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ABSTRACT

Background Acupuncture involving the limb region

may be effective for stroke rehabilitation clinically, but
the visualised and explanatory evidence is limited.

Our objectives were to assess the specific effects of
acupuncture for ischaemic stroke (IS) patients with
hemiparesis and investigate its therapy-driven modification
in functional connectivity.

Methods IS patients were randomly assigned (2:1) to
receive 10 sessions of hand-foot 12 needles acupuncture
(HA, n=30) or non-acupoint (NA) acupuncture (n=16),
enrolling gender-matched and age-matched healthy
controls (HCs, n=34). The clinical outcomes were the
improved Fugl-Meyer Assessment scores including

upper and lower extremity (AFM, AFM-UE, AFM-LE). The
neuroimaging outcome was voxel-mirrored homotopic
connectivity (VMHC). Static and dynamic functional
connectivity (sFC, DFC) analyses were used to study the
neuroplasticity reorganisation.

Results 46 ISs (mean(SD) age, 59.37 (11.36) years) and
34 HCs (mean(SD) age, 52.88 (9.69) years) were included
in the per-protocol analysis of clinical and neuroimaging.
In clinical, AFM scores were 5.00 in HA group and

2.50 in NA group, with a dual correlation between AFM
and AVMHC (angular: r=0.696, p=0.000; cerebellum:
r=—0.716, p=0.000) fitting the linear regression model
(R?=0.828). In neuroimaging, ISs demonstrated decreased
VMHC in bilateral postcentral gyrus and cerebellum
(Gaussian random field, GRF corrected, voxel p<0.001,
cluster p<0.05), which fitted the logistic regression model
(AUC=0.8413, accuracy=0.7500). Following acupuncture,
VMHC in bilateral superior frontal gyrus orbital part was
increased with cerebro-cerebellar changes, involving higher
SFC between ipsilesional superior frontal gyrus orbital

part and the contralesional orbitofrontal cortex as well as
cerebellum (GRF corrected, voxel p<0.001, cluster p<0.05).
The coefficient of variation of VMHC was decreased in
bilateral posterior cingulate gyrus (PPC) locally (GRF
corrected, voxel p<0.001, cluster p<0.05), with integration
states transforming into segregation states overall (p<0.05).
There was no acupuncture-related adverse event.
Conclusions The randomised clinical and neuroimaging
trial demonstrated acupuncture could promote the motor
recovery and modified cerebro-cerebellar VMHC via
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Hemiparesis is an inevitable complication impeding
the function recovery and neuroplasticity restoration
for ischaemic stroke patients.

= Acupuncture is a promising adjunct to western med-
icine for poststroke rehabilitation with the macrobi-
lateral and microbilateral regulation.

WHAT THIS STUDY ADDS

= Standardised acupuncture protocol with non-
acupoint control could affirm the specific effects of
acupuncture on brain and behaviour.

= Per-protocol analysis of clinical and neuroimaging
can provide visualised and micromodification evi-
dence for acupuncture efficacy.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= High-quality acupuncture trials and further mecha-
nistic investigations are required to enrich pragmatic
outcomes and explanatory modification for post-
stroke rehabilitation, so as to enhance the impor-
tance and applicability of acupuncture in healthcare

decision-making.

INTRODUCTION

Age-standard stroke has ranked as the leading
cause of death and disability-adjusted life-
years in China’s periodic governmental
reports, with rising prevalence and incidence
leading to 83.3% in-hospital burden.'* Stroke
lesions frequently result in 50%-80% hemi-
paresis across the recovery stages, which is
an inevitable complication of motor impair-
ment contralateral to the affected brain hemi-
sphere and creates a greater demand for
poststroke rehabilitation.” Notably, poststroke
outcomes have improved with the implemen-
tation of integrative medicine protocol, espe-
cially routine rehabilitation in conjunction
with acupuncture.”

