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Objective To investigate the effect of repetitive transcranial magnetic stimulation (rTMS) according to the
stimulation site in subacute stroke patients with dysphagia.

Methods This study was designed as a matched comparative study. Twenty-four patients who had dysphagia after
ischemic stroke were recruited, and they were divided into two groups after matching for age and stroke lesion.
The patients in group A received rTMS over the brain cortex where motor evoked potential (MEP) was obtained
from the suprahyoid muscle. Group B received rTMS over the brain cortex where MEP was obtained from the
abductor pollicis brevis muscle. rTMS was performed at 110% of MEP threshold, 10 Hz frequency for 10 seconds,
and then repeated every minute for 10 minutes. Dysphagia status was measured by the Functional Dysphagia
Scale (FDS), the Penetration-Aspiration Scale (PAS), and the Dysphagia Outcome and Severity Scale (DOSS) using
the results of a videofluoroscopic swallowing study. These evaluations were measured before, immediately, and 4
weeks after rTMS.

Results Group A showed significant improvement compared to group B in the DOSS score immediately and 4
weeks after rTMS. There were no significant differences in the changes of FDS and PAS scores between groups A
and B immediately and 4 weeks after rTMS.

Conclusion rTMS over a hot spot for the suprahyoid muscle caused more improvement in swallowing function

when compared to that over the interconnected site.
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INTRODUCTION

Dysphagia is a major complication that occurs in 37%-
78% of stroke patients [1]. Typical complications of dys-
phagia include dehydration and malnutrition, aspira-
tion pneumonia, and asphyxia, which can lead to death.
Therefore, proper treatment after early diagnosis is
critical [2-5]. Current dysphagia treatment goals include
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preventing aspiration through changes in food and water
protocols, compensatory techniques, and rehabilitative
exercise [6]. Reorganization in the swallowing cortical
area occurs after a stroke, which is known to be related to
recovery from dysphagia.

Noninvasive brain stimulation techniques are expected
to change brain plasticity during recovery from post-
stroke dysphagia [7]. Studies using repetitive transcranial
magnetic stimulation (rTMS) and transcranial direct cur-
rent stimulation reported the role of noninvasive brain
stimulation techniques in dysphagia recovery. Recent
studies confirmed the positive effects of rTMS in treating
dysphagia [8]. Khedr et al. [9] and Khedr and Abo-Elfetoh
[10] applied rTMS over the esophageal cortical area of the
affected hemisphere in acute dysphagic stroke patients
for 2 months, and improvements in dysphagia and mo-
tor disability were observed. Verin and Lerio [11] applied
rTMS over the mylohyoid cortical area of the healthy
hemisphere in patients with chronic post-stroke dyspha-
gia and detected improvements in swallowing coordina-
tion and a decrease in the aspiration score for liquids. In
previous studies, rTMS was performed mostly over the
cortical lesions of the swallowing muscle, from which im-
provements of dysphagia were observed.

However, an increasing number of functional mag-
netic resonance imaging (fMRI) studies have implicated
multiple regions of the cerebral cortex and subcortex in
the process of swallowing [12-15]. Bestmann et al. [16]
showed that right-hand finger tapping led to pronounced
activation in bilateral M1/S1 and supplementary mo-
tor area (SMA) lesion, which are also activated during in
voluntary swallowing. This indicates that there is a pos-
sibility of interconnection between both cortical areas. In
a review of studies on transcranial magnetic stimulation
(TMS) and fMRI, Reithler et al. [17] showed that TMS
over a particular cortical site not only results in focal ef-
fects but also affects other brain regions. Furthermore,
there is evidence that rTMS modulates remote areas
in actual clinical settings. Triggs et al. [18] performed
rTMS over the left prefrontal area and observed clinical
improvements in depressed mood; they concluded that
left prefrontal rTMS is capable of modulating not only
the corticospinal motor system but also the orbitofrontal
limbic structures, i.e., brain activities in remote areas.

A number of studies indicate that rTMS is a good treat-
ment option for post-stroke patients. However, to the best

of our knowledge, none of the studies have compared the
clinical effects of rTMS applied directly over the swallow-
ing-related cortex and the interconnected sites in post-
stroke dysphagia patients.

Hence, in this study, we categorized subacute stroke
patients with dysphagia who underwent rTMS over spe-
cific sites of dysphagia and the interconnected site by
stimulation of the cortex representing the motor hand
area. Treatments were administered, after which their ef-
ficacies were compared.

