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Background. Aphasia is a common symptom in stroke patients, presenting with the impairment of spontaneous speech, repetition,
naming, auditory comprehension, reading, and writing function. Multiple rehabilitation methods have been suggested for the
recovery of poststroke aphasia, including medication treatment, behavioral therapy, and stimulation approach. Acupuncture
has been proven to have a beneficial effect on improving speech functions in repetition, oral speech, reading, comprehension,
and writing ability. Neuroimaging technology provides a visualized way to explore cerebral neural activity, which helps reveal
the therapeutic effect of acupuncture therapy. In this systematic review, we aim to reveal and summarize the neuroimaging
mechanism of acupuncture therapy on poststroke aphasia to provide the foundation for further study. Methods. Seven
electronic databases were searched including PubMed, Web of Science, Embase, Cochrane Central Register of Controlled
Trials, China National Knowledge Infrastructure, the Wanfang databases, and the Chinese Scientific Journal Database. After
screening the studies according to the inclusion and exclusion criteria, we summarized the neuroimaging mechanism of
acupuncture on poststroke aphasia, as well as the utilization of acupuncture therapy and the methodological characteristics.
Result. After searching, 885 articles were retrieved. After removing the literature studies, animal studies, and case reports, 16
studies were included in the final analysis. For the acupuncture type, 10 studies used manual acupuncture and 5 studies used
electroacupuncture, while body acupuncture (10 studies), scalp acupuncture (7 studies), and tongue acupuncture (8 studies)
were applied for poststroke aphasia patients. Based on blood oxygen level-dependent (BOLD) and diffusion tensor imaging
(DTI) technologies, 4 neuroimaging analysis methods were used including amplitude of low-frequency fluctuation (ALFF),
regional homogeneity (ReHo), seed-based analysis, and independent component analysis (ICA). Two studies reported the
instant acupuncture effect, and 14 studies reported the constant acupuncture’s effect on poststroke aphasia patients. 5 studies
analyzed the correlation between the neuroimaging outcomes and the clinical language scales. Conclusion. In this systematic
review, we found that the mechanism of acupuncture’s effect might be associated with the activation and functional
connectivity of language-related brain areas, such as brain areas around Broca’s area and Wernicke’s area in the left inferior
temporal gyrus, supramarginal gyrus, middle frontal gyrus, and inferior frontal gyrus. However, these studies were still in the
preliminary stage. Multicenter randomized controlled trials (RCT) with large sample sizes were needed to verify current
evidence, as well as to explore deeply the neuroimaging mechanisms of acupuncture’s effects.
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1. Introduction

Aphasia is an acquired language malfunction caused by the
disorder of the speech center [1]. Stroke is the top leading
cause of disability in China and is the major cause of mortal-
ity [2]. Each year, approximately 2 million Chinese people
get attacked by the new-onset stroke [3]. Aphasia is a grave
symptom of stroke, presenting with language malfunctions
including spontaneous speech, repetition, naming, auditory
comprehension, reading, and writing [4]. According to epi-
demiology research, the incidence of aphasia after the first
stroke onset ranges from 23% to 38% [5-7]. Compared with
the nonaphasia poststroke patients, the patient’s mortality
rate in the hospital is nearly 2 times higher and the hospital
stay is 1.6 times longer [8, 9]. Chronic aphasia devastates
patients’ social participation and life quality. Moreover, the
costs of aphasia rehabilitation are considerable, which aggra-
vates the health economic burden [10]. It is estimated that
the expense of rehabilitation varies from $89 to $864 accord-
ing to the severity of aphasia [11], and prolonged hospital
stay (0.66 days) contributes to high hospitalization costs
($971.35) in poststroke aphasia patients [12].

Multiple approaches have been used for aphasia treat-
ment such as medication treatment, behavioral therapy,
and stimulation approach [4, 13, 14]. Acupuncture origi-
nates from Traditional Chinese Medicine, and it has been
practiced to treat aphasia for more than 3000 years. Plenty
of studies have proven the therapeutic effect of acupuncture
on aphasia, and a lot of evidence has indicated the beneficial
effect of acupuncture on improving speech functions,
including repetition, oral speech, reading, comprehension,
and writing [15, 16]. Alone with speech and language thera-
pies, acupuncture has become a pervasive treatment for
poststroke aphasia [17]. Among the various acupuncture
therapies, scalp acupuncture and tongue acupuncture are
indispensable for poststroke aphasia. Both of their theories
were developed based on the combination of the traditional
Chinese meridian theory and the holographic theory [18,
19]. It has been demonstrated that scalp acupuncture has a
beneficial effect on improving the daily activity ability of
stroke patients [20]. Meanwhile, neural imaging technology
provides a visualized way to reveal the brain activity mecha-
nism of scalp acupuncture [21, 22]. Recent studies reported
the effectiveness pathways of acupuncture on language func-
tion [23-25]. However, the mechanism of the recovery pro-
cess is not fully illustrated. Clinical researches showed
multiform language function impairments and the aphasia
recovery process [26]. Apart from the relationship based
on the structure-function hypothesis, evidence has been
found in the variation of cerebral blood perfusion, brain
functional connection, and neural activity, which enriched
the mechanism of aphasia recovery [27-29]. Taking advan-
tage of multidisciplinary combinations such as neuroimag-
ing technology, researchers can explore the aphasia
recovery mechanism in detail.

