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Background: Stroke is a serious manifestation of a variety of cerebrovascular diseases and can cause 
significant morbidity and mortality. This study explored the effects of traditional Chinese medicine (TCM) 
sensory stimulation combined with transcranial direct current stimulation (tDCS) on swallowing function 
and related complications in stroke patients with dysphagia. 
Methods: A total of 60 stroke patients with deglutition dysfunction admitted to our hospital from August 
2019 to January 2021 were selected as research subjects. The patients were randomized into 3 different 
treatment groups, namely, the TCM group, the tDCS group, and the TCM combined with tDCS group 
(the combined group). Water swallowing tests (WSTs) were conducted to compare the swallowing function 
before and after treatment. Video fluoroscopic swallowing studies (VFSS) were conducted to analyze the 
scores of the oral phase, pharyngeal phase, and degree of aspiration. Brain activation and brain volume were 
examined using functional magnetic resonance imaging (fMRI). 
Results: The WST and VFSS scores in the combined treatment group were significantly higher than that 
observed in the other two groups (P<0.05). The fMRI demonstrated that the brain activation volume in the 
combined treatment group was also greater than that in the other two groups (P<0.05). 
Conclusions: TCM combined with tDCS significantly improved deglutition and complications in stroke 
patients.
Trial Registration: Chinese Clinical Trial Registry ChiCTR-TRC-12001972.
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Introduction

Worldwide, there is an increasing incidence of stroke 
which is a leading cause of disability, morbidity, and 
mortality. It is positively correlated with the rise in the 
aging population, the fast pace of life, and poor health 
awareness (1). The pathogenesis of strokes includes various 
factors such as damage to the blood vessels or tissues in 
the brain, which eventually leads to acute cerebral blood 
circulation disorders. The complications of stroke include 
impairments in motor function  and breathing, cognitive 
impairment, aphasia, and disturbances of consciousness, 
sensation, and perception (2). The most common symptom 
of stroke is dysphagia, accounting for about 30–65% of 
all complications with the ingested food failing to reach 
the stomach. If patients are not diagnosed or treated in a 
timely manner, dysphagia can lead to aspiration pneumonia, 
malnutrition, reduced resistance, dehydration, asphyxia, and 
recurrent pulmonary infections, all of which can seriously 
affect the morbidity and mortality patients (3).

According to traditional Chinese medicine (TCM) 
theory, the underlying pathogenesis of stroke  is a 
dysfunction of the yin and yang, and a disordered flow 
of qi and blood. Stroke is inextricably linked with wind, 
fire, sputum, and stagnation (4). Dysphagia is caused by 
disordered internal wind movement , phlegm and blood 
stasis, and blockage of qi and blood. Many studies have 
demonstrated that TCM plays an important role in 
improving deglutition after a stroke (5).

Transcranial direct current stimulation (tDCS) is a 
non-invasive brain-stimulation technique which acts by 
directly applying weak current signals on the surface of 
the cerebral cortex. Specifically, tDCS plays a pivotal role 
in regulating the excitability of the cerebral cortex, as well 
as the activation and remodeling of the central cortex (6). 
Compared with traditional brain stimulation strategies such 
as transcranial magnetic stimulation (TMS) and deep brain 
stimulation, tDCS has been shown to significantly decrease 
the severity and incidence of headaches, dizziness, nausea, 
and insomnia (7).

A total of 60 stroke patients with deglutition dysfunction 
who were admitted to our hospital from August 2019 
to January 2021 were enrolled in this study. This report 
examined the effects of TCM sensory stimulation and tDCS 
on deglutition and related complications in stroke patients 
with dysphagia.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.

org/10.21037/apm-21-1055).

