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The short-term effects of Jin’s three needles in 
conjunction with mirror therapy on brain function 
in patients with upper limb disability following an 
ischemic stroke were evaluated using ReHo analysis
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Abstract 
Background: Jin’s three needle (JTN) is a commonly utilized treatment for ischemic stroke in China. Mirror therapy (MT) is 
also gradually transitioning from treating limb discomfort to restoring motor function in the damaged limb. Investigations into the 
2 treatments’ mechanisms of action are still ongoing. We used functional magnetic resonance imaging (fMRI) technique in this 
study to examine the effects of JTN combined with mirror therapy MT on brain function in patients with upper limb dysfunction 
in ischemic stroke, as well as potential central mechanisms. The goal was to provide a solid evidence-based medical basis to 
support the continued use of JTN combination MT.

Methods: This study will be a single-blind, randomized, and controlled experiment. Randomization was used to assign 20 
patients who met the study’s eligibility requirements to the JTN + MT treatment group or the JTN control group. Each intervention 
will last for 4 weeks, with 6 days of treatment per week. The JTN acupuncture points are 3 temporal acupuncture points on 
the opposite side of the wounded limb, 3 hand acupuncture points on the injured upper limb, 3 shoulder acupuncture points, 
Renzhong and Baihui, The (JTN + MT) group simultaneously takes MT for 30 minutes. fMRI of the brain using BOLD and 
T1-weighted images was done both before and after therapy. Brain areas exhibiting changes in regional homogeneity during the 
pre and posttreatment periods were analyzed.

Results: By the end of the treatment course, Jin three-needle therapy plus MT activated more relevant brain functional regions 
and increased cerebral blood oxygen perfusion than Jin three-needle therapy alone (P <.05).

Conclusion: In patients with upper limb impairment following an ischemic stroke, JTN with MT may improve brain function 
reconstruction in the relevant areas.

Abbreviations: fMRI = functional magnetic resonance imaging, JTN = Jin’s three needle, MT = mirror therapy, ReHo = regional 
homogeneity, T1WI = T1-weighted images.

Keywords: ischemic stroke, Jin’s three needle, mirror therapy, ReHo, upper limb and hand motor dysfunction

1. Introduction
Stroke is a set of disorders that significantly impair quality of 
life and endanger human health due to their high frequency, 
death, disability, and recurrence of ischemia or hemorrhagic 

brain injury. The most recent epidemiological report on isch-
emic strokes was released in 2016, and it states that there are 70 
million ischemic stroke patients in China, 2 million new cases, 
and 1.65 million ischemic stroke deaths annually.[1] Of the 
patients who survive, approximately 75% had limb impairment 
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to varying degrees,[2] and 69% had hand and upper extremity 
dysfunction.[3] The extent to which upper extremity dysfunction 
is recovered plays a significant role in the patient’s quality of 
survival.[4]

Jin’s three-needle (JTN) therapy was established via repeated 
clinical practice and methodical experimental study. It is the cul-
mination of more than 50 years of clinical practice by Professor 
Jin Rui and summarizes the clinical experience of notable 
acupuncturists from previous generations. Compared to med-
ication, the therapy is no taxing on the liver and kidneys, is 
straightforward and simple to use, and is effective in treating 
limb dysfunction in ischemic stroke patients.[5–7] The fundamen-
tal working principle of mirror therapy (MT) is planar mirror 
imaging. A therapeutic tool that combines a rehabilitation pro-
gram through visual illusion, visual feedback, and virtual real-
ity, ask the patient to imagine that the motor function of the 
affected limb is completely normal after seeing the mirror image 
of the movement of the healthy limb, and perform the same 
movements as the healthy upper limb. With impressive clinical 
outcomes, the technique was first utilized to treat phantom limb 
discomfort before progressively being applied to unilateral limb 
movement abnormalities following an ischemic stroke.[8,9]

The utilization of functional magnetic resonance imaging 
(fMRI) has grown in popularity as a novel, noninvasive, visi-
ble, and real-time technique to investigate the key mechanisms 
underlying acupuncture research. The existence of acupoint 
specificity and the correlation between acupuncture, acupoints, 
and the brain were first confirmed by numerous Block Design 
fMRI-based acupuncture studies in the past.[10,11] However, these 
experiments do not accurately reflect the actual clinical acu-
puncture treatment process, and when compared to resting-state 
cerebral functional magnetic resonance imaging (Rs-fMRI), 
Rs-fMRI is able to more accurately simulate the human physi-
ological state and reflect the complex functional activity of the 
brain.

