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Abstract
Background: Transcranial direct current stimulation (tDCS) may have a potential for improving post-stroke
dysphagia.
Objective: The purpose of this study was to examine the effect of tDCS on improving dysphagia in stroke patients.
Patients and methods: Forty stroke patients were divided randomly into two equal groups (the study (group A)
and control groups (group B). Group A received a physical therapy program and active (tDCS), and group B
received the same physical therapy program and sham (tDCS). The Dysphagia Outcome and Severity Scale (DOSS)
and videofluoroscopy were performed in all patients before and after 2 weeks of the treatment program.
Results: Before treatment, there were no significant differences between the two groups for DOSS score or digital
fluoroscopic findings. After treatment, there were significant differences between the study and control group for
DOSS score and digital fluoroscopic findings.
Conclusion: Anodal tDCS is effective in improving dysphagia in stroke patients.
Keywords: Stroke, Dysphagia, Transcranial direct current stimulation

Introduction
Dysphagia is a common medical complication that can
occur following ischemic stroke and affects 13–94% of
acute stroke patients. Its incidence is related to stroke
location and lesion volume [1].
Mortality and morbidity are high in patients with
post-stroke dysphagia (PSD) due to aspiration pneumonia and malnutrition. It may improve spontaneously;
however, a long-term disability develops in approximately 11.5% of patients [2].
The pharyngeal phase of swallowing has been shown
to be affected in right hemisphere stroke, with impairment the initiation and duration of swallowing and increased rate of aspiration [3]. In contrast, strokes of the
left hemisphere result in impairment of pharyngeal
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transit and longer oral transit [4]. Several strategies
aimed at modifying corticomotor excitability have
emerged which include repetitive transcranial magnetic
stimulation (rTMS) and transcranial direct current
stimulation (tDCS) [5].
TDCS have some advantages over rTMS, which include long-lasting modulatory effects of cortical function, ease of application, and low cost. In tDCS, a weak
direct current is used to stimulate the cerebral cortex
[6]. The “long-lasting” effect of tDCS is thought to be related to neuroplastic changes in the brain, its impact on
visual perception and cognitive functions, including
motor-learning, working memory, episodic, and semantic memory [7].
TDCS has shown to improve the effectiveness of swallowing therapy in patients with dysphagia after stroke.
Many studies have found that repeated stimulation of
the unaffected swallowing cortex with anodal tDCS in
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combination with timed effortful swallowing is associated with significant improvement in swallowing compared with sham tDCS in patients with acute–subacute
unilateral hemispheric stroke. This was the case even
after adjusting for the effects of other variables such as
severity of dysphagia, age of patients, and time of stimulation [8].
The mechanism of tDCS in PSD is depolarization or
hyperpolarization of the neural tissue, which induces significant changes in the resting membrane potential and
thus modulate synaptic plasticity in ischemic stroke [9].
The purpose of this study was to determine the effectiveness tDCS on improving dysphagia following stroke.

liquids, such as honey and liquidized solids). The Dysphagia Outcome and Severity Scale (DOSS) is a simple
and easy-to-apply, 7-point scale to rate the severity of
dysphagia, and was obtained before the first session
(DOSS-pre) and after the last session (DOSS-post).
Videofluoroscopy (VFS), Also known as a modified barium swallow, is the gold standard for swallowing assessments. Oral administration of radio opaque barium is
captured in the lateral view with moving images. Occasionally, anterior posterior views may be obtained. The
machine used was and Omni Diagnostic Eleva (Philips
Medical System Netherlands), which is a device type
used for diagnostic X-ray.

Methods
This randomized controlled single blinded study was
conducted in 40 patients with cerebrovascular ischemic
stroke. Patients were selected from (blinded for peer review). The patients’ ages ranged from 45 to 60 years. Patients were divided randomly into two equal groups
(groups A and B); each comprising 20 patients. Each
group was divided into two equal subgroups: group A1
consisted of 10 patients with unilateral hemispheric
stroke and group A2 consisted of 10 patients with bilateral hemispheric stroke. Group B1 consisted of 10 patients with unilateral hemispheric stroke and group B2
consisted of 10 patients with bilateral hemispheric
stroke.
Patients with acute or subacute ischemic stroke were
included in the study. The location of stroke was in the
territory of the carotid system and was diagnosed clinically and confirmed by computed tomography and or
magnetic resonance imaging of the brain (within the first
month). The severity of dysphagia was ranged from mild
to severe. Patients were vitally stable, oriented, and were
able to follow commands.
Patients were excluded if they had severe impairment
of swallowing before the stroke, difficulty communication, impaired cognition, a neuro-degenerative disorder,
or major psychiatric illness such as depression, unstable
health issues such as severe cardiac disease or renal failure, intracranial devices, and/or metal excluding tDCS
application, chronic drug use that could affect brain activity such as anti-epileptics or antipsychotics, alcohol
abuse, epilepsy, pregnancy, or a pacemaker or other implanted electrically sensitive device.

