& frontiers | Frontiers in Neurology

@ Check for updates

OPEN ACCESS

Jiliang Fang,

Guang'anmen Hospital, China
Academy of Chinese Medical
Sciences, China

Taipin Guo,

Yunnan University of Traditional
Chinese Medicine, China
Hailong Fan,

Hohhot Hospital of Mongolian
Medicine and Traditional Chinese
Medicine, China

Di Zhang
erinzd53@126.com

"These authors have contributed
equally to this work and share first
authorship

This article was submitted to
Applied Neuroimaging,
a section of the journal
Frontiers in Neurology

24 June 2022
04 August 2022
01 September 2022

Zhang D, Wang YS, Li HP, Ma J, Sun JF,
Wu ZP, Zhang GL and Jin S (2022) The
central-peripheral coupling effect of
ocular acupuncture kinesitherapy in
post-stroke dyskinesia: A functional
neuroimaging and neurotic
electrophysiology study protocol.
Front. Neurol. 13:977112.

doi: 10.3389/fneur.2022.977112

© 2022 Zhang, Wang, Li, Ma, Sun, Wu,
Zhang and Jin. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiersin Neurology

Study Protocol
01 September 2022
10.3389/fneur.2022.977112

The central-peripheral coupling
effect of ocular acupuncture
kinesitherapy in post-stroke
dyskinesia: A functional
neuroimaging and neurotic
electrophysiology study
protocol

Di Zhang'*', Yongshen Wang?®, Hongpeng Li*, Jiang Ma*,
Jianfeng Sun?, Zhipeng Wu!, Guilong Zhang®' and Song Jin'!

!Department of Rehabilitation, Hospital of Chengdu University of Traditional Chinese Medicine,
Chengdu, China, ?School of Health Preservation and Rehabilitation, Chengdu University of
Traditional Chinese Medicine, Chengdu, China, School of Medicine and Life Science, Chengdu
University of Traditional Chinese Medicine, Chengdu, China, “Medical Rehabilitation Department,
Affiliated Sport Hospital of Chengdu Sport University, Chengdu, China, °*Department of Orthopedics,
Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu, China

Background: Dyskinesia is a common manifestation after stroke. Motor
functional rehabilitation after stroke is of great significance to the maintenance
of national health. Ocular Acupuncture Kinesitherapy (OAKT) can repair nerve
injuries, improve motor function, reduce rehabilitation time, and promote
dyskinesia recovery after stroke. The mechanism, however, remains a mystery,
necessitating urgent research. The M1-thalamus-spinal cord neural signaling
pathway is linked to limb motor function. Bold-fMRI can represent the cerebral
functional state, and TMS-MEP is of certain practical utility for assessing
motor neural function and prognosis. Combining fMRI scanning with TMS-
MEP detection is predicted to advance brain-spinal cord regulation and
muscle response linkage control mechanism research, as well as completely
investigate the central-peripheral coupling effect of Ocular Acupuncture
Kinesitherapy on dyskinesia after stroke (PSD).

Methods: This is a prospective functional neuroimaging and neurotic
electrophysiological study with a case-control design between the PSD with
the HC groups and a randomized controlled design within the 3 PSD groups
(OAKT group, ocular acupuncture group, and kinesitherapy group). Using
fMRI scans and TMS-MEP approach, we will assess the central-peripheral
neural function alterations in PSD as well as the coupling effects of OAKT
on PSD. We plan to enroll 90 participants at the Hospital of Chengdu
University of Traditional Chinese Medicine from Aug 31, 2022, to Dec 31,
2023, including 45 PSD and 45 HC subjects. After enrollment and on the last
day after 4-weeks of waiting (HC subjects) or intervention (PSD subjects), all
eligible subjects will be evaluated using fMRI scanning, TMS-MEP detection,
and the MMT and Fugl-Mayer scales assessment. The MMT and Fugl-Meyer

01 frontiersin.org


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2022.977112
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2022.977112&domain=pdf&date_stamp=2022-09-01
mailto:erinzd53@126.com
https://doi.org/10.3389/fneur.2022.977112
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2022.977112/full
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhang et al.

