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Importance. Acupuncture is an effective treatment for stroke, especially in the aspect of motor deficit. Many brain imaging studies of
acupuncture have found significant changes in brain function after acupuncture treatment in order to reveal its underlying
mechanisms in regulating neural plasticity. However, no definite consensus has been reached. Objective. To analyze the pattern
of intrinsic brain activity variability that is altered by acupuncture compared with conventional treatment in stroke patients with
motor dysfunction, thus providing the mechanism of stroke treatment by acupuncture. Methods. Chinese and English articles
published up to May 2020 were searched in the PubMed, Web of Science, EMBASE, and Cochrane Library databases, China
National Knowledge Infrastructure, Chongqing VIP, and Wanfang Database. We only included randomized controlled trials
(RCTs) using resting-state fMRI to observe the effect of acupuncture on stroke patients with motor dysfunction. R software was
used to analyze the continuous variables, and Seed-based d Mapping with Permutation of Subject Images (SDM-PSI) was used
to perform an analysis of fMRI data. Findings. A total of 7 studies comprising 143 patients in the treatment group and 138 in
the control group were included in the meta-analysis. The results suggest that acupuncture treatment helps the healing process
of motor dysfunction in stroke patients and exhibits hyperactivation in the bilateral basal ganglia and insula and hypoactivation
in motor-related areas (especially bilateral BA6 and left BA4). Conclusion. Acupuncture plays a role in promoting
neuroplasticity in subcortical regions that are commonly affected by stroke and cortical motor areas that may compensate for
motor deficits, which may provide a possible mechanism underlying the therapeutic effect of acupuncture.

1. Introduction are susceptible to several complications, including pain, dys-

phagia, pneumonias, incontinence, depression, and somatic

Stroke is a syndrome characterized by an acute onset of neu-
rologic deficit resulted from ischemia or hemorrhage. It
became the leading cause of death and years of life lost
(YLLs) at the national level in China [1]. Patients with stroke

dyskinesia, which usually impede clinical recovery and require
specific intervention [2, 3]. In this review, we mainly focus on
the motor dysfunction after stroke. As a common and severe
complication of stroke, motor dysfunction recovery requires
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multidisciplinary treatment and still remains a clinical chal-
lenge [4]. Seeking an effective and safe alternative therapy
meets the requirement of the Healthy China 2030 plan [5].

Acupuncture, a key modality of Traditional Chinese
Medicine (TCM) therapy, is recommended by the World
Health Organization (WHO) as an alternative and comple-
mentary strategy for poststroke treatment [6, 7]. Acupunc-
ture has been widely used to relieve pain and improve
motor or neurological function [8, 9]. Sufficient previous
studies including animal experiments, clinical trials, and sys-
tematic reviews have proven that acupuncture was beneficial
for stroke rehabilitation [10]. Although the application of
acupuncture has shown good clinical efficacy, the mecha-
nisms of acupuncture remain unknown. One hypothesis
suggests that acupuncture may induce neuroplasticity to
exert therapeutic effects [11-13].

Neuroplasticity refers to the capability of the nervous sys-
tem to modify and reorganize the brain structure and func-
tion in response to impairment or experience; various
behavioral, neurophysiological, and neuroimaging studies
can document changes in the nervous system [14, 15]. One
of the recommended modalities used to measure neuroplas-
ticity in humans is resting-state functional magnetic reso-
nance imaging (rs-fMRI), which is often used to assess
resting-state networks in participants [16, 17]. The main
analysis approaches of rs-fMRI are regional homogeneity
(ReHo) and amplitude of low-frequency fluctuations
(ALFFs). The former evaluates the temporal homogeneity
of the regional blood oxygen level-dependent (BOLD) signal,
and the latter reflects intrinsic brain low frequency [18, 19].
Aimed at a better understanding of the cerebral characters
of acupuncture treatment, more and more acupuncture stud-
ies have applied rs-fMRI in the clinical trials. However, no
consensus has been reached, possibly due to the small sample
size or distinctions of experimental design between studies.
For example, Schaechter et al. [20] have reported that acu-
puncture would activate the ipsilateral lesional motor cortex
to improve motor function in patients with hemiparetic
stroke, while others suggested that the basal ganglia would
be predominantly activated by acupuncture [21].