MATERIALS AND METHODS

Subjects

This was a comparative study using age- and stroke
lesion-matched patients. This study included subacute
stroke patients with dysphagia who were admitted to
our hospital between January 2012 and July 2013. The
patients were divided into two groups according to the
stimulation site: group A underwent stimulation of the
cortex representing the suprahyoid muscle of the affected
side, while group B underwent stimulation of the cortex
representing the abductor pollicis brevis (APB) of the af-
fected side. The inclusion criteria were 1) dysphagia after
subacute ischemic stroke and 2) disease localized to a
unilateral cerebral hemisphere (as documented by com-
puted tomography or MRI). Exclusion criteria were 1) ce-
rebral hemorrhage disease (arteriovenous malformation,
intracortical hemorrhage, or subarachnoid hemorrhage);
2) bilateral cerebrovascular disease; 3) prior history of
stroke; 4) swallowing difficulties unrelated to stroke;
5) inability to undergo a videofluoroscopic swallowing
study (VFSS) assessment due to lack of cooperation; 6)
contraindication for rTMS (seizure history, implanted
pacemaker or medication pump, metal plate in the skull,
or metal objects in the eye or skull); and 7) craniectomy
state.

The study protocol was approved by the Institutional
Review Board of Dong-A University Hospital, and all par-
ticipants provided written informed consent.

Intervention

Before the rTMS, motor evoked potentials (MEPs) were
evaluated using a MagPro (MagVenture Inc., Farum,
Denmark). Subjects were seated comfortably in an arm-
chair. The point of intersection between the midsagittal
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line that connects the nasion and inion and the interaural
line was designated as Cz. Cz was designated the origin (0,
0); the interaural line was designated the x-axis; and the
midsagittal line was designated the y-axis. Fabric, with
markings at 2.5-cm increments with Cz at the center, was
fixed to the scalp. Magnetic stimulation was performed
using a figure-of-eight coil (diameter, 2 mmx96 mm).
The target muscle in group A was the suprahyoid muscle
of the affected side, while that in group B was the APB
muscle of the affected side. Similar to previous studies
[19,20], for the suprahyoid muscle, an active electrode
was attached 2 cm lateral to the midline of the lower chin
and the reference electrode was attached to the mandib-
ular angle (Fig. 1). The motor threshold was defined as
the minimal stimulus intensity required to produce MEP
>50 pV peak-to-peak amplitude in five of ten consecutive
trials on each muscle. The location yielding the largest
response amplitude was termed the ‘hot spot; and we de-
livered magnetic stimulation to that point.

The magnetic instrument was used to deliver stimu-
latory trains using the figure-eight coil. r-TMS was per-
formed on the ipsilesional hemisphere hot spot at 110%
of each MEP threshold, at 10 Hz, for 10 seconds, and re-
peated every minute for 10 minutes in each group (total,
1,000 pulses). rTMS was performed once per day for 10
minutes on 10 consecutive days (five times per week for 2
weeks).

All patients received the same amount of swallowing
training comprised of oral and facial sensory training,
oral and pharyngeal muscle training, compensatory
techniques, neuromuscular electrical stimulation on
pharyngeal muscles during rTMS, physical therapy, and
occupational therapy.

Evaluation

To evaluate the degree of improvement in dysphagia,
the Functional Dysphagia Scale (FDS), the Penetration-
Aspiration Scale (PAS), and the Dysphagia Outcome
and Severity Scale (DOSS) were measured based on the
VESS results. FDS provides information on the oral and
pharyngeal phases that can be used for quantifying dys-
phagia severity [21]. PAS evaluates whether the mate-
rial passes through the airway during VFSS [22] (in this
study, PAS for fluids was measured). DOSS documents
the functional outcome of swallowing and reflects the
diet status based on the objective assessment [23]. These
scales were evaluated before, immediately, and 4 weeks
after rTMS. VESS was performed along with evaluations
by three experienced physiatrists. To compare the cogni-
tion and functional ability among patients in each group,
the Mini-Mental Status Examination (MMSE) and Korean
version of the Modified Barthel Index (K-MBI) tests were
conducted before, immediately after rTMS, and 4 weeks
after rTMS.