Professor Yihuai Zou; bilateral static and dynamic reorganisations for IS patients Despite multiple acupuncture regimens
zouyihuai2004@163.com with hemiparesis. that have been recommended to promote
306 Chen T, et al. Stroke & Vascular Neurology 2024;9:¢002785. doi:10.1136/svn-2023-002785

BM)

“ybBuAdoo Aq pa1osioid 1sanb Aq Gz0z ‘9 Ae Uo Jwod g uAs//:dny wol) papeojumoq ‘20z Aenigad 8 Uo G8/200-S202-UAS/9STT 0T Se payslignd 1si1 :|0INSN ISBA 3301S


http://svn.bmj.com/
http://svn.bmj.com/
http://orcid.org/0009-0006-7715-9927
http://orcid.org/0000-0002-4003-8244
http://dx.doi.org/10.1136/svn-2023-002785
http://dx.doi.org/10.1136/svn-2023-002785
http://crossmark.crossref.org/dialog/?doi=10.1136/svn-2023-002785&domain=pdf&date_stamp=2024-06-21
http://svn.bmj.com/

the recovery of poststroke hemiparesis,"® few explan-
atory or visualised efficacy studies of these treatments
demonstrated clear benefits.” Conflicting results on
acupoint specificity and underestimated efficacy of
acupuncture were posing challenges for clinical appli-
cation.® Randomised controlled trials of acupuncture
combined with mechanistic investigation are essential to
improve the quality of efficacy evidence.’ Recent studies
have investigated acupuncture improving limbs dysfunc-
tion from neuroplasticity reorganisation, particularly the
excitability of intracortical neuronal circuits involved
interhemispheric inhibition (IHI) and cerebellar brain
inhibition (CBI)." ' Although our previous studies
reported the bilateral modulations of acupuncture
contributed to motor recovery from a single acupoint of
Yanglingquan (GB34) to acupoints formula,' '’ neuroim-
aging outcomes supporting the maximum applicability of
acupuncture have been insufficient so far.

Functional MRI (fMRI) provides a promising insight
for visualisation and micromodification of acupuncture
efficacy. Based on the spontaneous synchrony of func-
tional homotopy, voxel-mirrored homotopic connectivity
(VMHC) is widely used to evaluate interhemispheric inte-
gration in neurodegenerative and psychiatric disorders."*
Yet it has been inadequately used to reveal the neuroplas-
ticity reorganisation during the stages of stroke recovery.
Static and dynamic function connectivities (sFC, DFC)
reflect the spatiotemporal imhomeostasis and configu-
ration of stroke.”” Importantly, DFC clustering model
has determined the unstable process wherein both time
courses and regional interactions, involving high levels of
intranetwork connectivity as well as anticorrelated inter-
network connectivity and decreased interhemispheric
connectivity within and across the domains of cortical,
subcortical and cerebellar areas.'® ' However, the bilateral
visualisation and modification are focusing on physiology
or pathology rather than therapeutic efficacy. Clinical
prediction based on machine learning could make up
for the deficiency by capturing the pathological charac-
teristics and identifying the prognostic outcomes across
clinical and imaging data accurately,'” '® so as to optimise
novel rehabilitation strategies based on acupuncture.

The main objectives of the codesigned study were
to assess the specific effects of acupuncture involving
the bilateral limbs compared with non-acupoint (NA)
acupuncture for unilateral-lesion ischaemic stroke (IS)
patients and increase the relevance of clinical and neuro-
imaging outcomes. We hypothesised there would be
pathological characteristics for unilateral-lesion IS, on
which acupuncture could take effect to improve motor
function and modify the static and dynamic functional
connectivities bilaterally.

METHODS

Trail design

This single-centre, randomised, non-acupoint-controlled
and participant-and-assessor-blinded trial was conducted

at Dongzhimen Hospital, Beijing University of Chinese
Medicine (Beijing, China), with per-protocol analysis of
clinical and neuroimaging outcomes. It was registered
on Chinese Clinical Trial Registry (ChiCTR1800016263).
The study followed the Consolidated Standards of
Reporting Trials and Standards for Reporting Interven-
tions in Clinical Trials of Acupuncture.' *

Participants

We consecutively enrolled IS inpatients with symptom
onset at early subacute stage, matched with healthy
controls (HCs) according to age and gender via poster
and newspaper advertisements. Patients were eligible
if they were 40-75 years old; dextromanual; diag-
nosed definitely with IS by two neurologists referred
to Chinese guidelines for diagnosis and treatment of
acute ischaemic stroke 2018 (https://rs.yiigle.com/
cmaid/1062684); and reported motor impairment
resulted from a first-episode duty lesion located on
the basal ganglia or corona radiata on fMRI, with the
causative cerebrovascular event involved the deep
perforator of the unilateral middle cerebral artery
in the anterior circulation. Patients were excluded if
they received thrombolysis or ongoing acupuncture
therapy; had central nervous system diseases (eg,
epilepsy, Parkinson’s disease, Alzheimer’s disease and
vascular dementia), psychiatric disorders (eg, depres-
sion and schizophrenia) or other serious primary
diseases (eg, tumours, organ failure, atrial fibrillation
and thrombotic diseases); were reported suspicious
heterocrania or intracranial space-occupying lesions
on fMRI; had pacemaker or metallic implants device;
had substandard head motion (mean framewise
displacements (FD) >0.5 mm or maximum FD>1 mm);
and withdrew the trial.