In this study, we used JTN combined with MT to treat upper 
limb dysfunction in ischemic stroke patients. Using resting-state 
fMRI, we observed changes in regional homogeneity (ReHo) of 
abnormal brain regions before and after the treatment to look 
into the main mechanism underlying the therapy’s impact on 
brain function.

2. Methods/design

2.1. General information
The subjects of this study were all outpatients and ward inpa-
tients of the Department of Acupuncture and Rehabilitation, 
Shenzhen Hospital, Guangzhou University of Chinese Medicine, 
between January 1, 2018 and January 1, 2020, aged between 40 
and 65 years. Twenty healthy subjects of similar age, gender, and 
educational level were recruited. In total, 20 patients with left-
sided upper limb motor dysfunction following an ischemic stroke 
that met the inclusion criteria were gathered for this study. Ten 
patients will be assigned to the treatment group and 10 patients 
to the control group in a 1:1 randomization process. Seven 
male and 3 female patients with a mean age of 55.90 ± 5.63 
years and a mean illness duration of 51.90 ± 22.04 days were 
in the treatment group; 8 male and 2 female patients with a 
mean age of 57.70 ± 6.38 years and a mean illness duration of 
58.90 ± 21.33 days were in the control group. This research was 
authorized by the Guangzhou University of Chinese Medicine 
Ethics Committee and registered with the China Clinical Trials 
Registry.

2.2. Inclusion criteria

The following are among the requirements for inclusion: 
matching the ischemic stroke diagnostic standards[12]; matching 

the TCM ischemic stroke diagnostic standards[13]; verified by 
head CT or MRI, with lesions seen in the basal ganglia or left 
radiological crown; the initial clinical instance of an ischemic 
stroke happened between 2 and 6 months ago, with a total of 
2 ischemic stroke occurrences; a person or female between the 
ages of 40 and 65; the following criteria must be met: upper 
limb dysfunction; no internal metal objects or pacemakers; 
a cumulative limb impairment score of ≥10 on the clinical 
Neurological Deficit Scale.[14] Brunnstrom stage[15] of flaccid 
(Brunnstrom I–II) or spastic (Brunnstrom III–IV). Steady vital 
signs, consciousness, and a normal Kinesthetic Visual Imagery 
Questionnaire test result[16]; gave their signed, informed con-
sent to take part.

2.3. Exclusion criteria

The following are among the exclusion criteria: transient 
ischemic attack; upper limb dysfunction due to brain tumors, 
brain trauma, and other diseases; hematencephalon or neces-
sitated craniotomy; severe spastic deformation on upper limbs 
(Ashworth spasticity rating[17]  ≥ grade 3); pregnant and lac-
tating women; severe complications of the heart, liver, kidney, 
hematopoietic system, and endocrine system or with a severe 
mental illness that interferes with treatment-seeking, such as 
schizophrenia, addiction, and dissociative disorders, and indi-
viduals who are deemed clinically inappropriate for acupunc-
ture therapy.

2.4. Experiment summary

Prior to the experiment, the recruited volunteers were asked to 
urinate and defecate. The first Rs-fMRI scan prior to treatment 
was carried out following a 10-minute rest. After that, the treat-
ment group received JTN therapy together with MT, and the 
control group received JTN therapy. Each group’s treatment 
lasted for 30 minutes. At the conclusion of the first treatment 
and once more at the end of the session, Rs-fMRI scans were 
carried out. Subsequently, the Rs-fMRI and every functional 
score for both groups were statistically assessed using ReHo 
analysis before and after therapy.

2.5. Interventions

2.5.1. Western medication therapy.  Patients in all groups 
received regular medication regimens based on the 2014 
Chinese Diagnostic Guidelines for acute ischemic stroke.[18] 
Regulation of blood glucose and blood lipids; avoidance of 
platelet aggregation; use of tailored treatment to stabilize blood 
pressure below 135/85 mm Hg or within the normal range give 
neurotrophic drugs: cerebroprotein hydrolysate (Xiuzheng 
Pharmaceutical Group Co., Ltd., State Drug Administration 
H22024371) 60 mg/d, divided into 3 oral doses; bayaspirin 
(Jilin Hengjin Pharmaceutical Co., Ltd., State Pharmacopoeia 
H20046238) 0.1 g/d, once daily; symptomatic treatment, 
prevention, and control of complications; supplemented with 
necessary nutritional support.