Therefore, in order to elucidate which brain area plays a
crucial role in the therapeutic effect of acupuncture, this
review synthesized corresponding studies and introduced
coordinate-based meta-analysis (CBMA) to quantitatively
integrate the results of individual neuroimaging studies
[22, 23]. The feature of CBMA is the use of effect sizes,
which allows combination of peak coordinates with statistical
parametric maps and it has been fully validated in many
studies [24-28]. In the present study, we applied the Seed-
based d Mapping with Permutation of Subject Images
(SDM-PSI), which is a new generation algorithm for CBMA
meta-analysis, to analyze the rs-fMRI data of included stud-
ies [29, 30]. The results would determine whether acupunc-
ture has a differential effect on brain activity as compared
to regular or conventional treatment. The apprehension of
neuroplasticity mechanisms induced by acupuncture can
not only elucidate the central mechanism of acupuncture
but also possibly provide novel ideas for applying acupunc-
ture to the treatment of other neurodegenerative diseases.

Neural Plasticity

2. Methods

We conducted the meta-analysis in line with the Cochrane
Handbook for Systematic Reviews of Interventions. All proce-
dure followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA guidelines).
The study was registered in the PROSPERO International
prospective register of systematic reviews (registration num-
ber: CRD 42020185421).

2.1. Literature Search. Studies that examined the neuropro-
tective effect of acupuncture in stroke patients were included
in the present study. The PubMed, EMBASE, and Cochrane
Library databases, Web of Science, China National Knowl-
edge Infrastructure (CNKI), Chongging VIP (VIP), and the
Wanfang Database (WF) were searched from inception until
May 2020 by two independent researchers. The following
English search terms were used: (stroke OR Poststroke OR
Cerebrovascular Accident OR Cerebrovascular Apoplexy
OR Apoplexy OR Brain Vascular Accident OR Cer-
ebrovascx OR brain* OR brain vascx OR hemiplegx OR
apoplex* OR CVA OR TIA) AND (acupuncture OR acu-
puncture therapy OR acupuncture treatment OR electroacu-
puncture OR electro-acupuncture OR acupuncture, ear OR
ear acupuncture OR auriculotherapy OR scalp acupuncture)
AND (RCT OR randomized controlled trial OR controlled
clinical trial OR randomized OR clinical trial OR randomly
OR RCT OR trial) AND (fMRI OR functional MRI OR func-
tional magnetic resonance imaging OR neuroimaging). The
languages of the trials were restricted to English or Chinese,
and the search strategy for each database was based on its
own unique characteristics.

2.2. Inclusion/Exclusion Criteria. Two researchers indepen-
dently conducted the search and screened the titles, abstracts,
and full texts of the papers. Studies were included based on
the following criteria: (1) an RCT conducted in patients with
stroke sequelae at any-stroke stage, of any age and gender; (2)
manual acupuncture or electroacupuncture with or without
other therapies in the treatment group, while other therapies
including conventional rehabilitation or sham acupuncture
in the control group; (3) involved whole-brain functional
imaging (ReHo or ALFFs) in resting state; (4) three-
dimensional coordinates (x, y, z) reported in standard stereo-
tactic space Talairach or Montreal Neurological Institute
(MNI); (5) if one study involved two or more comparable
datasets, all samples were included; and (6) used secondary
outcomes to assess clinical efficacy. The exclusion criteria
were as follows: (1) the study only used region of interest
(ROI) method; (2) the sample size in each group was less
than 5; (3) if separate papers used the same or similar data-
sets, only the largest sample was included.

