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Objective: Limb numbness is a frequent symptom of post-stroke somatosensory dysfunction, which may be alleviated by non-
invasive therapy such as acupuncture. However, the precise mechanism via acupuncture remains unknown. The goal of this study was
to investigate how the amplitude of low-frequency fluctuations (ALFF) and functional connectivity (FC) changed between stroke
patients with limb numbness and healthy people, as well as how acupuncture might work.

Methods: 24 stroke sequelae patients with unilateral limb numbness and 14 matched healthy controls were enrolled in the study. The
patients with limb numbness received acupuncture therapy three days a week for four weeks. We mainly assessed the clinical
outcomes via the visual analogue scale (VAS). In addition, fMRI data from patients with unilateral limb numbness at baseline and after
treatment (4th week) were collected, as well as data from healthy controls at baseline.

Results: Compared with the healthy subjects, the patient group demonstrated significantly decreased ALFF in several brain regions, mainly
associated with the sensorimotor network (SMN) and default mode network (DMN), including left superior frontal gyrus (SFG), right
temporal fusiform cortex (TFC), right middle frontal gyrus (MFG), bilateral middle temporal gyrus (MTG), right putamen (PUT), right
precentral gyrus (preCG), right planum polare (PP), and left supplementary motor area (SMA). These regions were chosen as the seeds for
investigating the FC alteration induced by acupuncture. Several sensorimotor-related brain regions were activated by acupuncture, and the
FC of'the left supramarginal gyrus (SMG) with right MTG, as well as brain-stem, cerebellum vermis 9 with right MFG showed enhancement
following acupuncture in the patient group, which had a significant correlation with clinical outcomes.

Conclusion: Acupuncture treatment may be used to stimulate brain areas associated with somatosensory processing and to strengthen
the FC of sensorimotor and cognitive brain networks in order to achieve therapeutic effect.

Keywords: acupuncture, stroke, somatosensory dysfunction, functional magnetic resonance imaging, amplitude of low-frequency
fluctuation, functional connectivity

Introduction

Stroke is a common disease with a high occurrence rate and disability rate worldwide, with approximately 50% to 80% of
stroke patients suffering from varied degrees of somatosensory dysfunction.'* Somatosensory dysfunction manifests itself in
a variety of ways, with limb numbness being one of the most prevalent. However, during the convalescence period following
a stroke, motor dysfunction is typically given more attention than somatosensory dysfunction. After motor function is restored,
patients frequently focus their attention on somatosensory deficits. Since limb numbness is a conscious symptom that is

seldom observed, and because the therapeutic impact is inadequate, the lingering state of numbness makes it easier to raise
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patients’ psychological and mental stress, resulting in sleep difficulties, anxiety, and depression.> On the other hand, as
somatosensory function is intrinsically linked to motor function, an intact somatosensory system has a beneficial effect on
motor performance.” Thus, it is critical to develop a therapy technique that is both safe and effective.

The World Health Organization classified acupuncture as stroke rehabilitation in 1998. Numerous clinical studies
have demonstrated that acupuncture improves balancing function, decreases spasticity, increases muscular strength, and
general health following stroke.” However, there is a shortage of study on stroke-induced pure somatosensory dis-
turbance. According to Traditional Chinese Medicine theory, the acupuncture therapy is effective for treating post-stroke
limb numbness. Acupoints such as Baihui (GV20), Sishencong (EX-HN1), Shuigou (GV26), Quchi (LI11) and Zusanli
(ST36) are included. Acupuncture at ST36 and LI11 has been shown to increase neurogenesis, anti-apoptosis, and cell
proliferation in ischemic tissues, acupuncture at GV26 has been shown to induce neurogenesis, and acupuncture at GV20
has been shown to modulate neuroplasticity by reducing brain atrophy following ischemia, but the underlying neuroima-
ging mechanism remains unknown.® '

