trial. Random number lists will be created by PROCPLAN of SAS 9.2 (SAS
Institute Inc., Cary, NC, USA). The randomization allocation will use sequentially numbered, opaque and sealed
envelopes. The participants’ screening sequence numbers will be printed outside the envelope, whereas the group
names will be printed inside. After a participant has met all selection criteria, signed the informed consent form and
completed the baseline assessments, the researcher will inform the statistician in the center. The statistician will open the
envelope according to the participant’s screening sequence number and then assign the participant to one of the three

groups.

Blinding

The acupuncturist and patients will not be blinded because of the nature of the intervention. However, it is feasible to
conceal the researchers, statisticians, and outcome assessors. The outcome assessor and data analyst will be blinded to
group assignments. Unblinding will not be done until the completion of data analysis, and after the data analysis, we will
have a blinded interpretation of the study results to minimize misleading data interpretation.

Researchers

The treatment will be performed by the same licensed acupuncturist with more than six years of experience. Besides, two
supervisory data collectors and analysts who do not know the random assignment protocol will monitor the whole
experiment. People who are responsible for recruitment, researchers, outcome assessors, and the statistician in the trial
will be trained strictly before the trial.

Safety Assessment

In this study, all patients will not be allowed to take drugs that may change the symptoms of KOA. If severe knee pain
occurs, ibuprofen (300 mg per capsule) will be allowed as a first-aid drug, the type and dosage of medication used should
be recorded in the case report form (CRF). Any adverse events (AE) during treatment, including pain, hematoma, local
infection, folding needle, syncope, nausea, headache, dizziness, insomnia, or vomiting during or after treatment, will be
recorded on the AE report form. Any serious adverse events (SAE) will be reported to the lead investigator at once and
the Medical Ethics Committee within 24 hours. If a first aid incident is reported, a preliminary investigation and follow-
up monitoring will be conducted.
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Interventions

The treatment will be performed by the same licensed acupuncturist with more than six years of experience. Besides, two
supervisory data collectors and analysts who do not know the random assignment protocol will monitor the whole
experiment. People who handle recruiting participants, researchers, outcome assessors, and the statistician in the trial will
be trained strictly before the trial.

Group A

Acupoint Choice Scheme

The selected acupoints for the verum acupuncture treatment include Dubi (ST35), Neixiyan (EX-LE4), Heding (EX-
LE2), Yanglingquan (GB34), Yinlingquan (SP9). At the same time, depending on the patient’s condition, a ashi acupoint
(the point where the patient feels most pain) can be added (Figure 2).

Acupuncture Operation

The patients in the verum acupuncture group maintain a comfortable position, then disinfect their skin with 75% alcohol,
and the acupuncturist inserts perpendicularly into the points for 21-26 mm with a sterile needle (Huatuo, Suzhou, China,
0.25 mm, in diameter and 40 mm in length). Then, the needle is twisted between 90° and 180°, and the range of lifting
and insertion was between 0.1 and 0.3 centimeters, and the frequency was between 60 times and 90 times per minute.
After the degi response (including soreness, numbness, distention, and heaviness) is obtained, the needle will be kept in
the skin for 30 minutes and manipulated every 10 minutes for maintaining the deqi sensation. Every patient will receive
acupuncture treatment once a day, 5 days as a course of treatment, 4 consecutive courses of treatment, each course of rest
for 2 days.

Group B
Acupoint Choice Scheme
The selected acupoints (NP1-NP6) are all located 1cm away from the outer side of the midline of the lower extremity of

Heding
/ (EX-LE2) Yinlingquan
' (sp9)
Neixiyan
NAS (EX-LE4)
S135)-
( ! NA2
NA3
Yanglingqua
(GB34)
Figure 2 Acupoints location.
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the six acupuncture points selected in the Group A “Dubi (ST35), Neixiyan (EX-LES), Heding (EX-LE2), Yanglingquan
(GB34), Yinlingquan (SP9), and a ashi acupoint” (Figure 2).

