
Health, 2024, 16, 856-871 
https://www.scirp.org/journal/health 

ISSN Online: 1949-5005 
ISSN Print: 1949-4998 

 

DOI: 10.4236/health.2024.169061  Sep. 27, 2024 856 Health 
 

 
 
 

Brain Functional Network Changes in Patients 
with Poststroke Cognitive Impairment 
Following Acupuncture Therapy 

Ran Wang1,2*, Nian Liu1*, Hao Xu1, Peng Zhang1, Xiaohua Huang1, Lin Yang1#, Xiaoming Zhang1 

1Science and Technology Innovation Center, Interventional Medical Center, Department of Radiology, Affiliated Hospital of 
North Sichuan Medical College, Nanchong, China 
2Department of Radiology, Sichuan Province Orthopedic Hospital, Chengdu, China 

 
 
 

Abstract 
Background: The mechanisms by which acupuncture affects poststroke cog-
nitive impairment (PSCI) remain unclear. Objective: To investigate brain 
functional network (BFN) changes in patients with PSCI after acupuncture 
therapy. Methods: Twenty-two PSCI patients who underwent acupuncture 
therapy in our hospital were enrolled as research subjects. Another 14 people 
matched for age, sex, and education level were included in the normal control 
(HC) group. All the subjects underwent resting-state functional magnetic res-
onance imaging (rs-fMRI) scans; the PSCI patients underwent one scan before 
acupuncture therapy and another after. The network metric difference be-
tween PSCI patients and HCs was analyzed via the independent-sample t test, 
whereas the paired-sample t test was employed to analyze the network metric 
changes in PSCI patients before vs. after treatment. Results: Small-world net-
work attributes were observed in both groups for sparsities between 0.1 and 
0.28. Compared with the HC group, the PSCI group presented significantly 
lower values for the global topological properties (γ, Cp, and Eloc) of the brain; 
significantly greater values for the nodal attributes of betweenness centrality in 
the CUN. L and the HES. R, degree centrality in the SFGdor. L, PCG. L, IPL. L, 
and HES. R, and nodal local efficiency in the ORBsup. R, ORBsupmed. R, DCG. 
L, SMG. R, and TPOsup. L; and decreased degree centrality in the MFG. R, 
IFGoperc. R, and SOG. R. After treatment, PSCI patients presented increased de-
gree centrality in the LING.L, LING.R, and IOG. L and nodal local efficiency in 
PHG. L, IOG. R, FFG. L, and the HES. L, and decreased betweenness centrality 
in the PCG. L and CUN. L, degree centrality in the ORBsupmed. R, and nodal 
local efficiency in ANG. R. Conclusion: Cognitive decline in PSCI patients may 
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be related to BFN disorders; acupuncture therapy may modulate the topologi-
cal properties of the BFNs of PSCI patients.  
 
Keywords 
Cognitive Decline, Poststroke Cognitive Impairment, Functional Magnetic 
Resonance Imaging, Brain Functional Network, Graph Theoretical Analysis 

 

1. Introduction 

Poststroke cognitive impairment (PSCI) is a very common problem among individ-
uals who experience stroke that severely impacts their activities of daily living while 
imposing heavy burdens on society and families [1] [2]. Many studies have shown 
that acupuncture has positive effects on PSCI [3]-[14]. Advances in imaging tech-
nologies have provided new approaches, including resting-state functional magnetic 
resonance imaging (rs-fMRI), for investigating the structure and function of the 
brain [15]-[19]. In graph theory-based brain functional network (BFN) analysis, a 
specific, complex BFN is abstracted onto a network graph composed of node sets 
and section sets, in which brain regions act as nodes and the structural or functional 
connection information between two nodes acts as sections [20]. Studying BFNs in 
this way can reveal mechanisms of action in different brain regions [21]-[23], mak-
ing it a vital method for investigating the key pathological process of stroke and the 
mechanism underlying the effect of acupuncture therapy [24] [25]. 

However, few studies have addressed BFN changes in PSCI patients after acu-
puncture therapy. This study investigated BFN changes in patients with PSCI after 
acupuncture therapy via graph theoretical analysis. 