Neuroimaging technology is a promising, noninvasive approach that is increasingly being utilized to diagnose and treat
neuropsychiatric disorders. Among which, researches on the mechanisms underlying acupuncture utilizing functional
magnetic resonance imaging (fMRI) has grown. The amplitude of low-frequency fluctuations (ALFF) could indicate the
intensity of voxel spontaneous activity in terms of energy by calculating the mean values of all frequency amplitudes in the
0.01 ~0.08 HZ band."" Functional connectivity (FC) is a term that refers to the level of functional connection between areas. It
is calculated by analysing the correlation between one region and the rest of the brain.'* Somatosensory dysfunctions following
stroke are related with a lack of activation of the primary somatosensory cortex and spontaneous slow oscillatory activity in
postcentral areas, the study findings indicate. Additionally, researches indicate that acupuncture could activate somatosensory-
related brain areas and improve somatosensory process following stroke, implying the feasibility of further research into the
mechanism of acupuncture’s effect on somatosensory dysfunction following stroke.'*'*

Evidence shows that there was spontaneous significant recovery in somatosensory deficit within 3 months of stroke
onset, with only subtle additional improvements after 12 months.> Thus, the study was designed to examine the
consequences of steady spontanecous recovery in cerebral functional remodeling following stroke and to ensure that
the stroke group has a stable baseline. We first used the ALFF analysis to evaluate changes in the brain regional activity
of patients at baseline. The seed areas for FC analysis were selected from the brain regions of patients with aberrant
ALFF. Then, we computed the FC of these seed locations in patients and healthy controls by applying a seed to voxel
approach. Finally, we evaluated the ALFF activity and FC pattern between patients before and after acupuncture therapy
to determine if acupuncture could modulate functional activity, thus providing evidence for acupuncture’s efficacy in
promoting overall sensation and rehabilitation effect. We hypothesized that: there would be some variance in spontaneous
activity and functional connectivity in patients with limb numbness following stroke; and the functional activity and
resting-state functional connectivity would be regulated by acupuncture.

Materials and Methods
Subjects

A total of 24 ischemic stroke sequelae patients with unilateral limb numbness were recruited at Dongzhimen Hospital.
All patients meet the following inclusion criteria: unilateral limb numbness following stroke; between 30 and 75 years
old; right-handed; 6 months-5 years after the onset of stroke; lesion location indicated subcortical area confirmed by
MRI; muscle strength of the affected limb is grade III or above; no mental disorders and no disturbance of consciousness;
willing to accept acupuncture therapy for 4 weeks and sign informed consent. Patients were excluded if they met any of
the criteria below: lesion location indicated cortical areas confirmed by MRI; history of epilepsy or other neurological
disease and psychiatric disorder; patients with pre-existent peripheral neuropathy including diabetic neuropathy; serious
cognitive deficits; those who are unable to comprehend and participate in the examination, or those who have a MRI
contraindication, such as claustrophobia. 14 age- and gender-matched volunteers without cerebrovascular diseases were
enrolled as healthy control subjects. The inclusion criteria were: right-handed; without central nervous system disease,

psychosis and serious physical diseases; subjects had no history of psychiatric, neurological, or medical disease and no
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history of drug or alcohol dependence. This clinical research was approved by the Medical Ethics Committee of
Dongzhimen Hospital Affiliated to Beijing University of Chinese Medicine (based on the Declaration of Helsinki
(2021) Ethical Batch No: DZMEC-KY-2019-180). Risks and benefits were explained with all subjects, and informed
consents were acquired.

Acupuncture Therapy and Clinical Evaluation

All stroke sequelae patients with unilateral limb numbness were examined before and after acupuncture therapy using
a visual analogue scale (VAS): a score of 0 to 10 was used to describe the degree of numbness; 0 indicated no numbness,
and 10 indicated intolerable acute numbness. Patients self-rated their level of numbness, with a higher score indicating
a greater level of numbness.

We applied acupuncture therapy to all of the stroke sequelae patients for 4 weeks, three times per week, and 20 mins
each time. Acupoints were localized according to the name and location of acupoints (Chinese National Standards GB/
T12346). Acupuncture was performed at the following acupoints (Figure 1A-D): Baihui (GV20, located in median line
of head), Sishencong (EX-HN1, located around GV20), Shuigou (GV26, located in the upper part of philtrum), Quchi
(LI11, located in lateral side of elbow striae)(affected side) and Zusanli (ST36, located in the lateral shinbone) (affected
side). Acupuncture was performed by inserting a sterile, single-use silver needle (40mm in length and 0.30mm in
diameter). At GV20 and EX-HN1, needles were inserted 15-30 degrees above to the scalp surface and 1.5 inches deep.