2.3. Data Extraction and Quality Assessment. Data were
extracted from the included studies into a standard form with
respect to publishing year, name of the first author, sample
size, participants’ condition, intervention design, fMRI
method, and secondary outcome measures. Missing or
unclear data for the meta-analysis were obtained after corre-
sponding with the original authors by email or telephone.
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Two independent researchers carried out the data extraction;
any disagreements were resolved by a third reviewer. This
information is showed in Table 1. Quality assessment was
based on Cochrane Risk of Bias Tool and carried out by
two researchers independently. All the reports were evalu-
ated according to the following seven criteria: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
sources of bias. For each criterion, studies were judged to
be at low, high, or unclear risk of bias.

2.4. Data Synthesis and Meta-Analysis. ReHo results: the dif-
ferences of brain activity between the treatment group and
the control group were analyzed by SDM-PSI (version 6.21,
https://www.sdmproject.com/). A step-by-step tutorial is
provided on this website. First, reported peak coordinates
and effect sizes (t value, or equivalently from z-scores or P
values) were extracted to prepare the peaks’ text files. In the
step of preprocessing, software will use those files to recreate
the lower and upper bounds of the possible effect-size values
of the studies. Second, the meta-analysis consisted in calcu-
lating the random-effects mean of the ReHo values and the
mean map was weighted by the sample size and variance of
each study. We reported results using family-wise error
(FWE) correction (P < 0.05 and voxel extent > 10) with the
threshold-free cluster enhancement approach (TFCE) and
5000 permutations. The heterogeneity analyses were also
assessed. The peak MNI coordinate would be extracted to
derive standard heterogeneity statistics I, and an I* < 50%
indicates low heterogeneity. Funnel plots were not performed
because the amount of included studies (n = 7) was less than
10, but the Egger test was used to assess the publication bias.
Finally, a metaregression analysis was carried out to figure
out the relationship between ReHo changes and clinical var-
iables. All results would be reported using the TFCE-based
FWE corrected threshold (P < 0.05 and voxel extent > 10).

Clinical variables: statistical analyses of continuous data
were performed with R software, version 3.6.2 (R Foundation
for Statistical Computing, Vienna, Austria), using the Meta
and Metafor meta-analysis packages. Weighted mean differ-
ence (WMD) with 95% CIs was used. Heterogeneity was
tested by the I* statistic. We selected fixed or random-
effects model to pool the data depending on whether the tri-
als had good homogeneity (P > 0.10, I? < 50%) or not. A for-
est plot was adopted to show the hypothesis test results, and if
necessary, a sensitivity analysis or subgroup analysis would
be performed to find sources of heterogeneity.

3. Results

3.1. Included Studies. The database search yielded 1195 arti-
cles. 272 duplicates were removed, and 883 articles were
excluded after screening titles and abstracted. Of the 40
potentially relevant reports, 6 articles [31-36] and 7 studies
(Chen et al. [35] conducted two trials at the same time)
proved eligible after full-text screening (Figure 1).

Trials were published after 2000, and each study enrolled
10 to 100 patients (140 individuals in the treatment group

and 138 in the control group). All studied recruited ischemic
stroke patients. There were no significant differences in
demographic baseline characteristics, including age, gender,
disease status including symptom duration, or secondary
outcome measures between the two groups. Three studies
reported the patient limb dysfunction of the right side and
the most lesions of brain regions had the left laterality (espe-
cially in the left basal ganglia) [32, 35, 36]. All patients in both
groups received conventional treatment and, on this basis,
participants in the treatment group underwent two or four
courses (weeks) of manual acupuncture therapy, one study
combined with sham acupuncture as comparison [32]. The
manual acupuncture methods include lifting yang to dredg-
ing du meridian needling method (LYDDM) and Xingnao
Kaiqiao needling method (XNKQ) and empirical acupoints.
The LYDDM and XNKQ needling methods are based on
long-term clinical experiments and were developed in by
Professor Peilin Zhang and Xuemin Shi, respectively. And
the application of empirical acupoints means that doctors
manipulate the acupuncture based on their clinical experi-
ence. All studies reported rs-fMRI data by using ReHo varia-
tions to compare differences before and after treatment in
patients from both groups. Clinical efficacy was examined
by Fugl-Meyer assessment (FMA; n =7), nervous functional
deficiency scale (NDS; n =3), Barthel index (BI; n=4), or
modified Barthel index (MBI #n = 3). The details and features
of the studies are shown in Table 1.

