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Objective  To investigate the effect of low-frequency repetitive transcranial magnetic stimulation (rTMS) and 
neuromuscular electrical stimulation (NMES) on post-stroke dysphagia.
Methods  Subacute (<3 months), unilateral hemispheric stroke patients with dysphagia were randomly assigned 
to the conventional dysphagia therapy (CDT), rTMS, or NMES groups. In rTMS group, rTMS was performed at 
100% resting motor threshold with 1 Hz frequency for 20 minutes per session (5 days per week for 2 weeks). In 
NMES group, electrical stimulation was applied to the anterior neck for 30 minutes per session (5 days per week 
for 2 weeks). All three groups were given conventional dysphagia therapy for 4 weeks. We evaluated the functional 
dysphagia scale (FDS), pharyngeal transit time (PTT), the penetration-aspiration scale (PAS), and the American 
Speech-Language Hearing Association National Outcomes Measurement System (ASHA NOMS) swallowing scale 
at baseline, after 2 weeks, and after 4 weeks.
Results  Forty-seven patients completed the study; 15 in the CDT group, 14 in the rTMS group, and 18 in the 
NMES group. Mean changes in FDS and PAS for liquid during first 2 weeks in the rTMS and NMES groups were 
significantly higher than those in the CDT group, but no significant differences were found between the rTMS and 
NMES group. No significant difference in mean changes of FDS and PAS for semi-solid, PTT, and ASHA NOMS was 
observed among the three groups.
Conclusion  These results indicated that both low-frequency rTMS and NMES could induce early recovery from 
dysphagia; therefore, they both could be useful therapeutic options for dysphagic stroke patients.
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INTRODUCTION

The cerebral cortex, the swallowing center, various mo-
tor and sensory nerves, and anatomical structure coop-
erate in the human body to deliver the food taken from 
the mouth to the stomach. In addition to brainstem dam-
age, bilateral, unilateral cerebral lesion, structural injury 
or damage related to swallowing function may cause 
dysphagia. Dysphagia, often accompanied by muscle 
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weakness after stoke, occurs in 45%–65% of acute stroke 
patients [1,2]. Most patients recover their swallowing 
function within a few weeks after stroke. This recovery 
from dysphagia after stroke might follow the reorganiza-
tion of the non-injured motor cortex, but the extent of re-
covery varies widely from patient to patient [3]. Dyspha-
gia may cause serious complications, such as aspiration 
pneumonia, dehydration, malnutrition, or even death. 
Thus, following early detection of swallowing dysfunc-
tion, immediate and appropriate treatment is needed to 
prevent possible complications caused by dysphagia.

For the rehabilitation of dysphagia, various treatment 
methods have been used to improve the swallowing func-
tion of patients, including sensory stimulation of the oral 
and facial areas, oral and pharyngeal muscle strengthen-
ing, compensatory techniques, and thermal tactile stimu-
lation [4,5]. Repetitive transcranial magnetic stimulation 
(rTMS), a non-invasive method of stimulating the brain, 
has been used recently as it is known to be effective in 
controlling the excitability of the cortex and in reducing 
the imbalance between the hemispheres after stroke [6,7]. 
Neuromuscular electrical stimulation (NMES) has also 
been used in many studies for the treatment of dysphagia 
[8-12]. It uses surface electrodes to deliver electrical stim-
ulation to anterior neck muscles causing muscle contrac-
tion by depolarizing the nerve fibers within the region of 
application.

rTMS and NMES are treatment methods commonly 
used in clinical practice for dysphagia of stroke patients. 
Michou et al. [13] compared the effect of the 5 Hz-rTMS, 
the pharyngeal electrical stimulation, and the combined 
use of the two modalities in patients with chronic dys-
phagic stroke to that of the control group. However, they 
used the intraluminal catheter inserted either transna-
sally or transorally to stimulate the pharyngeal muscles, 
which was difficult to apply in actual clinical practice. In 
addition, only single stimulation session was used in that 
study. Furthermore, the evaluation was conducted im-
mediately and 30 minutes after the session to observe the 
short-term change. rTMS and NMES are often used clini-
cally during the subacute phase rather than the chronic 
phase of stroke. NMES with surface electrodes has been 
widely used in clinical setting because surface electrodes 
are non-invasive which can be easily applied. Therefore, 
this study was designed to compare the treatment effects 
of rTMS and NMES and to follow-up patients with sub-

acute unilateral cerebral infarction or hemorrhage with 
dysphagia.