Treatment protocol

Assessment protocol

Details of each patient were recorded, which included
age, gender, time from stroke onset to stimulation and
the National Institutes of Health Stroke Scale (NIHSS)
as a measure of stroke severity before stimulation.
Swallowing was assessed using different food consistencies (teaspoon, cup sip and straw sip of thin and thick

Group A1 received anodal tDCS on pharyngeal motor
cortex, and a selected physiotherapy program to improve
swallowing. For anodal stimulation of the pharyngeal
motor cortex, the anode electrode was placed over the
healthy hemisphere at mid-distance between C3 and T3
on the left or C4 and T4 on the right according to international 10/20 electroencephalogram (EEG) electrode
system. A reference electrode was placed over the
contralateral supraorbital region. This montage allows a
maximal current will be generated over the inferior sensorimotor cortex and the neighboring premotor brain
regions that are critical for the reorganization of the
swallowing motor cortex in PSD. A constant current of
2 mA intensity was applied for 30 min. Stimulation was
applied for five consecutive sessions for 2 weeks. Group
A2 received selected physiotherapy program and active
tDCS. Five consecutive sessions were applied on the
dominant hemisphere and then on the non-dominant
hemisphere. A constant current of 2 mA intensity was
applied for 30 min.
Group B (Control) received the selected physiotherapy
program to improve dysphagia and sham tDCS. Stimulation was applied for five consecutive sessions for 2
weeks. The tDCS machine used was an exclusive neuromodulation technology developed by Soterix medical
Inc. (New York, USA). The Soterix device has the option
of delivering a sham session which causes the patient to
feel a similar tingling sensation to active tDCS. This
minimizes the placebo effect of the sham condition.
Statistical analysis

The collected data were analyzed using the statistical
package for social studies (SPSS) version 21 for Windows. Data were summarized using mean and standard
deviation for quantitative variables if normally distributed, or median if not normally distributed. A percentage was used for qualitative variables. Comparison of
treatment effect between different groups was tested
using Wilcoxon signed-rank test for quantitative data
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and McNemer for qualitative binomial distribution data.
If no variation in esophageal spasm was found before
treatment, the effect of treatment was evaluated by fitting the data to a binomial distribution (0.05 equal probabilities for response and no response). Correlations had
done using Spearman’s correlation coefficient. Linear regression analysis was done to detect the predictors of
improvement of swallowing. An alpha of 0.05 was used
as a level of statistical significance.

Results
Group A ranged in age from 45 to 60 years with a mean
age of 53.30 ± 5.038 years. Their NIHSS score ranged
from 5 to 20 with a median of 10.50, and their time to
stimulation (day) ranged from 2 to 10 days with a median of 4.50. Group B with ranged from 45 to 60 years
with a mean age of 50.30 ± 5.222 years. Their NIHSS
score ranged from 5 to 20 with a median of 11, their
time to stimulation (day) ranged from 2 to 25 days with
a median of 7.5. No statistically significant differences
between the two groups were found for any of the above
parameters (P > 0.05) (Table 1).
Results of DOSS score and different components of
digital fluoroscopic evaluation pre-treatment and posttreatment in GA

There were significant differences between pre- and
post-treatment for all variables (P < 0.05) (Table 2).
Results of DOSS score and different components of
digital fluoroscopic evaluation pre-treatment and posttreatment in group B

There were no significant differences between preand post-treatment for any of the variables (P > 0.05)
(Table 3).
Results of DOSS score and different components of
digital fluoroscopic evaluation pre-treatment in groups A
and B