2.5.2. Treatment group.  Using JTN combination with MT:
JTN acupuncture points[19]: Take 3 stitches from the contra-

lateral temporal side of the affected limb (located at the tip of 
the ear straight up into the hairline 2 inches for the temporal I, 
in the same horizontal line before and after each side open an 
inch for the temporal II, temporal III); 3 shoulder stitches for the 
affected upper limb (jianyu LI15, 1 inch above the anterior axil-
lary crease, 1.5 inches above the posterior axillary crease); hand 
3 needles (Quchi LI11, Waiguan SJ05, Hegu LI04); renzhong 
DU26¸baihui DU20 (see Fig. 1, which demonstrates the location 
of JTN acupoints).
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MT: The patient is seated near the table, and a 35 cm by 
35 cm vertical mirror is positioned between the 2 upper limbs, 
with the afflicted upper limb positioned behind the nonreflec-
tive side of the mirror and the healthy upper limb facing the 
reflective side. The patient was told to visualize motion in the 
injured limb while seeing the motion imaging of the healthy 
upper limb. As much as feasible, the afflicted limb was expected 
to perform the same movements as the healthy limb; the ther-
apist would help with any actions the patient was unable to 
perform on his own. Six upper extremity motions (shoulder 
flexion, elbow flexion and extension, forearm rotation, wrist 
flexion and extension, finger extension and grip, and thumb 
abduction) were required of the patient on the healthy side. To 
reach maximum joint range of motion, each exercise needed to 
be performed for 5 minutes, and the training needed to be done 
for 30 minutes every day (see Fig. 2, which demonstrates the 
operation of MT).

2.5.3. Control group.  Only JTN was used, and the acupuncture 
points were the same as those of the treatment group.

2.5.4. Treatment methods.  Both groups were treated by 
the same acupuncturist, using 0.32 mm × 25 mm or 0.32 
mm × 50 mm Hua Tuo brand stainless steel disposable 
acupuncture needles (Suzhou Hua Tuo Medical Instrument 
Factory), and the needles were inserted after routine skin 
disinfection with 75% alcohol. The acupuncture technique is 
adjusted to the tolerance of each patient by the method of flat 
tonic and flat diarrhea, to achieve the feeling of “getting qi” (such 
as soreness, numbness, heaviness, fullness, etc), without obvious 
pain. The needles were left in place for 30 minutes, during which 
the treatment group performed mirror image rehabilitation 
therapy on the healthy upper limb. During the acupuncture in 
both groups, the acupuncture points were performed 9 times at 
10-minute intervals to strengthen the needle sensation.

2.5.5. MT considerations.  When the patient receives their 
first treatment, they should be given enough information to 
comprehend the history, objectives, and potential adverse effects 
of the mirror treatment. Additionally, the patient should be 
guided to shift his gaze to the image of the healthy upper limb 
and the healthy upper limb in the mirror by the rehabilitation 
therapist before beginning the exercise. This will help the 
patient imagine that the affected upper limb is performing the 
rehabilitation exercise. The rehabilitation therapist should also 

explain and demonstrate the movements to the patient and give 
instructions to try to imitate them.

2.5.6. Course of treatment.  Acupuncture was administered to 
patients in both groups for 4 weeks (28 days) in a row, with 
a 1-day weekly break for a total of 6 treatment days. Needles 
were left in the body once a day for 30 minutes.

2.6. Rs-fMRI scan

Subjects were scanned using a Siemens 3.0T MRI machine 
with an 8-channel head coil for T1-weighted images and brain 
oxygen level-dependent (BOLD) images in order to collect 
resting-state fMRI data. In order to reduce active or passive 
movements during the scan, subjects were instructed to wear 
earplugs (Aearo, Indianapolis), close their eyes, relax, breathe 
deeply, try not to think but not to fall asleep, avoid audio- 
visual interference, and have their head immobilized by a foam 
headrest.

Scanning parameters: T1-weighted images scans were 
imaged using MP-RAGE sequence thin-layer scanning with 
specific parameter settings: repetition time = 1900 ms, echo 
time = 2.53 ms, inversion time = 900 ms, flip angle 9°, image 
field of view = 250 mm × 250 mm, sampling matrix = 256 × 256, 
thickness 1 mm, resolution 1 mm × 1 mm × 1 mm; resting-state 
fMRI uses an echo planar imaging (EPI) sequence, specific 
parameters: TR/echo time  = 3000/30, tilt angle 90°, field of 
view = 192 mm × 192 mm, sampling matrix = 128 × 128, num-
ber of layers (transverse bit) 36, thickness 3 mm, resolution 1.5 
mm × 1.5 mm × 3.75 mm (see Fig. 3, which demonstrates the 
process of magnetic resonance scanning).