The functional magnetic resonance imaging (fMRI) pro-
vides a noninvasive way to explore the brain neural activity,
which is a helpful tool to reveal the therapeutic effect of both
instant acupuncture and constant acupuncture therapies
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[30]. The resting-state fMRI (rsfMRI) is proposed to be a
practical approach to investigate spontaneous brain activity,
which helps uncover the pathological mechanism. Accord-
ingly, task-based fMRI is viewed as a tool to reflect the
task-response properties evoked by specific stimulates [31].
Multiple analysis approaches have been applied to display
the characteristics of the rsfMRI signals. ALFF is suggested
to measuring the amplitude of fluctuation in the low-
frequency range of neural activity in the resting state directly
[32, 33]. It offers evidence of spontaneous brain activity at a
single voxel level. In previous researches, ALFF is applied to
study the effect of acupuncture therapy [34, 35]. ReHo is
considered a useful tool to detect the regional functional
homogeneity of neural synchronization, which provides fea-
tures of brain connection within a specified voxel and the
neighboring voxels [36]. Degree centrality is viewed to char-
acterize the functional connectivity in the information com-
munication of the brain network. It presents the single voxel
value according to the functional connectivity strength
within the brain network [37]. Functional connectivity
(FC) is utilized to reveal the functional information commu-
nication between brain regions that are separated at the ana-
tomic level, and ICA is proposed to explore the independent
spatial sources of neural activity based on the whole brain
function [38, 39].

With the use of neuroimaging technology, researchers
make efforts to illustrate the central pathway of acupunc-
ture’s effect on poststroke aphasia. Acupuncture was taken
as stimulation, and its instant effect was detected in the
task-based fMRI [40]. Previously, researchers found the
brain activation evoked by electroacupuncture was remark-
ably consistent with the activation induced by the image
naming task, which included the left inferior frontal gyrus
that accounts for the speech function [41]. Accordingly,
rsfMRI was used to evaluate the cerebral functional state
before and after acupuncture treatment. Based on the classi-
cal language function theory, studies focused on the ana-
tomic structural regions proved that the decreased ALFF
value in the left temporal pole was correlated with the nam-
ing function [42]. Recent studies revealed the connectivity in
the surviving brain regions, which played a role in brain net-
work studies [43, 44]. It has been verified that acupuncture
could strengthen the language-related brain network in the
left hemisphere [45].

The classic hypothesis of aphasia focused on the cortical
lesions such as Broca’s area and Wernicke’s area. Using the
MRI technology, researchers uncovered the damage of sub-
cortical grey matter by scanning the two brains of Paul Bro-
ca’s patients [46], while recent studies reported the new
findings that neither the long-term aphasia condition nor
the damage of anterior arcuate fasciculus can be fully
explained by the infarction of Broca’s area [47]. Other stud-
ies devoted to the brain network mechanism found disparate
pathways in the aphasia recovery process [48]. Yet, the rela-
tionship between clinical effects and neuroimaging changes
remains unclear. Hence, the objective of this review is to
analyze the possible relationship between acupuncture stim-
ulation, clinical effects, and cerebral response. Meanwhile,
using the systematic review method, we aim to summarize
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the current acupuncture method, neuroimaging techniques,
and potential cerebral mechanism of poststroke aphasia
recovery.

2. Method

2.1. Included Criteria

(i) Types of studies: published randomized and nonran-
domized controlled clinical studies of acupuncture
on poststroke aphasia in English and Chinese

(ii) Participants: patients that were diagnosed with
aphasia following a stroke in WHO criteria; the type
of aphasia was not limited.

(iii) Interventions: acupuncture therapy included man-
ual acupuncture (MA), electroacupuncture (EA),
scalp acupuncture, and tongue acupuncture or com-
bined with the control group treatment

2.2. Searching Strategies. We searched 7 electronic databases
including PubMed, Web of Science, Embase, Cochrane Cen-
tral Register of Controlled Trials, China National Knowledge
Infrastructure, the Wanfang databases, and the Chinese Sci-
entific Journal Database from January 2009 to September
2021 for relevant studies. References lists of identified publi-
cations, conference literature, and bibliographies of reviews
were also inspected for further literature. The searching
strategy and searching terms are listed in Table 1. The Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement was followed, and the
PRISMA 2020 Checklist was attached in the supplemental
material (available here) [49].

2.3. Study Selection. After searching, 885 articles were put into
NoteExpress software (version 3.2.0). After removing the
duplicated studies, the remaining 870 articles were screened
by two reviewers through browsing titles and abstracts. Then,
68 remaining articles were selected by reading the full texts
according to the inclusion criteria and exclusion criteria. Even-
tually, 16 articles got included in the final analysis. Disagree-
ments were solved by consulting the third reviewer.