MATERIALS AND METHODS

Subjects
Stroke patients with dysphagia were enrolled in this 

study. Participant selection criteria were 1) primary di-
agnosis of unilateral cerebral infarction or hemorrhage 
with computerized tomography or magnetic resonance 
imaging scan; 2) stroke onset <3 months; 3) patients who 
could maintain their balance during the evaluation and 
treatment session; and 4) patients who had cognitive 
function enough to cooperate in the treatment (>15-point 
on the Korean version of Mini-Mental State Examination 
[K-MMSE]). Dysphagia was confirmed using a videofluo-
roscopic swallowing study (VFSS) for the subjects who 
had clinical symptoms, such as difficulty of swallowing as 
well as chocking, coughing, wet voice or nasal regurgita-
tion after swallowing. Exclusion criteria for the trial were 
1) patients who could not undergo the VFSS or who failed 
the examination; 2) presence of dysphagia before stroke; 
3) history of prior stroke, epilepsy, tumor, radiotherapy 
in the head and neck, or other neurological diseases; 4) 
unstable medical condition; and 5) contraindication to 
magnetic or electrical stimulation.

Study design and evaluation
Eligible patients with confirmed dysphagia based on 

the result of the VFSS were randomly allocated to the 
conventional dysphagia treatment (CDT) group, the 
rTMS group, or the NMES group using a randomization 
table. All patients in the three groups received the con-
ventional dysphagia treatment including oropharyngeal 
muscle-strengthening, exercise for range of motion of the 
neck and tongue, thermal tactile stimulation, Mendelson 
maneuver, and food intake training for 4 weeks. The two 
groups other than the CDT group underwent either rTMS 
or NMES for two weeks (Fig. 1).

Measurements
To compare the treatment effects of the three groups, 

the total score in the functional dysphagia scale (FDS), 
the pharyngeal transit time (PTT), and the penetration-
aspiration scale (PAS) were evaluated using the VFSS at 
baseline, after 2 weeks, and after 4 weeks. The American 
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Speech-Language Hearing Association National Out-
comes Measurement System (ASHA NOMS) swallowing 
scale was assessed. The FDS is based on a physiologi-
cal scale and is presented as 0–100 points, depending 
on the severity of dysphagia [14]. The PTT is one of the 
sub-items of the FDS, which is a quantitative measure-
ment. The PAS is an 8-point scale that measures selected 
aspects of penetration and aspiration, conveying depth 
of airway invasion and whether material entering the air-
way is expelled [15]. The ASHA NORM swallowing scale is 
a 7-point rating scale whose lower level indicates severer 
dysphagia. It was clinically evaluated by integrating all 
the information from the diet level and the supervision 
level required [16].

VFSS
VFSS is a beneficial assessment tool for visualizing the 

swallow physiology of the oral cavity, pharynx, larynx, 
and upper esophagus during deglutition. VFSS can di-
rectly confirm aspiration and diagnose the anatomical 
or functional problems of patients. VFSS can be easily 
conducted, and the appropriate type of diet, education 
of posture, or need for tube feeding can be determined 
for individual patients according to their result. Thus, 
VFSS is commonly utilized in clinical setting to evaluate 
dysphagia and aspiration [17]. In this study, VFSS was 
performed in all subjects, with the same protocol used in 
the fluoroscopic laboratory. Both the lateral and postero-
anterior images were obtained following oral administra-
tion of 5 mL semi-solid and 5 mL liquid bolus (viscosity 
and material were standardized) while the subjects were 
seated. One rehabilitation physician with considerable 
experience performed the VFSS examination and deter-
mined the PPT as well as the FDS and PAS scores using 

videofluoroscopic analysis. He was blinded during this 
study period by the way of not being informed about the 
study and grouping of the patients.