A B
® Baihui
(GV20)
e Sishenchong
(EX-HNT)
Shuigou
(GV26)
C D

Quchi
(LI11)

Zusanli
(ST36)

Figure | Acupoints of group used in our study. Both locations of acupuncture are illustrated. (A) Shuigou (GV26) is located in the upper part of philtrum; (B) Baihui (GV20)
is located in the median line of head and Sishencong (EX-HNI) are located around Baihui, which include 4 acupoints; (C) Quchi (LIl I) is located in lateral side of elbow
striae; (D) Zusanli (ST36) is located in the lateral shinbone.
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The needle was placed towards the nose at a depth of 5-10 mm for GV26. At LI11 and ST36, acupuncture needles were
inserted 20-30 mm obliquely downward toward the hand and foot. Following insertion, the needle sheath was twirled
and rotated to induce the sensation known as Deqi (a sensation of soreness, numbness, distention, or radiating that is
regarded to signify effective needling)."”

fMRI Data Acquisition and Preprocessing
We acquired the fMRI data of stroke patients at baseline and after treatment (4th week) and from healthy controls at
baseline. MRI data were collected using a 3.0 Tesla Siemens Magnetom Verio MRI System (Siemens Medical, Erlangen,
Germany) in Dongzhimen hospital. All participants were advised to remain still, keep their eyes closed, and think nothing as
custom-fit foam pads and earplugs were utilized to decrease head movements and scanner noise. The functional MR images were
acquired utilizing a 6-minute gradient echo-planar imaging (EPI) sequence with interleaved acquisition and the following scan
parameters: TR/TE = 2000 /30 ms, FA = 90°, FOV = 240 mmx240 mm, matrix = 128x128, slice thickness = 5 mm and
slices = 31. The high resolution T1-weighted images comprised of a volumetric three-dimensional spoiled gradient recall
sequence lasting 4 minutes and 26 seconds with the parameters: TR/ TE = 1900 / 3.93 ms, FOV = 240 mm x 240 mm, matrix:
256 x 256, FA = 15°, slice thickness = 1 mm and slices = 176.

Resting-state fMRI data were preprocessed using Statistical Parametric Mapping software (SPM12, http://www.fil.
ion.ucl.ac.uk/spm) and NITRC Functional Connectivity (CONN, http://www.conn-toolbox.org). The DICOM data format

was converted into NIFTI data format, and the initial 10 time points functional volumes were discarded to avoid the
influence of unstable signal in the initial stage or the subject’s discomfort to the environment. Then, the rest of volumes
were preprocessed by slice timing and realignment, the data of maximum head motion > 1.5 mm and rotation angle >
1.5° in each direction (X, y, z) were excluded from further analysis. Next, warping individual functional images to the
standard Montreal Neurological Institute (MNI) space by applying the transformation matrix that can be derived by
registering the T1 image (co-registered with functional images). The data after spatial normalization were smoothed with
a 4-mm full width at half maximum (FWHM) Gaussian kernel. Nuisance signals were removed out from our data,
including the six head motion parameters, white matter signal and cerebrospinal fluid (CSF) signal linear. Finally, linear
drift and filtering were carried out to remove low frequency drift and high frequency breath and heartbeat noise.
Moreover, ITK-SNAP (http://www.itksnap.org/pmwiki/pmwiki.php) software was used to manually delineate the abnor-

mal T1-weighted image by layer, and then the patient’s lesion overlay map was obtained.