2.4. Data Extraction. The data extraction table was preset by
BXL using Excel software, following the PRISMA statement
and the STandards2 for Reporting Interventions in Con-
trolled Trails of Acupuncture (STRICTA) guideline. The fol-
lowing information from the eligible studies was recorded by
BMS and WMZ: publishing year, author, funding organiza-
tion, study type, sample size, participants’ information
(stroke type, aphasia duration, and handedness), interven-
tion details (needle session, needle duration, needle fre-
quency, needle type, acupoint, needle response, control
interventions, and treatment duration), and outcome details
(outcome index, neuroimaging technologies, scanning
design, image acquisition time, and neuroimaging results).

2.5. Data Analysis. In this systematic review, the characteris-
tics of the included studies were analyzed using the biblio-
metric method. Then, the risk of bias assessment was

TaBLE 1: Searching strategy and searching terms.

1 Aphasia

2 Acupuncture

3 Electroacupuncture

4 Needle

5 Stroke

6 Apoplexy

7 Cerebral vascular accident

8 Cerebral infarction

9 Magnetic resonance imaging

10 fMRI

11 Diffusion tensor imaging

12 DTI

13 Blood oxygen level dependent

14 BOLD

15 Amplitude of low-frequency fluctuation

16 ALFF

17 Region of interest

18 ROI

19 Regional homogeneity

20 ReHo

21 Independent component analysis

22 ICA

23 Functional connectivity

24 FC

25 Neuroimaging

26 Arterial spin labeling

27 ASL

28 Acupuncture-related terms: 2 OR 3 OR 4

29 Stroke-related terms: 5 OR 6 OR 7 OR 8
Neuroimaging-related terms: 9 OR 10 OR 11 OR 12

30 OR 13 OR 14 OR 15 OR 16 OR 17 OR 18 OR 19 OR
20 OR 21 OR 22 OR 23 OR 24 OR 25 OR 26 OR 27

31 Final searching terms: 1 AND 28 AND 29 AND 30

conducted using the Cochrane risk-of-bias tool for random-
ized trials (RoB 2) [50, 51]. Finally, the neuroimaging out-
comes were summarized to provide neural mechanism
evidence of acupuncture for constant effect and instant effect
on poststroke aphasia patients.

3. Result

3.1. Study Overview. A total of 885 studies were searched.
After removing the duplicated studies, reviews, animal stud-
ies, and other ineligible clinical studies according to the
screening protocol, 16 studies remained for the final analysis
(Figure 1). The publishing date of the included studies was
from March 2010 to August 2021. All of the 16 studies were
conducted in China. The included 16 studies listed the fund-
ing organizations or the ethical committee. For the study
type, there were 8 RCT's with 390 patients, 8 observational
studies with 156 patients, and 96 healthy volunteers. The
sample size ranges from 7 to 100. One study performed the
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through other sources
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Records after duplicates removed
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Screening
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Literature studies (n= 18)

Eligibility
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Interventions of the studies
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acupuncture (n = 16)

Included

Studies included in
systematic review analysis
(n=16)

FiGurek 1: The flow diagram of literature screening.

blinding procedure on patients and used the sealed envelope
to conduct the allocation concealment. The risk of bias
assessment of included randomized controlled trials is sum-
marized in Figure 2. When evaluating the randomization
process, we took matched factors including gender, age, level
of education, and disease duration (poststroke aphasia) into
account. 4 studies that did not completely match these fac-
tors were graded as having some concerns. As for the devia-
tion from intended intervention, the 8 included RCTs did
not perform a blinding procedure for acupuncturists, and
only one study reported conducting blinding procedures
for participants. As a result, the included 8 RCTs were
graded as having some concerns. All the 8 included RCTs
reported the data in detail, while one study which did not
describe the assessment procedure was graded as having
some concerns; another study did not report the blinding
of outcome assessor and was graded as high risk. For the
part on the selection of the reported results, two studies
did not illustrate the multiple eligible outcome measure-
ments and were graded as having some concerns. Overall,
7 RCTs were graded as having some concerns, and one
RCT was graded as high risk.

3.2. Patients’ Information. A total of 546 poststroke aphasia
patients and 96 healthy volunteers were included. The

patients’ basic information are listed in Table 2. 10 studies
focused on the patients for the stroke onset within 6 months,
another 4 studies [52-55] reported patients’ stroke duration
of more than 6 months, and 2 studies did not report the
duration of stroke [56, 57]. The duration of aphasia was
from 0 days to 2 years. For the type of stroke, 9 studies
focused on patients with ischemic stroke, 2 studies reported
both ischemic stroke and hemorrhage stroke, and 4 studies
did not describe or limit the stroke type. 14 studies reported
patients who were right-handed, and 2 studies did not report
the handedness [58, 59]. For the type of aphasia, 6 studies
reported Broca aphasia, and another 9 studies did not limit
the type of aphasia.

