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Objective To investigate immediate changes in hyolaryngeal movement and swallowing function after a cycle of
neuromuscular electrical stimulation (NMES) on both submental and throat regions and submental placement
alone in patients with dysphagia.

Methods Fifteen patients with dysphagia were recruited. First, videofluoroscopic swallowing study (VFSS) was
performed before NMES. All patients thereafter received a cycle of NMES by 2 methods of electrode placement: 1)
both submental and throat regions and 2) submental placement alone concomitant with VFSS. The Penetration-
Aspiration Score (PAS) and the NIH-Swallowing Safety Scale (NIH-SSS) were measured for swallowing function.
Results During swallowing, hyolaryngeal descent significantly occurred by NMES on both submental and throat
regions, and anterior displacement of hyolaryngeal complex was significant on submental placement alone. NMES
on submental placement alone did not change the PAS and NIH-SSS. However, NMES on both submental and
throat regions significantly reduced the NIH-SSS, although it did not change the PAS. Patients with no brainstem
lesion and with dysphagia duration of <3 months showed significantly improved the NIH-SSS.

Conclusion Immediate hyolaryngeal movement was paradoxically depressed after NMES on both submental
and throat regions with significant reductions in the NIH-SSS but not the PAS, suggesting improvement in
pharyngeal peristalsis and cricopharyngeal functions at the esophageal entry rather than decreased aspiration
and penetration. The results also suggested that patients with dysphagia should be carefully screened when
determining motor-level NMES.
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INTRODUCTION

Swallowing is a complex function that requires eleva-
tion and anterior excursion of the hyolaryngeal complex
in the pharyngeal phase, which aids laryngeal vesti-
bule closure and serves to prevent aspiration into the
respiratory tract [1]. In recent years, surface electrical
stimulation has been gaining attention for its muscle
strengthening effect by motor stimulation and facilita-
tion of swallowing reflex by sensory stimulation [2]. The
effects of neuromuscular electrical stimulation (NMES)
on the physiology of swallowing have been well studied
but remain unclear. The emerging hypothesis on the
physiological effects of NMES on swallowing is that mo-
tor stimulation produces a resistance to hyolaryngeal
elevation and induces effortful swallowing [3]. Shaw et
al. [4] retrospectively analyzed patients who received
NMES with electrodes placed in both submental and
throat regions, and demonstrated an improved swallow-
ing function in patients with mild to moderate dysphagia.
A cohort study by Blumenfeld et al. [5] suggested that
dysphagia therapy with NMES on throat regions with a
motor-level stimulation is superior to traditional dyspha-
gia therapy alone in individuals in the acute care facility.
On the other hand, Humbert et al. [6] designed a study
with electrodes placed in different ways including both
submental and throat regions and submental placement
alone. Their results showed a significant hyolaryngeal de-
scent with stimulation at rest and significant reduction in
hyolaryngeal peak elevation during swallowing when the
electrodes were placed in both submental and laryngeal
regions with intensity at the motor level. It was suggested
that in those patients who had the ability to raise their
hyolaryngeal complex, hyoid depression with stimula-
tion might serve as resistance exercise during therapy.
However, if patients were unable to produce hyolaryngeal
elevation and were unable to resist the NMES-induced
hyoid depression, the stimulation might increase the risk
of aspiration, as the hyolaryngeal complex would remain
held down during swallowing. Stimulated swallows were
less safe than non-stimulated swallows according to the
National Institutes of Health-Swallowing Safety Scale
(INTH-SSS). Other studies showed that NMES had no ad-
ditional improvement, as compared to traditional swal-
lowing treatments [7,8]. Thus, the mechanism underlying
NMES therapy for dysphagia is still unclear.
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Of the electrode placement methods of NMES, two dif-
ferent methods such as both submental and throat re-
gions and submental placement alone have been widely
used to investigate the actual strengthening effect [2,6].
NMES on both submental and throat regions has been
theoretically expected to strengthen thyrohyoid muscle
that contributes to elevation of hyolarynx. NMES with
submental placement alone reinforces muscle complexes
such as anterior belly of the digastric and mylohyoid that
are anatomically responsible for hyoid elevation. How-
ever, more superficially located sternohyoid and omohy-
oid muscles that depress hyoid are also affected by NMES
on both submental and throat regions, and geniohyoid
muscle that pulls the hyoid anteriorly rather than hyoid
elevation might be simultaneously affected by NMES
with submental placement alone, respectively [2,6].