Acupuncture Operation

To minimize the effect of sham acupuncture, and avoid the deqi response, it is required that the needle should not be
inserted longer after piercing the skin, the needle is kept upright and directly retained for 30 minutes without manual
operation.

Group C
Wait for observation for 4 weeks without any intervention. At the end of the trial, patients can obtain free acupuncture
treatments for 20 times.

Outcome

Primary Outcome

We will use the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) as the primary outcome
measurement.”® It consists of 24 items assessing the patients with KOA pain (5 items), stiffness (2 items), and physical
function (17 items). The pain, stiffness, and body function sub-scales range from 0-50, 0-20, and 0—170, respectively,
and the total score ranges from 0-240. The higher the score, the more severe the symptoms or physical disability.

Secondary Outcomes

1. Knee Injury and Osteoarthritis Outcome Score (KOOS)*’ is a self-administered self-explanatory questionnaire. It
contains five scales with 42 items, including measure pain (9 items), other symptoms (7 items), activities of daily living
(17 items), exercise and entertainment function (5 items), and knee-related quality of life (4 items).

2. Arthritis Quality of Life Measurement Scale Simplified Scale (AIMS2-SF)*° is a reliable and effective self-reporting
questionnaire for assessing the health status of patients with arthritis. There are 5 dimensions and 26 items: physical (12
items), symptoms of pain (3 items), affect (5 items), social interaction (4 items), and role components (2 items). All
entries are scored on a scale of 1 to 5.

3. Emotional monitoring: Pain symptoms often affect the mood changes of patients, resulting in anxiety and depression.
To study the relationship between the changes of emotion and brain activity in patients with KOA before and after
treatment, the Baker anxiety scale (BAI)*' and Baker Depression scale (BDI)** will be used at baseline and the end of
treatment.

4. The pain visual analogue scale (VAS):*® this is a 10-point scale ranging from “none” (0) to “unbearable” (10) to assess
the degree of knee pain in patients with KOA: “none” (0 points), “mild” (about 2 points), “moderate” (about 5 points),
“severe” (nearly 8 points) and “unbearable” (close to 10 points).

5. Furthermore, after each acupuncture treatment, participants in the two acupuncture groups will be required to fill in the
needle sensation evaluation form, which is based on the Chinese version of the modified Massachusetts General Hospital
Acupuncture Sensation Scale (C-MMASS).** The scale will be used to evaluate the 11 acupuncture sensations: soreness,
aching, deep pressure, heaviness, fullness, tingling, numbness, dull pain, warmth, cold, and throbbing.

MRI Data Acquisition

Each scan included three sequences: 3DT1 structure image, resting-state BOLD-fMRI and ASL-fMRI. During the data
acquisition, participants will be instructed to keep awake, relaxed with their eyes closed, and remain motionless as much
as possible. All fMRI data will be obtained in the MRI room of The First Affiliated Hospital of Henan University of
Traditional Chinese Medicine. High resolution structural and functional images will be scanned with Ingenia 3.0 Tesla
MRI scanner (Philips Medical System, Best, The Netherlands) and head orthogonal coil. The specific parameters are as
follows:

1.3DT1 Structural: Repeat Time (TR): 7.7ms, Echo Time (ET): 3.86ms, Field Of View (FOV): 256mm Xx256mm, data
matrix: 256 x 256, slice thickness: 1mm.
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2. The resting-state BOLD-fMRI will be scanned by the whole-brain EPI sequence. The parameters were as follows: TR/
TE: 2000/30 ms, FOV: 240mm x 240mm, scan matrix: 64 x 64, flip angle: 90°, slice thickness/slice spacing = 5/0mm,
slice number: 32 slices.

3. Arterial spin labeling imaging (ASL): Two delayed pseudo-continuous arterial spin labeling (pCASL) scans would be
used. Two marker delay time: 1.5s, 2.5s, FOV: 220 x 220mm, matrix: 64 x 64, layer number: 16, layer thickness: 8mm,
echo time (TE): 12 ms, each delay 8 pairs of marker control images, a total of 16 pairs.