ALFF and Functional Connectivity Analysis
After the above preprocessing, the Amplitude of low-frequency fluctuation (ALFF) analysis was carried out in
the CONN toolbox v18 (http://www.nitrc.org/projects/conn) The power spectrum was created by performing a Fast

Fourier transform on the time series of each voxel to transform it to the frequency domain. The square roots of each
frequency in the power spectrum were then obtained, then by the mean square root over a low-frequency range (0.01-0.08
Hz), which was referred to as the ALFF index. The ALFF values of all the patients and healthy controls will be compared by
two-sample #-tests. According to the inter-group comparison of ALFF, the brain areas with abnormal ALFF were
considered as the seed regions for further functional connectivity analysis. To explore resting-state properties in structurally
affected brain areas, functional connectivity analysis was performed using the CONN functional connectivity toolbox v18
(http://www.nitrc.org/projects/conn).

In first-level analysis, the mean BOLD time series were extracted from seeds that were obtained by ALFF analysis of
each subject under different conditions, including one rest condition in healthy subjects and two rest conditions before
and after acupuncture treatment in patients. Pearson correlation analysis was used to determine the relationship between
the mean time course of each seed and the time course of each voxel in the entire brain. Finally, Fisher’s r-to-z
transformation is performed to standardize and improve the data’s normality in order to obtain the full brain’s z-score
map for subsequent research.
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Statistical Analysis

Demographic data was compared by using two-sample #-test and Chi-square test. Clinical data before and after acupunc-
ture treatment were compared using the paired-sample #-test. The significance threshold was set at P < 0.05 for all statis-
tical analysis. To distinguish abnormal ALFF regions between patients and healthy subjects at baseline, a two-sample
t-test was utilized. The abnormal regions were selected as seeds. Then, a two-sample ¢-test was utilized to investigate
distinct patterns of FC between patients and healthy subjects based on seeds using CONN’s second-level analysis. The
paired-samples #-test was used to assess the ALFF and FC changes before and after acupuncture. The significance
thresholds for all statistical analysis were P<0.05 when the false discovery rate (FDR) was adjusted. Finally, Pearson
correlation was used to evaluate the relation between fMRI data (t-values for ALFF, z-values for FC) and clinical
characteristics of patients’ VAS scores, with age and gender regarded as covariates of no interest. P < 0.05 was set as the
significance threshold.

Results

Demographic, Clinical Scale Results and Lesion Overlay Map

Patient characteristics and clinical scale are listed in Table 1 and a lesion overlay map is available in Figure 2. Twenty-
four stroke sequelae patients with unilateral limb numbness and 14 matched healthy controls were enrolled in the study.
One patient was excluded due to incomplete data. No significant differences in age and gender were found between
patients and healthy controls groups. The visual analogue score (VAS) scale to measure numbness symptoms in patients
groups before and after acupuncture therapy. According to Table 1, the numbness was significantly relieved according to
VAS scores and the average VAS score was 4.38+0.71 before acupuncture therapy, and decreased to 1.42+1.41 (P<0.01).

ALFF Analysis Results

ALFF analysis identified decreased ALFF in left superior frontal gyrus (L_SFQG), right temporal fusiform cortex (R_TFC),
right middle frontal gyrus (R_MFGQ), left middle temporal gyrus (L__MTGQ), right putamen (R_PUT), right precentral gyrus
(R _preCG), right planum polare (R _PP), left supplementary motor area (L SMA) and right middle temporal gyrus
(R_MTG) in stroke patients with unilateral limb numbness compared to healthy controls (Figure 3A and B and Table 2).
The ALFF effect size comparison between two groups (Figure 4). In order to investigate the acupuncture effect in ALLF,
a paired-samples #-test was conducted. There is significantly increased ALFF in left supramarginal gyrus (L__SMG), right
thalamus, right postcentral gyrus (R_postCG), left precentral gyrus (L_preCG), and left parahippocampal gyrus (L. PHG)
(Table 3).

Functional Connectivity Analysis Results

There were significantly abnormal FC patterns in stroke with numbness patients compared to healthy controls at baseline.
Patients showed significantly decreased FC between L_SFG and sensorimotor area (especially right preCG and postCG),
left inferior temporal gyrus (L_ITG), right parietal operculum cortex (R_POC). Meanwhile, patients had significantly
increased FC between right putamen (R_PUT) and right precentral gyrus (R_preCG); R MTG and right lateral occipital
cortex (R_LOC) (Table 4).