2. Materials and Methods 
2.1. Clinical Data 

In this study, 22 PSCI patients who underwent acupuncture therapy at our hospi-
tal were enrolled. The inclusion criteria were as follows: 1) first-onset PSCI and 
the diagnostic criteria for cerebral infarction, 2) right-handedness, 3) Montreal 
Cognitive Assessment (MoCA) score < 26 points and Mini-Mental State Exami-
nation (MMSE) score < 24 points, and 4) consciousness with stable vital signs. 
The exclusion criteria were as follows: 1) restroke or hemorrhagic stroke con-
firmed by imaging; 2) mental illness such as depression, hysteria, or obvious hy-
pophrenia before stroke onset; 3) inability to receive acupuncture therapy or faint-
ing during acupuncture therapy; 4) severe cardiopulmonary or renal dysfunction, 
blood diseases, or coagulation abnormalities; 5) contraindications to MRI or 
claustrophobia; and 6) other conditions hindering image acquisition or data qual-
ity. All PSCI patients were subjected to the MMSE and MoCA, which were ad-
ministered by the same experienced neurologist. Fourteen healthy controls (HCs) 
matched for age, sex, and education level were enrolled in this study. All the sub-
jects signed informed consent forms. 
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2.2. Rs-fMRI Scan 

All the subjects underwent T1-weighted imaging (T1WI) and rs-fMRI scans with 
a magnetic resonance scanner equipped with a 32-channel head–neck coil (MR750 
3.0 T, GE). For PSCI patients, rs-fMRI scans were conducted at baseline and 2 
weeks after acupuncture therapy. The T1WI scanning parameters were as follows: 
repetition time (TR) = 8.2 ms, echo time (TE) = 3.1 ms, field of view (FOV) = 256 
× 256 mm, slice thickness = 1 mm, slice increment = 0, matrix = 256 × 256, flip 
angle = 7˚, and time = 3 min 59 s. The rs-fMRI scanning parameters were as fol-
lows: TR = 2000 ms, TE = 30 ms, FOV = 230 × 230 mm, slice thickness = 3.5 mm, 
slice increment = 0.7 mm, matrix = 64 × 64, flip angle = 90˚, and time = 8 min 
10 s. 

2.3. Acupuncture Scheme 

Acupoints were selected with reference to specific meridians and known acu-
points. The acupuncture was performed with disposable sterile 0.35 × 50 mm ac-
upuncture needles as follows. After routine disinfection, the bilateral Neiguan ac-
upoints were first punctured straight to a depth of 20 - 25 mm. After the desired 
sensation was achieved, the neutral supplementation and draining method was 
performed, and the needles were twirled 120 times/min continuously for 1 min, 
after which they were left in place for 30 min. Next, the Baihui and Sishencong 
acupoints were horizontally punctured to a depth of 20 - 25 mm to reach the galea 
aponeurotica from front to back. After the desired sensation was achieved, the 
needles were twirled at a small amplitude and a frequency of 200 times/min con-
tinuously for 1 min and then left in place for 30 min. Acupuncture was performed 
by the same acupuncture therapist at 8:00 - 10:00 in the morning once a day, 5 
days a week for a total of 2 weeks. 

2.4. Data Processing 

The data were preprocessed with the DPABI software package of the MATLAB 
platform as follows [26]. 1) Data from the first 10 time points were removed to 
avoid the effects of environmental variations or unstable magnetic fields and en-
sure signal stability. 2) Time correction was performed by aligning all image layers 
of each result to the time point in the middle of the scan. 3) Head motion correc-
tion was performed, and the data of subjects with head rotation > 2˚ or transla-
tion > 2 mm in the x-, y-, or z-directions were excluded. 4) The brain images of 
each subject were registered to standard Montreal Neurological Institute (MNI) 
space and then resampled to a voxel size of 3 mm × 3 mm × 3 mm. 5) Linear drift 
was removed to reduce the baseline drift caused by the machine. 6) Covariates 
were removed to eliminate the additional effects of head movement, white matter 
signals, and cerebrospinal fluid signals. 7) All the data were subjected to bandpass 
filtering between 0.01 and 0.08 Hz to remove high-frequency signals and physio-
logical noise. 
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2.5. Graph Theoretical Analysis 

The brain images of all the subjects were registered to the anatomical automatic 
labeling (AAL) template with GRETNA on the MATLAB platform [27]. In this 
template, the whole brain was divided into 90 brain regions, in which each node 
corresponds to one region. Then, the average time series of all voxels in the 90 
brain regions were extracted, and the Pearson correlation coefficients of the aver-
age time series between every two brain regions were calculated, yielding a 90 × 
90 matrix R. Next, matrix R was subjected to Fisher Z-transformation, yielding a 
Z value correlation matrix that was almost normally distributed. Network spar-
sity, the ratio of the number of sections in a network to the maximum number of 
possible sections in the network, was adopted to determine the BFN thresholds. 
The lower limit of the threshold should meet the criterion that the average degree 
of all nodes in a BFN of each subject is greater than 2 log(N), where N is the num-
ber of nodes, and the upper limit of the threshold should meet the criterion that 
the parameter of the small-world topological properties of each BFN is greater 
than 1.1 [28]. For this reason, the range of sparsity was set to 0.1 - 0.28 in this 
study, with a step size of 0.01. 