3.2. Quality Assessment. The quality assessment was based on
Cochrane Risk of Bias Tool. Among 7 RCTs, all the studies
reported the methods of random sequence generation but
only three studies of two articles employed allocation con-
cealment [31, 36]. Only two studies reported the methods
of patient blinding [32, 35], while Zhou et al. [34] admitted
that it was at high risk. Methods of blinding of outcome
assessment were only applied in two studies [34, 35]. Evalua-
tion of incomplete outcome data depended on whether the
clear descriptions of baseline data were shown. According
to this standard, all studies were at low risk. None of the stud-
ies have published study protocols before, so it was difficult to
evaluate selective reporting. We tended to believe a study was
at low risk only if it reported all the three secondary outcome
measures (FMA, NDS, BI, or MBI). Thus, low risk of bias in
the domain of selective reporting was given to four studies
[31, 33-35]. In addition, we did not find any other sources
of bias. Overall, these studies were not of high quality, mainly
in terms of allocation concealment, patient blinding, and out-
come blinding. Figure 2 presents the quality assessment of
these 7 included studies.

3.3. Meta-Analysis of ReHo Changes

3.3.1. Mean Analysis. Patients in the treatment group showed
hyperactivation in the right basal ganglia (P < 0.05, z = 6.622
) and left insula (P < 0.05, z = 5.232) after acupuncture ther-
apy and the decreased activity of the left precentral gyrus
(PG; P<0.05, z=-4.477) and right superior frontal gyrus
(SEG; P <0.05, z=-4.723). Patients in the control group
showed hyperactivation in the right middle frontal gyrus


https://www.sdmproject.com/

Neural Plasticity

‘poypawr Surpasu oerbrey

oeudury :OMNX ‘dnoid jusunesn : 1, Burddewr renuaayip paudts NS Aianisuas :§ ‘Airouadouwroy reuordar :0 Y 9ydu o ©IMnsu] [ed130[0INaN] [BAIUOIA INIA ‘poyow Surpasu uerpLowr np Surdparp oy Sue
SunJI NQAAT XOPUI [dYIeg PIYIPOW [N SUIWSSISSE JAN-[0] (YA SUSWIEII) [BUOUIAUOD :AUOD) (dN0ig [013U0 D) XIpUl [dyjieq [ LaIe UUBWPOI] :Yg Juawiear) ampundnoe oy SUOHRIAIGQY