3.3. Intervention. According to the STRICTA guideline [66],
the needle stimulation included manual acupuncture (10
studies) and electroacupuncture (5 studies). The type of acu-
puncture therapy included body acupuncture (10 studies),
scalp acupuncture (7 studies), and tongue acupuncture (8
studies). For the acupoint selection, all of the 16 studies
selected acupoints based on the Traditional Chinese Medi-
cine theory and meridian system. 22 acupoints were men-
tioned for a total of 64 times in the 16 studies, with RN23
(Lianquan, 8/16) and EX-HNI2 (Jinjin and Yuye, 8/16)
being the most frequently used acupoints. Other top 4 used
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F1Gure 2: Risk of bias assessment of included randomized controlled trials.

acupoints included HT5 (Tongli, 7/16), DU20 (Baihui, 7/
16), GB39 (Xuanzhong, 6/16), and EX-HN1 (Sishencong,
5/16). 4 scalp acupuncture areas were involved in 4 studies
for 10 times involving MS6 (anterior oblique line of vertex-
temporal, the line joining anterior EX-HN1 and GB6
Xuanli), MS7 (posterior oblique line of vertex-temporal,
the line joining DU20 and GB7 Qubin), MS10 (anterior tem-
poral line, the line joining GB4 Hanyan and GB6), and the
scalp projection areas of cerebral infarction regions [67].
The responses that acupuncture elicited were described as
“de qi” in 9 studies. The acupuncture type, needling type,
scalp acupuncture areas, and acupoint selection are demon-
strated in Figure 3 and Table 3.

3.4. Comparison. The included 16 studies contain the follow-
ing 7 comparison types: acupuncture plus language rehabil-
itation vs. language rehabilitation [42, 57-59, 64, 65],
acupuncture plus language rehabilitation vs. nonpoint nee-
dle plus language rehabilitation [45], acupuncture plus lan-
guage rehabilitation vs. healthy volunteer [56, 62, 63],
acupuncture plus conventional treatment vs. conventional
treatment [61], acupuncture vs. nonpoint needle [53], acu-
puncture vs. acupuncture [54, 55], and acupuncture vs.
healthy volunteer [60] (Table 3).

3.5. Outcome

3.5.1. Aphasia Assessment. For the poststroke aphasia evalu-
ation, 5 aphasia assessment scales were used including West-
ern Aphasia Battery (WAB; 7 studies; 24.00%), Boston
Diagnostic Aphasia Exam (BDAE; 7 studies; 28.00%), Chi-
nese Rehabilitation Research Center Standard Aphasia

Examination (CRRCAE; 6 studies; 28.00%), Aphasia Battery
of Chinese (ABC; 3 studies; 12.00%), and Chinese Func-
tional Communication Profile (CFCP; 2 studies; 8.00%).
The National Institutes of Health Stroke Scale (NIHSS)
was used in 2 studies to evaluate neurological function.
Meanwhile, activities of daily living (ADL), Stroke-Aphasia
Quality of Life-39 (SAQOL-39), and Medical Outcome
Study Short Form-36 (SF-36) were applied to assess the
activity capability. Figure 4 shows the proportion of aphasia
assessment scales.

3.5.2. fMRI Scanning Method. 7 studies conducted task-
based fMRI using BOLD to observe the brain activation,
with linguistic tasks such as word generation; the other 9
studies conducted rsfMRI to detect the spontaneous brain
activity (6 with BOLD technology [52, 53, 56, 59, 60, 62], 2
with DTI technology [45, 63], and 1 with both BOLD and
DTT technologies [42]). For the observing time point, 2 stud-
ies compared the instant effects of acupuncture [53, 54]; the
other 14 studies compared the acupuncture effects after the
constant treatments (12 to 30 sessions). The outcome details
are listed in Table 4.

3.5.3. Cerebral Response of Constant Acupuncture

(1) Activation in Broca’s Area. For the studies focused on the
effect of constant acupuncture therapy, by observing the sig-
nal power of neural activities, studies that used tongue acu-
puncture and scalp acupuncture reported enhanced
activation in Broca’s area on poststroke Broca’s aphasia
patients, compared with participants who received language
rehabilitation or conventional treatment [61, 65]; another
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I Body acupuncture (40%)
I Scalp acupuncture (28%)
[l Tongue acupuncture (32%)

—

B MS6 (40%)
B MS7 (30%)
[T MS10 (10%)

Scalp projection areas of cerebral infarction regions (20%)

(O]
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N

B Manual acupuncture (62.50%)
M Electroacupuncture (31.25%)
"] Not depicted (6.25%)

I DU15 [ Juquan
W DU24 [l DU20 (10.45%)
W GB25 M EX-HN1
[ Lns W HT5 (10.45%)
I PC6 LR3
W TES I ST36
[ DU16 DU21
W DU26 [ EX-HNI12 (11.94%)
W GB39 W 117

LI4 LU10

RN23 (11.94%) B ST9

(d)

FIGURE 3: Acupuncture details. Note: (a) acupuncture therapy type: with 40% body acupuncture, 28% scalp acupuncture, and 32% tongue
acupuncture. (b) Needling type: with 62.50% manual acupuncture, 31.25% electroacupuncture, and 6.25% not depicted. (c) Scalp
acupuncture type: with 40% MS6, 30% MS7, 10% MS10, and 20% scalp projection areas of cerebral infarction regions. (d) Acupoint
selection: the acupoints that are used above 10% included RN23 (11.94%), EX-HN12 (11.94%), HT5 (10.45%), and DU20 (10.45%).

study with the intervention of scalp acupuncture (MS6 and
MS7) found more activated voxels in the projection area of
scalp acupuncture, which was located in Broca’s area as well
as was associated with language function [57]. Additionally,
compared with the task of word generation stimulation, a
more powerful activation was found in Broca’s area after
conducting electroacupuncture stimulation on poststroke
Broca aphasia patients [54].