We comparatively investigated immediate changes in
hyolaryngeal movement and swallowing function in-
duced by a cycle of NMES on both submental and throat
regions and submental placement alone in patients with
dysphagia. Furthermore, we investigated the changes be-
fore and after NMES according to the presence of brain-
stem lesion and duration of dysphagia.

MATERIALS AND METHODS

Participants

Fifteen patients were recruited for evaluation and man-
agement of their dysphagia. Because NMES is reportedly
beneficial for swallowing in heterogeneous patient eti-
ologies such as stroke, cancer, head trauma, and respira-
tory failure [9,10], the inclusion criteria were dysphagia
patients of variable etiologies including medical decon-
ditioning. Patients with severe cognitive dysfunction or
apraxia that precluded one command obey, exhibition of
nonstop verbalization, significant reflux from the use of
a feeding tube, dysphagia due to drug toxicity, agitation,
decreased level of consciousness or otherwise noncom-
pliant, and pregnancy were excluded [7]. Patients with
poor sitting balance, or unstable medical condition were
also excluded.

General characteristics of subjects were described in
Table 1. There were 9 male and 6 female patients. The
mean age was 58 years old. Causes of dysphagia were
diverse, i.e., 4 brain tumor, 3 stroke, 2 cerebral palsy, 1
traumatic brain injury, 3 Parkinsonism, and 2 medical
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Table 1. General characteristics of patients and findings of videofluoroscopic swallowing study

Penetration Aspiration

CPD

larynx larynx

peristalsis

Swallowing Pharyngeal Elevationof Closure of
reflex

Baseline
NIH-SSS

Baseline
PAS

Dysphagia
(yr) duration (mo)

Age
35
91

No.

IC
IC
IC

IC

IC
IC

11

10

41

IC

60

45

IC
IC

60

75
46

58
83
36
62

IC
IC
IC
IC
IC
IC

IC
IC
IC
IC
IC
IC
IC

+ + + + + +

60

10
11

IC
IC
IC
IC

10
10

74
37

12
13
14
15

77
54
76

IC

PAS, Penetration-Aspiration Scale; NIH-SSS, National Institutes of Health-Swallowing Safety Scale; CPD, cricopharyngeal dysfunction; D, delayed; I,

12
intact; IC, incomplete; C, complete.

deconditioning without any brain lesion. Among the
13 participants who had a brain lesion, 4 patients had a
brainstem lesion and 9 patients had no brainstem lesion.
Six patients had dysphagia duration of <3 months and 9
patients had duration of >3 months. The mean duration
of dysphagia was 3 months.

Since the aim of this study was to investigate the NMES-
induced immediate changes of the hyolaryngeal move-
ment, a subject who complained of dysphagia but did
not show any abnormal findings in videofluorographic
swallowing study (VFSS) before NMES and a subject who
showed just delayed swallowing reflex and incomplete
laryngeal elevation in VESS were also included in the
study.

Procedure

All VESS procedures were conducted by 2 physiatrists
and a radiologic technologist. First, VFSS was performed
to measure the hyolaryngeal movement during non-
stimulated swallow before NMES. The participants were
seated upright laterally, and cough-induced head move-
ments were stabilized with the examiner’s hands. Dis-
tance from the X-ray tube to the laryngeal prominence
was maintained at 0.5 m. The videofluoroscopic image
was recorded on a videocassette recorder at 10 frames
per second. They were instructed to check movement of
tongue and lip and elevation of velum, and to hold the
5 mL thin liquid of barium sulfate suspension in their
mouth until told to swallow [11]. Subjects were then told
to swallow without NMES. Particular attention was paid
to the pharyngeal phase including presence of penetra-
tion and aspiration.

Each participant was subsequently familiarized with
the sensations from the surface electrical stimulation unit
(VitalStim; Chattanooga Group, Hixson, TN, USA). The
electrical stimulation unit provided 2 channels of bipolar
electrical stimulation at a fixed 80 Hz pulse rate and a
fixed biphasic pulse duration of 700 ps. Each channel was
independently adjustable between 0 and 25 pA stimula-
tion intensity. The skin in the submental and laryngeal
regions was cleaned with alcohol and wiped to increase
its adherence to the electrodes. Adult sized electrodes
with a 2.1-cm round active area were used.