Randomisation and masking

Eligible ISs were randomly assigned (2:1) to receive
either hand-foot 12 needles acupuncture (HA) or the NA
acupuncture using random envelopes. Randomisation
was achieved by enrolment order via Rand function, and
the randomisation sequence was created by a chief prin-
cipal who did not participate the trial. Except acupunc-
turists, patients, outcome assessors and statisticians were
blinded to treatment allocation.

Interventions

Acupuncture treatments were administered by
licensed acupuncturists with a unified training before
study. ISs received HA or NA acupuncture per day for
10 consecutive days, with the secondary prevention
medication for cerebrovascular diseases as conven-
tional regimens.

HA group received acupuncture at the 12 stan-
dard acupoints (figure 1A), including bilateral Hegu
(LI4), Neiguan (PC6), Quchi (LII11), Zusanli (ST36),
Yanglingquan (GB34) and Sanyinjiao (SP6),?' which are
symmetrically located on the muscles of the forearm or
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{
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} Twirling and rotating
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l Lifting and thrusting

Needle manipulations for 1 min on each acupoint

Acupuncture

Needle retension for 20 min

Reaching de gi sensation.

Non-acupoint acupuncture With no de gi sensation.

Figure 1 Acupuncture regimens. (A) Location of acupoints and non-acupoints. Standard measuring unit for acupoints was
B-cun, which is one equal portion of the length between two points of particular joints. Measuring unit for non-acupoints was
F-cun (1 F-cun=20 mm), which is defined as the width of the interphalangeal joint of patient’s thumb. (B) Acupuncture manual
manipulation. Measurements involved the needle size and dosage were described with inch (1 inch=25mm). NA, non-acupoint.

calf as well as their distal or proximal joints. After skin
disinfection, disposable sterile needles (Beijing Zhongyan
Taihe Medical Instrument Co., LTD., specifications: ®
0.25x40 mm) were inserted 1 inch (1 inch=25mm) into
the skin with an angle of 90°. Then, the even reinforcing-
reducing manipulation (equally twirling and rotating,
lifting and thrusting) was conducted on each acupoint
for Imin by turns to elicit de qi sensation (soreness,
numbness, distention, heaviness or aching) (figure 1B).%
NA group received same stimulation dosage without de
qi at NAs, which located 1 F-cun (1 F-cun=20mm) lateral
to the acupoints.”” Totally, 12 times 1min manipula-
tion followed by a 20min needle retention in a session
of acupuncture. ISs were treated separately to prevent
communication.

Acupoints location with standard measuring units
followed GB/T 12346-2021 Nomenclature and loca-
tion of meridian points (https://std.samr.gov.cn//gb/
search/gbDetailed?id=D1E86BE73ADD430EE05397BE
0AOA206B), illustrated as online supplemental tables S1
and S2.

Outcomes

The primary outcome was the variation of Fugl-Meyer
Assessment scores (AFM). Secondary outcomes included
the improved FM Assessment scores of upper and lower
extremity (AFM-UE, AFM-LE). Neuroimaging outcome
was VMHC calculated from fMRI using 3.0 Tesla scanner
(Siemens, Verio, Germany). Preacupuncture fMRI assess-
ment was conducted in both of the IS and HC group to
explore the pathological characteristics. Postacupuncture
assessment was underway exclusively in the IS group to
examine the therapeutic effects of acupuncture. Adverse
events were documented by investigators and were catego-
rised by acupuncturists and neurologists as acupuncture-
related or non-acupuncture-related within 24 hours of
occurrence.

