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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Functional near-infrared spectroscopy (fNIRS),
as an emerging non-invasive brain imaging technique, provides
new perspectives to study the functional brain connectivity in
Post stroke dysphagia (PSD) patients.

Objective: Using the {NIRS technique to observe and compare
the differences in brain network functional connectivity and
activation between healthy subjects and PSD patients during the
performance of a swallowing task and provide new insights into
the mechanisms and treatment of PSD.

Methods: A total of 26 healthy volunteers (Healthy control,
HC) and 53 PSD patients were enrolled in this study, then PSD
patients were then divided into two groups: PSD hemorrhagic
(PSD(H)) group and PSD ischemic (PSD(I)). The fNIRS
technique was used to collect the swallowing task state data.
Brain regions closely related to swallowing function were
selected as regions of interest (ROI). The strength of brain
network functional connectivity and the degree of brain
area activation in the swallowing task were analysed in each
group, and correlation analyses and ROC curve analyses were
performed with clinical assessment indicators.

Results: The PSD group showed a significant reduction
(p<0.05) in brain network functional connectivity strength in
swallowing-related brain regions compared to the HC group,
and there was no significant difference between the PSD(H)
and PSD(I) group. On specific channels, the PSD group showed
a significant reduction (p<0.05) in brain network functional
connectivity strength compared to the HC group. Furthermore,
the strength of swallowing-related cortical brain functional
connectivity was correlated with swallowing function severity
in PSD patients. The critical value of the functional connectivity
is expected to be an indicator for assessing whether PSD patients
are dependent on tube feeding.

Conclusion: The present study reveals diminished functional
connectivity and abnormal activation patterns of brain
networks in PSD patients during a swallowing task, providing
new evidence for the mechanisms of PSD and potential
neuromodulatory targets.

Key words. Stroke, dysphagia, functional near-infrared
spectroscopy, brain network functional connectivity.

Introduction.

According to statistics, 50-80% of stroke patients suffer
from various degrees of swallowing dysfunction [1,2]. Post
stroke dysphagia (PSD) not only prolongs the hospital stay
and increases medical costs but also may lead to serious
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complications such as malnutrition, dehydration, aspiration
pneumonia, etc., which significantly increase the morbidity,
mortality, and re-admission rates of patients [3]. In addition,
PSD has a serious impact on the quality of patients' daily life,
which brings heavy psychological and economic burdens to
patients and their families. The mechanism of PSD has not
been fully elucidated, and the current treatments include, but
are not limited to, conventional swallowing training, motor-
behavioural therapy, catheter balloon dilatation, traditional
Chinese medicine, physical factor therapy, and non-invasive
neuromodulation techniques [4], which can achieve certain
therapeutic effects but often encounter bottlenecks. Therefore,
in-depth investigation of the mechanism of PSD and searching
for potential intervention targets are of great significance to
improve the clinical efficacy of PSD.

Functional near-infrared spectroscopy (fNIRS), as a novel
non-invasive neurological detection technique, can monitor
real-time changes in cerebral cortex oxyhemoglobin (HbO,))
and reduced hemoglobin (HbR) changes in the cerebral cortex,
indirectly reflecting local changes in brain functional activity
[5]. Compared with functional magnetic resonance imaging
(fMRI), fNIRS has obvious advantages in terms of device
portability, operability, low cost and high temporal resolution
[6,7]. In recent years, fNIRS has been widely used in the field of
stroke rehabilitation research, especially in cognitive and speech
functions, but relatively few studies have been conducted on
PSD, which suggests that the potential for the application of
fNIRS in the field of PSD has not been fully explored [8].

The aim of this study was to investigate the differences in
brain network functional connectivity strength and brain area
activation strength between PSD patients and healthy controls
during the performance of swallowing tasks using fNIRS
technology, to provide new ideas for the exploration of the
rehabilitation mechanism and the selection of neuromodulation
targets for PSD patients.

Materials and Methods.

Participants: This observational study aimed to investigate
the neural mechanisms of PSD, which was filed through
the China Clinical Trial Registry (registration number:
ChiCTR2400083503) and approved by the Medical Ethics
Committee of the Affiliated Hospital of Chuanbei Medical
College (approval number: 2024ER9-1). All participants
signed a written informed consent form before participating in
the study. The research team strictly followed the established
inclusion and exclusion criteria to ensure the rigour of the study
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and the accuracy of the data. The study population was divided
into two groups: healthy adults as the control group (Healthy
control, HC), and patients with PSD as the experimental group.

Screening criteria for healthy controls (HC).

Inclusion criteria:
(1)Age > 18 years.
(2)No significant visual or hearing impairment.

(3)A score of 27 or more on the Mini-Mental State Examination
(MMSE).

Exclusion criteria:

(1)Past or present diagnosis of gastro-oesophageal reflux,
abnormal laryngeal sensation, dysphagia, oral motor
dysfunction, neurological dysfunction.

(2)Previous or current diagnosis of brain injury, epilepsy, neck
injury, mental illness, etc.

Screening criteria for patients with PSD.

Inclusion criteria:

(1)Stroke is diagnosed by computed tomography (CT) or
magnetic resonance imaging (MRI) [9].

(2)The first onset of the disease is between 2 weeks and 6
months.

(3)Age > 18 years.

(4)The presence of swallowing dysfunction was confirmed by
Flexible Endoscopic Evaluation of Swallowing (FEES).