10.3389/fneur.2022.977112

scores will be recorded, and a Pearson correlation analysis will be performed
to assess the correlation between clinical and imaging outcomes.
Discussion: Findings of this study will help to explain the central-peripheral
coupling effect of OAKT on PSD and to further provide the neural processing
of acupuncture kinesitherapy covering the entire pathway from peripheral to
central nervous system.

Clinical trial registration: This study is registered with an identifier
(ChiCTR2200060483) at the Chinese Clinical Trial Registry in June 2022. http://
www.chictr.org.cn/index.aspx.

ocular acupuncture kinesitherapy, dyskinesia after stroke, fMRI, TMS-MEP, central-

peripheral coupling effect

Introduction

Dyskinesia after stroke (PSD), a typical result of
cerebrovascular accident, is characterized by abnormal
muscle strength and tension in the unilateral upper and lower
limbs, affecting the patient’s ability to sit, stand, walk, and
other motor actions. With more than 13 million new cases
per year, stroke has become the second leading cause of death
and disability worldwide, with high morbidity, mortality, and
disability rate. Half of the surviving patients suffer from physical
dysfunction to varying degrees, such as motor dysfunction,
sensory dysfunction, balance disorder, and so on (1, 2), posing a
substantial social and economic burden as well as a significant
health risk to humans (3-5). According to one study, PSD
has the most recommended recommendations for stroke
rehabilitation, with 257 suggestions in six dimensions (6).
Actively fostering rehabilitation of post-stroke dyskinesia has an
important role in restoring healthy life, enhancing utilization
efficiency and logical allocation of medical resources, and
lowering the economic burden of patients, families, and even
society as a whole (7).

Acupuncture paired with exercise training is a type of
integrated Chinese and western therapy that has been shown
to dramatically repair nerve injury after stroke, alleviate
affected limb functioning, and improve patients’ quality of
life. Acupuncture has been generally recognized by medical
science for its certain success in the treatment of stroke (8,
9), particularly the consciousness and resuscitation restoring
needling method, which has been widely used for stroke patients
(10-12). Acupuncture with varied techniques based on the level
of muscular tension has been found (13) to considerably alleviate
the neurological deficit after stroke, and acupuncture has been
considered the principal TCM therapy for post-stroke dyskinesia
rehabilitation. Exercise training stresses the use of a combination
of passive and active exercises to significantly improve neural
activity, vascular endothelial function, aerobic metabolism
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capacity, exercise tolerance, and cardiopulmonary function (14).
Muscle strength, proprioception, range of motion, joint stability,
and limb motion stimulation can all be improved with exercise
training (15). It has become a core means of rehabilitation
therapy for a variety of illnesses affecting the skeletal muscle
system, endocrine system, cardio-cerebrovascular system, and
nervous system. Traditional acupuncture followed by exercise
training can improve motor function for PSD more effectively
than single acupuncture or exercise training; however, due
to the long treatment time, multiple manipulated meridians
and acupoints, obvious pain, and complicated steps, it is not
conducive to patient long-term persistence and affects the
follow-up rehabilitation.

Ocular Acupuncture Kinesitherapy (OAKT) is a form of
moving acupuncture in which exercise training is carried
out while ocular acupuncture needles are embedded in the
orbital tissues. Ocular acupuncture, an acupuncture treatment
manipulated on orbit with 8 areas and 13 acupoints, has been
approved by the Standardization Administration of China in
2009 (16). As a sort of micro-acupuncture, ocular acupuncture
can activate the meridians, invigorate blood, relieve pain and
regulate viscera functions by stimulating acupoints around
the orbital margin (17-19). Conducting physical therapy (PT),
occupational therapy (OT), speech therapy (ST), swallowing
training, and other therapies during ocular needle retention
can manipulate at fewer points with low pain and simple
steps for PSD patients (20), demonstrating the advantages of
rapid onset and high patient tolerance. It is advantageous to
reduce the treatment length and rehabilitation course, reduce
stroke morbidity, and dramatically increase short and long-
term efficacy (21-29). In northeast China, OAKT has gradually
gained popularity and has become the primary approach for
PSD rehabilitation. OAKT has been proven more efficient
than traditional acupuncture followed by exercise training
in alleviating limb spasms, reducing limb muscle tension,
alleviating motor dysfunction, restoring clinical nerve function,
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and improving daily living ability in PSD (30-36). It has societal
significance for its ease of operation, safety and efficiency
in treatment, and high patient compliance. The National
Administration of Traditional Chinese Medicine established
the Operating Standards for OAKT in 2018, clarifying the
indications, operating specifications, processes, and precautions
in the treatment of stroke and promoting it as a suitable
technology for TCM in China. However, because OAKT has
such a short application period, it is unclear how it promotes
dyskinesia recovery after a stroke.