Statistical analysis

Narrowing inclusion criteria of patients within a short
time-window early after stroke combined with biomarkers
could reduce intersubject variability and enrich the
sample.” Previous clinical and neuroimaging studies
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had a median sample size ranging from 14.5 to 50.**
We designed a sample size of 45 patients and 30 healthy
individuals considering a 10% loss because of the clear
aetiology and the homogeneity of motor impairment
among subjects. Given the standardised clinical interven-
tion as well as neuroimaging quality control, normalised
data processing and regularised effect modification, the
sample size could provide quite reliable power to detect
the between-group difference and clinical prediction for
brain and behaviour.* *°

The clinical and neuroimaging outcomes were
conducted per-protocol analysis.”’ Participants with
missing data or substandard head motion were excluded.
We defined the left-lesion hemisphere as the affected
side and right hemispheric lesions were flipped along the
midsagittal plane.”® Acupuncture efficacy analyses were
implemented by motor-impairment subgroup analysis
and Spearman correlation analysis to examine the macro-
visualisation to microvisualisation quantitatively (the
mild to moderate subgroup: initial FM scores >50; the
severe subgroup: initial FM scores <50).* Acupuncture
mechanistic analyses were investigated via sFC and DFC
clustering models based on sliding windows (size=30TR,
step=1 TR)."” Logistic regression and linear regression
models based on machine learning were to modify the
reliability and validity of pathological and therapeutic
results within a small sample range, with an 8:2 ratio of
training set and test set and 5-fold cross-validation.

Categorical variables were described with frequencies
and percentages and used y” test. Continuous variables
were reported as mean (SD) or median (IQR), with two-
sample t-test or Mann Whitney U test for between-group

58 Ischaemic stroke patients
assessed for eligibility

Enrolment

4 Excluded

1 Meet exclusion criteria
1 Declined to participate

2 Did not meet inclusion criteria

54 Randomised

Matchup

differences, and paired t-test or paired Wilcoxon test for
therapeutic differences (p<0.05). The Gaussian random
field (GRF) multiple comparisons were conducted in
imaging statistics (voxel p<0.001, cluster p<0.05).
Clinical statistical analysis was performed using SPSS
V.29.0 (IBM). Imaging statistical analyses were finished by
SPM12 (http://www.filion.ucl.ac.uk/spm) and Dynam-
icBC 2.2 (http:/ /restfmri.net/forum/DynamicBC)
via MATLAB 2023a, with gender, age and mean FD as

covariates.

RESULTS

Clinical and neuroimaging characteristics

During 1 March 2018 to 30 April 2023, we screened
97 participants for eligibility. Totally, 54 patients were
randomly assigned to receive either HA (n=36) or NA
acupuncture (n=18), and 36 healthy individuals were
matched. Finally, 46 ISs (mean (SD) age, 59.37 (11.36)
years) matched with 34 HCs (mean (SD) age, 52.88 (9.69)
years) completed the trial and neuroimaging study, of
whom 30 received HA and 16 received NA acupuncture
(figure 2). The ISs and HGCs presented no significant
difference in demographic and initial clinical character-
istics within gender-impairment or motor-impairment
severity subgroups, and baseline characteristics were
similar between HA and NA group (table 1).

ISs demonstrated decreased VMHC in bilateral postcen-
tral gyrus and cerebellum (GRF corrected, voxel p<0.001,
cluster p<0.05) compared with HCs (figure 3A,B). To
be specific, the mild to moderate ISs were reported the
bilateral postcentral gyrus and cerebellum crusl, while

39 Healthy individuals
assessed for eligibility

3 Excluded
2 Did not meet inclusion criteria
1 Meet exclusion criteria

36 Healthy controls

36 Randomised to reveive
hand-foot 12 needles acupuncture

Allocation

18 Randomised to reveive
non-acupoint acupuncture

6 Excluded

Pnl

2 Withdrew FOllOW-llp 2 EXC]qud
2 1 Withdrew
1 Declined to acupuncture N el .
1 Unfinished fMRI assessment s bef lnde dohacl(;puml:. ure
4 Substandard head motion ubstandard cad motion
30 Included in Analysis 16 Included in
per-protocol analysis per-protocol analysis

Figure 2 Study flow chart. fMRI, functional MRI.

2 Excluded
2 Substandard head motion

34 Included in
per-protocol analysis
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Table 1 Demographics and baseline characteristics