rTMS
Before performing rTMS, we evaluated motor-evoked 

potentials using Magstim 200 (Magstim, Whiteland, UK) 
and a coil stimulator. The potentials in the mylohyoid 
muscle were recorded using an electromyography device 
(Medelec Synergy, Oxford, UK). The magnetic stimula-
tion was repeated with a change in intensity. The mini-
mum intensity that showed 100 mV or more amplitude in 
three of the five consecutive stimulations was determined 
as the resting motor threshold [18]. The location yielding 
the largest response amplitude in the pharyngeal motor 
cortex of the contralesional hemisphere was determined 
as a hot spot. For the treatment, 1 Hz magnetic stimula-
tion at 100% intensity of the resting motor threshold in 
the hot spot was applied for 20 minutes each (total 1,200 
pulses a day), 5 times a week for 2 weeks.

NMES
NMES was applied using a modified hand-held battery-

powered electrical stimulator VitalStim (Chattanooga 
Group, Hixson, TN, USA) for 30 minutes per day, 5 times 
a week, for a total of 2 weeks. The equipment used two 
independent channel methods with alternating cur-
rents. Two sets of electrodes were attached between the 
digastrics muscle and the hyoid bone and between the 
hyoid bone and the thyroid cartilage for channel 1, and 
between the thyroid cartilage and the cricoids cartilage 
and vertically under the cricoid cartilage for channel 
2. Through this method, we were able to stimulate the 
muscles needed for swallowing, such as the digastric, 

Fig. 1. Intervention design. In rTMS group, rTMS is performed for 20 minutes per session, 5 days per week during the 
first 2 weeks. In NMES group, electrical stimulation is applied for 30 minutes per session, 5 days per week during the 
first 2 weeks. All three groups are given CDT for 4 weeks. CDT, conventional dysphagia therapy; rTMS, repetitive tran-
scranial magnetic stimulation; NMES, neuromuscular electrical stimulation.

Baseline 1 Week 2 Weeks 3 Weeks 4 Weeks

Evaluation Evaluation Evaluation

rTMS or NMES or None

CDT
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mylohyoid, and thyrohyoid muscles. The waveform pro-
duced by the stimulator was a rectangular symmetric 
biphasic wave mode. The pulse width and the frequency 
were determined at 300 ms and 80 Hz with, 100 ms in inter-
stimulus intervals. The intensity was between 7 mA and 9 
mA, depending on the compliance of the subjects.

Analysis method
The changes in the evaluation parameters from the ini-

tial to the 2nd week or 4th week evaluation were analyzed 
using the Kruskal-Wallis test to determine the statistical 
difference among three groups. For post-hoc, the Bon-
ferroni method was used. Mann-Whitney U tests were 
performed in each category between the groups. The 
significance level of the post-hoc was 0.05/3=0.017. Per-
protocol (PP) analysis was performed using the data of 
the subjects who completed the entire four-week study 
period, and the intention-to-treat (ITT) analysis was also 
performed using the data of all the subjects who com-
pleted or withdrew from the study, along with the last 
observation carried forward method. All statistical analy-
ses were performed using the SPSS ver. 18.0 for Windows 
(SPSS Inc., Chicago, IL, USA). Statistical significance was 
considered when p-value was less than 0.05.

RESULTS

Sixty subjects were randomized into the three afore-
mentioned groups. However, five subjects in the CDT 