2.7. Image preprocessing

To ensure the reliability of statistical results, image prepro-
cessing was carried out using the Rs-fMRI Data Processing 
Assistant (DPARSFA2.3) software[20] running on the MATLAB 
R2016 version (Mathworks, Inc., Natick) platform for data 
preprocessing, functional image postprocessing, and statistics. 
The original files from the scans should be arranged before pre-
processing. All subjects in the control, treatment, and healthy 
groups should have their resting functional and 3D structural 
files classed separately, and their files named with “sub + num-
ber.” Subsequently, the original DICOM file obtained from the 

Figure 1.  The location of selected Jin’s three-needle points.
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MRI scanner was transformed to NIFTI format for the data 
format. The conversion of the DICOM format, the removal 
of 10 time points prior to picture scanning, time correction, 
head motion correction, spatial normalization, and spatial 
smoothing are the main steps in the preprocessing procedure. 
Subjects whose rotation angle or 3D translation was >1.5° 
or 1.5 mm had their data eliminated. In order to process the 
data using DPARSFA software, the data were first normal-
ized using the standard template provided by the Montreal 
Neurological Institute (MNI). Next, the data were smoothed 
using a 3D Gaussian filter to increase the signal-to-noise ratio 
of the images. Lastly, the smoothed images were subjected to 
pixel-based statistical analysis to determine the Kendall con-
sistency coefficient values for each voxel in order to determine 
the initiated functional areas (also known as separate Kendall 
consistency coefficient maps or ReHo maps). Finally, the initi-
ated functional areas were fused with the anatomical images to 
develop the Landmark stereo images.[20–22]

2.8. Statistical analysis of data

Employing the MATLAB-based REST1.8 (resting-State fMRI 
data analysis Toolkit 1.8, REST1.8, http://www.restfmri.net/

forum/) software,[23] created by Beijing Normal University’s 
Cognitive Neuroscience and Learning Laboratory. The ReHo files 
of the treatment group group and the control group and the nor-
mal group were subjected to one-sample t tests, respectively, and 
the ReHo plots of the respective one-sample t tests of the treat-
ment group and the control group were obtained; a two-sample t 
test was applied to the treatment and control groups with Rest1.8 
software, and the subjects’ age, sex, years of education, and 
weight were removed as covariates, and the concatenation of the 
significant brain areas in each of the 2 groups by one-sample t test 
was used as the mask to derive the difference brain area maps of 
ReHo in the treatment and control groups, multiple comparison 
correction was performed using the AlphaSim function within the 
REST software, where full width at half maximum = 6, α = 0.05, 
by Monte Carlo simulation, thus determining the threshold size of 
the cluster; the specific anatomical site of the brain region corre-
sponding to the Montreal Neurological Institute coordinates was 
identified using the viewer of the REST software and the results 
were presented in the form of images. When consecutive voxels’ 
size was >54 and their corrected P-value was <.05, clusters were 
deemed statistically significant, as per the cluster threshold previ-
ously mentioned.[24].

3. Results

3.1. Changes in brain areas in each group after the end of 
the first treatment

(1)The brain areas with significantly enhanced ReHo values 
at the end of the first treatment in the treatment group com-
pared to the pretreatment period were Supramarginal Gyrus, 
Cuneus, Superior Temporal Gyrus, Middle temporal gyrus, 
Inferior temporal gyrus (volume of voxel cluster >54， P < .05). 
Table 1 demonstrates the brain areas with altered ReHo values 
of brain function effects immediately after the first treatment 
in the treatment group compared to those before treatment. 
Figure 4 demonstrates the brain areas with changes in ReHo 
values immediately after the first treatment in the treatment 
group compared to those before treatment.

 (2)The areas with significantly enhanced ReHo values at the 
end of the first treatment in the control group compared to the 
pretreatment period were Caudate nucleus, Parahippocampal 
Gyrus, Postcentral gyrus, Cingulate Gyrus, Parietal Lobe (vol-
ume of voxel cluster >54， P < .05). Table 2 demonstrates the 
brain areas with changes in ReHo values in the control group 
immediately after the first treatment compared to the pretreat-
ment brain function effect. Figure 5 demonstrates the brain 
areas with changes in ReHo values in the control group imme-
diately after the first treatment compared to the pretreatment 
brain function effect.

3.2. Changes in brain areas in each group at the end of the 
treatment course

The brain areas with significantly enhanced ReHo values after 
the last treatment at the end of the treatment course compared Figure 2.  Demonstration of mirror therapy movements.

Figure 3.  Flowchart of the experimental procedure. T1WI = transverse T1-weighted image; BOLD = blood-oxygen-level dependent data.

http://www.restfmri.net/forum/
http://www.restfmri.net/forum/
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to the first treatment were Superior Parietal Lobule, Superior 
Frontal Gyrus, Middle Frontal Gyrus, Postcentral Gyrus, 
Precentral Gyrus, Supramarginal Gyrus (volume of voxel 
cluster >54， P < .05). Table 3 demonstrates the brain areas 
with altered functional brain effect ReHo values at the end 
of the treatment course compared to the first treatment in the 
treatment group. Figure 6 demonstrates the brain areas with 
altered brain function effect ReHo values after the last treat-
ment compared to the first treatment at the end of the treat-
ment group.