IS group (n=46) HC group (n=34) P value
Characteristics HA group (n=30) NA group (n=16)
Gender, n (%) 31 (67.39)/15 (32.61) 21 (61.76)/13 (38.24) 0.602
(male/female)*
Age, mean (SD), years 57.57 (13.68)/62.89 (9.79) 58.00 (9.89)/62.67 (5.50) 50.76 (10.89)/56.31 (6.33) 0.082/0.069
(male/female)t 0.086/0.050
Location of lesion, n (%) 15 (50.00)/15 (50.00) 7 (43.75)/9 (56.25) 0.686
(left/right)*
Severity of motor impairment, n (%) 20 (66.67)/10 (33.33) 11 (68.75)/5 (31.25) 0.886
(mild to moderated/severed)*
Duration, median (IQR), days t 11.50 (7.00-20.50) 12.50 (4.30-34.80) 0.936
HAMD, median (IQR), scorest 6.00 (2.00-13.00) 7.50 (4.00-11.80) 0.835
MMSE, median (IQR), scorest 28.00 (24.80-29.00) 27.00 (24.30-29.80) 0.953
NIHSS, median (IQR), scorest 3.00 (1.00-5.00) 2.50 (1.00-5.80) 0.861
FM, median (IQR), scorest 74.00 (39.30-96.30) 85.00 (39.00-97.80) 0.579
Antihypertensives, n (%) 14 (46.67)/16 (53.33) 7 (43.75)/9 (56.25) 0.850
(yes/no)*
Lipid-lowering agents, n (%) 5 (16.67)/25 (83.33) 6 (37.50)/10 (62.50) 0.115
(yes/no)*
Hypoglycaemic agents, n (%) 9 (30.00)/21 (70.00) 3 (18.75)/13 (81.25) 0.408
(yes/no)*

*y2 test. In order to avoid the information bias resulted from matching numbers, we adopted %2 test in HC group and IS group received
acupuncture or non-acupoint acupuncture in sexual subgroups, respectively.

TTwo-sample t-test.
FMann-Whitney U test.

FM, Fugl-Meyer; HA, hand-foot 12 needles acupuncture; HAMD, Hamilton Depression Scale; HC, healthy control; IS, ischaemic stroke;
MMSE, Mini-mental State Examination; NA, non-acupoint; NIHSS, National Institute of Health Stroke Scale.

the severe ISs were the bilateral cerebellum crusl and
cerebellum_6 (online supplemental table S3). Based
on the logistic-regression machine learning, the test set
(area under curve (AUC)=0.8413, accuracy=0.7500)
could distinguish unilateral-lesion IS patients with
hemiparesis from healthy individuals within aforesaid
featured regions (figure 3C,D), with the calibration curve
reflecting the predicted probability verged on empirical
probability (figure 3E), and the decision curve analysis
supporting both the models of decreased VMHC in cere-
brum and cerebellum contributed to the identification
of IS patients with hemiparesis in the threshold interval
ranged from 0% to 95% (figure 3F).”

Primary and secondary outcomes

In terms of clinical outcomes, the median (IQR) AFM
scores were 5.00 (2.00-14.50) in HA group and 2.50
(0.25-15.75) in NA group (mean difference -1.00 (95%
CI-7.00 to 1.00, p<0.001)). Compared with the NA group,
FM-UE scores of HA group had a slight increase from
baseline with between-group differences of -1.00 points
(95% CI —4.00 to 1.00 points, p<0.05), and FM-LE scores
with 0.00 points (95% CI -2.00 to 1.00 points, p<0.001)
(table 2). Similar changed results were observed across
motor-impairment-severity subgroups (figure 4A).

As to neuroimaging outcomes, VMHC in bilateral supe-
rior frontal gyrus orbital part was increased than preacu-
puncture level within HA group (GRF corrected, voxel
p<0.001, cluster p<0.05) (figure 4B). Among the mild to
moderate individuals, HA group demonstrated higher
VMHC in bilateral cerebellum_8 than that in NA group
in postacupuncture stage (figure 4C). No significant
outcomes were observed in NA group. There were no
acupuncture-related adverse events in either group.

Brain and behaviour effects of acupuncture
Spearman correlation analysis revealed a dual correla-
tion between the AFM and the altered VMHC (AVMHC)
(angular: r=0.696, p=0.000; cerebellum_8: r=-0.716,
p=0.000) (figure 5A). The linear regression equation was
AFM=8.389+13.199xAVMHC_Angular-16.089xAVMHC_
Cerebellum_8 (R*=0.643, p=0.000). Additionally, AFM-UE
was mainly correlated with AVMHC of cerebellar areas
(figure 5B), and AFM-LE was negatively correlated with
AVMHC in right paracentral lobule and light median
cingulate and paracingulate gyri (figure 5C). There
were no significant motorrelated correlations within NA
group.