group, six in the rTMS group, and two in the NMES group 
withdrawn from the study due to follow-up loss at the 
fourth-week evaluation point. In the PP analysis, the 
mean age of the CDT group was 62.5±8.2 years old, with 
nine males and six females; in the rTMS group, the mean 
age was 59.8±11.8 years old, with 6 males and 8 females; 
and in the NMES group, the mean age was 66.3±15.4 
years old, with 12 males and 6 females. The period from 
the onset of stroke to the treatment administration was 
34.4±10.1 days in the CDT group, 30.3±14.8 days in the 
rTMS group, and 37.3±16.1 days in the NMES group. In 
the ITT analysis, the mean age in the CDT group was 
60.6±7.7 years old, with 13 males and 7 females; in the 
rTMS group, the mean age was 61.8±10.4 years old, with 9 
males and 11 females; and in the NMES group, the mean 
age was 65.4±15.5 years old, with 12 males and 8 females. 
The period from the onset of stroke to the treatment 
administration was 34.6±12.1 days in the CDT group, 
32.0±13.9 days in the rTMS group, and 37.5±15.7 days in 
the NMES group. The age, sex, type of stroke, location of 
lesion, score in the K-MMSE and the National Institute of 
Health Stroke Scale, and period from the onset of stroke 
to the treatment administration in both the PP and ITT 
analysis were not significantly different among the three 
groups at the initial evaluation (Table 1). The FDS, PTT, 
PAS, and ASHA NOMS scores at the initial evaluation 
were not significantly different either among the three 
groups (Table 2).

Table 1. Biomedical characteristics of the subjects

Per-protocol analysis Intention-to-treat analysis
CDT rTMS NMES p-value CDT rTMS NMES p-value

No. of subjects 15 14 18 - 20 20 20 -

Age (yr) 62.5±8.2 59.8±11.8 66.3±15.4 0.127 60.6±7.7 61.8±10.4 65.4±15.5 0.125

Gender (male:female) 9:6 6:8 12:6 0.390 13:7 9:11 12:8 0.414

Type of stroke  
  (infarction:hemorrhage)

10:5 4:10 8:10 0.117 12:8 6:14 10:10 0.126

Lesion location (left:right) 7:8 8:6 7:11 0.590 9:11 12:8 7:13 0.280

NIHSS 8.4±4.3 8.6±3.4 9.2±4.0 0.876 8.3±3.8 8.4±3.6 8.9±4.1 0.540

K-MMSE 21.1±4.0 20.4±4.8 19.3±3.7 0.523 20.4±3.9 20.6±4.7 19.6±3.8 0.506

Days from stroke 34.4±10.1 30.3±14.8 37.3±16.1 0.244 34.6±12.1 32.0±13.9 37.5±15.7 0.450

Values are presented as number or mean±standard deviation.
CDT, conventional dysphagia therapy; rTMS, repetitive transcranial magnetic stimulation; NMES, neuromuscular 
electrical stimulation; NIHSS, National Institutes of Health Stroke Scale; K-MMSE, Korean Mini-Mental State Exami-
nation.
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FDS
PP analysis
The score change (Δ) in FDS for semi-solid materials 

was not significantly different between groups from the 
baseline to the 2nd week (p=0.792) or to the 4th week 
evaluation (p=0.962). The mean change for liquid from 
the baseline to the 2nd and the 4th week evaluations were 
-6.50±4.41 and -14.25±8.45 in the CDT group, -15.15±9.88 
and -19.15±12.95 in the rTMS group, and -17.89±9.61 and 
-21.47±12.44 in the NMES group, (Fig. 2A). The changes 
from the baseline to the 2nd week showed a statistically 
significant difference between groups (p=0.002). The 
rTMS and NMES groups showed significant decreases 
(p=0.016 and p<0.001, respectively) compared to the 
CDT group. However, there was no significant difference 
between the rTMS and the NMES groups (p=0.617). The 
change from the initial evaluation to the 4th week evalu-
ation did not show a statistically significant difference 
between the groups (p=0.233).

ITT analysis
The change in FDS for the semi-solid material did not 

show a significant difference among the groups from 
baseline to the 2nd (p=0.895) or the 4th week evaluation 
(p=0.828). The mean changes in FDS for liquid from the 
baseline to the 2nd and the 4th week evaluation were 
-7.95±4.68 and -12.60±7.35 in the CDT group, -14.40±5.61 
and -17.20±11.19 in the rTMS group, and -17.20±9.84 and 

-20.60±12.71 in the NMES group (Fig. 2B). The change 
from the baseline to the 2nd week evaluation showed a 
significant difference among groups (p=0.002). The rTMS 
and NMES groups showed significant decreases (p=0.013 
and p=0.001, respectively) compared to the CDT group. 
However, the difference between the rTMS and NMES 
groups was not statistically significant (p=0.473). There 
was no significant difference in the change from the ini-
tial to the 4th week evaluation among groups (p=0.075).