Data Collecting and Monitoring

The trial data of all participants will be managed in both paper and electronic forms of CRF. The evidence-based
Medicine Center of the university will handle monitoring the study as well as the data every 3 months. During the trial
period, only data evaluators can access CRF and enter data.

Data Analysis

All the data of this trial will be uniformly filled in the research report form, and the test results based on computer
software will be exported by the program and pasted on the research report form, and other tests will be completed
directly in the research report form. After the completed research report form will be reviewed by the project manager,
the data entry staff will be organized to input the data and manage the original form uniformly.

Clinical Data Analysis

Clinical data statistical analyses will be performed with SPSS 22.0 statistics software (IBM Corporation, Armonk, NY,
USA). The data analysis process will be completed by statisticians who are independent of the research team and blinded
to the test settings. Quantile—Quantile Plots will be used to test the normality of the data, changes in the scores from
baseline within treatment groups will be assessed by the paired sample #-test or Wilcoxon test (if normality is violated),
including the WOMAC, KOOS, AIMS2-SF, BAI, BDI and VAS. One-way analysis of variance (ANOVA) or Kruskal—
Wallis one-way ANOVA (if normality is violated) will be used for comparison among the three groups, including age,
height, weight, scores of WOMAC, KOOS, AIMS2-SF, BAI, BDI and VAS. In addition, the available data of the three
groups will be tested by bilateral tests and the confidence intervals are all 95% bilateral, p < 0.05 (o = 0.05) is considered
to indicate statistical significance.

MRI Data Analysis

Based on the SPMS8 software platform (SPMS8, Wellcome Department of Imaging Neuroscience, London, UK; http://
www.fil.ion.ucl.ac.uk/spm/), the MRI data will be preprocessed. After data preprocessing, we will use the analysis of the
FC of the whole brain and the sFC analysis to explore the functional changes of the CCN in the brain of KOA patients.
Then, based on the results of the FC and sFC analysis of the Bol-d-fMRI data, we will select the relevant region of
interest (ROI) and use the ASL-fMRI data to calculate the cerebral blood flow around the ROI, and extract the same brain
area on the opposite side of the ROI to calculate various average perfusion parameters. We will also compare the results
of ASL-fMRI with the functional network changes of BOLD-fMRI to complete the interactive verification of multi-
modal images. The paired #-test will be used to evaluate brain responses in each group through intra-group analysis (post-

treatment minus preconditioning). The between-group analysis will be used to compare the differences in the activity of
the CCN in the brain. During data analysis, we will include age, gender and other factors into the data analysis as
covariates. Pearson correlation coefficient will be used to analyze the relationship between the improved value of the
clinical correlation scale and the change of fMRI image data.

Patient and Public Involvement
Patients and the public will not be involved in the development of this clinical trial protocol.

Discussion
KOA is a major health concern worldwide. For the most early and middle stage patients, safe and effective early
intervention is considered to prevent and delay the occurrence of KOA.*> As a representative of traditional Chinese
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medicine, acupuncture has a remarkable curative effect on KOA.>**” However, the mechanism of acupuncture is not
clear. As we all know, the effect of acupuncture is a complex biological process. Some mechanism experiments have
shown that acupuncture could treat knee osteoarthritis by reducing the content of inflammatory factors,’® and increasing
the concentration of B-endorphin.’® At the same time, acupuncture can down-regulate the expression of matrix
metalloproteinase-3 and matrix metalloproteinase-1 in cartilage tissue, showing that acupuncture has a certain protective
effect on cartilage from KOA.*® However, these factors do not play indispensable roles in the role of acupuncture. In
recent years, researchers have turned their attention to the study of the neural mechanism. The results show that
acupuncture can achieve an analgesic effect by regulating the relevant pain signals in the central system.*' The
modulation of pain signals can be weakened or disappeared with the damage of related brain areas such as the thalamus,
caudate nucleus, periaqueductal gray, and so on. Thus, it can be seen that the information regulation of the central system
is an indispensable step for acupuncture to take effect. However, researchers gradually realized some problems related to
the study of the central nervous mechanisms of acupuncture. The data obtained from animal experiments can not
eliminate the influence of species-related differences with the results of the study. Moreover, the results of in-vitro
experiments cannot fully reflect systemic interactions. Therefore, elucidating the central nervous mechanisms by
obtaining objective and clear visual evidence in vivo has become an urgent task in the study of acupuncture and
moxibustion in the treatment of chronic pain in KOA. So, this trial will design a central research scheme of acupuncture
treatment of KOA, which consists of verum acupuncture, sham acupuncture, and the waiting-list as a random control