Table | Demographic and Clinical Scale

Numbness Patients | Numbness Patients | Healthy Controls P value
(Baseline, n=23) (4th Week, n=23) (Baseline, n=14)

Age (years) 57.67+7.13 - 56.32+4.21 P>0.05°
Gender (male/female) 1716 - 8/6 P>0.05"
Numbness side (right/left) 9/14 - - P>0.05"
VAS score 4.38+0.71 1.42+1.41 - P<0.01°

Notes: Values are presented as mean + SD except gender and numbness side. *The P value was obtained by Chi-square. ®The P value was
obtained by two sample t-test. “The P value was obtained by Paired-samples t-test.
Abbreviation: VAS, Visual Analogue Scale.
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Figure 2 Lesion overlay map of stroke lesion location of patients (n = 23). The majority of the stroke patients had right-hemispheric stroke lesions (n = 14/23 patients).
Patients with left-hemispheric lesions were flipped along the midsagittal plane. Consequently, the lesion were all on the right hemisphere. Color represents increasing
number of patients with inclusion of that voxel into the lesion from blue to red.

Abbreviation: R, right.

A z=-46 z=-39 z=-32 z=-25

Figure 3 ALFF difference maps (A) and (B). Cool color represents decreased ALFF brain area in numbness patients, and colorbar represents T value.

With regard to the FC alterations following acupuncture treatment, we noticed that increased FC in the left
supramarginal gyrus (L__SMG) with R MTG, increased FC in cerebellum vermis 9 with R MFG, and increased FC in
brain-stem with R MFG (Figure 5A and B and Table 5).

Pearson Correlation Between fMRI Data and the Clinical Characteristics of Patients

Results

In the numbness patients group, we found the t-values of ALFF in L_SMG (r = —0.401, P=0.007), L preCG (r = —0.350,
P=0.023), L PHG (r = —0.570, P=0.000), R_postCG (r = —0.368, P=0.019) were negatively related to VAS; z-values of
FC of R MTG with L SMG was negatively related to VAS (r = —0.383, P=0.009); z-values of FC of R MFG with
cerebellum vermis 9 was negatively related to VAS (r = —0.528, P=0.000) (Figure 6A—F).
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Table 2 Regions Showing Decreased ALFF in Patients with Numbness at Baseline

Brain Regions Peak MNI, mm T Score | Cluster Size (Voxels)
X Y z

L_SFG —-38 —40 12 =7.15 107
R_TFC 66 —4 -22 -8.10 151
R_MFG 32 10 34 —6.59 79
L MTG —42 —26 -30 —4.58 211
R_preCG 54 32 12 -9.21 126
R_PP 4?2 6 -8 —5.24 109
L_SMA -10 20 58 -2.39 37
R_MTG 66 -36 -18 =5.11 6l
R_PUT 30 =12 6 —6.45 147

Note: P < 0.05 (FDR corrected).

Abbreviations: L, left; R, right; MNI, Montreal Neurological Institute; SFG, superior frontal gyrus; TFC,
temporal fusiform cortex; MFG, middle frontal gyrus; MTG, middle temporal gyrus; preCG, precentral gyrus;
PP, planum polare; SMA, supplementary motor area; PUT, putamen.

Discussion
Aberrant ALFF and FC in Patients with Limb Numbness

The study investigated the pattern of spontaneous brain activity and functional connectivity in stroke patients with limb
numbness, as well as the potential modulatory effect of acupuncture therapy using rs-fMRI technology. The results
validated previous hypothesis that: firstly, there exists aberrant functional activity in patients with limb numbness
compared to healthy subjects. Mainly decreased ALFF in the SFG, TFC, MFG, MTG, PUT, preCG, PP, and SMA.
Decreased L_SFG functional connectivity with R_preCG, R_postCG, L _ITG and R_POC, and increased PUT functional
connectivity with R _preCG, increased R_MTG functional connectivity with R_LOC; secondly, acupuncture could
increase the ALFF in the SMG, postCG, preCG, thalamus, PHG, and enhance the functional connectivity in R MFG
with brain-stem, cerebellum vermis 9; the functional connectivity in R MTG with L _SMG, which showed strongly
negative connection with VAS score, it may be the effective mechanism to improve the clinical symptoms of stroke
patients with limb numbness.