The brain areas with significantly enhanced ReHo values 
after the last treatment at the end of the control course com-
pared to the first treatment were Cerebellum Anterior Lobe, 
Superior Temporal Gyrus, Temporal Mid Gyrus, Precentral 
Gyrus, Parietal Lobe (volume of voxel cluster >54, P < .05). 
Table 4 demonstrates the brain areas with altered brain func-
tion effect ReHo values at the end of the treatment compared to 
the first treatment in the control group. Figure 7 demonstrates 
the brain areas with altered brain function effect ReHo values 
at the end of the treatment compared to the first treatment in 
the control group.

The brain areas with significantly enhanced ReHo values 
at the end of the treatment course compared to the end of the 
control group were Corona radiata, Caudate nucleus, Cingulate 
Gyrus, Supramarginal Gyrus, Temporal Gyrus, Precentral 
Gyrus, Middle Frontal Gyrus (volume of voxel cluster >54, 
P < .05). Table 5 demonstrates the change in ReHo values of 
brain function effects at the end of the last treatment in the 
treatment group vs the last treatment in the control group.Fig-
ure 8 demonstrates the brain areas with changes in ReHo values 
at the end of treatment compared to the end of treatment in the 
control group.

4. Discussion
A balanced diet and a normal, healthy lifestyle have been 
neglected by individuals in recent years as their standard 
of living has increased and their pace of life has quickened, 
which has led to an annual increase in the incidence of isch-
emic stroke that is occurring at a younger age.[25] Only 30% 
of patients who suffer an ischemic stroke recover fully from 
their motor and sensory abnormalities, with upper limb dys-
function accounting for 80% of these cases.[26] Large tertiary 
care general hospitals in China are currently treating this dis-
ease mostly with active rehabilitation training derived from 
Western medicine, which instructs patients on how to execute 
functional activities on the damaged limbs in order to cause 
dissociation motions. As an alternative, acupuncture is used at 
traditional Chinese hospitals, which are predominately based 
on traditional Chinese medicine, to passively stimulate mus-
cles and nerves in order to ease stiffness in the afflicted limbs. 
Although it is frequently challenging to achieve rapid bene-
fits with a single rehabilitation treatment, a review of prior 
clinical literature and relevant experimental experiments indi-
cated that both forms of rehabilitation treatments can yield 

definitive results.[27–31] The formation of new central nerve limb 
movement conduction pathways can be facilitated by acu-
puncture stimulation, but this is not the same as purposeful 
and targeted training or proper limb movement guidance to 
promote normal functional patterns as the primary focus and 
inhibit abnormal joint muscle movement patterns, which will 
eventually affect the further functional rehabilitation of the 
affected limbs. Despite this, acupuncture alone is not a substi-
tute for modern Western rehabilitation. This not only extends 
the time it takes for patients to recuperate, but it also inevi-
tably raises the financial, social, and psychological strain on 
them. To support the prompt functional rehabilitation of the 
damaged limbs, it is crucial to judiciously choose a number of 
very efficient rehabilitation treatments.

4.1. Analysis of JTN

Professor Jin Rui founded JTN, a brand-new acupuncture 
and moxibustion academic sects. We selected the temporal 
3 acupuncture points, shoulder 3 acupuncture points, and 
hand 3 acupuncture points from the Governor’s vein, hand-
foot Yangming and Shaoyang veins, along with Renzhong 
and Baihui, based on the theory of traditional Chinese medi-
cine and pertinent experimental studies.[32,33] These points can 
improve upper limb function, increase muscle strength, reduce 
muscle tension, and relieve muscle spasm. When combined 
with the meridian alignment and main treatment efficacy. The 
“scalp-cortex correspondence theory”[34] states that the “tem-
poral three needles” side-by-side flush area exactly matches the 
projection area of the sensory and motor areas on the temporal 
ear. Through acupuncture points in the temporal region, the 
nerve impulses generated act on the damaged brain area, dilat-
ing the blood vessels to establish new lateral branch circulation, 
activating reversible nerve cells in the brain, and maintaining 
normal brain function compensation to improve the abnormal 
dysfunction of the limbs affected by an ischemic stroke.[35–37] 
In order to gradually restore upper limb motor function, the 
“three shoulder needles” have been shown to be an efficient 
means of releasing widespread adhesions of muscles and soft 
tissues, relieving fascial muscle tension, and improving shoul-
der joint mobility.[38,39] In order to alleviate joint edema and 
pain and facilitate the restoration of upper limb function, the 
combination of “shoulder three needles” and Bobath therapy 
can balance the muscle tone of the shoulder muscle groups, 
correct biomechanical imbalances, and lessen alterations and 
remodeling of the pain center neuroglia.[40] The TCM theory 
of “treating impotence by taking only Yangming” states that 
the area through which a meridian passes is the area of the 
acupuncture point to which the meridian belongs. By selecting 
the “Hand Three Needles” in conjunction with the “Shoulder 
Three Needles” co-treatment, 1 can unblock the blood and qi 
in the upper limbs of the hand 3 Yang meridians, relieve con-
striction in the muscle bundle, coordinate and balance the tone 
of the muscles in the active and antagonistic muscles, make it 
easier to transition from co-movement to separate movement, 