Exclusion criteria:

(1)Swallowing dysfunction caused by other neurological
disorders, including Parkinson's disease, Alzheimer's disease,
motor neurone disease, craniocerebral trauma, and cerebellar or
brainstem strokes.

(2)Pregnancy status.

(3)Vital signs are unstable or in the acute phase of the disease.

(4)Insufficient cognitive functioning to cooperate with the
FEES, fNIRS examination and swallowing scale assessment.

Measurement tasks and implementation methods.

Prior to the assessment, basic information of all subjects was
collected, including name, gender, age at baseline, symptoms,
time of onset, stroke site, current medical history, past
medical history, family history of genetic disorders, previous
treatments, imaging findings and medications. Swallowing
function assessment of patients with PSD: The assessment was
performed by using the FEES, the standardised swallowing
assessment (SSA) and functional oral intake scale (FOIS).

FESSis animportant clinical modality for assessing swallowing
function, and together with the videofluroscopic swallowing
study (VESS), it is considered the "gold standard" for clinical
assessment of swallowing function [10]. The FEES can provide
a better view of the pharynx and secretion retention by allowing
patients to swallow food pellets of different viscosities and has a
high sensitivity for residue detection, and can observe the speed
of swallowing initiation, pharyngeal residue after swallowing,
the ability to remove food pellets, and the degree of aspiration.

SSA:

The SSA has been shown to have high specificity, sensitivity,
good validity and reliability and is suitable for clinical application
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[11]. The scale is divided into 3 parts: clinical examination, 5
mL water swallow test (repeated 3 times), and 60 mL water one-
time swallow test. The total SSA score ranges from 18 to 46,
with higher scores indicating poorer swallowing function.

FOIS:

According to the patient's eating situation, FOIS classifies
swallowing function into grades 1 to 7, with higher scores
having better swallowing function, and grade 7 indicating
complete oral feeding without restriction [12].

fNIRS task state acquisition:

In this study, the 63-channel fNIRS imaging device NirSmart
(NirScan Danyang Huichuang Medical Equipment Co.
Ltd., China) was used to acquire data from subjects in the
swallowing task state. The right motor cortex (RMC) left
motor cortex (LMC), right sensory cortex (RSC), left sensory
cortex (LSC), right supplementary motor area (RSMA), Left
supplementary motor area (LSMA), Right prefrontal cortex
(RPFC), Left prefrontal cortex (LPFC) and Left prefrontal
cortex (LPFC) as regions of interest (ROI) (Figure 1A) [13].
Prior to the measurements, all subjects were trained to perform
the swallowing task correctly and were aware of the need to
sit relaxed and still, avoid moving and thinking, and ensure
that there were no other non-instructional movements during
the measurements. Upon entering the fNIRS assessment
room, subjects sat comfortably for 5 min before putting on the
fNIRS head cap and completing the swallowing task of either
imagining a drink of water or performing a drink of water. the
task paradigm was designed in a block format (5 swallowing
actions and 5 resting task blocks), with each task block lasting
35s. There was a 10s preparation time at the beginning of the
task to ensure data stability, and a total of 175 s was required to
complete the task. the specific paradigm See Figure 1B.

fNIRS data processing:

The fNIRS swallowing task state data preprocessing was run
using the NirSpark toolkit software, with the signal standard
deviation threshold set to 6 and the peak threshold set to 0.5,
and motion artefacts were identified and removed using spline
interpolation. General noise including heartbeat, respiration,
and Mel waves were filtered using bandpass filtering at 0.01-
0.1 Hz. The path difference factor was set to -6-6, and the real-
time concentration changes of HbO, and HbR in the task state
of the subjects were calculated according to the modified Beer-
Lamber law, and the HbO, with a better signal-to-noise ratio
was used as the main index in this study [14].

Changes in cortical HbO, concentration in subjects at each time
point were extracted in the Network module of NirSpark and
analysed for Pearson's correlation coefficients of HbO, levels
in each channel on the time series. The FisherZ transformation
was then performed, and the transformed values were defined
as the strength of functional connectivity between channels.
Block average analysis, linear correction and eigenvalue
(mean) analysis were performed in the BlockAvg module of
NirSpark for the imagined drinking or water task to calculate
the change in blood oxygen concentration for a single channel
over that time window. The degree of correlation between the
blood oxygen change and the temporal task was analysed using
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Figure 2. The flowchart for the data analysis. HC group: Healthy control group. PSD group: Post Stroke Dysphagia group. PSD(H): PSD

Hemorrhagic group,; PSD(1): PSD Ischemic group.

a general linear model (GLM), and the matrix was designed
using the hemodynamic response function (HRF) as the basis
function, removing the baseline drift, and short-term correlation
of high-frequency noises, such as heartbeat and respiration, was
correction, and defining the transformed value as the degree of
activation of the channel.

Statistical analyses:

Statistical analyses were performed using SPSS 27.0 (IBM
Corp., NY, USA). Graphs were generated using the NirSpark
package, GraphPad PRISM Version 8.0.1 (GraphPad Software
- San Diego, CA, USA) software. Descriptive statistics were
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presented as meantstandard deviation (X £ s) or median
(interquartile range), i.e., Md (P25, P75).; Comparisons of
general information, brain network functional connectivity and
brain region activation among the 4 groups were performed
using one-way analysis of variance (One-way ANOVA), non-
parametric Kruskal-Wallis test with Dunn’s post-hoc test.
Correlation analysis was performed using Spearman's method,
with a significance threshold of p<0.05. Finally, ROC curves
were plotted, and the area under the curve, sensitivity and
specificity were calculated, with the functional connectivity
strength corresponding to the maximum Yoden's index as the
optimal threshold value. The flow chart is shown in Figure 2.