The brain, as a sophisticated neurological center, can process
and integrate input signals by processing and exchanging
materials, energy, and information between neurons and
synapses to control numerous peripheral organ functions. As
a significant input-output channel of motor neuron signal
transmission, the Primary Motor Cortex (M1)-Thalamus-Spinal
cord is strongly associated with motor functions, such as
target-oriented activities of controlling limbs, motor proficiency,
coordinated movement, and motor learning (37). The corpus
callosum white matter fiber connecting the bilateral primary
motor cortex and associated with motor function score
was destroyed in post-stroke dyskinesia patients, as was the
structural integrity of the right upper longitudinal fasciculus.
According to the findings, the cerebral cortex dysfunction
of PSD is related to the damaged structure, whereas the
contralateral cortex and other brain regions compensate (38),
and left upper limb activity and self-paced finger motoring
can activate the injured corpus callosum white matter fiber
connecting the bilateral primary motor cortex (39).

Functional magnetic resonance imaging (fMRI), a non-
with
simultaneous imaging of structure and function, high spatial-

interventional functional neuroimaging technique
temporal resolution, and non-radioactivity, is useful for
quantifying cerebral neuronal state and providing an objective
reflection of brain functional activities (40). Transcranial
Magnetic Stimulation-Motor Evoked Potential (TMS-MEP) is a
transcranial magnetic stimulation technique that targets motor
cells in the cerebral cortex, spinal nerve roots, and peripheral
nerves to record compound action potentials on the relevant
muscles, reflecting the functional status of the pyramidal
tract. It can be utilized to assess limb motor dysfunction and
dynamically monitor recovery conditions due to the great
penetration, deep location, and less discomfort of magnetic
stimulation (41, 42). TMS-MEP concentrates on the assessment
of motor neuronal function, whereas fMRI primarily reflects
brain anatomy and functional status. The combination of
fMRI and TMS-MEP is intended to thoroughly examine brain
functional activity, cortical excitability, and motor neural
conduction in pursuit of objective evaluation of motor function
from central to peripheral nerves.

We intend to perform fMRI scanning and TMS-MEP
technique to observe the OAKT in cerebral function, motor
neural function, and dyskinesia improvement to determine
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the potential mechanism of OAKT in the rehabilitation of
PSD. Through correlation analysis of functional neuroimaging,
neurotic electrophysiological, and clinical data, it will be
contributed to investigating the central-peripheral coupling
effect of OAKT on PSD and to further clarify the neurological
processing of acupuncture kinesitherapy covering the entire
pathway from peripheral to central nervous system.

Methods
Study setting

This is a prospective functional neuroimaging and neurotic
electrophysiological study with a case-control design between
the PSD with the HC groups and a randomized controlled design
within the 3 PSD groups (OAKT group, ocular acupuncture
group, and kinesitherapy group). Using fMRI scanning and
the TMS-MEP technique, we will assess the central-peripheral
neuronal function changes of PSD as well as the coupling effects
of OAKT on them. This trial was authorized by the Institutional
Review Board of Chengdu University of Traditional Chinese
Medicine in April 2022 (reference number: 2022KL-027) and
registered (ChiCTR2200060483) at the Chinese Clinical Trial
Registry in June 2022. We plan to enroll 90 participants at
the Hospital of Chengdu University of Traditional Chinese
Medicine from Aug 31, 2022, to Dec 31, 2023. All eligible
subjects will be evaluated by fMRI scanning, TMS-MEP
examination, and the MMT and Fugl-Mayer assessment
following enrollment and on the last day after 4-weeks of
waiting (for HC subjects) or intervention (ocular acupuncture,
kinesitherapy, or OAKT for PSD subjects, respectively). MMT
and Fugl-Meyer score, ReHo value, cluster size, active or
positive brain regions and their MNI coordinates, amplitude
(AMP), potential latency (PL), and central motor conduction
time (CMCT) in the cortical region will be measured, and
Pearson correlation analysis will be performed to assess the
relationship between clinical and imaging outcomes. This trial
will be conducted in accordance with the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT)
(43). Figure 1 displays a flow diagram.