Fig. 1. Stimulation sites included the following: for group A, to stimulate a specific dysphagia site, a hot spot was ob-
tained from motor evoked potentials (MEP) of the suprahyoid muscle (A); for group B, to stimulate an interconnected
remote site related to dysphagia, a hot spot was obtained from MEP of the abductor pollicis brevis muscle (B).
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Data analysis analyze the effect of rTMS according to the stimulation
Repeated measures analysis of variance (ANOVA) test  site. All analyses were performed with the SPSS ver. 12.0.1
and Mann-Whitney U-test were used to compare and  (SPSS Inc., Chicago, IL, USA). The level of significance

Table 1. Demographics and disease-related characteristics of the subjects

Characteristic Group A (n=12) Group B (n=12)

Age (yr) 66.1+11.2 60.9+11.4
Gender (male:female) 7:5 10:2
MMSE 18.8+2.5 17.7£2.9
K-MBI 47.016.1 50.6x7.7
Time from disease onset to treatment (day) 34.3+17.4 30.9+17.2
Location of lesion

Cortex+subcortex 2 3

Cortex 4 4

Subcortex 3 2

Brainstem 3 3
Location of stroke (right:left) 5:7 5:7

Values are presented as meantstandard deviation or number of cases.

Group A, repetitive transcranial magnetic stimulation (rTMS) of the cortex representing the suprahyoid muscle;
group B, rTMS of the cortex representing the abductor pollicis brevis; MMSE, Mini-Mental Status Examination; K-
MBI, Korean version of Modified Barthel Index.
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in all dysphagia scores. FDS, Functional Dysphagia Scale;
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was set at p<0.05.

RESULTS

A total of 24 subjects with subacute ischemic stroke
were recruited; the mean ages of patients in groups A and
B were 66.1+11.2 years and 60.9+11.4 years, respectively.
No significant differences in demographics or disease-
related characteristics were observed between the two
groups (Table 1).

In repeated measures ANOVA test, all dysphagia scores
(FDS, PAS, DOSS) were improved over time up to 4 weeks
after rTMS in group A and only the FDS score was im-
proved in group B. There was no significant group-time
interaction in all dysphagia scores (FDS, PAS, DOSS) (Fig.
2). K-MBI was improved over time up to 4 weeks after
rTMS, while there was no significant group-time interac-
tion. The MMSE score was not significantly improved
over time up to 4 weeks after rTMS, and there was no sig-
nificant group-time interaction (Fig. 3).

When the treatment effects from baseline to immedi-
ately after rTMS were compared between the two groups,
there were no statistically significant differences in the
degree of improvement in FDS or PAS scores; however,
group A showed a statistically significant improvement
in the DOSS score. Similarly, when the treatment effects
from baseline to 4 weeks after rTMS were compared be-
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tween the two groups, there were no statistically signifi-
cant differences in the degree of improvement in FDS or
PAS scores; however, group A showed a statistically sig-
nificant improvement in the DOSS score (Fig. 4).

With respect to MMSE and K-MBI, the degree of im-
provement from baseline to immediately after rTMS and
from baseline to 4 weeks after rTMS showed no differ-
ence between the two groups (Fig. 5).

No side effects such as seizure or uncontrollable head-
aches were reported in either group.

DISCUSSION

This study compared dysphagia treatment effects ac-
cording to the stimulation site; the cortex, responsible
for innervating the suprahyoid muscle, which is related
to swallowing, and the motor cortex, responsible for in-
nervating the APB muscle. Dysphagia scores (FDS, PAS,
DOSS) started to improve immediately after rTMS and
continued to improve over time up to 4 weeks after rTMS.
Group A showed greater improvement in the DOSS score
than group B in the between-group analysis.

Previous studies also performed rTMS over dysphagia-
related specific sites in post-stroke patients with dyspha-
gia [9,10]. However, since sham rTMS was performed for
the control group in the aforementioned study, the differ-
ences in the effects of 'TMS related to the stimulation site
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Fig. 3. In repeated measures analysis of variance test, MMSE score was not significantly improved over time up to 4
weeks after rTMS, and there was no significant group-time interaction (A). K-MBI was improved over time up to 4
weeks after rTMS, while there was no significant group-time interaction (B). MMSE, Mini-Mental Status Examination;
K-MBI, Korean version of the Modified Barthel Index; rTMS, repetitive transcranial magnetic stimulation; group A,
rTMS over the cortex representing the suprahyoid muscle; group B, rTMS over the cortex representing the abductor

pollicis brevis. *p<0.05.
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Fig. 5. When the treatment effects from baseline to immediately and 4 weeks after rTMS were compared between the
two groups, no difference in improvement of the MMSE and K-MBI scores was observed (A, B). AMMSE, AK-MB]I,
amount of change from before rTMS. rTMS, repetitive transcranial magnetic stimulation; Group A, rTMS over the
cortex representing the suprahyoid muscle; Group B, rTMS over the cortex representing the abductor pollicis brevis;
MMSE, Mini-Mental Status Examination; K-MBI, Korean version of the Modified Barthel Index.