Methods

General information

A total of 60 stroke patients with deglutition dysfunction 
who were admitted to the Third Affiliated Hospital of 
Zhejiang Chinese Medical University from August 2019 to 
January 2021 were selected for this study. The following 
inclusion criteria were applied: (I) patients with confirmed 
cerebral hemorrhage or cerebral infarction by computed 
tomography (CT) or magnetic resonance imaging (MRI); 
(II) patients diagnosed with dysphagia following the water 
swallowing test (WST); (III) patients aged between 60 to 
80 years; (IV) patients who satisfied the TCM syndromes 
of wind phlegm and blood stasis; and (V) patients with 
stable vital signs and who fully understood the study and 
voluntarily provided informed consent. Patients were 
excluded from the study if they presented with the following: 
(I) dysphagia not caused by stroke; (II) presence of metal 
in the body, such as a cardiac pacemaker; (III) acute illness 
or bleeding diathesis; (IV) blood pressure greater than  
180 mmHg systolic and/or 120 mmHg diastolic; (V) cardiac 
failure, pulmonary failure, or renal failure; (VI) other critical 
conditions; and (VII) conscious or cognitive impairment. 
Patients were also excluded if they did not satisfy the TCM 
syndromes of wind phlegm and blood stasis. Randomization 
was completed using a computer-generated numbers table 
from the statistics package SPSS18.0. Enrolled patients were 
further randomly allocated into three groups, namely, the 
TCM group, the tDCS group, and the TCM combined with 
tDCS group (the combined treatment group). This study 
used a single-blinded method involving different personnel 
for experimentation, observation, data collection, and 
statistical analyses. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Research Ethics Committee of the Third 
Affiliated Hospital of Zhejiang Chinese Medical University 
(No.: ZSLL-JS-2020-002-01).

Treatments

All patients with cerebral hemorrhage or cerebral infarction 
were given conventional treatment in the neurology 
department to control and prevent complications. 
Symptomatic therapy and supporting treatments were carried 
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out according to the condition of the patients. Different 
levels of intervention were administered as required. 

The TCM group
The TCM regimen was Jieyudan powder stick stimulation, 
consisting of Bai aconite 10 g, Shicalamus 10 g, Yuanzhizhi 
10 g, Tianma 9 g, Quan Scorpio 3 g, Qianghuo 10 g, 
Nanxing 10 g, Muxiang 10 g, and licorice 6 g. One dose of 
Jieyudan was mixed with 500 mL of water and decocted to 
200 mL. After removing the dregs, the liquid was poured 
into ice trays of 4 cm × 10 cm × 3 cm, and a cotton stick was 
inserted into each ice tray. Finally, the medicine popsicles 
were packed in a plastic bag and frozen for further use. 
The medical staff administered the Jieyudan powder sticks 
by swabbing the patient’s palatoglossal arch, soft palate, 
palatopharyngeal arch, pharynx wall, both sides of the 
tongue body, and the tongue surface. The movements 
should be gentle and slow. During the stimulation intervals, 
patients were asked to make continuous “ee-mmm” sounds 
and try to maneuver their cheeks to show their teeth. They 
were also encouraged to perform the saliva swallowing test. 
Patients were treated twice daily, 30 minutes per treatment, 
for 30 consecutive days.

The tDCS group
The Transcranial Direct Current Stimulation machine 
(IS200 Intelligent Electrical Stimulator; Sichuan Intelligent 
Electronic Industry Company, Sichuan, China) was placed 
in a quiet room. A 5 cm × 5 cm pole piece was selected and 
the current intensity was adjusted to 2 mA. To increase the 
full electrode-skin contact, sponge pads were soaked in 
saline before use. The positive pole was placed on the left 
dorsal lateral prefrontal cortex (the stimulation area 8 cm 
before the central CZ point and 6 cm before the parietal 
opening were selected using the F3 and F4 regions of the 
international electroencephalogram system standard). The 
negative pole was placed on the right orbitofrontal region. 
Patients were treated once daily, 20 minutes each time, for 
30 consecutive days.

The TCM combined with tDCS group
Patients in this group were treated as for the TCM group 
and the tDCS group.