Results.

Demographic and clinical characteristics:

A total of 29 healthy adult subjects and 58 patients with
PSD were recruited for fNIRS data acquisition. 3 healthy
adult subjects and 5 patients with PSD were excluded due to
excessive subject motion tailing and signal quality. Twenty-
six healthy adult subjects and 53 PSD patients were finally
included, and the PSD group was divided into PSD(H) group
and PSD(I) group according to the etiology. Compared with
the HC group, there were no significant differences in age and
gender in the PSD group (p>0.05); compared with the PSD(H)
group, there were no statistically significant differences in age,
gender, stroke site (left/right), SSA score and FOIS score in the
PSD(I) group (p>0.05, see Table 2).

Characteristics and differences in average functional
connectivity strength of brain networks:

Compared with the HC group (Mean=0.467, SD=0.170), the
mean functional connectivity strength of the brain networks of
the swallowing-related cortex in the PSD group (Mean=0.306,
SD=0.122), the PSD(H) group (Mean=0.303, SD=0.119) and
the PSD(I) group (Mean=0.307, SD=0.133) were decreased
(Figure 3A-D), and the difference was statistically significant
(p<0.05, see Figure 3E).The mean functional connectivity
strength of brain networks in PSD(I) group was higher than
that in PSD(H) group, but the difference was not statistically
significant (p>0.05, see Figure 3E).

Characteristics and differences in functional connectivity
strength across brain networks:

Compared with the HC group, the PSD, PSD(H) and

PSD(I) groups showed a significant decrease in the functional
connectivity strengths of homologous and heterologous brain
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networks of the eight swallowing cortex brain networks in the
RMC, LMC, RSC, LSC, RSMA, LSMA, RPFC and LPFC
(p<0.05, see Figure 4A-C), while no significant difference
in the functional connectivity strengths of homologous and
heterologous brain networks was observed between PSD(H)
and PSD(I) groups (p>0.05, see Figure 4D).

Characteristics and differences in average activation levels in
brain regions:

Characteristic maps of activation in each brain region during
the swallowing task for subjects in the HC, PSD, PSD(H) and
PSD(I) groups are shown in Figure SA-D. Compared with the
HC group, the average activation in the swallowing brain regions
of the PSD, PSD(H) and PSD(I) groups tended to be decreasing
(Figure 5E-QG), and the average activation level of swallowing
brain area was slightly increased in the PSD(I) group compared
with the PSD(H) group (Figure 5H).

Characteristics and Differences in Mean Activation Levels
across Brain Regions:

Analysing the activation characteristics of the brain regions
during the swallowing task in the four groups, it was found
that the PSD, PSD(H) and PSD(I) groups showed a decreasing
trend in the activation intensity of the brain regions compared
to the HC group. Compared with the HC group, the PSD
group showed statistically significant differences in channel
11 (S5- D4), 12 (S5-D10), 44 (S17-D1) and 45 (S17-D12);
PSD(H) group showed statistically significant differences in
channel 11 (S5-D4); and PSD(I) group showed statistically
significant differences in channels 11 (S5-D4), 12 (S5-D10)
and 44 ( S17-D1) were statistically significant (p<0.05, see
Figure 6A,B,C; Table 3); there was no significant difference
in activation in all brain regions between PSD(H) and PSD(I)
groups (p>0.05, see Figure 6D; Table 3).
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Figure 3. Brain functional connectivity strength differences (A,B,C,D). HC group: Healthy control group; PSD group: Post Stroke Dysphagia
group; (C) PSD (H): PSD Hemorrhagic group, PSD(I): PSD Ischemic group. (E) Analysis of variances. (Updated “Average of FC” to “Average

of FC” in Figure 3ABC).
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Table 1. Cortical ROI corresponding to the channels and source detector.

Cortical ROIs Channels S+D

RMC 30,32,44,45,46,47,49 S12,S17,S18,D1,D12,D14,D17,D19,D20
LMC 14,27,28,38,54,55,57 S6,S11,S14,520,S21,D15,D21,D22

RSC 1,2,16,17,48 S1,87,S18,D1,D12,D19

LSC 13,15,52,53,56 S6,520,S21,D5,D11

RSMA 31,33,34,35,50,51 S12,S13,S19,D14,D17,D20

LSMA 29,36,37,39,40,41 S11,S14,S15,D15,D18,D23

RPFC 3,4,5,6,7,18,19,20,21,22 S2,S3,S8,59,D2,D3,D7,D8

LPFC 8,9,10,11,12,23,24,25,26 $4,S5,59,510,D3,D4,D9,D10

ROI: Regions of Interest; S:Source; D:Detector; RMC: Right Motor Cortex; LMC: Left Motor Cortex; RSC: Right Sensory Cortex; LSC: Left
Sensory Cortex. RMC: Right Motor Cortex; LMC: Left Motor Cortex; RSC: Right Sensory Cortex; LSC: Left Sensory Cortex; RSMA: Right
Supplementary Motor Area; LSMA: Left Supplementary Motor Area; Right Prefrontal Cortex: RPFC; Left Prefrontal Cortex: LPFC

Table 2. Demographic and clinical data (mean+SD).