Subjects

Patients with post-stroke dyskinesia (PSD) and healthy
controls (HC) from the hospital of Chengdu University
of Traditional Chinese Medicine and social recruitment,
respectively, served as the study’s subjects. The diagnostic
criteria for patients in this study are based on the Chinese
Guidelines for Diagnosis and Treatment of Acute Intracerebral
Hemorrhage 2019 (44) and the Chinese Guidelines for Diagnosis
and Treatment of Acute Ischemic Stroke 2018 (45). During
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FIGURE 1
Flow diagram.

the anticipated enrollment period from Aug 31, 2022, to tremor, multiple system atrophy, chorea, tossing syndrome,
December 31, 2023, patients matching the diagnosis standards myoclonus, dystonia, Tourette syndrome, and other conditions.
and satisfying the inclusion and exclusion criteria will be PSD participants that meet the following criteria: (1)
recruited for the study. Table 1 lists the stroke diagnostic criteria. have unilateral dyskinesia and a fresh stroke diagnosis; (2)

are right-handed and aged 30-80; (3) have no fMRI or
TMS contraindications, and no metallic objects inside the

PSD participants body; (4) haven’t undergone acupuncture or exercise therapy
for a disease-related condition in the previous month; (5)

This study will exclude dyskinesia brought on by progressive comprehend and agree with the relevant research content and
supranuclear palsy, hepatolenticular degeneration, essential volunteer to sign the informed consent form can be included
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TABLE 1 Diagnostic criteria of stroke.

Ischemic stroke 1. Acute onset

2. Usually focal or sometimes complete neurologic
impairment (unilateral facial or body weakness or
numbness, language barriers, and so on)

3. Imaging lesions or symptoms/signs lasting more than
24h

4. Exclude non-vascular etiology

5. Exclude cerebral hemorrhage by brain CT/MRI
scanner

Hemorrhagic stroke 1. Acute onset

2. Usually focal or sometimes complete neurologic
impairment accompanied with headache, vomiting,
elevated blood pressure, and different degrees of
consciousness disorders

3. Brain CT/MRI scanner showed hemorrhagic focus

4. Exclude non-vascular etiology.

in this study. While those who (1) have serious illnesses like
uncontrollable hypertension, arrhythmia, serious coronary heart
disease, uncontrolled diabetes complications, epilepsy, serious
organ failure, and a second stroke, etc; (2) have unstable
vital signs; (3) are vulnerable to co-infection, bleeding, tumor,
pregnant women, and postoperative dysfunction; (4) receive
other Traditional Chinese Medicine rehabilitation interventions
besides acupuncture during treatment; (5) with linguistic or
cognitive impairment; (6) with a history of mental illness or
long-term sedative use; (7) with conditions that prevent exercise
will be excluded.

Healthy controls

Healthy controls that satisfy the requirements: (1) have
no history of stroke or impaired motor function; (2) are
right-handed between the ages of 30 and 80; (3) have
no metallic objects in their bodies and no fMRI or TMS
contraindications; (4) have not undergone disease-related
acupuncture or exercise therapy in the previous month; (5)
understand and agree with relevant research content and
volunteer to sign the informed consent form can be included in
this study.

While those (1) with significant conditions, such as
uncontrollable hypertension, arrhythmia, major coronary heart
disease, or diabetes complications are not well-controlled, or
have epilepsy, serious organ failure, and second attack of stroke,
etc;; (2) with unstable vital signs; (3) are susceptible to co-
infection, hemorrhage, tumor, pregnant women, postoperative
dysfunction patients; (4) get other Traditional Chinese Medicine
rehabilitation intervention other than acupuncture during the
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waiting period; (5) with linguistic or cognitive impairment; (6)
with a history of mental illness or long-term sedative use; (7)
with conditions that prevent exercise will be excluded.

Interventions

PSD participants will be randomized to the ocular
acupuncture (OA) group, the kinesitherapy (KT) group, or the
OAKT group after enrollment.