Evaluation markers

Water swallowing test
The WST proposed by Toshio Wada in Japan in 1982 was 

performed to evaluate the swallow function before and 
after 30 consecutive days of treatment. Patients swallowed 
30 mL of warm water and were monitored for the presence 
of a choking cough.  The WST was divided into grades. 
Grade I represented patients who successfully swallowed 
30 mL of warm water in one attempt within 5 seconds 
and they were given 0 points. Grade II referred to patients 
who swallowed in 2 or more gulps within 5–10 seconds 
without choking, and they were allocated 2 points. Grade 
III referred to patients who could swallow in 1 attempt 
within 5–10 seconds, but with a cough during swallowing, 
and they were given 4 points. Grade IV referred to patients 
who swallowed in 2 or more gulps within 5–10 seconds with 
choking during swallowing, and they were given 6 points. 
Grade V referred to patients who coughed several times and 
experienced difficulty swallowing the full volume within 10 
seconds, and they were allocated 8 points.  Thus, the score 
is inversely proportional to the degree of dysphagia, that 
is, higher scores indicated poorer swallowing function. A 
treatment was considered to have a curative effect, obvious 
effect, be effective, or ineffective depending on changes 
in the WST grade post-treatment.  A patient with WST 
grade I was considered to be cured. If the grade of WST 
was increased by 2 grades or more, the treatment was 
considered to have an obvious effect in the patient. If the 
grade of WST increased by 1 grade or more, it was deemed 
to be effective.  If the treatment did not change the grading 
of WST, it was deemed ineffective. The total effective rate  
= (number of cured cases + number of obvious effect cases + 
number of effective cases)/total number of cases  ×100%. 

Video fluoroscopic swallowing studies (VFSS)
VFSS were performed using the Shimadzu VS-20D 
Digital Gastrointestinal X-ray Machine (DR Instrument, 
Japan). Swallowing function before and after treatment 
were analyzed. For the oral phase, if patients could not 
pass food from the mouth into the pharynx, they scored 
0 points. If food could not be passed into the pharynx, or 
the patient could only pass food in the form of a paste into 
the pharynx, they scored 1 point. If food could be passed 
into the pharynx but required more than one attempt, 
the patient scored 2 points. If there was residue food after 
the swallowing attempt, patients scored 3 points.  In the 
pharyngeal phase, if the  deglutition reflex was insufficient, 
the patient scored 0 points. If a large big amount of residual 
food was detected in the laryngopharyngeal fossa and 
piriform fossa, the patients scored 1 point. If a small amount 
of residual food was detected in the laryngopharyngeal fossa 
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and piriform fossa, the patient scored 2 points. If food was 
passed into the esophagus with one swallowing attempt, 
the patient scored 3 points. If the patient experienced 
accidental aspiration, but no choking, they scored 0 points. 
If the patient experienced accidental aspiration and choking, 
they scored 1 point. If the patient experienced a low level 
of aspirations without choking, they scored 2 points. If the 
patient experienced a small degree of accidental aspiration 
with choking, they scored 3 points. If there is no accidental 
aspiration, the patients scored 4 points (8).

Functional magnetic resonance examination 
MRI (1.5T full-body magnetic resonance scanner and 
head orthogonal coil; GE Healthcare, Chicago, USA ) was 
performed on patients upon admission and after treatment. 
MRI scans included pre-contrast axial T1-weighted spin-
echo imaging (T1WI) with repeat time/echo time (TR/
TE) of 500 ms/14 ms, thickness of 5 mm, no slice gap 
spacing, and field of view of 240 mm × 240 mm. Functional 
images were acquired with a gradient echo and echo planar 
sequence at intervals of 3 seconds (TR/TE, 3,000/30 msec; 
slice thickness no slice gap; flip angle 90°; matrix 64×64). 
In this study, blood oxygenation level-dependent functional 
images were acquired throughout the experiment and 
preprocessing images acquired were converted to analyze 
format using MRIcro software. The neural functional 
pathways were analyzed by comparing the brain areas 
before and after activation.

Statistical analysis

All  parameters  at  each voxel  were performed by 
deconvo lu t ion  to  ex t rac t  mean  ac t i va t ion  maps 
superimposed on the standardized three-dimensional 
anatomical map. Brain regions were reported on the basis 
of coordinates using the Talairach Daemon client (7). All 
data were analyzed using the SPSS18.0 software. The 
measurement data were expressed as mean ± standard 

deviation (x ± s),  and comparisons were performed using 
an independent sample t-test. Enumeration data were 
expressed as rate (%), and the Chi-square test was used. 
P< 0.05 was considered as statistically significant.

Results

General clinical data of the patients 

Among the three groups, there were no significant 
differences in gender, age, illness duration, nor hemiparesis 
of the limbs (P>0.05; Table 1). The Consolidated Standards 
of Reporting Trials (CONSORT) diagram is shown in 
Figure 1.