Variables HC (n=26) PSD (n=53) P
Age (years) 60.15+8.399 63.08+10.33 0.214
Gender

(Males:Females) 16:10 31;22 0.809
Stroke type NA
(Hemorrhagic: Ischemic) NA 29:24

Lesion site(right:left) NA 28;25 NA
SSA NA 29.89+4.122 NA
FOIS NA 3.170+1.438 NA
Variables PSD(H) (n=24) PSD(I) (n=29) P
Age (years) 60.00+10.09 65.10+9.908 0.070
Gender

(Males:Females) 14:10 17:12 0.787
Lesion site(right:left) 10:14 18:11 0.173
SSA 29.92+4.27 29.86+4.07 0.989
FOIS 3.13+1.36 3.21£1.52 0.839

HC Group: Healthy Control Group; PSD Group: Post Stroke Dysphagia Group; PSD(H): PSD Hemorrhagic Group; PSD(I): PSD Ischemic
Group; SSA: Standardized Swallowing Assessment; FOIS: Functional Oral Intake Scale.

Table 3. Channels with significant differences in connectivity strength.

. FDR- corrected
Channels Cortical ROIs HC & PSD g HC & PSD(H) HC & PSD(I) PSD(H) & PSD(I)
11 (S5-D4) LPFC 0.026 0.043 0.044 0.737
12 (S5-D10) LPFC 0.026 0.083 0.041 0.670
44 (S17-D1) RMC 0.031 0.052 0.044 0.737
45(S17-D12) RMC 0.040 0.052 0.068 0.737

ROI: Regions of Interest; S:Source; D:Detector, Left Prefrontal Cortex: LPFC; RMC: Right Motor Cortex; HC Group: Healthy Control Group;
PSD Group: Post Stroke Dysphagia Group; PSD(H): PSD Hemorrhagic Group,; PSD(1): PSD Ischemic Group, FDR: False Discovery Rate.
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Table 4. Significant correlation with the clinical characteristics.

Connectivity strength/Channels/ROI

Connectivity strength
12 (S5-D10)
RPMC-RPMC
LDLPFC-RPMC

SSA FOIS

4 rp
-0.721 <0.001 0.733 <0.001
-0.215 0.123 0.3350.014
-0.455 0.0006 0.473 0.0003
-0.130 0.352 0.507 0.0001

ROI: Regions of Interest; SSA: Standardized Swallowing Assessment; FOIS: Functional Oral Intake Scale; LDLPFC: Left Dorsolateral Prefrontal

Cortex; RPMC: Right Primary Motor Cortex.

Correlations with clinical characteristics:

Correlation analysis with the clinical assessment indexes
SSA and FOIS found that the average functional connectivity
strength of the swallowing cortex in the PSD group had a
negative correlation with SSA scores (r=-0.721, p<0.001) and
a positive correlation with FOIS ratings (r=0.733, p<0.001).
except for channel 12 (S5-D10) (r= 0.335, p=0.014), all the
remaining channels were not correlated with any of the clinical
assessment indicators. According to the distribution of fNIRS
brain channels, we found that channels 11,12 were located in
the left dorsolateral prefrontal cortex (LDLPFC) and channels
44,45 were located in the right primary motor cortex (RPMC),
and we calculated the homologous and heterologous brain
network connectivity of LDLPFC and RPMC. homologous
and heterologous brain network connection strengths, and
correlation with SSA and FOIS showed that RPMC-RPMC was
negatively correlated with SSA (r=-0.455, p<0.001); RPMC-
RPMC was positively correlated with FOIS (r=0.473, p<0.001);
LDLPFC-RPMC was positively correlated with FOIS (r=0.507,
p<0.001); LDLPFC-LDLPFC had no correlation with either
SSA or FOIS (Figure 7; Table 4).

ROC curve analysis:

To further explore the critical value of the connectivity strength
of the relevant brain networks reflecting the dependence of
PSD patients on tube feeding (FOIS<grade 4), we plotted the
ROC curves of the relationship between the FOIS-related brain
networks and whether the PSD patients were dependent on tube
feeding or not. As can be seen in Figure 7, when the average
functional connectivity strength of the swallowing cortex brain
network was > 0.318, the functional connectivity strength of
the homologous brain network RPMC-RPMC was > 0.574,
and the functional connectivity strength of the heterologous
brain network LDLPFC-RMC was > 0.297, the probability of
PSD patients relying on tube-feeding to eat was lower, i.e.,
the probability of eating by mouth was higher (p<0.0005, see
Figure 8A-C).

Discussion.

In this study, we explored the characteristics and differences
of brain network functional connectivity and brain region
activation in swallowing-related cortical task state in healthy
adult subjects and PSD patients by fNIRS. Firstly, compared
with the HC group, the PSD, PSD(H) and PSD(I) groups
showed significantly lower strength of brain network functional
connectivity and significantly decreased activation of specific
brain region channels, suggesting that weakened brain network
functional connectivity and insufficient activation of related
brain regions may lead to the impaired swallowing function
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after stroke, and also that the brain regions with significantly
decreased activation, the RMC and the LPFC, are the potential
brain regions for brain function regulation in PSD patients;
Secondly, correlation analyses were conducted to characterise
and characterise differences in swallowing-related cortical
task-state brain functional connectivity between healthy adult
subjects, the activation level of channel 12 (S5-D10), the
functional connectivity strength of homologous brain network
RPMC-RPMC and heterologous brain network LDLPFC-
RPMC in PSD patients correlated with SSA or FOIS. It is
suggested that the degree of dysphagia in patients with PSD
can be reflected by the intensity of functional connection of
the brain network or the degree of activation of brain regions,
LDLPFC and RPMC may be more accurate neuroregulatory
targets for improving swallowing function in patients with
PSD. Finally, ROC curve analysis shows that the average
functional connection strength of the swallowing cortex and the
critical value of functional connection intensity of homologous
brain network RPMC-RPMC and heterologous brain network
LDLPFC-RPMC can be used as potential clinical markers of
whether PSD patients rely on tube feeding or not.