Next, all patients received a cycle of repetitive NMES (10
times per 1 cycle) with two methods of electrode place-
ment: 1) both submental and throat regions and 2) sub-
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mental placement alone [12]. Since the goal of this study
was to investigate the immediate effect of NMES on the
hyolaryngeal movement and swallowing function, only
a cycle of NMES was provided in random order. VFSS was
conducted while NMES was applied with the two methods.

Two pairs of electrodes were used for placement in both
submental and throat regions, with the top pair placed
horizontally in the submental region over the region of
the mylohyoid muscle above the hyoid bone. The bottom
pair was placed on the skin over the thyroid cartilage on
either side of the midline over the region of the thyrohy-
oid muscle medial to the sternocleidomastoid muscle
(Fig. 1A). For the submental placement alone method,
both pairs of horizontally arranged electrode were placed
in the skin overlying the submental region (Fig. 1B). The
edge of the hyoid bone was detected by palpation. Prior
to data recording, each electrode pair was placed on the
skin and the stimulation intensity was gradually raised in
a 1-mA step-wise fashion until the participant could first
feel a tingling sensation. Then, the stimulation level was
gradually increased to the maximum level that the par-
ticipant could tolerate. The maximum tolerance levels,
which were at least 10 mA in all participants, were de-
termined and recorded for all electrode pairs in a place-
ment simultaneously. The stimulator contained 2-sets of
bipolar electrodes, and automatically cycled at on for 59
seconds and off for 1 second.

This procedure was repeated twice if aspiration was not
observed. The consistency of hyolaryngeal movement
and swallowing safety scores were confirmed in such
subjects. The stimulation level was set at the maximum

tolerance level, as instructed in the training manual for
the use of electrical stimulation in the treatment of dys-
phagia [12].

Data analysis

The movement of the hyolaryngeal complex such as
elevation, depression, or anterior displacement was
measured in non-stimulated and stimulated trials. In
brief, the anterior-superior margin of the hyoid bone,
the anterior margin of the subglottic airway column that
represents the larynx, and the anterior-inferior margin
of the second and fourth cervical vertebral bodies were
measured by the ImageJ (Wayne Rasband, National Insti-
tutes of Health, Bethesda, MD, USA) application tool that
utilizes various metric measurements. Image]J is a public
domain Java image processing and analysis program with
widespread academic application [13]. We defined the
zero point as the anterior-inferior margin of the fourth
cervical vertebral body, and the y-axis as the straight
line connecting the zero point and the anterior-inferior
margin of the second cervical vertebral body. The x-axis
was drawn at a 90° angle to the y-axis through the point
on the fourth cervical vertebra. The maximal excursion
point of the hyoid bone and the larynx during the swal-
lowing reflex were analyzed in the x- and y-axis by the
Image] software.

We observed relative elevation or depression by sub-
tracting the non-stimulated swallow peak shown as the
absolute pixel number in y-axis from the stimulated
swallow peak shown as another absolute pixel number
in the same axis. Positive value meant relative elevation

Fig. 1. The electrode positions relative to hyoid bone and thyroid cartilage. (A) Electrodes placement in both submen-
tal and throat regions. The top pair was placed horizontally in the submental region over the region of the mylohyoid
muscle above the hyoid bone. The bottom pair was placed on the skin over the thyroid cartilage on either side of the
midline over the region of the thyrohyoid muscle medial to the sternocleidomastoid muscle. (B) Electrodes in sub-
mental placement alone. Both pairs of horizontally arranged electrode were placed in the skin overlying the submental

region.
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and negative value meant relative depression of the hy-
olaryngeal complex. The peak anterior displacement for
the hyolaryngeal complex on the x-axis was determined
for non-stimulated and stimulated swallows for each
subject. Relative anterior displacement of the hyolarynx
was checked by subtracting the non-stimulated swallow
peak shown as the absolute pixel number in x-axis from
the stimulated swallow peak shown as another absolute
pixel number in the same axis. Negative value meant
relative anterior movement of the hyolaryngeal complex.
In this study, relative change in horizontal and vertical
position of the hyolaryngeal complex during swallowing
reflex was analyzed. Swallowing trials were also assessed
for safety by two physiatrists using the Rosenbek Penetra-
tion-Aspiration Score (PAS) [14] and NIH-SSS (Table 2).