The results of the WST before and after treatment 

The WST demonstrated that patients given the combined 
TCM and tDCS treatment had an effective rate of 
90.000%, which was significantly higher than the effective 
rate observed in the TCM group (65.000%; P<0.05) and 
the tDCS group (70.000%; P<0.05; Table 2). 

The results of VFSS before and after treatment 

The typical performance of VFSS was shown in Figure 2.  
The VFSS results demonstrated that there were no 
significance differences in the oral phase, pharyngeal phase, 
nor the degree of accidental aspiration before treatment 
among the three groups  (P>0.05). However, after treatment 
the VFSS score in the combined treatment group was 
significantly higher than those in the TCM group and the 
tDCS groups (P<0.05; Table 3).

The results of MRI before and after treatment 

The MRI results demonstrated that the activate brain areas 
of patients in the TCM group were mainly distributed in 

Table 1 General clinical data of the patients 

Group N Male/female Age (years) Illness duration (weeks) Hemiparesis limb (left/right)

TCM 20 11/9 63.18±1.94 3.72±1.34 12/8

tDCS 20 10/10 62.94±2.08 3.61±1.27 11/9

Combined 20 12/8 64.05±.0.84 3.58±1.19 10/10

TCM, traditional Chinese medicine; tDCS, transcranial direct current stimulation; Combined, the TCM treatment combined with tDCS 
treatment.
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Figure 1 The Consolidated Standards of Reporting Trials (CONSORT) flow diagram of study participants. TCM, traditional Chinese 
medicine; tDCS, transcranial direct current stimulation.

Sample collection

Random grouping

tDCS (n=20)

Video fluoroscopic 
swallowing studies 

(VFSS)

Combined (n=20)

Functional magnetic 
resonance 

examination

TCM (n=20)

Water 
swallowing test

Exclude criteria:
 (I) dysphagia not caused by stroke; (II) presence of metal in the 
body, such as a cardiac pacemaker; (III) acute illness or bleeding 
diathesis; (IV) blood pressure greater than 180 mmHg systolic 
and/or 120 mmHg diastolic; (V) cardiac failure, pulmonary 
failure, or renal failure; (VI) other critical conditions; and (VII) 
conscious or cognitive impairment

Inclusion criteria:
(I) patients with confirmed cerebral hemorrhage or cerebral 
infarction by computed tomography (CT) or magnetic resonance 
imaging (MRI); (II) patients diagnosed with dysphagia following 
the water swallowing test (WST); (III) patients aged between 
60 to 80 years; (IV) patients who satisfied the TCM syndromes 
of wind phlegm and blood stasis; and (V) patients with stable 
vital signs and who fully understood the study and voluntarily 
provided informed consent

the motor area of the left and right precentral gyrus, and the 
nodules of the left cerebellum posterior lobe. The activate 
brain areas of patients in the tDCS group were mainly 
distributed in the left and right precentral gyrus , adjacent 
bilateral anterior operculum insulae, and left internal 
frontal gyrus. The activate brain areas of patients in the 
combined treatment group were mainly distributed in the 
left and right precentral gyrus , adjacent bilateral anterior 

operculum insulae, the left and right motor area, the 
nodules of the left and right cerebellum posterior lobe, the 
inferior semi-lunar lobule of the left and right cerebellum 
posterior lobe, and the right midbrain. Therefore, the 
volume of activate brain area in patients in the combined 
treatment group was significantly greater than those of 
patients in the TCM group and the tDCS group (P<0.05; 
Table 4).