The biggest advantage of using fNIRS in this study is that
it has faster time resolution, less artifact interference, and
portability than fMRI technology, so it is more suitable for
neuroscience research in natural situations such as daily life
and work [15]. At the same time, there is a good correlation
between fNIRS and fMRI task brain activation data [16,17].
At present, many studies have proved that fNIRS technology
can effectively recognize the cortical activation pattern of the
swallowing task state [18-20]. FNIRS can measure the changes
in HbO, and HbR concentration on the cortical surface [20],
while the change of HbO, concentration is the most sensitive
index for the change of cerebral blood flow (CBF) [21], and
has the strongest correlation with blood oxygenation dependent
level (BOLD), and the signal-to-noise ratio is better than that of
HbR [22]. Therefore, in this study, we use the changes in HbO,
as an index to measure brain activity.

The mechanisms of PSD are complex, and the recovery of
swallowing function requires the involvement of both motor and
non-motor cortex. Several fMRI studies have shown that several
brain regions, including primary somatosensory cortex, primary
motor cortex, bilateral premotor and supplementary motor
cortical areas, cingulate cortex, prefrontal, temporal, precuneus,
subparietal lobule, cerebellum, and brainstem are associated
with swallowing function [23-26], which provides a reference
basis for the selection of RMC, LMC, RSC, LSC, RSMA,
LSMA, RPFC and LPFC as ROI's. Previous studies reported
primary motor cortex, bilateral premotor and supplementary



motor cortical areas as cortical centres for oral, pharyngeal
and oesophageal muscles during active swallowing [16,23]; it
is currently believed that primary motor cortex is involved in
complex empirical movements, whereas bilateral premotor and
supplementary motor cortical areas mostly process continuous
movements [27]. Primary somatosensory cortices typically
process general sensations applied to the face as well as
gustatory stimuli to participate in the execution of swallowing
movements [22]. The prefrontal cortex has been implicated in
emotion, cognition and learning, and is capable of processing
swallowing information and signalling to bilateral premotor and
paramotor cortical areas, playing an important role in the pre-
cognitive and oral phases [27,28]; at the same time, prefrontal
cortical activity is modulated by flavour and gustatory stimuli,
which change during swallowing [29]; the inferior frontal gyrus
is able to participate in the control of non-verbal or orofacial
sensorimotor behaviour, and several studies have demonstrated
that fNIRS signal changes are strongest in the bilateral inferior
frontal gyrus during the performance of swallowing tasks [30-
33]. Our findings are in good agreement with those of fMRI [34-
37]. When the above swallowing-related cortices (RMC, LMC,
RSC, LSC, RSMA, LSMA, RPFC and LPFC) were selected as
ROIs, differences in the strength and activation of brain network
functional connectivity were observed between healthy subjects
and patients with PSD, further confirming the importance of
motor and non-motor cortices for normal swallowing function,
which are collectively involved in swallowing and play a vital
role in swallowing motor processing and integration plays a
crucial role [38]. Meanwhile, it is suggested that the mechanism
of PSD may be the weakening of functional connectivity of
the brain network of the swallowing cortex and the insufficient
activation of the related brain regions, which provides a
reference for the rehabilitation treatment plan of PSD patients
with multi-brain region intervention.

Analysis of channel differences in brain area activation showed
that PSD patients had lower activation in swallowing brain
areas than healthy subjects during the swallowing task, and
significantly lower activation in specific channels (11, 12, 44,
and 45) than the HC group, with channels 11 and 12 located in
the LPFC, and channels 44 and 45 located in the RMC. Previous
studies have found that the prefrontal cortex is closely related
to cognitive behaviour, and is involved in the swallowing
cognitive, preparatory and planning phases of swallowing [28],
and frontal lobe lesions are closely related to oral phase disorders
[39,40]. While the results of the present study suggested that the
prefrontal cortex in the left hemisphere had a higher correlation
with swallowing function than that in the right hemisphere. In
addition, the motor cortex, as a relevant centre for swallowing
function, is mainly involved in complex empirical actions
[38], a the results of the present study suggested that the motor
cortex in the right hemisphere had a higher correlation with
swallowing function than that in the left hemisphere. correlation
is higher than the left hemisphere. In summary, LPFC and RMC
may be the key brain regions for impaired swallowing function
in PSD patients and are expected to be potential targets for
neuromodulation therapy. Meanwhile, our results also suggest
that the activation of the swallowing cortical brain regions in
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the left and right brains is different during the performance of
swallowing tasks in PSD patients. It is now generally accepted
that the functional areas of the cerebral cortex for swallowing
have significant interhemispheric asymmetry [41]. Unilateral
hemispheric injury causes dysphagia mainly due to the presence
of a "dominant" hemisphere in swallowing behaviour, but
the pattern of brain lateralisation of swallowing function is
uncertain. The present study provides a reference for the study
of brain lateralisation of swallowing function.