PTT
The PTT result for semi-solid and liquid decreased in 

all three groups. However, the changes were not statisti-
cally significant in either PP or ITT analyses (Table 3).

PAS
PP analysis
The score change in PAS for the semi-solid did not 

show a significant difference among groups from the 
baseline to the 2nd or the 4th week evaluation (p=0.677 
and p=0.978, respectively). The mean changes in the PAS 
score for liquid from baseline to the 2nd and the 4th week 
evaluations were -0.92±0.76 and 2.00±1.00 in the CDT 
group, -2.08±1.07 and -2.54±1.34 in the rTMS group, and 
-2.16±1.42 and -2.63±1.46 in the NMES group (Fig. 3A). 
The change from baseline to the 2nd week evaluation 
showed a significant difference among groups (p=0.019). 
The rTMS and NMES groups showed significant de-

Table 2. Initial evaluation of the swallowing function

Per-protocol analysis Intention-to-treat analysis
CDT rTMS NMES p-value CDT rTMS NMES p-value

FDS

  Semi-solid 34.3±8.7 29.8±9.8 32.1±13.2 0.536 34.5±9.0 31.5±10.7 32.2±12.8 0.592

  Liquid 52.8±10.9 47.8±12.7 51.7±18.0 0.655 51.2±10.8 48.9±14.9 51.3±17.6 0.931

PTT

  Semi-solid 1.09±0.36 1.02±0.20 1.06±0.31 0.843 1.08±0.30 1.04±0.18 1.06±0.30 0.985

  Liquid 1.10±0.17 1.07±0.21 1.09±0.16 0.708 1.12±0.16 1.08±0.18 1.09±0.16 0.711

PAS

  Semi-solid 3.2±1.6 2.8±1.4 3.0±1.6 0.771 3.1±1.4 3.0±1.2 2.9±1.5 0.784

  Liquid 5.6±1.4 5.2±1.3 5.5±1.7 0.650 5.3±1.6 5.1±1.2 5.5±1.7 0.806

ASHA NOMS 3.4±1.0 3.5±0.8 3.7±1.2 0.825 3.5±1.1 3.4±1.0 3.7±1.2 0.757

Values are presented as mean±standard deviation.
CDT, conventional dysphagia therapy; rTMS, repetitive transcranial magnetic stimulation; NMES, neuromuscular 
electrical stimulation; FDS, functional dysphagia scale; PTT, pharyngeal transit time; PAS, penetration-aspiration 
scale; ASHA NOMS, American Speech-Language Hearing Association National Outcomes Measurement System.
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creases (p=0.011 and p=0.014, respectively) compared 
to the CDT group. However, the difference between the 
rTMS and NMES groups was not statistically significant 

(p=0.968). There was no significant difference in the 
change from baseline to the 4th week evaluation among 
groups (p=0.540).

Fig. 2. Mean changes in functional dysphagia scale (FDS) scores by both per-protocol analysis (A) and intention-to-
treat analysis (B). CDT, conventional dysphagia therapy; rTMS, repetitive transcranial magnetic stimulation; NMES, 
neuromuscular electrical stimulation. *p<0.017 by the Mann-Whitney U test (vs. CDT group).
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Table 3. Comparison of mean changes in pharyngeal transit time

Per-protocol analysis Intention-to-treat analysis
CDT rTMS NMES p-value CDT rTMS NMES p-value

Semi-solid

  Δ0–2nd week -0.04±0.14 -0.07±0.12 -0.04±0.13 0.910 -0.05±0.12 -0.06±0.11 -0.04±0.13 0.968

  Δ0–4th week -0.07±0.24 -0.10±0.20 -0.08±0.16 0.819 -0.07±0.19 -0.08±0.17 -0.08±0.16 0.791