Ly 0¢
19N ‘VINA SAPoM syutodnoe AUOD+ 9/¥ D 6L F 019D F08SD uonouNysAp (ot/11) 5102
} ININ OHy ¥ 10} . Au0D . . ’ ergues [eseq . noyz
dsN [eoidurg ny ¥/L:L 90'F F9€°69 -L 0T¥¢ uonowr quiry Y |14
Yoam/s oumx
+0TCs L
. oM )
Id 'VINA el ol b 10] syurodnoe AUOY AUOD+ SIS D TLEFO8F9D ST TFOI61:D erduedjeseqpio  uwomdunysip  (OT/0T) TIOT X
‘SAN Jamse reotnduryg ny ¥/9:L T8ETFO0LL9:L 99T F0S6I:] SNWERY)IoSUOJ UOTOW quil| Y 0¢ rowry
¢ SN Gurodnoe AUOD+ : T E:..: : T wa.&w. uonounys{p
::2 VINA L oI b 107 MUQEE AUOD) :uU G/s 0 F00£'19D 000°TS D seopup] wonow (ot/11) . w%m
dSN Yoam/s [edLIdury \4 VL1 B SL0°Cl ~ €5y quuI[ 2Y011$10g 14 M suld
FY9€69 L F8I8CS L
6LL'8 99511
SYoom AUOD+ . o _ooa L10¢
YN YL NI oLy z 10} syurodnoe e AUCO+ oy ..U FECL9D TEgTI D BJRIpEI BUOJOD uonounysAp (9/9) Wy
reoundwyg ny ¥/7:L c81's 8¥8' €l 10 erjSued feseq T uonOW qUII Y 4
Yoam//, weyg B B eueN
+00°79 -L FE8¥I L
B EEIN ) I o uonounys£p 9107
19 ‘VINL ININ EEN 7 10§ OJNX  AU0D >Mw0+ vI/91 ..U mw.o * om,mw ..U mm.n FLI .om ”U Ieapun uonow (0€/0€) uayD
oML V. TUSTL  I€SFEECSYL T6'SFECET L quysonsisog % Suoyyyz
EEI ) I o uonounysAp 9107
VNI INW o zio)  waax1 auwp U0 E“E O V90569 GSLFLTOED respun wonot 0£09) oy
oMy \4 €U/LIIL  6L€FLOTOL LTLFES6T L quuaonsisog % Suoyy
SYooM AUOA L . o uonOUNySAp 5
I VN INIA OHPY 70} WAJAT  AuoD Su BIVTID L6OFIOLSD  pyyiodar oy reapun uonowr (ch/Ty) wwww )8
Yoomyz vV 0TTTIL  8€8FLYGS L quiysyonsisog 78 PBwRUZ
SaW02)NO g Jo (sTRUIS)/oTRU)
Lrepuossg 9JBUIPIO0D) ssAeuy uowiday syurodnoy o) L =puss) (s1eaf) 98y  (sep) uonein UOIEDO[ UOISIT uonIpuo) Mwm\ mC kpmg
S9INSLIW JWOIINO) UOTJUSATIU] uostredwon) yuedonred o

*STPN]S PIPNIOUT dY) UT $)93(qNS JO $INISLIIORIRYD [EITUT]Y) ] TTAV],



Neural Plasticity

— Records identified through
database searching (n = 1195)
T
) (PubMed: n = 240; Web of Science; n = 143;
S EMBASE: n = 3; Cochrane: n = 247; CNKIL: n = 31;
= VIP: n = 31; WF: n=500; )
§
. Records after duplicates removed
(n=923)
on
g
=
o v
A iously irrel
< Records screened _ Olr:):clg:dssyegsﬁl Z‘;]_nt
(n=923) " (n=2883)
Full-text articles assessed
= for eligibilit
= o gl Full-text articles excluded:
= (n=40)
2
= (i) Do not use rs-fMRI:
n=10
ii) D t ReH
_ J Studies included in (i) AEFnFO muest‘;losy Z(:)rS
. quahta(t;vi sg);nthesm (iii) Participants Do not
- meet inclusion
criteria: n =12
E (iv) Intervention does not
=] meet inclusion
E Studies included in criteria: 1= 2
quantitative synthesis (v) study protocol: n = 2
(meta-analysis) '
_— (n=7)

FiGure 1: Flowchart for study inclusion and exclusion process.

(MFG; P <0.05, z=5.457) and left supplementary motor
area (SMA; P < 0.05, z = 4.867) after conventional treatment
and a decrease of activity in the left striatum (P <0.05,
z=-4.876) and left inferior frontal gyrus (IFG; P <0.05,
z=-5.547). Peak coordinates and cluster breakdowns are
shown in Table 2. Differences in the brain regions between
conventional treatment and acupuncture treatment have
been visualized in Figure 3.

3.3.2. Heterogeneity Analysis and Publication Bias. In the
treatment group, the ganglia, insula, left PG, and right SFG
showed low between-study heterogeneity of effect size differ-
ences in peak coordinates (I*>=0.88% —7.40%) and low
between-study heterogeneity for each significant peak in the
control group (I>=0.09% -1.29%). The heterogeneity
results are shown in Table 2. The Egger tests were insignifi-
cant in the treatment group (P=0.464) and the control
group (P =0.501).