Table 1

Brain areas with altered ReHo values of brain function effects immediately after the first treatment in the treatment group compared to those before treatment.

Brain zone Brodmann subregion

MNI

Voxel cluster TX Y Z

Supramarginal gyrus BA40 −45 −74 7 75 1.5103
Cuneus – −13 −91 20 105 4.0221
Superior temporal gyrus BA22 64 −9 −4 106 7.9133
Middle temporal gyrus BA21 −48 −63 4 94 1.1004
Inferior temporal gyrus BA20 −44 −61 −16 94 2.1531

BA = Brodmann area, MNI = Montreal Neurological Institute, ReHo = regional homogeneity.
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and alleviate pain, sensory disturbance, and other symptoms. 
In addition to increasing cerebral blood flow, dilates microvas-
culature, shrinks infarct lesions, and reduces nerve phagocy-
tosis, Baihui with Renzhong acupuncture point also promotes 
the activation of glial cells in the brain and thereby protects 
neurons,[41] inhibits the expression of pro-apoptotic factor 
Bax, and promotes the expression of apoptotic factor bcl-2 
in the semidark zone, preventing further spread of ischemic 
infarct area to ischemic semidark areas.[42–44]

4.2. Analysis of MT

According to current opinion, 1 important mechanism for the 
therapeutic effects of MT may be the brain’s mirror neurons.[45] 
Reactivating the motor program in the damaged brain area is 
necessary for patients with ischemic stroke limb dysfunction 
who wish to regain motor function. This process depends on 
the human brain’s plasticity, and contemporary rehabilita-
tion training can successfully encourage the reconstruction of 

Figure 4.  Brain areas with changes in ReHo values immediately after the first treatment in the treatment group compared to those before treatment. ReHo = 
regional homogeneity.

Table 2

Brain areas with changes in ReHo values in the control group immediately after the first treatment compared to the pretreatment brain function effect.

Brain zone Brodmann subregion

MNI

Voxel cluster TX Y Z

Caudate nucleus – 9 0 −9 96 4.8503
Parahippocampa gyrus BA34, BA35 −26 −45 3 105 2.5541
Postcentral gyrus BA1, BA2 29 −70 57 95 1.4526
Cingulate gyrus BA30 −2 −3 34 72 4.7441
Parietal lobe BA32 −13 −70 61 87 1.8737

BA = Brodmann area, MNI = Montreal Neurological Institute, ReHo = regional homogeneity.
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functional loops in the damaged brain area.[46] By stimulating 
the neurotransmission pathway, the visual illusion created by 
MT can prevent or lessen the occurrence of “learned disuse” 
of the paralyzed limb. Additionally, because the center is par-
tially plastic and visual feedback can alter the cortical elec-
trical activity of the central sensory and motor areas, it can 
functionally reorganize to compensate for the motor deficit. 
As a result, there is a solid foundation for depending on visual 
feedback to meet the goals of rehabilitation therapy. A strong 

connection is established between movement imitation and 
motor relearning by supplying visual perception by imitation 
of visual cues and then creating mirror visual feedback.[47] 
Research has demonstrated that MT can improve a patient’s 
prospective motor function by causing functional remodeling 
in the brain’s motor cortex regions (M1).[48–50] Oouchida et 
al[51] discovered that the mirror neuron mechanism, elevated 
excitability of the corticospinal tract, and the consequent 
easing effect all contributed to the rehabilitation of motor 

Figure 5.  Brain areas with changes in ReHo values in the control group immediately after the first treatment compared to the pretreatment brain function effect. 
ReHo = regional homogeneity.

Table 3

Brain areas with altered functional brain effect ReHo values at the end of the treatment course compared to the first treatment in the treatment group.