group. The advantages of the trial design are shown in the following aspects.

Using BOLD-fMRI and ASL-fMRI Interactive Verification to Make the Results More
Reliable

Since the 1990s, a large number of researches on acupuncture brain functional imaging have been carried out. Compared
with previous research techniques, fMRI has been widely used to study the central nervous mechanisms of acupuncture
effect™ because of its high temporal and spatial resolution, non-radiation, fast imaging speed, and rich data post-
processing methods.* Using this neuroimaging technique, researchers have been able to non-invasively examine the
effects of acupuncture on the central nervous system.** It can directly reflect the effect of acupuncture on the structure
and function of the human brain and overcome the influence of species difference and in vitro operation on the research
results of acupuncture central nervous mechanisms. Studies showed that acupuncture could regulate the pain-related
nerve centers and achieve analgesic effects.* For example, acupuncture could influence the Regional Homogeneity
values of multiple regions in the default mode network for patients with migraines, including posterior cingulate.*®
Therefore, fMRI has been selected as a tool with which to reveal the central nervous mechanisms of the acupuncture
effect of the KOA in the present study.

Among the many functional neuroimaging techniques, BOLD-fMRI has become the choice of many researchers
because of its special advantages. Compared with other brain functional imaging techniques,*” BOLD-fMRI technology
can provide omnidirectional brain functional activity information from cortical to subcortical structures and has the
characteristics of high temporal and spatial resolution, safety, no radiation hazard, and rich and diverse data analysis. It
has been widely used in neuroscience, psychology, psychiatry, and acupuncture of traditional Chinese medicine.*® An rs-
fMRI study of acupuncture treatment of KOA found that a positive association in the functional connectivity changes
between the right frontoparietal network (rFPN) and the left parietal operculum (post—pre) and the corresponding changes
in clinical KOOS pain score in patients with KOA.*’ The ASL technique of multi-delay and multi-parameter arterial spin
labeling imaging focuses on local cerebral blood perfusion,®® which makes up for the lack of clarity in the physiological
mechanism of BOLD-fMRI. Compared with the traditional ASL technology, pCASL has the advantages of higher
resolution and less noise. Based on the FC and sFC analysis of BOLD-fMRI data to explore the effect of acupuncture on
the CCN, the multimodal verification of the experimental results with ASL-fMRI will effectively improve the reliability
and repeatability of the results.
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Choose Verum Acupuncture, Sham Acupuncture and Wiaiting-List to Compare with

Each Other, the Control Groups are Reasonable

According to the acupuncture theory of traditional Chinese medicine, the choice of acupoints should follow the following
three principles: local selection, meridian selection, identification, and selection of points. In the idea of acupuncture
treatment of knee osteoarthritis, local acupoints have been used since ancient times. Some researchers’' used data mining
to analyze the relevant literature of modern acupuncture treatment for KOA and found that Dubi, Neixiyan, and
Yanglingquan were the top three acupoints with high frequency. Therefore, combined with the literature and expert
consensus, this study will select Dubi (ST35), Neixiyan (EX-LES), Heding (EX-LE2), Yanglingquan (GB34),
Yinlingquan (SP9) as the acupuncture points. At the same time, we will also choose a ashi acupoint, which is the pain
spots or the tender points that are good for alleviating local pain.