The linear regression model based on machine
learning  captured the AVMHC_Angular and
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Table 2 Primary and secondary outcomes

Variable HA group (n=30) NA group (n=16) Effect size (95% CI)* P value
Primary outcomest

AFM, median (IQR), scores 5.00 (2.00-14.50) 2.50 (0.25-15.75) —-1.00 (-7.00 to 1.00) 0.000
Secondary outcomest

AFM-UE, median (IQR), scores 2.00 (1.00-10.25) 2.00 (0.00-7.75) -1.00 (-4.00 to 1.00) 0.012

AFM-LE, median (IQR), scores 3.00 (0.00-4.00) 1.50 (0.00-3.75) 0.00 (-2.00 to 1.00) 0.000

*Estimated mean differences for clinical outcomes.
TScheirer-Ray-Hare test.

FM, Fugl-Meyer; HA, hand-foot 12 needles acupuncture; IS, ischaemic stroke; LE, lower extremity; NA, non-acupoint; UE, upper extremity.

AVMHC_Cerebellum_8 as predictors for AFM (validation
set R*=0.31+0.57, test set R*=0.828) (figure 5D). Notably,
AVMHC_Cerebellum_8 plays a more pronounced role
in FM reduction than AVMHC_Angular impacting on
FM increase (base value=8.883, predicted value=6.046)
(figure 5E).

Static and dynamic modification of acupuncture
In postacupuncture stage, we observed decreased VMHC
in bilateral precentral gyrus and cingulate gyrus within
HA group besides postcentral gyrus and cerebellum
(figure 6A). Lower VMHC occurred in the bilateral supe-
rior temporal gyrus, median cingulate and paracingulate
gyrus, and the contralesional supplementary motor area
(SMA) within the mild to moderate ISs, and disappeared
in cerebellum within severe subgroup (online supple-
mental table S5). Taking the bilateral superior frontal
gyrus orbital part as region of interest (ROI), sFC was
higher between ipsilesional superior frontal gyrus orbital
part with the contralesional orbitofrontal cortex and cere-
bellum, accompanied with bidirectional changed sFC in
limbic system, such as supramarginal, superior temporal
gyrus and superior occipital gyrus (figure 6B,C).
Following acupuncture, we found decreased coefficient
of variation of VMHC (CV_VMHC) in bilateral poste-
rior cingulate gyrus (PCC) locally (GRF corrected, voxel
p<0.001, cluster p<0.05) (figure 6D). On global level,
integration states (state 3, state 4) were disappeared and
segregation states (state 1, state 2) were increased. State
2 was transformed from integration (overall frequency:
39.41%) to segregation (overall frequency: 66.98%)
(figure 6G,H). Relevantly, there were shorter fraction
time (FT) and mean dwell time (MDT) of integration
states and longer periods of segregation states (p<0.05)
(figure 6E,F).

DISCUSSION

Over a 10-day treatment period, acupuncture involving
limb region demonstrated greater FM improvement
related to cerebro-cerebellar bilaterality than NA
acupuncture, with therapy-driven modification on IHI
and CBI. Since the low incidence of adverse events,
acupuncture may provide a reasonable rehabilitation

option for poststroke patients with hemiparesis to facili-
tate motor recovery.

Standardised acupuncture: central and peripheral closed-loop
for motor recovery

Based on the bilateral meridian theory, symmetrical
location of limbs and balanced manipulation on
muscles, acupuncture at these standardised acupoints
could promote poststroke recovery extensively,
including improving the balance function, reducing
spasticity, increasing muscle strength and general
well-being.”’ Clinical trial and meta-analysis yielded
significant efficacy of acupuncture on motor func-
tion (SD -0.78, 95% CI -1.22 to -0.34; ’=86%),”" with
heterogeneity on sham controls (OR 0.35, 95% CI
0.30 to 0.41).% Similar to these results, the median
(IQR) scores of AFM were 5.00 (2.00-14.50) in HA
group and 2.50 (0.25-15.75) in NA group, with a
more obvious and motor-region-correlated improve-
ment in HA group. Notably, the median (IQR) scores
of AFM (7.00 (3.50-16.25)) and AFM-UE (3.00 (1.75-
12.00)) within the severe patients were higher than
whole level, highlighting that acupuncture might be
particularly beneficial to severe motor impairment.
Thus, results of this study demonstrated the proximal
specific effects of acupuncture on motor behaviour
macroscopically.