(2) Activation in Mirror-Image Areas of Broca’s Area. For the
activation in mirror-image areas, one study reported signifi-
cant increases of activation areas in the right hemisphere
compared to the left hemisphere in the right-hand patients
[64]. Another study reported a negative activation in the

mirror-image areas on poststroke Broca aphasia patients
after receiving tongue acupuncture for one month [61].

As for studies based on ALFF technology, one study
reported the decreased ALFF (left temporal pole) and
increased ALFF around mirror-image areas of Broca’s area
(right supramarginal gyrus, right inferior frontal gyrus, and
left angular gyrus) in poststroke aphasia patients compared
with the healthy volunteers before treatment [60]. After
treatment, increased ALFF was found (left temporal pole)
on poststroke aphasia patients.

(3) Brain Functional Connectivity Based on Dual-Stream
Model. For the functional connectivity within the brain
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[ CRRCAE (24%)
I WAB (28%)
BDAE (28%)

ABC (12%)
Il CFCP (8%)

FI1GURE 4: The proportion of aphasia assessment scales. Note: 24%
Chinese Rehabilitation Research Center Standard Aphasia
Examination (CRRCAE), 28% Western Aphasia Battery (WAB),
28% Boston Diagnostic Aphasia Exam (BDAE), 12% Aphasia
Battery of Chinese (ABC), and 8% Chinese Functional
Communication Profile (CFCP).

neural activity, the dual-stream model was proposed by
Hickok and Poeppel [68, 69] and was used to illustrate the
speech and language function in terms of brain cortical anat-
omy. As a complement of the classical Wernicke-Lichtheim
model, it enriched the relationship of speech and language
impairment and provided a practical way to help to under-
stand the brain network [70, 71]. Based on the dual-stream
model, one trial conducted the region of interest (ROI) anal-
ysis to detect brain functional connectivity [60]. After acu-
puncture, a reduction of the functional connectivity inside
the dual-stream network was shown. Meanwhile, the inten-
sified functional connectivity between the left inferior tem-
poral gyrus and the middle frontal gyrus can be seen. For
the studies based on the analysis of ReHo, the outcomes
were partly consistent [52, 58]. Both of the two reported
increased ReHo in the brain areas including the right fusi-
form gyrus, right inferior frontal gyrus, and left superior
frontal gyrus and the decreased ReHo in the left inferior
temporal gyrus and the right lingual gyrus. Besides that,
compared with the control groups after treatment, an
increased ReHo in the left anterior cuneiform lobe was
detected in patients that received body acupuncture and
Schuell language rehabilitation training; also, a decreased
ReHo was found in the right anterior central gyrus [58],
while patients that received scalp acupuncture and Schuell
language rehabilitation training showed an increased ReHo
in the right medial temporal lobe and cerebellum and
decreased ReHo in the left caudate nucleus and right precen-
tral gyrus [52].

(4) Brain Functional Connectivity Based on Interactive
Model. The brain function was in an interactive model with
complex integrity; thus, the brain network theory was pro-
posed to explore the brain functional activity in detail [72,
73]. Using ICA and other techniques, the functional changes
of different brain network models were uncovered [74]; for
example, the default-model network was considered to
reflect the spontaneous brain activity on the resting state,
playing a key role in revealing the self-generated cognitive
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function [75], and the frontoparietal network was suggested
to be associated with the creation of verbal language [76]; the
attention network is defined as modulating the orienting,
alerting, and executive work, and so on [77]. The damage
of the cerebral anatomy structure integrity resulted in the
impairment of language function [78, 79]. Compared with
healthy participants, impairment was found in the integrity
of white matter in poststroke aphasia patients [63]. After a
12-session acupuncture, improvements were shown in the
left superior corona radiata, right posterior corona radiata,
left external capsule, left superior longitudinal fasciculus,
and left superior fronto-occipital fasciculus. In terms of
ICA analysis, one study reported that after a 10-session acu-
puncture, there were reinforced functional connectivity (left
superior frontal gyrus, right postcentral gyrus) and
decreased functional connectivity (right supramarginal
gyrus) within the right frontoparietal network of poststroke
aphasia patients [62]. Additionally, decreased functional
connectivity (left anterior central gyrus, left middle frontal
gyrus) was found within the anterior default-model network.
Another study reported that after receiving a 24-session acu-
puncture therapy, the intensified functional connectivity was
shown in the left hemisphere within the frontoparietal net-
work, default-model network, dorsal attention network, ven-
tral attention network, and sensorimotor network of the
poststroke aphasia patients, while no significant changes
were found in the right hemisphere [45].