Statistical analysis

The primary goal of the study was to assess the imme-
diate change in the hyolaryngeal movement and swal-
lowing function in response to the NMES stimulation
placements. McNemar test was used to compare changes
between pre- and post-NMES on both submental and
throat regions and submental placement alone, in order
to test the hypothesis that surface electrical stimulation
would cause descent or anterior displacement of hy-
olaryngeal complex. Wilcoxon signed-rank test for paired
samples was also used to compare the PAS and NIH-SSS
scores between non-stimulated and stimulated swallows.
All statistical analyses were performed using the SPSS ver.
19.0 (IBM SPSS Inc., Armonk, NY, USA). A value of p<0.05
was considered statistically significant.

RESULTS

Findings of videofluoroscopic swallowing study

Among 15 patients who complained of dysphagia, 12
patients (80%) showed delayed swallowing reflex and 11
patients (73.3%) showed incomplete pharyngeal peristal-
sis. Regarding the laryngeal movement, 6 patients (40%)
showed incomplete elevation of larynx and 10 patients
(66.7%) showed incomplete closure of larynx. In addi-
tion, 3 patients (20%) showed cricopharyngeal dysfunc-
tion. Regarding the penetration and aspiration, 11 pa-
tients (73.3%) showed penetration and 6 patients (40%)
showed aspiration (Table 1).

Change in hyolaryngeal position after NMES

Based on the previous findings that electrical stimu-
lation applied to the anterior neck did not elevate hy-
olaryngeal complex but rather decreased hyolaryngeal
excursion [2], we determined the comparative change
in hyolaryngeal position during swallowing after NMES
on both submental and throat regions versus submental
placement alone.

When NMES was applied to both submental and throat
regions (n=15), a significant depression of the hyolaryn-
geal complex was observed during swallowing (p=0.016)
(Table 3). However, there was no significant change in
elevation or anterior excursion of the hyolaryngeal com-
plex after NMES on both submental and throat regions.
On the other hand, in the submental placement alone
group (n=15), there was a significant increase in the ante-
rior excursion of hyolaryngeal complex (p=0.031) (Table

Table 2. Comparison of assessment items between PAS and NIH-SSS

Assessment PAS NIH-SSS

Penetration Above the vocal folds, and ejected From hypopharynx into the laryngeal vestibule
Above the vocal folds, and not ejected ~ From the pyriform into the laryngeal vestibule
Contact vocal folds, and ejected -
Contact vocal folds, and not ejected -

Aspiration Pass below vocal folds, ejected Number of aspiration in each swallowing
Pass below vocal folds, =

not ejected despite effort

Pass below vocal folds, no effort to eject -

Peristalsis - Pooling in the vallecula

Cricopharyngeal function -

Pooling in the pyriform
Entering and clearing from the upper esophagus

PAS, Penetration-Aspiration Scale; NIH-SSS, National Institutes of Health-Swallowing Safety Scale.
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Fig. 2. Change in dysphagia rating scale after neuromuscular electrical stimulation. (A) There was no significant dif-
ference in the PAS after NMES on both submental and throat area and submental placement alone. (B) Application
to both submental and throat regions significantly decreased the NIH-SSS (*p<0.05), in contrast to the finding that
submental placement alone did not change the dysphagia rating scores. PAS, Penetration-Aspiration Score; NIH-SSS,
National Institutes of Health-Swallowing Safety Scale; NMES, neuromuscular electrical stimulation.

3). However, laryngeal elevation or depression was not
significantly observed in the submental placement alone
group. Taken together, neither NMES placements showed
significant elevation of the hyolaryngeal complex.

Change in dysphagia rating scale after NMES

We compared the PAS and NIH-SSS after NMES on both
submental and throat area stimulation versus submental
placement alone to evaluate the risk for aspiration and
swallowing safety scale in motor-level stimulation with
two different placements.

The results indicated that there was no significant dif-
ference in the PAS after NMES on both submental and
throat area stimulation and submental placement alone
(Fig. 2A). However, application to both submental and
throat regions significantly decreased the NIH-SSS from
4.47+0.84 to 3.40%0.96 (p=0.027), while submental place-
ment alone did not change the dysphagia rating scores
(Fig. 2B).

Change in dysphagia rating scale according to the pre-
sence of brainstem lesion

Swallowing reflex depends on swallowing centers in the
brainstem, while initiation of swallowing is a voluntary
action that involves the integrity of motor areas of the
cerebral cortex [15,16]. Therefore, we compared the PAS
and NIH-SSS on both submental and throat area stimula-
tion and submental placement alone between patients

with and without brainstem lesion.