There were no significant differences between the study
and control group for any of the variables before starting
treatment (P > 0.05) (Table 4).
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Results of DOSS score and different components of
digital fluoroscopic evaluation post-treatment in groups
A and B

There were significant differences between the study and
control group for all the variables of the DOSS score
and different components of the digital fluoroscopic
evaluation (P < 0.05) (Table 5).
Results of DOSS score and different components of
digital fluoroscopic evaluation pre-treatment for groups
A1 and A2

There were no statistically significant differences between the subgroups for any of the variables of the
DOSS score or different components of the digital
fluoroscopic evaluation (P > 0.05). There were also no
statistically significant differences between the subgroups
for any of the variables (P > 0.05) except aspiration,
which was improved in the unilateral stroke (group A1;
P < 0.05) (Table 6).
Results of DOSS score and different components of
digital fluoroscopic evaluation post-treatment in all
patients with unilateral stroke (groups A1 and B1)

There were significant differences between the study and
control group for all variables of the DOSS score and
different components of digital fluoroscopic evaluation
(P < 0.05). There were also significant differences between the study and control group in all patients with
bilateral stroke (groups A2 and B2) for all variables (P <
0.05). The results demonstrated an improvement in patients with unilateral and bilateral stroke.
There was a statistically significant correlation between
NIHSS scores, time of stimulation in relation to DOSS
score and different components of digital fluoroscopic
evaluation (P < 0.05). Patients with lower NIHSS score
had greater improvement. Furthermore, patients with
earlier time of stimulation had greater improvement of
all parameters.
Linear regression analysis was done to detect the predictors of improvement of swallowing that was assessed
by DOSS score (dependent factor), the NIHSS, time of
stimulation were used as an independent predictors. We
found that both NIHSS and time of stimulation were

Table 1 Comparison between groups A and B for age, NIHSS score, and time of stimulation
Demographic data

Group (A)

Group (B)

Mean ± SD

Mean ± SD

Age

53.30 ± 5.03

50.30 ± 5.222

NIHSS score

Median, range

Time to stimulation

P value
0.167
Median, range

10.50(5–20)

11(5–20)

0.1

4.50(2–10)

7.50(2–25)

0.186

P probability, *significant (P < 0.05)
SD standard deviation, *significant (P < 0.05)
Tests used: Student’s t test, Mann-Whitney test
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Table 2 Comparison of the DOSS score and different components of the digital fluoroscopic evaluation between pre- and posttreatment in group A
Variables

Pre

Post

P value

Median(range)

Median (range)

DOSS score

1 (1–3)

6 (1–7)

0.001*

Oral transportation time

44.50 (24–55)

20.50 (7–50)

0.001*

Frequency (percent)

Frequency (percent)

Positive laryngeal elevation

4 (20%)

17 (85%)

Positive hyoid elevation

4 (20%)

17 (85%)

< 0.001*

Esophageal sphincter spasm

20 (100%)

3 (15%)

<0.003*

Positive aspiration

20 (100%)

6 (30%)

0.001

< 0.001*

DOSS Dysphagia Outcome and Severity Scale
P probability, *significant (P < 0.05)
Tests used: McNemar test, Wilcoxon signed-rank test, Pearson’s chi-squared test

significant predictors for swallowing improvement (Beta
= − 0.523, P = 0.01), (Beta = − 0.496, P = 0.03),
respectively.

Discussion
There are some studies that report favorable effects of
rehabilitative interventions and functional recovery following stroke. These include increased perfusion to different cortical areas, reorganization of neuronal
plasticity, and recovery of diaschisis. Some functional
neuroimaging studies have suggested that reactivation of
undamaged portions of the ipsilesional motor cortex is
associated with favorable outcomes following stroke.
These studies reported that anodal tDCS to both hemispheres may be useful in improving dysphagia following
stroke [10].
Jefferson and colleagues [11] stated that anodal tDCS
modifies pharyngeal motor cortex excitability, which
may affect the swallowing center in the brainstem. Our
study showed that the combination of intensive swallowing therapy and anodal tDCS improved swallowing more
than swallowing therapy alone.