(5) Correlation between fMRI and Clinical Evaluation. The
aphasia quotient (AQ) of WAB was correlated with the frac-
tion anisotropy (FA) value of the left uncinate fasciculus in
the poststroke aphasia patients. After treatment, the
improvement of AQ was correlated with the ALFF value
change in the left TP [42]. Using the functional connectivity
analysis method, one trial revealed the AQ changes had a
positive correlation with the intensified connectivity
between the left inferior temporal gyrus and the middle
frontal gyrus [60]. Another study found that the axial diffu-
sivity value of the left superior longitudinal fasciculus had a
negative correlation with AQ [63]. For the naming scores of
WARB, a positive correlation was observed with the FA value
of the right supramarginal gyrus [42] and the left uncinate
fasciculus [62], while negative correlations were found in
the mean diffusivity (MD) value and radial diffusivity (RD)
value of the left superior longitudinal fasciculus [63]. Addi-
tionally, the repetition score was proven to have a positive
correlation with the FA value of the right supramarginal
gyrus [42]. Moreover, spontaneous speech and auditory
comprehension were associated with the FA value of the left
uncinate fasciculus [62]. Considering the characteristic of
Cantonese, Chau’s study used the Cantonese Aphasia Bat-
tery (CAB), which is the Cantonese version of WAB to
assess the language function impairment. The study found
a correlation between AQ of CAB and BOLD signal activa-
tion in the lesion of Wernicke’s speech area on chronic post-
stroke aphasia patients.

For the CRRCAE score, one study investigated its rela-
tion with fractional anisotropy [45]. After treatment, the
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poststroke aphasia patients in the acupuncture group
showed several positive correlations in the following aspects:
the reading score and calculation score with the FA value in
the right inferior longitudinal fasciculus, the speech score
with the FA value in the left cingulum cingulate, the writing
score with the left superior longitudinal fasciculus, and the
reading score with the right inferior longitudinal fasciculus.
Another trial reported that the auditory comprehension
function impairment correlated with the lower ReHo value
of the temporal gyrus [52].

3.5.4. Cerebral Response of Instant Acupuncture. For the
instant effect of acupuncture therapy, Xiao et al’s study
showed that after instant acupuncture stimulation [59],
compared with the control group, more activated brain areas
emerged in the primary sensorimotor cortex, temporal lobe,
occipital lobe, and basal ganglia area of patients in the acu-
puncture group. One study reported that compared with
the activation on the left side of healthy subjects (right-
handed), increased neuron activity signals emerged on the
lesion side (4 in the left side and 2 in the right side) of post-
stroke aphasia patients (superior frontal gyrus and middle
frontal gyrus) after needling TE 8 with electroacupuncture
in a rest-activation model. Similar to the outcome of Liu
et al.’s study [64], there were significant increases of activa-
tion areas in the right hemisphere compared to the left
hemisphere in the right-hand patients [53]. In terms of the
correlation among the instant effect, language function,
and daily activity ability, improvements in the reading abil-
ity, oral speech, and listening comprehension and in the
CFCP were shown, as well as in the SAQOL-39 score.

4. Discussion

4.1. Innovation of This Systematic Review. This systematic
review analyzed the mechanism of acupuncture on post-
stroke aphasia patients through summarizing current clini-
cal neuroimaging researches. Previously, the systematic
review and meta-analyses focused on the clinical effects of
acupuncture on poststroke aphasia. Both Tang et al.’s study
in 2019 and Zhang et al.’s study in 2021 reported acupunc-
ture’s clinical effects on poststroke aphasia [15, 17]. To
deeply reveal the mechanism of poststroke aphasia’s recov-
ery, neuroimaging research was conducted. The existing sys-
tematic reviews that intended to explore the neuroimaging
mechanism usually concentrated on the specific language
recovery hypothesis such as language-related brain region
activation or brain functional connectivity. Using meta-anal-
yses, Zhang et al. in 2021 reported the relationship between
the damage of dual-pathway tracts and language function
impairment, addressing the neural mechanism of the Dual-
Pathway White Matter [43]. Du et al’s study compared
regional activation between poststroke aphasia patients and
healthy volunteers, implying the significance of dominant
and nondominant language networks [24]. Though these
studies provided valuable findings, they did not focus on
the specific treatment of poststroke aphasia. With the grow-
ing number of neuroimaging researches of acupuncture on
poststroke aphasia, the multiple models of imaging technol-
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ogies and various fMRI test indexes provide direct evidence
on revealing the neural signals under different conditions.
Compared with other systematic reviews, this study analyzed
the neural mechanism of acupuncture on poststroke aphasia
by summarizing the multiple models of neuroimaging
research. Moreover, our study analyzed the correlation
between clinical indexes and neuroimaging outcomes, hop-
ing to provide practical methods for the clinic. The findings
of neural mechanisms can be summarized as the activation
of language-related brain regions and functional changes of
brain connectivity.