There was no significant difference in the PAS after
NMES on both submental and throat area stimulation
and submental placement alone regardless of the brain-
stem lesion (Fig. 3A, B). In addition, patients with brain-
stem lesion did not show a significant change in the NIH-
SSS after NMES with both placement methods (Fig. 3D).
However, patients with no brainstem lesion in whom
NMES was applied to both submental and throat re-
gions showed a significant decrease in the NIH-SSS from
4.36+£0.98 to 2.82+1.10 (p=0.026), whereas submental
placement alone did not change the scores in the same
patients (Fig. 3C).

Change in dysphagia rating scale according to the du-
ration of dysphagia

We then determined whether the duration of dyspha-
gia would affect the change in the dysphagia rating scale
after NMES on both submental and throat area and sub-
mental placement alone. Given that chronic phase was
defined as onset duration of >3 months [17], PAS and
NIH-SSS were compared in patients with dysphagia dura-
tion that was <3 and >3 months.

As a result, there was no significant difference in the
PAS after NMES on both submental and throat area and
submental placement alone, irrespective of the duration
of dysphagia (Fig. 4A, B). Additionally, subjects whose
duration of dysphagia was >3 months did not show sig-
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@ No brainstem lesion

109 [ Pre-NMES
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PAS
o
1

Both submental and
throat placement

Submental
placement alone

@ No brainstem lesion

109 1 Pre-NMES
91 Il Post-NMES

8
7 4

5
4 -
34
24
1

NIH-SSS

Both submental and
throat placement

Submental
placement alone

Brainstem lesion

109 1 Pre-NMES
9 Il Post-NMES
8 _
7 -
(%) ®
£ 5
4
3 _
2 -
1 _
0 T 1
Submental Both submental and
placement alone throat placement
@ Brainstem lesion
109 1 Pre-NMES
9 Il Post-NMES
8 -
7 -
%)) 4
5 .
L
Z 44
3 -
2 -
1
0 T 1

Both submental and
throat placement

Submental
placement alone

Fig. 3. Change in dysphagia rating scale according to the presence of brainstem lesion. (A, B) In the PAS, there was no
significant difference after NMES on both submental and throat area and submental placement alone regardless of the
brainstem lesion. (C) In the NIH-SSS, patients with no brainstem lesion in whom NMES was applied to both submen-
tal and throat regions showed significantly decreased scores (*p<0.05), whereas submental placement alone did not
change the scores in the same patients. (D) On the other hand, patients with brainstem lesion did not show significant
change in the NIH-SSS after NMES in both placement methods. PAS, Penetration-Aspiration Score; NIH-SSS, National
Institutes of Health-Swallowing Safety Scale; NMES, neuromuscular electrical stimulation.

nificant change in the NIH-SSS after NMES with both
placement methods (Fig. 4D). On the other hand, pa-
tients whose dysphagia duration was <3 months showed
a significant decrease in the NIH-SSS from 6.83+1.45 to
2.83+1.52 after NMES on both submental and throat area
(p=0.043), whereas submental placement alone did not
change the scores in the same patients (Fig. 4C).

DISCUSSION
We investigated the immediate changes in hyolaryngeal

movement and risk for aspiration and swallowing safety
scale in response to NMES with placements on both

206 Www.e-arm.org

submental and throat regions and the submental region
alone in patients with dysphagia. In particular, this study
showed that NMES on both submental and throat region
significantly reduced the NIH-SSS, but not the PAS score,
suggesting that pharyngeal peristalsis and cricopharyn-
geal functions at the esophageal entry might be improved
rather than the decrease of aspiration and penetration.
During swallowing, the hyoid bone and larynx elevate
by approximately 20 mm and the hyoid bone moves an-
teriorly by approximately 5 mm in healthy young males
[18]. The suprahyoid muscles involved in hyolaryngeal
elevation include the mylohyoid, geniohyoid, and ante-
rior belly of the digastric muscles. The only muscle that
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@ Dysphagia duration <3 months
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Fig. 4. Change in dysphagia rating scale according to the duration of dysphagia. (A, B) In the PAS, there was no sig-
nificant difference after NMES on both submental and throat area and submental placement alone irrespective of the
duration of dysphagia. (C) In the NIH-SSS, patients whose dysphagia duration was <3 months showed significant de-
crease in the NIH-SSS after NMES on both submental and throat area (*p<0.05), whereas submental placement alone
did not change the scores in the same patients. (D) On the other hand, subjects whose duration of dysphagia was >3
months did not show a significant change in the NIH-SSS after NMES in both placement methods. PAS, Penetration-
Aspiration Score; NIH-SSS, National Institutes of Health-Swallowing Safety Scale; NMES, neuromuscular electrical

stimulation.