In order to explore the correlation between brain network
functional connectivity strength and clinical assessment indexes,
we correlated the average brain network functional connectivity
strength of swallowing-related cortex, homologous and
heterologous brain network functional connectivity strengths
between LDLPFC and RPMC with SSA and FOIS, respectively,
and the results showed that the average brain network functional
connectivity strength of swallowing-related cortex correlated
negatively with SSA and positively with FOIS. The results
showed that the average brain functional connectivity strength
of swallowing-related cortex was negatively correlated with
SSA and positively correlated with FOIS, suggesting that the
higher the brain functional connectivity strength was the lower
the degree of swallowing disorder. Meanwhile, RPMC-RPMC
was negatively correlated with SSA; RPMC-RPMC, LDLPFC-
RPMC were positively correlated with FOIS, further suggesting
that the higher the activation of the brain regions of LDLPFC
and RPMC, and the better the functional connectivity of the
brain network, the lower the degree of swallowing dysfunction
of PSD patients, which is basically in line with previous
studies [42,43]. More importantly, the results of the present
study further narrowed down the range of brain regions with
higher correlation with swallowing dysfunction, suggesting
that LDLPFC and RPMC may be more precise targets for
neuromodulation.

To further explore the critical value of the connectivity strength
of the relevant brain networks reflecting the dependence of
PSD patients on tube feeding (FOIS < grade 4), we plotted the
ROC curves of the relationship between the FOIS-related brain
networks and whether the PSD patients were dependent on tube
feeding or not. The results showed that the probability of PSD
patients not relying on tube-feeding for feeding was greater
when the average swallowing cortical brain network functional
connectivity strength in the swallowing task state was >0.318,
when the homologous brain network RPMC-RPMC connectivity
strength was >0.574, and when the heterologous brain network
LDLPFC-RPMC connectivity strength was >0.297, suggesting
that the average brain network functional connectivity strength
and LDLPFC, RPMC could be used as potential clinical markers
of whether PSD patients are dependent on tube feeding.

It should be noted that the clinical manifestations, treatments
and prognoses of different types of stroke vary greatly, and at
present, clinical symptoms and imaging findings are still used as
the main basis for their identification of cerebral haemorrhage
and cerebral infarction [44], and there is a lack of functional
imaging studies for assessing the differences in brain function
between the two. Therefore, it is of great significance to find
methods and assessment indexes for assessing brain function



in different types of stroke, which is important for personalised
treatment and improving the prognosis of patients with different
types of stroke. In view of this, in this study, PSD patients were
analysed in the subgroups of hemorrhagic and ischemic, and it
was found that the HC group was significantly higher than the
PSD(H) group and the PSD(I) group in the strength of the brain
network functional connectivity and the degree of activation of
the brain regions, while the PSD(H) group was lower than the
PSD(I) group in the strength of the brain network functional
connectivity and the degree of activation of the brain regions,
but the difference was not statistically significant. The results
of this study suggest that there may not be a difference between
PSD(H) and PSD(I) patients in swallowing-related cortical brain
function, but fNIRS can only capture the blood oxygenation
signals in the cortex of the brain, and cannot detect the signals
in the deeper parts of the brain (e.g., the insula, cerebellum, and
brainstem, which are closely related to swallowing) [45], so it
is necessary to further investigate the differences in the future in
combination with fMRI.

Limitations.

The present study provides new insights in exploring brain
functional connectivity and brain region activation in PSD
patients, but there are some limitations.

Firstly, the spatial resolution of the fNIRS technique limits the
assessment of the role of deep brain structures (e.g., insula, basal
ganglia, cerebellum, and brainstem) in swallowing activity.
These regions play an important role in the swallowing process,
and failure to include them may have compromised the depth of
a comprehensive understanding of swallowing function. Future
studies may consider incorporating the use of techniques such
as fMRI to obtain a more comprehensive picture of functional
brain activity.

Secondly, some patients with severe dysphagia are unable to
perform actual swallowing manoeuvres and can only participate
in the study by imagining swallowing. This alternative task may
not fully simulate the real swallowing process, thus affecting the
accuracy of functional brain activation. Therefore, future studies
need to develop more accurate swallowing task paradigms to
reduce the impact of this discrepancy on study results. Further,
although the present study observed a possible difference in the
level of left and right brain activation during the swallowing task
in patients with PSD, no detailed subgroup analyses of the left
and right hemispheres were performed. Future studies should
explore this phenomenon of lateralisation to gain a deeper
understanding of brain asymmetry in swallowing control.

Finally, the fNIRS headcap probe distribution used in this study
failed to fully cover the temporal lobe region, which may have
affected the accurate assessment of temporal lobe activation
during swallowing movements. In future studies, we will use
more advanced spectral headcaps to ensure that the temporal
lobe region is fully covered to more accurately explore its
activation and mechanisms involved in swallowing movements.

Conclusion.

In this study, functional near infrared spectroscopy
(fNIRS) was used to reveal significant abnormalities in brain
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network functional connectivity and brain region activation
in swallowing-related cortex in patients with post-stroke
dysphagia (PSD). Compared to healthy controls, PSD patients
exhibited diminished strength of brain network functional
connectivity and abnormal brain region activation patterns. The
findings suggest that the strength of brain network functional
connectivity in LDLPFC and RPMC is closely related to the
severity of swallowing function, and that these two brain regions
may be potential neuromodulatory targets for PSD treatment. In
addition, this study found that the critical value of the functional
connectivity strength of the brain network of the swallowing
cortex may serve as a clinical marker for assessing whether
patients with PSD are dependent on tube-feeding for food.