Subjects in the OAKT group will undergo kinesitherapy
after receiving ocular acupuncture stimulation at the “Upper-
Jiao Area” (ACU 1), “Lower-Jiao Area” (ACU 2), “Liver Area’
(ACU 3), and “Kidney Area” (ACU 4) (16) (Figure 2). This
involves a series of advised exercise training consisting of
warm-up exercises (low levels of aerobic exercise), exercise
training (including aerobic training, walking training, treadmill
training, resistance training, upper limb flexion adduction-
abduction exercise, lower extremity knee flexion-extension
exercise, flexibility training), and relaxation training (stretching
exercise) (46). Needles for ocular acupuncture will remain
embedded until the day’s exercise training is finished. OAKT
will be manipulated once a day, 5 days a week, for 4 weeks,
with 2 days off between courses. Sweating, breathing, pulse,
and blood pressure measures will be used to adjust the
exercise prescription.

Subjects in the OA group will receive ocular acupuncture
stimulation at the same acupoints of that in the OAKT group,
without any exercise training of any kind.

Subjects in the KT group will undertake the same
kinesitherapy as well as that in the OAKT group, without ocular
acupuncture stimulation.

Healthy
imaging,

subjects will only get clinical, functional

and  electrophysiological ~ evaluation  without
any therapy after enrollment and on the last day of the

fourth week.

Qutcomes

Clinical outcomes

MMT Freehand Muscle Strength Grading and Simplify
Fugl-Meyer grading will be evaluated at baseline and study
completion. With 11 grades, MMT is used for measuring
muscle contraction force based on muscle ability to accomplish
gravity-support, anti-gravity, or anti-resistance tasks. Muscle
strength increases with grade level. Fugl-Meyer is a motor
function evaluation scale that consists of 33 upper-limb and
17 lower-limb subscales. Each subscale is worth 0 to 2 points,
for a total score of 100. The motor function improves with a
higher score.
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FIGURE 2
Location of ocular acupoints.

Functional neuroimaging outcomes

A 3.0 Tesla high-field full-body magnetic resonance imaging
system will be used for functional neuroimaging. Bold-fMRI
data is acquired in the resting state following structural image
scanning with a three-dimensional fast-spoiled gradient-recalled
sequence and functional image scanning with a Gradient-
Echo-Planar Imaging for 10 min, covering the entire brain,
cerebellum, and brain stem. The parameters for scanning
structural images include layer a thickness of 1 mm, a Repetition
Time/Echo Time (TR/TE) of 2,700 ms/3.39 ms, Field of Vision
(FOV) of 256 mm?, Matrix of 256 x 256, a Flip Angle of 7°, and
an in-plane resolution of 1 x 1 mm. The settings for functional
image scanning include a slice thickness of 5mm, a TR/TE of
2,000 ms/30 ms, Matrix of 64 x 64, FOV of 240 mm?, and a Flip
Angle of 90°.

The original fMRI data in DICOM format will be copied
to a computer and converted by MRIcro software into
an analyzable.img file format. The software packages Data
Processing Assistant for Resting-State fMRI (DPARSF) and the
statistical parametric mapping software package (SPM12) in
Matlab (Mathworks, Inc., Natick, Massachusetts) will be utilized
to preprocess the fMRI data. Preprocessing steps include (1)
realign, all images of each selected subject whose translation
in all directions (x, y, z) is <l mm and rotation angle is <1
degree will be aligned with its first image for further analysis;
(2) Spatial normalization, registers images of all subjects to the
standard template of Montreal Neurological Institute (MNI)
neurological spatial coordinates and re-cuts the voxel to 3mm 3
for data standardization and individual comparability; (3) slice-
timing correction, uses a mathematical approach to collect all
images at the same time point by default, with the intermediate
time point as the reference layer; (4) smoothing with an 8 mm
full width at half maximum (FWHM) kernel to reduce spatial
noise, as well as errors caused by spatial normalization; (5)
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Detrending with linear regression and filtering with a frequency
window of 0.01-0.08 Hz to remove low frequency noise caused
by respiration, heartbeat, and other physiological factors, as well
as high frequency noise from the MRI scanner itself.