Liquid

  Δ0–2nd week -0.02±0.10 -0.04±0.09 -0.04±0.13 0.820 -0.04±0.09 -0.05±0.09 -0.04±0.13 0.599

  Δ0–4th week -0.05±0.13 -0.09±0.17 -0.06±0.17 0.833 -0.05±0.11 -0.09±0.15 -0.06±0.16 0.638

Values are presented as mean±standard deviation.
CDT, conventional dysphagia therapy; rTMS, repetitive transcranial magnetic stimulation; NMES, neuromuscular 
electrical stimulation.
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ITT analysis
The change in the PAS score for the semi-solid did not 

show a significant difference among groups from the 
baseline to the 2nd or the 4th week evaluations (p=0.940 
and p=0.860, respectively). The mean changes in the PAS 
score for liquid from baseline to the 2nd and the 4th week 
evaluations were -0.90±0.77 and 1.55±1.07 in the CDT 
group, 1.90±1.30 and -2.25±1.30 in the rTMS group, and 
-2.10±1.41 and -2.55±1.47 in the NMES group (Fig. 3B). 
The change from the initial to the 2nd week evaluation 
showed a significant difference among groups (p=0.008). 
The rTMS and the NMES groups showed significant de-
creases (p=0.009 and p=0.005, respectively) compared 
to the CDT group. However, the difference between the 
rTMS and the NMES groups was not statistically signifi-
cant (p=0.473). There was no significant difference in the 

change from the initial to the 4th week evaluation among 
groups (p=0.090).

ASHA NOMS swallowing scale
The changes of ASHA NOMs swallowing scale from 

baseline to the 2nd and 4th week evaluations (p=0.919 
and p=0.544, respectively) did not show significant differ-
ences among groups (Fig. 4).

Patient safety
Potential adverse events from magnetic stimulation, 

including headache, pain in the administration site, 
convulsion, decreased hearing ability, nausea, and vi-
sual and neurologic changes, were monitored for two 
weeks. One subject complained of mild headache which 
was eventually alleviated without any treatment. For the 

Fig. 3. Mean changes in penetration-aspiration scale (PAS) scores by both per-protocol analysis (A) and intention-to-
treat analysis (B). CDT, conventional dysphagia therapy; rTMS, repetitive transcranial magnetic stimulation; NMES, 
neuromuscular electrical stimulation. *p<0.017 by the Mann-Whitney U test (vs. CDT group).
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NMES group, we checked possible adverse effects, such 
as the pain or skin irritation in the administration site, 
laryngospasm, or changes of heart rate and blood pres-
sure. Two subjects complained of mild pain at the ad-
ministration site, but those symptoms were resolved after 
the adjustment of the stimulation intensity. There was no 
subject who complained of other adverse events.

DISCUSSION

This study was conducted to compare the effects of 
rTMS and NMES, which are widely used in clinical prac-
tice for subacute patients with dysphagia after stroke in 
the unilateral cerebral hemisphere. Our results showed 
that the changes in the FDS and PAS scores of the rTMS 
and NMES groups had statistically significant differences 
compared to the CDT group for 2 weeks after baseline 
evaluation, but the differences between the rTMS and the 
NMES groups were not significant. Other parameters did 
not show statistical significance among groups.

rTMS is a non-invasive stimulation method to facilitate 
neurological recovery after stroke. Patients with unilat-
eral brain damage may have an imbalance between the 
hemispheres. High-frequency magnetic stimulation of 
an affected hemisphere increases the excitability of the 
cortex, whereas low-frequency stimulation of the unaf-
fected hemisphere lowers cortical excitability, which 
might decrease the imbalance between the hemispheres 
[6,7]. However, the exact recovery mechanism of rTMS is 