The area under the curve (AUC) of the whole-brain topological properties (σ, 
γ, λ, Cp, Lp, Eloc, and Eg) and node properties (betweenness centrality, degree cen-
trality, and nodal local efficiency) in each group was calculated with GRETNA 
[29]-[31]. 

2.6. Statistical Analysis 

Data analysis was performed with SPSS 25.0 software. The chi-square test and in-
dependent-sample t test or paired-sample t test were employed to compare enu-
meration data and quantitative data, respectively, between groups. Indicators with 
differences between groups in terms of whole-brain topological properties and 
node properties were subjected to Pearson correlation analysis with the MMSE and 
MoCA scores. For all the statistical results, p < 0.05 denoted statistical significance. 

3. Results 
3.1. Clinical Characteristics 

A total of 22 PSCI patients and 14 HCs were included in this study; the demo-
graphic and clinical characteristics of the included individuals are shown in Table 
1. Compared with the pretreatment scores, the posttreatment MMSE and MoCA 
scores of the PSCI patients were significantly greater (Table 2). 
 

Table 1. Clinical characteristics of the PSCI and HC groups. 

Clinical characteristics PSCI HC t p 

Sex (males/females) 11/11 4/10 3.653 0.056 

Age (years) 60.1 ± 8.4 56.7 ± 4.6 1.429 0.163 

Education level (years) 5.8 ± 3.4 7.7 ± 3.6 0.801 0.132 
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Table 2. Comparison of clinical scale scores in PSCI patients before and after treatment. 

Clinical scale scores Before treatment After treatment t p 

MMSE 18.14 ± 3.14 22.00 ± 2.60 −5.332 0.000 

MoCA 15.91 ± 3.26 20.05 ± 3.36 −7.343 0.000 

Notes: MMSE: Mini-Mental State Examination. MoCA: Montreal Cognitive Assessment. 

3.2. Global Topological Properties 

Small-world network attributes were observed in both groups for sparsity values 
between 0.1 and 0.28. Compared with HCs, PSCI patients had decreased values 
for the network metric γ (p = 0.024), the clustering coefficient (Cp) (p = 0.038), 
and Eloc (p = 0.025). 

3.3. Comparison of Nodal Attributes 
3.3.1. Betweenness Centrality 
The betweenness centrality in the left cuneus (CUN. L) and right Heschl’s gyrus 
(HES. R) was greater in PSCI patients than in HCs over the entire threshold range 
(p < 0.05) (Table 3 and Figure 1). After treatment, PSCI patients had lower be-
tweenness centrality in the PCG.L and CUN. L (p < 0.05) (Table 4 and Figure 1). 

 
Table 3. Comparison of topological properties between PSCI patients before treatment and HCs. 