3.3.3. Metaregression Analysis. Metaregression was used to
search for potential correlation between FMA scores, mean
age, and disease duration in the treatment group. The FMA
scores are associated with the left insula (Table S1A). The

analysis of mean age shows significance in the brain regions
of the left cerebellum (Table S1B). The disease duration is
associated with many regions, including the left cerebellum,
arcuate network and right SMG, and SFG (Table S1C).

3.4. Meta-Analysis of Secondary Outcomes. Compared with
conventional treatment, manual acupuncture therapy was
associated with a decrease of NDS score (-4.40; 95% CI,
3.79 to 5.01; I* = 0), indicating that acupuncture could miti-
gate the impairment of nervous function. The change in BI
score was 3.47 (3.47; 95% CI, 0.99 to 5.95; I> = 87%) and that
in MBI score was 7.49 (7.49; 95% CI, 5.38 t0 9.59; I> = 0). The
increase of BI or MBI suggested that patients had better daily
living ability after acupuncture. A greater increase of FMA
score (5.73; 95% CI, 4.35 to 7.11; I> =77%) also demon-
strated that acupuncture could improve motor function of
the upper and lower limb. The forest plots are shown in
Figures S1A-SID.

4. Discussion

4.1. Main Findings. It is suggested that acupuncture therapy
could relieve neurological deficiency (NDS) and improve
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Risk of bias

Random sequence generation

Allocation concealment

Blinding of
participants and personnel

Blinding of
outcome assessment

Incomplete outcome data

Selective reporting

Other source of bias

Overall

T T T

0% 25% 50% 75% 100%

[ Low risk of bias
[l Some concerns
B High risk of bias

F1GURE 2: Risk of bias summary. Each color represents a level of risk of bias: light blue, low risk of bias; medium blue, unclear risk of bias; dark
blue, high risk of bias. D1: random sequence generation; D2: allocation concealment; D3: blinding of participants and personnel; D4: blinding
of outcome data; D5: incomplete outcome data; D6: selective reporting; D7: other sources of bias.

TABLE 2: Brain activity changes in patients after treatment compared to baseline.

MNI

coordinates SDM? P b Voxels® Cluster breakdown I
-score value
x y z
Treatment group
R basal ganglia 4 12 8 6.620 <005 1244 R lenticular nucleus, putamen, striatum, insula, rolandic 0.88%
operculum, BA48
L insula 32 14 10 5032 <0.05 387 L insula, lenticular nucleus],sili';amen, rolandic operculum, 1.02%
L precentral gyrus 28 24 66 4477 <0.05 337 L precentral gyrus, corpus callosum, superior frontal gyrus, 5.83%
dorsolateral, BA6
gRyiEIS)erlor frontal 22 2 62 4723  <0.05 20 Right superior frontal gyrus, dorsolateral, BA6 7.40%
Control group
Rmiddle frontal gyrus 38 -6 56 5457 <005 575 X middlefrontal gyrus, sup;r;(g frontal gyrus, dorsolateral, , o
L supplementary 6 4 66 487 <005 83 L supplementary motor area, BAG 1.29%
motor area
L basal ganglia 24 0 -6 -4.876 <0.05 249 L lenticular nucleus, putamen, striatum, insula, BA48 0.09%
;;rrl‘lf:r“’r frontal 32 32 -14  -5547 <005 166 L inferior frontal gyrus, orbital part, BA47 0.52%

“Peak height threshold: z > 1. "Voxel probability threshold: P < 0.005 uncorrected and remained after correcting threshold (TECE) of P < 0.05. “Cluster extent
threshold: number > 10 voxels. Abbreviations: BA: Brodmann area; I*: heterogeneity I>; MNI: Montreal Neurological Institute; R: right; ReHo: regional
homogeneity; SDM: signed differential mapping.
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FIGURE 3: SDM-PSI meta-analysis for (a) ReHo change in poststroke patients after conventional treatment and (b) ReHo change in poststroke
patients after acupuncture treatment. Red color refers to hyperactivation, and green color refers to hypoactivation.

motor function (FMA) and daily living ability (MBI). These
findings are discussed in many previous meta-analysis
studies, so we will not discuss further here [10, 37, 38]. In this
paper, we mainly focus on the meta-analysis of ReHo
changes. In the treatment group, stroke patients showed
hyperactivation in the bilateral basal ganglia and insula. In
the control group, patients showed that brain activities were
increased in the bilateral frontal gyrus (BA6). However, the
decreased activity of the bilateral frontal gyrus (BA6) and left
precentral gyrus (BA4) was found in the treatment group.
Additionally, the ReHo index of the left insula significantly
correlated with FMA scores across all stroke patients after
acupuncture therapy.