currently unclear. Effects of rTMS in stroke patients with 
dysphagia have been reported in some studies. Verin and 
Leroi [19] found that, after 5 days of low-frequency (1 
Hz) rTMS in the unaffected hemisphere, the swallowing 
function improved significantly in patients who suffered 
from stroke. Khedr et al. [20] also reported that, after the 
application of 3 Hz-rTMS to the affected hemisphere, a 
significant improvement in the swallowing function of 
patients with brain injury compared to the sham-stim-
ulated group. These studies demonstrated the effect of 
rTMS on dysphagia. However, each study used a different 
magnetic stimulation frequency with no definitely estab-
lished protocol. Therefore, the results of those previous 
studies could not be simply compared. However, Kim et 
al. [18] conducted a study to compare the 5-Hz stimula-
tion in the affected hemisphere, the 1-Hz stimulation 
in the unaffected hemisphere, and sham stimulation 
in patients with brain injury and reported that the FDS 
and PAS scores showed significant improvement in the 
low-frequency group compared to the high-frequency 
or the control groups, with the low-frequency rTMS be-
ing effective in improving the swallowing function. It is 
known that swallowing musculature is discretely and 
somatotopically represented on the motor and premo-
tor cortex of both hemispheres. It is considered that 
the dominant hemisphere exerts the principal effect on 
swallowing function and this dominant hemisphere is 
independent of handedness [21]. As such, it was reported 
that patients with a unilateral hemispheric stroke with 
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lesions in the dominant hemisphere in terms of the swal-
lowing function can suffer from severe dysphagia, and 
that the recovery from dysphagia depends on regulating 
the non-affected hemisphere to reduce interhemispheric 
inhibition [21]. Based on these factors, our study focused 
on the function of the unaffected hemisphere to decrease 
the interhemispheric inhibition and used low-frequency 
(1 Hz) magnetic stimulation for the rTMS group.

 Patients with unilateral hemispheric infarction or hem-
orrhage were enrolled in this study, but the incidence of 
dysphasia was 40% to 80% in brainstem stroke [22,23]. A 
previous study has reported that swallowing function is 
improved in patients with stroke in the brainstem after 
the application of 3 Hz magnetic stimulation in the both 
hemisphere compared to the control group [24]. The 
mechanism of dysphagia in brainstem stoke includes 
damage of the corticobulbar tract and disorder of central 
control due to lesion of the brainstem swallowing center, 
which is a different from that of hemispheric stroke caus-
ing dysphasia. In addition, magnetic stimulation cannot 
be directly applied in the brainstem. As such, this study 
excluded the subjects with lesions in the brainstem from 
the initial study design stage as it used rTMS to decrease 
the excitability of the contralesional hemisphere so as to 
decrease the imbalance between the hemispheres.

Many previous studies have reported significant ef-
fects of NMES on dysphasia [8-12,25] and suggested that 
the electrical stimulation could strengthen swallowing-
related muscle and reactivate nerve pathways in the oral 
cavity. In addition, NMES could increase the local blood 
flow, reduce the edema, enhance the laryngeal elevation, 
and protect the striated muscles from the disuse atro-
phy, which would lead to improved swallowing function 
[8,10,26]. Two mechanisms have been suggested to ex-
plain the strengthened swallowing-related muscle seen 
with NMES. First, the program of a low number of repeti-
tions with a high-intensity muscle contraction increases 
the muscle mass, which induces augmentation of muscle 
strength. The second mechanism proposes that the 
muscle strengthening seen following NMES results from 
a reversal of voluntary recruitment order with a selective 
augmentation of type II muscle fibers. Because type II 
fibers have a higher specific force than type I fibers, se-
lective augmentation of type II muscle fibers will increase 
the overall strength of the muscle [27]. Our study result 
that the NMES group showed greater improvement than 

the CDT group after electrical stimulation for 2 weeks 
might be due to the selective recruitment of type II fibers 
than to the increased amount of muscle mass. Another 
mechanism of NMES suggests that the remodulation of 
the corticobulbar tract by somatosensory stimulation of 
the pharynx increases the excitability of swallowing mo-
tor cortex [28,29]. Considering the short study period 
used in this study, the positive effect of NMES obtained in 
this study might be caused by the strengthened muscles 
rather than by the reactivation of the nerve pathways.