4.2. Hypothesis of Poststroke Aphasia Recovery Mechanism.
Based on the classical theories of poststroke aphasia that
derived from the anatomical locations, the impairments of
Broca’s area (the left inferior frontal gyrus) and Wernicke’s
area (the left superior temporal gyrus) are the most studied
hypotheses [80]. Through BOLD-fMRI, significant brain
activation induced by acupuncture stimulation was discov-
ered in 14 studies, indicating that acupuncture might be a
powerful stimulation for poststroke aphasia patients. By
observing the ALFF changes, Zhang et al.’s study showed a
correlation between the left temporal pole and AQ after acu-
puncture therapy, stressing the importance of the left unci-
nate fasciculus and left temporal pole in the recovery of
poststroke aphasia [42]. To evaluate the effect in detail, Li
and Yang’s study compared acupuncture stimulation with
word generation task, and the outcome showed a more pow-
erful efficacy in the acupuncture group [54]. While word
generation was a basic process during speech and compre-
hension rehabilitation, their findings indicated that acu-
puncture intensified the recovery process and played a role
as a complementary therapy. Zhang et al’s study and Li
and Yang’s study were consistent with current evidence,
for both language-related brain areas and the survived brain
structures around language regions, playing roles in the
recovery of poststroke aphasia [81]. In accordance, clinical
studies applied acupuncture in the projection of the
language-related brain areas, proven to have effects in
improving repetition and naming functions. Previously,
meta-analysis based on clinical trials suggested that the stim-
ulation therapy over language-related brain regions was ben-
eficial for the naming performance [82].

As for findings related to functional changes of brain
connectivity, through efforts of language researchers, studies
have revealed that the ventral stream accounts for the lan-
guage comprehension function [83] and the dorsal stream
accounts for speech generation and speech perception [68].
Among the included 16 trials, only one study reported the
recovery of language function emphasized on the hypothesis
of the dual-stream model. According to Zhang’s study in
2019 [60], there was a stronger connection within the
dual-stream model and a weaker connection between the left
inferior temporal gyrus and the right middle frontal gyrus in
poststroke aphasia patients compared to the healthy sub-
jects. After treatment, the abnormal connections in post-
stroke aphasia patients showed a fallback tendency, and the
connection intensity between the left inferior temporal gyrus
and the right middle frontal gyrus correlated with AQ value
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and spontaneous speech. The outcomes were consistent with
the hypotheses of Fridriksson’s study [71], implying that the
intensified connection between the dual-stream model in the
bilateral hemisphere might be a potential target in poststroke
aphasia’s recovery. According to recent studies, evidence has
been shown that enhanced cerebral blood flow and increased
activation of the right hemisphere emerged after stroke,
which highlighted the indispensable role of the right hemi-
sphere in the recovery process of aphasia [84, 85].

Beneath the brain function changes, adequate cerebral
blood flow perfusion provides the metabolism supports for
the neural activities [27]. Researches focused on the cerebral
blood of poststroke aphasia patients found worse perfusion
in regions around the core lesions [86]. Hypoperfusion in
the perilesional tissue correlates with the severity of language
impairment. Thus, cerebral perfusion was considered as a
prognosis factor that influences the language function recov-
ery process [87, 88]. Substantial evidence was reported of
acupuncture’s effect on the cerebral perfusion and angiogen-
esis promotion in the cerebral ischemic condition [89-91],
indicating that the boom of collateral circulation which plays
as a compensatory part might be a potent pathophysiologic
basis. Nevertheless, sparse studies provide limited evidence
for acupuncture’s effect on the cerebral perfusion in post-
stroke aphasia patients. Hence, further study could take this
area into account.

4.3. Current Methodology of Included Studies

4.3.1. Sample Size. According to a literature review of 1461
fMRI studies, the medium sample size of the highly cited
studies was 14.5 [92]. The small sample size (Mumford’s
study, n = 30) decreased the reliability of expected effect sizes
[93]. Meanwhile, the statistical significance and true effects
vary greatly as the sample size changes. Desmond and
Glover’s study showed that 12 subjects can meet the require-
ment of the typical activation on a voxel-based level (80%
power, & =0.05) [94]. In this study, the medium sample size
of the included studies was 27. 8 studies had a sample size
below 30 participants, and 8 studies had a sample size
between 30 and 100 participants. Considering that the calcu-
lation of fMRI is different from other trials, setting a stan-
dardized protocol is a practicable way to improve the
statistical power, especially in multicenter studies [95].

4.3.2. Blinding and Concealment. Among the 16 included tri-
als, only one study conducted the blinding procedure [45].
Though the therapeutic effects of acupuncture have been
widely demonstrated by plenty of studies, the placebo effect
was considered in some objective-evaluated studies [96, 97].
To reveal the real effect of acupuncture, the blinding proce-
dure is strongly recommended. Currently, blinding interven-
tions such as blunt needles without penetration, superficial
needling, and nonaffected meridian needling are applied in
researches [98, 99]. Apart from the acupuncture method,
efforts are made to minimize the placebo effect, including
limiting interactions between therapists and participants,
adding to objective outcome measurements [100]. In this
review, fMRI as an objective outcome is less affected by the
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placebo effect. However, the fMRI is easily affected by even
a subtle stimulation, which might cause mixed bias to the
specific effect of acupoint-based acupuncture therapy. Thus,
the nonmeridian point needling or the nontherapeutic acu-
point needling can be applied as a blinding control [101].