Regional homogeneity (ReHo), a typical fMRI analysis, can
indirectly reflect the time synchronization of spontaneous neural
function activities in a specific brain region. The Kendall’s
Coeflicient Concordance (KCC) will be used to quantify the local
consistency of time series between each voxel in the entire brain
and the nearest 26 voxels around it by using REST software in
Matlab. Each individual receives a ReHo image by computing
the KCC value of each voxel. After normalization, the average
ReHo image of each subject will be derived by dividing the KCC
value of each voxel by the average KCC value of the entire brain.
The estimated ReHo value corresponds to the KCC value, which
runs from 0 to 1. The closer it is to 1, the more consistent
this voxel’s activity is in time series with its neighboring voxels,
reflecting brain local neuronal activity synchronization. The
calculation is expressed as follows:

ReHo —
0= 2w /12

The SPM12 in Matlab will be used to analyze the obtained
ReHo value. MNT coordinates of the associated regions, the size
of the clusters, and the active or positive brain regions will all be
noted before and after the intervention.

Neurotic electrophysiology outcomes
Transcranial magnetic stimulation of motor evoked
potential (TMS-MEP) examination will be used for neurotic
electrophysiology. Cortical magnetic stimulation will be
performed using the Keypoint evoked potential instrument and
the magnetic stimulator MagIl PR030 with standard circular

frontiersin.org


https://doi.org/10.3389/fneur.2022.977112
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhang et al.

coil and single puls form. The subjects assume a calm supine
or seated position. The compound action potentials of the
hand muscle (abductor pollicis brevis) will be recorded using
a magnetic stimulator center at 175 px on both sides in the
C3 and C4 areas, as well as a spinal cord stimulation center in
the C7 area. Simultaneously, the compound action potential of
the lower extremity muscle (tibialis anterior) will be recorded,
with the coil center situated between 2 and 150 px in front of
the CZ region. The intensity of the stimulus should gradually
increase from low to 65-75% of the maximum output intensity
on the scalp and 65-80% of the maximum output intensity on
the lower limbs. Varying limbs can be stimulated at different
positions and angles depending on the subject’s condition. In
order to establish the strong repeatability of compound muscle
action potential (CMAP) waves, the complete inspection should
measure 4-5 CMAP waves. The highest amplitude, shortest
latency, and clearest waveform should be recorded.

The cortical region’s amplitude (AMP), potential latency
(PL), and central motor conduction time (CMCT) serve as the
main markers of TMS-MEP. The outcomes can be categorized
into 4 levels: (1) no MEP wave with strong repeatability and a
clear and stable waveform is evoked during cortical stimulation;
(2) prolonged PL in cortical stimulation; (3) prolongation of
CMCT; (4) AMP in the affected side drops by more than
half when compared to the healthy side. The last three are
categorized as prolonged in this study and will be treated as
aberrant MEP.

Safety outcomes

The incidence of adverse events, primarily fainting,
bent needle, and subcutaneous hematoma during ocular
acupuncture, tinnitus, chest tightness, palpitation produced
by fMRI scanning noise, and muscle soreness or weariness
induced by excessive exercise training, will be recorded for
safety evaluation.

Participant timeline

All participants are scheduled to finish the trial by December
2023 once recruitment and data collecting start in Aug 2022.
Enrollment, interventions, and participant assessments are

depicted in a temporal schematic diagram (Figure 3).

Sample size

This is a central-peripheral coupling mechanism study
rather than a clinical trial. As human-based neuroimaging
mechanism studies differ from clinical trials, sample size
cannot be estimated using clinical trial computational methods.
According to the sample size calculation of imaging studies
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at home and abroad (47), the sample size is usually 6-12
cases in each group. We determined the sample size as 15
cases per group in accordance with the minimum statistical
requirements, considering the drop-out that could be brought
on by subjects’ compliance and removing the scenario that
patients’ excessive head movement might influence the data in
the statistical analysis progress during fMRI scanning. To keep
the statistical results accurate and reliable, 45 healthy controls
must be matched simultaneously. In total, 90 subjects-—15 in
the OAKT group, 15 in the OA group, 15 in the KT group, and
45 in the HC group—are required for this study.

Recruitment

All participants are scheduled to finish the trial by
December 2023 once recruitment and data collecting start
in Aug 2022. Participants who meet the inclusion and
exclusion criteria will be recruited after signing an informed
consent form prior to the trial. They are free to decide
whether or not to take part in the study. Subjects have
the option to refuse or withdraw from the study at any
time during the procedure. The DMC or researchers may
suspend subjects’ participation in the study at any time for
their good.