TDCS has been shown to be a safe intervention with
minimal side effects that are limited to tingling, itching,
and local erythema [12].
Therapies that combine swallowing exercises with
tDCS consider the important mechanism of action to be
networking motor outputs with brain stimulation by
linking sensory inputs with stimulation. In stroke patients, sensory input from the pharynx has been found
to increase the excitability of the swallowing motor cortex of the healthy hemisphere [13].
We showed that there was a significant difference in
the median values of the DOSS score between groups A
and B at the end of the treatment program. There was
also a highly significant difference in the median values
of the VFS scores between groups A and the B at the
end of the treatment program. Results showed that there
was improvement in both unilateral and bilateral lesion
patients in group A.
The results of this study is in agreement with the study
of Kumar and colleagues [8], who showed that swallowing maneuvers in combination with anodal tDCS improved swallowing in patients with PSD. The study

Table 3 Comparison of the DOSS score and different components of the digital fluoroscopic evaluation between pre- and posttreatment in group B
Variables

Pre

Post

P
value

Median (range)

Median (range)

DOSS score

2 (1–3)

2 (1–5)

0.773

Oral transportation time

36 (7–55)

40.50 (7–56)

0.116

Frequency (percent)

Frequency (percent)

Positive laryngeal elevation

5 (25%)

5 (25%)

1

Positive hyoid elevation

5 (25%)

5 (25%)

1

Esophageal sphincter spasm

14 (70%)

17 (85%)

0.453

Positive aspiration

16 (80%)

17(85%)

1

DOSS Dysphagia Outcome and Severity Scale
P probability, *significant (P < 0.05)
Tests used: Wilcoxon signed-rank test, Pearson’s chi-squared test
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Table 4 Comparison of the DOSS score and different components of the digital fluoroscopic evaluation pre-treatment between
both groups A and B
Variables

Study group

Control group

P
value

Median (range)

Median (range)

DOSS score

1 (1–3)

2 (1–3)

0.09

Oral transportation time

36 (7–55)

40 (15–55)

0.06

Frequency (percent)

Frequency (percent)

Positive laryngeal elevation

4 (20%)

5 (25%)

1

Positive hyoid elevation

4 (20%)

5 (25%)

1

Esophageal sphincter spasm

20 (1000%)

14 (70%)

0.11

Positive aspiration

20 (100%)

16(80%)

0.11

DOSS Dysphagia Outcome and Severity Scale
P probability, *significant (P < 0.05)
Tests used: Mann-Whitney test, Pearson’s chi-squared test

included 14 patients with unilateral stroke who underwent tDCS or sham stimulation of the swallowing motor
cortex in the unaffected hemisphere for 5 days in combination with swallowing exercises. Dysphagia severity
was assessed using the DOSS. Results showed that patients who received anodal tDCS improved by 2.60
points compared with patients who received sham tDCS
who improved by1.25 points (P = .019).
Another study using tDCS undertaken by yang and
colleagues recruited 16 patients with dysphagia following
stroke, who received either anodal or sham tDCS over
the pharyngeal motor cortex of the affected hemisphere
in combination with 30 min of conventional swallowing
exercises, daily for 10 days. Dysphagia severity was
assessed using functional dysphagia scale (FDS); scores
were measured at baseline, as well as immediately, and 3
months after the intervention. They found that immediately after the intervention, FDS scores had improved to
the same degree in both groups. However, after 3
months, the group that had received anodal tDCS
showed great improvement in FDS score compared with
the sham group. They concluded that anodal tDCS of

the affected pharyngeal motor cortex can improve dysphagia outcome in patients with PSD [9].
Also, Shigematsu and colleagues [14] investigated
whether tDCS of the pharyngeal motor cortex combined
with an intensive swallowing program can improve dysphagia. They enrolled 20 patients who had dysphagia for
more than 1 month after stroke. Patients were randomly
assigned to receive 10–20-min sessions of either tDCS
or a sham procedure to the ipsilesional pharyngeal
motor cortex, in combination with a conventional swallowing therapy. The swallowing function was evaluated
with DOSS before, immediately after, and 1 month after
the last session. The results showed that anodal tDCS resulted in an improvement of 1.4 points in DOSS (P =
.006) immediately after the last session and 2.8 points (P
= .004) 1 month after the last session. The sham tDCS
group improved 0.5 points (P = .059) after the last session and 1.2 points (P = .026) 1 month after the final
session. The improvements in the anodal tDCS group
were significantly higher than those in the sham tDCS
group (P = .029 after the last session, and P = .007, 1
month after the last session). They concluded that