4.3.3. Intervention. Among the included 16 studies, one
study did not mention the detail of acupuncture, 10 studies
performed manual acupuncture, and 5 studies performed
electroacupuncture. 9 studies described the acupuncture
response as “de qi,” which was induced by manipulation of
the practitioner. But none of the “de qi” responses was quan-
titatively evaluated. In Traditional Chinese Medicine theory,
“de qi” response is the core role to ensure the therapeutic
effect of acupuncture, making it the ultimate goal in the
manipulation of acupuncture practitioners. However, the
“de qi” response is perceived mostly by patients and partly
felt by the practitioner. Moreover, fMRI recorded the BOLD
signal changes according to different “de qi” responses, and
the signal activation in the right anterior insula correlated
with the “de qi” degree. Thus, the assessment scales help
with the visualization of the “de qi” response, providing an
objective standard for clinical practice. Currently, there are
several assessment scales for acupuncture senses, such as
Visual Analog Scales (VAS) that quantified the five acupunc-
ture senses and the anxiety degree and the Massachusetts
General Hospital Acupuncture Sensation Scale (MASS) that
contains VAS and two subscales which are used to evaluate
the acupuncture sensation spreading and patients’ mood.
Apart from these scales, the Southampton Needling Sensa-
tion Questionnaire (SNSQ), Park Questionnaire, and Sub-
jective Acupuncture Sensation Scale (SASS) are frequently
used among studies.

4.3.4. Outcome Index. Among the 16 included studies, the
most frequently used language assessments were CRRCAE,
WAB, BDAE, ABC, and CFCP. WAB and BDAE were the
most commonly used assessment tools for aphasia, and both
of them were utilized for the clinical diagnosis of neurologi-
cal disorders. Compared with BDAE, WAB was more popu-
lar for the brief design, which provides a quicker and more
convenient assessment for clinicians and patients [102].
The WAB was recommended by the Research Outcome
Measurement in Aphasia consensus statement to evaluate
the poststroke aphasia recovery and is prevalently practiced
in western countries [103]. It can be used to diagnose the
aphasia type and to measure the aphasia impairment by cal-
culating AQ. The Chinese version of WAB was practicable
for the poststroke aphasia assessment for its comprehensive
characteristic. However, it remains to be explored whether
the accuracy of WAB is influenced by the language diversity
and culture gap. Hence, the aphasia assessment tools based
on Mandarin were explored. ABC was formulated based
on WAB with unified guidelines, scoring standards, pictures
and text cards, and aphasia classification according to stan-
dardized requirements [104-106]. It can be applied in apha-
sia patients with different handedness and education level.
Moreover, it was sensitive to mild language impairment,
and the quantitative result was a practical tool for the
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clinician. Another tool was CRRCAE, which was designed
by the China Rehabilitation Research Center according to
the Mandarin characteristic and Chinese culture [107]. It
contains the evaluation of general conditions and language
function [108]. It was estimated that 91% of aphasia patients
could complete the evaluation in items of oral comprehen-
sion and listening comprehension, making it prevalent
among Chinese aphasia patients [109]. The result of
CRRCAE was classified into 6 grades and could be presented
as a curve at different phases of aphasia, which provided a
visualized way for the aphasia recovery process [110]. Never-
theless, CRRCAE was only applied for adult patients, and
the 30 items cost too much time for evaluation. Hence, it
requires clinicians to choose the preferred tools to evaluate
the aphasia condition correctly.

4.4. Limitation. There are still some limitations in this
review. Firstly, multiple imaging technologies and fMRI test
indexes (ReHo\ALFF\ICA) were conducted in the current
included studies. On the one hand, the abundant findings
helped to reveal the neural signals under different condi-
tions; on the other hand, the inconsistent study protocols
made it hard to carry out the quantitative meta-analyses.
Since rigorous meta-analysis is an indispensable tool for
providing evidence for healthcare policy and clinical practice
[111, 112], future researches should be more cautious about
the study design. Secondly, the included studies were all con-
ducted in China, and the included participants were Chinese
speakers. Considering the language diversity between Chi-
nese characteristics and English letters, language and publi-
cation bias might exist. Thirdly, though most of the
studies contained more than 20 participants (14/16), some
studies contained less than 10 participants. Given the
instability raised from small sample sizes, this might be a
potential origin of heterogeneity. Despite 12 subjects being
proven to meet the requirement of neuroimaging studies
[96], trials with large sample sizes are required to mini-
mize the risks of bias such as inadequate randomization
or unstable outcomes. Thus, future studies were needed
to deeply explore neuroimaging mechanisms of acupunc-
ture’s effects, as well as to provide more evidence to vali-
date current findings.

5. Conclusion

In this study, we summarized current evidence of neuro-
imaging in the effects of acupuncture on poststroke apha-
sia. Through the systematic review method, we found that
the mechanism of acupuncture’s effect might be associated
with the activation and functional connectivity of
language-related brain areas. Moreover, the relationship
between specific language function and clinical language
function scales was revealed. However, these studies were
still in the preliminary stage. Thus, multicenter RCT is
needed to verify current evidence. Meanwhile, further
neuroimaging mechanisms of acupuncture’s effects should
be explored to help predict the recovery process of post-
stroke aphasia.
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