Data Availability Statement.

The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly
available due to privacy or ethical restrictions.

Conflict of interest.

The authors report no conflict of interest. I confirm that there
is no conflict of interest with all the co-authors.

Funding information.

This study was supported by the 2024 Primary Health
Development Research Center of Sichuan Province Program
of North Sichuan Medical College [Grant No. SWFZ24-W-13].

Acknowledgements.

We thank all members of our research team for their
contributions to this study and all participants for taking part
in this study.

Author Contributions.

The work described here was done in mutual assistance with
all the authors. Bangqiang Hou completed the data collection,
performed statistical analysis, and drafted the manuscript.
Yinxu Wang, Qing Wu and Ke Pan contributed to the research
design and reviewed and edited the manuscript. Yaoming Luo
and Yiya Wang collected references and revised the manuscript.
Yutong Han, Yulei Xie and Jingjing Liu conducted data
collection. All the authors read and approved the final version
of the manuscript.

Ethic statement.

The study was approved by the medical ethics committee
of the affiliated hospital of north Sichuan medical college.
Ethical approval number: 2024ER9-1. And informed consent
was obtained from all enrolled patients. This study complies
with the Declaration of Helsinki. It was registered with
the Chinese Clinical Trials Registry. Registration number:
ChiCTR2400083503.

REFERENCES

1. Li ZX, Jiang Y, Li H, et al. China's response to the rising
stroke burden. BMJ. 2019;28:1879.

2. Cohen DL, Roffe C, Beavan J, etal. Post-stroke dysphagia: a
review and design considerations for future trials. Int J Stroke.
2016;11:399-411.



3. SCHUMANN-WERNER B. The relationship between
neurogenic dysphagia, stroke-associated pneumonia and
functional outcome in a cohort of ischemic stroke patients treated
with mechanical thrombectomy. J Neurol. 2023;270:5958-5965.
4. Xie YL, Wang S, Xie YH, et al. Commentary: The Effect
of Repetitive Transcranial Magnetic Stimulation on Dysphagia
After Stroke: a Systematic Review and Meta-Analysis. Front
Neurosci. 2022;16:832280.

5. Pinti P, Tachtsidis I, Hamilton A, et al. The present and
future use of functional near-infrared spectroscopy (fNIRS) for
cognitive neuroscience. Annals of the New York Acad-emy of
Sciences. 2020;1464:5-29.

6. Sasai S, Homae F, Watanabe H, et al. A NIRS-fMRI study of
resting state network. Neuroimage. 2012;63:179-193.

7. Arenth PM, Ricker JH, Schultheis MT. applications
of functional near-infrared spectroscopy (fNIRS) to
Neurorehabilitation of cognitive disabilities. Clin Neuropsychol.
2007;21:38-57.

8. Yang M, Yang Z, Yuan T, et al. A systemic review of
functional near-infrared spectroscopy for stroke: current ap
plication and future directions. Front Neurol. 2019;10:58.

9. Mead GE, Sposato LA, Sampaio Silva G, et al. a systematic
review and synthesis of global stroke guidelines on behalf of
the World Stroke Organization. Int J Stroke. 2023;18:499-531.

10. Brady S, Donzelli J. The modified barium swallow and the
functional endoscopic evaluation of swallowing. Otolaryngol
Clin North Am. 2013;46:1009-22.

11. Unliier N, Temugin CM, Demir N, et al. Effects of Low-
Frequency Repetitive Transcranial Magnetic Stimulation
on Swallowing Function and Quality of Life of Post-stroke
Patients. Dysphagia. 2019;34:360-371.

12. Neubauer PD, Hersey DP, Leder SB. Pharyngeal Residue
Severity Rating Scales Based on Fiberoptic Endoscopic
Evaluation of Swallowing: a Systematic Review. Dysphagia.
2016;31:352-9.

13. Zhang Z, Yan L, Xing X, et al. Brain Activation Site of
LaryngealElevation During Swallowing: an fMRI Study.
Dysphagia. 2022.

14. Liang J, Huang J, Luo Z, et al. Brain network mechanism
on cognitive control task in the elderly with brain aging:
A functional near infrared spectroscopy study. Front Hum
Neurosci. 2023;17:1154798.

15. Sato H, Yahata N, Funane T, et al. A NIRS-fMRI
investigation of prefrontal cortex activity during a working
memory task. Neuroimage. 2013;83:158-173.

16. Sasai S, Homae F, Watanabe H, et al. A NIRS-fMRI study
of resting state network. Neuroimage. 2012;63:179-193.

17. Inamoto K, Sakuma S, Ariji Y, et al. Measurement of
cerebral blood volume dynamics during volitional swallowing
using functional near- infrared spectroscopy: an exploratory
study. Neurosci Lett. 2015;588:67-71.

18. Kober SE, Wood G. Hemodynamic signal changes during
saliva and water swallowing: a near- infrared spectroscopy
study. J Biomed Opt. 2018;23:1-7.

19. Knollhoff SM, Hancock AS, Barrett TS, et al. Cortical
activation of swallowing using fNIRS: a proof of concept study
with healthy adults. Dysphagia. 2022;37:1501-1510.