The majority of the decreased ALFF brain regions in patients group are associated with sensorimotor processing. The
SFG, preCG, and SMA are critical components of the sensorimotor network (SMN). Previous research has reported that
the main symptoms of somatosensory network dysfunction is limb numbness, and fMRI has revealed reduced activation
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Figure 4 ALFF effect size comparison between two groups at baseline. *Represents significantly changed ALFF in numbness patients (P < 0.05).
Abbreviations: L_SFG, left superior frontal gyrus; R_TFC, right temporal fusiform cortex; R_MFG, right middle frontal gyrus; L_MTG, left middle temporal gyrus; R_PUT,
right putamen; R_preCG, right precentral gyrus; R_PP, right planum polare; L_SMA, left supplementary motor area; R_MTG, right middle temporal gyrus.
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Table 3 Regions Showing Increased ALFF in Patients Before and After Acupuncture Treatment

Brain Regions Peak MNI, mm T Score | Cluster Size (Voxels)
X Y z

L_SMG -lé -32 29 53 60

R_thalamus 18 —34 —4 5.1 104

R_postCG 30 —-38 30 3.98 204

L_preCG —46 0 52 3.32 229

L_PHG —24 20 —44 4.59 72

Note: P < 0.05 (FDR corrected).
Abbreviations: L, left; R, right; MNI, Montreal Neurological Institute; SMG, supramarginal gyrus; postCG, post-
central gyrus; preCG, precentral gyrus; PHG, parahippocampal gyrus.

Table 4 Regions Showing Decreased or Increased FC in Stroke Patients with Numbness Comparing
to Healthy Controls Based on Seed Regions of Abnormal ALFF

Seed Regions | Brain Regions Peak MNI, mm T Score | Cluster Size (Voxels)
X Y z
L_SFG R_preCG 6 -10 58 —5.39 177
R_postCG 14 -30 76 —5.35 I
L_ITG —54 —52 —20 —5.41 122
R_POC 44 —28 20 —4.31 105
R_PUT R_preCG 42 8 18 4.82 83
R_MTG R_LOC 44 —66 -2 4.38 162

Note: P < 0.05 (FDR corrected).

Abbreviations: L, left; R, right; MNI, Montreal Neurological Institute; SFG, superior frontal gyrus; preCG, precentral gyrus; postCG,
postcentral gyrus; ITG, inferior temporal gyrus; POC, parietal operculum cortex; PUT, putamen; MTG, middle temporal gyrus; LOC, lateral
occipital cortex.

of related brain areas.'® Additionally, MTG is a key node in the default mode network (DMN), while MFG participates in
the executive control network (ECN), and the PUT is comprised in the basal ganglia network (BGN), indicating that
patients with abnormal functional activity regions following stroke were mainly involved in the SMN but also included

7 =24 Bz=54 z=46 2z2=-38 2z=-30

4.33 5.40

® O

SN

z=40
z=56

z=64 z=68 z=72

ceese DO !

Seed region: R_MTG Seed region: R_MFG

Figure 5 Map of brain regions showing increased FC with seed of R_MTG and R_MFG induced by acupuncture (A) and (B). Hot color represents increased FC brain region
with seed, and colorbar represents T value.
Abbreviations: R_MTG, right middle temporal gyrus; R_ MFG, right middle frontal gyrus.
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Table 5 Regions Indicating Increased FC After Acupuncture in Stroke Patients with Numbness
Compared to Before Acupuncture

Seed Regions | Brain Regions Peak MNI, mm T Score | Cluster Size (Voxels)
X Y z
R_MTG L_SMG —62 -30 44 4.33 79
R_MFG Cerebellum vermis 9 | 10 —56 -36 5.40 88
Brain-stem 4 —22 -8 4.65 6l

Note: P < 0.05 (FDR corrected).
Abbreviations: L, left; R, right; MNI, Montreal Neurological Institute; MTG, middle temporal gyrus; MFG, middle frontal gyrus;
SMG, supramarginal gyrus.