could not be determined. phagia, the main cause of dysphagia is problems in the
In this study, the suprahyoid muscle was selected as  pharyngeal phase (decreased laryngeal elevation due to
the specific dysphagia-related target. In post-stroke dys- weakened muscles involved in the swallowing process)
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rather than in the oral phase [19]. Two studies reported
that pharyngeal electrical stimulation to the degree of
contracting muscles lowers the hyoid bone by contracting
the sternohyoid and omohyoid muscles, thereby inter-
fering with the swallowing process [24,25]. Kim and Han
[26] also reported that when the suprahyoid muscle of a
normal person is stimulated, the hyoid bone becomes
elevated. Kim et al. [27] conducted suprahyoid muscle
electrical stimulation in brain-injured patients with
dysphagia and reported that this stimulation resulted in
superior outcomes compared to those with conventional
management.

In this study, to stimulate the interconnected sites, the
cortex representing the motor hand area (APB) was sti-
mulated. According to previous brain cortex mapping
studies, there are differences in the location of the brain
cortex representing the APB muscle (lateral, 6.0-6.2 cm;
anterior, 0.1-0.2 cm from Cz) and the submental (supra-
hyoid) muscle (lateral, 14.3£0.5 cm; anterior, 3.9+0.5 cm
from Cz) [20,28]. Despite this, in this study, the group
that underwent stimulation of the cortex representing the
APB muscle showed improvements in swallowing func-
tion. There are two possibilities: 1) first possibility is the
natural recovery of subacute stroke patients, or 2) sec-
ond possibility is stimulation of the interconnected site,
when the primary motor cortex is stimulated [12-17,29].
This may be because the white matter is interconnected;
therefore, when the motor cortex representing the APB is
stimulated, regions related to swallowing may have been
stimulated.

In this study, only the DOSS score showed a statisti-
cally significant degree of improvement, which is due to
the unique characteristics of each scale. Three dysphagia
scales were used in this study: FDS provides information
on the oral and pharyngeal phases that can be used for
quantifying dysphagia severity [21]; PAS evaluates wheth-
er the material passes through the airway during VFSS [22]
(in this study, PAS for fluids was measured); and DOSS
documents the functional outcome of swallowing and
reflects the diet status based on the objective assessment
[23]. The reason why the changes in FDS scores did not
show statistical significance in this study is probably that
the suprahyoid muscle was selected as the dysphagia-
specific area, meaning that the pharyngeal phase was
targeted. The FDS also includes an evaluation of the oral
phase; thus, it is less sensitive to the degree of improve-
ment in dysphagia. Improvement in the PAS score also

438

WWWw.e-arm.org

did not show statistical significance; in this study, PAS
evaluated only the airway invasion of fluids. Clinically,
improvement in dysphagia is observed much earlier with
solid foods than with fluids. For this reason, the degree
of solid food-related dysphagia functional improvement
was not well reflected by the PAS score. In comparison,
the DOSS score reflected not only the pharyngeal phase
but also the degree of improvement with regard to solid
food; hence, in this study, it would have shown the high-
est sensitivity towards the stimulation of a dysphagia-
specific area.

This study had a few limitations. First, the sample size
was small (n=24). Attempts were made to minimize bias
associated with the small sample size using a matched
comparative study design, but the limitation remained.
Second, the follow-up period was too short. Third, there
was no sham rTMS control group, meaning that the
improvement in dysphagia after rTMS conducted at an
interconnected site could not be distinguished from that
during the natural recovery of post-stroke patients in the
subacute phase. Hence, future studies that address these
issues are required to validate our results.

In conclusion, the results of this study showed that
performing rTMS over the cortical area representing the
suprahyoid muscle was more effective than performing
rTMS over the cortical area representing the APB in pa-
tients with post-stroke dysphagia. In conclusion, stimula-
tion of a specific site using rTMS according to the primary
purpose or outcome can maximize its effectiveness.
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