Our previous studies have revealed the acupuncture
taking effect on neuroplasticity from the motor region
level to motor network level.'” " In this study, VMHC in
superior frontal gyrus orbital part was increased, accom-
panied with expansive lower VMHC regions within
cerebro-cerebellar networks following acupuncture,
while we did not found similar results in NA group. We
inferred the imbalanced IHI and CBI may be potential
target effectors to adjust the movement isolation and
action integration,33 3 that is, the distal specific effects
of acupuncture on brain plasticity microscopically. Alto-
gether, the proximal and distal effects perform a central
and peripheral closed-loop for motor rehabilitation
at early subacute stage. Highly standardised control
of NA could eliminate the non-specific effects from
acupuncture.8
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Figure 4 The clinical and neuroimaging outcomes. (A) The improvement of FM scores in HA group across motor-impairment
severity subgroups. (B) The increased VMHC_Frontal_Sup_Orb in HA group following acupuncture. Red is increasing and blue
is decreasing. (C) The higher VMHC_Cerebellum_8 in HA group compared with NA group in postacupuncture stage. Red is high
and blue is low. FM, Fugl-Meyer; HA, hand-foot 12 needles acupuncture; LE, lower extremity; NA, non-acupoint; UE, upper

extremity; VMHC, voxel-mirrored homotopic connectivity.

Decreased homotopic connectivity: visualised evidence for
acupuncture efficacy

Objective and quantitative evaluation of VMHC in cere-
brum and cerebellum could provide visualised evidence
for the therapeutic assessment of acupuncture. In our
prospectively pathological study, it demonstrated that
decreased VMHC in bilateral postcentral gyrus and
cerebellum could serve as underlying indicators for

unilateral-lesion IS. Although the reported clusters of
voxels were bilateral postcentral gyrus in the anatomical
automatic labelling template, they were located on the
transitional area of sensorimotor cortex and accounted
for 75% postcentral gyrus on the primary motor cortex
(M1) and 25% precentral gyrus on the primary soma-
tosensory cortex (SI), indicating pathway-specific
structure-function covariations involved IHI and CBI.'**°
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Figure 5 The brain and behaviour effects of acupuncture. (A) The AFM was positively correlated with AVMHC_Angular

and negatively with AVMHC_Cerebellum_8. (B) The AFM-UE was positively correlated with AVMHC_Cerebellum_Crus2

and AVMHC_Angular, and negatively with AVMHC_Cerebellum_8. (C) The AFM-LE was negatively correlated with AVMHC_
Paracentral_Lobule_R/Cingulum_Mid_L. (D) The fitting curve of true value and predicted value based on the linear regression
model. (E) The SHAP values of the AVMHC with its predictive values meaning the contribution to the AFM. The predicted
positive contribution of angular gyrus was smaller than the negative contribution of cerebellum (base value=8.883, predicted
value=6.046). FM, Fugl-Meyer; LE, lower extremity; SHAP, shapley additive explanation; UE, upper extremity; VMHC, voxel-

mirrored homotopic connectivity.

On the corpus callosum and corticospinal tract (CST)
pathway, our findings implied that lower homotopic
connectivity in postcentral gyrus and cerebellum may
hinder motor commands which were afferent from M1,
efferent to S1 as well as cerebellum and projected to hand,
thus impeding the inhibition of competing and feedback
decoupling.” *® Under the balance-recovery model, M1
injury and interrupted cerebro-cerebellar interactions
reinforced the negative effect of CST injury on upper
limbs recovery, especially in the severe subgroup.” **
Within the sensorimotor network and cerebellar network,
these results reflected decreased M1 intereffectors linked
to adjacent S1, SMA and cerebellum, which delayed func-
tional compensations for both the affected hemisphere
and distal effectors after stroke involved unilateral middle
cerebral artery.” It confirms the potential significance of
our prior hypotheses.

In our therapeutic study, we observed that the
AVMHC in bilateral angular and cerebellum_8 had a
strong dual correlation with AFM, as reliable predic-
tors for motor function. This finding not only provides

neuroimaging evidence in support of acupuncture
efficacy, but also underscores the robustness of the
interaction between macro and micro therapeutic
effects. Notably, the AFM-UE displayed bidirectional
correlations with the AVMHC in cerebellar areas,
meaning upper capacity could be an important aspect
for the motor rehabilitation.”” *® The shapley additive
explanations plots showcased a consistent trend on
individual level that aligned with the dual correlations
on group level, illustrating that for the motor recovery,
the predicted positive contribution of angular gyrus is
smaller than the negative contribution of cerebellum.
Closed to the supramarginal gyrus and cingulated
gyrus anatomically, the angular gyrus may provide the
reliable functional proof of overall motor function,
while the cerebellum is more likely related to upper
limb function. Collectively, our pathological and
therapeutic studies support the decreased cerebro-
cerebellar VMHC serving as visualised evidence for
acupuncture efficacy.
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Figure 6 The static and dynamic modification of acupuncture. (A) Regions reported decreased VMHC in HA group compared
with HCs. (B) Changes on sFC with Frontal_Sup_Orb_R as ROI following acupuncture. (C) Changes on sFC with Frontal_Sup_
Orb_L as ROI following acupuncture. (D) The decreased CV_VMHC of PCC following acupuncture. Red is increasing and