4.2. The Involvement of the Basal Ganglia and Insula in
Neuroplasticity Induced by Acupuncture. The results showed
that resting-state spontaneous brain activity was obviously
increased in the bilateral basal ganglia and insula after acu-
puncture treatment. Hyperactivation in the basal ganglia
comprised mostly the striatum. The basal ganglia play an
important integrative role in motor regulation [39]. It is
implicated in human dystonia and motor control [40]. Wang
et al. have compared ischemic stroke patients to healthy par-
ticipants, and they found that stroke patients showed low
ReHo values in the basal ganglia, which is consistent with
previous conclusions that the basal ganglia are vulnerable to
ischemia [41, 42]. Regarding motor function, the extent of
damage to the basal ganglia seems to be a neural correlate
for motor deficit. Three studies included in this review
reported that the lesion locations were primarily in the basal
ganglia [32, 34, 35], which is in line with the theory that a
common ischemic stroke in deep brain regions featured by
high disability rate is basal ganglia lacunar stroke [43]. Thus,
it can be speculated that limb motor dysfunction of included
ischemic stroke patients was mainly related to basal ganglia
impairment. The results revealed that acupuncture therapy
was also associated with hyperactivation in the insula. The
insula integrates different functional systems including
sensory motor and cognition and plays a part in motor pro-

graming and control [44, 45]. Existing evidence suggests that
the anterior insula is commonly affected by acute middle
cerebral artery stroke [46]. It seems that the damage of the
insula is responsible for the motor dysfunction in stroke
patients and acupuncture can activate it to exert therapeutic
effect. The metaregression analysis also found that the ReHo
increases of the insula are positively correlated to the increase
in FMA scores, suggesting that acupuncture could improve
ability of daily life via the activation of the insula. Here, our
results show an increased spontaneous activity in the basal
ganglia and insula after acupuncture treatment, indicating
that acupuncture could remodel neuronal function of these
areas.

4.3. The Involvement of Motor-Related Areas in
Neuroplasticity Induced by Acupuncture. In both the treat-
ment and control groups, our results showed significant
alterations of brain activation in most parts of motor-
related areas, including the bilateral superior frontal gyrus
(especially BA6) and left precentral gyrus (especially BA4).
BA4 and BAG6 are traditional motor areas, consisting of the
“classical” motor network. BA4 is the location of the primary
motor cortex (M1), responsible for planning and controlling
voluntary motor movement on the body’s contralateral side.
BAG6 includes the premotor cortex (PMC) and supplemen-
tary motor area (SMA), where neurons have projections to
M1 as well as the corticospinal tract (CST) [47]. It bridges
prefrontal and primary motor cortices and is engaged in
planning of complex and coordinated movements [48, 49].
Evidence from animal and clinical studies suggests that those
areas associate with movement preparation and execution
and the activation of these areas contributes to reorganiza-
tion after stroke [50-52]. Therefore, the functional plasticity
of BA6 and BA4 might explain the mechanism of motor
recovery.