All evaluation parameters showed improvement in 
all three groups. According to the previous studies on 
dysphagia after stroke, a large proportion of initially 
dysphagic patients recover their ability to swallow in the 
acute stage after the stroke, with prevalence of dysphagia 
of 47% at 2 to 3 weeks after the stroke onset, and of 17% at 
2 to 4 months follow-up [30]. About 87% of the survivors 
have returned to their pre-stroke diet at 6 months after 
stroke [31]. As subacute stroke patients were enrolled in 
this study, the natural recovery from stroke must have 
also contributed to the observed improvement of the 
swallowing function. For ethical reasons, the control 
group had to be given at least the conventional rehabili-
tation treatment for dysphagia, and as such, it is unclear 
whether the improvement of swallowing function in our 
study was due to spontaneous recovery or not. Conse-
quently, it cannot be concluded that all three treatments 
showed effect on swallowing function even if the evalua-
tion parameters at the 4th week evaluation exhibited im-
provement over those at the initial evaluation. The rTMS 
and NMES groups, however, showed significantly de-
creased FDS and PAS scores for liquid at 2nd week com-
pared to the CDT group, and the change from baseline to 
the 4th week did not show a significant difference among 
groups, indicating that rTMS and NMES could induce 
early recovery of dysphagia for liquid. Also, the change 
from the initial to the 2nd week evaluation did not show 
a significant difference between the rTMS and NMES 
groups. The rTMS is central stimulation to control the 
imbalance between the hemispheres whereas the elec-
trical stimulation applies more to the peripheral nerves 
and muscles. Even if their mechanisms of action are dif-
ferent, they appear to have the same induction effect for 
the early recovery of dysphagia for liquid. Considering 
their different mechanisms, they can be used together for 
synergic effects in recovering the swallowing function. 
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Future studies are required to verify the effectiveness of 
the combination method.

Two different viscosities—semi-solid and liquid—were 
used for the VFSS. The PAS score for the semi-solid mate-
rial after treatment decreased in all three groups com-
pared to that at the baseline evaluation, but the change 
was not significantly different among groups. This result 
could be due to the fact that most patients showed lower 
PAS scores using a semi-solid material than using a liquid 
material at the initial evaluation, because PAS has only 8 
points whereas FDS has a total of 100 points, which might 
have resulted in the less significant improvement. The 
PTT showed a decreased pattern in all three groups. The 
rTMS and NMES groups showed a greater decrease than 
the CDT group in the PTT, but the difference among the 
groups was not significant. The PTT is a quantitative vari-
able as one of the sub-items of FDS. Therefore, PTT can-
not generally represent the whole swallowing function.

This study was designed to enroll subacute stroke pa-
tients who were admitted in our hospital, many of them 
showed decreased cognitive function. They could not 
maintain their sitting balance due to severe muscle weak-
ness. As such, the number of potentially eligible patients 
was limited, which could affect the interpretation of the 
study results. Some factors, such as their neurologic im-
pairment and age, may influence on the severity of dys-
phasia, but stratification considering the aforementioned 
factors was not done at the randomization. Moreover, 
the study design did not include the sham-stimulation 
group for both rTMS and NMES, and the CDT group was 
used as a control group, which led to incomplete blind-
ing. The FDS score is the sum of the scores of the sub-
items. In this study, only the FDS total score and the PTT 
were quantitatively assessed, whereas other sub-items 
in the FDS were not statistically analyzed. Lastly, the 
swallowing function at 2 and 4 weeks after baseline was 
evaluated, but long-term follow-up was not performed. 
Considering the aforementioned limitations, additional 
studies should be conducted in the future to supplement 
the results of this study.

In conclusion, this study evaluated the treatment effect 
of the CDT, rTMS, and NMES in subacute stroke patients. 
The results of this study demonstrated that both rTMS 
and NMES induced the early recovery of the swallowing 
function for liquid in stroke patients, but no difference 
was observed between the two methods. Therefore, both 

low-frequency rTMS and NMES might be useful thera-
peutic options to recover swallowing function of dys-
phagic stroke patients.
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