Parameters Brain region 
MNI coordinate 

Control group PSCI patients t p 
X y z 

BC 
CUN. L −5.93 −80.13 27.22 3.01 ± 1.99 9.77 ± 8.94 −2.568 0.002 

HES. R 45.86 −17.15 10.41 2.52 ± 1.79 6.80 ± 6.36 −2.615 0.003 

DC 

SFGdor. L −18.45 34.81 42.2 1.88 ± 0.84 2.92 ± 1.44 −2.292 0.029 

MFG. R 37.59 33.06 34.04 4.68 ± 1.54 3.09 ± 1.48 2.970 0.006 

IFGoperc. R 50.2 14.98 21.41 3.52 ± 1.69 2.30 ± 1.28 2.353 0.025 

PCG. L −4.85 −42.92 24.67 2.37 ± 1.64 3.56 ± 1.63 −2.042 0.049 

SOG. R −32.39 −80.73 16.11 5.20 ± 0.95 3.93 ± 1.51 2.635 0.005 

IPL. L −42.8 −45.82 46.74 3.18 ± 1.57 4.30 ± 1.34 −2.194 0.036 

HES. R −45.86 −17.15 10.41 1.42 ± 0.96 2.43 ± 1.21 −2.483 0.018 

NLE 

ORBsup. R 18.49 48.10 −14.02 0.11 ± 0.03 0.14 ± 0.01 −3.853 0.005 

ORBsupmed. R 8.16 51.67 −7.13 0.13 ± 0.02 0.14 ± 0.02 −2.039 0.049 

DCG. L −5.48 −14.92 41.57 0.13 ± 0.03 0.15 ± 0.01 −2.830 0.008 

SMG. R 57.61 −31.50 34.48 0.12 ± 0.05 0.15 ± 0.01 −2.276 0.030 

TPOsup. L −39.88 15.14 −20.18 0.11 ± 0.03 0.14 ± 0.02 −2.582 0.014 

Notes: BC: Betweenness centrality. DC: Degree centrality. NLE: Nodal local efficiency. PSCI: poststroke cognitive impairment. IPL. 
L: left inferior parietal but supramarginal and angular gyrus. PCG. L: left posterior cingulate gyrus. HES. R: right Heschl’s gyrus. 
SOG. R: right superior occipital gyrus. IFGoperc. R: right inferior frontal gyrus, pars opercularis. MFG. R: right middle frontal gyrus. 
CUN. L: left cuneus. ORBsupmed. R: right superior frontal gyrus, pars medialis orbitalis. ORBsup. R: right superior frontal gyrus, 
pars orbitalis. DCG. L: left median cingulate and paracingulate gyri. SMG. R: right supramarginal gyrus. TPOsup. L: left temporal 
pole: superior temporal gyrus. 
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Table 4. Comparison of topological properties in PSCI patients before and after treatment. 

Parameters Brain region 
MNI coordinate 

Before treatment After treatment t p 
x y z 

BC 
PCG. L −4.85 −42.92 24.67 10.36 ± 8.34 6.13 ± 5.45 2.475 0.022 
CUN. L −5.93 −80.13 27.22 9.77 ± 8.94 4.99 ± 4.63 2.337 0.029 

DC 

ORBsupmed. R 8.16 51.67 −7.13 2.70 ± 1.31 2.04 ± 1.06 2.513 0.020 
LING. L −14.62 −67.56 −4.63 3.79 ± 1.48 4.78 ± 1.43 −2.717 0.013 
LING. R 16.29 −66.93 −3.87 3.91 ± 1.36 4.73 ± 1.11 −2.298 0.032 
IOG. L −36.36 −78.29 −7.84 2.83 ± 1.68 3.78 ± 1.46 −2.148 0.044 

NLE 

PHG. L −21.17 −15.95 −20.70 0.12 ± 0.05 0.15 ± 0.01 −2.278 0.034 
IOG. R 38.16 −81.99 −7.61 0.14 ± 0.02 0.16 ± 0.01 −2.960 0.008 
FFG. L −31.16 −40.30 −20.23 0.13 ± 0.02 0.14 ± 0.01 −2.140 0.043 
ANG. R 45.51 −59.98 38.63 0.15 ± 0.01 0.13 ± 0.04 2.426 0.025 
HES. L −41.99 −18.88 9.98 0.14 ± 0.02 0.15 ± 0.01 −2.911 0.009 

Notes: BC: betweenness centrality. DC: degree centrality. NLE: Nodal local efficiency. PSCI: poststroke cognitive impairment. 
SFGdor.L: left superior frontal gyrus, dorsolateral. IPL. L: left Inferior parietal, but supramarginal and angular gyri. PCG. L: left 
posterior cingulate gyrus. HES. R: right Heschl’s gyrus. SOG. R: right superior occipital gyrus. IFGoperc. R: right inferior frontal 
gyrus, pars opercularis. CUN. L: left cuneus. HES. L: left Heschl’s gyrus. PHG. L: parahippocampal gyrus. FFG. L: fusiform gyrus. 
IOG. R: inferior occipital gyrus. ANG. R: angular gyrus. IOG. L: left inferior occipital gyrus. LING. R: right lingual gyrus. ORBsup-
med. R: right superior frontal gyrus, pars medialis orbitalis. LING. L: left lingual gyrus. 
 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 
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(f) 