Brain zone Brodmann subregion

MNI

Voxel cluster TX Y Z

Superior parietal lobule BA5, BA7 −39 −60 51 73 11.55
Superior frontal gyrus BA11 −4 42 51 81 5.43
Middle frontal gyrus BA10 −34 22 42 105 5.11
Postcentral gyrus BA3 −58 −28 42 72 4.31
Precentral gyrus BA4 −59 −14 39 102 10.8
Supramarginal gyrus BA40 −32 −44 54 98 5.05

BA = Brodmann area, MNI = Montreal Neurological Institute, ReHo = regional homogeneity.
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function in the afflicted limb during limb motions observed 
in the mirror. By bilaterally moving the patient’s limbs, MT 
can also create stability in the formation of motor move-
ments in space and time. When the limbs move in the same 
way on both sides of the brain, similar functional response 
areas are triggered, which can lessen intercortical inhibition 
in both hemispheres.[52] It is thus evident that MT receives the 
visually perceived motor image of the healthy limb, processes 
it through mirror neurons, and then activates the motor sys-
tem with visual feedback, improving the patient’s limb motor 

function. This process results in functional remodeling in the 
injured cerebral motor cortex.

The afflicted hemiplegic arm was able to break free from 
“learned disuse” and the patient’s total motor function was 
improved by using JTN in conjunction with MT to activate rel-
evant sensory areas in the brain through visual feedback. Thus, 
it is essential and beneficial for MT to concentrate on the induc-
tion of the 3 mechanisms of central nervous system plasticity 
building, visual feedback simulation, and mirror neuron activa-
tion for patients with ischemic stroke hemiplegia.

Figure 6.  Brain areas with altered brain function effect ReHo values after the last treatment compared to the first treatment at the end of the treatment group. 
ReHo = regional homogeneity.

Table 4

Brain areas with altered brain function effect ReHo values at the end of the treatment compared to the first treatment in the control group.

Brain zone Brodmann subregion

MNI

Voxel cluster TX Y Z

Cerebellum anterior lobe – 23 −51 −30 104 8.54
Superior temporal gyrus BA22 −51 −3 8 113 4.23
Temporal mid gyrus BA21 37 −42 −15 106 7.67
Precentral gyrus BA4 −44 −2 21 113 3.06
Parietal lobe BA5, BA7 −44 24 20 117 1.37

BA = Brodmann area, MNI = Montreal Neurological Institute, ReHo = regional homogeneity.
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4.3. Significance of ReHo analysis

ReHo, one of the Rs-fMRI study methods, is a resting-state 
functional data analysis method that computes the correlation 
coefficient between a voxel and multiple adjacent voxel time 
series, and then assigns the correlation coefficient to each voxel, 

indicating the local functional intensity of a brain region.[53] 
Whereas a decrease in ReHo suggests that local neuronal activity 
is more disordered, an increase in ReHo implies that local brain 
areas’ neuronal activity tends to be synchronized under the same 
time sequence.[54] Consequently, the through-complementarity 

Figure 7.  Brain areas with altered brain function effect ReHo values at the end of the treatment compared to the first treatment in the control group. ReHo = 
regional homogeneity.

Table 5

Change in ReHo values of brain function effects at the end of the last treatment in the treatment group versus the last treatment in the control group.

Brain xone L/R Brodmann subregion

MNI

Voxel cluster TX Y Z

Corona radiata L – −22 −22 21 105 3.98
Caudate nucleus L – −30 −40 26 112 2.68
Cingulate gyrus L BA30 −5 −19 58 89 2.70
Supramarginal gyrus L BA40 −42 −81 29 87 2.64
Inferior temporal gyrus L BA20 58 −6 −30 71 3.34

R −52 −6 −32 89 2.53
Precentral gyrus L BA4 69 −8 20 72 2.72

R −60 −10 20 119 3.71
Middle frontal gyrus R – 45 52 3 101 1.87

BA = Brodmann area, MNI = Montreal Neurological Institute, ReHo = regional homogeneity.
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and coordination mechanism of neuronal activity in local brain 
regions are reflected by the ReHo value rather than the signal 
strength. In order to evaluate the clinical efficacy of the treat-
ment, we compared the ReHo values before and after the inter-
vention. This allowed us to gather important data regarding 
the changes in neuronal activity in the localized brain regions 
affected by an ischemic stroke.