Data collection and management

One researcher (DZ), using a paper version of case report
forms (CRF), will gather and document clinical, neurotic
electrophysiological, and side-effect information throughout
the study. Another researcher (JFS) will copy functional
neuroimaging data from the fMRI system using prescribed CDs
and record it in an electronic Microsoft Office Excel form
with passwords. All data will subsequently be captured and
managed using the Research Electronic Data Capture (REDCap)
system (48). A researcher (YSW) will enter the data into the
REDCap Database, which will then be double-checked by a
second researcher (HPL). To ensure accurate data collection and
proper data export for further analyses, the statistician (ZPW)
will review the database. The Hospital of Chengdu University of
Traditional Chinese Medicine will store all information in paper
form for 10 years and back it up on various network drives.

Statistical methods
Only subjects with complete data after 4 weeks of

intervention or waiting and pre-post evaluation will be
statistically analyzed.
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FIGURE 3

Time schematic diagram of enrolment, interventions, and assessments.

Clinical and electrophysiological data analysis

SPSS 23.0 will be used for data analysis. For measurement
data, the T-test or ANOVA with 95% confidence intervals
will be used to compare groups if the distribution is
normal, else a Non-parametric Test will be performed.
For enumeration data, a chi-square test will be used.
A two-sided threshold of P < 0.05 will be considered
statistically significant.

Neuroimaging data analysis

SPM12 software will be used to perform paired ¢-tests on the
acquired ReHo value. The statistical threshold voxel-level will be
P < 0.001 with multiple comparisons corrected by FEW (family-
wise error), cluster level a < 0.05. More than 10 continuous
voxels will be significant.

Correlation analysis between clinical and
imaging data

The MATLAB software will be used to conduct the
correlation analysis between ReHo values and clinical
indexes of PSD. Gender, age, and course will be included
as covariates in a Pearson correlation study between the

MMT score, Fugl-Meyer score, and ReHo values of PSD.
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The statistical threshold of P < 0.05 will be considered
statistically significant.

Data monitoring

Adverse events include fainting, bent needles, and
subcutaneous hematomas during ocular acupuncture, tinnitus,
chest tightness, palpitation induced by fMRI scanning noise, and
muscle pain and weariness caused by excessive exercise training.

An independent data monitoring committee (DMC)
comprised of a study statistician, external stroke researcher,
and external rehabilitation therapist will oversee the study
and review adverse events. The DMC will constantly monitor
the entire study procedure and make suggestions for quality
assurance, as well as consider and recommend either stopping
or continuing the study if adverse events occur. Once the study

or data analysis is finished, the study team will be unblinded.

Auditing

Once a year, independent staff from the Chengdu University
of Traditional Chinese Medicine will monitor and audit the
prudent use of project money.
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Discussion

A major side effect of the cerebrovascular accident is
PSD, which impairs motor function and places a heavy
financial, psychological, and physical burden on patients,
families, and society. Rehabilitation after a stroke is crucial
to maintaining overall health. Sun (49) verified the superior
effects of acupuncture combined with exercise training on
neurological function and movement problems in patients with
cerebral infarction compared to exercise training alone by
measuring Fugl-Meyer score, BI score, Berg score, and NISS
score changes (P < 0.05). The combination therapy can play
a better role in terms of effectiveness and symptom function
improvement, with fewer adverse events and good safety,
compared to acupuncture or Bobath therapy alone, according
to Liu’s systematic review of spastic paralysis after stroke (50).
The greatest improvement in motor function can be achieved
when acupuncture is used in conjunction with exercise training.
However, this approach necessitates acupuncture manipulation
first, followed by training, which hinders patient long-term
perseverance and has an impact on follow-up rehabilitation
due to the lengthy treatment time, numerous manipulated
meridians and acupoints, obvious pain sensations, and complex
steps. By combining ocular acupuncture and exercise training
simultaneously, OAKT can ease limb spasms, decrease muscle
tension, alleviate motor dysfunction, etc. in PSD patients with
improved outcomes. It can minimize the treatment duration
and rehabilitation course, and improve short- and long-term
efficacy by making use of the advantages of fewer stimulation
acupoints, low pain feelings, simple manipulation steps, rapid
onset, and high patient tolerance. Unfortunately, due to the short
application period, it is yet unclear how OAKT promotes PSD
recovery, necessitating urgent research in this area. Therefore,
the first scientific challenge of this work is how to appropriately
conduct the OAKT mechanism research on PSD.