Table 5 Comparison of the DOSS score and different components of the digital fluoroscopic evaluation post-treatment between
groups A and B
Variables

Study group

Control group

P value

Median (range)

Median (range)

DOSS score

6 (1–7)

2 (1–5)

0.001*

Oral transportation time

20.50 (7–50)

40.50 (7–56)

0.004*

Frequency (percent)

Frequency (percent)

Positive laryngeal elevation

17 (85%)

5 (25%)

< 0.001*

Positive hyoid elevation

17 (85%)

5 (25%)

< 0.001*

Esophageal sphincter spasm

3 (15%)

17 (85%)

< 0.001*

Positive aspiration

6 (30%)

17 (85%)

0.001*

DOSS Dysphagia Outcome and Severity Scale
P probability, *significant (P < 0.05)
Tests used: Mann-Whitney test, Pearson’s chi-squared test
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Table 6 Comparison the of DOSS score and different components of the digital fluoroscopic evaluation between pre- and posttreatment in groups A1 and A2
Variables

Group A1

P value

Group A2

Median (range)

Median (range)

Pre

Post

Pre

Post

Pre

Post

DOSS

2(1–3)

6(2–7)

1(1–2)

5(1–7)

0.55

0.625

Oral transplantation time

39(25–55)

29(7–50)

41(24–54)

45(20–50)

0.05

0.432

Frequency (percent)

Frequency (percent)

Pre

Post

Pre

Post

Pre

Post

Positive laryngeal elevation

3(30%)

9(90%)

1(10%)

8(80%)

0.352

0.109

Positive hyoid elevation

3(30%)

9(90%)

1(10%)

8(80%)

0.352

0.109

Esophageal sphincter spasm

10(100%)

1(10%)

10(100%)

2(20%)

1

0.344

Positive aspiration

10(100%)

1(10%)

10(100%)

5(50%)

1

0.02*

DOSS Dysphagia Outcome and Severity Scale
P probability, *significant (P < 0.05)
Pre pre-treatment, Post post-treatment
Tests used: Mann-Whitney test, Pearson’s chi-squared test

anodal tDCS to the ipsilesional swallowing motor cortex
combined with a swallowing program significantly improved swallowing function in patients with PSD.
In a study done of 60 acute dysphagic stroke patients
who received either contralateral anodal or sham tCDS
stimulation over the swallowing motor cortex over four
consecutive days, a greater improvement in swallowing
function was found in the anodal stimulation group. Patients were thoroughly assessed before and after the
intervention using the validated fiberoptic endoscopic
dysphagia severity scale [15].
There were statistically significant correlations between the NIHSS scores, time of stimulation, DOSS
scores, and different digital fluoroscopic evaluation
scores. This was in accordance with Suntrup Krueger
and colleagues [15], who found that the low NIHSS
scores were related to greater swallowing improvement
and earlier application of tDCS related to greater swallowing improvement during the acute–subacute stage.
Furthermore, the study by Kumar and colleagues [7] that
included patients within a similar time frame also obtained positive results.
A study done by Li and colleagues [16] showed that
both unilateral and bilateral anodal tDCS combined with
conventional therapies are helpful in the recovery of swallowing function in patients with PSD, with bilateral anodal
tDCS resulting in substantially more improvement.
In the present study, we overcame the spontaneous recovery of dysphagia in stroke patients by comparing between two groups: unilateral stroke patients who may
recover from dysphagia spontaneously, and bilateral
stroke patients whose dysphagia was severe and unlikely
to recover spontaneously.
The strengths of the present study were the success in
starting oral intake without a feeding tube in acute

stroke patients with severe dysphagia, and the two tDCS
protocols of contralateral and bilateral stimulation.
The limitations of the study were the small sample
sizes and the lack of prolonged follow-up. Another limitation was variation in the site of stimulation and tDCS
parameters between our and other studies. This prevents
the development of an accurate conclusion in this area,
and we recommend making head-to-head comparison
trials to compare stimulation protocols.

Conclusion
We concluded that anodal tDCS applied to the contralateral or bilateral hemispheres of acute stroke patients
effectively improves swallowing function when combined
with intensive swallowing therapy. NIHSS and time of
stimulation were significantly correlated with improvement of swallowing and could be used as predictors of
improvement of dysphagia after tDCS sessions.
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