other critical brain networks.'” Numerous studies demonstrate that the SMN is the most vulnerable network to stroke. On
the other hand, advanced cognitive control networks related to sensorimotor function, such as the frontoparietal executive
control network, will also experience functional impairments or compensation, a process referred to as functional
reorganization.'®

Additionally, FC reflects the connection across brain regions, allowing for the exploration of further functional brain
networks. The decreased FC indicates significant damage to the neural network caused by ischaemia in stroke patients
with numbness. The enhanced FC shows that the relevant brain areas are involved in the spontaneous reconfiguration in
a significant way. The FC within the SMN was found to be attenuated in patients (L_SFG with R_preCG and R_postCG).
Several studies on this topic have reported impaired connection between the interhemispheric SMN in stroke
patients.'>** Meanwhile, the FC of L_SFG combined with L_ITG and L_SFG combined with R_POC decreased. ITG
is the visual cortex, and study found that the visual cortex is highly dependent on somatosensory stimulation, implying
that the somatosensory cortex and the visual cortex have extensive functional connections.?' These findings imply that
somatosensory dysfunction may alter the functional connections of the visual-related brain. Apart from the decreased FC
activity in the L _SFG, we noticed enhanced FC in R_preCG with PUT and in R LOC with R MTG. As we all know, the
LOC is a brain region responsible for scene and object perception and categorization.”” The PUT is a primary cortical
input location to the basal ganglia loops and is associated with sensory processing.”® It is the brain area most usually
affected in persons with sensory distinction.* Increased FC between the putamen and precentral gyrus was associated
with sensory pain and motor dysfunction in a prior investigation, which is congruent with our findings. Previous research
has established that functional reconfiguration occurs following stroke.>>*® We hypothesize that PUT and MTG enhance
their FC activity to compensate for sensory disturbances associated with stroke numbness.

Regulation Effects on the Functional Activity and FC of Seed Regions Based on ALFF

Induced by Acupuncture

In addition to the abnormal ALFF reported previously in our work, we obtained several significant data indicating
acupuncture’s regulative effect. After acupuncture, we observed a significant increase in ALFF in the L SMG,
R postCG, L preCG, right thalamus, and L PHG. The postCG and preCG are key nodes in the SMN, which is
responsible for human motor execution, sensory processing, and motor-sensory integration.”” The thalamus is the highest
sensory region beneath the cortex, and all sensory information except for olfaction passes through it before reaching the
cortex.”® Additionally, the thalamus regulates the activation in other brain regions via so-called “corticothalamocortical
circuits”. With the development of research on limb numbness, it has been found that damage to the sensory pathway
from the cortex to the contact fiber results in numbness, and so do changes in brain activity in the “corticothalamocortical
circuits” and the SMN, which are considered to be the critical links in limb numbness following stroke.?’*° After
acupuncture therapy, the ALFF of the thalamus and SMN increased, which may be one of the mechanisms of
acupuncture. It’s important to mention that there was no evidence of a significantly decreased ALFF in the thalamus
at baseline, this could be due to the location of the lesion in our patients. However, the ALFF increased significantly after
acupuncture, we speculated that this was because we had always emphasized Deqi (sensation of soreness, numbness,
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Figure 6 Pearson correlations of fMRI data and VAS score in patients with numbness. (A) Negative correlation between t-values of ALFF in L_SMG and the VAS. (B)
Negative correlation between t-values of ALFF in L_preCG and the VAS. (C) Negative correlation between t-values of ALFF in L_PHG and the VAS. (D) Negative
correlation between t-values of ALFF in R_postCG and the VAS. (E) Negative correlation between z-values of FC between the R_MTG with L_SMG and the VAS. (F)
Negative correlation between z-values of FC between the R_MFG with vermis 9 and the VAS.