Note: Red nodes are brain regions with increases, and blue nodes are brain regions with 
decreases in the above values. The size of each node represents its t value. PSCI: poststroke 
cognitive impairment. SFGdor. L: left superior frontal gyrus, dorsolateral. IPL. L: left infe-
rior parietal but supramarginal and angular gyri. PCG. L: left posterior cingulate gyrus. 
HES. R: right Heschl’s gyrus. SOG. R: right superior occipital gyrus. IFGoperc. R: right 
inferior frontal gyrus, pars opercularis. MFG. R: right middle frontal gyrus. CUN. L: left 
cuneus. HES. L: left Heschl’s gyrus. PHG. L: parahippocampal gyrus. FFG. L: Fusiform gy-
rus. IOG. R: inferior occipital gyrus. ANG. R: angular gyrus. IOG. L: left inferior occipital 
gyrus. LING. R: right lingual gyrus. ORBsupmed. R: right superior frontal gyrus, pars me-
dialis orbitalis. ORBsup. R: right superior frontal gyrus, pars orbitalis. DCG. L: left median 
cingulate and paracingulate gyri. SMG. R: right supramarginal gyrus. TPOsup. L: left tem-
poral pole: superior temporal gyrus. LING. L: left lingual gyrus. 

Figure 1. Altered brain regions between groups. (a) The betweenness centrality in the 
CUN. L and the HES. R was greater in PSCI patients than in HCs. (b) The degree centrality 
in the SFGdor. L, PCG.L, IPL. L, and HES. R was greater in PSCI patients than in HCs, 
whereas that in the MFG. R, IFGoperc. R, and SOG. R was lower in PSCI patients than in 
HCs. (c) Nodal local efficiency in the ORBsup.R, ORBsupmed.R, DCG. L, SMG. R, and 
TPOsup. L was greater in PSCI patients than in HCs. (d) PSCI patients had lower between-
ness centrality in the PCG. L and CUN. L. (e) The degree centrality in the LING. L, LING. 
R, and IOG. L increased after treatment in PSCI patients, whereas that in the ORBsupmed. 
R declined. (f) Nodal local efficiency in the PHG. L, IOG. R, FFG. L, and HES. L was ele-
vated, whereas that in the ANG. R was decreased in PSCI patients after treatment. 

3.3.2. Degree Centrality 
The degree centrality in the left dorsal superior frontal gyrus (SFGdor. L), PCG. 
L, left inferior parietal lobe (IPL. L), and the HES. R was greater in PSCI patients 
than in HCs, whereas that in the right medial frontal gyrus (MFG. R), right infe-
rior frontal gyrus, pars opercularis (IFGoperc.R), and right superior occipital gy-
rus (SOG.R) was lower in PSCI patients than in HCs (p < 0.05) (Table 3 and Fig-
ure 1). 

Compared with that before treatment, the degree centrality in the left lingual 
gyrus (LING. L), right lingual gyrus (LING.R), and left inferior occipital gyrus 
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(IOG. L) was increased, whereas in the right superior frontal gyrus, pars medialis 
orbitalis (ORBsupmed. R) was decreased after treatment in PSCI patients (p < 
0.05) (Table 4 and Figure 1). 

3.3.3. Nodal Local Efficiency 
The nodal local efficiency in the right superior frontal gyrus, pars orbitalis (ORB-
sup. R), ORBsupmed. R, left median cingulate and paracingulate gyri (DCG. L), 
SMG. R, and left temporal pole: superior temporal gyrus (TPOsup. L) was greater 
in PSCI patients than in HCs (p < 0.05) (Table 3 and Figure 1). 

Compared with that before treatment, the nodal local efficiency in the left par-
ahippocampal gyrus (PHG. L), IOG. R, left fusiform gyrus (FFG. L), and the HES. 
L was elevated, whereas that in the right angular gyrus (ANG. R) was lower in 
PSCI patients after treatment (p < 0.05) (Table 4 and Figure 1). 

3.4. Relationships between BFN Indicators and Clinical Scale Scores 

The AUC of the nodal local efficiency in the ORBsupmed. R in PSCI patients be-
fore treatment was positively correlated with the MoCA score (r = 0.463, p = 
0.042), whereas the AUC of the degree centrality in the IOG. L after acupuncture 
therapy was negatively associated with the MoCA score (r = −0.461, p = 0.031). 