Table 2 The results of the water swallowing test before and after treatment (N, number of cases)

Group N Cure Obvious effect Effective Ineffective Effective rate (%)

TCM 20 2 5 6 7 65.00a

tDCS 20 3 4 7 6 70.00a

Combined 20 8 6 4 2 90.00ab

a, P<0.05, comparison in the same group before and after treatment; b, P<0.05, comparison of the Combined group with the TCM and 
tDCS groups after treatment. TCM, traditional Chinese medicine; tDCS, transcranial direct current stimulation; Combined, the TCM 
treatment combined with tDCS treatment.
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Table 3 The results of VFSS before and after treatment

Group Counts
Oral phase Pharyngeal phase Degree of accidental aspiration

Before treatment After treatment Before treatment After treatment Before treatment After treatment 

TCM 20 0.87±0.18 1.54±0.50a 0.73±0.21 1.41±0.27a 1.09±0.38 1.81±0.59a

tDCS 20 1.02±0.20 1.79±0.49a 0.88±0.10 1.88±0.43a 0.99±0.24 2.04±0.63a

Combined 20 0.95±0.19 2.21±0.74ab 0.80±0.19 2.61±0.82ab 1.05±0.29 2.94±0.95ab

a, P<0.05, comparison in the same group before and after treatment; b, P<0.05, comparison of the Combined group with the TCM group 
and the tDCS group after treatment. VFSS, video fluoroscopic swallowing studies; TCM, traditional Chinese medicine; tDCS, transcranial 
direct current stimulation; Combined, the TCM treatment combined with tDCS treatment.

Figure 2 The typical performance of VFSS. VFSS, video fluoroscopic swallowing studies.

Leakage Aspiration The cricopharyngeal muscle is not open at all

Discussion

Dysphagia after a stroke is a common poor prognostic 
factor, induced by limited reflex activity and dysfunction 
of the swallowing muscles after cerebrovascular damage. 
It can directly lead to malnutrition, aspiration pneumonia, 
obstruction, and suffocation (9). Currently, local cold 
stimulations and tDCS are suitable diagnostic tools for 
dysphagia in severe stroke patients (10-12).

Transcranial direct current stimulation (tDCS) is an 
emerging non-invasive brain stimulation technology. It can 
directly act on the cerebral cortex through a weak current, 
adjust the excitability of the cerebral cortex, activate the 
cortical center directionally, and promote the remodeling of 
the injured center (6). Compared with traditional physical 
therapy methods such as transcranial magnetic stimulation 
and deep brain stimulation, the subjects’ headache, 
dizziness, nausea, and insomnia were greatly reduced (7,13).

Sensory stimulation of traditional Chinese medicine 
can enhance the sensitivity of the soft palate and pharynx, 

promote the occurrence of swallowing reflex, and can make 
the brainstem and cerebral cortex perceive stimulation, 
improve swallowing and eating attention, so as to accelerate 
the reconstruction of swallowing pathways and improve 
swallowing function.

This current study demonstrated that patients in the 
combined group had superior WST and VFSS scores, and 
greater active brain volume compared to patients in the 
TCM group and tDCS group  (P<0.05). There may be 
several reasons for this. Cold stimulation with the Jieyudan 
powder stick results in contraction of the oral muscles. 
The sensitivity of the muscles and mucous membranes are 
effectively increased, thereby promoting a speech reflex (14).  
Furthermore, when concentrated on the open-tongue, 
the cold Jieyudan stick can elicit an expectorant effect.  
According to TCM theory, the Jieyudan powder sticks 
restore the swallowing function through the interaction 
with the meridian , which are channels through which qi 
and other substances flow. However, the volume of the 
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brain activate area was small in the TCM group, which 
may be due to the fact that the sensory stimulation of 
TCM mainly acted on the local muscle mucosa, with no 
obvious effects on the reflex mechanisms of the brain, and 
little effect on dendritic lateral branch germination and 
synaptic threshold. 

tDCS is a noninvasive rehabilitation approach. Anodic 
stimulation can cause depolarization of resting membrane 
potential and improve cortical excitability. Interestingly, 
contralateral motor-evoked potential amplitude can be 
induced in the period of transcorpus callosum inhibition 
and initial latency, which can relieve dysphagia (15-17). 
However, anodic stimulation was not as effective  as cold 
stimulation. The combined treatment group showed the 
common WST and VFSS scores, the brain activation 
volume of both the TCM group and the tDCS group. 
The sensory stimulation of TCM enhanced pharyngeal 
sensitivity, and at the same time the dominant areas in the 
cerebral cortex responsible for the swallowing muscles were 
activated by transcranial direct current stimulation.

In summary, TCM sensory stimulation combined with 
tDCS can be utilized to improve deglutition and related 
complications in stroke patients with dysphagia, and its 
clinical application should be encouraged. 
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