The study’s findings demonstrated that there were significant 
differences in the BOLD signal values of the entire brain in the 
resting state between the treatment group and the control group 
following the first treatment, before and after the final treatment 
itself at the end of the course of treatment, and when compar-
ing the final treatment between the 2 groups. Additionally, the 
increase and decrease of ReHo values were not restricted to any 
1 area of the brain but were instead widely distributed through-
out several brain regions, suggesting that the combined use of 
the 2 rehabilitation therapies could improve cerebral ischemia 
site hemodynamic information and enhance cerebral circulatory 
metabolism. At the conclusion of the treatment cycle, the treat-
ment group’s left hemisphere showed a significant increase in 
activation in the BA3, BA4, BA5, BA7, BA10, BA11, and BA40 
areas when compared to the pretreatment period. When com-
paring the pretreatment period to the end of the treatment, the 
control group’s activation in the left hemisphere’s BA4, BA5, 

BA7, BA21, and BA22 areas was considerably higher. (3) The 
L radial crown, L caudate nucleus, L cingulate gyrus (BA30), 
L supramarginal gyrus (BA40), L/R inferior temporal gyrus 
(BA20), L/R precentral gyrus (BA4), and R middle frontal gyrus 
showed significantly higher ReHo values in the treatment group 
at the conclusion of the last treatment session compared to the 
control group. This suggests that the aforementioned brain 
regions were significantly activated following treatment. Owing 
to the lesions in all of the cases included in this analysis being 
located in the regions of the left radial crown and basal gan-
glia (caudate nucleus), following an ischemic stroke, the motor 
function-related basal ganglia regions sustain damage, and the 
cerebral motor cortex rebuilds a robust motor network that 
is involved in the compensatory role of movement in patients 
suffering from ischemic stroke. There is a considerable initia-
tion at the left lesion site compared to the low signal prior to 
treatment, and this is further supported by the significant initi-
ation of ReHo signal in these regions. Following therapy, basal 
ganglia ischemic-hypoxic function is improved. Furthermore, 
in line with the goal of this study, the left brain stimulates a 
larger spectrum of brain regions than the right brain. At the 
conclusion of each session and prior to treatment, the before-
and-after comparison between the treatment and control groups 
demonstrated that Jin Sanzhen in conjunction with MT not only 

Figure 8.  Brain areas with changes in ReHo values at the end of treatment compared to the end of treatment in the control group. ReHo = regional homogeneity.
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targeted the affected limb’s motor function area for activation, 
but also improved the affected upper limb’s imitation motor 
learning ability by mobilizing the patient’s auditory-verbal  
comprehension-executive cognitive information (BA4, BA10, 
BA11, BA21, BA22), perception-behavior recognition-memory 
(BA3, BA20, BA30, BA40), and visual-motor somatosensory 
information (BA5, BA7), as well as deepening the affected upper 
limb’s recovery of voluntary motor function.

Furthermore, the development of ischemic stroke is not 
restricted to a rise in the functional impairment of the affected 
limb; it is also correlated with a steadily worsening cognitive 
dysfunction. The majority of patients with ischemic stroke 
already have a long-term blood pressure disorder, and elevated 
blood pressure is a major contributing factor to ischemic stroke. 
Hypertensive patients’ brain morphology and cognitive func-
tion are already somewhat impaired prior to ischemic stroke, 
which can lead to depression or anxiety affective disorder later 
in the course of the disease.[55,56] Activating BA11 and BA30 can 
modulate mood and affective cognition, thereby reducing the 
effects of depression or anxiety affective disorder resulting from 
the progression of the disease.

There are still several issues with the study design. Functional 
MRI data acquisition studies are limited by the relatively 
small number of cases included; secondly, the short observa-
tion period may cause clinical efficacy to not be fully revealed 
through functional brain activation images and deviations from 
the anticipated image processing results; thirdly, patients in the 
mirror-only rehabilitation therapy group were excluded from 
the experimental design, which is a unique factor that exists 
in the real world; this control group was not set up for the 
time being in order to avoid delaying the patients’ condition 
and misunderstanding along with the conditions of the institu-
tion conducting the clinical trial. After that, in order to under-
stand the mechanism of action of the combination of Jin San 
Acupuncture and mirror treatment, we must monitor long-term 
Jin San Acupuncture combined with MT in patients with upper 
limb dysfunction following an ischemic stroke and increase the 
sample size.

5. Conclusion
To sum up, we employed Jin Sanzhen plus MT to treat patients 
with upper limb dysfunction following an ischemic stroke. We 
also used the ReHo method to analyze Rs-fMRI data in order to 
compare the brain functional areas of combined rehabilitation 
therapy and single rehabilitation therapy. Our findings support 
the notion that, for patients with limited treatment time, Jin 
Sanzhen plus MT is an effective combination that can better 
activate the relevant functional areas of motor, somatosensory, 
visual, auditory, spatial orientation, emotional processing, and 
cognition.
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