4. Discussion 

Small-world properties are the basic topological organizational attributes of the 
human brain [32]-[36]. The small-world network is a state between a regular net-
work and a random network [37]-[39]. In patients with certain diseases, BFN at-
tributes maintain small-world characteristics [32]-[39]. The BFNs of PSCI pa-
tients deviate from the low-cost and efficient operation mode of normal BFNs, in 
which a balance between functional separation and functional integration is nec-
essary to ensure optimal operation [40]-[44]. In the present study, small-world 
properties were observed in both the PSCI patient and HC groups, and the Cp, γ, 
and Eloc values were lower in the PSCI patients before treatment than in the HCs. 
The results of the present study are in line with those of the above studies. We 
speculate that the balance between the functional separation and functional inte-
gration of BFNs in PSCI patients is disturbed, manifesting mainly as altered func-
tional separation, which results in cognitive decline [44]. 

This study revealed that the abnormal node centrality in the BFNs of PSCI pa-
tients involved mainly the default mode network (DMN) and the executive con-
trol network (ECN). A previous study indicated that the DMN and ECN are re-
lated to cognitive function [45]-[52]. Our findings suggest that alterations in these 
brain regions might exert crucial effects on the BFNs of PSCI patients. The results 
of this study also revealed that node centrality in several brain regions involving 
the occipital lobe was elevated in PSCI patients after acupuncture therapy com-
pared with before treatment. The occipital lobe is involved mainly in the visual 
processing of information, whereas the lingual gyrus is also involved in word 
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processing. Zhang et al. analyzed fMRI data and discovered that the degree of ac-
tivation of the LING. L is positively correlated with the performance of activities 
related to semantic processing [53]. In some Alzheimer’s disease patients, visual 
cognitive dysfunction is related to occipital atrophy [54]. In the present study, 
PSCI patients had increased node centrality in the bilateral LING and the IOG. L 
after treatment, indicating that acupuncture therapy likely improves cognitive 
functions related to visual space and language. The greater local efficiency of 
nodes in all differential brain regions in our PSCI patients before treatment than 
in the normal controls may reflect a compensatory mechanism, i.e., compensation 
for functional connectivity loss between distant brain regions via an increase in 
the number of connections with adjacent brain regions [55]. In addition, the nodal 
local efficiency in the PHG. L, IOG.R, FFG. L, and HES. L was elevated, whereas 
that in the ANG. R was lowered after treatment in PSCI patients. Such alterations 
in these brain regions are associated with cognitive tasks, including memory, lan-
guage, vision, and hearing [56] [57]. One study implicated cognitive impairment 
in the reduced nodal efficiency in the temporal/parietal lobe of patients with sub-
cortical ischemic cerebrovascular disease and cognitive impairment [58]. The re-
sults of this study revealed that the local efficiency of cognition-related nodes was 
increased in PSCI patients after treatment, which may indicate that acupuncture 
may improve the cognitive function of these patients. 

Published studies have shown that acupuncture can exert beneficial effects on 
PSCI [3]-[14]. In the present study, the posttreatment MMSE and MoCA scores 
of the PSCI patients were significantly greater than the pretreatment scores were. 
The mechanisms of acupuncture for PSCI may involve antineuronal apoptosis, 
the promotion of synaptic plasticity, the regulation of brain energy metabolism 
disorders, etc. [12] [59]. Acupuncture is recommended by the World Health Or-
ganization as an alternative and complementary strategy for improving stroke 
care. However, acupuncture combined with routine therapy is widely used in clin-
ical practice to ensure optimal effects [60] [61]. In the present study, only basic 
therapies were combined.    

The present study had the following limitations: 1) The enrolled PSCI patients 
had mild cognitive impairment, and we did not quantify BFN differences between 
patients with different degrees of cognitive impairment. 2) The topological prop-
erties of BFNs are affected by the template used [62]. In this study, the classical 
AAL90 brain atlas was employed as part of the segmentation strategy. In the fu-
ture, the effects of other templates, such as the AAL116 brain atlas and the Dos-
enbach 160 brain atlas, should be explored to validate the results. 3) A sham acu-
puncture group should be established to conduct more complete controlled ex-
periments in future research. In addition, PSCI patients were provided acupunc-
ture treatment 3 - 5 times per week for 4 - 12 weeks in many previous studies [10] 
[63]. For various reasons, the PSCI patients in this study were discharged after 
receiving acupuncture treatment for only two weeks. This study needs to be fur-
ther improved in the future. 
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5. Conclusion 

The results of this study indicate that the cognitive decline in PSCI patients may 
be related to BFN disorders and that acupuncture therapy may modulate the top-
ological properties of the BFNs of PSCI patients. 
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