Abbreviations: VAS, Visual Analogue Scale; L, left; R, right; SMG, supramarginal gyrus; preCG, precentral gyrus; postCG, postcentral gyrus; PHG, parahippocampal gyrus;
MTG middle temporal gyrus; MFG middle frontal gyrus.

distention, or radiating that is regarded to signify effective needling) throughout treatment, which is believed to be crucial
for acupuncture’s therapeutic success.®' Naturally, the thalamus is the principal brain structure responsible for mediating
the effects of acupuncture.’® Acupuncture on the left or right Yanglinquan (GB34) of a healthy population activates the
thalamus physiologically, and the thalamus is assumed to be implicated in some of the pathological disorders treated with
acupuncture.’>* We inferred that acupuncture could activate sensorimotor-related brain regions in stroke patients with
numbness based on increased spontaneous activity in the above brain regions following treatment and the strongly
negative connection between the ALLF and VAS score.
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Further, we investigated the influence of acupuncture on the FC of nine seed regions acquired in ALFF analysis in
comparison to each other region within the total brain between the pre- and post-acupuncture stages. Our research revealed an
interesting result: increased FC between R MTG and L SMG. Notably, this study found that the functional activity of the
L SMG is significantly increased, regardless of whether ALFF or FC analysis is applied. The SMG is a somatosensory-
associated cortex that is capable of interpreting sensory information and is involved in spatial and limb position perception.”
The left SMG is crucial for the integration of sensory and cognitive processes, such as selection and the control of tool-directed
actions.’® MTG and SMG are both component nodes of the DMN, implying that acupuncture therapy enhanced FC within the
DMN. There is evidence that suggests that abnormalities in the functional connectivity of the DMN may contribute to the
development of post-stroke depression and anxiety.*” The rehabilitation of cognitive ability and sensorimotor function may be
the mechanism by which acupuncture affects the DMN of stroke patients, which confirms our results.*®

Our research also found that acupuncture can enhance the FC between the brain-stem and R MFG, cerebellum vermis 9
and R_MFG. The FC of periaqueductal gray (PAG) within brain-stem is related to the sensory of pain, and acupuncture could
modulate the FC of PAG to treat pain-related disease in previous study.>**° Furthermore, the cerebellum has been regarded as
a critical component of the sensorimotor system.*' More and more research suggest that the cerebellum can affect the higher
cognitive function of the brain through the neural circuits between the cerebellum and the brain.*> Especially, vermis as an
essential part of bilateral cerebellar hemisphere for structural connection and information transmission, it is not only related to
sensorimotor dysfunction, but also impacts cognitive functions such as working memory and emotional regulation.*>**
Previous studies have demonstrated that acupuncture improves motor coordination and motor learning in stroke patients
during stable recovery by improving the FC between the cerebellum and the primary sensorimotor cortex.** In our study, MFG
is one of the essential node of ECN, which is widely attributed to a set of cognitive processes.*® The enhanced FC between
cerebellum vermis and ECN after acupuncture therapy once again revealed that acupuncture might exert its therapeutic effect
through improving cognitive ability and sensorimotor function.

There are still some limitations in our research. Firstly, one of which is that the sample size is on the lower end. The
difficulty in reproducing the results of the study is a significant barrier that must be overcome before the findings of
contemporary neuroimaging research can be implemented successfully in therapeutic settings. As a result of the
possibility that increasing the sample size is an efficient method for improving the consistency and reliability of
neuroimaging data, we are collecting more patients in order to validate the findings that have already been obtained.
Secondly, the great majority of studies have focused on single acupoint in order to demonstrate the specificity of each
acupoint. However, this group of acupoints is widely used in clinics, and the mechanisms are more complex. As a result,
we can only assume that group acupoints are responsible for the modulatory effects, whereas the mechanism of a single
acupoint remains unknown. Last but not least, given that limb numbness is a conscious experience, we only employed
a subjective VAS to evaluate the numbness degree, therefore the outcome measure of numbness using VAS may have
a high placebo effect. Additionally, because there were no sham controls, it is difficult to determine how much of the
improvement in numbness and fMRI performance was attributable to the placebo effect.

Conclusion

Our findings suggest that acupuncture therapy may increase the spontaneous activity of sensorimotor-related brain
regions, as well as the functional connectivity of sensorimotor- and cognitive-associated networks, in stroke sequelae
patients with unilateral limb numbness. This will aid in understanding the mechanisms of acupuncture and providing an
effective method of clinical treatment in patients suffering from limb numbness following a stroke.
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