blue is decreasing. (E) FT changes among DFC states following acupuncture. (F) MDT changes among DFC states following
acupuncture. (G) The pattern of DFC states clustering in preacupuncture stage. (H) The pattern of DFC states clustering in
postacupuncture stage. Red is positive weights and blue is negative weights. CV_VMHC, coefficient of variability of VMHC;
DFC, dynamic functional connectivity; HA, hand-foot 12 needles acupuncture; HC, healthy control; PCC, posterior cingulate
gyrus; ROI, region of interest; sFC, static function connectivity; VMHC, voxel-mirrored homotopic connectivity.

Therapy-driven modification: bilateral static and dynamic
reorganisation

Along with the acupuncture therapeutic efficacy, our
study revealed a bilateral modification on IHI and CBI via
static and dynamic functional connectivity. To be specific,
there was increased VMHC in bilateral superior frontal
gyrus orbital part and decreased CV_VMHC in bilateral
PCC, indicating static reorganisation and dynamic inte-
gration and segregation, respectively. On the static func-
tion level, we observed bilateral alterations featured with
increased sFC between the affected superior frontal gyrus
orbital part and the unaffected frontal gyrus orbital part
as well as cerebellum following acupuncture. As the effec-
tors connected with M1, we noticed enhanced links within
somato-cognitive action network, including higher-order
sensorimotor control and cerebellar-mediated feed-
back.*® % %% By increasing the coupling of the cerebro-
cerebellar interactions, patients gained clinical benefit of

acupuncture in compensating the lateralised IHI and CBI
resulted from affected hemisphere. On the dynamic func-
tion level, locally decreased CV_VMHC in bilateral PCC
promoted a stable cortical-subcortical coupling associated
with motor inputs incorporating somatosensory informa-
tion, basal ganglia feedback and prefrontal cortex, in a
longer ‘temporal receptive window’ and larger posterior
‘midline’ regions.39 Overall, the DFC clustering model
showed acupuncture modifying on the abnormal imbal-
ance among dynamical states with high integration but
weak correlations. Specifically, shorter periods and less
shifts towards states of integration, and more frequent
states of segregation indicated the functional reorgan-
isation tending to regain a healthy profile, especially
the transforming of state 1 and state 2 as pathological
states.”” '® Meanwhile, dynamic functional connectivity
anomalies would disappear to reach the balanced static
functional connectivity, thus to restore the lesion-induced
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coactivation.'® * In brief, the comodulation of sFC and
DFC modifies the lateralised brain state in a bilateral
therapy-driven process. Nonetheless, the exact lateralised
modification of acupuncture for hemiparesis warrants
further investigation.

Strengths and limitations

The strengths of this trial lie in its standardised interven-
tions with NA control and the per-protocol analysis of
clinical and neuroimaging. With the rigorous method-
ological designs, we believe that the results of this trial
added evidence of visualisation and micromodification
supporting acupuncture efficacy on poststroke rehabili-
tation.

The study has some limitations. First, this trial
included patients with unilateral focal lesions in the
subcortical ganglia, and the results may not be gener-
alisable to the patients with multifocal or massive cere-
bral infraction. Second, physiological effects of NA
acupuncture may underestimate the specific effects of
acupuncture. Third, no adjustment was made for the
mixed effects from the indirect laterality, such as right
handedness or asymmetrical non-motor networks.
Fourth, per-protocol analysis limited the randomised
matching and modelling selection within samples
based on machine learning. Fifth, applying standard
statical and dynamical approaches may decrease the
modification on the specific ‘stroke state’,'® including
image flip, head control and sliding-window analysis
with the clustering algorithm.

CONCLUSION

In conclusion, this randomised clinical and neuroim-
aging trial demonstrated that acupuncture improved
the motor recovery and modified cerebro-cerebellar
VMHC via bilateral static and dynamic reorganisa-
tions for IS patients with hemiparesis. These outcomes
affirm the clinical efficacy of acupuncture from
imaging visualisation and neuroplasticity. Acupunc-
ture may be a compelling adjunct to the routine reha-
bilitation promoting poststroke motor recovery at the
early subacute stage.
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