In this meta-analysis, the ReHo value of bilateral BA6 is
significantly increased in the control group but decreased in
the treatment group. Here, we speculate that the difference
between two groups is in connection with the compensatory



activity. Compensation at the neuronal level is characterized
by activation in alternative brain areas not normally observed
in nondisabled individuals [53]. Previous animal studies have
demonstrated that reorganization of residual motor cortex
contributes to the restoration of movement dysfunction after
stroke, which indicates that increased fMRI signal within a
given brain area can not only reflect neural recovery but also
compensation [54, 55]. Thus, the increased activation of BA6
in the control group should be interpreted as being associated
with compensation, which is in accordance with theories that
the increased activity of BA6 is a form of compensation for
motor deficit after stroke [56]. A longitudinal fMRI study
observed, in the early phase of poststroke recovery (less than
6 months), hyperactivation in bilateral SMA and PMC [57].
Another study with similar results identified a positive corre-
lation, involving increased signals in SMA, cingulate, and
other motor areas of both hemispheres with good recovery
process (from 2 to 7 weeks up to 6 months), suggesting that
compensatory network may be the substrates of rehabilita-
tion strategies [58]. All the 7 studies in this review were sim-
ilar in the duration of symptoms, ranging from 9-14 days up
to 6 months, at which status the activation of BA6 would be
increased according to the conclusions above. Interestingly,
after receiving acupuncture treatment, the activation level
of bilateral BA6 is induced to reduce. The decreased activity
of BA6 may implicate the reduced dependence on its com-
pensation, indicating the recovery of motor network, thus
helping the ipsilateral limb to recover. Similarly, the results
revealed that acupuncture therapy was also associated with
hypoactivation in left BA4. Evidence from meta-analysis
describes that an increased activation in contralesional M1
(BA4) is a highly consistent finding across different impair-
ment levels and times poststroke [59]. This is in accordance
with theories that the increased activity of sound side hemi-
sphere is a form of compensation for dysfunction of other
damaged cerebral cortex [56]. From this perspective, if most
brain lesions of included patients had the right laterality, we
would expect to see a weakened compensation of contrale-
sional BA4 by acupuncture. Considering that 4 studies in this
review did not report the locations of infarcted lesions, this
assumption warrants further experiments and opens a way
for investigation of the relationship between acupuncture
treatment and compensatory activity of BA4.

4.4. Strengths and Limitations. This review is unique and
innovative. To our knowledge, we are the first to have
SDM-PSI analysis of rs-fMRI used in RCTs of acupuncture.
Altered cerebral activity in ischemic stroke patients with
motor dysfunction provides a new insight into brain mecha-
nism and clinical application, and this review is intended to
serve as both a challenge and an encouragement. Also, strict
inclusion criteria were made to minimize selection bias, and 7
studies were synthesized in the final analysis. These trials
generally consisted of similar target participants and study
designs, thus making results comparable.

As an innovative study, this systematic review still has
certain limitations. The main limitation of this review is the
small sample size. Only 7 trials and 278 participants met
the inclusion criteria so that publication bias and subgroup

Neural Plasticity

analysis of secondary outcomes measures were not per-
formed. The results of quality assessments indicated that
some studies were of low quality, especially in terms of blind-
ing. The lack of high-quality RCTs made it hard to perform
an accurate analysis of the interaction between acupuncture
efficacy and neuroplasticity. Thus, to better figure out the
potential influence of acupuncture on neuroplasticity after
stroke, it is time to organize large-scale and elaborate-
designed RCTs for further investigations. Moreover, it is
supposed that different acupuncture parameters (referring
to different acupoints, duration, frequency, and operation
methods) may cause fine distinctions of altered cerebral
activity. Therefore, there may exist heterogeneity in the acu-
puncture therapy protocol between included studies. Consid-
ering the particularity of acupuncture treatment, it is
significant to synthesize the studies focusing on specific
manipulation of acupuncture.

5. Conclusion

The meta-analyses of clinical outcome measures (FMA,
NDS, BI, or MBI) show that acupuncture treatment is effec-
tive for motor function recovery in ischemic stroke patients.
The ReHo meta-analysis reveals that acupuncture could
induce extensive changes of cerebral activity, which suggests
that the alterations of the basal ganglia, insula, and motor-
related areas are involved in neuroplasticity of acupuncture.
These findings provide a new insight into the mechanisms
underlying effectiveness of acupuncture and also lead to the
articulation of a more general hypothesis that acupuncture
plays a role in facilitating neuroplasticity.
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