Through the exchange and fusion of matter, energy, and
information, the brain, the higher neurological center, can
regulate various functional activities of peripheral organs. The
M1-THA-SPC, a crucial input-output pathway of motor neuron
signal transmission, can assist in limb goal-oriented motor
control, achieving motor proficiency, coordinating movement,
and motor learning through the mapping of neurons. Muscle
serves as both the peripheral target organ and the primary
executive body of the movement in this signaling pathway,
the function cannot be carried out without the command and
regulation of the higher and secondary centers (brain and
spinal cord) (SPC). As a result, we intend to conduct a central-
peripheral linkage control study in conjunction with brain-
spinal cord regulation and muscular response to understand the
mechanism of OAKT on PSD.

fMRI, a non-invasive neuroimaging technique for studying
cerebral function, can quantitatively detect the functional
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activity of brain neurons to reflect the functional state of
the brain objectively. Previous fMRI studies have shown
that the function of motor-related brain areas, particularly
the primary motor cortex, as well as the degree of linkage
between the thalamus and other cortical motor networks, is
aberrant in stroke patients, and changed dramatically after
acupuncture intervention. TMS-MEP is a type of neurotic
electrophysiological detection method for recording compound
action potentials on the appropriate muscles by transcranial
magnetic stimulation of cortical motor cells, spinal nerve roots,
and peripheral nerves. It can objectively reflect the current state
of cerebral cortex function and is useful in assessing subjects’
motor neural function and prognosis. For these reasons, this
study will combine fMRI scanning with TMS-MEP detection
to realize brain-spinal cord regulation and muscle response
linkage control mechanism research, as well as completely
investigate the central-peripheral coupling effect of OAKT
on PSD.

Two advances in this study are the idea and the
methodology. For the idea, we propose to conduct a prospective
functional neuroimaging and neurotic electrophysiological
study based on a case-control study in the PSD and HC
groups as well as a self-control study in the PSD group. The
primary motor cortex (higher center), the thalamus (higher
center), the spinal cord (secondary center), and the muscle
(peripheral) motor neural signal transmission channel are
the targets of our assessment of PSD’s abnormal central-
peripheral neural function and the coupling effects of OAKT
on PSD. For the technique, we propose doing a curative
effect evaluation and mechanism investigation based on fMRI
scanning, TMS-MEP examination, and the MMT and Fugl-
Mayer scale assessment to examine the effects of OAKT on
brain function, motor nerve function, and degree of motor
dysfunction in PSD. Pearson analysis will also be performed
between the MMT score, Fugl-Meyer score, and ReHo values
of PSD to investigate the association of imaging, neurotic
electrophysiological, and clinical outcomes, and to finally exploit
the central-peripheral linkage control mechanism and coupling
effect of OAKT on PSD from functional imaging and neurotic
electrophysiology perspectives.

Confidentiality

The Hospital of Chengdu University of Traditional Chinese
Medicine will maintain complete custody of all participant
medical documents (study records/CRE, laboratory sheets, data
CDs, etc.). Researchers, ethical committees, and statisticians
will have access to medical records. Personal identity will not
be disclosed in any public report on the results of this study.
We will do everything within the law to protect the privacy of
participants’ personal medical information.
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Ancillary and post-trial care

The study team will bear all testing and treatment costs for
this study.

Any potential harm from this study will be prevented and
treated as best we can. The DMC will decide whether a study-
related adverse event is caused by the trial’s protocol or by the
treatment if it occurs. In accordance with the Chinese Quality
Management Standards for Drug Clinical Trials, the sponsor will
pay for medical expenses and other financial compensation for
any harm caused by the testing procedure.

Ethics statement

The studies involving human participants were reviewed
and approved by the Institutional Review Board of Chengdu
University of Traditional Chinese Medicine has granted ethics
approval for this study, which will be carried out in Aug 2022
in accordance with the Declaration of Helsinki’s principles
(reference number: 2022KL-027). The patients/participants
provided their written informed consent to participate in
this study.
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