elevates the larynx to the hyoid is the thyrohyoid muscle,
which lies beneath the strap muscles such as sternohyoid
and omohyoid [19].

In previous studies by Ludlow et al. [2], hyoid depres-
sion was observed with motor-level stimulation on place-
ment of surface electrodes over the anterior neck region.
With respect to the relationship between the clinical
safety rating scale and the depression of hyolaryngeal
movement, no group change in aspiration scale was not-
ed. Rather, levels of electrical stimulation just above the
sensory threshold for detecting a tingling skin sensation,
caused significant improvement during swallowing on

the NIH-SSS.

Likewise, our results showed hyolaryngeal descent after
motor-level stimulation on both submental and throat
regions. This implies that sternohyoid and omohyoid
stimulation exceeded the hyolaryngeal elevation effects.
In other words, electrodes over the anterior neck might
activate the sternohyoid and omohyoid rather than thy-
rohyoid that underlies the strap muscles and suprahyoid
muscles such as geniohyoid and mylohyoid.

Submental stimulation alone on the surface of the skin
produced no elevation of the hyolaryngeal complex but
significant anterior movement. The anterior belly of the
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digastric muscle raises the hyoid if the jaw is clenched.
Further below, the mylohyoid muscle moves the hyoid
upwards to the mandible. Geniohyoid muscle lies deeper
and pulls the hyoid bone forward towards the inside of
the mandible [2]. If the currents run deep beneath the
skin, NMES with submental placement alone may elevate
the hyoid upwards in an anterior direction. However,
the stimulation of the platysma without simultaneous
stimulation of the thyrohyoid would leave the larynx in
an anterior direction, possibly resulting in further open-
ing of the vestibule and increased aspiration risk. In this
study, the PAS and NIH-SSS results indicated no signifi-
cant change during swallowing with motor-level NMES
on submental placement alone.

None of the previous studies have compared immediate
changes in swallowing function between both submen-
tal and throat stimulation and submental stimulation
alone. Our results showed that motor-level stimulation
on the anterior neck area would lower the hyolaryngeal
complex. Nevertheless, NMES on both submental and
throat regions improved the NIH-SSS, although the PAS
was unchanged. Especially, patients with no brainstem
lesion and with dysphagia duration of <3 months had sig-
nificantly improved NIH-SSS. This result suggested that
the improved pharyngeal peristalsis and cricopharyngeal
function at the esophageal entry would have more ben-
eficial effects from NMES, rather than the decreased pen-
etration and aspiration risks caused by elevation of the
hyolaryngeal complex (Table 3).

A limitation of this study was that it included a small
number of subjects with dysphagia of heterogeneous
etiologies. Recruitment of more subjects from a ho-
mogenous disease population is required to statistically
compare immediate changes in hyolaryngeal movement
by NMES with both submental and throat regions versus
submental placement alone. We also need to investigate
the effects of long-term NMES on the hyolaryngeal move-
ment and swallowing function for the treatment of dys-
phagia. In addition, as only relative change of hyolaryn-
geal movement rather than absolute distance to the
maximal excursion was measured, further study measur-
ing absolute distance is required. Moreover, as a single
food preparation was used rather than foods with diverse
viscosities, further study with diverse food textures needs
to be conducted.

In conclusion, the study showed that a cycle of motor-
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level NMES on the submental and throat regions para-
doxically caused immediate hyolaryngeal descent; and
submental stimulation alone produced significant ante-
rior displacement of the hyolaryngeal complex. However,
NMES on both submental and throat regions signifi-
cantly reduced the NIH-SSS, but not the PAS, suggesting
pharyngeal peristalsis and cricopharyngeal functions at
the esophageal entry might be improved rather than the
decrease of aspiration and penetration. The results also
suggested that patients with dysphagia should be care-
fully screened before planning motor-level NMES for
dysphagia treatment.
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