106

20. Watanabe E, Yamashita Y, Maki A, et al. Non-
invasive functional mapping with multi-channel near infra-
red spectroscopic topography in humans. Neurosci. Lett.
1996;205:41-44.

21. Hoshi Y, Kobayashi N, Tamura M. Interpretation of near-
infrared spectroscopy signals: a study with a newly developed
perfused rat brain model. J. Appl. Physiol. 2001;90:1657-1662.
22. Strangman G, Culver J.P, Thompson J.H, et al. A quantitative
comparison of simultaneous BOLD fMRI and NIRS recordings
during functional brain activation. Neuroimage. 2002;17:719-
731.

23. Toogood JA, Smith RC, Steven TK, et al. Swallowing
Preparation and Execution: Insights from a Delayed-Response
Functional Magnetic Resonance Imaging (fMRI) Study.
Dysphagia. 2017;32:526-541.

24. Lima MS, Mangilli LD, Sass FC, et al. Functional magnetic
resonance and swallowing: critical literature review. Braz J
Otorhinolaryngol. 2015;81:671-680.

25. Kober SE, Grossinger D, Wood G. Effects of Motor Imagery
andVisual Neurofeedback on Activation in the Swallowing
Network: a Real-Time fMRI1 Study Dysphagia. 2019;34:879-
89s.

26. Pinti P, Tachtsidis I, Hamilton A, et al. The present and
future use of functional near-infrared spectroscopy (fNIRS) for
cognitive neuroscience. Ann N Y Acad Sci. 2020;1464:5-29.
27. Griffin L, Kamarunas E, Kuo C, et al. Comparing
amplitudes oftranscranial direct current stimulation (tDcS)
to the sensorimotorcortex during swallowing. Exp Brain Res.
2022;240:1811-1822.

28. Duverne S, Koechlin E. Rewards and Cognitive Control
in the Human Prefrontal Cortex. Cereb Cortex. 2017;27:5024-
5039.

29. Lee J, Yammate C, Taira M, et al. Prefrontal cortex
activity during swallowing in dysphagia patients. J Oral Sci.
2018;60:329-335.

30. Kober SE, Hinterleitner V, Bauernfeind G, et al. Trainability
of hemodynamic parameters: a near-infrared spectroscopy-
based neurofeedback study. Biol Psychol. 2018;136:168-180.
31. Kober SE, Gressenberger B, Kurzmann J, et al. Voluntary
Modulation of Hemodynamic Responses in Swallowing
Related Motor Areas: a Near-Infrared Spectroscopy-Based
Neurofeedback Study. PloSone. 2015;10:¢0143314.

32. Kober SE, Bauernfeind G, Woller C, et al. Hemodynamic
Signal Changes Accompanying Execution and Imagery of
Swallowing in Patients with Dysphagia: A Multiple Single-Case
Near-infrared Spectroscopy Study. Front Neurol. 2015;6:151.
33. Kober SE, Wood G. Changes in hemodynamic signals
accompanyingmotor imagery and motor execution of
swallowing: a near-infraredspectroscopy study. Neuroimage.
2014;93:1-10.

34, Malandraki GA, Perlman AL, Karampinos DC, et al.
Reduced somatosensory activations in swallowing with age.
Hum Brain Mapp. 2011;32:730-743.

35. Wu JF, Wu Y, Zhang F, et al. Where are cortical lesions
responsible for opercular syndrome. Can J Neurol Sci.
2013;40:97-100.



36. Sessle BJ. Face sensorimotor cortex: its role and
neuroplasticity in the control of orofacial movements. Prog
Brain Res. 2011;188:71-82.

37. Lin CS, Wu CY, Wu SY, et al. Age- related difference
in functional brain connectivity of mastication. Front Aging
Neurosci. 2017;9:82.

38. Bremmer F, Schlack A, Shah NJ, et al. Polymodal motion
processing in posterior parietal and premotor cortex: a human
fMRI study strongly implies equivalencies between humans and
monkeys. Neuron. 2001;29:287-296.

39. Moon HI, Yoon SY, Yi TI, et al. Lesions responsible for
delayed oral transit time in post- stroke dysphagia. Dysphagia.
2018;33:321-328.

40. Pyun SB, Yoo HJ, Jung Y, et al. Neuroanatomical predictors
of dysphagia after stroke: voxel-based lesion symptom mapping
study. Journal of the Korean Dysphagia Society. 2019;9:68-76.

107

41. Wilmskoetter J, Martin-Harris B, Pearson WG, et al.
Differences in swallow physiology in patients with left and right
hemispheric strokes. Physiol Behav. 2018;194:144-152.
42.FuX,LiH, Yang W, et al. Electroacupuncture at HT5+GB20
produces stronger activation effect on swallowing cortex and
muscle than single points. Heliyon. 2023;9:€21922.

43. Liu H, Peng Y, Liu Z, et al. Hemodynamic signal changes
and swallowing improvement of repetitive transcranial magnetic
stimulation on stroke patients with dysphagia: a randomized
controlled study. Front Neurol. 2022;13:918974.
44.LiZ,Jiang Y, L H, et al. China's response to the rising stroke
burden. BMJ. 2019;364:1879.

45. Chua DMN, Chan KM. Cortical Activation during
Swallowing Exercise Tasks: an fNIRS Pilot Study. Dysphagia.
2024;40:327-335.



	Title