A suitable control group is particularly important for well-designed clinical trials and is an important source of high-
quality evidence-based medicine for acupuncture. However, it is difficult to design an inert placebo control for
acupuncture because it is a physical intervention. At present, acupuncture treatment of KOA clinical trials, most of
them used acupuncture at non-effective acupoints or non-effective acupuncture at effective acupoints as a placebo
control. However, it was found that this approach may induce a wide range of peripheral, segmental and central
physiological responses to an unpredictable degree.”>>* In order to effectively avoid these physiological reactions, we
can only use the method of non-effective acupoints with non-effective puncture at the local of the knee as sham
acupuncture. The non-acupoints in the sham acupuncture group are also selected around the knee joint, located at 1
cun away from the outer side of the real acupuncture points and not on any regular meridians. While the needle depth is
1~2mm and do no other operations after the insertion of needles to avoid the deqi sensation as much as possible, which
could minimize the possible effect of sham acupuncture, overcome the bias caused by psychological factors in patients
receiving sham acupuncture as far as possible and maximally help to exclude the bias of the spinal segmental effect of the
acupoints. In addition, we also used waiting-list group as a blank-control group.

In conclusion, we set up control groups reasonably, through the mutual comparison between verum acupuncture,
sham acupuncture and the waiting-list for knee osteoarthritis, which can better help us to explore the influence of
acupuncture on the CCN, and reveal the central nervous mechanisms of acupuncture treatment of KOA.

Strict Quality Control to Improve the Reliability of the Research Results
Determining strict control methods is the key to ensure the methodological quality of RCT. To improve the result
reliability of this study, we designed the quality control program from the following aspects: 1. Strictly screen the
subjects with similar demographic indicators (age between 45 and 75 years and being right-handed) and the same disease
state to avoid excessive difference in brain function at baseline; 2. sample size to obtain stable statistical power; we
include 36 patients in each group, this sample size is much larger than the 12 cases per group required by the technical
requirements of quality control and network analysis of acupuncture brain functional imaging,?’ which can make the test
results more reliable. 3. fMRI scan: collect BOLD-fMRI + ASL-fMRI data strictly according to the operating procedures
of fMRI and the design of this experiment, only one technician will perform all scans in the same MRI machine
according to the related operation standard and the design of the study in the fixed condition. Furthermore, the unified
guidebook will be used to standardize the opinions and behaviors of the researchers. Moreover, during the 24h before
scanning, participants will be asked to maintain their regular lifestyle and avoid overexertion and staying up late. The use
of alcohol, tobacco, tea, and coffee is prohibited. Before being scanned, the emotional state of each participant will be
evaluated via the emotional state assessment scales. During the scan, participants will be asked to close their eyes and use
a blindfold and to plug their ears with earplugs, stay awake and not speak; 4. The acupuncturist is a doctor with more
than six years of work experience and a medical practitioner certificate. Relevant personnel and data evaluators
responsible for recruiting patients must undergo a rigorous training before the study to ensure that all experimental
procedures have uniform standards and avoid observational bias.

In summary, for the first time in this trial, we combine BOLD-fMRI with ASL-fMRI and use the FC of the whole
brain and the sFC analysis to observe the functional changes of the CCN in the brain of KOA patients. Then, the Pearson
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correlation coefficient will be used to analyze the relationship between the improved value of the clinical correlation
scale and the function changes of CCN, to explore the central nervous mechanisms of acupuncture in the treatment
of KOA.
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KOA, knee osteoarthritis; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; KOOS, knee
Injury and Osteoarthritis Outcome Score; AIMS2-SF, Arthritis Quality of Life Measurement Scale Simplified Scale; BAI,
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functional connectivity; fMRI, functional magnetic resonance imaging; MRI, magnetic resonance imaging; rs-fMRI,
resting-state functional magnetic resonance imaging.

Trial Status
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Committee of the First Affiliated Hospital of Henan University of Traditional Chinese Medicine (Ethics Reference No:
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December 2022.
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